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ABSTRACT 

A d e t a i l e d account i s given of the wacropuytic vegetation of the 
major r i v e r s w i t h i n the Tweed B a s i n . Of these r i v e r s , the Tweed and 
i t s l a r g e s t t r i b u t a r y , the T e v i o t , "have been studied i n most d e t a i l , 
both being surveyed from source to mouth. Information brought together 
on the h i s t o r y and physiography of the Tweed Basin are summarized i n 
t h i s account, together with p h y s i c a l and water chemical data c o l l e c t e d 
during the survey. The d i s t r i b u t i o n of s p e c i e s i s d i s c u s s e d i n r e l a t i o n 
to changes i n such parameters. 

The method of survey involved recording the presence or absence of 
a l l macrophytic s p e c i e s w i t h i n 0.5 km lengths of r i v e r , together with 
a s u b j e c t i v e e v a l u a t i o n of t h e i r abundance. 570 such 0.5 km lengths 
were surveyed. A l l m a c r o s c o p i c a l l y v i s a b l e s p e c i e s were recorded which 
were found completely submerged or at the immediate edge of the r i v e r . 
A t o t a l of 180 d i f f e r e n t macrophytic growths ( u s u a l l y s p e c i e s , but 
o c c a s i o n a l l y i d e n t i f i e d only to genus l e v e l ) were present i n the basin, 
i n c l u d i n g : 31 algae, 5 l i c h e n s , 83 bryophytes, 59 angiosperms, 2 
macroscopic m i c r o b i a l communities. The i d e n t i f i c a t i o n and taxonomy 
of a l l s p e c i e s were s t u d i e d c r i t i c a l l y . 

Environmental parameters c o l l e c t e d i n most d e t a i l were the p h y s i c a l 
c h a r a c t e r i s t i c s of each r i v e r , such as a l t i t u d e , f e a t u r e s of the 
substratum and flow regime. A water sampling programme was undertaken 
which involved the c o l l e c t i o n of 5 d u p l i c a t e samples from s i t e s i n the 
main r i v e r and t r i b u t a r i e s , and subsequent a n a l y s i s f o r o p t i c a l d e n s i t y , 
pH, c o n d u c t i v i t y , 10 c a t i o n s and 6 anions. 

The f i n a l d i s c u s s i o n i n c l u d e s an a p p r a i s a l of l i t e r a t u r e concerned ' 
with macrophytes i n r i v e r s , methods of study, and r e s u l t s obtained. 
P a r t i c u l a r a t t e n t i o n i s paid to f l o r i s t i c accounts, e s p e c i a l l y those fron 
the neighbourhood of the Tweed, the f l o r a s of these r i v e r s being compared 
with the f l o r a of the Tweed B a s i n . Comparison with data from these 
surveys would suggest that the Tweed i s a r i v e r which i s e s p e c i a l l y 
r i c h i n macrophyte s p e c i e s . 

The presence of h i s t o r i c a l data and herbarium specimens c o l l e c t e d 
over the past two c e n t u r i e s has made i t p o s s i b l e to suggest t e n t a t i v e l y 
that the d i s t r i b u t i o n of some s p e c i e s has changed markedly, whereas 
others appear to have changed l i t t l e over 150 years. Cladophora 

8. , 
glomerata i s an example o f / s p e c i e s which i n recent years has become 
much l e s s abundant. T h i s i s most probably due to a decrease i n 
t o t a l phosphate content i n . the water, t h i s i n t u r n being due to a 
reduction i n the use of s y n t h e t i c detergents by the t e x t i l e i ndustry. 
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1. INTRODUCTION 
1.1 Aims 

The macrophytic vegetation of many rivers i n B r i t a i n and mainland 

Europe have been described i n the l i t e r a t u r e . Despite t h i s , comparisons 

of the vegetation of one r i v e r with another i s often d i f f i c u l t , primarily 

because of differences i n the methods of study and subsequent presentation 

of data. I n reviewing l i t e r a t u r e concerning macrophytes i n r i v e r s , Westlake 

(1975) concluded "re-examination of the d i s t r i b u t i o n of several genera i n 

the l i g h t of modern taxonomy i s badly needed". The present project was 

planned to provide a description of the macrophytic vegetation of a single 

r i v e r basin i n considerable d e t a i l , making at the same time a c r i t i c a l 

appraisal of the taxonomy of the forms present, and r e l a t i n g their d i s t r i b u t i o n 

to environmental parameters. 

1.2 Literature r e f e r r i n g to macrophyte surveys i n rivers 

The macrophytic vegetation found i n several B r i t i s h r i v e r s , and some 

of the factors a f f e c t i n g t h e i r d i s t r i b u t i o n were described by Butcher (1933). 

The same author (Butcher, 1927, 1933a; Butcher et a l . , 1931, 1937) studied 

several other r i v e r s , but similar surveys by other workers have been few. 

For instance, i n the 930 page book "The B r i t i s h Isles and their vegetation" 

(Tansley, 1939), only 14 pages (pp. 622-633) referred to the vegetation of 

r i v e r s , and almost the entire account was a summary of Butcher's work. At 

that time,however, much more information was already known about lake 

vegetation (West, 1910; Pearsall, 1920; Tansley, 1939). More recently, 

Spence (1964, 1967) and Seddon (1972) have described the vegetation of 

Scottish and Welsh lochs respectively. Few recent surveys have been carried 

out i n r i v e r s , the vegetation of most rivers and streams s t i l l remaining 

almost t o t a l l y undescribed. 

The paucity of data f o r rivers i n comparison with lakes i s also evident 
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from algal studies i n B r i t a i n . Whitton (1974) showed that prior to 1960, 

there were 24 r i v e r or stream sites with extensive algal l i s t s ; the 

comparable number for lake or reservoir sites was 56. 

The Tyne, Wear, Tees and Wharfe are the four largest r i v e r s i n northern 

England, and i n close proximity to the present authors study. The macrophytic 

vegetation of the Tees and Wharfe were described by Butcher (1933). The 

vegetation of the Tees and one of i t s tr i b u t a r i e s the Skerne, were surveyed 

i n more d e t a i l by Butcher et a l . (1937), and more recently, Proctor (1971) 

resurveyed a natural, slow,deep stretch of r i v e r i n the upper Tees known 

as the 'Wheel1. Whitton and Buckmaster (1970) surveyed the Wear from source 

to mouth, recording the presence or absence of a l l macrophytic species 

w i t h i n 0.5 km lengths of r i v e r . A similar survey was carried out on the 

lower stretches of the N. Tyne and Tyne by Holmes et al_. (1972) . 

I n comparison with other areas, the vegetation of rivers i n N-E. England 

i s w e l l documented. The authors of the surveys mentioned above made 

reference to the d i s t r i b u t i o n of species i n r e l a t i o n to physical and water 

chemistry characteristics. Since the r i v e r basin studied by the present 

author i s i n the same geographical region as these r i v e r s , and the vegetation 

of each r i v e r w i l l subsequently be closely compared, the characteristics 

of each r i v e r w i l l be summarized b r i e f l y . 

The Tyne and Wear f a l l gradually from source to mouth with the v e r t i c a l 

drops per standard distance of r i v e r greatest i n the upper stretches. I n 

the upper stretches of both r i v e r s there are no sudden drops due to water 

f a l l s , and no stretches of deep, slow-flowing water. The upper stretches 

of the Tees has a greater v e r t i c a l drop than the lower stretches, but the 

drop i s less uniform than i n the Tyne and Wear. There i s High Force, a water 

f a l l w ith a considerable v e r t i c a l drop, and p r i o r to the construction of 

Cow Green Reservoir >was to be found the 'Wheel', described above. 

2 
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of 
The water chemistries /these rivers are also known. Butcher (1933) 

and Butcher et a l . (1937) compared hardness figures of the Wharfe, Tees and 

Skerne. More recently independent surveys to ascertain the variety of water 
riv e r s 

chemistries i n / i n N-E. England by the Botany Department, University of 

Durham, have provided further knowledge covering a wider range of chemical 

parameters. Data from six surveys are available for O.D^pH, conductivity , 

10 cations and 6 anions. I t was reported by Holmes eit j d . (1972) that the 

upper stretches of the Tyne and Wear are of similar water chemistry. On 

passing down the Wear, nutrient levels increase to high levels i n the lower 

stretches (Snow and Whitton, 1971). The chemistry of the Tees suddenly 

changes at a point where the Skerne enters the r i v e r . This affluent 

increases levels of a l l elements which are correlated with increases i n 

hardness: nutrient status and organic matter content also increase. Below 

the Skerne the Tees i s moderately calcareous and nutrient r i c h , but above, 

i t i s soft and nutrient poor (Butcher et a l . , 1937). 

The chalk streams of southern England are the only other region i n 

which detailed surveys of several rivers i n close proximity to one another 

have been carried out. The f i r s t well documented surveys were the work 

of Butcher (1927, 1933) and Butcher et a l . (1931). The Lark and Itchen 

were extensively surveyed, the exact d i s t r i b u t i o n of individual plants 

being shown i n several stretches. More recently, many experimental studies 

have been carried out on several other chalk streams (e.g. Westlake, 1965, 

1968a; Ladle and Casey, 1971), including primary production studies. 

Many macrophyte surveys have also been carried out on rivers from 

mainland Europe. Recent descriptive accounts include: Backhaus (1967) 

and Szemes (1967) for the Danube, Siedlecka-Binder (1967) for a torrent 

stretch of a Polish r i v e r ; S i r j o l a (1969) for the Teuronjoki, Finland; 

Weber-Oldecop (1970, 1971) for rivers i n lower Saxony; Krause (1971) for 



the upper Rhine; Kohler et a]_. (1970, 1973) for the Moosach, Germany; 

and W^lek (1971) for the Dunajec, Poland. Many smaller rivers and streams 

have also been surveyed. Several studies of European ri v e r s used phyto-

sociological techniques. 

Other surveys that were concerned primarily with factors that affect 

the d i s t r i b u t i o n of macrophytes have also been carried out. The aim of 

such studies was to relate the occurrence of species with one or more 

environmental factors, rather than descriptions of the vegetation found 

i n the r i v e r s studied. Many such surveys w i l l be referred to la t e r i n 

the thesis. 

1.3 Environmental parameters regarded as important i n aff e c t i n g the 

d i s t r i b u t i o n of macrophytes i n r i v e r s 

There are many experimental studies which attempt to show how 

environmental factors a f f e c t macrophytes i n r i v e r s ; proving the existence 

of precise causal relationships between the d i s t r i b u t i o n of a species and a singl< 

parameter are more d i f f i c u l t . The d i s t r i b u t i o n of many species are often 

shown to be correlated with single factors, e.g. Ca levels; i n such a 

case however, i t i s usually not known whether Ca i s the causal factor, or 

whether i t i s one of several other related factors such as pH, conductivity 

and Mg, or the combined effects of a l l these factors. A few of the 

environmental factors regarded as important i n affecting macrophyte 

d i s t r i b u t i o n w i l l now be b r i e f l y summarized. 

One parameter which probably effects the d i s t r i b u t i o n of species i n 

ri v e r s more than any other single factor is current v e l o c i t y . The 

d i s t r i b u t i o n of r i v e r macrophytes i n r e l a t i o n to water velocity has been 

discussed by many authors, including: Butcher (1933), Roll (1938), 

Ackenheil (1944), Ruess (1954), Ruttner (1963), S i r j o l a (1969) and Haslam 

(1971). Current ve l o c i t y i s known to affect macrophyte species i n a 
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v a r i e t y of ways. Direct effects include control of establishment, 

s u s c e p t i b i l i t y to removal during floods, physical damage to tissues, 

and the physical uptake of ions and nutrients; the major indirect effect 

i s the influence current v e l o c i t y has on the nature of the substratum. 

When the d i s t r i b u t i o n of a certain species i s correlated with current 

v e l o c i t y , i t i s usually not known whether a single, or a combination of 

the above factors are responsible. 

Where water chemistry parameters remained constant, both Pearsall 

(1920) and Butcher (1933), f o r lakes and rivers respectively, reported that 

the d i s t r i b u t i o n of species was primarily correlated with the nature of 

the substratum. For r i v e r s , Westlake (1973) points out that although 

the d i s t r i b u t i o n of many species can be correlated with the nature of the 

substratum, the main causal factor i s probably the flow regime. This i s 

well i l l u s t r a t e d by Haslam (1971) who showed that f o r most species, 

corre l a t i o n diagrams for substrata size and current velocity were usually 

the same shape. Substratum characteristics and flow regimes have 

frequently been correlated; the following are examples; Minnikin (1920), 

Butcher (1933), Tansley (1939), S i r j o l a (1969), Haslam (1971) and Hawkes 

(1975). 

The effects exerted by the geology of the bedrock i s s t i l l unresolved; 

however, Haslam (personal communication) regards this as a most important 

influence. The substratum may also be a source of nutrients, but there 

is s t i l l c o n f l i c t i n g evidence as to whether the major source of rooted plant 

nutrients i n ri v e r s i s supplied by the water,or by the substratum 

(Sculthorpe, 1967). Brown (1913) showed that the growth of Elodea 

canadensis was stimulated by increasing organic matter content i n s i l t , 

and Chancellor (1958) reports that the chief cause of excessive weed growths 

i s due to accumulation of nutrient organic matter i n muds and s i l t . 
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Butcher (1933) indicated that rooted plants obtain minerals from the 

substratum and not the surrounding water. The exact proportion taken from 

the two sources usually depends on a v a i l a b i l i t y , and the individual species 

concerned (Hartog and Segal, 1964; Boyd, 1967). 

Other parameters l i k e l y to influence the d i s t r i b u t i o n of macrophytes 

i n r i v e r s are temperature, l i g h t , and the effects of man. Temperature i s 

suggested as being the most important factor on a world-wide scale 

(Sculthorpe, 1967; Westlake, 1973). The l a t t e r author reports that " i n 

general, temperature has no special effects i n r i v e r s " . Due mainly to bank 

shading, surface r e f l e c t i o n , water t u r b i d i t y and absorbtion, the amount of 

l i g h t available to submerged plants i s much less that that received by 

t e r r e s t r i a l species. The l i g h t climate of r i v e r s i n r e l a t i o n to vegetation 

has been summarized by Westlake (1966). Berrie (1972) and Mann et_ a l . (1972) 

have shown the effects that shading can have on the d i s t r i b u t i o n of plants 

i n a r i v e r by taking transects across the Thames. Certain macrophytes are 

known to be characteristic of high l i g h t intensity e.g. members of the 

genus Ranunculus (Cook, 1966), and others are characteristic of low l i g h t 

i n t e n s i t i e s e.g. Hildenbrandia r i v u l a r i s (Zimmermann, 1927; Oberdorfer, 1928). 

The influence exerted by human a c t i v i t i e s on r i v e r conditions are widespread; 

probably the most documented effects are those resulting from p o l l u t i o n and 

r i v e r management. There have been numerous claims that aquatic macrophytes 

have increased due to eutrophication. Westlake (1975) points out that 

there i s l i t t l e evidence from "before and a f t e r " studies to support the 

popular theory that t h i s i s due to increases i n both phosphorous and 

nitrogen. River management practises such as weed cutting and dredging 

w i l l also affect macrophytes i n a r i v e r ; the extent to which species or 

r i v e r s are affected w i l l depend on the severity of treatment, season when 

carried out, and the characteristics of the individual macrophyte. 
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The d i s t r i b u t i o n of many species has been correlated with water 

chemistry parameters; the most frequent correlations are made with either 

calcareous or non-calcareous waters, and eutrophic or oligotrophic waters 

(Westlake, 1973). He reports that there are few species that have "absolute 

requirements" for a particular type of water chemistry. Some of the factors 

a f f e c t i n g the d i s t r i b u t i o n of aquatic macrophytes, including ion uptake, 

ionic balance, CĈ  requirements and i t s effect on membrane potentia l , and 

t h e i r ecological implications have been investigated by Denny (1966). 

Pearsall (1922), Spence (1967) and Seddon (1972) have shown that the 

d i s t r i b u t i o n of species can be correlated with various water chemistry 

parameters i n B r i t i s h lakes. Using four categories of water chemistry ranging 

from acid and non-calcareous,to alkaline and highly calcareous, Butcher (1933) 
the 

had previously demonstrated /same for B r i t i s h r i v e r s . I t has been suggested 

by Westlake (1975) that C, N, K and P are the nutrients most l i k e l y to be 

l i m i t i n g i n r i v e r s . The same author reports that the proportion of these 

elements w i t h i n aquatic plants are usually 250 C: 4 N : 3 K : 1 P and the 

one that f a l l s most below th i s proportion is l i k e l y to become l i m i t i n g . 

This of course discounts any uptake from the substratum. The reported 
chemistry 

effects that changing water/have on the d i s t r i b u t i o n of macrophytes w i l l 

not be included here, but w i l l be compared with the findings of the present 

author, l a t e r . 

1.4 Techniques of survey 

From the b r i e f review of l i t e r a t u r e concerning macrophyte surveys of 

r i v e r s , i t was obvious that a wide variety of techniques could be employed 

to describe vegetation of individual r i v e r s . Methods range from casual 

observations made for particular genera, e.g. Heslop-Harrison (1942, 1944) 

and Dandy and Taylor (1946) f o r Potamogeton species, to the most exacting 

methods used i n phytosociology. I n these l a t t e r surveys, the composition 
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and spatial arrangements of species w i t h i n small areas of r i v e r (aufnahme) 

are described i n d e t a i l , and then classified according to the communities 

recorded; examples include Weber-Oldecop (1970, 1971, 1974) and Kohler 

et a l . (1971, 1973). 

Useful approaches between these two extremes have been used by many 

authors. Butcher (1933) v i s i t e d many sites i n d i f f e r e n t r i v e r s , and 

described the dominant vegetation found i n a variety of r i v e r conditions. 

Several surveys on the Continent have employed the same method (Backhaus, 

1967; Szemes, 1967; Siedlecka-Binder, 1967; Turala, 1970; Wrflek, 1970). 

The methods usually involved a description of the vegetation from a 

representative number of s i t e s ; whole rivers were not surveyed. A similar 

approach was used by Butcher et a l . (1937) for the Tees and Skerne. 

Whitton and Buckmaster (1970) surveyed the whole length of the Wear, 

recording the presence or absence of species from consecutive 0.5 km 

lengths of r i v e r from source to mouth. A similar survey was carried out 

on the Tyne and N. Tyne by Holmes et a l . (1972). The survey of the Tyne 

was less detailed than Whitton and Buckmaster's survey of the Wear, but 

the lowest 10 km of the N. Tyne was surveyed i n greater d e t a i l . I n this 

study, not only the presence or absence of species were recorded, but a 

subjective evaluation was also made of their abundance within each 0.5 km 

length,and was incorporated in t o the recording system. 

The simplest method of survey i s to record the presence or absence 

of species. I f an evaluation of the abundance of each species i s desired, 

the survey becomes more complicated. I f the study area i s large, i t i s 
i 

impossible to make the method quantitative by recording the number of each 

species present w i t h i n the area. However, t h i s may s t i l l not be of great 

significance, for one plant of one speciestmay occupy 100 times the area 

of one plant)of another species. The usual compromise i s a subjective 

evaluation of the abundance of each species, either i n r e l a t i o n to each 
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other, or on a recognised numerical scale of cover e.g. Tansley and Chip 

(1926). The former system i s based on the creation of dominant, sub-

dominant to rare species, and was used by Butcher (1933). The l a t t e r 

does not relate the abundance of one species with another, i t can therefore 

distinguish between stretches of r i v e r with either sparse or thick vegetationj 

t h i s method was used for the study of the N. Tyne by Holmes et a l . (1972) 

Many recent surveys of European rivers have included a consideration 

of the phytosociology of both species and communities. Some authors have 

j u s t used phytosociology methods i n t h e i r presentation of data; others 

have used rigorous techniques i n the collection of data. 

When phytosociological techniques are used from the outset, collection 

of data are complicated by the necessity to measure a further parameter; 

the spatial arrangement of species w i t h i n the study area i n r e l a t i o n to one 

another. Most surveys have followed the Zurich-Montpellier School (Braun-

Blanquet et seq. 1921-1964; Braun-Blanquet and Tuxen, 1943, 1955; Tuxen, 

1943). Prior to 1964 the c l a s s i f i c a t i o n of water plant communities was 

under-developed, and only two classes were recognised. More recently, the 

role of cla s s i f y i n g water plant communities has received more attention 

e.g. Hartog and Segal (1964), who pointed out that water and land environ­

ments d i f f e r fundamentally, and that ecological concepts developed for 

t e r r e s t r i a l vegetation cannot be applied to aquatic vegetation. The 

generally accepted Zilrich-Montpellier system i s based on a single, yet 

complex factor, the f l o r i s t i c composition of the vegetation. Hartog and 

Segal regard f l o r i s t i c composition alone to be an i n s u f f i c i e n t character 

to c l a s s i f y plant communities i n water. Their system proposed consideration 

of l i f e form spectra, physignomy, s t r a t i f i c a t i o n and ecology, i n addition 

to the a l l important f l o r i s t i c composition. 

Phytosociological methods can be used to i l l u s t r a t e specific points 
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concerning vegetation surveys. One of the most frequently used techniques 

i s the rearrangement of data in t o the format of an association table. Moore 

(1962) i n a reassessment of the Braun-Blanquet system states "a good 

association table should allow one to read at a glance, the structure of 

the association, the diagnostic species of the association i t s e l f , and 

of i t s subunits, and a certain amount about their ecology". The same author 

stated that the hierarchical c l a s s i f i c a t i o n of communities makes no claim 

to be natural, but merely convenient. Several studies of rivers from 

mainland Europe have used association tables (or modified versions) to 

demonstrate the existance of d i f f e r e n t communities i n d i f f e r e n t stretches 

of r i v e r . Two examples are: Backhaus (1967) for the headwaters of the 

Danube, and Kohler et a l . (1971) f o r the Moosach. Kohler et a l . concluded 

that correlations with chemical parameters were more r e l i a b l e than phyto-

sociological investigations. The more comprehensive phytosociological 

approaches of Weber-Oldecop (1971, 1973) could distinguish 12 plant communities 

i n the A l l e r River System, and was regarded as a useful technique. 

I n order to show the effects that environmental parameters have on 

the d i s t r i b u t i o n of macrophytes i n a r i v e r , a variety of approaches are 

available. The choice of method i s usually determined by the nature of 

the o r i g i n a l , or concurrent survey of macrophyte d i s t r i b u t i o n . In general, 

the smaller the area described, the more accurately the d i s t r i b u t i o n of 

species can be correlated with external parameters. This i s p a r t i c u l a r l y 

true for small rivers which show obvious changes over very short distances. 

This aspect of macrophyte surveys w i l l now be b r i e f l y considered. 

Several studies, p a r t i c u l a r l y i n mainland Europe, have concentrated 

on describing the vegetation i n small areasof uniform characteristics, 

using phytosociological methods. These include the surveys of Weber-Oldecop 

(1970, 1971) and Kohler et a l . (1971, 1973), referred to earler. Others 
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have been more concerned with the effects that environmental parameters 

have on individual plant species. In these cases, types of flow regime 

or substratum characteristics are often measured and categorised, and 

the d i s t r i b u t i o n of species found i n such stretches described. Examples 

of such studies include: Roll (1938), Ackenheil (1944), S i r j o l a (1969). 

Similar studies for water chemistry parameters have been employed. For 

instance, Iverson (1936) categorised 50 sites on the basis of pH, and 

described the presence or absence of species w i t h i n those l i m i t s . 

The main advantage of studying a small area i s that the relationship 

of macrophytes and environmental parameters can be correlated more 

accurately. The study of small areasmight allow precise measurements of 

each parameter at more or less the exact point where each species i s 
2 

present. Even i n an area as small as 5 m (a size of aufnahme frequently 

studied by phytosociologists), many characteristics are not uniform 

throughout. I n addition, species growing within the area, merely by 

th e i r presence,may cause changes i n some parameters. 

To obtain a true picture of a site's water chemistry would require 

taking a standard number of duplicate samples for a wide variety of flow 

regimes. I f one regime i s to be selected, i t i s possible that low flows 

may be b i o l o g i c a l l y more meaningful than high flows. Although the amount 

of water passing through the r i v e r i s less, and many elements may be 

concentrated, several others may be rapidly taken up from the water by 

the plants, and become l i m i t i n g (Stake, 1967, 1968; Ahl, 1972). 

When the vegetation of a whole r i v e r system i s described, accurate 

correlation of the d i s t r i b u t i o n of species with environmental parameters 

becomes more d i f f i c u l t . The description of Butcher (1933) of the 

vegetation of seven r i v e r s i n B r i t a i n attempted to relate the d i s t r i b u t i o n 

of species to flow regimes (plus substratum), and water hardness 
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characteristics. I n order to do t h i s , broad generalisations had to 

be made. The more systematic approach of describing the vegetation of 

the Wear by Whitton and Buckmaster (1970) also did the same. Although 

the primary aim of the l a t t e r authors was to describe the vegetation of 

the r i v e r , they also generalised that f o r survey purposes, the Wear could 

be regarded as a r i v e r that on passing downstream, had decreasing water 

v e l o c i t y , and increasing nutrient levels. 

I t i s inevitable therefore, that where the vegetation of a whole 

r i v e r i s being described i n d e t a i l , r e l a t i n g the d i s t r i b u t i o n of species 

with environmental parameters i s l i k e l y to be less accurate than when 

small areas are being studied. This means that several generalisations w i l l 

have to be made. For instance, the v e r t i c a l drop made by a r i v e r i n a 

standard distance may be used to indicate the predominant current velocity 

and substratum characteristics of particular stretches, even though 

considerable v a r i a t i o n w i l l be shown. I t could be presumed that the 

steeper the v e r t i c a l drop, the faster the flow rate, and more rocky the 

substratum. Conversely, small v e r t i c a l drops would indicate slow velocity 

rates, and a predominately muddy substratum with few rock surfaces. I t 

is also almost impossible to c o l l e c t water samples from every stretch of 

r i v e r surveyed. I t i s therefore important to choose strategic sites that 

can be used to represent the chemistry of a larger section of r i v e r . Samples 

should be collected at a time when most knowledge can be gained from the 

re s u l t s , as indicated e a r l i e r . 

1.5 Problems i n c o l l e c t i o n and interpretation of macrophyte data from 

r i v e r s 

Many of the papers quoted i n t h i s introduction have pointed out that 

there are considerable problems associated with the collect i o n and subsequent 

presentation of macrophyte data from r i v e r s . For instance, 



Whitton and Buckmaster (1970) stated "recording of inacrophytes i n a river 

i s complicated by various factors" and then outlined some of the problems. 

There are also d i f f i c u l t i e s i n interpretation of data which often give rise 

to many apparent correlations or lack of correlations which are misleading, 

and which cannot be supported over a wide range of habitats (Westlake, 1975). 

A few of the problems involved w i l l be summarized b r i e f l y . 

The d i s t r i b u t i o n of many species often varies greatly from one year 

to the next. The reasons for t h i s are almost always environmentally 

controlled e.g. a heavy flood i n early summer may uproot many large, slow-

growing plants; t h e i r removal making room for quick growing, more transient 

species. On the other hand, a long spell of low flow conditions i n early 

summer may r e s u l t i n larger plant species becoming established, and smaller 

more transient species excluded. For the same reasons as outlined above, 

the d i s t r i b u t i o n of some species may be dependent on the size and/)r 

frequency of floods p r i o r to survey. 

Both Butcher (1933) for - the Lark, and Ruess (1954) for the Ischler Acher 

showed that populations of species i n a ri v e r often 'move'. They showed 

that plants often spread to the side or downstream of the i r o r i g i n a l position, 

and more upstream plants could be observed to advance downstream and take 

t h e i r place the following year. 

Although some r i v e r species are obvious throughout the year, notably 

many bryophytes and members of the genus Ranunculus, many species are only 

obvious as macroscopic growths during certain seasons. Butcher (1933, 1933a) 

c l a s s i f i e d several r i v e r macrophytes according to whether they remained 

vegetative throughout the year, or whether they were 'die back' species. 

I n other r i v e r s , a succession of one dominant vegetation to another often 

occurs during the year. For example, i n unmanaged southern chalk streams, 

Ranunculus p e n i c i l l a t u s var. calcareus i s replaced by Rorippa nasturtium-
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aquaticum during mid-summer (Westlake, 1960, 1968, 1968a; Ladle and Casey 

1971). 

Another problem i s that some species within the study area may be 

overlooked, and therefore excluded from the records. The extent to 

which t h i s may occur i s usually dependent on the method of survey. For 

instance, i f small stretches are studied as representative of the vegetation 

of the whole r i v e r , t h e chance of a species being overlooked is greater than 

i f the whole r i v e r was surveyed. Even when a whole r i v e r i s surveyed, i t 

is s t i l l possible that a rare or i n d i s t i n c t species may be overlooked. 

For reasons outlined above, i t i s important that for comparative 

purposes, surveys should be carried out during a standard period of the 

year when; (a) most macrophytes are at their most obvious, and (b), when 

r i v e r flows can be expected to be low (unpredictable i n B r i t a i n ) . I t i s 

suggested that the greatest number of macrophytes are at their most obvious 

from early June to l a t e September. During t h i s period, r i v e r flows usually 

allow work of a survey nature to be carried out during one day i n two. I n 

the presentation of data, i t i s important to stress the time and year of 

survey, and where possible, compare present day survey data with any 

previous records. 

1.6 The present study 

The Tweed River System was chosen for t h i s particular study. Judging 

from surveys carried out on other r i v e r s , and information already known 

about the Tweed, there were a wide variety of reasons why the Tweed was an 

ideal r i v e r to study. Some of the main reasons w i l l be outlined below. 

As with a l l studies however, a major consideration has to be the financial 

f e a s i b i l i t y of the project, and i t i s due to Tweed River P u r i f i c a t i o n 

Board assistance that this work was possible. 

I n the Conservation Review compiled by B r i t t o n and Morgan (unpublished), 
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the Tweed emerged as a nationally important, top category s i t e (Grade 1) 

i n the fresh water section. I n practise, this meant that a f t e r surveying 

and evaluating a l l major semi-natural and natural ecosystems i n B r i t a i n , 

the Tweed was one example of an ecosystem that should be safeguarded for 

nature conservation. The Nature Conservancy, Edinburgh (C. 0. Badenoch, 

personal communication) stated that although a certain amount was known 

concerning the biology of the r i v e r , a c r i t i c a l survey of i t s vegetation 

was necessary. 

The r i v e r has been investigated by many amateur botanists during the 

past two centuries, who showed i t to contain a wide variety of submerged 

macrophytes (Thompson, 1807; Johnston, 1829, 1853; History of the Berwick­

shire Naturalist, from 1841). This was pa r t i c u l a r l y evident f o r the 

genus Potamogeton. Herbarium specimens, some collected nearly two centuries 

ago,are s t i l l present i n the B r i t i s h Museum (Natural History), and can be 

regarded as some indication of the vegetation during this period. Despite 

the many records, no clear patterns of d i s t r i b u t i o n were evident; t h i s 

was because only a few sites had been investigated, and c r i t i c a l surveys 

had not been carried out to show how isolated records from various parts 

of the catchment area could be related to one another. 

Also available was considerable information concerning the past and 

present day characteristics of the ri v e r s within the Basin. This background 

information was not readily available, but present i n a wide variety of 

books primarily concerned with local history, natural history and f i s h i n g . 

Reports of the Tweed Commissioners and Pollution Commissions allow present-

day conditions to be compared with those of one hundred years ago. When 

information from a l l sources were considered together, a vast amount of 

information could be gained from them, although singularly they would be 

of l i t t l e value. 
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Judging from surveys from other rivers described i n t h i s chapter, and 

the problems involved i n such studies, i t was realised from the outset that 

certain r e s t r i c t i o n s would have to be imposed on the macrophyte surveys of 

the Tweed Basin. For instance, i t would be impossible to survey the whole 

lengths of a l l r i v e r s w i t h i n the catchment} a system of p r i o r i t i e s would 

therefore have to be adopted. The f i r s t p r i o r i t y was to survey the main 

r i v e r from source to mouth, and subsequent surveys would depend on the 

findings of the i n i t i a l surveys, time available to survey, and the 

pa r t i c u l a r characteristics of individual t r i b u t a r i e s . I t was planned that 

the main r i v e r and at least i t s four largest t r i b u t a r i e s would be surveyed. 

Other t r i b u t a r i e s would be selected so that surveys were carried out from 

a wide va r i e t y of rivers with d i f f e r e n t physical and water chemistry 

characteristics. 

A p a r a l l e l , yet d i s t i n c t survey of the micro-algac w i t h i n the same 

r i v e r basin was also envisaged. The recording system, and an associated 

Fortran IV computer programme were drawn up with four main objectives, 

( i ) A detailed record of the occurrence of attached algae (and other taxa) 

i n the streams, t h e i r b i o l o g i c a l state, and the environmental characteristics 

of the sites where they occur, ( i i ) Presentation of data i n a format i n 

which a wide range of s t a t i s t i c a l tests could be applied to show the 

relationship between organism and environment, ( i i i ) A v a i l a b i l i t y of data 

i n a form i n which such methods as cluster analysis could be used where 

the occurrence of particular species might be related to one another, 

( i v ) Comparison with data from other rivers which have been collected 

using a similar recording system. 

The d i s t r i b u t i o n of micro-algae would be related to factors such as 

a l t i t u d e , stream width, mean flow and water chemistry. I n addition, nine 

micro-environmental factors at the exact point where the samples were 



collected were considered: these included surface cover by the dominant 

growth form, substratum geology, substratum size, substratum topography, 

surface i n c l i n a t i o n , surface aspect, water depth, flow rate, and exposure 

to l i g h t . 

Results of t h i s study are not included i n this thesis since the 

survey of the Tweed was an integrated part of a much larger research project 

which i s s t i l l being carried out i n the Department of Botany, University 

of Durham. I t was f e l t that a treatment of the data that did not u t i l i z e 

the f u l l p otential of the envisaged, and almost completed computer programme 

would have been wasteful. The data w i l l therefore be published at a future 

date when a l l four objectives of the survey can be f u l f i l l e d . 



2. METHODS 

2.1 Collection of background information on the Tweed and t r i b u t a r i e s ; 

physical parameters and water chemistry 

2.11 Physical parameters 

When macrophytes were recorded, notes were kept of the physical 

characteristics of every 0.5 km length surveyed. Changes i n channel width, 

water depth, current speed, substrata and bank characteristics were noted. 

The data collected have been amalgamated, and the most characteristic features 

of each r i v e r given i n 3.2. 

2.12 Water chemistry - introduction 

I t was impracticable to obtain water chemistry data for the whole 

number of 0.5 km lengths surveyed. I n order to collect data that could 

be related to a l l lengths surveyed, a main chemistry sampling programme 

was undertaken w i t h i n a 12 month period that spanned two calendar years. 

2.13 Sampling programme 

Water samples were collected on f i v e separate occasions from 29 

sites on the Tweed and from 20 sites on 17 dif f e r e n t t r i b u t a r i e s (see 

2.2b). Grid and kilometer references of a l l sampling points are tabulated 

i n Table 2.1a. The sampling points on the Tweed were the same as used 

by the Tweed River P u r i f i c a t i o n Board for their biennial chemistry survey 

of the r i v e r . The sites were most commonly above and below t r i b u t a r i e s 

or effluent outflows. This allowed the causes of any changes to be 

i d e n t i f i e d . A l l large t r i b u t a r i e s were sampled j u s t above th e i r confluence 

with the Tweed, the Teviot being sampled at two additional s i t e s , and the 

Whiteadder at one s i t e above i t s confluence with the Blackadder. 

Five surveys were regarded as the minimum number that could be used 

to give a r e l i a b l e comparison of water chemistries of the Tweed and i t s 

t r i b u t a r i e s . I t was intended that a l l surveys should be undertaken when 
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sample s i t e Grid km sample representative 
r e f . r e f . for the following 

point stretch of the Tweed 

Tweed - Finglands 054194 3.0 0.0 - 3.0 
Tweed - Tweedsmuir 097244 10.7 3.5 - 10.5 
Tweed - Kingledors 109285 16.1 11.0 - 24.0 
Tweed - Dawyck Bridge 164352 27.9 24.5 - 27.5 
Tweed - Lyne Ford 206397 34.8 28.0 - 34.5 
LYNE - FOOT 209401 -0.3 
Tweed - Manor Bridge 229393 37.7 35.0 - 38.0 
MANOR - FOOT 229393 -0.0 
EDDLESTON - FOOT 251403 -0.0 
Tweed - Peebles gauge 257400 41.5 38.5 - 43.0 
Tweed - Peebles dump 271395 43.4 43.5 - 46.0 
Tweed - Horsburgh Ford 300392 46.5 
Tweed - Traguair Bridge 334359 52.5 46.5 - 52.0 
Tweed - Walkerburn Bridge 361369 55.9 52.5 - 56.0 
Tweed - Juniper Bank 405362 57.4 56.5 - 57.0 
Tweed - Ashiestiel Bridge 439351 65.3 57.5 - 65.0 
Tweed - Yair Bridge 458325 69.0 65.5 - 68.5 
Tweed - Tweed Bridge 489322 72.3 69.0 - 72.0 
MEGGET - FOOT 240226 
YARROW - PHILIP HAUGH 438278 -8.2 
ETTRICK - FOOT 489322 -0.0 
Tweed - Gala Ford 510348 75.5 72.5 - 76.0 
GALA - FOOT 511349 -0.0 
Tweed - Lowood Bridge 529349 78.2 76.5 - 78.0 
Tweed - Gattonside Bridge 345346 80.0 71.5 - 79.5 
Tweed - Bridge above Leader 575347 83.5 80.0 - 83.0 
LEADER - FOOT 578347 -0.1 
Tweed - DryburghAbbey 589318 88.8 83.5 - 88.5 
Tweed - Mourton Bridge 610321 92.3 89.0 - 92.0 
Tweed - Rutherford Lodge 648319 99.0 92.5 108.0 
TEVIOT - HAWICK 493144 -37.2 
ALE - FOOT 633246 -2.4 
TEVIOT - ANCRUM 639238 -19.2 
JED - FOOT 661241 -0.3 
TEVIOT - FOOT 720335 -0.2 
Tweed - Kelso Bridge 730335 108.9 
Tweed - Sprouston Gauge 752354 112.3 108.5 - 112.0 
EDEN - FOOT (bridge) 765375 -0.2 
Tweed - Below Birgham 808393 120.7 112.5 - 120.5 
LAMBDEN - SPRINGWELLS 767432 
LEET - FOOT 844396 0.0 
Tweed - Coldstream Bridge 849401 127.8 121.0 - 132.0 
TILL - FOOT (Bridge) 884434 -1.5 
Tweed - Norham Bridge 890473 137.7 132.5 - 137.5 
Tweed - Fishwick Mains 918497 142.3 138.0 - 142.0 
Tweed - Union Bridge 933510 145.4 142.5 - 149.5 
WHITEADDER - ABOVE CHURNSIDE 849564 21.6 
BLACKADDER - FOOT 863545 17.5 
WHITEADDER - FOOT 857526 -2.0 

Table 2.1a Chemistry sampling points 
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r i v e r flows were low. Because of organizational problems, this could 
however* 

not/be guaranteed. Three of the surveys were during low flows when 

levels i n the r i v e r s were i n the 10% lowest ever recorded. On the other 

two occasions flows were either j u s t above, or j u s t below levels experienced 

50% of the time. Further data are summarized i n 5.1. 

At the same time as the f i n a l samples were collected for the main 

programme (22.V.73), 20 additional samples were taken. These new sites 

had been chosen i n consultation with the Tweed River P u r i f i c a t i o n Board 

i n order to ascertain i f there were any streams with unusual water chemistries 

w i t h i n the Tweed Basin. 

In addition to t h i s , samples were also collected at intermittent 

intervals over three years from 10 sites on the Tweed and i t s t r i b u t a r i e s . 

These samples were not analysed for anions, but other analyses served to 

show that the data furnished from the main survey of f i v e duplicates were 

representative of the water chemistry of the ri v e r s over a longer period 

than 12 months. 

2.14 Collection and storage of samples 

Prior to sampling, a l l bottles and f i l t e r s were soaked i n 6% HC1 

for a minimum period of 24 hours to remove any heavy metals bound to their 

surfaces, and also to k i l l any l i v i n g c e l l s . A l l traces of the acid were 

subsequently removed by washing six times i n d i s t i l l e d water. 'Pyrex' 

glass bottles were used for the collecti o n of water used i n cation, CI and 

Si analysis, and polythene bottles f o r PÔ -P, NĤ -N, N02~N and NOg-N. 

Samples were collected from the main current of the r i v e r from j u s t 

below the surface of the water, and f i l t e r e d d i r e c t l y . A 'Sinta 1 glass 

No. 2 funnel which had a pore size not exceeding 45 jim (manufacturers 

catalogue) was chosen as a compromise between effectiveness i n removing 

particulate matter^and speed of f i l t r a t i o n . In practice, particles as 
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small as 10^im were screened, including some bacteria. The removal of 

bacteria was desirable i n order to minimise any biological changes taking 

place between the time of col l e c t i o n and time of analysis. 

A l l samples were collected on the same day, returned to the laboratory, 

and stored p r i o r to analysis at as low a temperature as possible without 

actually freezing (3°C). Apart from cations, a l l other analyses were 

completed w i t h i n 36 hours of co l l e c t i o n . 

2.15 Analyses 

Laboratory analytical methods were as follows: 

methods recommended by 
the American Public 
Health Association (1971) 

CI argentometric t i t r a t i o n 

Si hetero-poly blue 

PO.-P stannous chloride 
4 

NH.-N d i s t i l l a t i o n and nesslerization 
4 

N02~N method of Crosby (1967) 

N03~N method of Hammond (1959) 

pH and conductivity were measured using standard laboratory meters, and 

opti c a l density was measured using a Hilger and Watts Uvispek photo-electric 

spectrophotometer Mk 9 (H 700) and 40 mm c e l l s . The same equipment was 

used for a l l colorimetric readings. 

Detection l i m i t s of each element were as recommended by the authors 

quo ted, and w i t h i n the l i m i t s of the particular apparatus i n use. I n the 

case of NÔ -N however, i t was found that the detection l i m i t of 0.5 mg 1 * 

was a l i t t l e conservative. Since the waters analysed had l i t t l e interference 

from high background levels of other elements, the method on a l l occasions 

produced results that were accurate to 0.2 mg 1 ̂ . The use of 40 mm cells 

for t h i s and other methods f a c i l i t a t e d more accurate results. 

Results of the main chemistry survey are tabulated i n 5.2 and 

summarized i n t e x t , i n 5.3 and 5.4. 
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Fig. 2.2a Rivers on which macrophyte surveys were carried out,showing km 
reference points for the Tweed and Teviot.Vice-counties ( V.C.) are 
also shown . 
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Fig 2.2b Additional t r i b u t a r i e s sampled during the main chemistry survey.Main 
towns (©) and sewage effluents ( $ ) are also shown. 
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2.2 Macrophyte surveys 

Prior to surveying, s i x inch to the mile Ordnance Survey maps of 

the ri v e r s were obtained, and reference 0.5 km lengths marked upon them. 

These maps are at present held at the Department of Botany, University 

of Durham. 

The main r i v e r was marked o f f into continuous 0.5 km lengths from 

source to mouth. The confluence of the small t r i c k l e of water from Tweed 

Well, and the much larger Cor Water was designated the uppermost point 

of the survey, and thus referred to as km 0.0. From this point, the 

Tweed was divided in t o 0.5 km lengths down i t s entire length to well into 

the brackish region at Berwick (km 154.0). Fig. 2.2a shows the kilometer 

points down the Tweed i n r e l a t i o n to i t s main t r i b u t a r i e s . 

Tributaries have t h e i r zero points at th e i r junction with the main 

r i v e r , and 0.5 km lengths successively marked o f f from mouth to source. 

Reference points of t r i b u t a r i e s are preceded by a minus sign e.g. the 

Teviot which i s the largest t r i b u t a r y of the Tweed; Teviot Foot was thus 

km -0.0, and 0.5 km lengths were marked up i t s entire length to km -62.0, 

where the small t r i c k l e of the Teviot Water was joined by the larger 

Rams Cleugh. This was the uppermost point surveyed i n this t r i b u t a r y . 

Table 2.2a summarizes when, and to what extent,rivers i n the Tweed 

Basin were surveyed. As the whole length of the Tweed was surveyed, i n 

many ways the r i v e r resembled a giant 'transect 1, 150 km i n length, and 

divided for the e f f i c i e n t description of i t s vegetation into 300 non-

random, continuous 'quadrats' of varying width, but a standard length of 

0.5 km. The Teviot was also surveyed throughout i t s entire length, the 

'transect' being only 62 km long. 

P a r t i a l surveys were carried out on 10 tr i b u t a r i e s those selected 

being chosen for the reasons outlined i n 6.1. Because of the lim i t e d time 
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r i v e r s surveyed from number of 0.5 km year of survey 
source to mouth lengths surveyed 

Tweed 

Teviot 

r i v e r s receiving only 
p a r t i a l surveys 

Biggar 

Lyne 

Yarrow 

E t t r i c k 

Jed 

Eden 

Leet 

T i l l 

Blackadder 

Whiteadder 

300 

124 

1971 

1972 

6 

5 

13 

14 

8 

5 

8 

37 

22 

28 

1973-74 

1973 

1972 

1973 

1972 

1973 

1973 

1972- 74 

1973 

1973- 74 

Total number of lengths 
lengths surveyed 570 

A l l surveys were carried out between the months of june to September. 

Table 2.2a Summary of macrophytc surveys carried out for ri v e r s 
w i t h i n the Tweed Basin. 
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available to carry out macrophyte surveys, (see 1.5 ) , i t was found 

impossible to survey the whole lengths of these t r i b u t a r i e s . Selective 0.5 km 

lengths were thus chosen as representative of the vegetation of the whole r i v e r . 

The choice of pa r t i c u l a r lengths involved the study of the Ordnance 

Survey maps to ascertain 0.5 km lengths whe~e access to the r i v e r was 

easy. Points on the r i v e r where changes i n vegetation might reasonably 

be expected to take place, e.g. where a tributary enters the r i v e r , were 

also marked as important points to survey. Final selection of 0.5 km 

lengths ensured that a representative number of sites were recorded from 

w i t h i n 10 km stretches of r i v e r . After the i n i t i a l study, i f data from 

two adjacent sites were very d i f f e r e n t , a few reaches between the two 

d i f f e r e n t sites were surveyed to ascertain the point at which the change 

occurred> and the possible cause of such a change. 

For the majority of 0.5 km lengths surveyed, the presence of any 

macrophyte (see 2.4) was recorded whilst wading. However i n deep water, 

boats were used. I t was not possible to cover every small area of r i v e r , 

and there was thus the p o s s i b i l i t y that a species might be overlooked 

from any pa r t i c u l a r length. I n such instances the species would at least 

be very rare. 

Surveys were carried out by recording the presence of macrophyte 

species w i t h i n the 0.5 km lengths as described by Whitton and Buckmaster 

(1970) for the Wear, and by Holmes et a l . (1972) f o r the North Tyne. When 

a species was present w i t h i n a 0.5 km length, i t s abundance was estimated 

using a scale of one to f i v e related to that used for t e r r e s t r i a l 

vegetation by Tansley and Crisp (1926) and Hanson (1934). This method 

was also comparable to the subjective method using descriptive terms 

employed for rivers by Butcher (1927, 1933, 1933a). The d e f i n i t i o n of 

the numerical scale used i n the survey i s tabulated below. 
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abundance scale description 

1 rare 
2 occasional 

3 frequent 

4 abundant 

5 very abundant 

Although the aim of the survey was to record a l l macrophytes that 

were visable and easily i d e n t i f i a b l e i n the f i e l d , c r i t i c a l i d e n t i f i c a t i o n 

to species level was often impossible. I n such instances, plants were 

collected and brought back to the laboratory where microscopes could be 

used, and floras consulted. 

I n certain instances, i d e n t i f i c a t i o n could not be achieved by collection 

and subsequent close examination. This applied to those plants that flowered 

early i n the season, and can only be i d e n t i f i e d with certainty when flowers 

or f r u i t s are available, e.g. Carex and Ranunculus species. The complex 

taxonomy of the l a t t e r genus necessitated many sites on the Tweed being 

revis i t e d during the flowering season of May and June i n subsequent years. 

Slight changes to the o r i g i n a l data were made i n the l i g h t of new knowledge. 

Also,many of the f i r s t 0.5 km lengths surveyed were checked i n order to 

validate information collected before experience was gained. 

With the exception of the cases mentioned above, survey data given 

i n Chapter 6 are representative for the vegetation of the rivers during 

the months and year of survey indicated i n Table 2.2a. Any seasonal 

differences i n the presence or frequency of any species are summarized 

i n Chapter 7, 

Since most plant records are catalogued according to vice-counties, 

the d i s t r i b u t i o n of every species i n each vice-county i n the Tweed Basin 
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are given i n ( i ) , Chapter 6. The boundaries are those given i n the 

Atlas of the B r i t i s h Flora by Perring and Walters (1962). For rare 

species from the Tweed, i t was important to know from which bank the 

species was nearest, since the Tweed frequently formed the boundary between 

one vice-county and another (see Fig. 2.2a). 

2.3 Erection of "association tables" 

Primary data of rivers which received complete surveys have been rearranged 

int o a format akin to an association table frequently used to demonstrate 

plant communities by phytosociologists of the Zurich-Montpellier School 

°f Braun-Blanquet ( see 1.3 ) . . The f i n a l outcome i s the grouping 

and boxing o f f of species with similar d i s t r i b u t i o n patterns into macrophyte 

communities. The col l e c t i o n of data and f i n a l presentation«are»however, 

s l i g h t l y d i f f e r e n t from that of the phytosociologist. 

The main difference i n the c o l l e c t i o n of data,is the study area used. 

The phytosociologist studies an area called an 'aufnahme' which should be 

of uniform physical and chemical characteristics. Species found within 

the 'aufnahme1 are recorded using a subjective abundance scale similar to 

that used i n the macrophyte survey described. The phytosociologist includes 

a second figure which refers to the species s o c i a b i l i t y , i.e. i t s spatial-

behaviour w i t h i n the area. Since the size of area studied i n this macrophyte 

survey was much larger than that normally used by phytosociologists, and 

the area?investigated were never uniform i n physical or chemical character­

i s t i c s , a s o c i a b i l i t y figure could not be included. The data thus furnished 

from 0.5 km lengths could not be treated i n exactly the same way a 

phytosociologist may use data from an 'aufnahme'. 

The i n i t i a l step i n the erection of an "association table" (see 8.64) 

from the primary data given i n Chapter 6 was to amalgamate data from f i v e 

consecutive 0.5 km lengths, and so reduce the number of figures to a f i f t h 



of the o r i g i n a l number. Each point on the table thus represents a distance 

of 2.5 km of r i v e r . 

The formation of the "association table" followed that given by 

Shimwell (1971, pp. 189-193). I n the 'raw table' i n which species were 

l i s t e d i n taxonomic order, i t was noticed that certain combinations of 

species recurred again and again, and i t was these species which had 

r e s t r i c t e d occurrences that were grouped together. The groups of species 

were then arranged so that those species r e s t r i c t e d to the upper reaches of 

the r i v e r were at the top l e f t , and those present only i n the lower reaches, 

at the bottom r i g h t of the Table. Species that occurred throughout the r i v e r 

were placed i n the middle, and those with intermediate distributions placed 

either side. The macrophytes with similar occurrences were then boxed 

together to give an annotated^or outlined raw association table (Shimwell 9 

1971). 

The o r i g i n a l ordering of species into groups was done by recording 

whether a species was present or absent i n each 2.5 km stretch of r i v e r . 

A second table was drawn up using the aggregate of the subjective abundance 

scores f o r the f i v e 0.5 km lengths i n each 2.5 km stretch. Since f o r 

each 0.5 km length the maximum abundance value f o r any species was f i v e 

(see 2.2), the maximum value f o r any point on the table could be 25. I n 

order to make the table clearer, a system of dots, plusses and numbers 

has been used. Numbers have been used when a t o t a l abundance value was 

f i v e or more. To be recorded as f i v e or above indicates that a species 

was either present ( a l b e i t rare) i n a l l 0.5 km lengths, or i f absent 

from one or more? to be at least recorded as occasional or frequent i n others» 

so as to bring the aggregate t o t a l to at least f i v e . A t o t a l of 10 could 

thus mean that the species was recorded as two from f i v e 0.5 km lengths, or 

as f i v e from only two 0.5 km lengths. A plus i s used when the t o t a l 
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abundance value for 2.5 km i s less than f i v e . Dots indicate the d i s t r i b u t i o n 

span along the r i v e r , but the absence of the species withi n that particular 

2.5 km length. 

I t was noted that i n the table o r i g i n a l l y drawn up using presence and 

absence alone, '+' signs substituted f o r the actual abundance t o t a l for 

each 2.5 km given i n the published tables. Since the table using abundance 

values provided more information, the former are not included. 

The arrangement of species w i t h i n each boxed o f f community was determined 

by comparing the r e l a t i v e abundances of each species i n d i f f e r e n t stretches 

of the r i v e r . Those highest i n the box had higher abundances i n the upper 

stretches than i n the lower stretches, and vice-versa f o r species i n the 

bottom of the box. 

The horizontal lines i n the tables were the separating boundary between 

one community and another. The v e r t i c a l lines of each box were drawn 

where the member species of each community ceased to be recorded from more 

than half the 2.5 km lengths* 

The differences between th i s and a phytosociologist's association table 

are: ( i ) the horizontal axis had a predetermined order related to the 

linear arrangements of 0.5 km lengths down the r i v e r ; ( i i ) i n true association 

tables, only indicator or 'type' species of a community are kept, while 

others are disregarded; ( i i i ) a s o c i a b i l i t y figure i s not included. 

2.4 Terminology 

A l l macrophyte species recorded from the Tweed Basin are l i s t e d i n 

Chapter 4. Their f u l l name, followed by the appropriate authority i s 

given there only. Elsewhere i n the t e x t , the author i s omitted except when 

reference i s made to a species not present in the Tweed. 

Data are expressed i n S.I units as recommended by the B r i t i s h Standard 

I n s t i t u t i o n , BS 3763 (1970). 



Abbreviations: i n some instances where long chemical, place or 

b i o l o g i c a l names are frequently used, the f u l l name, followed by an 

abbreviated form i n parenthesis i s used when f i r s t quoted i n each Chapter. 

Subsequent cit a t i o n s use the abbreviated form only. 
as 

Macrophyte: t h i s term i s usedj^by Butcher jet al^. (1937) to "include a l l 

the larger plants and those algae which are both easily visable in d i v i d u a l l y , 

and may usually be i d e n t i f i e d i n the f i e l d " . Four main groups of plants 

contribute to t h i s vegetation; certain large algae, obvious lichens, and 

a l l bryophytes and angiosperms. 

Submerged macrophyte(S): includes the definitions of 'hydrophytes' by 

Raunkiaer (1934) and Iverson (1936), that of a 'water plant 1 by Hartog and 

Segal (1964) and under more general terminology, that of Sculthorpe (1967). 

Submerged macrophytes are those plants which have t h e i r vegetative parts 

submerged or f l o a t i n g , but not projecting into the a i r . For the most 

part, these plants are able to develop vegetatively and generatively with 

a l l but t h e i r f l o r a l parts submerged. This group therefore includes most 

algae, bryophytes such as Fontinalis antipyretica and Eurhynchium riparioides 

which t h r i v e most below water but occasionally occur above the surface, and 

angiosperms such as Myriophyllum, Potamogeton and Ranunculus species. 

Bank macrophytes (B): includes a l l species that are either p a r t i a l l y 

submerged, or at least kept moist by r i v e r water during periods of average 

flow. The group includes such species as Prasiola crispa found growing on 

large boulders even i f i n mid-stream, and a l l lichens, bryophytes and 

angiosperms found growing at the immediate waters edge. Examples are 

Collema flaccidum, Cinclidotits fontinaliodes and Phalaris arundinacea. 

This group also includes emergent bank species that may occasionally 

occur t o t a l l y submerged i n the main current of the r i v e r e.g. Butomus 

umbellatus and Sparganium erectum. 
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Association: regarded by several synsystematic schools as the 

'basic u n i t ' of plant communities and has been defined i n several dif f e r e n t 

ways. I n t h i s thesis the word i s used as by Butcher ejt a l . (1931) i n the 

general sense of the word only. I t does not imply any Braun-Blanquet 

phytosociological union of species as described for rivers by Roll (1938), 

Weber-Oldecop (1970, 1971, 1974), Kohler (1971) and Kohler et a l . (1973). 

Community: as used by Becking (1957) to describe a group of individual 

plant species, "the composition of which i s determined by environmental 

conditions, and to a lesser known degree the mutual r e l a t i o n and interactions 

of these species, i . e . composition, abundance, dominance, s o c i a b i l i t y and 

competition". 

For terminology r e f e r r i n g to water chemistry, see 5.1. 
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3. AREA DESCRIPTION 

3.1 Introduc t i o n 
« 

This chapter i s a comprehensive description of the Tweed Basin. 

Most of the data are included because of their direct e f f e c t , or combined 

effects i n governing the d i s t r i b u t i o n of macrophyte species, (see chapters 

7, 8 and 9). Others, such as mention of the dominant forms of agriculture 

i n d i f f e r e n t catchment areas are included since these can give a good guide 

to the topography of the rivers surroundings, and hence the rivers 

characteristics. Population size and pastimes are discussed too, since 

rivers are frequently the receptacles of their waste products. 

The expanded h i s t o r i c a l and natural history information given i s not 

only included because of the effects they had i n influencing the present 

day d i s t r i b u t i o n of some macrophytes, but also f o r the interest of local 

b i o l o g i s t s . 

The Tweed Basin i s defined i n 3.2, and the physical characteristics 

of the Tweed and i t s t r i b u t a r i e s described. Particular reference i s made 

to a l t i t u d e , current velocity and flow regimes, geology, substratum 

characteristics and r i v e r size. The information given i s an amalgamation 

of personal observations (see 2.11)-, personal communications with Mr J. C. 

Currie, and descriptions of the area given by the following authors: 

Angus (1884), E t t r i c k and Yarrow; Bogg (1898), Borders• Burnett (1938), 

Tweed; Eyre-Todd (N.D.), Borders; Fraser (1907), anglers songs from the 

Tweed; Groorae (1887), Borders; Lang and Lang (1923) Borders; Lauder (1890), 

Tweed and t r i b u t a r i e s ; Maxwell (1905), Tweed; McMichael (N.D.), Borders; 

Russell (1885), Yarrow; Thomson (N.D.), Lauderdale; Wilson (1924), Gala; 

Scottish Development Department (1968), Borders; Steven (1916), Yarrow. 

The geology of the Tweed Basin i s summarized i n 3.3. The map (Fig. 

3.3a) was drawn from Ordnance Survey (geology survey maps) and the text 
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taken from; Gunn and Clough (1895), Fowler (1926), Pringle (1935), 

Scottish Development Department (1968), Greig (1971). 

Climate i s discussed b r i e f l y i n 3.4. A l l information was derived from: 

Scottish Development Department (1968) and the Tweed River Pu r i f i c a t i o n 

Board (1973). Temperature data given by the former have been converted 

from fahrenheit to centigrade. 

3.5 gives some h i s t o r i c a l background of the Tweed Basin over the 

l a s t 200 years, and gives some insight into the conditions of i t s rivers 

during that period. Population, industry and sewage disposal are 

discussed since they had the most influence i n causing 'unnatural' changes 

i n r i v e r conditions. Some attempt i s made to relate present day ri v e r 

conditions with those described from over a century ago. 

For obvious reasons, none of the data are from personal observations; 

however some of the generalizations expressed are. Only p a r t i c u l a r l y 

important, or specialised facts are followed by a reference author, the 

general text being obtained from the following sources: Curphey (1896), 

Department of Health f o r Scotland'(1931, 1950), Government White Paper 

(1966), Home (1874), N i c o l l (1972), Rivers Pollution Commission of 1868 

(1872), Royal Commission on Sewage Disposal (1912), Royal Commission on 

Tweed and Solway Fisheries (1896), Scottish Advisory Committee (1931), 

Scottish Development Department (1968, 1972), Scottish Water Advisory 

Committee (1950), Tweed Fisheries Commission (1866) Walpole and Young (1874, 

1875), Wheaton and Curphey, (1906). 

Thanks are due to Mr J. C. Currie, Inspector and Chemist, Tweed 

River P u r i f i c a t i o n Board (T.R.P.B.) for making a l l the Boards records 

available, and f o r supplying information on the present state of sewage 

works; and also to Colonel J. Ryan, Chairman of the Tweed Commissioners 

fo r the loan of the Commissioner's reports, and helpful discussions. 
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Information of the riv e r s hydrology, and data available from a 

continuous water monitor recorder on the Tweed at Boleside (km 74.5) 

are given i n 3.6. Again thanks are due to the T.R.P.B. 

3.2 Physical characters of the Tweed and i t s t r i b u t a r i e s 

The basin of the Tweed i s well defined. Fig. 3.2a shows that i t i s 

bound on the west by elevated moorlands reaching 810 m^which separate 

the sources of the Tweed and Clyde. To the north i t i s bound by the 

Moorfoot and Lammermuir H i l l s , the former to the north-west, reaching 705 m, 

and the l a t t e r to the north-east ̂ reaching a height of 572 m. I n the south­

west, Annandale and Eskdale are separated from Tweed, E t t r i c k and Teviot 

sources by the Tweedsmuir Hills^reaching a maximum elevation of 890 m. The 

Cheviot H i l l s i n the mid-south are a bounding range of h i l l s reaching 882 m, 

but they do not extend to the south-east where a gap i s l e f t to admit the 

River T i l l . To the east the Tweed discharges i t s water into the North Sea. 

The names of the counties, their vice county (v.c.) numbers, and the 

proportion of each w i t h i n the Tweed Basin are tabulated i n Table 3.2a (see 

2.1). 

v.c. 
number 

county Percentage within 
the Tweed Basin 

77 Lanarkshire 0.7% 

78 Peebleshire 100.0% 

79 Selkirkshire 100.0% 

80 Roxburghshire 99.9% 

82 Midlothian 25.0% 

83 Eastlothian 25.0% 

81 Berwickshire 75.0% 

68 Nor thumb er1and 16.0% 

Table 3.2a Percentage of each county drained by the Tweed. 
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Fig. 3.2a Releif map of River Tweed Basin. 
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The Tweed rises i n the extreme south-west of the county of Peebles 

at about 500 m. Two kilometers away the Clyde takes i t s r i s e to the 

west, and the Annan 0.5 km to the south. Tweed Burn flows east for 

several kilometers, and i s joined by the larger Cor Water at a height of 

330 m. For survey purposes, t h i s point represents the head of the Tweed 

and has been designated km 0.0 (see 2.2)• 

Fig. 3.2b represents i n histogram form the rate of f a l l per 10 km 

down the Tweed from km 0.0 to the sea beyond Berwick (km 155.0). Three 

d i s t i n c t zones are obvious. 

I n the iJpper 20 km, the r i v e r drops very rapidly, p a r t i c u l a r l y so i n 

the f i r s t 10. Within that area however,the f a l l i s uniform and gradual 

with no waterfalls of any size, such as seen at High Force i n upper Teesdale. 

The largest sudden drop i s Tweedsmuir Falls (km 10.5) which has a v e r t i c a l 

drop not exceeding 1.5 m. These upper stretches are characterised by 

rapid currents flowing over substrates of rock sheets, boulders or large 

stones incorporated in t o a stable substratum. There i s no stretch of the 

uu^er T-wfteri "hich i s comparable to the deep, slow flowing, former 'Wheel' 

of the Tees described i n 1.2 ( see Fig. 3.2d ) . 

From km 20 to 110 the rate of f a l l varies l i t t l e from one 10 km to 

another. A large weir and cauld exaggerate figures for the stretch 100.0 

to 109.5. I n this mid-river section, the flow characteristics very markedly 

from reach to reach with a l l types from fast and shallow, to deep and vary 

slow. Substratum characteristics also show great variation associated with the 

change i n flow. Generally, sheet-rock, boulders and large rocks are more 

common i n the upper reaches, but here too, fine s i l t accumulates i n 

quieter alcoves. On passing downstream, rocks of the largest dimensions 

become less common while mixed smaller stones and gravel dominate. Shading 

by trees i s at i t s maximum i n th i s section (see Fig. 3.2d). 
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Below Teviot Foot (km 108.5) the physical characteristics of the 

Tweed again change. The effec t of th i s t r i b u t a r y on the major r i v e r 

cannot be more aptly described than by Thomas Lauder (1874), "Like a 

gentleman of large fortune who has j u s t received a great accession to i t , 

the Tweed having been joined by the Teviot leaves Kelso with an a i r of 

dignity and importance". From Kelso to Berwick the flow rate i s greatly 

reduced^with many stretches of deep water, slow current velocity and 

thick, deposits of mud and f i n e s i l t . The estuary extends up the r i v e r to 

km 137.5 but i s never deep enough to be navigatable. At high t i d e , i t 

is brackish at km 146.0 (see Fig. 3.2d)» 

The upper one t h i r d of the Tweed flows through the county of Peebleshire, 

and i n th i s county a large number of streams enter the main r i v e r . The 

principal ones are the Fruid and Talla, upon which large reservoirs have 

been b u i l t , the former only w i t h i n the l a s t decade and the l a t t e r at the 

end of the l a s t century. The others, i n order passing downstream are the 

Biggar, Lyne, Manor and Eddleston (see Figs 2.2a and 2.2b). 

The f i r s t major t r i b u t a r y i s the Fruid, from which the Tweed receives 
3 -1 

a minimum compensation flow of 0.2 m s during the summer,which i s reduced 

to half that level during the winter. 4.5 km downstream of the Fruid, and 

again entering the ri v e r s from the south, the Talla flows into the Tweed 

ju s t beJow Tweedsmuir at km 10.5. Both the Fruid and the Talla previous 

to impoundment had the characteristics of fast flowing highland streams. 

The Silurian bedrock drained by the two tr i b u t a r i e s is unproductive and 

supports only f e l l sheep farming. I n recent years,much of the surrounding 

h i l l s have been taken over by the Forestry Commission who have been 

responsible for extensive reafforestation. 

At km 24.5 the Biggar drains into the Tweed from the l e f t . The name 

is derived from the word bygg-barley f i e l d , for even i n primitive times 



the area was famous fo r i t s agriculture. The valley i s a f l a t a l l u v i a l 

p l a i n that links the r i c h Lanarkshire farming area with the valley of 

the Tweed. Because the valley i s so f l a t , the r i v e r i n pre-war times 

constantly overflowed i t s banks. Between 1914-18, I t a l i a n war 

prisoners dug a new straight channel f o r the r i v e r , however,this proved 

inadequate i n 1948 when the valley was seriously flooded. Consequent 

straightening and deepening has produced a tributary which i s slow flowing 

and canal l i k e . Large boulders are absent, the bottom being predominately 

soft mud, although gravel i s present i n the r e l a t i v e l y faster, shallower 

stretches. The drainage area i s predominately one of Silurian rocks 

t h i c k l y overlaid by g l a c i a l deposits (see Fig. 3.2e). 

The largest of the Peebleshire tr i b u t a r i e s i s the Lyne, which flows 

int o the Tweed at km 35.5. The Lyne rises in mountainous country at a 

height of 530 m. I n 1924 Baddinsgill Reservoir was built^and the catchment 

area above 330 m impounded. I n the Lyne's journey of 30 km i t receives 

several t r i b u t a r i e s , the most important being the Tarth. This t r i b u t a r y 

and the lower stretches of the Lyne flow through cultivated land i n a 

f a i r l y deep and uniform manner. The upper half of the catchment area flows 

on Old Red Sandstone and Limestone^while the lower half flows on Silurian 

rock (see Fig. 3.2e). 

Between the Lyn'e and Eddleston, and flowing from the south i s the 

Manor. I t rises at 450 m and drops steeply, receiving many streams from 

steep and l o f t y surroundings. The catchment area i s p a r t i c u l a r l y unproductive 

supporting only h i l l farming, although the lower stretches are forested. 

Entering the Tweed from the north, and s p l i t t i n g the town of Peebles 

i n two,is the Eddleston. This t r i b u t a r y rises at only 300 inland on i t s 

journey of 18 km traverses only S i l u r i a n rocks. The bed of the r i v e r i s 

mainly pebbles and small boulders, with large rocks being rare. The upper 
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h a l f of the r i v e r above the town of Eddleston flows i n a f l a t cultivated 

valley where the growing of crops has been practiced f o r many centuries. 

Conversely, the lower stretches flow i n a deep sided valley suitable only 

for f e l l sheep. 

The f i r s t major t r i b u t a r y to enter the Tweed i s the E t t r i c k , which 

has i t s own large a f f l u e n t the Yarrow. The t o t a l area drained exceeds 
2 3 - 1 

500 km and the mean yearly flow of the E t t r i c k i s 15 m s ( i . e . three-
quarters that of the Tweed above i t s confluence). 

The Yarrow rises at 530 m from h i l l s that separate i t from the 

Moffat. The Yarrow i n i t i a l l y flows into a small lake, the Loch of the 

Lowes, and then into the much larger St. Mary's Loch. This loch receives 

another a f f l u e n t , the Megget from the north. I n general, the whole Yarrow 

Valley below the lochs i s narrow and steep sided, supporting only h i l l 

farming. In a few l o c a l i t i e s however, gl a c i a l t i l l has been deposited on 

the otherwise unproductive S i l u r i a n rocks^and here the valley fl a t t e n s out. 

In one such area the course of the r i v e r changed during a flood i n 1962. 

The bed of the r i v e r i s rocky and stony, and no s i l t accumulates. Coarse 

gravels occur between stones and at the waters edge (see Fig. 3.2e). 

The E t t r i c k rises at a similar height and i s similar i n most 

characteristics. The valley of the E t t r i c k i s however wider, and more 

suitable for c u l t i v a t i o n than that of the Yarrow. I n the lowest stretches 

of both rivers^forests are common and the banks of the rivers shaded. Below 

the confluence of the two r i v e r s and more p a r t i c u l a r l y below Selkirk, fine s i l t 

accumulates i n slower deep stretches, and the amount of large rock surfaces 

decreases (see Fig. 3.2f). 

At km 75~i5, having passed through the middle of Galashiels^the Gala 

enters the Tweed. This t r i b u t a r y rises at 380 m and bisects the Moorfoot 

and Lammermuir H i l l s on i t s passage to the Tweed. The Gala i s a fast 
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flowing r i v e r . A century and a half ago, the valley was predominately 

pastoral, but rapidly the whole surrounding country became hedged and the 

land cultivated. Today there i s only pastoral farming on the surrounding 

h i l l s . 

Arising from the west of the Lammermuir H i l l s at 500 m and entering 

the Tweed at km 83.5 i s the Leader. To the west of i t s valley l i e the 

most easterly extension of the S i l u r i a n sediments, and to the east i s Upper 

Old Red Sandstone. The Leader Valley, l i k e the Gala, yielded to the plough 

several centuries ago. 

The Tweed receives no major t r i b u t a r i e s for 25 km u n t i l j u s t above Kelso 

at km 108.5 where i t s largest a f f l u e n t , the Teviot joins i t . The Teviot 

rises at a height of only 365 m and flows for 6/ km and drains almost the 

entire county of Roxburghshire. At Ormiston M i l l , 8.0 km above the confluence 
3 «<1 

with the Tweed, the mean daily flow of the Teviot i s j u s t under 20 m s" , and 
2 

the area drained 1100 km . 

Even i n the upper 20 km, the Teviot does not have the characteristics 

of a mountain stream. Generally,the flow alternates between sw i f t or s I o w j j 

but the substratum i s composed predominately of loose large pebbles that 

do not form a f i r m base. There are few 'mountain f l u s h 1 stretches characterized 

by t o r r e n t i a l flow over large s o l i d rock surfaces. I n scenery, land surface 

and geology, upper Teviotdale and Tweeddale are similar, the sole industry 

of both being sheep farming. 

At Hawick the c h a r a c t e r i s t i c a l l y very rapid S l i t r i g enters the r i v e r . 

On passing downstream from Hawick^the Teviot valley widens, the surrounding area 

having been cultivated f o r centuries. The current velocity of the r i v e r i s reduced 

as i t passes over Old Red Sandstone, the rate of f a l l being equivalent to 

the lowest 40 km of the Tweed (see Fig. I 2 l e \ Many stretches i n the lowest 

20 km of the Teviot are deep and slow flowing, however these are frequently 
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interrupted by short stretches of shallow, fast flowing water. In the 

lowest 5 km the r i v e r flows upon hard Basaltic Igneous rocks^and then 

upon Carboniferous Limestone (see Fig. 3.2f). 

The Jed i s the only t r i b u t a r y of the Teviot that flows through a 

major town, namely Jedburgh. The r i v e r drains an area i n excess of 
2 3 - 1 140 km and has a daily mean flow of below 2 m s . I t drains a well 

cul t i v a t e d valley and flows predominately on Old Red Sandstone, into 

which i n many areas i t has cut deep channels. The bed of the r i v e r i s 

predominately rocky. 

A l i t t l e downstream of Kelso at km 115.0 the Eden discharges i t s 

rather small volume of water into the Tweed. I t takes i t s r i s e i n the 

moorlands between the Leader and Blackadder, and flows through a r i c h 

and heavily cultivated valley. The current velocity is characteristically 

s w i f t , and the substratum rocky. I n the most downstream stretches however, 

fin e shingle and pebbles predominate. From source to Tweed, the Eden 

traverse Old Red Sandstone, Basaltic Igneous and Carboniferous Limestone. 

Also draining an area on the north bank of the Tweed, and between the 

Eden and Whiteadder i s the Leet. I n the summer this t r i b u t a r y was the 

characteristics of a d i t c h , frequently less than a metre wide. Commonly 

the stream takes the form of deep pools connected by shallow,narrower 

stretches. On i t s twisting journey of 21 km across a very f e r t i l e ? a n d 

heavily manured a l l u v i a l p l a i n , the v e r t i c a l drop i s only 33 m. 200 m 

before discharging i t s water i n t o the Tweed at Coldstream (km 127.5), the 

Leet i s swelled by water from the recipient r i v e r via a m i l l lade (see Fig. 3.2g), 

5 km below Coldstream,the slow flowing T i l l enters the Tweed. The 

T i l l i s the longest t r i b u t a r y of the Tweed, and flows for 86 km being 

ch a r a c t e r i s t i c a l l y deep.with a sluggish flow. The r i v e r takes i t s r i s e on 
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the eastern slopes of the Cheviots under the name of the Breamish, and 

receives several other streams on i t s l e f t bank. The principle one i s the 

Glen 1which i s formed by the junction of the Bowment and College Burns. 

For the f i r s t 25 km, the r i v e r flows f i r s t on granite where the flow i s 

swift and the substratum rocky, and then less s w i f t l y on Carboniferous 

Limestone. I n the lower 60 km, and now under the name of the T i l l , the r i v e r 

i s slow, deep and drains an intensly cultivated.jlarge,f l a t p lain. The 

T i l l has a rate of f a l l that i s less than 0.7 m km The mean daily 
3 - 1 2 flow i s approximately 10 m s ?and the t o t a l drainage area 673 km . Since 

the flow of the r i v e r i s so s l i g h t , and the substratum so sof t , periodic 

dredging i s required to keep the flow of the T i l l to the same channel. 

The geology of the T i l l catchment area i s e n t i r e l y composed of Carboniferous 

deposits of Sandstone, Limestone and Scremerston Coal Groups which commonly 

are t h i c k l y overlaid by more recent deposits. Between km-20 and-30 the 

r i v e r has cut deeply i n t o the g l a c i a l alluvium to expose an extensive 

deposit of an i n t e r g l a c i a l peat. In this area, the bed of the r i v e r i s 

either soft sand,or compacted black peat. I n places raised mounds of 

peat extend up from the surface and mimick large rock boulders. In other 

stretches^the bed of the r i v e r i s sandy^or less commonly muddy. Rocks 

and boulders are rare, but evenly scattered except i n the area described 

above (see Fig.3.2g), 

The Tweeds largest northern t r i b u t a r y , the Whiteadder, and the l a t t e r s 

a f f l u e n t the Blackadder., enter the Tweed i n the brackish t i d a l reaches 4 km 

above Berwick. The Whiteadder i s i t s e l f t i d a l for 1 km. Both the Blackadder 

and the Whiteadder r i s e high i n the Lammermuir H i l l s . The former emerges 

from peaty uplands which imparts to i t s water a high organic matter content, 

as well as a d i s t i n c t dark colour from which i t s name i s derived. The 

Whiteadder on the other, hand i s much clearer. 
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The Blackadder rises at a height of 400 m and runs east at r i g h t 

angles to the Whiteadder and bisects the town of Greenlaw. Even here the 

characteristics of the r i v e r are evident. The flow i s predominately slow 

and the r i v e r often deep but rarely wide. The deepest stretches have 

soft substratum of thick mud, while the shallower stretches have shingle 

beds. The edges of the r i v e r give way to f l a t muddy banks which back 

d i r e c t l y onto r i c h , often r i c h l y cultivated land. The bedrock i s Old 

Red Sandstone that gives way i n the lowest 20 km to Carboniferous Limestone. 

The Whiteadder rises to the east of the Blackadder, but at a similar 

height. The flow rate i n the upper reaches i s very fast and many sandstone 

rocks are exposed. From j u s t above Blackadder Foot downstream to the 

Tweed, the Whiteadder flows through f l a t country and i t has been necessary 

to r e s t r a i n i t by embankments so as to keep i t to one regular channel. As 

a r e s u l t , numerous slow stretches w i t h deep muddy stretches exist. The 

area drained i s p r i n c i p a l l y Calciferous Sands tone<>which i s intensively 

farmed. 

Fig. 3.2ccompares the v e r t i c a l drop and bedrock geology down the 

River Tweed and those t r i b u t a r i e s which were surveyed for macrophytes (For 

key to geology see Fig. 3.3a)» The height at which each particular t r i b u t a r y 

enters the Tweed i s indicated by the depth of geology plotted. 

The steepness of the upper Tweed i s not equalled by any of the t r i b u t a r i e s 

p l o t t e d , but the Yarrow and the E t t r i c k above th e i r confluence, upper Teviot, 

Jed and Eden come close to i t . The Lyne, mid Teviot, upper T i l l and 

the majority of the Blackadder and Whiteadder have v e r t i c a l drops 

intermediate between the upper and mid sections of the Tweed. The Biggar 

(although the highest tributary), lower Teviot, Leet, T i l l and lower 

stretches of the Blackadder and Whiteadder have small v e r t i c a l drops 

which are comparable with the lowest stretches of the Tweed. The 

characteristics of nine rivers are shown in Figs 3.2d-g. 

4 3 



Fig 3.2c ( overleaf ) Comparative v e r t i c a l drops down the 

length of the Tweed and the 11 t r i b u t a r i e s on 

which macrophyte surveys were carried out. The 

geology of each r i v e r i s also shown, the depth of 

geology plotted indicating the height at which 

the t r i b u t a r y enters the Tweed. 
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3.3 Geology 

The whole of the Tweed Basin i s composed of Palaeozoic rocks which 

are often overlaid by more recent deposits. These Ancient L i f e Rocks 

i n general form p a r a l l e l bands stretching across the r i v e r basin i n a 

south-west to north-east d i r e c t i o n . 

The e a r l i e s t rocks are the S i l u r i a n deposits which formed under 

marine conditions 450 m years ago. After being elevated they were 

subjected to erosion and subsidence, the resultant depressions 

subsequently becoming covered by Old Red Sandstone. During t h i s period 

of volcanic a c t i v i t y and deposition, land area increased at the expense 

of the sea. The following Carboniferous period (350 x 10 years ago) 

began with characteristic clear shallow seas, but gradually the sea beds 

began to r i s e to expose great f l a t stretches of land i n the lowest lying 

areas of the present day basin. The resultant brackish swamps b u i l t the 

present-day Carboniferous deposits. During the Pleistocene Ice Age of 
10 6 

1 x years ago. Ice sheets covered the whole of the southern uplands 

and moved across the area i n an easterly direction, rounding o f f h i l l s , 

scouring valleys and transporting and then depositing ground up rocks as the 

ice melted. 

In the N-W. of the basin i n the neighbourhood of the upper Biggar 

and Lyne, Andesetic Igneous Lavas are interspersed with S i l u r i a n 

rocks, Old Red Sandstone and Carboniferous Limestone. To the south and 

east of here, and composing by f a r the larger part of the basin of the 

r i v e r are the Si l u r i a n Llandeilo, Tarannon, Wandovery and Wenlock beds. 

These greywackes and shales which are hard and resistant to erosion 

occupy the major part of the area which l i e s west of a l i n e drawn from 

north to south through the Leader Valley, St. Boswells and Denholm 

(east of Hawick). To the east of the massive Silurian b e l t i s a band of 
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Old Red Sandstone which extends as f a r east as Kelso and as f a r south 

as the Cheviots. This rock i s softer ?and imparts a gentler type of 

r e l i e f and often d i s t i n c t i v e red colour to the landscape. To the east 

of Kelso and the Cheviots, and extending to the sea,lie. the Lower 

Carboniferous rocks; the Calciferous Sandstone and Carboniferous Limestone 

respectively. Apart from small scattered volcanic plugs, the only 

other main rock masses are the Calciferous Sandstone sediments that 

occur i n a small area south and east of Jedburgh, and the more extensive 

laval sheets of Basaltic Igneous rock north west of Kelso. In the south 

east of the basin.;and i n p a r t i c u l a r the area drained by the R. T i l l , 

boulder clay covers a great proportion of the area^and elsewhere gla c i a l 

d r i f t and r i v e r gravels cover up the older rocks. 

3.4 Climate 

The climate of the Borders i s t r a n s i t i o n a l between that of west and 

east Scotland. The uplands are generally cloudy and rainy, and the 

lowlands to the east, sunnier and d r i e r . As a l t i t u d e increases, more 

northerly t r a i t s such as coldness and snow increase. The Moorfoot and 

Lammermuir H i l l s are credited with a sheltering influence from northern, 

arc t i c a i r . 

Table 3.4a summarizes monthly and yearly a i r temperature means 

from four sites from w i t h i n the Tweed Basin during the period 1931-1961. 

The climate i s cool, with annual temperatures i n the highlands below 

7.5°C<)and i n the valleys one or more degrees higher e.g. (Kelso 8.3°C). 

Above 300 m the climate i s described as sub-arctic. July i s the warmest 

month, with maximum temperatures of only 16.7 - 19.5°C i n the summer 

months of June, July and August. The mean temperatures f o r these months 

are however only j u s t above 10°C. January and February i n a l l d i s t r i c t s 

show minimum temperatures below freezing, and ground frosts are l i a b l e to 
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occur from September to May. 

Daily a i r temperatures show a much greater diurnal range during the 

summer months than during the winter. The mean daily range during May, 

June and July i s 10°C while less than half t h i s i n November, December, 

January and February. This i s reflected i n water temperatures as shown 

by the continuous recorder at Boleside on the Tweed (see 3.6). During 

la t e spring, summer and early autumn, water temperatues i n the years 1972 

and 1973 showed great daily fluctuations of almost 5°C, and monthly 

variations of 14.5°C. During the winter,however, daily rhythmic 

fluctuations were very rare, and li m i t e d to less than 1°C and monthly 

ranges to 7°C. 

Data concerning diurnal fluctuations i n sunlight hours are li m i t e d . The 

Scottish Development Department (1968) published long term averages 

(1931 - 1960) f o r one s t a t i o n i n the Tweed Basin. This was at Marchmont 

House, 3 km below Greenlaw^on the banks of the Blackadder. June i s the 

sunniest month,with an average of s i x hours sunshine per day, compared 

with an average of j u s t over one hour i n December. The combined influence 

of sun and temperature on r i v e r characteristics i s discussed i n 3.5 and 

3.6. 

There are no wind gauges i n the area, howeverythe prevailing winds 

are west and south-west, which causes considerable funnelling because 

of the orientation of the valleys. 

R a i n f a l l , and i t s significance i n being the pri n c i p a l factor 

influencing r i v e r flows w i l l be discussed under hydrology (3.6). 

3.4b gives details of r a i n f a l l from two stations on the Tweed, 

and 12 stations on nine d i f f e r e n t t r i b u t a r i e s for the period 1971-73 ̂  

compared with the long term averages (from meterological o f f i c e ) . At 

every s t a t i o n , the three years were below average, the l a t t e r p a r t i c u l a r l y so. 
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The western part of the catchment area where the Tweed, E t t r i c k and 

Teviot take t h e i r r i s e , i s a high l y i n g plain which collects most 

pr e c i p i t a t i o n . I n t h i s region, long term averages range from 1000 mm to 

2000mm per annum. On the leeward middle and eastern parts of the basin 

where the land i s f l a t t e r and lower, r a i n f a l l does not exceed 1000 mm 

per year, and i n the Merse of the Tweed.,annual means are below 500 mm. 

yearly totals (mm) 
catchment o-letion g r i d r e f . h t . 1971 1972 I973 L.T A« 

NT (m) 
BICGAR SK1HILIG 077396 223 779.8 596.6 549.4 1016 
JAEROW CAPITOLEUGH 239233 250 1037.1 1160,1 ' 346,0 15?4 
YARROW G0RDE:i ARMS 308249 229 798.4 301.8 635.5 1007 
ETTR1CK El'? RICK SCHOOL 266145 23? 1301.0 1371.8 989.7 1505 
EPTRICK SELKIRK 475286 183 633.6 674.5 537.5 782 GALA ^-.T._ _ . . — 
Tweed 
Tweed 

WHITEAfiDER 

etion g r i d r e f . h t . 
NT («) SK1HILIG 079396 223 

CAPiEFJCIEUGH 239233 250 
GORDE:I ARMS 308249 229 
El'? RICK SCHOOL 266145 23? 
SELKIRK 475286 183 
BROF.iITSHIELS 420553 294 
Dingleton Hosp. 542332 146 
Newtown 581317 88 
HAa'TCK 512156 96 
EDGKRFTOf TOFTS 700109 241 
5GKF0RD 711271 61 
GOHDOJ HOSPITAL 658343 157 
YE IH0T.M 818284 99 ChUF^SIDE 875566 126 

776.4 - 730.6 616.2 965 
633.9 601.9 527.6 762 

S?°T
 Bi™ 512156 96 627*.6 69Z.5 533.2 822 

JED 
TEVIOP 
EDEN 

537.0 692.5 595.4 1003 
492.0 405.7 438.2 699 
590.4 529.0 515.5 706 SSt,™™ I F , 5 ™ L . 9? 597.2 542 ̂  498: 5 .. , 737 
568.1 477.6 462.9 660 

Table 3.4b Ra i n f a l l data for 1971, 1972, 1973, compared with the 
long term average. 

3.5 Population, industry and sewerage 

3.51 Introduction 

These three topics are inter-linked since a population must have 

work,and the waste products furnished by the population and i t s industries 

inevitably f i n d t h e i r way into the r i v e r s 9 i n a treated or untreated 

condition. Generally, the d i s t r i b u t i o n of industry follows that of the 

population, although t h i s does not necessarily mean that fo r a l l communities , 

the p o l l u t i o n load from trade effluent i s proportional to that of domestic 

sources. 

Fig. 3.53a shows the changing t o t a l population of the Border counties 

during the past 160 years. I t clearly demonstrates the increase i n 
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population through the nineteenth century, and the decrease during the 

last f i f t y years. 

The Central Borders,defined as the counties of Peebleshire, 

Selkirkshire and Roxburghshire (Scottish Development Department, 1968) , 

has most of the t o t a l population^and has shown the greatest changes 

through the past 200 years. The Central Border towns began to grow 

i n the middle of the nineteenth century and expanded rapidly i n the following 

40 years. This was concomitant with the increase i n the t e x t i l e industry. 

Fig. 3.51b shows the population changes i n the f i v e main t e x t i l e 

burghs over the period 1801-1961. The populations of both Hawick and 

Galashiels rose rapidly to peak totals i n 1891. I n the whole of the 

Borders, the population rose from 43,000 in 1801 to 92,500 i n 1891; Since 

that date, a drop has occurred, and i n 1966 the figure was 73,000 

(Scottish Development Department, 1968). 

Throughout the l a s t two centuries, the population has chiefly been 

engaged i n the woollen trade. The chief centres i n the beginning, as now, 

were Haxfick, Galashiels, Jedburgh, Selkirk, Peebles, Innerleithen and 

Walkerburn. The numerous flocks of sheep kept on the surrounding areas 

provide the primary factor of the industry, to which was added the 

abundance of pure water furnished by the Tweed and i t s t r i b u t a r i e s . The 

m i l l s of Peebles, Innerleithen and Walkerburn use water from the Tweed, 

while others take theirs from t r i b u t a r i e s . 

The wool trade has managed to remain the most important industry i n 

the area because of a series of successful adaptations to the present 

day. F i r s t the power was provided by water, and then with the advent of 

the i n d u s t r i a l revolution they turned to coal which was near at hand 

from the Lanarkshire coa l f i e l d s . More recently, e l e c t r i c i t y has been 

used. 



The other main sources of li v e l i h o o d are from the rearing of sheep 

i n the highlands, and from more intensive farming i n the lower areas. 

The salmon fisheries are also of considerable monetary importance, as i s 

tourism. 

The following section describes the population, main industries and 

sewage disposal i n individual counties i n the area. By being described 

i n t h i s way, the main p o l l u t i n g influences can be pinpointed. 

3.52 Lanarkshire 

The only town of importance i n this county which i s included i n 

the Tweed's drainage area i s Biggar, which i s situated on the Biggar 

Water. The majority of the population are involved i n the farming of 

the r i c h l y cultivated p l a i n i n some form or another, the f e r t i l i z a t i o n 

of the land producing more eutrophication of the Biggar Water than the 

town i t s e l f (Currie, personal communication). By 1901 the town had 

a sewerage system of s e t t l i n g tanks and a broad i r r i g a t i o n area of grass 

land. Wheaton and Curphey (1906) reported the effluent to be well 

p u r i f i e d with l i t t l e e ffect on r i v e r eutrophication. A new plant was 

i n s t a l l e d i n 1961 which although adequate,still produced s l i g h t 

p o l l u t i o n i n the t r i b u t a r y . This i s not e n t i r e l y due to the effluent, 

but also to the nature of the receiving stream which i s slow moving^with 

a muddy substratum. Natural p u r i f i c a t i o n i s thus slow. New improvements 

are under design. 

3.53 Midlothian 

The only town of any size i n this county which i s i n the Tweed 

catchment area, i s Stow. This town i s situated on the Gala about 13 km 

above Galashiels. At the turn of the century, the town had a population 

of 1,560 mostly involved i n a woollen industry that diverted most of the 

r i v e r water v i a a m i l l lade^and returned i t to the r i v e r below the town 
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i n a polluted state. Neither the domestic ?nor trade waste was treated 

i n any way. A p u r i f i c a t i o n plant was i n s t a l l e d i n 1959 which i n 1974 was 

s t i l l producing a satisfactory e f f l u e n t . 

3.54 Peebles 

I n t h i s county are situated the towns of Peebles, Innerleithen 

and Walkerburn, a l l important centres of the wool trade. The surrounding 

areas are sparsely populated. Nearly the whole of the county consists 

of high l y i n g pastures, w i t h few large farms. Sheep are pastured i n 

great numbers, and during the summer months the sheep washings and dips 

caused frequent and often serious pollution during the l a s t , and i n the 

beginning of t h i s century (Colonel J. Ryan, personal communication). The 

Forestry Commission have acquired large estates along the Tweed and the \ 

h i l l s i d e s have been extensively drained and planted up to a height of 500 m. 

When the plantations mature they w i l l completely change the landscape of 

the upper Tweed. 

In 1901, almost the entire 5,266 population of Peebles was engaged 

i n the wool trade. Although the town was e f f i c i e n t l y sewered, none 

of the trade or domestic waste was treated i n any form or other. Wheaton 

and Curphey (1906) reported that the sewage, once discharged, would run 

separate from the clear r i v e r water and not mix u n t i l a long way below 

the town. Paper, wool, dye stained deposits and sewage-fungus were 

usually obvious. By 1931 the town s t i l l had not i n s t a l l e d p u r i f i c a t i o n 

works capable of dealing with domestic sewage and trade wastes, which 

were s t i l l discharged untreated into the r i v e r , i n direct v i o l a t i o n of 

the Rivers Pollution Prevention Acts. The present p u r i f i c a t i o n works were 

i n s t a l l e d over 25 years ago, and s t i l l produce an effluent that causes 

p o l l u t i o n . New works are proposed. 

Ten kilometers below Peebles i s the town of Innerleithen, which 
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b i s e c t s the L e i t h e n Water^and lias a population exceeding 2,000. Both 

I n n e r l e i t h e n and Walkerburn ywith f o u r and two m i l l s r e s p e c t i v e l y , by 

1931 s t i l l poured crude i n d u s t r a l and domestic waste i n t o the r i v e r . At 

t h i s time^only s e t t l i n g tanks were present. The present works, l i k e 

Peebles ?were i n s t a l l e d over a quarter' of a century ago. Tenders have 

already gone out 7and c o n s t r u c t i o n of new works began e a r l y i n 1975. 

3.55 S e l k i r k s h i r e 

There are only two towns of any importance, S e l k i r k and Galashiels, 

where over 80% of the county's p o p u l a t i o n r e s i d e . The county coincides 

almost e x a c t l y w i t h the e n t i r e E t t r i c k catchment area, w i t h the Tweed 

f l o w i n g f o r almost 20 km throught i t . During the l a s t two centuries 

there has been l i t t l e p o l l u t i o n of the r i v e r s caused by a r t i f i c i a l manuring 

or l i m i n g , although sheep washings and dipping used t o cause occasional 

wholesale f i s h d e s t r u c t i o n (Colonel J. Ryan, personal communication). 

Large f a c t o r i e s have always been confined to the two burghs. 

S e l k i r k i n 1901 had a popu l a t i o n of 5,486 almost e n t i r e l y engaged i n 

a l l f a c i t s of the wool trade. The town was sewered, which conveyed 

domestic waste t o a sewage farm s i t u a t e d about 1 km below the town. By 

1931, the s i t u a t i o n was unchanged; the o l d s e t t l i n g ponds and i r r i g a t i o n 

p l a n t s of 1878 were s t i l l used, even though they were completely inadequate 

when f i r s t i n s t a l l e d . 

The 10 m i l l s , a l l over 50 years o l d , s t i l l discharged t h e i r waste 

untreated i n t o a m i l l lade^or d i r e c t l y i n t o the r i v e r . The sewage e f f l u e n t 

was t h i c k and a d i r t y grey colour, and f o r some distance below the o u t f a l l 

could be d i s t i n g u i s h e d from the r i v e r water which was u s u a l l y a b r i g h t 

blue colour. Wheaton and Curphey (1906) reported "Nearer the town, the 

r i v e r was deep black i n colour, and a copious stream of black l i q u i d was 

f l o w i n g i n t o i t from a dye works. The E t t r i c k a t S e l k i r k i s very f o u l , 
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the bottom i s black, the stones composing i t being covered w i t h a slime 

st a i n e d by spent dye l i q u i d " . 

A modern sewage treatment p l a n t was i n s t a l l e d i n 1974 which replaced 

the e a r l i e r one t h a t produced an u n s a t i s f a c t o r y e f f l u e n t . During the 

b u i l d i n g of the new plant^considerable q u a n t i t i e s of raw domestic sewage 

fou l e d the bed of the E t t r i c k , and abundant sewage fungus developed (see 7.25). 

Galashiels i s s i t u a t e d on the lower 4 km of the Gala^and a l l branches 

of the wool trade have been c a r r i e d out there. The Royal Commission on 

Tweed F i s h e r i e s (1896) reported t h a t the e f f e c t of m i l l p o l l u t i o n was so 

great t h a t a t Mourton, 20 km below Galashiels the bottom of the Tweed 

was not v i s a b l e from Monday n i g h t t o Saturday. On Sunday the sediment 

was v i s a b l e , but on Monday a t approximately 1600 hours "the water would 

come down as black as can be". 

Immediately below Gala Foot and f o r several km below, except a f t e r 

f l o o d s , the Tweed was o f t e n covered by knee-deep black sediments of 

u n p u r i f i e d sewage, discarded dye stuffs,and wool. These sediments were 

then o v e r l a i d by sewage fungus. Wheaton and Curphey (1906) reported t h a t 

animal l i f e was incapable of s u r v i v a l u n t i l below Melrose. Understandably, 

the p o l l u t i o n was a t t r i b u t a b l e t o the m i l l s a t Gala, and t o a lesser 

e x t e n t those of S e l k i r k . 

Chemical analyses do not seem t o be accurate, but Dr Stevenson 

Macadam reported i n the above Commission's r e p o r t h i s experiments w i t h 

salmon. When f i s h were immersed i n the water a t Gala Foot, they died 

very q u i c k l y , and always w i t h i n a day. "Control f i s h " , immersed i n the 

Gala above Galashiels were unaffected. He made no attempt t o as c e r t a i n 

the chemical composition of the water.) except the r e l a t i v e amounts of 

d i f f e r e n t gases dissolved i n the water. Above the m i l l s , 28.3% of 

the dissolved gases was oxygen, but the m i l l e f f l u e n t s had oxygen l e v e l s 
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below 2.0% of the t o t a l which rose t o only 7.2% a t Gala Foot. 

At the t u r n of the century there was no municipal drainage scheme 

and p r i v a t e drains discharged d i r e c t l y t o the Gala. I n 1908 the Galashiels 

Drainage and Burgh Extension Order was passed, a u t h o r i z i n g the Town 

Council to c o n s t r u c t and r e g u l a t e a system of drainage and sewerage 

p u r i f i c a t i o n to deal w i t h i n d u s t r i a l waste. Wheaton and Curphey (1906) 

reported t h a t 30 years p r i o r t o t h i s order, the r i p a r i a n p r o p r i e t o r s of 

the Tweed f o r some considerable distance below Gala Foot commenced 

proceedings against the manufacturers of Galashiels^and obtained compensation . 

as w e l l as an undertaking from them t o take steps to prevent the i l l 

e f f e c t s of t h e i r discharges. 

The 1931 Commission reported t h a t t h i s had been implemented rand t h a t 

l i t t l e p o l l u t i o n of the r i v e r was caused at t h a t time. New treatment plants 

were i n s t a l l e d i n 1965 which produce an adequate e f f l u e n t , and a new 

b i o l o g i c a l s e c t i o n w i l l be i n s t a l l e d i n 1975. 

3.56 Roxburghshire 

I n t h i s county are s i t u a t e d Hawick and Jedburgh, important 

towns i n the wool trade and also the r e s i d e n t i a l towns of Melrose and 

Kelso. The greater p a r t of the county i s high l y i n g moorlands, but i n 

the neighbourhood of the lower Teviot and Tweed v a l l e y there i s much 

arable and h i g h l y c u l t i v a t e d land. U n t i l r e c e n t l y , the drainage from 

the farmyards passed u n t r e a t e d , d i r e c t l y i n t o the r i v e r s , but p o l l u t i o n 

r e p o r t s made l i t t l e of the p o l l u t i o n thus causedy compared w i t h t h a t 

caused by the two m i l l towns. 

Hawick i s , and has f o r the past 200 years ?been the l a r g e s t town 

i n the Borders.,during which time almost the e n t i r e population has been 

involved i n the woollen i n d u s t r y . Watson (1873) r e p o r t s t h a t the weavers 

of Hawick were a numerous and corporate body as e a r l y as 1640. 
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The burgh straddles the Tevi o t a t a p o i n t where the S l i t r i g j o i n s 

i t . A hundred years ago, where the Teviot ran through the town, the 

bed of the r i v e r was f o r the most p a r t dry stones. Nearly the whole of 

the water was e x t r a c t e d i n t o m i l l lades, as was the water of the S l i t r i g . 

I n 1875 proceedings were taken against the Town Council and the 

p r i n c i p a l manufacturers by the r i p a r i a n owners of the Teviot below Hawick. 

As a r e s u l t , the Town Council undertook to receive the waste l i q u i d s from 

the m i l l s i n t o t h e i r sewers and t o p u r i f y i t before discharging i t i n t o 

the r i v e r . The town was sewered i n 1880, but the domestic refuse and 

i n d u s t r i a l waste was conveyed d i r e c t l y t o the r i v e r or m i l l lades^without 

treatment. Home (1874) wrote "The s i l v e r t i d e of our noble and c l a s s i c 

stream i s transformed i n t o a puddle of dark-blue i n k , the smell of which i s 

enough t o keep human beings a t a respectable distance, and the c a t t l e 

grazing on i t s banks w i l l p e r i s h w i t h t h i r s t r a t h e r than quaff a mouthful 

of the noxious compound". And Ruskin (see Lang, 1923) a t a l e c t u r e i n 

Oxford i n 1877 said " I saw the stream of the Teviot as black as i n k , 

oozing not f l o w i n g - a mere slu g g i s h i n j e c t i o n among poisonous pools of 

scum covered i n k " . 

Hawick, l i k e Galashiels,was authorized i n 1908 t o implement sewage 

p u r i f i c a t i o n . A p l a n t was b u i l t and operational by 1923, but the 

Commissioner's r e p o r t (1931) found t h a t i t functioned inadequately, and 

t h a t p o l l u t i o n of the r i v e r s t i l l occurred. The r e p o r t recommended t h a t the 

Town Council should be urged to complete t h e i r sewage p u r i f i c a t i o n works 

by the i n s t a l l a t i o n of adequate f i l t e r s . New pl a n t s were i n s t a l l e d i n 

1961 and 1971, and an extension i s l i k e l y i n the near f u t u r e . The 

present p l a n t i s working to i t s f u l l capacity^ and during summer low flow s , 

oxygen d e p l e t i o n o c c a s i o n a l l y occurs. 

Jedburgh i s s i t u a t e d on the Jed Water, 4 km before i t flows i n t o the 
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T e v i o t . The town has been g r e a t l y involved i n the t e x t i l e trade, not 

only w i t h wool and i t s associated tanneries and s k i n n e r i e s , but also 

w i t h rayon during t h i s century. Domestic and i n d u s t r i a l waste has 

h e a v i l y p o l l u t e d the r i v e r , and i n 1931 i t was reported t h a t untreated 

sewage was poured i n t o the r i v e r from s i x pipes w h i l e over 90% of the 

water was d i v e r t e d t o m i l l lades. At night.,and on Sundays?the sewage 

was s a i d t o be swept away because the water was not abstracted by the 

m i l l lades. Rubbish and dead carcasses of sheep were thrown i n t o the 

r i v e r and l e f t to f e s t e r u n t i l a f l o o d washed them away. The c o n d i t i o n 

of the water a t the bottom of the m i l l lade was no b e t t e r , o f t e n being 

b r i g h t l y coloured by dyes and c a r r y i n g a heavy load of suspended matter. 

A p u r i f i c a t i o n p l a n t was i n s t a l l e d i n 1963 which t r e a t s domestic and 

i n d u s t r i a l waste except t h a t from the tanneries and s k i n n e r i e s . The 

p l a n t i s working to i t s f u l l p o t e n t i a l . 

Kelso i s s i t u a t e d below the j u n c t i o n of the Teviot and Tweed. I n 

1901 the p o p u l a t i o n of Kelso was j u s t over 4,000^but the town has had 

no major i n d u s t r i e s . The town was sewered l a s t century, but the waste 

passed u n p u r i f i e d i n t o the r i v e r u n t i l 1962,when treatment plants were 

i n s t a l l e d . Today the e f f l u e n t i s of good q u a l i t y . 

I n the Melrose area there are several small towns of varying populations. 

The 1901 census (see S c o t t i s h Development Department, 1968) made reference 

t o the probable doubling of the population by t o u r i s t s i n the summer. 

The sewage was discharged untreated u n t i l p u r i f i c a t i o n p lants were 

i n s t a l l e d f o r Melrose and Gattonside i n 1965, Newton St. Boswells i n 1962.., 

and St. Boswells over 25 years ago. The f i r s t p l a n t produces an e f f l u e n t 

of good q u a l i t y , but the l a t t e r two work a t , or above capacity. There 

are plans f o r expansion, i f the population increases i n the f u t u r e . 
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3.57 Berwickshire 

This l a r g e county stretches from the Leader i n the west to 

the sea i n the east. The extreme eastern p o r t i o n of the county i s not 

w i t h i n the Tweed catchment area, but drained by the Eye. The county i s 

c h i e f l y p a s t o r a l i n the upper reaches and h i g h l y c u l t i v a t e d i n the 

lowlands. For the most p a r t ^ t h e population i s very sparsely d i s t r i b u t e d . 

The p r i n c i p a l towns are Lauder, E a r l s t o n , Greenlaw, Duns, Churnside 

and Coldstream, none of which exceed 3,000 i n h a b i t a n t s . Factories 

are few, but there have been wool m i l l s i n three towns, and a l a r g e 

paper m i l l a t Churnside. At the t u r n of t h i s century, t h e i r was no 

p u r i f i c a t i o n of domestic sewage except by the town of Duns. Since most 

towns and v i l l a g e s are s i t u a t e d a t the edges of steams, they merely 

discharged t h e i r raw waste d i r e c t l y i n t o them. I n the upper regions 

sheep farming has been p r a c t i c e d f o r many years, and the summer dippings 

and washing f r e q u e n t l y f o u l e d the smaller streams to a great extent. 

I n the lowlands the farms are g e n e r a l l y l a r g e , productive and h i g h l y 

f e r t i l i z e d . The e f f e c t s of a r t i f i c i a l manures i s most obvious i n the 

f l a t p l a i n drained by the Leet. The T.R.P.B. has c a r r i e d out extensive 

surveys i n t h i s area. 

Lauder and E a r l s t o n are two towns s i t u a t e d on the Leader a t the extreme 

west of the county. Their p o p u l a t i o n sizes have not changed g r e a t l y , the 

former w i t h under a 1000 i n h a b i t a n t s and the l a t t e r almost twice t h a t 

s i z e . The only manufactory i s the wool m i l l a t Earlston, which, a t 

the end of the l a s t century took a great deal of water from the Leader 

i n t o a m i l l lade and returned i t grossly p o l l u t e d (Wheaton and Curphey, 

1906). At the same time, both towns discharged t h e i r domestic waste 

u n p u r i f i e d i n t o the r i v e r . 

.-A new p u r i f i c a t i o n p l a n t was i n s t a l l e d at Lauder i n 1974 because of 
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the u n s a t i s f a c t o r y nature of the previous e f f l u e n t . The 1961 p l a n t 

a t E a r I s t o n continues t o provide adequate treatment. 

Duns has a popul a t i o n close t o 2,000. At the t u r n of the century, 

the town had s e t t l i n g tanks and a broad i r r i g a t i o n farm,,which f o r the 

p e r i o d , produced an e f f l u e n t of good q u a l i t y which was discharged 

i n t o the Whiteadder. The new works which were i n s t a l l e d i n 1969 are 

op e r a t i n g t o t h e i r l i m i t , and cause q u i t e heavy suspended solids„and 

b i o l o g i c a l oxygen demand (B.O.D.) i n the r e c e i v i n g Langton Burn. The 

e f f l u e n t i s improved on i t s journey before being discharged i n t o the 

Blackadder. 

Coldstream i s s i t u a t e d on an i n c i s e d meander of the Tweed, and i s 

b i s e c t e d by the Leet. The burgh has no manufactories, but has nevertheless 

been l a t e t o recognise the necessity f o r p u r i f i c a t i o n of i t s domestic 

waste. Previous to 1970 i t discharged i t s raw waste i n t o e i t h e r the Tweed 

or the Leet. The newly i n s t a l l e d p l a n t produces an e f f l u e n t of good 

q u a l i t y . 

Greenlaw and Churnside, although not so w e l l populated as the previous 

mentioned towns^have produced p o l l u t i o n i n t h e i r respective r i v e r s 

Blackadder and Whiteadder (Wheaton and Curphey 1906). Greenlaw's m i l l was 

destroyed by f i r e a t the beginning of t h i s century a t a time when a l l 

waste was discharged u n p u r i f i e d i n t o the Blackadder,and obvious p o l l u t i o n 

was r e p o r t e d . P u r i f i c a t i o n p l a n t s were i n s t a l l e d i n 1956 }since which 

time a reasonably s a t i s f a c t o r y e f f l u e n t has been produced. Churnside, 

and p a r t i c u l a r l y i t s paper m i l l , h a v e caused serious p o l l u t i o n of the 

Whiteadder. Walpole and Young (1874) reported large sheets of slime 

f r o t h f l o a t i n g on the surface of the Whiteadder below t h e i r discharge ? 

w i t h the r e s u l t a n t k i l l i n g of thousands of f i s h . Analyses a t Edinburgh 

showed the e f f l u e n t t o have a strong deoxygenating e f f e c t . The owners 
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spent l a r g e amounts of money on p a r t i a l p u r i f i c a t i o n of t h e i r waste, 

but up t o near the present d a y ^ f i s h k i l l s were o f t e n s t i l l a t t r i b u t e d 

to t h e i r e f f l u e n t . The p u r i f i c a t i o n plants i n s t a l l e d over 25 years ago 

need, improvements, tenders f o r which w i l l be sent out i n 1975. 

-Berwick-on-Tweed, which consists of three p o r t i o n s 7 i s s i t u a t e d a t 

the mouth of the Tweed. On the n o r t h side i s Berwick^with a population 

approaching 10,000^and on the south^are the towns of Tweedmouth and 

S p i t t a l , w i t h combined populations of 5,000 i n h a b i t a n t s . The area depends 

f o r i t s p r o s p e r i t y t o a considerable extent upon the salmon f i s h e r i e s 7 

both w i t h i n the t i d a l Tweed and the surrounding sea. Since waste-is disuosed 

i n t o t i d a l waters, the e f f e c t s have not been monitored c r i t i c a l l y . 

3.58 Northumberland 

The m a j o r i t y of the northern p a r t of Northumberland i s drained 

by one of the Tweeds l a r g e s t a f f l u e n t s , the T i l l . There are no major 

i n d u s t r i e s i n t h a t p o r t i o n of the county which i s i n the drainage area of 

the T i l l , and the only town of any size i s Wooler. 

The i n h a b i t a n t s of t h i s area are almost e n t i r e l y dependent on 

a g r i c u l t u r e . Large numbers of sheep are pastured on the Cheviots, and the 

greater p a r t of the remaining area i s h i g h l y c u l t i v a t e d . The streams a t 

times were h i g h l y f o u l e d by sheep washings and sheep dippings (Wheaton and 

Curphey, 1906). Many years ago there were coalmines i n the d i s t r i c t , the 

drainage from which contained large q u a n t i t i e s of i r o n , so much so t h a t 

i t caused considerable deposits i n the r e c e i v i n g burns, and d i s c o l o u r a t i o n 

i n the T i l l and Tweed. The l a r g e s t c o l l i e r y was s i t u a t e d about 1 km 

from the r i v e r a t Ford Forge (km -13.5). I t has not been mined f o r w e l l 

over a century, the o l d drainage ou t f l o w b u r s t i n g i n 1869. 

3.59 Summary and discussion 

The p o p u l a t i o n explosion and concomitant b u i l d up of the wool 
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trade i n the nineteenth century have been described, as have many graphic 

d e s c r i p t i o n s of t h e i r e f f e c t s upon r i v e r c onditions. The present q u a l i t y 

of e f f l u e n t s has also been given. L i t t l e mention has been made however 

of the improvement i n conditions over the l a s t 25 years since the i n c e p t i o n 

of the T.R.P.B. 

Follo w i n g the Rivers (Prevention of P o l l u t i o n - Scotland) Act, 1951, 

the T.R.P.B. was established together w i t h e i g h t other regional Boards i n 

Scotland. The 1951 Act gave c o n t r o l t o the Boards over a l l new discharges 

of sewage and trade e f f l u e n t . I n 1965 powers were extended t o include 

e x i s t i n g discharges, and also new ones i n t i d a l waters. 

The Board's annual r e p o r t of 1956 reported t h a t many of the streams 

were u n p o l l u t e d , whereas others showed 'Black spots'. The sewage plants 

at Galashiels and Hawick were described as obsolete, t h e i r e f f l u e n t s o f t e n 

being merely s e t t l e d waste. Hawicks discharge was p a r t i c u l a r l y bad and 

serious adverse e f f e c t s on the T e v i o t were obvious. The same was true 

f o r Jedburgh; and the burghs of Melrose, Kelso and Coldstream had no 

treatment a t a l l , save screens or s e t t l i n g tanks. The tenors of more 

recent r e p o r t s would i n d i c a t e great improvement; the comparative c l a s s i f i c a ­

t i o n of sewage p l a n t e f f l u e n t s i n 1956 and 1973 bear witness. I n the 

former year, only 30% were regarded as s a t i s f a c t o r y compared w i t h a f i g u r e 

i n excess of 50% i n 1973. (For d e t a i l s , s e e Tweed River P u r i f i c a t i o n 

Board, 1955-1973). 

Other data c o l l e c t e d by the Board are published i n t h e i r annual 

r e p o r t s , but i n f o r m a t i o n published i n 1957 i s worthy of comment. The 

recent advent of severe growths of Cladophora glomerata was discussed and 

r e l a t e d t o water chemistry. I n the summer of 1955 during very low flows 

and a pe r i o d of intense sunshine, Cladophora developed from Peebles to the 

t i d a l l i m i t of the Tweed i n 'immense q u a n t i t i e s ' . The r e p o r t says t h a t 
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there was evidence t h a t such extensive growths had developed only 

r e c e n t l y : i t was also " d o u b t f u l i f more extensive growths occurred i n 

other r i v e r s as i n the Tweed i n 1955-56". The c o n d i t i o n of the 

Tevi o t below Hawick du r i n g t h i s p e r i o d was very s i m i l a r t o t h a t of 

the Tweed. 

I t was no t i c e d t h a t the r e s p i r a t i o n of such large q u a n t i t i e s of 

a l g a l matter was having a profound e f f e c t on the r i v e r water. F i g . 3.59a 

(from Tweed River P u r i f i c a t i o n Board, 1957) shows the r e s u l t s of a 24 

hour survey of the Tweed above Gala Ford (km 75.5) c a r r i e d out on 

26/27.VI.56. The day chosen was mainly overcast so t h a t the r e s u l t s 

were not so extreme as were experienced on other days. However i t w i l l 

be noted t h a t d i u r n a l f l u c t u a t i o n s i n pH of 7.8 to 10.5, and D.O. between 

50% and 180% s a t u r a t i o n were experienced. I n other stretches of the 

r i v e r on b r i g h t sunny days,the D.O. exceeded 200% during the hours 

of daylight,and dropped t o below 50% during the n i g h t . The absorption 

of carbon d i o x i d e f o r photosynthesis during the day l e d t o extremely 

high pH values. - . 

The r e p o r t suggested (as d i d Butcher et a l . , 1937) t h a t the presence 

of Cladophora was associated w i t h sewage e f f l u e n t s (see 7.21). From 

t h e i r analyses i t seemed l i k e l y t h a t phosphate was a l i m i t i n g f a c t o r i n 

the d i s t r i b u t i o n and development of the alga. The presence of phosphate 

' b i u l d e r s ' i n s y n t h e t i c detergents was thought t o be an important f a c t o r 

since the Borders use w e l l above the n a t i o n a l average i n the t e x t i l e 

t r a d e . Recently many of the m i l l s have reverted to n a t u r a l soaps. There 

was no i n f o r m a t i o n a v a i l a b l e r e l a t i n g phosphate content of sewages p r i o r 

t o the i n t r o d u c t i o n of s y n t h e t i c detergents, and so i t i s d i f f i c u l t t o 

judge the extent of i t s i n f l u e n c e . C u r r i e ^ l 9 7 3 , personal communication) 
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compared dissolved phosphate and t o t a l phosphate r e s u l t s from the Tweed 

at Gala Ford f o r the period 1961-72. The former showed no sign of any 

trends w i t h the mean y e a r l y values ranging from 0.020 to 0.080 mg 1 * 

P0^-P (see 5.2). T o t a l phosphate ̂ however., showed a very marked trend 

towards much lower f i g u r e s i n recent times (see Table 3.59a). I n 

the l a t t e r period^1967-1972, the t o t a l phosphate l e v e l s were a s i x t h of 

the l e v e l s of the former period,^ 1961-1966. 

Period min. max. mean 

1961-1966 0.63 1.40 1.00 

1967-1972 0.10 0.24 0.15 

Table 3.59a Mean annual t o t a l phosphate (PO^-P) l e v e l s a t Tweed 

Ford expressed i n mg 1 ^. 

I n 1972 the S c o t t i s h Development Department published a r e p o r t 

'Towards cleaner water', the o b j e c t of which was t o produce a broad p i c t u r e 

of the extent t o which r i v e r s i n Scotland are p o l l u t e d . They c l a s s i f i e d 

r i v e r s from I t o IV based on B.O.D., Dissolved Oxygen and b i o l o g i c a l 

c h a r a c t e r i s t i c s . I n the Tweed area 95.6% of the r i v e r s are class I 

(un p o l l u t e d or recovered from p o l l u t i o n ) , 3.2/£class I I , 0.9%; class I I I 

and 0.3% class IV (grossly p o l l u t e d ) . The whole le n g t h of the Tweed and 

a l l i t s t r i b u t a r i e s save short lengths i n f o u r of them are class I . 

Both the Biggar and Teviot are class I I f o r short lengths below the sewage 

outflows of the towns of Biggar and Hawick r e s p e c t i v e l y . The Leet i s 

u n s a t i s f a c t o r y f o r considerable stretches i n the upper and lower reaches 

as a r e s u l t of farm drainage and the discharge i n t o i t of crude domestic 

sewage which causes c l a s s i f i c a t i o n s of I I and I I I . The Whiteadder i s 

class I f o r most of i t s l e n g t h , but i n short stretches above Blackadder 
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Foot the r i v e r shows d e t e r i o r a t i o n from i n d u s t r i a l waste, and short 

stretches are c l a s s i f i e d I I and IV. 

The 1972 r e p o r t i s valuable i n a h i s t o r i c a l perspective i n r e l a t i o n 
the 

to e a r l i e r r e p o r t s of P o l l u t i o n Commissions and Committees already 

mentioned. The r e p o r t also came e x a c t l y a century a f t e r the f i r s t attempt 

was made to o b t a i n a p i c t u r e of the p o l l u t i o n of r i v e r s i n Scotland (and 

England and Wales) when a Royal Commission was appointed i n 1868 which 

reported i n 1872. I t s f i n d i n g s showed t h a t the Tweed area contained both 

some of the cleanest and also some of the f o u l e s t waters i n v e s t i g a t e d . 

The Tweed i t s e l f was described as a grossly p o l l u t e d r i v e r . 

I t was i n e v i t a b l e , w i t h two r e p o r t s a v a i l a b l e exactly a century 

apart t h a t someone would pose the question 'are the r i v e r s of the Tweed 

Basin cleaner now than they were a hundred years ago?' N i c o l l (1972), 

i n answering t h i s question f e l t t h a t the r i v e r s conditions had d e f i n i t e l y 

improved. His attempts t o q u a n t i f y the matter by using chemical data 

however d i d not lead to p o s i t i v e conclusions. The general tenor of the 

1872 r e p o r t w i t h i t s many dramatic references and d e s c r i p t i o n s of p o l l u t i o n 

compared w i t h t h a t of the 1972 r e p o r t would suggest t h a t things had improved. 

I n a d d i t i o n , the f a c t t h a t ^cpiJaAion vjctfi w\utk W<jer a hundred years 

ago, and even rudimentary treatment of both domestic and i n d u s t r i a l e f f l u e n t s 

was r a r e , can only imply t h a t c o n d i t i o n s today must be cleaner than they 

were. Reference t o the Tweed River P u r i f i c a t i o n Board (1953-1973) shows 

t h a t the trend towards cleaner r i v e r s continues. 

3.6 Hydrology, and data from the continuous water monitor 

3.61 Hydrology 

A l a r g e amount of h y d r o l o g i c a l data i s a v a i l a b l e a t the T.R.P.B 

la b o r a t o r i e s i n Galashiels. Although a t the time of t h e i r i n c e p t i o n i n 

1952 ?there was only one gauging s t a t i o n w i t h i n the Board's area, by 1973 
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a t l e a s t one gauge had been i n s t a l l e d on a l l the major t r i b u t a r i e s . 

Dataare published i n the Annual Reports, and also f o r 19 s t a t i o n s i n 

the Surface Water Year Book. 

H y d r o l o g i c a l data from seven s t a t i o n s on the Tweed, two on the T e v i o t ? 

and from s i n g l e s t a t i o n s on 10 d i f f e r e n t t r i b u t a r i e s are summarized i n 

Tables 3.61a and b. Where a v a i l a b l e , the mean flows f o r a 10 year period 

1960-70 are given. Since several gauges were not i n s t a l l e d u n t i l 1961, 

f o r these a 10 year mean f o r 1961-71 i s given. I n some cases however, 10 

year means are not a v a i l a b l e because the gauges have been i n s t a l l e d even 

more r e c e n t l y . 

Peak monthly f l o w s , and mean monthly flows f o r the same 10 year periods 

have been p l o t t e d i n F i g . 3.61a from data from two s t a t i o n s on the Tweed, 

and one each from the three l a r g e s t a f f l u e n t s E t t r i c k , Teviot and T i l l . 

Since the gauging s t a t i o n on the T i l l has been o p e r a t i o n a l f o r a longer 

p e r i o d than the others, maximum, minimum and mean monthly means are 

given f o r the peri o d 1956-73. 

Without exception, the mean flows i n the Tweed and i t s t r i b u t a r i e s 

d u r i n g the w i n t e r months October t o March are almost double t h a t of the 

summer pe r i o d A p r i l to September. Lowest mean flows occur during the 

months of June and J u l y when flo o d s are also minimal and highest monthly 

means occur d u r i n g November, December and January. However, the T i l l ' s 

maximum, minimum and mean flows ( F i g . 3.61a) show t h a t there i s great 

v a r i a t i o n from one year t o another. The greatest v a r i a t i o n of mean flows 

occurs i n the months w i t h i n the w i n t e r period, w i t h November showing the 

l a r g e s t range. June, which has a t a l l gauging s t a t i o n s the lowest monthly 

mean and the lowest f l o o d peaks, also has the smallest y e a r l y v a r i a t i o n 

of f l o w s . 
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river gtu.^'ic nlnticns 

r i v e r 
Dvoed 

IVced 

Tweed 

Tweed 

Tuoed 

Tweed 

LYNE 

KAHOR 

YAltROW 

GALA 

LEADER 

TSV10T 

TEVICT 

JED 

LED! 

TILL 

s t a t i o n r> rid r o f . km i<?f. dr-iinnf^ recorcs 
'..rpaClar.'"') since 

K-ircJeflnrs 309?f<5 16.2 139 J-X.61 

Lynelford 206397 3''. 6 373 13". 61 

Peebles 25?'i00 'H.O 694 XII,50 

Boleslde '193334 74.0 1500 

Drybur^h 588320 88.5 2080 

flprouston 75235'+ 112.0 3330 

Korhau 89847? Hd.k 4390 

WUE11U1H 217369 4.4 61 

ET'J'RD CK L3HDEAN 486315 1.0 499 

GALASHIELS 4?9374 4.4 207 

EARLSTON 565388 - 6.0 

HAWICK 522159 - 35.0 

239 

323 

ORM'ISTOIi 702220 
MILL 

8.3 U1C 

JSDBURCH 555234 (~ 3 .4) 

COLDS ̂K/.M S393 c6 -• 0,6 

ETAL - 10.0 

KHITEADDER MiTTO," {'L'.1550 
CASi'LE 

15.0 

139 

113 

503 

VI.61 

X.60 

XI.69 

1X.59 

WiiR STATION 20940'. - 0.4 175 I I . o l 

X.68 

l'HILIPIIAUGH 439277 (- 8.1) 231 IX.62 

X.61 

X.63 

X.66 

11.60 

XI.60 

V13J.71 
(replaces 

1959) 
X.70 

IX .69 

Table 3.61a River gauging s t a t i o n s of the Tweed Basin: background i n f o r m a t i o n . 
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Fig. 3.61a ( overleaf ) Monthly mean and weak flows 

for two r i v e r gauging stations on the 

Tweed, and one each for the E t t r i c k , 

Teviot and T i l l . 
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Since the Tweed drains such a large area, the prin c i p a l t r i b u t a r i e s 

often behave hydrologically i n an autonomous manner. Heavy local r a i n f a l l 

i n one valley may cause that t r i b u t a r y to flood while others are t o t a l l y 

unaffected, but major floods on the Tweed usually re s u l t from a l l i t s 

affluents being affected. 

I n the l a s t 15 years, by far the worst floods i n the western part of 

the basin .occurred on 16.1.62. This^is clearly shown by the peak flow 

histograms f o r the Tweed at Lyne Ford and the E t t r i c k at Lindean (Fig. 3.61a). 

At Tweedsmuir, the Tweed reached i t s highest level for 52 years, but the 

severity of the flood decreased downstream. At Lyne Ford, the water level 

was Q45 m above the deck of the footbridge, a level which had been reached 

on only two occasions i n the past 30 years (1948 and 1956). Bank erosion 

was considerable, and the cableway and winch tower of the gauging station 

at Boleside was swept away. The Yarrow below Gordon Arms also developed 

a new course. However, the northern and eastern rivers were not 

exceptionally high. This explains why the Norham peak flow of that year 

was exceeded by a flood i n March 1963 ̂when the Teviot was also higher than 

i n 1962. 

South east Scotland i s famous fo r abnormally high r a i n f a l l which 

pe r i o d i c a l l y occurs i n August and produces exceptionally high flows known 

as 'Border floods'. This local phenomenum has not occurred f o r nearly 

20 years, the most recent ones being on 12.VIII.48 and 28.VIII.56. I n 

1948 most gauges recorded between 20 and 23% of th e i r annual average i n 

one day. At Kelso, the combined waters of the Tweed and Teviot rose 

5.48 m above normal and exceeded the previous highest record of August 

1832 by 0,15 m. The effec t was similar over the whole area with the 

Whiteadder 1.5 km above i t s foot washing away New M i l l s Bridge. In 1956 

the e f f e c t was less devastating.with between 50 and 100 mm of r a i n 
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f a l l i n g . Probably the most famous 'Border flood' occurred on the 

1st August 1294 when aft e r heavy r a i n f a l l the Teviot and Tweed overflowed 

t h e i r banks, and the bridge at Berwick was washed away. 

Climate i s clearly the major factor affecting changing r i v e r flows. 

Droughts obviously result i n low flows, but continuous hard f r o s t can 

also have the same e f f e c t . Conversely, peak flows usually occur after 

a period of sustained heavy r a i n f a l l , or more commonly when ra i n f a l l s 

on deep snow. 

Rainfall..and consequently r i v e r flows during the past f i v e years 

were below average. Fig. 3.61b represents diagrammatically the annual 

r a i n f a l l for the period 1969-73 f o r four stations. The r a i n gauge at 

E t t r i c k School i s at a height of 232 inland w i t h i n the E t t r i c k catchment 

area. The other stations i n decending order of height are from the 

Tweed, Teviot and Whiteadder catchments. A l l four examples are compared 

with the long term averages. 

During the three years when research was undertaken.yrainfall was 

below average. I n 1972 r i v e r flows i n September reached their lowest 

levels f o r 12 years, and 1973 was the f i f t h year i n succession when 

annual r a i n f a l l was below normal. Universally over the whole area t h i s was 

the lowest of the f i v e . This resulted i n the t o t a l flows for the 

water year 1972-73 being 65% of average i n the south west of the basin, 

50% i n the middle Tweed and Teviot} 20% i n the Whiteadder and as low 

as 10% i n the Leet. 

Fig. 3.61b also represents the annual run-off from four stations 

during the past f i v e years compared with the 1960-70 or 1961-71 averages. 

A l l are below average especially 1972-73. Run-off represents 

the t o t a l quantity of water running o f f the drainage area i n a year, 

expressed as a depth of water over the whole area. I t therefore gives 
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a dire c t comparison between d i f f e r e n t catchment areas. During 1973, as 
2 

a gathering ground for water during the winter, 1 km at the head of 
2 

the E t t r i c k was equivalent to 100 km i n the Merse area of the Tweed. 

Many reports by Pollution Commissions (e.g. 1872) during the 

nineteenth century made reference to land drainage that tended to make the 

rivers r i s e and f a l l more rapidly than i n former days. Government grants 

were made available i n 1846 to land owners who wished to improve their 

estates. The re s u l t was a massive drainage programme which enevitably meant 

that a f t e r periods of high r a i n f a l l , instead of the earth acting as a 

sponge and the water gradually percolating through the earth, i t was 

rapidly drained away d i r e c t l y to the rivers via a network of pipes and 

man made channels. Floods were reported to begin and end more quickly, 

and the effect of summer droughts were more pronounced. However, the 

T.R.P.B. and Colonel J. Ryan, Chairman of the Tweed Commissioners made 

a comparative study of floods which have occurred during the past 
i n the 

80 years. Their conclusions were published/ Tweed River P u r i f i c a t i o n Board 

Annual Report (1966). 

Data from Boleside would indicate that fewer large floods have occurred 

i n recent times, but the time taken for the r i v e r to rise and f a l l has 

changed l i t t l e . The effects thus reported must have occurred rapidly 

a f t e r 1846, i f at a l l . 

Suggestions were made by Stoddart (1866) and the Scotch Salmon 

Fisheries Enquiry (1871) to b u i l d reservoirs i n the head waters so as to 

hold water during periods of high r a i n f a l l i n the winter, and then l e t 

i t down the r i v e r when required i n the summer. Although the valleys 

of the Talla (1895) and the Fruid (1968) were impounded, i t was to 

supply Edinburgh with i t s potable water supply, and not with r i v e r 

regulation i n mind. The former reservoir has no compensation flow for 
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seven months of the year, the l a t t e r being the most important contribution. 

3.62 Continuous water monitor data 

I n July 1971 a continuous water quality recording unit stationed 

on the Tweed at Boleside (km 74.0) became operational. This unit measures 

pH, dissolved oxygen (D.O.) temperature, suspended solids and conductivity. 

A two year cycle of three parameters i s discussed. 

pH, D.O. and temperature data are summarized i n Fig. 3.62a. The 

mean of monthly maxima and the da i l y maxima differences w i t h i n each 

month are plotted. Although the machine was in s t a l l e d i n July 1971, accurate 

data are only available from A p r i l 1972. In order to obtain a clear picture 

of seasonal v a r i a t i o n , the two year period has been plotted. I n some 

cases results are not a true representation of the whole month since 

damage to the whole machine or individual components resulted i n lack 

of data u n t i l the f a u l t was r e c i t i f i e d . In such instances, the mean of 

figures available have been used, which i n the case of October 1972 wa,s as 

few as nine days due to machine f a i l u r e , and similar periods i n November 

1973 and January 1974 when the machine had to be switched o f f during 

the power c r i s i s . 
parameters 

From a glance at Fig. 3.62a i t can be seen that a l l three/are i n t e r ­

related and show seasonal v a r i a t i o n . The summer high maximum temperatures 

are corrolated with corresponding higher maxima of pH and D.O. With a l l 

parameters,the v a r i a t i o n of t h e i r maxima is always greater i n the summer 

months when levels are higher. 

Diurnal fluctuations are frequent. In general, s l i g h t daily cycles 

begin i n late March^and by A p r i l ̂ providing the temperature did not drop 

below 8°C the cycles became very pronounced. Under normal conditions 

these variations i n daily values continued u n t i l October, but the 

amplitude of difference i s markedly reduced i n the autumn. Cloudy days 

i 
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and cold weather also have the same effe c t ; floods are unpredictable, but 

generally pH and D.O. drop,and suspended solids increase very 

obviously. During winter periods November to March there is rarely any 

difference between day and night readings. 
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4. CHECK LIST OF MACROPHYTES RECORDED IN THE TWEED BASIN 

4.1 Check l i s t 

4.11 Introduction 

A l l macrophytes recorded from the Tweed and i t s t r i b u t a r i e s 

are l i s t e d i n 4.12 to 4.17. This enables e f f i c i e n t comparison with 

species compositions of other r i v e r s . 

Each species i s preceded by a six d i g i t figure which refers to i t s 

computer number at the Botany Department, University of Durham. I t i s 

included here as a reference which may be of value i n the future when 

computer analysis of the data are published. 

The f u l l name of a macrophyte species is followed by i t s relevant 

authority. In cases where macrophyte growths have been recorded at genus 

level only, species w i t h i n the genus known to be present are l i s t e d i n 

parenthesis below the genus name. 

The naming of algae and lichens f o l l o w that used by the most recent 

publications quoted i n 4.21 and 4.22. Hepatics and mosses follow the 

check-lists of Paton (1965) and Warburg (1963) respectively, and angiosperm 

names are those used by Clapham, Tutin and Warburg (1962). 

4.12 Algae 

011250 Chamaesiphon spp. 

011203 (C. fuscus (Rostaf.) Hansg.) 

011210 (C. polonicus (Rostaf.) Hansg.) 

015209 Nostoc parmelioides Ktltz. 

015212 Nostoc sp. 'A' = N. rivulare Klltz 

015202 Nostoc other sp. = N. commune Vauch. 

0157 Phormidium spp. 

015703 ( j \ autumnale (C.A. Ag.) Gomont) 

015710 (P. subfuscum Ktltz.) 
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016505 Rivulare biasolettlana Menegh. 

017611 Tolypothrix p e n i c i l l a t a (C.A. Ag.) Thur. 

021601 Hildenbrandia r i v u l a r i s (Liebm.) J. Ag. 

021902 Lemanea f l u v i a t i l i s (L.) Ag. 

030250 Euglena Ehrenberg spp. 

060201 Botrydium granulatum (L.) Grev. 

060250 Vaucheria sp(p). 

060203 (V. s e s s i l i s de Candolle) 

090404 Melosira varians C.A. Ag. 

101050 Diatoma spp. 

(p. elongatum A.) 

(D. hiemale (Lyngb. Heiburg) 

(D. vulgare Bory) 

101101 Didymosphjjtenia geminata (Lyngb.) Schmidt 

110401 Heribaudiella f l u v i a t i l i s (Aresch.) Sved. 

151003 Chaetophora sp. = C. pisiformis (Roth.) Ag. 

160302 Cladophora glomerata (L.) KUtz. 

160304 Cladophora sp. 'A' = C. aegagropila ( L . ) Rabenh. 

1524 Enteromorpha sp(p). 

152402 E. flexuosa (Walfen.ex Roth.) J. Ag.) 

(E. c r i n i t a J. Ag.) 

152403 (E. i n t e s t i n a l i s (L.) Link.) 

152404 (E. p r o l i f e r a (0. F. Mull.) J. Ag.) 

•152405 (E. t o r t a (Mert. i n Jurg) Reinb.) 

152903 Gongrosira incrustans Schmidle 

131201 Haematococcus lacustris (Girod.) Rostaf. 

153401 Monostroma bullosum (Roth.) Wittrock. 

1607 Oedogonium Link spp. 
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153701 Prasiola crispa (L i g h t f . ) Menegli. 

Bhodoplax s c h i n z i i Schmidle and Wellheim. 

154532 StigeocIonium tenue KUtz 

132401 Tetraspora sp(p). = T. lubrica Ag. 

154703 Ulothrix zonata KUtz. 

1221 Spirogyra Link spp. 

Charophyta sp(p). 

160105 (Chara vulgaris L.) 

170301 ( N i t e l l a f l e x i l i s (L.) C.A. Ag.) 

4.13 Lichens 

210201 Collema flaccidum (Ach.) Ach. 

210202 C. f l u v i a t i l e (Huds.) Stend. 

210301 Dermatocarpon f l u v i a t i l e (Web.) Th. Fr. 

211008 Verrucaria praetermissa (Trevis.) Anzi 

Verrucaria other spp. 

211001 (V. aethiobola Wahlenb. ex Ach.) 

211002 (V. a q u a t i l i s Mudd.) 

211003 (V. elaeomelaena (Massal.) Arnold) 

211004 (V. hydrela Ach.) 

211007 (V. margacea (Wahlenb.. ex Ach.) Wahlenb.) 

4.14 Hepatics 

Blasia p u s i l l a L. 

220201 Calypogeia fissa (L.) Raddi 

220401 Chiloscyphus polyanthos (L.) Corda 

220501 Conocephalum conicum (L.) Underw. 

221101 Marchantia polymorpha L. 

221601 P e l l i a e n d i v i i f o l i a Dicks. (P. fabbroniana Raddi) 

221602 P. epiphylla (L.) Corda 

i 
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221701 Plagiochila asplenioides (L.) Dum. 

Priessia quadrata (Scop.) Nees 

222102 Scapania undulata (L.) Dum 

222204 Solenostoma t r i s t e (Nees) K. MUll. 

4.15 Mosses 

230101 Acrocladium cuspidatum (Hedw.) Lindb. 

230102 A. giganteum (Schimp.) Rich, and Wall. 

230201 Amblystegium serpens (Hedw.) B.S. and G. 

230301 Amphidium mougeotii (B. and S.) Schimp. 

230601 Atrichum crispum (James) Sull. 

230602 A. tenellum (Rohl.) B. and S. 

230701 Barbula cyl i n d r i c a (Tayl.) Schimp. 

230702 B. f a l l a x Hedw. 

230704 B. recurvirostra (Hedw.) Dix. 

230706 B. spadicea ( M i t t . ) Braithw. 

230801 Blindia acuta (Hedw.) B. S. and G. 

230901 Brachythecium mildeanum (Schimp.) Milde 

230902 B. plumosum (Hedw.) B. S. and G. 

230903 B. r i v u l a r e B. S. and G. 

230904 13. rutabulum (Hedw.) B. S. and G. 

230905 B. salibrosum (Web. and Mohr) B. S. and G. (var. 

231001 Bryum alpinum With. 

231002 B. calophyllum R. Br. 

231005 B. pallens Sw. 

231006 B. pseudotriquetrum (Hedw.) Schwaegr. 

231201 Campylopus atrovirens de Not. 

231401 Ceratodon purpureus (Hedw.) Brid. 

ustre palustre Schp. Dixon 1924) 
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231601 Cinclidotits fontinaloides (Hedw.) P. Beauv. 

231701 Climacium dendroides (Hedw.) Web and Mohr. 

Cratoneuron commutatum (Hedw.) Roth. 

«commutatum andjSfalcatum (Brid.) MBnk.) 

231803 C. f i l i c i n u m (Hedw.) Spruce 

231901 Ctenidium molluscum (Hedw.) 

232001 Dichodontium pellucidum (Hedw.) Schimp. 

232001 D. pellucidum (Hedw.) Schimp. var. flavescens (With.) 

Husu. 

232102 Dicranella palustris (Dick.) Crundw. ex E. F. Warb. 

232103 D. rufescens (With.) Schimp. 

D. var i a (Hedw.) Schimp. 

232202 Dicranum scopariuiu Hedw. 

232304 Drepanocladus uncinatus (Hedw.) Warnst. 

Eurhynchium praelongum (Hedw.) Hobk. 

232501 E. riparioides (Hedw.) Rich. 

E. s w a r t z i i (Turn.) Cum. 

232601 Fissidens adianthoides Hedw. 

232602 F. crassipes Wils. ex B. S. and G. 

232605 F. rufulus B. S. and G. 

232701 Fontinalis antipyretica Hedw. 

232702 F. antipyretica Hedw. var. g r a c i l i s Schp. 

Funaria hygrometrica Hedw. 

Grimmia alpicola Hedw.y^ r i v u l a r i g (Brid.) Broth. 

232901 Gymnostomum aeruginosum Sm. 

232902 £. recurvirostrum Hedw. 

233001 Hedwigia c i l i a t a (Hedw.) P. Beauv. 

233101 Hygroamblystegium f l u v i a t i l e (Hedw.) B. S. and G. 

8 6 



233201 Hygrohypnum luridum (Hedw.) Jena. 

233202 H. ochraceum (Turn, ex Wils.) Loeske 

233401 Leptodictyum riparium (Hedw.) Warnst. 

233501 Leskea polycarpa Hedw. 

233604 Mnium longirostrum Brid. 

233607 M. punctatum Hedw. 

233901 Orthotrichum anomalum Hedw. 

233902 0. cupulatum Brid. var. nudum (Dicks) Braithw. 

233903 0. ri v u l a r e Turn. 

234001 Philonotis calcareus (B. S.) Schp. 

234002 P. fontana (Hedw.) Brid. 

234101 Physcomitrium pyriforme (Hedw.) Brid. 

234303 Pohlia delicatula (Hedw.) Groat. 

231401 Polytrichum aloides Hedw. 

234402 P. nanum Hedw. 

234403 P. p i l i f e r u m Hedw. 

234404 P. urnigerum Hedw. 

234501 Rhacomitrium aciculare (Hedw.) Brid. 

234502 R. aquaticum (Brid.) Brid. 

234601 Rhytidiadelphus squarrosus (Hedw.) Warnst. 

234701 Scorpidium scorpiodes (Hedw.) Limpr. 

235001 Thamnium alopecurum (Hedw.) B. S. and G. 

235101 Thuidium delicatulum (Hedw.) M i t t . 

235301 Tortula l a t i f o l i a Hartm. (T. mutica (Schultz) Lindb.) 

4.16 Angiosperms 

250401 Butomus umbellatus L. 

260201 C a l l i t r i c h e hermaphroditica L. 

260250 C a l l i t r i c h e other sp(p). 
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(£. platycarpa Kutz.) 

260204 (£. stagnalis Scop.) 

260301 Caltha pa l u s t r i s L. 

250501 Carex acuta L. 

250502 G. acutiformis Ehrh. 

250505 C. h i r t a L. 

250506 £. nigra (L.) Reichard 

250507 £. ovalis Good 

£_. pantculata L. 

250509 £. r i p a r i a Curt. 

250910 £. rostrata Stokes 

250550 Carex other spp. 

Cochlearia alpina <= £. o f f i c i n a l i s L. ssp. alpina 

(Bah.) Hook. 
250600 Eleocharis pa l u s t r i s (L.) Roem. and Schult. 

250801 Elodea canadensis Michx. 

240201 Equisetum f l u v i a t i l e L. 

260501 Filipendula ulmaria (L.) Maxim 

250902 Glyceria f l u i t a n s (L.) R. Br. 

251201 I r i s pseudacorus L. 

251301 Juncus acutiflorus Hoffm. 

251302 J. effuses L. 

251303 J. inflexus 

251402 Lemna minor L. 

260601 Mentha aquatica L. 

260701 Mimulus guttatus D.C. 

260802 Myosotis scorpioides L. 

260901 MyrLophyllum alterniflorum D.C. 
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260902 M. spicatum L. 

250701 Phalaris arundinacea L. 

251801 Phragmites communis Trin. 

261001 Polygonum amphibium L. 

251901 Potamogeton berchtoldii Fieb. 

251902 P. x cooperi (Fryer) Fryer 

251903 P. cripus L. 

251905 P. lucens L. 

251906 P. natans L. 

251909 P. x olivaceus G. F i s c h . 

251910 P. pectinatus L. 

251911 P. perfoliatus L. 

P. polygonifolius Pourr. 

251914 P. p u s i l l u s L. 

251915 P. x s a l i c i f o l i u s Wolfg. 

251916 P. x suecicus Richt. 

261101 Ranunculus a q u a t i l i s agg. 

(R. a q u a t i l i s L.) 

(R. peltatus schrank) 

(R. trichophyllus Chaix) 

261103 R. cir c i n a t u s Sibth. 

261104 R. c i r c i n a t u s x R. pencillatus var. calcareus 

R. flammula L. 

261106 R. f l u i t a n s Lam. x ? 

261107 R. hederaceus L. 

261110 R. p e n i c i l l a t u s (Dumort.) Bab. var. calcareus (R. W. Butcher) 

C. D. K. Cook (from Cook 1966) 

261201 Rorippa amphibia (L.) Besser 
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261204 R. nasturtium-aquaticum (L.) Hayek 

Rumex hydrolapathum Huds. 

252201 Scirpus l a c u s t r i s (L.) P a l l a 

252202 S. sylvaticus L. 

252403 Sparganium erectum L. 

252502 Typha l a t i f o l i a L. 

261402 Veronica beccabunga L. 

252801 Zatmichellia p a l u s t r i s L.1 

4.17 Other microscopic microbial communities 

purple photosynthetic bacteria 

329941/42 "sewage-fungus community" 
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4.2 Taxonomic l i t e r a t u r e 

The following i s a guide to the main taxonomic works consulted for 

i d e n t i f i c a t i o n of the macrophytes l i s t e d . 

4.21 Algae 

General works covering a l l phyla; West and F r i t s c h (1927), Jaag 

(1945), Prescott (1961, 1969), Bourrelly (1966, 1968, 1970), Fott (1971), 

F r i t s c h c o l l e c t i o n of algae, Micro-edition by International Documentation 

Centre. 

Myxophyta; Fremy (1930), G e i t l e r (1932), Desikachary (1959), Starmach (1966). 

For Chamaesiphon; Backhaus (1967b), Kann (1972): Phormidium; Kann and 

Komarek (1973); Tolypothrix; Golubic and Kann (1966). 

Ehodophyta; Skuja (1926), Israelsson (1942), Kylin (1956), F l i n t (1970) 

Euglenophyta; Gojdics (1953), Leedale (1967). 

Xanthophyta; for Vaucheria; Venkataraman (1961), Blum (1972). 

Bacillariophyta; Pascher (1930). 

Phaeophyta; Pascher (1925), Hamel (1931-1939). 

Chlorophyta; for Cladophora; Hoek van den (1963): Chaetophorales; Printz (1964) 

Cox and Bold (1966), Bliding (1963, 1968), Tupa (1974). 

Charophyta; Pal et a l . (1962), Wood and Imahori (1964, 1965), Procter et a l . 

(1971). 

4.22 Lichens: Degelius (1954), Duncan (1959), Swincow (1968). 

4.23 Bryophytes: Dixon (1924), MacVicar (1926), Nyholm and Arnell (1954), 

Watson (1968). 

4.24 Angiosperms 

General f l o r a s : Butcher (1961), Clapham et a l . (1962). C a l l i t r i c h e ; 

Jones (1955), Carex; Jermy and Tutin (1968). Potamogeton;Fryer and Bennet 

(1915), HagstrBm (1916), Misra (1944). Ranunculus' Langlet (1927), Butcher 

(1940), Bostrock and Millington (1962), Cook (1963, 1966, 1967, 1969), 

Turala (1970). Rorippa » Javurkova-Kratochrilova and Tomsovic (1972). 



4.3 V e r i f i c a t i o n of taxonomy 

Where the taxonomy of groups was d i f f i c u l t or uncertain, confirmation 

of published names has been obtained from the following: 

Phormidium and Tolypothrix (E. Kann) 

Rhodoplax (D. Backhaus and E. Kann) 

Cladophora (C. van den Hoek) 

Enteromorpha (E. M. Burrows and M. Wilkinson) 

lichens ( J . F. Skinner) 

bryophytes (G. G. Graham) 

Potamogeton ( J . E. Dandy) 

Ranunculus (C. D. K. Cook) 

addresses: 

D. Backhaus 7Landestelle fUr Gewasserkunde und Wasserwirtschaftliche Planung, 

Baden-Wurtemburg, 75 Karlsruhe, Germany. 

E. M. Burrows, Department of Botany, University of Liverpool, P.O. Box 147, 

L69 3BX. 

C. D. K. Cook, Der UniversitHt Zurich, 8039 Zurich, Pelikanstra^e 40, 

Switzerland. 

J . E. Dandy, B r i t i s h Museum (Natural History), Tring, Hertfordshire. 

G. G. Graham, The Vicarage, Hunswick, Bishop Auckland, Co. Durham. 

E. Kann, 3293 Lunz a See, Biologische Station, Austria. 

J . F. Skinner, Southend Central Museum, Southend-on-Sea, Essex. 

C. van den Hoek, RiejksHerbarium, Leiden, The Netherlands. 

M. Wilkinson, Department of Brewing and Biological Sciences, Heriot-Watt 

University, Chambers Street, Edinburgh EH1 1HX. 

Voucher specimens of a l l Potamogeton and Ranunculus species, as well 

as many others found i n the Tweed Basin have been deposited i n herbariums 

at the Botany Departments of Durham and St. Andrews Unive r s i t i e s , and also 

the B r i t i s h Museum (Natural History). 
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5. CHEMISTRY OF THE TWEED BASIN 

5.1 Introduction 

The primary survey to determine the water chemistry of the Tweed and 

i t s t r i b u t a r i e s involved the c o l l e c t i o n of samples on f i v e separate 

occasions (see 2.1). I t was not possible to carry out separate surveys to 

determine the variable c h a r a c t e r i s t i c s of the water during high, medium 
the chemistry of 

and low flows. Since/low flows were regarded as biologically more 

meaningful than high flows, sampling was attempted only during below . 

average flows. I t was r e a l i s e d however, that during periods of high 

flow for instance, the chemistry of the water would most probably be 

very different ( see 1.4;jft- M ^ -

Table 5.1a tabulates the mean flow of 12 gauging stations on the 

days samples were collected. Six are from the Tweed, and s i x from 

t r i b u t a r i e s . The stations selected a l l have hydrological data for a 

minimum period of 10 years, (see 3.61 for particulars of each station). 

By use of flow frequency diagrams, (supplied by the Tweed River 

P u r i f i c a t i o n Board) the flows on the day of sampling were related to long 

term values. The lower figure i n Table 5.1a expresses as a percentage the 

number of days i n the 10 year period 1960 - 1970^or 1961 - 1971^when flows 

were higher than they were on the days of sampling, e.g. Kingledors, where 

l e v e l s on 8.XI.72 were low, and at l e v e l s only experienced le s s than one 

i n every 100 days during the period 1961 - 1971. 

With reference to Table 5.1a i t can be observed that at a l l gauging 

stations,' the only date when levels were below 50% was on 30.1.72. For 

the purpose of calculating mean element values, the data collected on 

The primary chemical data for the fi v e main surveys are tabulated 

element by element i n 5.21, and the mean data from the four lowest flows 
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gauging station 14.8.72 8.11^72 .10.1^73 22.3.73 22.5.73 

Tweed Kingledors .89 .66 2.46 89 1.96 
95 % 100 % 42 % 95 % 53 % 

Tweed Lyne Ford 2.30 1.47 7.57 3.10 5.35 
96 % 100 % 38 % 87 % 52 % 

Tweed Peebles 3.65 2.65 13.43 5.05 9.53 
98 % 100 % 38 % 88 % 56 % 

Tweed Boleside 8.82 5.64 33.18 9.38 25.58 
94 % 99 % 36 % 92 % 53 % 

Tweed Dryburgh 11.17 7.88 36.18 11.58 29.96 
93 % 98 % 45 % 92 % 54 % 

Tweed Norham 18.32 11.18 54.96 18.97 47.04 
92 % 100 % 54 % 92 % 60 % 

LYNE STATION 0.75 0.65 2.56 1.09 2.03 
98 % 99 % 37 % 86 % 52 % 

ETTRICK LINDEAN 3.49 2.42 13.15 2.79 7.30 
87 % 95 % 35 % 92 % 61 % 

TEVIOT HAWICK 1.32 0.96 7.22 1.74 4.94 
96 % 99,% 36 % 94 % 54 % 

TEVIOT ORMISTON MILL 3.24 2.49 13.27 4.13 11.77 
97 % 99 % 48 % 92 % 55 % 

JED JEDBURGH 0.45 0.38 1.12 0.45 0.74 
97 % 100 % 58 % 96 % 79 % 

TILL ETAL 
94 % 93 % 74 % 99 % 46 % 

WHITEADDER BLANERNE 0.81 1.20 1.53 0.60 2.52 
96 % 85 % 78 % 100 %< 60 % 

3 -1 
Table 5.1a Actual flow values ( m s ) on days chemical samples collected, 

in r e l a t i o n to long term flow values ( see text, 'p.93 ) 
04 



summarized i n 5.22. The mean values of each element from a l l s i t e s 

i n the Tweed are plotted i n 5.23 to i l l u s t r a t e the changes that occur 

on passing downstream, and to show the relationship between one element 

and another. A short description of the water chemistry of the Tweed 

and i t s t r i b u t a r i e s i s given i n 5.3 and 5.4. Mention i s made only of 

features that are frequently referred to in the discussions on macrophyte 

distr i b u t i o n i n Chapters 7, 8 and 9. 

The data collected from an additional 20 s i t e s on 22.V.73 are 

l i s t e d i n 5.24. Gauging stations were not present on a l l tributaries 

surveyed; i t can however be presumed that the flows were below average 
buV one a\ "Uv*-

(see 5.1a which shows that a l l / s i t e s l i s t e d had below average flows on 

22.V.73). Reference i n the text i s made only to approximately half 

the data, but the r e s t i s included to indicate the range of water 

chemistry within the Tweed Basin. 

Data collected from an additional 10 s i t e s in the Tweed Basin over the 

three years of research are available at the Department of Botany, 

University of Durham. The analyses did not include PO^-P, NĤ -N, IK^-N 

and N0.j~N, and so are not included here for comparison. The cation 

analyses however, showed that the data furnished from the f i v e main 

surveys were representative of water chemistry characteristics over the 

whole period of research. The sampling programme mentioned above was 

a part of a much larger survey carried out by the Botany Department to 

ascertain the comparative water chemistries of r i v e r s and streams i n 

the north east. Some of the data have been referred to i n Chapter 1. 

5.2 Chemical data 

5.21 Primary data from fiv e surveys 
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OPTICAL DENSITY,,,^ 
420 nm 

sampling s i t e 14.8.72 
Tweed Finglands 0.013 
Tweed Tweedsrauir 0.013 
Tweed Kingledors 0.013 
Tweed Dawych Bridge 0.011 
Tweed Lyne Ford 0.015 
LYNE WATER FOOT 0.013 
Tweed Manor Foot 0.029 
MANOR WATER FOOT 0.024 
EDDLESTON WATER FOOT 0.010 
Tweed Peebles gauge 0.024 
Tweed Peebles dump 0*025 
Tweed Horsburgh Ford 0*042 
Tweed Traquair Bridge 0.016 
Tweed Walkerburn Bridge oioiO 
Tweed Juniper Bank o!oi4 
Tweed Peel Hospital o!o33 
Tweed Yair Bridge 0*.012 
Tweed Tweed Bridge 0*022 
MEGGET WATER FOOT 0*011 
YARROW WATER . 0*020 
ETTRICK WATER FOOT 0*.013 
Tweed Gala Ford 0.011 
GALA WATER FOOT 0.018 
Tweed Lowood Bridge 0.023 
Tweed Gattonside Bridge o!oi4 
Tweed Leader Bridge o 040 
LEADER WATER FOOT 0*014 
Tweed Dryburgh Abbey 0.033 
Tweed Mourton Bridge 0*,014 
Tweed Rutherford Lodge 0*018 
TEVIOT HAWICK 0*016 
ALE WATER FOOT 0 018 
TEVIOT ANCRUM 0*021 
JED WATER FOOT 0*028 
TEVIQT FOOT 0*017 
Tweed Kelso Bridge o!oi2 
Tweed Sprouston Bridge o 021 
EDEN WATER FOOT 0.019 
Tweed below Birghara o 015 
LAMBDEN BURN SPRINGWELLS 0*.032 
LEET WATER FOOT 0.031 
Tweed Coldstream o 016 
TILL WATER FOOT 0.018 
Tweed Norham Bridge 0*022 
Tweed Fishwick Mains o!o20 
Tweed Union Bridge 0*020 
WHITEADDER CHURNSIDE 0*023 
BLACKADDER FOOT 0*019 
WHITEADDER FOOT o'r>2R 

8.11.72 30.1.73 22.3.73 22.5.73 
0.014 0.018 0.002 0.031 
0.008 0.009 0.002 0.009 
0.006 0.010 0.001 0.005 
0.007 0.004 0.001 0.003 
0.003 0.008 0.000 0.004 
0.001 0 006 0.001 0.015 
0.006 0.007 0.001 0.005 
o.oo/*- 0.006 0.000 0.000 
0.002 0.010 0.007 0.021 
0.004 0.005 0.000 0.010 
0.008 0.007 0.015 0.032 
0.002 0.005 0.003 0.015 
0.006 0*006 0.001 0.015 
0.008 0.007 0.005 0.003 
0.005 0.006 0.006 0.005 
0.005 0.008 0.002 0.006 
0.005 0.003 0.001 0.003 
0.005 0.004 0.007 0.001 
0.002 0.005 0.006 0.021 
0.005 0.006 0.003 0.004 
0.007 0.005 0.018 0.011 
0.007 0.003 0.006 0.010 
0.003 0.005 0.000 0.012 
0.005 0.004 0.003 0.011 
0.007 0.004 0.009 0.009 
0.010 0.004 0.009 0.008 
0.002 0.006 0.008 0.011 
0.008 0.004 0.009 0.012 
0.002 0.004 0.010 0.007 
0.004 0.004 0.018 0.008 
0.005 0.003 0.005 0.009 
0.008 0.006 0.007 0.013 
0.005 0.006 0.007 0.009 
0.010 0.008 0.015 0.009 
0.010 0.005 0.005 0.007 
0.005 0.006 0.007 0.011 
0.008 0.005 0.010 0.008 
0.016 0.014 0.012 0.016 
0.005 0.005 0.009 0.010 
0.016 0.006 0.009 0.024 
0.009 0.010 0.010 0.030 
0.005 0.005 0.010 0.015 
0.006 0.006 0.015 0.081 
0.006 0.004 0.010 0.034 
0.006 0.005 0.010 0.038 
0.006 0.005 0.010 0.050 
0.005 0.005 0.014 0.023 
0.006 0.013 0.010 0.019 
0.004 0.004 0.013 0.017 
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PH 

sampling s i t e 14.8.72 
Tweed Finglands 7.6 
Tweed Tweedsmuir 7.5 
Tweed Kingledors 7.5 
Tweed Dawych Bridge 7.3 
Tweed Lyne Ford 7.6 
LYNE WATER FOOT 7.8 
Tweed Manor Foot 7.6 
MANOR WATER FOOT 7.6 
EDDI.ESTON WATER FOOT 8.3 
Tweed Peebles gauge 7.9 
Tweed Peebles dump 7.6 
Tweed Horsburgh Ford 7.8 
Tweed Traquair Bridge 8.0 
Tweed Walkerburn Bridge 7.9 
Tweed Juniper Bank 7.6 
Tweed Peel Hospital 7.8 
Tweed Yair Bridge 7.5 
Tweed Tweed Bridge 7.4 
MEGGET WATER FOOT 7.3 
YARROW WATER 7.2 
ETTRICK WATER FOOT 7.5 
Tweed Gala Ford 7.4 
GALA WATER FOOT 7.3 
Tweed Lowood Bridge 7.7 
Tweed Gattonside Bridge 7.5 
Tweed Leader Bridge 7.9 
LEADER WATER FOOT 8.5 
Tweed Dryburgh Abbey 7.Q 
Tweed Mourton Bridge 7.6 
Tweed Rutherford Lodge 8.0 
TEVIOT HAWICK 8.2 
ALE WATER FOOT 8.1 
TEVIOT ANCRUM 8.2 
JED WATER FOOT 8.2 
TEVIOT FOOT 8.3 
Tweed Kelso Bridge 8.0 
Tweed Sprouston Bridge 8.2 
EDEN WATER FOOT 8.3 
Tweed below Birgham 8.3 
LAMBDEN BURN SPRINGWELLS 8.2 
LEET WATER FOOT 8.1 
Tweed Coldstream 8.5 
TILL WATER FOOT 8.2 
Tweed Norham Bridge 8.5 
Tweed Fishwick Mains 9.2 
Tweed Union Bridge 8.2 
WHITEADDER CUURNSIDE 8.5 
BLACKADDER FOOT 9.0 
WHITEADDER FOOT 9 0 

,11.72 30.1.73 22.3.73 22.5 
7.3 6.9 7.7 7.1 
7.0 6.9 7.7 6.9 
7.0 7.0 7.7 7.0 
7.0 6.8 7.6 6.9 
7.1 6.7 7.6 7.1 
7.8 6.8 8.2 7.1 
7.5 6.7 8.2 7.1 
7.4 6.8 7.9 7.1 
7.4 6.7 7.7 6.4 
7.6 6.8 7.4 7.2 
7.3 6.9 7.2 7.2 
7.7 6.9 7.4 7.2 
7.8 6.7 7.5 7.4 
7.6 6.8 7.5 7.1 
7.6 6.8 7.5 7.2 
7.6 6.8 7.4 6.8 
7.4 6.7 7.5 7.0 
7.4 6.8 7.4 7.0 
7.0 6.7 7.4 6.8 
7.3 6.7 7.2 7.0 
7.3 6.9 7.4 7.3 
7.4 6.7 7.1 7.0 
7.5 6.8 7.4 7.3 
7.4 6.9 7.5 7.5 
7.4 6.9 7.7 7.4 
7.6 7.0 7.7 7.2 
7.7 7.1 7.7 7.6 
7.3 7.2 7.7 7.6 
7.5 7.2 7.7 7.3 
7.6 7.1 7.7 7.5 
7,8 7.2 8.1 7.9 
7.9 7.5 8.4 7.9 
7.9 7.7 8.3 7.9 
7.8 7.5 8.4 8.2 
7.9 7.4 8.4 8.0 
7.8 7.4 8.1 7.9 
7.9 7.2 8.2 8.0 
7.9 7.6 8.2 8.2 
7.9 7.2 8.2 8.0 
7.9 7.8 8.5 7.6 
7.6 7.3 8.2 8.0 
8.0 7.3 8.3 7.9 
7.9 7.4 8.5 7.9 
7.9 7.3 8.7 7.8 
7.8 7.0 8.4 7.5 
7.5 6.9 8.7 7.5 
8.1 7.3 8.5 7.5 
8.1 7.3 8.4 8.0 
8.2 7.4 7.7 7.5 
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CONDUCTIVITY 
micro-mhos 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fisbwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WIIITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5. 
125 125 85 110 90 
125 100 95 100 95 
100 105 95 95 85 
125 120 105 115 105 
130 130 105 115 105 
225 200 175 175 80 
140 150 120 135 120 
105 100 80 80 75 
175 175 130 140 125 
120 145 115 150 115 
150 120 120 150 120 
150 140 120 150 125 
130 145 115 135 125 
145 150 90 140 120 
115 145 115 135 125 
120 145 115 140 120 
145 145 115 140 120 
150 150 135 85 120 
55 60 45 55 45 

100 80 70 90 80 
100 135 100 120 110 
130 135 120 150 125 
175 175 135 150 140 
150 145 120 145 135 
125 140 110 145 125 
125 175 110 135 125 
300 22S 175 200 175 
175 150 120 150 140 
135 170 110 145 130 
140 170 120 150 130 
200 250 200 225 200 
300 275 225 250 225 
275 275 200 250 225 
350 425 140 350 325 
300 325 130 250 250 
145 200 105, 150 130 
175 210 150 175 175 
350 350 300 325 325 
175 200 140 175 175 
450 450 425 400 400 
200 300 350 350 550 
200 225 150 200 175 
250 275 190 250 135 
200 225 150 200 175 
175 250 150 200 175 
185 250 150 200 175 
250 225 175 225 175 
450 425 300 375 275 
300 325 175 350 250 
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SODIUM /ufl t 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22.5 
Tweed Finglands 5.3 5.5 5.2 5.7 5.9 
Tweed Tweedsrauir 5.0 4.9 5.1 5*0 5 .0 
Tweed Kingledors 4.6 4.9 5.0 4.9 4.6 
Tweed Dawycb Bridge 6.3 6.1 5.7 6.3 5.8 
Tweed Lyne Ford 6.7 6.4 6.0 6.4 5.8 
LYNE WATER FOOT 9.1 8.6 7.7 8.2 7*7 
Tweed Manor Foot 7.3 7.3 6.2 6.7 6.3 MANOR WATER FOOT 5.5 5.6 4.5 4.9 4.3 EDDLESTON WATER FOOT 9.0 8.6 7.3 7.6 7.3 Tweed Peebles gauge 7.2 7.4 6.5 7.0 6.7 Tweed Peebles dump 8.1 10.1 6.9 8.5 7.6 
Tweed Horsburgh Ford 7.4 8.0 6.5 7.3 6.4 Tweed Traquair Bridge 7.3 7.2 6.5 7.2 6.. 9 Tweed Walkerburn Bridge 7.3 7.6 6.4 6.8 6.4 Tv/eed Juniper Bank 7.6 8.9 6.7 7.5 6.4 Tweed Peel Hospital 7.5 8.5 6.6 7.3 6.4 Tweed Yair Bridge 7.2 8.5 6.3 7.1 6.9 Tweed Tweed Bridge 7.3 8.6 6.2 7.4 6.1 MEGGET WATER FOOT 4.0 4.1 3,4 3.9 3.1 YARROW WATER 4.5 4.9 4.2 4.5 3.7 ETTRICK WATER FOOT 5.1 9.4 5.7 9.1 5.8 Tweed Gala Ford 6.6 8.6 5.7 7.5 6.6 GALA WATER FOOT 9.4 9.6 7.7 8.3 8.9 Tweed Lowood Bridge 8.4 10.1 7.2 10.0 7.0 Tv/eed Gattonside Bridge 7.5 9.7 6.7 8.5 7.0 Tweed Leader Bridge 6.8 9.0 6.8 8.5 8.0 LEADER WATER FOOT 10.8 11.7 9.0 10.5 10.7 Tweed Dryburgh Abbey 7.1 11.4 7.2 10.1 11.3 Tweed Mourton Bridge 7.4 12.0 6.7 9.7 7.0 Tweed Rutherford Lodge 7.2 11.2 6.9 10.2 9 .0 TEVIOT HAWICK 6.5 8.0 9.9 5.9 4.8 
ALE WATER FOOT 7.7 8.0 5.8 7.1 6.6 
TEVIOT ANCRUM 9.7 11.0 6.3 9.7 6.3 
JED WATER FOOT 18.2 25.4 12.3 23.9 21.0 
TEVIOT FOOT 10.0 15.5 7.5 10.0 8.2 
Tweed Kelso Bridge 7.4 11.7 6.8 9.1 6.9 
Tweed Sprouston Bridge 8.6 11.0 7.2 9.3 8.1 
EDEN WATER FOOT 12.5 12.0 10.8 11.8 11.3 
Tweed below Birgham 8.2 10.5 7.0 9.8 7.4 LAMBDEN BURN SPRINGWELLS 20.0 18.4 17.1 19.0 15.5 
LEET WATER FOOT 10.9 13.4 14.4 14.6 21.0 Tweed Coldstream 8.3 11.0 7.1 10.3 7.7 TILL WATER FOOT 12.0 13.6 10.4 12.1 10.1 Tv/eed Norham Bridge 8.8 11.6 7.3 9.4 9.0 Tweed Fishwick Mains 8.2 11.4 7.2 9.7 7.5 Tweed Union Bridge 8.5 11.6 6.9 9.9 9.0 WHITEADDER CHURNSIDE 10.4 10.2 9.8 12.3 9.8 BLACKADDER FOOT 15.0 12.8 10.9 12.5 9.3 WHITEADDER FOOT 11.5 13.6 10.8 13.4 12,0 
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POTASSIUM Aua C 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22.5.7 
Tweed Finglands 0.58 0.56 0.37 0.59 0.34 
Tweed Tweedsmuir 0.55 0.54 0.36 0.53 0.31 
Tweed Kangledors 0.45 0.54 0.33 0.46 0.30 
Tweed Dawych Bridge 0.81 0.73 0.46 0.79 0.58 
Tweed Lyne Ford 0.88 0.81 0.52 0.82 0.64 
LYNE WATER FOOT 1.24 1.08 0.75 0.95 0.80 
Tweed Manor Foot 1.01 1.00 0.65 0.84 0.62 
MANOR WATER FOOT 0.75 0.82 0.45 0.62 0.37 
EDDLESTON WATER FOOT 1.35 1.24 0.91 1.11 0.93 
Tweed Peebles gauge 1.02 1.16 0.71 0.94 0.69 
Tweed Peebles dump 1.71 1.93 0.78 1.34 0.94 
Tweed Ilorsburgh Ford 1.10 1.31 0.73 0.99 0.91 
Tweed Traquair Bridge 1.04 0.98 0.75 0.92 0.66 
Tweed Waikerburn Bridge 0.95 1.12 0.73 0.88 0.64 
Tweed Juniper Bank 1.17 1.30 0.76 0.93 0.65 
Tweed Peel Hospital 1.08 1.35 0.75 0.96 0.65 
Tweed Yair Bridge 0.94 1.18 0.62 0.95 0.64 
Tweed Tweed Bridge 0.98 1.13 0.56 1.06 0.66 
MEGGET WATER FOOT 0.35 0.44 0.31 0.38 0.23 
YARROW WATER 0.67 0.62 0.48 0.52 0.38 
ETTRICK WATER FOOT 0.90 1.08 0.57 0.95 0.67 
Tweed Gala Ford 0.95 1.07 0.58 1.01 0.66 
GALA WATER FOOT 1.35 1.15 0.83 0.97 0.73 
Tweed Lowood Bridge 1.66 1 .25 0.75 1.56 0.81 
Tweed Gattonside Bridge 1.28 1.12 0.72 1.27 0.67 
Tweed Leader Bridge 0.53 1.00 0.69 1.19 0.66 
LEADER WATER FOOT 0.99 1.34 0.77 1.48 0.99 Tweed Dryburgh Abbey 0.65 1.52 0.91 1.25 1.02 
Tweed Mourton Bridge 0.83 1.72 0.86 1.24 0.66 
Tweed Rutherford Lodge 0.65 1.58 0.89 1.27 0.73 
TEVIOT HAWICK 0.94 0.98 0.78 0.86 0.50 
ALE WATER FOOT 1.43 1.68 0.61 1.14 0.77 
TEVIOT ANCRUM 2.69 1.82 0.67 1.35 0.76 
JED WATER FOOT 2.68 5.00 1.63 3.10 1.73 
TEVIOT FOOT 1.10 2.22 1:10 1.41 0.99 
Tweed Kelso Bridge 0.77 1.80 0.97 1.21 0.76 
Tweed Sprouston Bridge 1.00 1.78 1.09 1.25 0 .84 
EDEN WATER FOOT 1.70 2.52 2.40 2.20 2.00 
Tweed belov/ Birgham 1.03 1.98 1.11 1.66 1.02 
LAMBDEN BURN SPRINGWELLS 4.74 5.24 5.80 5.00 7.20 
LEET WATER FOOT 1.75 2.68 3.40 3.00 7.80 
Tweed Coldstream 1.10 1.94 1.16 1.75 1.40 
TILL WATER FOOT 1.68 2.40 1.78 2.10 1.40 
Tweed Norham Bridge 1.29 2.08 1.15 1.41 0 .98 
Tweed Fishwick Mains 0.86 2,04 1.15 1.41 1.09 
Tweed Union Bridge 1.22 2.12 1.10 1.42 1.30 WHITEADDER CHURNSJDE 1.37 1.78 1.63 1.84 1.11 BLACKADDER FOOT 2.13 3.08 2.45 2.30 1.40 WHITEADDER FOOT 1.47 2.48 1.74 2.10 1.37 
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MAGNESIUM ^ 

sampling s i t e 14.8.72 
Tweed Finglands 5.0 
Tweed Tweedsmuir 4.2 
Tweed Kingledors 3.5 
Tweed Dawych Bridge 4.1 
Tweed liyne Ford 4.3 
LYNE WATER FOOT 8.6 
Tweed Manor Foot 5.4 
MANOR WATER FOOT 3.4 
EDDLESTON WATER FOOT 6.4 
Tweed Peebles gauge 5.3 
Tweed Peebles dump 5.2 
Tweed Horsburgh Ford 5.1 
Tweed Traquair Bridge 5.0 
Tweed Walkerburn Bridge 5.1 
Tweed Juniper Bank 5.1 
Tweed Peel Hospital 5.1 
Tweed Yair Bridge 5.0 
Tweed Tweed Bridge 5.4 
MEGGET WATER FOOT 1.8 
YARROW WATER 3.6 
ETTRICK WATER FOOT 3.9 
Tweed Gala Ford 4.7 
GALA WATER FOOT 7.5 
Tweed Lowood Bridge 5.0 
Tweed Gattonside Bridge 4.8 
Tweed Leader Bridge 5.0 
LEADER WATER FOOT 11.2 
Tweed Dryburgh Abbey 5.3 
Tweed Mourton Bridge 5.4 
Tweed Rutherford Lodge 5.4 
TEVIOT HAWICK 9.3 
ALE WATER FOOT 10.6 
TEVIOT ANCRUM 11.9 
JED WATER FOOT 20.6 
TEVIOT FOOT 12.9 
Tweed Kelso Bridge 6.4 
Tweed Sprouston Bridge 7.5 
EDEN WATER FOOT 20.4 
Tweed below Birgham 7.5 
LAMBDEN BURN SPRINGWELLS 26.1 
LEET WATER FOOT 8.5 
Tweed Coldstream 7.4 
TILL WATER FOOT 10.3 Tweed Norham Bridge 7.5 
Tweed Fishwick Mains 6.7 
Tweed Union Bridge 7.3 
WHITEADDER CHURNSIDE 11.6 
BLACKADDER FOOT 23.9 
WHITEADDER FOOT 16.0 

1 0 1 

8.11.72 30.1.73 22.3.73 22.5 
5.2 3.4 5.1 3.8 
4.4 3.4 4.2 4.2 
4.1 3.1 4.0 3.5 
4.2 3.7 4.6 4.2 
4.5 3.8 4.6 4.2 
8.2 5.8 7.8 6.7 
5.8 4.1 5.3 5.0 
3.7 2.9 3.4 3.0 
6.2 5.0 5.9 5.1 
5.5 4.2 5.4 5.0 
5.4 4.2 5.1 4.7 
5.3 4,2 4.7 4.7 
5.2 4.1 4.8 4.6 
5.3 4.2 4.9 4.6 
5.4 4.3 4.7 4.7 
5.4 4.2 4.7 4.7 
5.5 4.1 4.5 4.7 
5.8 4.0 5.4 4.9 
2.3 1.7 2.0 1.8 
3.8 2.9 3.2 3.3 
4.7 3.4 4.4 4.2 
5.1 4.0 5.1 4.5 
7.3 5.0 6.4 5.7 
5.5 4.2 5.3 4.9 
5.7 4.0 5.5 4.7 
5.8 3.9 5.4 4.9 

11.1 7.2 10.0 8.5 
6.2 4.4 5.9 5.9 
5 5 4.2 5.8 5.2 
6.2 4.2 6.0 5.2 
8.9 6.5 9.1 7.9 
11.4 7.1 10.0 8.0 
12.5 7.5 10.7 8.3 
22.2 12.0 20.2 19.0 
16.0 8.0 12.4 11.2 
8.2 4.3 5.9 5.6 
9.7 6.2 8.1 7.4 

21.5 18.1 22.0 20.0 
9.7 5.5 8.3 7.3 
27.4 25.3 26.9 22.6 
11.8 13.6 14.8 22.0 
9.2 5.5 8.2 8.0 

12.2 7.8 10.4 5.2 
9.9 5.6 8.3 6.8 

10.0 5.7 8.6 7.0 
10.0 5.7 8.4 7.0 
12.6 9.0 12.7 9.0 
26.6 18.3 23.9 L8.9 
18.7 11.9 17.1 12.8 



CALCIUM C 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22«5 • 
Tweed Fanglands 15.8 15.4 10.1 <5o9 n . i 
Tweed Tweedsmuir 14.5 14.0 11.6 15.0 14.5 
Tweed Kingledors 13.1 14.4 11.3 14.8 13.3 
Tweed Dawych Bridge 15.0 14.8 13.2 16.3 14.0 
Tweed Lyne Ford 15.4 15.7 13.5 16.3 14.6 
LYNE WATER FOOT 33.0 32.3 22.8 33 .1 26.1 
Tweed Manor Foot 19.6 21.4 14.8 19.6 37.8 
MANOR WATER FOOT 12.5 13.3 10.8 12.8 10.8 
EDDLESTON WATER FOOT 18.7 18.6 15.6 18.6 15.5 
Tweed Peebles gauge 19.0 18.6 15.2 18.7 16.3 
Tweed Peebles dump 19.3 19.7 14.8 19.1 16.4 
Tweed Horsburgh Ford 18.5 19.0 15.2 19.1 16.2 
Tweed Traquair Bridge 18.2 18.7 14.5 18.9 15.9 
Tw«ed Walkerburn Bridge 18.8 19.1 14.3 18.2 15.8 Tweed Juniper Bank 18.9 18.9 14.2 18.1 16.0 Tweed Peel Hospital 17.6 19.0 14.3 18.5 16.2 
Tweed Yair Bridge 17.6 19.0 14.0 18.5 16.1 
Tweed Tweed Bridge 18.5 19.5 14.2 18.4 16.0 MEGGET WATER FOOT 5.7 6.2 4.1 5.6 4.2 
YARROW WATER 11.9 10.8 8.5 10.1 8.8 
ETTRTCK WATER FOOT 12.4 15.0 10.0 14.7 13.9 
Tweed Gala Ford 16.4 17.0 15.1 17.5 15.7 
GALA WATER FOOT 21.5 21.0 14.7 18.7 16.2 
Tweed Lowood Bridge 16.6 17.8 13.8 18.0 36.2 
Tweed Gattonside Bridge 16.1 19.0 14.2 19.6 16.3 Tweed Leader Bridge 16.4 35.4 12.9 18.0 16.3 LEADER WATER FOOT 31.0 31.4 21.3 28.6 23.9 Tweed Dryburgh Abbey 16.5 19.3 15.1 20.3 20.3 Tweed Mourton Bridge 17.5 18.1 14.0 19.2 16.9 Tweed Rutherford Lodge 17.4 19.5 14.0 19.7 37.1 TEVIOT HAWICK 32.0 40.8 34.0 41.8 36.7 
ALE WATER FOOT 45.1 49.5 39.4 45.5 42.3 TEVIOT ANCRUM 45.4 48.5 40.1 45.6 38.8 
JED WATER FOOT 42.8 48.9 30.5 41.8 38.8 
TEVIOT FOOT 40.8 46.8 34.2 42.4 41.0 Tweed Kelso Bridge 20.1 25.3 14.6 18.6 17.2 
Tweed Sprouston Bridge 24.1 29.4 22.4 26.2 25.8 EDEN WATER FOOT 46.5 47.4 44.0 48.4 49 .0 Tweed below Birghan 23.4 29.2 20.5 25.9 26.2 LAMBDEN BURN SPRINGWELLS 55.3 54.9 55.1 54.5 50.9 LEET WATER FOOT 27.8 40.3 56.7 55.0 93.0 Tweed Coldstream 24.1 28.6 20.0 27.0 27.6 TILL WATER FOOT 32.0 36.8 24.6 33.3 14.9 Tweed Norham Bridge 24.4 31.0 20.0 26.5 21.7 Tweed Fishwick Mains 21.6 31.2 20.1 27.6 22.0 Tweed Union Bridge 23.8 30.5 19.8 27.7 22.5 WHITEADDER CHURNSIDE 25.0 27.3 21.0 27.7 19 .1 BLACKADDER FOOT 49.5 57.0 42.8 52.1 39 .3 WHITEADDER FOOT 36.1 44.0 31.0 40.3 28.9 
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ZINC det. limi t 0.002 mg 1 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyno Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tv/eed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

0.003 
-£0.002 
0.003 

-40.002 
0.002 
0.004 
0.010 
0.003 
0.002 
0.004 
0.002 

.^0.002 
0.002 
0.008 

4-0.002 
0.008 
0.006 
0.002 

-£0.002 
0.007 

<0.002 
0.007 
0.007 
0.008 
0.005 
0.008 
0.010 
0.002 
0.006 

<0.002 
0.004 
0.007 

<0.002 
40.002 
0.007 

<0.002 
40.002 
40.002 
0.007 
0.005 
0.009 
0.006 
0.005 
0.003 
0.004 
0.006 
0.011 
0.005 
0.006 

p 
•H S 
•rl 
H 

•P 
CD 
"O 

8 
H 
d) 
& 
<D 
a o 
•p 
ft 
a> 
o 
a> 

H 
H 
ctf 

0.002 

<0.002 0.008 
-CO. 002 0.007 
<0.002 0.006 
<0.002 0.009 
<0.002 0.005 
0.005 0.006 

40.002 0.003 
0.005 0.002 

<0.002 0.008 
4 0.002 w 0.008 
^0.002 0) 

i 
0.003 

<0.002 P"1 
& 0.002 

40.002 S a 0.005 
40.002 w 0.004 
40.002 <H 0.004 
40.002 o 0.007 
40.002 a 

r\ 
0.006 

0.005 \j 
•H 0.006 

0.004 •P 
a 

0.006 
40.002 •H 0.004 
0.003 £] 0.034 
0.013 a 

•p 0.014 
0.011 a o 0.011 
0.018 o 0.008 
0.006 G 0.013 
0.003 tsl 0.016 
0.014 0.033 

40.002 0.012 
0.003 0.008 
0.002 0.009 
0.042 0.005 
0.006 0.007 
0.006 0,002 

4 0.002 0.006 
0.005 0,012 
0.002 0.010 

40.002 0.005 
4 0.002 0.009 
<0.002 0.006 
4 0.002 o.oae 
4 0.002 0.007 
<0.002 0.003 
4 0.002 • 0.046 
. 0.003 0.015 
4 0.002 0.011 
<0.002 0.016 
0.003 0.011 
0.003 0.002 
0.003 0.007 
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COPPER det. limit 0.002 mg 1 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tv/eed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT. ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
£0.002 
40.002 
<0.002 
£0.002 
£0.002 
0.009 
0.004 
0.009 
0.004 

£0.002 
£0.002 
0.004 
0.002 

<0.002 
£0.002 
<0.002 
0.004 
0.004 

£0.002 
0.004 
0.004 
0.012 
0.010 
0.009 
0.002 
0.010 
0.010 
0.015 
0.010 
0.004 
0.008 
0.012 
0.012 
0.007 
0.015 
0.002 
0.015 
0.004 
0.015 
0.014 
0.022 
0.010 
0.009 
0.007 
0.004 
0.007 
0.002 
0.007 
0.010 

0.014 
0.011 
0.018 
0.005 
0.013 
0.011 
0.007 
0.004 
0.006 
0.007 
0.008 
0.008 
0.005 
0.004 
0.009 
0.008 
0.009 
0.007 
0.010 
0.008 
0.009 
0.014 
0.011 
0.022 
0.021 
0.019 
0.018 
0.021 
0.020 
0.018 
0.010 
0.007 
0.007 
0.009 
0.006 
0.012 
0.011 
0.009 
0.009 
O.009 
0.016 
0.010 
0.017 
0.023 
0.019 
0.019 
0.009 
0.009 
0.012 

£0.002 
0.010 
0.002 
0.012 

£0.002 
£0.002 
<0.002 
£0.002 
0.004 

£0.002 
£0.002 
40.002 
<0.002 
£0.002 
£0.002 
<0.002 
<0.002 
<0.002 
<0.002 
<0.002 
0.018 
0.004 
0.010 
0.006 
0.018 
0.005 
0.005 
0.007 
0.010 
0.008 
0.012 
0.007 

40.002 
0.006 
0.003 
0.008 

40.002 
4 0.002 
0.004 
0.002 

4.0.002 
0.002 

£0.002 
£0.002 
0.006 

£0.002 
0.006 

£0.002 
£0.002 

<0.002 
40.002 
0.011 
0.012 
0.007 
0.010 

<0.002 
<0.00 
• 0.005 
0.007 
0.005 
0.007 

<0.002 
<0.002 
0.007 
0.010 
0.002 

£0.002 
•40.002 
£0.002 
0.026 
0.005 

<0.002 
0.005 
0.010 
0,012 
0.013 
0.012 
0.011 
0.010 
0.0.10 

£0.002 
0.002 
0.007 
0.006 
0.012 
0.011 
0.008 
0.002 

40.00* 
0.011 
0.007 
0.012 
0.005 
0.002 
o.oai 
0.005 
0.006 
0.003 
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MANGANESE det.limit 0.002 mg 1 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVTOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birghaia 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
0.010 0.004 0.010 0.008 0.015 
0.010 0.006 0.007 0.009 0.005 
0.011 -10.002 40.002 40.002 0.002 
0.006 0.002 0.002 0.008 0.007 
0.004 <0.002 0.006 0.008 4 0,002 
0.010 < 0.002 0.014 0.013 0.007 
0.011 40.002 40.002 O.oo5 4:0.002 
0.008 40.002 0.004 0.009 0.003 
0.013 <0.002 0.025 0.013 0.014 
0.013 0.003 0.002 0.012 0.004 
0.013 0.002 <0.002 0.008 0.009 
0.010 0.004 0.010 0.006 0.004 
0.018 0.002 4 0.002 0.005 0.007 
0.008 0.002 4 0.002 ^0.002 -40.002 
0.018 <0.002 <0.002 0.009 0.008 
0.010 4.0.002 0.009 0.005 0.002 
0.013 0.004 0.005 0.003 0.009 
0.011 0.018 0.007 <0.002 0.009 
0.011 40.002 4 0.002 0.002 0.004 
0.013 40.002 < 0.002 0.002 0.003 
0.010 40.002 0.030 0.026 0.052 
0.010 0.002 4 0.002 0.017 0.009 
0.013 0.006 4 0.002 0.017 0.004 
0.012 0.009 <0.002 0.022 0.017 
0.010 0.011 0.020 0.022 0.004 
0.010 0.00*. 0.020 0.022 0.010 
0.020 410.002 0.011 0.097 0.013 
0.010 0.005 < 0.002 0.024 0.058 
0.017 40.002 <0.002 0.022 0.011 
0.023 0.008 <0.002 0.014 0.010 
0.012 0.022 0.005 0.009 0.012 
0.018 0.007 0.004 0.009 0.005 
0.018 0.002 0.005 4.0.002 0.005 
0.027 0.003 4 0.002 0.004 0.007 
0.023 0.008 4,0.002 0.013 0.005 
0.017 0.005 0.008 0.014 0.011 
0.023' 0.004 0.004 0.012 0.009 
0.014 <0.002 0.006 0.028 0.016 
0.016 4 0.002 0.009 0.012 0.028 
0.090 0.029 0.011 0.024 0.047 
0.021 0.012 0.021 0.035 0.031 
0.017 0.007 0.011 0.021 0.023 
0.029 0.007 0.011 0.024 0.044 
0.021 0.011 4 0.002 0.014 0.017 
0.029 0.009 4 0.002 0.027 0,011 
0.037 0.013 4 0.002 0.018 0,035 
0.027 0.007 <0.002 0.020 0.022 
0.029 0.007 <0.002 0.024 0.010 
0.04-0 O.OU 0.0*3 0.0<M 0.02^-
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IRON det. l i m i t O.Ol mg 1 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsrauir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fisbwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 
0.04 0.07 
0.11 0.14 
0.13 O.LO 
0.09 0.05 
0.07 0.03 
0.12 0.04 
0.10 0,03 
0.04 0.01 
0.11 0.05 
0.08 0.04 
0.09 0.04 
0.14 0.04 
0.08 0.02 
0.09 0.03 
0.08 0.02 
0.08 0.04 
0.08 0.02 
0.05 0.03 
0.06 0.02 
0.07 0.01 
0.05 0.05 
0.05 0.03 
0.08 0.03 
0.10 0.02 
0.10 0.03 
0.09 0.04 
0.03 0.02 
0.08 0.02 
0.07 0.04 
0.08 0.03 
0.05 0.02 
0.03 0.02 
0.06 0.03 
0.08 0.03 
0.08 0.02 
0.08 0.03 
0.11 0.03 
0.07 0.03 
0.07 0.02 
0.25 0.17 
0.09 0.03 
0.07 0.02 
0.11 0.04 
0.09 0.02 
0.14 0.02 
0.09 0.03 
0.06 0.02 
0.04 0.02 
0.05 0.02 
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10.1.73 22.3.73 22.5. 

0.09 -£.0.01 0.10 
0.06 0.02 0.04 
0.07 ^0.01 0.05 
0.06 0.06 0.07 
0.03 0.04 0.07 
0.01 0.06 0.15 
0.04 0.05 0.10 
0.01 <0.Q1 0.03 
0.11 0.07 0.19 
0.07 0.05 0.14 
0.04 0.05 0.11 
0.07 0.06 0.09 
0.06 0.05 0.06 
0.02 0.05 0.07 
0.07 0.04 0.08 
0.06 0.01 0.12 
0.03 0.01 0.07 
0.01 0.02 0.07 
0.01 <0.01 0.11 
0.08 < 0.01 0.04 
0.05 0.01 0.06 
0.05 <?0.01 0.04 
0.03 <0.01 0.06 
0.09 0.05 0.06 
0.09 0.02 0.09 
0.06 0.04 0.05 
0.06 0.17 0.05 
0.04 0.02 0.14 
0.03 0.04 0.04 
0.05 0.03 0.03 
0.06 •40.01 0.06 
0.07 0.02 0.04 
0.09 ^0.01 0.06 
0.05 0.01 0.05 
0.04 <0.01 0.03 
0.04 0.02 0.05 
0.06 0.02 0.05 
0.06 0.02 0.05 
0.08 0.02 0.05 
0.11 0.10 0.23 
0.06 0.03 0.13 
0.08 -£0.01 0.05 
0.12 0.10 0.89 
0.05 0.10 0.31 
0.04 0.04 0.35 
0.09 0.05 0.54 
0.04 ^0.01 0.10 
0.09 0.03 0.07 
0.08 0.03 0.06 



ALUMINIUM det. limit 0.03 mg 1 -1 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVJOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
0.06 

£0.03 
4.0.03 
0.03 
0.04 

<0.03 
4.0.03 
4.0.03 
0.04 
0.03 

40.03 
0.03 
0.03 
0.03 
0.03 

£0.03 
0.0£ 
0.03 
0.06 

-£0.03 
40.03 
0.06 

£0.03 
0.04 
0.03 

410.03 
0.03 

£0.03 
40.03 
410.03 
4.0.03 
0.06 
0.03 
0.03 
0.03 
0.06 

40.03 
0.03 

4.0.03 
0.06 
0.03 

40.03 
40.03 
0.04 

C 0.03 
0.03 
0.06 

40.03 
4:0.03 

p 
•H 
a 
•H H P <D 
•o 
8 
H 0) A 

0 
•p a 
o X a> 
H H 
CS 

0.08 

p 
-ri B •H H 

P © 

I H © 

•p 
•H 
a 

•ri 

•P 
© 

6 
© 

© 
a o 
•p 
© 
O 
a> 

0.03 

4 0.03 
40.03 
<0.03 
40.03 
<0.03 
40.03 
40.03 
40.03 
40.03 
0.10 

40.03 
40.03 
0.05 
0.07 

410.03 
0.07 

40.03 
40.03 
0.05 
0.03 
0.03 
0.03 
0.03 

40.03 
40.03 
40.03 
4,0.03 
0.03 

40.03 
40.03 
40,03 
40.03 
0.10 

40.03 
40.03 
40.03 
40.03 
40.03 
40.03 
,40.03 
•40.03 
40.03 
0.86 
0.26 
0.28 
0.45 
0.03 
0.03 
0.03 
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LEAD det. limit 0.001 mg l " 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRTCK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherlord Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPR1NGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
< 0.001 
<0.001 
^0.001 
0.002 

^0.001 
< 0.001 
0.002 
0.002 

^0.001 
0.002 
0.002 
0.001 

,£0.001 
0.002 
0.001 
0.001 
0.001 

^0.001 
^0.001 
0.006 
0.001 
0.002 
0.001 
0.002 
0.004 
0.004 
0.001 
0.005 
0.003 
0.002 

<0.001 
0.005 
0.006 
0.002 
0.003 
0.003 
0.005 
0.003 
0.006 
0.009 
0.006 
0.007 
0.004 
0.007 
0.006 
0.008 
0.002 
0.005 
0.002 

0.002 0.003 0.002 0.018 
0.003 0.001 0.001 -CO. 001 
0.002 0.002 

0.001 
0.001 
0.001 

<0.001 
.£0.001 
0.002 

/CO.001 
0.004 
0.006 
0.003 
0.003 

<0.001 
0.007 

0.002 0.002 0.004 
0.002 0.003 

0.001 
«£0.001 
0.001 

<0.001 
-10.001 

0.006 
0.0Q2 
0.003 
0.003 
0.002 
0.002 

0.001 ^0.001 
0.002 

0.001 
0.002 

-p 
•rt <0.001 0.003 
g <0.001 0.001 
•rl -1 0.003 0.002 

0.002 0.004 
[ 1 
<D 

0.001 0.002 0.012 
T3 0.002. 0.005 
C 0.001 0.001 0.003 
w 
si 

0.004 0.002 
0.008 0.002 

.e
ss
 0.003 0.032 

.e
ss
 

0.006 0.002 
rH 0.002 .£0.001 

•e
st
 0.003 0.001 0.008 

•e
st
 

0.003 0.003 
H 0.002 ^0.001 

0.001 •H g •H 
0.002 0.001 

0.002 
•H g •H ^0.001 0.001 

0.001 rH ^0.001 0.001 
<c 0.001 ^0.001 

0.002 © 0.003 <0.001 
0.001 ^.0.003 <10.001 
0.003 a 

vs 0.001 0.001 
0.002 

a 
vs 0.016 0.001 

0.002 +•> 0.002 0.001 
CO CO 0.002 0.003 

0.002 CD <:o.ooi -10.001 
0.008 rH 0.017 0.006 
0.004 •P 

in ^0.001 0.006 
0.002 a) 

e. 
<c 0.001 0.002 

0.002 M 0.002 <£0.00l 
0.001 0.003 0.001 
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CHLORIDE Ma L 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22.5.7: 
Tweed Finglands 9,2 L0.4 11.1 12.0 10.5 
Tweed Tweedsrauir 8.0 8.0 11. L 11.2 10.7 
Tweed Kingledors 6.5 10.0 11.1 10.0 10.7 
Tweed Dawych Bridge 8.1 14.0 14.9 12.0 13.8 
Tweed Lyne Ford 10.0 16.0 20.0 11.2 13.5 
LYNE WATER FOOT 18.0 17.4 17.8 18.0 17.7 
Tweed Manor Foot 13.0 14.4 14.9 14.4 15.0 
MANOR WATER FOOT 8.2 11.4 10.2 10.0 10.2 
EDDLESTON WATER FOOT 14.0 17.6 18.8 16.4 19.4 
Tweed Peebles gauge 11.2 13.6 15.3 15.6 14.7 
Tweed Peebles dump 11.3 14.8 14.9 17.6 15.7 
Tweed Horsburgh Ford 11.2 14.4 13.9 15.2 15.2 
Tweed Traquair Bridge 11.0 13.4 15.3 16.4 15.0 
Tweed Walkerburn Bridge 11.1 17.6 15.8 16.0 14.0 
Tweed Juniper Bank 11.2 16.0 14.0 14.8 14.8 
Tweed Peel Hospital 13.0 14.4 15.3 17.0 18.0 
Tweed Yair Bridge 11.2 16.0 14.8 16.8 14.6 
Tweed Tweed Bridge 12.2 15.4 14.8 16.8 16.2 
MEGGET WATER FOOT 7.5 10.8 11.7 10.0 9.5 
YARROW WATER 10.0 9.0 10.6 15.6 10.0 
ETTRICK WATER FOOT 13.0 16.0 15.3 15.2 12.5 
Tweed Gala Ford 10.6 14.2 17.5 24.0 14.4 
GALA WATER FOOT 16.0 18.8 19.2 24.0 16.7 
Tweed Lowood Bridge 11.1 16.8 18.2 19.0 15.2 
Tweed Gattonside Bridge 11.8 17.6 16.2 16.0 14.0 
Tweed Leader Bridge 11.1 19.0 14.9 16.0 14.0 
LEADER WATER FOOT 20.6 21.4 24.7 22.4 19.2 
Tweed Dryburgh Abbey 13.0 18.8 16.7 17.2 17.5 
Tweed Mourton Bridge 13.1 20.0 17,0 18.0 16.0 
Tweed Rutherford Lodge 13.2 18.8 17.5 19.0 18.0 
TEVIOT HAWICK 21.9 13.6 20.5 13.6 13.0 
ALE WATER FOOT 23.6 15.4 13.6 16.0 9.6 
TEVIOT ANCRUM 2S.5 17.4 14.9 16.4 13.0 
JED WATER FOOT 47.7 40.0 22.6 38.0 37.2 
TEVIOT FOOT 27.6 30.4 16.4 30.0 16.2 
Tweed Kelso Bridge 13.9 18.0 14.9 17.6 18.0 
Tweed Sprouston Bridge 16.0 21.0 16.0 17.4 15.0 
EDEN WATER FOOT 26.0 24.6 29.0 25.0 25.0 
Tweed below Birgham 15.6 17.6 15.8 18.4 15.2 
LAMBDEN BURN SPRINGWELLS 25.8 26.4 33.0 32.0 33.8 
LEET WATER FOOT 18.8 22.6 32.3 29.6 42.9 
Tweed Coldstream 15.7 20.0 18.8 18.0 16.0 
TILL WATER FOOT 22.2 25.6 21.3 24.4 19.4 
Tweed Norham Bridge 16.0 19.2 15.3 18.0 17.0 
Tweed Fishwick Mains 14.6 20.6 19.2 20.0 16.0 
Tweed Union Bridge 15.7 22.2 17.0 20.0 17.0 
WHITEADDER CHURNSIDE 23.5 20.0 21.8 21.2 19.0 BLACKADDER FOOT 24.0 27.4 25.6 33.4 22.5 
WHITEADDER FOOT 26.0 24.0 20.5 25.0 35.0 
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1 SILICATE -S< fty W 

sampling s i t e 1 4 . 8 . 7 2 

Tweed Finglands 2 . 7 5 
Tweed Tweedsmuir 1 . 9 5 
Tweed Kingledors 1 . 7 5 
Tweed Dawych Bridge 1 . 8 5 
Tweed Lyne Ford 1 . 7 5 
LYNE WATER FOOT 4 . 3 5 
Tweed Manor Foot 3 . 2 5 
MANOR WATER FOOT 2 . 8 0 
EDDLESTON WATER FOOT 3 . 2 5 
Tweed Peebles gauge 3 . 2 5 
Tweed Peebles dump 3 . 2 5 
Tweed Horsburgh Ford 3[45 
Tweed Traquair Bridge 3 . 3 0 
Tweed Walkerburn Bridge 3!15 
Tweed Juniper Bank 3!55 
Tweed Peel Hospital 3!20 
Tweed Yair Bridge 3 . 1 5 
Tweed Tweed Bridge 3 30 
MEGGET WATER FOOT 2! 7 5 
YARROW WATER 1.55 
ETTRICK WATER FOOT 1.45 
Tweed Gala Ford 2 6 0 
GALA WATER FOOT 2! 8 0 
Tweed Lowood Bridge 3 . 2 0 
Tweed Gattonside Bridge 1 . 9 5 
Tweed Leader Bridge \ 75 
LEADER WATER FOOT \\Q0 

Tweed Dryburgh Abbey 1 . 8 0 
Tweed Mourton Bridge 1 . 9 5 
Tweed Rutherford Lodge Q 6 5 
TEVIOT HAWICK 3 * 8 5 
ALE WATER FOOT 1*80 
TEVIOT ANCRUM 1 75 
JED WATER FOOT 2 3 5 
TEVIOT FOOT 3 # 8 5 
Tweed Kelso Eridge 1^95 
Tweed Sprouston Bridge 2* 5 0 
EDEN WATER FOOT 1*85 
Tweed below Birgham 1 95 
LAMBDEN BURN SPRINGWELLS 5*50 
LEET WATER FOOT I ^ Q 
Tweed Coldstream 1 6 0 
TILL WATER FOOT 4^5 
Tweed Norham Bridge 2 ^ 3 0 
Tweed Fishwick Mains 2 ^ 2 0 
Tweed Union Bridge 2 * 0 0 
WHITEADDER CIIURNSIDE 2 * 8 0 
BLACKADDER FOOT ' 1 75 
WHITEADDER FOOT i ' = n 

8 . 1 1 . 7 2 3 0 . 1 . 7 3 2 2 . 3 . 7 3 2 2 . 5 . 7 3 

1 . 0 0 3 . 1 5 2 . 3 5 1 . 9 5 
0 . 6 5 3 . 3 5 2 . 0 5 1 . 7 5 
0 . 7 0 3 . 4 0 2 . 0 5 1 . 8 5 
0 . 9 5 3 . 9 0 2 . 7 5 2 . 8 0 
0 . 9 5 4 . 1 5 2 55 3 . 1 0 
1 . 7 0 5 . 3 0 3 . 2 5 3 . 6 0 
1 . 4 0 4 . 3 5 2 . 6 5 3 . 2 5 
0 . 9 5 3 . 7 0 2 . 4 5 2 . 6 5 
1 . 3 5 4 . 6 0 3 . 3 0 3 . 3 0 
1 . 2 0 4 . 3 0 2 . 7 5 3 . 2 5 
1 . 0 0 4 . 4 5 2 . 5 5 2 . 9 0 
0 . 8 0 4 . 4 0 2 . 6 0 3 . 0 5 
0 . 8 0 4 . 4 0 3 . 3 0 3 . 1 0 
0 . 9 5 4 . 3 0 2 . 6 0 3 . 3 0 
0 . 8 5 4 . 2 0 2 . 6 5 2 . 9 5 
0 . 7 5 4 . 2 5 2 . 4 5 2 . 7 0 
0 . 6 0 4 . 0 5 2 . 6 0 2 . 8 0 
0 . 5 5 4 . 1 0 2 . 6 0 2 . 9 0 
0 . 8 0 2 . 9 5 2 . 3 0 2 . 0 5 
0 . 4 0 2 . 2 5 1 . 1 5 0 . 8 0 
0 . 3 0 2 . 3 0 0 . 8 0 0 . 5 0 
0 . 4 5 5 . 0 5 2 . 3 0 2 . 1 0 
0 . 3 0 3 . 9 0 1 . 6 5 1 . 8 5 
0 . 4 0 3 . 5 5 2 . 3 0 2 . 0 0 
0 . 9 5 3 . 5 0 2 . 6 5 2 . 1 5 
0 . 4 5 3 . 4 5 1 . 6 5 1 . 4 5 
0 . 2 0 4 . 0 0 0 . 7 0 0 . 8 5 
0 . 4 0 3 . 1 5 1 . 6 0 2 . 4 0 
U . 2 5 3 . 3 0 1 . 7 5 1 . 7 0 
0 . 8 0 3 . 5 5 1 . 8 5 1 . 4 0 
1 . 1 0 2 . 4 0 0 . 6 5 1 . 0 5 
0 . 8 0 2 . 9 5 1 . 3 0 1 . 1 0 
0 . 6 0 2 . 8 5 1 . 3 0 1 . 2 5 
0 . 6 0 3 . 1 5 0 . 5 5 0 . 4 5 
0 . 2 5 3 . 1 5 0 . 6 0 0 . 3 5 
0 . 2 5 3 . 5 5 2 . 0 5 1 . 3 0 
0 . 3 0 3 . 4 0 1 . 1 5 1 . 2 0 
1 . 3 0 4 . 1 5 0 . 4 5 1 . 1 5 
0 . 2 5 3 . 2 5 1 . 2 0 1 . 0 0 
2 . 4 5 6 . 4 5 2 . 3 5 4 . 5 0 
0 . 5 0 4 . 4 5 1 . 0 0 4 . 0 0 
0 . 4 5 3 . 2 5 1 . 0 5 1 . 0 5 
0 . 8 0 4 . 8 0 1 . 2 5 3 . 1 5 
0 . 7 0 3 . 4 0 0 . 8 0 1 . 5 0 
0 . 5 5 3 . 3 5 0 . 8 0 1 . 0 0 
0 . 3 5 3 . 4 0 1 . 0 5 1 . 0 0 
0 . 3 5 3 . 1 0 0 . 8 0 2 . 0 5 
0 . 5 0 3 . 4 5 1 . 2 0 0 . 9 5 
0 . 5 0 3 . 3 0 0 . 6 0 1 . 8 0 
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PHOSPHATE ( as P0 4~P ) d e t . l i r a i t 0 0 1 0 m g 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tv/eed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tv/eed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73 
40.010 *0.010 0.011 <0.010 0.010 
<*0.010 ^0.010 0.010 4 0.010 ^0.010 
0.018 ^0.010 0.019 4 0.010 < 0.010 
0.019 0.037 0.01S 40.010 < 0.010 
0.016 0.010 0.020 <0.010 * 0.010 
0.030 0.021 0.024 40.010 0.010 
0.033 0.014 0.017 0.012 < 0.010 
0.052 4 0.010 0.010 40.010 < 0.010 
0.027 0.027 0.024 0.010 0.018 
0.029 0.010 0.034 0.016 0.014 
0.157 0.168 0.044 0.089 0.064 
0.096 0.053 0.033 0.023 0.017 
0.055 0.033 0.030 0.014 0.019 
0.043 0.020 0.034 0.012 0.014 
0.067 0.080 0.034 0.024 0.018 
0.064 0.067 0.034 0.015 0.019 
0.041 0.059 0.033 0.015 0.010 
0.059 0.060 0.028 0.016 0.010 
0.015 0.015 0.010 40.010 < 0.010 
0.010 4 0.010 0.010 40.010 < 0.010 
0.026 0.119 0.059 0.137 0.083 
0.036 0.091 0.033 40.041 0.012 
0.036 0.020 0.024 0.010 0.023 
0.141 0.116 0.041 0.065 0.025 
0.157 0.096 0.038 0.047 0.014 
0.061 0.150 0.036 0.040 £ 0.010 
0.061 0.093 0.039 40.010 0.020 
0.094 0.155 0.055 0.080 0.041 
0.094 0.255 0.041 0.047 0.016 
0.073 0.208 0.042 0.055 0.019 
0.010 0.013 0.012 <0.010 0.010 
0.028 0.017 0.026 <0.010 0.010 
0.292 0.219 0.044 0.093 0.030 
0.065 0.199 0.065 0.098 0.060 
0.125 0.199 0.067 0.060 0.033 
0.079 0.197 0.050 0.062 0.025 
0.059 0.142 0.061 0.052 0.028 
0.065 0.118 0.082 0.024 0.033 
0.065 0.140 0.054 0.043 0.022 
0.250 0.195 0.147 0.071 0.140 
0.220 0.146 0.188 0.062 0.424 
0.084 0.186 0.059 0.051 0.033 
0.057 0.044 0.052 0.017 0.070 
0.069 0.147 0.065 0.036 0.034 
0.078 0.121 0.061 0.043 0.032 
0.082 0.154 0.054 0.042 0.043 
0.021 0.069 0.022 0.019 0:012 
0.180 0.295 0.145 0.177 0.045 
0.065 0.133 0.059 0.042 0.015 
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AMMONIA ( as jjSHg + NH^ " N ) 

sampling s i t e 14.8.72 
Tweed Finglands 0.190 
Tweed Tweedsmuir 0.185 
Tweed Kingledors 0.170 
Tweed Dawych Bridge 0.740 
Tweed Lyne Ford 0.195 
LYNE WATER FOOT 0.195 
Tweed Manor Foot 0.310 
MANOR WATER FOOT 0.320 
EDDLESTON WATER FOOT 0.260 
Tweed Peebles gauge 0.310 
Tweed Peebles dump 0*,450 
Tweed Horsburgh Ford 0.340 
Tweed Traquair Bridge 0*,300 
Tweed Walkerburn Bridge o!l55 
Tweed Juniper Bank oillO 
Tweed Peel Hospital 0.095 
Tweed Yair Bridge 0.145 
Tweed Tweed Bridge 0 165 
MEGGET WATER FOOT 0*245 
YARROW WATER 0 750 
ETTRICK WATER FOOT 0.190 
Tweed Gala Ford 0 220 
GALA WATER FOOT 0*155 
Tweed Lowood Bridge 0.530 
Tweed Gattonside Bridge 0.405 
Tweed Leader Bridge o 130 
LEADER WATER FOOT 0*120 
Tweed Dryburgh Abbey 0°.455 
Tweed Mourton Bridge 0*660 
Tweed Rutherford Lodge 0*735 
TEVIOT HAWICK 0*110 
ALE WATER FOOT 0*110 
TEVIOT ANCRUM 0*250 
JED WATER FOOT 0 715 
TEVIOT FOOT 0*465 
Tweed Kelso Bridge o*610 
Tweed Sprouston Bridge 0*405 
EDEN WATER FOOT 0*710 
Tweed below Birgham 0*740 
LAMBDEN BURN SPRINGWELLS o°750 
LEET WATER FOOT 0.°740 
Tweed Coldstream 0*660 
TILL WATER FOOT 0^740 
Tweed Norham Bridge 0°740 
Tweed Fishwick Mains 0*660 
Tweed Union Bridge 0*660 
WHITEADDER CHURNSIDE 0*660 
BLACKADDER FOOT 0*745 
WHITEADDER FOOT n IAK 

.11.72 30.1.73 22.3.73 22.5.73 
0.050 0.160 0.105 0.290 
0.050 0.110 0.135 0.160 
0.080 0.065 0.130 0.075 
0.080 0.100 0.085 0.135 
0.070 0.085 0.160 0.170 
0.060 0.120 0.160 0.500 
0.090 0.060 0.105 0.220 
0.085 0.060 0.110 0.655 
0.065 0.130 0.135 0.050 
0.090 0.065 0.160 0.115 
0.510 0.115 0.290 0.160 
0.160 0.105 0.290 0.125 
0.075 0.100 0.130 0.330 
0.070 0.065 0.135 0.125 
0.105 0.095 0.115 0.175 
0.095 0.100 0.115 0.270 
0.100 0.155 0.115 0.320 
0.075 0.115 0.090 0.080 
0.170 0.050 0.100 0.530 
0.080 0.135 0.135 0.270 
0 350 1.425 0.310 0.405 
0.110 0.110 0.235 0.170 
0.050 0.100 0.080 0.120 
0.200 0.120 0.470 0.170 
0.225 0.120 0.120 0.135 
0.120 0.115 0.100 0.095 
0.210 0.095 0.090 0.220 
0.150 0.140 0.105 0.105 
0.110 0.105 0.100 0.100 
0.140 0.095 0.090 0.095 
0.660 0.155 0.165 0.145 
0.150 0.140 0.075 0.140 
0.080 0.110 0.095 0.140 
1 .000 0.625 1.650 0.595 
0.300 0.550 0.070 0.095 
0.160 0.115 0.090 0.125 
0.200 0.205 0.100 0.120 
0.220 0.200 0.120 0.210 
0.180 0.115 0.100 0.110 
0.200 0.150 0.115 0.200 
0.320 0.360 0.130 0.270 
0.165 0.150 0.150 0.530 
0.195 0,255 0.100 0.210 
0.155 0.215 0.115 0.410 
0.165 0.195 0.090 0.405 
0.150 0.150 0.100 0.345 
0.090 0.130 0.075 0.220 
0.100 0.165 0.120 0.470 
0.105 0.165 0.105 0.345 
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NITRITE ( N02-N ) det. limit 0.00% mg l " 1 

sampling s i t e 14.8.72 
Tweed Finglands 40.002 
Tweed Tweedsmuir 0.004 
Tweed Kingledors < 0.002. 
Tweed Dawych Bridge 0.004 
Tweed Lyne Ford 0.002 
LYNE WATER FOOT 0.007 
Tweed Manor Foot 0.003 
MANOR WATER FOOT 40.002 
EDDLESTON WATER FOOT 0.017 
Tweed Peebles gauge 0.004 
Tweed Peebles dump 0.009 
Tweed Horsburgh Ford 0.009 
Tweed Traquair Bridge 0.008 
Tweed Walkerburn Bridge o!o04 
Tweed Juniper Bank 0*,002 
Tweed Peel Hospital 0*004 
Tweed Yair Bridge o!o04 
Tweed Tweed Bridge 0*005 
MEGGET WATER FOOT 0 002 
YARROW WATER 0.002 
ETTRICK WATER FOOT 0.003 
Tweed Gala Ford 0.005 
GALA WATER FOOT 0.004 
Tweed Lowood Bridge 0.011 
Tweed Gattonside Bridge 0.009 
Tweed Leader Bridge 0.012 
LEADER WATER FOOT 40.002 
Tweed Dryburgh Abbey 0.009 
Tweed Mourton Bridge 0.007 
Tweed Rutherford Lodge 0.007 
TEVIOT HAWICK <r0.00* 
ALE WATER FOOT 4 0.00?-
TEVIOT ANCRUM 0.010 
JED WATER FOOT O.Oll 
TEVIOT FOOT 0.009 
Tweed Kelso Bridge 0.004 
Tweed Sprouston Bridge 0.007 
EDEN WATER FOOT 0.003 
Tweed below Birghara 0.006 
LAMBDEN BURN SPRINGWELLS 0.032 
LEET WATER FOOT 0.015 
Tweed Coldstream o 008 
TILL WATER FOOT 0.010 
Tweed Norham Bridge 0°006 
Tweed Fishwick Mains 0.011 
Tweed Union Bridge Q QO5 
WHITEADDER CHURNS IDE 0*005 
BLACKADDER FOOT 0 011 
WHITEADDER FOOT o'nifi 

8.11.72 30.1.73 22.3.73 22.5. 
0.002 0.004 •40.00* 0.002 
0.003 0.003 <0.002. 0.006 
0.006 0.004 4 0.002 0.003 
0.004 0.007 0.006 0.009 
0.004 0.008 ^O.OOJt 0.009 
0.005 0.012 0.005 0.010 
0.005 0.009 0.005 0.009 
0.003 0.004 40.002- 0.004 
0.009 0.012 0.006 0.010 
0.005 0.007 0.005 0.009 
0.022 0.012 0.017 0.014 
0.015 0.010 0.009 0.009 
0.009 0.009 0.006 0.007 
0.010 0.009 0.005 0.008 
0.020 0.010 0.007 0.009 
0.017 0.010 0.006 0.009 
0.016 0.006 0.007 0.009 
0.015 0.008 0.009 0.010 
0.008 0.004 40.002. -40.002. 
0.007 0.005 40.008- 0.002 
0.005 0.006 0.015 0.007 
0.018 0.012 0.016 0.011 
0.005 0.007 0.005 0.009 
0.017 0.008 0.020 0.013 
0.018 0.009 0.018 0.013 
0.027 0.009 0.014 0.013 
0.010 0.008 0.007 0.007 
0.022 0.010 0.022 0.016 
0.023 0.010 0.025 0.016 
0.018 0.009 0.031 0.018 
0.003 0.005 0.004 40.00& 
0.004 0.007 0.003 0.002 
0.012 0.009 0.015 0.009 
0.058 0.009 0.018 0.040 
0.015 0.017 0.017 0.032 
0.012 0.012 0.020 0.016 
0.016 0.017 Q.014 0.023 
0.007 0.015 0,007 0.016 
0.014 0.018 0.016 0.023 
0.019 0.028 0.009 0.066 
0.017 0.024 0.018 0,090 
0.013 0.017 0.020 0.020 
0.011 0.012 0.009 0.027 
0.015 0.018 6.018 0.022 
0.018 0.018 0.014 0.022 
0.018 0.016 0.014 0.027 
0.006 0.008 0.007 0.006 
0.015 0.017 0.010 0.010 
0.025 0.014 0.013 0.013 
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NITRATE ( N03~N ) det. li m i t 0.20 mg l " 1 

sampling s i t e 14.8.72 8.11.72 30.1.73 22.3.73 22.5.7 
Tweed Finglands 0.25 40.20 0.25 0.21 .40.20 
Tweed Tweedsmuir 0.20 A.O.ZO 0.50 0.25 4 0.2.0 
Tweed Kingledors 0.20 0.23 0.47 0.20 <0.20 
Tweed Dawych Bridge 0.21 0.81 0.97 0.20 0.62 
Tweed Lyne Ford 1.00 0.78 0.97 0.55 0.54 
LYNE WATER FOOT 1.95 1.44 0.36 1.10 1.12 
Tweed Manor Foot 1.15 0.81 1.08 0.49 1.08 
MANOR WATER FOOT 0.42 0.41 0.78 0.33 .40.20 
EDDLESTON WATER FOOT 2.14 1.57 1.82 1.33 1.52 
Tweed Peebles gauge 1.35 0,97 1.15 0.73 1.16 
Tweed Peebles dump 1.43 1.03 1.17 0.62 0 97 Tweed Horsburgh Ford 1.09 1.17 1.10 0.67 0.93 
Tweed Traquair Bridge 1.53 0.92 1.20 0.62 1.00 Tweed Walkerburn Bridge 0.97 0.95 1.08 0.70 0.79 
Tweed Juniper Bank 1.13 0.97 1.17 0.74 0.78 Tweed Peel Hospital 0.45 1.02 1.10 0.71 0.41 
Tweed Yair Bridge 0.82 1.00 1.19 0.68 0.30 Tweed Tweed Bridge 1.00 1.26 0.98 0.81 0.67 MEGGET WATER FOOT 0.20 4.0.20 0.25 0.45 40.20 YARROW WATER 0.37 0.32 0.55 0.46 0.24 
ETTR1CK WATER FOOT 0.20 0.55 0.05 0.51 0.24 
Tweed Gala Ford 0.72 1.16 1.00 0.87 0.54 
GALA WATER FOOT 0.83 1.04 1.74 0.73 0.79 
Tweed Lowood Bridge 0.51 0.97 1.10 0.83 0.78 
Tweed Gattonside Bridge 1.03 1.11 0.90 0.79 0.74 
Tweed Leader Bridge 0.94 1.16 1.06 0.83 0.94 
LEADER WATER FOOT 1.10 1.68 2.12 0.94 1.00 
Tweed Dryburgh Abbey 0.90 1.15 1.02 0.87 0.76 
Tweed Mourton Bridge 1.19 1.26 1.00 0.86 0.76 
Tweed Rutherford Lodge 1.25 1.30 0.98 0.79 0.76 
TEVIOT HAWICK 0.29 0.62 1.28 0.29 0.27 
ALE WATER FOOT 0.87 0.71 2.08 0.86 0.81 
TEVIOT ANCRUM 1.13 0.92 2.08 0.81 0.65 
JED WATER FOOT 1.11 0.87 1.54 0.34 0.51 
TEVIOT FOOT 1.32 1.53 2.00 0.76 0.98 
Tweed Kelso Bridge 1.09 0.63 1.58 0.69 0.87 
Tweed Sprouston Bridge 0.95 1.09 1.89 0.84 0.70 
EDEN WATER FOOT 1.53 2.45 6.74 0.81 1.38 
Tweed below Birgham 1.11 1.09 2.00 0.68 1.00 
LAMBDEN BURN SPRINGWELLS 1.11 1.47 4.85 1.32 2.72 
LEET WATER FOOT 1.15 1.69 2.92 1.46 1.19 
Tweed Coldstream 0.99 1.75 2.12 0.80 0.98 
TILL WATER FOOT 1.24 1.44 1.90 0.31 o.56 
Tweed Norham Bridge 0.93 1.57 2.16 0.73 0.81 
Tweed Fishwick Mains 0.78 1.57 2.08 0.71 0.78 
Tweed Union Bridge 0.82 1.63 1.54 0.68 0.92 
WHITEADDER CHURNSIDE 1.05 1.50 2.10 0.91 0.57 
BLACKADDER FOOT 0.75 2.30 3.14 1.42 0.60 
WHITEADDER FOOT 0.66 1.78 2.80 0.89 0.40 
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5.22 Element means for the four lowest flows 

sampling s i t e 

o 
CM 

n 
* 

o 

>» 
•P CO 
•H 0 > •H & •P I O O 

o a o bo o 
Tweed Finglands 0.015 115 7.4 5. 6 0.52 4. 8 14, .6 
Tweed Tweedsmuir 0.008 105 7.3 5. 0 0.48 4. 3 14 .5 
Tweed Kingledors 0.006 95 7.3 4. ,8 0.44 3. 8 13 .9 
Tweed Dawych Bridge 0.005 115 7.2 6. 1 0.73 4. 3 15 .0 
Tweed Lyne Ford 0.005 120 7.3 6. 3 0.79 4. 4 15 .5 
LYNE WATER FOOT 0.008 170 7.7 8. ,4 1.02 7. 8 30 .4 
Tweed Manor Foot 0.010 135 7.6 6. ,9 0.87 5. 4 19 .6 
MANOR WATER FOOT 0.007 90 7.5 5. ,1 0.64 3. 4 12 .3 
EDDLESTON WATER FOOT 0.010 155 7.5 8. .1 1.16 5. 9 17 .9 
Tweed Peebles gauge 0.009 135 7.5 7. ,1 0.95 5. 3 18.2 
Tweed Peebles dump 0.015 145 7.3 8. .1 1.48 5. 1 18 .6 Tweed Horsburgh Ford 0.016 140 7.5 7. ,3 1.08 5. 0 18 .2 
Tweed Traquair Bridge 0.009 135 7.7 7, .2 0.90 4. 9 17 .9 Tweed Walkerburn Bridge 0.006 140 7.5 7. .0 0.90 5. 0 18 .0 Tweed Juniper Bank 0.008 130 7.5 7, .7 1.01 5. 1 18 .0 Tweed Peel Hospital 0.011 130 7.4 7, A 1.01 5. ,0 17 .8 Tweed Yair Bridge 0.005 135 7.4 7, .4 0.93 4. 9 17 .8 
Tweed Tweed Bridge 0.009 125 7.3 7, .4 0.96 5. 4 18 . 1 
MEGGET WATER FOOT 0.010 55 7.1 3 .8 0.35 2. 0 5 .4 
YARROW WATER 0.009 90 7.2 4 .4 0.55 3. ,5 10.4 
ETTRICK WATER FOOT 0.012 115 7.4 7 .4 0.90 4. ,3 14 .0 Tweed Gala Ford 0.009 135 7.2 7 .3 0.93 4, ,9 16 .7 
GALA WATER FOOT 0.009 160 7.4 9 .1 1.05 6, ,7 19 .4 
Tweed Lowood Bridge 0.010 14 5 7.5 8 .9 1.32 5, .2 17 .2 
Tweed Gattonside Bridge 0.010 135 7.5 8 .2 1.09 5, .2 17 .8 Tweed Leader Bridge 0.017 140 7.6 8 .1 1.20 5, .3 16 .5 
LEADER WATER FOOT 0.009 225 7.9 10 .9 1.20 10.2 28 .7 Tweed Dryburgh Abbey 0.010 155 7.4 10 .0 1.11 5 .8 19 .1 Tweed Mourton Bridge 0.008 145 7.5 9 .0 1.11 5 .6 17 .9 Tweed Rutherford Lodge 0.012 150 7.9 9 .4 1.06 5 .7 18 .4 TEVIOT HAWICK 0.009 220 8.0 6 .3 0.82 8 .8 37 .8 
ALE WATER FOOT 0.012 265 8.1 7 .4 1.26 1O.0 45 6 TEVIOT ANCRUM 0.011 255 8.1 9 .2 1.66 10, .9 44 .6 JED WATER FOOT 0.016 365 8.2 22 .1 3.13 20 .5 43 .1 TEVIOT FOOT 0.010 280 8.2 10 .9 1.43 13 .1 42 .3 Tweed Kelso Bridge 0.012 155 7.9 8 .8 1.14 6 .5 20 .3 Tweed Sprouston Bridge 0.012 185 8.1 9 .3 1.22 8 .2 26 .4 
EDEN WATER FOOT 0.016 340 8.2 11 .9 2.11 20 .1 47 .8 Tweed below Birgham 0.012 180 8.1 9 .0 1.42 8 .2 26 .2 LAMBDEN BURN SPRINGWELLS 0.020 425 8.1 18 .2 5.55 25 .8 53 .9 LEET WATER FOOT 0.020 350 8.0 15> .0 3.81 14 .3 54 .0 Tweed Coldstream 0.011 200 8.2 9 .3 1.55 8 .2 26 .8 TILL WATER FOOT 0.030 230 8.1 12.0 1.90 9 .5 29 .3 Tweed Norham Bridge 0.018 200 8.2 9 .7 1.44 8 .2 25 .9 Tweed Fishwick Mains 0.015 200 8.2 9 .2 1.35 8 .1 25 .6 Tweed Union Bridge 0.021 200 8.0 9 .8 1.52 8 .2 26 . 1 WHITEADDER CHURNSIDE 0.016 220 8.2 10 .7 1.53 11.5 24 . 8 
BLACKADDER FOOT 0.014 380 8.4 12 .4 2.23 23 .5 fin n 
WHITEADDER FOOT 0.016 305 8.1 12 .6 1.86 16 .2 37 .3 
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mean of 4 lowest flows 

sampling s i t e 
Tweed Finglands 
Tweed Tweedsmuir 
Tweed Kingledors 
Tweed Dawych Bridge 
Tweed Lyne Ford 
LYNE WATER FOOT 
Tweed Manor Foot 
MANOR WATER FOOT 
EDDLESTON WATER FOOT 
Tweed Peebles gauge 
Tweed Peebles dump 
Tweed Horsburgh Ford 
Tweed Traquair Bridge 
Tweed Walkerburn Bridge 
Tweed Juniper Bank 
Tweed Peel Hospital 
Tweed Yair Bridge 
Tweed Tweed Bridge 
MEGGET WATER FOOT 
YARROW WATER 
ETTRICK WATER FOOT 
Tweed Gala Ford 
GALA WATER FOOT 
Tweed Lowood Bridge 
Tweed Gattonside Bridge 
Tweed Leader Bridge 
LEADER WATER FOOT 
Tweed Dryburgh Abbey 
Tweed Mourton Bridge 
Tweed Rutherford Lodge 
TEVIOT HAWICK 
ALE WATER FOOT 
TEVIOT ANCRUM 
JED WATER FOOT 
TEVIOT FOOT 
Tweed Kelso Bridge 
Tweed Sprouston Bridge 
EDEN WATER FOOT 
Tweed below Birgham 
LAMBDEN BURN SPRINGWELLS 
LEET WATER FOOT 
Tweed Coldstream 
TILL WATER FOOT 
Tweed Norham Bridge 
Tweed Fishwick Mains 
Tweed Union Bridge 
WHITEADDER CHURNSIDE 
BLACKADDER FOOT 
WHITEADDER FOOT 

* 

0.003 
0.002 
0.003 
0.003 
0.002 
0.003 
0.004 
0.002 
0.004 
0.004 
0.002 

40.002 
0.002 
0.004 

40.002 
0.005 
0.004 
0.003 
0.002 
0.004 
0.005 
0.007 
0.006 
0.005 
0.006 
0.008 
0.019 
0.005 
0.005 
0.003 
0.004 
0.005 

40.002 
0.002 
0.006 
0.003 
0.002 
0.003 
0.004 
0.007 
0.005 
0.003 
0.017 
0.006 
0,006 
0.007 
0.007 
0.002 
0.004 

0.005 
0.004 
0.010 
0.006 
0.007 
0.010 
0.004 
0.004 
0.005 
0.005 
0.004 
0.006 
0.002 
0.001 
0.005 
0.006 
0.005 
0.004 
0.003 
0.004 
0.010 
0.011 
0.007 
0.012 
0.011 
0.014 
0.010 
0.016 
0.014 
0.013 
0.009 
0.006 
0.007 
0.008 
0.009 
0.007 
0.012 
0.007 
0.009 
0.008 
0.016 
0.009 
0.013 
0.012 
0.008 
0.012 
0.005 
0.007 
0.008 

0.009 
0.007 
0.003 
0.005 
0.004 
0.008 
0.004 
0.005 
0.010 
0.008 
0.008 
0.006 
0.008 
0.002 
0.009 
0.004 
0.007 
0.009 
0.004 
0.005 
0.022 
0.009 
0.010 
0.015 
0.012 
0.014 
0.033 
0.024 
0.012 
0.014 
0.014 
0.010 
0.006 
0.012 
0.013 
0.013 
0.013 
0.013 
0.016 
0.048 
0.025 
0.016 
0.025 
0.016 
0.019 
0.026 
0.017 
0.018 
0.029 

a) to 

0.05 
0.08 
0.07 
0.07 
0.04 
0.12 
0.07 
0.02 
0.11 
0.03 
0.07 
0.08 
0.05 
0 06 
0.06 
0.06 
0.05 
0.04 
0.05 
0.03 
0.04 
0.04 
0.04 
0.06 
0.06 
0.06 
0.08 
0.07 
0.05 
0.04 
0.03 
0.03 
0.04 
0.04 
0.03 
0.04 
0.05 
0.14 
0.04 
0.19 
0.07 
0.04 
0.31 
0.13 
0.13 
0.20 
0.05 
0.04 
0.04 

0.03 

0.03 
•p 
•H 
S 
•rl H 
•P 
CD 

S 
H 
CD 
+» M CD 
U 

0.03 

0.04 

0.22 
0.07 
0.07 
0.12 

to 

0.005 
0.001 
0.001 
0.002 
0.002 
0.001 
0.001 
0.001 
0.002 
0.002 
0.003 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.002 
0.002 
0.002 
0.004 
0.002 
0.002 
0.002 
0.003 
0.010 
0.002 
0.001 
0.002 
0.003 
0.002 
0.002 
0.002 
0.001 
0.001 
0.002 
0.002 
0.003 
0.006 
0.003 
0.002 
0.002 
0.009 
0.004 
0.002 
0.002 
0.002 
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mean of 4 lowest flows 

1 | !25 
| 

iz; i 
1 CO 

H •rl O O o 
sampling s i t e O CO jz; sampling s i t e 

Tweed Finglands 10. 5 2. 00 40.010 0.159 40.00& 40.20 
Tweed Tweedsrauir 9. 5 1. 60 -£0.010 0.133 0.003 40.20 
Tweed Kingledors 9. 3 1. 60 40 .010 0.144 0.002 40.20 
Tweed Dawych Bridge 12. 0 2. 10 0.016 0.260 0.006 0.46 
Tweed Lyne Ford 12. 7 2. 10 O.OJO 0.195 0.004 0.72 
LYNE WATER FOOT 17. 8 3. 20 0.015 0.229 0.007 1.40 
Tweed Manor Foot 14. 2 2. 60 0.016 0.181 0.006 0.88 
MANOR WATER FOOT 10.0 2. 20 0.013 0.293 0.002 0.29 
EDDLESTON WATER FOOT 16. 9 2. 80 0.021 0.128 0.011 1.64 
Tweed Peebles gauge 13. 8 2. 60 0.015 0.169 0.006 1.05 
Tweed Peebles dump 14. 9 2. 40 0.120 0.350 0.015 1.04 
Tweed Horsburgh Ford 14. 0 2. 50 0.047 0.229 0.011 0.97 
Tweed Traquair Bridge 14. 0 2. 60 0.030 0.209 0.008 1.02 
Tweed Walkerburn Bridge 14. 7 2. 50 0.022 0.121 0.007 0.85 
Tweed Juniper Bank 14. 2 2. 50 0.047 0.126 0.009 0.91 
Tweed Peel Hospital 15. 6 2. 30 0.041 0.144 0.009 0.65 
Tweed Yair Bridge . 15. 1 2. 30 0.031 0.170 0.009 0.70 
Tweed Tweed Bridge 15. 3 2. 35 0.035 0.103 0.010 0.94 
MEGGET WATER FOOT 9. 5 2. 00 40.010 0.261 0.003 40.20 
YARROW WATER 11.6 1. 00 /CO. 010 0.309 0.003 0.35 
ETTRICK WATER FOOT 14. 2 0.80 0.091 0.583 0.008 0.38 
Tweed Gala Ford 15. 8 1. 90 0.045 0.184 0.014 0.82 
GALA WATER FOOT 18. 9 1. 65 0.022 0.107 0.006 0.85 
Tweed Lowood Bridge 15. 5 2. 00 0.087 0.343 0.015 0.77 
Tweed Gattonside Bridge 14. 9 1. 95 0.079 0.248 0.014 0.92 
Tweed Leader Bridge 15. 0 1. 35 0.063 0.111 0.015 0.96 
LEADER WATER FOOT 20. 9 0.90 0.044 0.160 0.006 1.38 
Tweed Dryburgh Abbey 16. 6 1. 30 0.086 0.204 0.016 0.92 
Tweed Mourton Bridge 16. 8 1. 40 0.103 0.243 0.017 1.02 
Tweed Rutherford Lodge 17. ,3 1. 20 0.089 0.265 0.018 1.03 
TEVIOT HAWICK 15. ,5 1. 70 40.010 0.270 0.002 0.37 
ALE WATER FOOT 16. 2 1. ,25 0.014 0.119 0.002 0.81 
TEVIOT ANCRUM 18.1 1 25 0.159 0.141 0.012 0.88 
JED WATER FOOT 40. ,7 1.00 0.156 0.990 0.032 0.71 
TEVIOT FOOT 26, .1 1, .25 0.104 0.233 0.018 1.15 
Tweed Kelso Bridge 16. ,9 1. .40 0.091 0.246 0.013 0.82 
Tweed Sprouston Bridge 17. .4 1, .30 0.070 0.206 0.015 0.90 
EDEN WATER FOOT 25, .2 1 .20 0.060 0.315 0.006 1.54 
Tweed below Birghara 16, .7 1 . 10 0.067 0.283 0.015 0.97 
LAMBDEN BURN SPRINGWELLS 29, .5 3, .95 0.164 0.316 0.032 1.66 
LEET WATER FOOT 28 .5 1 .80 0.213 0.365 0.035 1.37 
Tweed Coldstream 17. .4 1, .05 0.089 0.376 0.016 1.13 
TILL WATER FOOT 22, .9 2 .40 0.047 0.311 0.014 0.89 
Tweed Norham Bridge 17, .6 1, .35 0.070 0.355 0.016 1.01 
Tweed Fishwick Mams 17. ,8 1, , 15 0.069 0.330 0.017 0.96 
Tweed Union Bridge 18, .7 1, .10 0.080 0.314 0.017 1.01 
WHITEADDER CHURNSIDE 20. ,9 1. ,50 0.030 0.261 0.016 1.01 
BLACKADDER FOOT 26. ,8 1, .10 0.174 0.359 0.012 1.27 
WHITEADDER FOOT 27. ,5 1 10 0.063 0.325 0.017 0.93 
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5.3 Summary of the water chemistry of the Tweed 

I n the f o l l o w i n g d e s c r i p t i o n s of the chemistry of the Tweed (and 

i t s t r i b u t a r i e s i n 5.4), ;the terms 'hardness' and n u t r i e n t s ' are 

fr e q u e n t l y used. 

Water hardness i s r e l a t e d to the amount of Ca and Mg i n the water. 

With reference t o Table 5.3a i t can be observed t h a t i n most cases Ca 

l e v e l s were approximately three times higher than Mg. On passing 

down the Tweed f o r example, both elements increased p r o p o r t i o n a l l y . I n 

lowland t r i b u t a r i e s however.jthe r e l a t i v e Mg content was s l i g h t l y 

higher i n p r o p o r t i o n t o Ca. I n general discussions, the terms very 

s o f t , s o f t , average, moderately hard and hard waters r e f e r to Ca hardness, 

which are r e l a t e d to values tabulated i n Table 5.3b. Where a more 

accurate d e s c r i p t i o n i s r e q u i r e d , the actual l e v e l s of Mg and Ca are 

given. 

Mg as percentage 
sampling s i t e Mg mean Ca mean of Ca le v e l s 

Tweed f i n g l a n d s 4.8 14.6 33 

LYNE FOOT 7.8 30.4 26 

Tweed Walkerburn 5.0 18.0 28 

ETTRICK FOOT 4.3 14.0 31 

Tweed Gattonside 5.2 17.8 30 

JED FOOT 20.5 43.1 47 

TEVIOT FOOT 13.1 42.3 31 

EDEN FOOT 20.1 47.8 42 

TILL FOOT 9.5 29.3 32 

Tweed Union Bridge 8.2 26.1 31 

BIACKADDER FOOT 23.5 50.0 47 

Table 5.3a Examples of chemistry r e s u l t s to show r e l a t i o n s h i p between 

Mg and Ca l e v e l s i n the Tweed and i t s t r i b u t a r i e s . 
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c l a s s i f i c a t i o n Ca mg 1 -1 

very s o f t < 9.9 

s o f t 10.0 - 19.9 

average 20.0 - 29.9 

moderately hard 30.0 - 44.9 

hard > 45.0 

Table 5.3b Hardness terms used i n the t e x t r e l a t e d to Ca l e v e l s . 

The parameters t h a t are r e f e r r e d t o by the term ' n u t r i e n t s ' are 

P0^-P, NH^-N, IK^-N and NO^-N. Since these r a r e l y showed p r o p o r t i o n a l 

changes r e l a t e d t o one another down the Tweed (see 5.23), each i s 

u s u a l l y described separately. I n many cases however, the n u t r i e n t 

s t a t u s of various s i t e s were so diverse that the terms n u t r i e n t poor and 

n u t r i e n t r i c h could be used i n a comparative manner. (For example, 

see below, taken from 5.22). 

sampling p o i n t P 0 4 ~ p NH^-N N02-N NOg-N 

Tweed Finglands <C 0.010 0.159 < 0.002 < 0.20 

LEET FOOT 0.213 0.365 0.035 1.37 

I t i s important t o stress t h a t the terms described above are 

r e l a t i v e , i n as much as they r e f e r to data from the Tweed Basin only, 

and are not r e l a t e d t o l e v e l s i n other r i v e r systems. 
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Changes i n the con c e n t r a t i o n of each element throughout the Tweed 

has been p l o t t e d i n F i g . 5.23. For the most p a r t the diagrams are s e l f 

explanatory, however, i t i s noteworthy t h a t the f o l l o w i n g elements could 

u s u a l l y be c o r r e l a t e d w i t h one another. 

( i ) The pat t e r n s of Na and K curves were very s i m i l a r , and i n the 
i 

upper t w o - t h i r d s of the r i v e r , almost i d e n t i c a l . 

( i i ) The pat t e r n s of c o n d u c t i v i t y , Mg and Ca curves were also very s i m i l a r , 

w i t h Ca almost e x a c t l y three times higher than Mg. 

( i i i ) Most heavy metal l e v e l s were low i n comparison w i t h those reported 

from other r i v e r s i n the N-E. ( Data from Holmes et_ al_., 1972 and Department 

of Botany, U n i v e r s i t y of Durham, see 1.2 ) . I n comparison w i t h the nearby 

Tyne and Wear, Cu, Mn and Pb l e v e l s were comparable, but Zn, Fe and A l 
were much lower. 
( i v ) PO.-P and NH.-N curves showed c o i n c i d i n g peaks and troughs, both 

f l u c t u a t i o n . 

f l u c t u a t i n g g r e a t l y throughout the r i v e r ; N02~N and NĈ -N showed less 

The water chemistry of the Tweed can most e a s i l y be summarized by 

d i v i d i n g the r i v e r i n t o f o u r regions d e l i m i t e d by the three l a r g e s t 

t r i b u t a r i e s . 

( i ) The upper r e g i o n above the Lyne, the l a r g e s t t r i b u t a r y of the 

upper 70 km of the Tweed (km 0.0 - 34.5). 

( i i ) Between Lyne Foot and E t t r i c k Foot (km 35.0 - 71.5). 

( i i i ) Between E t t r i c k Foot and Teviot Foot (km 72.0 - 108.0) 

( i v ) Teviot Foot t o the bra c k i s h water above Whiteadder Foot (108.5 -

149.5). 

( i ) The upper r e g i o n above the Lyne 
I n t h i s uppermost 35 km of the Tweed, c o n d u c t i v i t y , Na, K, Mg and 

Ca l e v e l s were lower than any other s t r e t c h of the r i v e r . A s l i g h t 
Levels 

increase i n a l l occurred a t km 24.5 below the i n f l u x of the Biggar. £C1, 

PO.-P, N0„-N and N0--N were also the lowest i n the Tweed, the l a s t three 
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being almost always below the d e t e c t i o n l i m i t . NĤ -N l e v e l s throughout the 

r i v e r are d i f f i c u l t t o compare since great f l u c t u a t i o n s were evident; 

l e v e l s were most gen e r a l l y low i n t h i s s t r e t c h , w i t h a small peak 

below Biggar Foot. Si was s l i g h t l y below the mean f o r the whole of the 

Tweed, and again a s l i g h t increase was evident below Biggar Water. 

Perhaps the Biggar 1s canal l i k e features were not s u i t a b l e f o r diatoms, 

and s i l i c a d e p l e t i o n from t h i s source was minimal. 

This s t r e t c h was thus s o f t e r and less n u t r i e n t r i c h than any other 

s t r e t c h of the Tweed. This was p a r t i c u l a r l y evident above Biggar Foot, 

( i i ) Between Lyne Foot and E t t r i c k Foot 

C o n d u c t i v i t y showed an immediate increase from the former s t r e t c h , 

due t o the Lyne. Apart from a small peak below Peebles Sewage Works„ 

the l e v e l was maintained throughout the s t r e t c h . Na and K both increased 

below Lyne Foot, but peaked conspicuously below Peebles ?and to a lesser 

extent below the e f f l u e n t discharged by the towns of I n n e r l e i t h e n and Walker-

hum. The curves s t a b i l i z e d below these peaks to l e v e l s much greater 

i n 

than/the s t r e t c h of r i v e r above the Biggar. Mg and Ca l e v e l s were boosted 

by the Lyne, p a r t i c u l a r l y the l a t t e r . Both dropped s l i g h t l y on passing 

downstream. CI showed only a s l i g h t and gradual increase on passing down­

stream, and only a small peak was v i s a b l e at Peebles. The Lyne was also 

responsible f o r i n c r e a s i n g Si l e v e l s , and i n t h i s s e c t i o n of the Tweed 

the element reached i t s maximal©. PO^-P, NH^-N, and NÔ -N showed obvious 

peaks a t Peebles Sewage Works. The PÔ -P peak was the most conspicuous, 

but although the l e v e l dropped suddenly to approximately 0.030 mg 1 \ 

i t was s t i l l f a r greater than i n the upper 35 km^where i t was r a r e l y 

d e tectable. NH.-N dropped to below l e v e l s i n the upper stre t c h e s . 
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NC^-N which had the smallest peak, i n i t i a l l y dropped, and then rose 

s l i g h t l y on passing downstream. NÔ -N d i d not peak a t the sewage works, 

but reached a plateau and then dropped. I t however reached f a r higher 

l e v e l s than i n the former, more upstream s t r e t c h . 

The main c h a r a c t e r i s t i c s of t h i s s t r e t c h were an increase i n 

c o n d u c t i v i t y , Mg and Ca. Although l e v e l s were greater than i n the upper 

s t r e t c h e s , water hardness remained s o f t . CI and Si were also higher, 

the l a t t e r greater than elsewhere i n the Tweed. Na, K, PO^-P, NĤ -N 

and NC^-N a l l showed obvious peaks r e s u l t i n g from the discharge of 

sewage from the Burgh of Peebles. A l l except NH^-N remained at 

s i g n i f i c a n t l y higher l e v e l s than i n the f ormer.y.more upstream s t r e t c h . The 

s t r e t c h was thus s l i g h t l y harder than km 0.0 - 35.0, but s t i l l s o f t , and 

f a r more n u t r i e n t r i c h , 

( i i i ) E t t t i c k Foot t o Teviot Foot 

C o n d u c t i v i t y increased s l i g h t l y from the former described s t r e t c h ? 

p r i m a r i l y due/°the i n f l u x of the Gala and the Leader. Mg and Ca showed 

a s l i g h t i n i t i a l decrease because of the a d d i t i o n of the large volume of 

water from the r e l a t i v e l y s o f t e r E t t r i c k . Levels increased again f u r t h e r 

downstream due to the i n f l u e n c e of the smaller^yet harder Leader. Na and 

K peaked below Gala Sewage Works.,and boosted l e v e l s t o higher than i n 

the former s t r e t c h , e s p e c i a l l y Na. CI continued i t s very s l i g h t down­

stream increase, and Si dropped s i g n i f i c a n t l y below a l l three a f f l u e n t s 

E t t r i c k , Gala and Leader. Both PÔ -P and NĤ ,-N peaked below Gala, the 

former remained a t i t s highest c o n s i s t e n t l e v e l i n the r i v e r , and the 

l a t t e r dropped very low and then increased again. NO2-N and NÔ -N 

increased g r a d u a l l y , the l a t t e r only s l i g h t l y ^ a n d the former to double i t s 

l e v e l i n the former s t r e t c h . 
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This s t r e t c h was thus only m a r g i n a l l y harder than the former, and 

s t i l l classed as s o f t , and Na, PO^-P, NĤ -N and NĈ -N were s i g n i f i c a n t l y 

higher than before. I t i s noteworthy t h a t the PÔ -P mean a t Gala Ford 

was 0.045 mg 1 \ 0.005 mg 1 ^ lower than the mean value f o r a l l the 

Tweed River P u r i f i c a t i o n Board analyses during the period 1962-1973 

(see 3.59). 

( i v ) T e v i o t Foot to Whiteadder Foot 

Condu c t i v i t y showed a 25% increase below Teviot Foot. I t rose 

t o 200 micro-mhos.,and remained a t the same l e v e l throughout the r e s t of 

the r i v e r . pH showed a c o n s i s t e n t increase of h a l f a u n i t which was also 

maintained throughout the s t r e t c h , except f o r a s l i g h t drop i n the t i d a l 

region. Mg and Ca increased by greater amounts^and also stayed at constant 

l e v e l s throughout. Na remained the same, but K increased s t e a d i l y to 

reach a maximum i n the middle of the s t r e t c h . CI only increased marginally, 

and Si showed a marginal decrease. The l e v e l s of the four 

n u t r i e n t s i n the Tweed and Teviot p r i o r t o t h e i r mixing were very s i m i l a r , 

and only NH^-N showed a s i g n i f i c a n t increase below t h e i r confluence. 

NÔ -N rose only s l i g h t l y , and P0^-P and NO2-N dropped s l i g h t l y . 

This lower s t r e t c h was characterised by harder water of average 

hardness, increased pH, K, NĤ -N, w i t h l i t t l e change i n other elements. 

A discussion of the l e v e l s of heavy metals down the r i v e r has not 

been included because l e v e l s were so low, and v a r i e d l i t t l e from one 

s t r e t c h to another. Only i n the three lowest s i t e s i n the Tweed were 
s i g n i f i c a n t l y higher than elsewhere i n the r i v e r ^ 

l e v e l s of Fe and A l / t h i s could be a t t r i b u t e d to high l e v e l s i n 

the T i l l on 22.V.73. The T i l l ' s f l o w on t h a t date was above average. 

5.4 Water chemistry of t r i b u t a r i e s 

The main features of the chemistry of each t r i b u t a r y are summarized 

and compared w i t h stretches of the Tweed, and to a lesser extent other 
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t r i b u t a r i e s . Only the elements most f r e q u e n t l y r e f e r r e d to i n discussions 

o f p l a n t d i s t r i b u t i o n are described. 

BIGGAR WATER: Data are a v a i l a b l e from only one survey (22.V.72), 

however r i t shows t h a t the Biggar was of higher c o n d u c t i v i t y , Na, K, Mg, Ca, 

CI, S i , PO^-P, N02~N and NOg-N than the upper reaches of the Tweed. I t 

was comparable i n hardness and Nd and K l e v e l s to the mid-reaches of the 

Tweed5 i t was however,more n u t r i e n t r i c h . CI and Si were higher than any 

s t r e t c h of the Tweed. 

LYNE WATER: Co n d u c t i v i t y , Mg and Ca i n t h i s t r i b u t a r y were a k i n to l e v e l s 

i n the lowest stretches of the Tweed, and almost double t h a t of the upper 

reaches above i t s confluence. Na and K were also high, and s i m i l a r to 

l e v e l s i n the Biggar. CI and Si were higher than the upper stretches of 

the Tweed, but lower than i n the Biggar. The Lyne, apart from NO^-N, was 

n u t r i e n t poor and s i m i l a r t o the upper Tweed. The Lyne most resembled the 

upper Whiteadder i n hardness c h a r a c t e r i s t i c s . 

MANOR and EDDLESTON: These t r i b u t a r i e s were not surveyed f o r macrophytes, 

t h e i r water chemistry being important only when considering t h e i r 

i n f l u e n c e on the main r i v e r . The former r i v e r was s o f t and n u t r i e n t poor 

(except f o r NH^-N^and thus had a clean water, d i l u t i o n e f f e c t on the 

Tweed. The l a t t e r on the other hand, was s l i g h t l y harder than the Tweed, 

and very much r i c h e r i n n u t r i e n t s (except NH^-N). The Eddieston thus 

had the opposite e f f e c t t o the Manor. 

YARROW WATER: At the head of t h i s t r i b u t a r y i s St. Mary's Loch, i n t o 

which the very s o f t and n u t r i e n t poor water of the Megget flows. The 

inf l u e n c e of the loch i n a f f e c t i n g the riverte chemistry i s unknown, The 

lower stretches of the Yarrow were softer,, and as n u t r i e n t poor as the 

Tweed above the Biggar. Hardness l e v e l s were intermediate between 

very s o f t and softs Si was as low as a t any s i t e i n the whole catchment, 
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and only NH^-N was higher than i n upper Tweed. 

ETTRICK WATER: For a comprehensive d e s c r i p t i o n of the water chemistry of t h i s 
t r i b u t a r y , 

i t would have been necessary t o sample above and below Yarrow Foot, and 

above and below S e l k i r k Sewage Works. The fo o t of the r i v e r was sampled 

on f i v e occasions, but the s t r e t c h above Yarrow Foot was sampled only 

once. That s i n g l e sample i n d i c a t e d t h a t above the Yarrow, the E t t r i c k 

had a chemistry almost i d e n t i c a l t o t h a t of the upper Tweed, and th a t the 

Yarrow e f f e c t e d a s l i g h t s o f t e n i n g of i t s waters. The e f f e c t of the sewage 

discharge of S e l k i r k was t o s l i g h t l y increase NO^-N, almost double Na, 

K, NH^-N and NC^-N and more than quadruple the PÔ -P l e v e l . I n comparison 

w i t h the Tweed, only PO^-P and NH^-N were high; the former was equivalent 

t o the reaches above Teviot Foot,,where i t was c o n s i s t a n t l y a t i t s highest 

l e v e l i n the TweedJ and the l a t t e r was higher than i n any other s i t e s , except 

i n the Jed below Jedburgh Sewage Works. 

GALA and LEADER WATERS: These t r i b u t a r i e s discharge t h e i r waters i n t o 

the Tweed between the E t t r i c k and Te v i o t . They were not surveyed f o r 

macrophytes, and are thus discussed only b r i e f l y . Gala was marginally 

harder, and of s i m i l a r n u t r i e n t s tatus as the Tweed, and thus had l i t t l e 

e f f e c t on the chemistry of the l a r g e r r i v e r . The l a t t e r was,however,of 

average hardness^and hence being harder than the Tweed i t caused a r i s e 

i n c o n d u c t i v i t y , Mg and Ca. 

RIVER TEVIOT: Three s i t e s were r e g u l a r l y sampled to show any changes 

down i t s e n t i r e l e n g t h . Even i n the upper stretches above Hawick, hardness 

l e v e l s were f a r greater than i n the lowest stretches of the Tweed. The 

water was hard from the beginning^and only increased s l i g h t l y downstream, 

w i t h Mg showing a d i s p r o p o r t i o n a t e increase t o Ca. Na and K increased 

downstream, but i n the lower reaches was no greater than i n the equivalent 

s t r e t c h of the Tweed. CI also increased on passing downstreanubut was 
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only higher than i n the Tweed i n stretches below the Jed. S i , as i n 

the Tweed, decreased downstream. PÔ -P was undetectable above Hawick, 

but increased to a maximum i n m i d - r i v e r (almost c e r t a i n l y due to Hawick), 

and then became s l i g h t l y reduced i n the lowest s t r e t c h e s . Between Hawick 

and T e v i o t Foot, PÔ -P l e v e l s were c o n s i s t e n t l y higher than i n the Tweed. 

NH^-N was highest above Hawick, and i n the lower stretches less than i n 

the lower h a l f of the Tweed. NC^-N and NO^N l e v e l s were s i m i l a r to those 

i n the Tweed. The major t r i b u t a r y i n f l u e n c i n g the chemistry of the Teviot 

was the Jed, and since i t was surveyed f o r macrophytes, i t w i l l be discussed 

separately. 

JED WATER: Jed Foot was included i n the main survey^and on 22.V. 73,two 

a d d i t i o n a l samples were taken from above the burgh's sewage works. The 

Jed had moderately hard water and Mg, Na and K were double t h a t of the 

Te v i o t . The a d d i t i o n a l samples above the sewage works i n d i c a t e t h a t the 

burgh's e f f l u e n t was responsible. Gl washigher than elsewhere i n the Basin, and 

l i k e Na, double the value above the sewage works. Of the major nutrients^NO^-N 

l e v e l s were low, both above and below the e f f l u e n t . , PÔ -P and N02~N 

were h i g h , and very s i g n i f i c a n t l y increased below the sewage works. NĤ -N 

c o n s i s t e n t l y d uring the survey reached very high l e v e l s below the sewage 

works, and was almost twice as high as the next highest s i t e i n the Tweed 

Basin; i . e . below S e l k i r k Sewage Works i n the E t t r i c k . 

EDEN WATER: This t r i b u t a r y was harder than the Jed, but l e v e l s of Na 

and K were lower. The n u t r i e n t status of the Eden was comparable w i t h 

the lowest stretches of the T e v i o t , and CI and Si means were also almost 

i d e n t i c a l . 

LEET WATER: This t r i b u t a r y and the smaller Lambden Burn were by f a r the 

hardest t r i b u t a r i e s of the Tweed. Even a t i t s f o o t , a f t e r mixing w i t h water 

from the Tweed t h a t comes from a mill--lade, the water of the Leet was 
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s t i l l hard. The s i n g l e sample taken of the Leet above Leithen (km -12.3) 

had c o n d u c t i v i t y of 750 micro-mhos and Ca of 129 mg 1 1 . Na and K were 

also h i g h , w i t h the former being lower than i n the Jed. CI was high, 

and i n the upper st r e t c h e s higher than i n any other s i t e i n the Tweed. 

PO^-P, N02~N and NÔ -N were the highest of a l l the t r i b u t a r i e s surveyed 

f o r macrophytes, but NH^-N was no higher than i n the lowest stretches of 

the Tweed. 
may be taken as 

RIVER TILL: I f one s i t e on the T i l l (km -1.5) / representative of thechemistry 

of the whole r i v e r , i t can be regarded as of average hardness, yet s l i g h t l y 

harder than the lowest stretches of the Tweed. Na and K were also higher. 

A l l the major n u t r i e n t s were lower than i n the lower stretches of the 

Tweed. Si on the other hand^was higher than i n the lower stretches of 
i n 

the Tweed, and also higher than/any other large t r i b u t a r i e s . 

BLACKADDER WATER: This was the hardest and most n u t r i e n t r i c h large 

t r i b u t a r y . At i t s f o o t i t was very hard, w i t h Mg le v e l s a t 23.5 mg 1 ̂  

and Ca a t 50 mg 1 Na and K were high too. CI and Si were a t s i m i l a r 

l e v e l s as a t the f o o t of the Tevi o t , but a l l n u t r i e n t s except N02~N 

were higher, PÔ -P i n p a r t i c u l a r was higher than a t any s i t e except Leet 

Foot. Phosphate,,however, as the samples of the r i v e r on 22.V.73 show, 

were not high throughout the r i v e r s l e n g t h . High values were confined t o 

below Langton Burn which c a r r i e d the e f f l u e n t of the town of Duns, NĤ -N 

was not p a r t i c u l a r l y h i g h , but NÔ -N was higher than a l l others except 

the Eden and Leet. This too^was due t o the Langton „ 

WHITEADDER WATER: Above Blackadder Foot the Whiteadder was of average 

hardness^with Mg higher, and Ca lower than i n the Tweed below Teviot 

Foot. C o n d u c t i v i t y , Na and K were only marginally higher . I t s 

n u t r i e n t status was equivalent t o the Tweed above Teviot Foot i n a l l but 

i t s PO.-P, which was 60% lower. 
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The mixing of the two Adder Waters r e s u l t e d i n c o n d u c t i v i t y , K, 
r i v e r 

Mg and Ca a t the f o o t o": the/being almost exactly h a l f the t o t a l of the two 

a f f l u e n t s above t h e i r confluence. This r e s u l t e d i n the water being classed 

as hard. The Blackadder increased PO.-P and NH.-N l e v e l s i n the Whiteadder, 
4 4 

but NC>2~N and NÔ -N were not g r e a t l y a f f e c t e d , the former increasing 9and 

the l a t t e r decreasing on passing downstream. N u t r i e n t l e v e l s were 

gen e r a l l y s i m i l a r t o those i n the lowest stretches of the Tweed, but CI 

was higher. 
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6. PRIMARY MACROPHYTE DATA 

6.1 I n t r o d u c t i o n 

The primary data of the two r i v e r s which were surveyed t^rou^hout t h e i r 

e n t i r e lengths, and also the 10 t r i b u t a r i e s which received only p a r t i a l 

surveys^are given i n f u l l i n t h i s chapter. 

As the Tweed i s the major r i v e r of the catchment area i t was studied 

throughout i t s e n t i r e l e n g t h . Because the Teviot i s the l a r g e s t t r i b u t a r y , 

and since greatest changes i n the r e c i p i e n t r i v e r occurred immediately 

below Teviot Foot, t h a t r i v e r was also surveyed throughout i t s e n t i r e 

l e n g t h . Lack of survey time l i m i t e d the number, and also the extent to 

which other t r i b u t a r i e s could be surveyed. The f o l l o w i n g t r i b u t a r i e s 
fa,. 

were selected f o r macrophyte surveys f o r the reasons o u t l i n e d below (seef2.2a). 

( i ) Biggar Water; although the most upstream t r i b u t a r y surveyed, t h i s 

t r i b u t a r y had a t y p i c a l p h y s i c a l c h a r a c t e r i s t i c s (see 3.2). 

( i i ) Lyne Water: t h i s was the l a r g e s t t r i b u t a r y i n the upper one-third 

of the catchment area,and i n hardness c h a r a c t e r i s t i c s i t most resembled 

the lower stretches of the Tweed ( see 5.4 ) . 

( i i i ) Yarrow Water: t r i b u t a r y of the E t t r i c k t h a t has a h i s t o r y of being 

devoid of "weed" growths ( Steven, 1916), but reported by Mr J. C. Currie, 

1971, personal communication) to support extensive attached a l g a l growths 

d u r i n g the summer months. 

( i v ) E t t r i c k Water: one of the four l a r g e s t t r i b u t a r i e s of the Tweed 

(v) Jed Water: t r i b u t a r y of the Teviot that has moderately hard water,, 

and i t s water chemistry i s , and has i n the past been e f f e c t e d g r e a t l y by 

the e f f l u e n t of Jedburgh (see 3«56 and 5.4). 

( v i ) Eden Water: a hard water , small^rocky, r e l a t i v e l y f a s t f l o w i n g 

t r i b u t a r y t h a t had ph y s i c a l c h a r a c t e r i s t i c s more ak i n to streams i n 

higher reaches, although f l o w i n g a t low a l t i t u d e ( see 3.2 ) . 

( v i i ) Leet Water: a small, very slow f l o w i n g a f f l u e n t t h a t was harder 
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and more n u t r i e n t r i c h than any other t r i b u t a r y of the Tweed ( see 5.4 ) . 
i 

( v i i i ) River T i l l ; one of the l a r g e s t t r i b u t a r i e s of the Tweed, which 

drains a f l a t a l l u v i a l p l a i n and i s thus very slow f l o w i n g ( see 3.2 ) . 

( i x ) Blackadder Water: t r i b u t a r y of the Whiteadder, and i s slow f l o w i n g , 

hard and n u t r i e n t r i c h ( see 3.2, 5.4 ) . 

(x) Whiteadder Water; large t r i b u t a r y t h a t discharges i n t o the t i d a l 

reaches of the Tweed. I t was thus very useful as a c o n t r o l r i v e r i n 

a s c e r t a i n i n g the importance of donor t r i b u t a r i e s p r o v i d i n g inocula to 

r e c i p i e n t r i v e r s , 

Macrophyte data f o r the Tweed are expressed from l e f t t o r i g h t from 

km 0.0 at the source of the r i v e r i n descending order downstream to 

km 149.5 i n the t i d a l reaches. Conversely, t r i b u t a r y data are given i n 

reverse order from t h e i r confluence w i t h the Tweed (km -0.0), to ascending 

k i l o m e t e r reference p o i n t s higher upstream. I n the case of the Yarrow 

and Blackadder, l a r g e t r i b u t a r i e s of the E t t r i c k and Whiteadder r e s p e c t i v e l y , 

the p o i n t a t which they j o i n e d t h e i r respective t r i b u t a r i e s are expressed 

as the distance from which they are from the Tweed. Yarrow Foot i s thus 

designated km -7.5 and Blackadder Foot km -17.5 (see F i g . 2.2a). This 

has been done because the E t t r i c k and Yarrow at t h e i r confluence are of 

near comparable s i z e , as are the Blackadder and Whiteadder a t t h e i r 

confluence. As the Jed was such a small t r i b u t a r y i n comparison w i t h the 

Te v i o t , the f o o t of t h a t t r i b u t a r y vras designated km -0.0. 

The presence or absence of each macrophyte w i t h i n 0.5 km lengths 

i s i n d i c a t e d by the presence or absence of a f i g u r e i n the t a b l e s . A 

blank shows t h a t the species was absent, and a f i g u r e between 1 and 5 

in d i c a t e s the presence of the species, as w e l l as i t s abundance 

w i t h i n each 0.5 km lenp.th (see 2.2). For r i v e r s surveyed throughout, 

( 6 . 2 ) , the number of times a species was recorded, and i t s t o t a l abundance 
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within every 10 km i s summarized to the right of each page^ Where 

the length of p a r t i a l l y surveyed tributaries exceeded 10 km, (e.g. 6.37), 

the data have been separated into 10 km stretches i n order to f a c i l i t a t e 

ease of comparison with similar stretches of the main r i v e r and other 

t r i b u t a r i e s . I t also makes back reference to the raw data es° ier when 

considering the simulated data i n histograms 8.62 and 8.63. 

I n 6.41, the d i s t r i b u t i o n of species i n the Tweed have been summarized 

i n histogram form. The presence or absence from twenty 0.5 km has been 

plotted for 15 consecutive 10 km stretches from km 0.0 - 9.5 to 140.0' -

149.5. The overall d i s t r i b u t i o n of each species i n the whole catchment 

area have been summarized i n 6.42. Both completely and p a r t i a l l y surveyed 

r i v e r s have been divided into 10 km stretches, and the presence or 

absence of each species within their plotted. Where a species was absent 

i n a r i v e r above a tributary, but common below, and probably inoculated 

into i t by the tributary (e.g. Myriophyllum spicatum i n the Tweed at 

Teviot Foot, km 108.5), only the stretch below the confluence has been 

shaded. I n a l l other cases, i f the species was present, a l b e i t only 

once i n a 10 km stretch, the whole stretch was shaded. 

I n 6.5 the merit of including an abundance value^in addition to 

merely recording the presence of the species i s i l l u s t r a t e d with reference to 

data given i n 6.2 and 6.3. 

The p r e s e n t a t i o n of t h e f o l l o w i n g p r i m a r y d a t a s e c t i o n i s c l a r i f i e d 
below by s u m m a r i z i n g t h e s e q u e n c e i n which the m a t e r i a l i s t a b u l a t e d . 
6.21 P r i m a r y macrophyte d a t a from Tweed pp. 136 - 166 
6.22 P r i m a r y macrophyte d a t a from T e v i o t pp. 167 - 180 
6.3 P r i m a r y macrophyte d a t a from t r i b u t a r i e s pp. 181 - 199 

6.41 D i s t r i b u t i o n p a t t e r n s of the s p e c i e s l i s t e d i n pp. 200 - 208 
6.21 i n s u c c e s s i v e 10 km s t r e t c h e s of the Tweed 

6.42 Summary diagrams of t h e whole Tweed B a s i n f o r pp. 209 - 220 
a l l s p e c i e s r e c o r d e d a t l e a s t f i v e t i m e s from 
e i t h e r t h e Tweed or i t s t r i b u t a r i e s 

The t e x t c o n t i n u e s on p. 221 w i t h a d i s c u s s i o n and c o m p a r i s o n 
of two r e c o r d i n g methods. 
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species 
km down River Tweed 

0 to 
01 £ a yr a. 

N O M (0 

P H rt 

it W 

Nostoc parmelioides 
Nostoc other sp(p) . 
Phormidium spp. 
Hildenbrandia r i v u l a r i s 
Lemanea f l u v i a t i l i s 
Botrydium granulatum 
Vaucheria sp(p) . 
Didymosphenia geminata 
Herlbaudiel la f l u v i a t i l i s 
Cladophora glomerata 
Cladophora sp . 'A ' 
Enteromorpha sp(p) . 
Haeinatococcus v i r i d e 
Monostroma hullosum 
Oedogonium spp. 
Tetraspora sp(p) . 
Stigeoclonium tenue 
U l o t h r i x zonata 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
Verrucaria praetermissa 
Verrucaria other spp. 
Acrocladiura cuspidatum 
Amphidiuro mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulura 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 
CinclidottiLs fon t ina lo ides 
Climaciura dendroides 
Conocephaluw conicum 
Cratoneuron f i l i c i n u m 
Dichodontium pellucidum 
Eurhynehium r ipa r io ides 
Fissidens adiauthoides 
$Y crassipes 
Font ina l i s an t ipyre t i ca 3 
F. ant. var. g r a c i l i s 
Funaria hygrometrica 
Grimmia a lp i co la 2 
Hygroarablestegium l l u v i a t 2 
Hygrohypnum luriduni ( i l e 4 
H. ochraceum 2 
Lepfcodictyum riparium 
Leskea polycarpa 
Marchant is polymorpha 
Mnium longirostrum 
M. punctatum 1 1 
Orthotrichuin r i v u l a r o 

* 
* 
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species km down River Tweed 
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P e l l i a e n d i v i i f o l i a 
P. epiphyl la 
Ph i lono t i s fontana 
Seapania undulata 
Solenostoma t r i s t e 
Thamnium alopecurum 
Tor tu la mutica 
Rhacoraitrium ac i cu l a r i s 
R. aquaticum 
Rhytidiadelphus squarrosus 
C a l l i t r i c h e spp. 
Caltha pa lu s t r i s 
Carex nigra 
C. ros t ra ta 
Carex other spp. 
Cochlearia alpina 
Eleocharis pa lu s t r i s 
Elodea canadensis 
Equisetum f l u v i a t i l e 
F i l ipendula ulmaria 
Glyceria f Ju i tans 
I r i s pseudacorus 
Juncus a c u t i l l o r u s 1 
J. e f fusus 1 
J. i n f l exus 
Mentha aquatica 
Mimulus guttatus 1 
Myosotis tscorpioidos l 
Myriophyllum alternillorum2 
M. spicatuia 
Phalaris arundinacea 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 
P. natans 
P. x olivaceus 
P. pectinatus 
P. p e r f o l i a t u s 
P. p u s i l l u s 
P. x s a l i c i f o l i u s 
P. x suecicus 
Ranunculus a q u a t i l i s agg. 
R. flammula 
R. f l u i t a n s x ? 
R. p e n i c i l l a t u s var. calcar 
Rorippa amphibia (eus 
R. nasturtium-aquaticum 
Scirpus sylvat icus 
Sparganium erectum 
Veronxca beccabunga 1 
Zannichel l ia pa lu s t r i s 
sewage fungus (obvious) 
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Nostoc parmelioides 
Nostoc other sp(p) . 
Phormidium spp. 
Hildeubrandia r i v u l a r i s 
Lemanea f l u v i a t i l i s 
Botrydium granulatum 
Vaucheria sp(p) . 
Didyraosphenia geminata 2 
Heribaudiel la f l u v i a t i l i s 1 
Cladophora glomerata 
Cladophora S p . ' A ' 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 1 
Monostroma bullosum 
Oedogonium spp. 
Tetraspora sp(p) . 
StigeocIonium tenue 
U l o t h r i x zonata 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
Verrucaria praetermissa 
Verrucaria other spp. 2 
Acrocladium cuspidatum 2 
Amphidium mougeotii 
Brachythecium plumosum 4 
B. r i v u l a r e 
B. rutabulum 
Bryum pseudotriquetrum 2 
Chiloscyphus polyanthos 
Cincl idotds font inaloides2 
Climaciura dendroides 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 1 
Dichodontium pellucidum 
Eurhynchiura r i pa r io ides 
Fissidens adianthoides 
F. crassipes 
Font ina l i s an t ipyre t i ca 
F. ant. var. g r a c i l i s 
Funaria hygrometrica 
Griromia a lp ico la 2 
Hygroarablystegium f l u v i a t 4 
Hygrohypnum luridum ( i l e 2 
H. ochraceura 
Leptodictyura r ipar ium 
Leskea polycarpa 
Marchantia polymorpha 
Mniura longirostrum 2 
M. punctatum 1 
Orthotrichum r i v u l a r e 
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species km down River Tweed 
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Pe l l i a e n d i v i i f o l i a 
P. epiphyl la 1 
Phi lonot is fontana 2 
Scapania undulata 1 
Solenostoma t r i s t e 1 
Thamniura alopecurum 
Tortula mutica 
Rhacomitrium ac icu la r i s 
R. aquaticum 
Rhytidiadelphus squarrosusl 
C a l l i t r i c h e spp. 1 
Caltha p a l u s t r i s 1 
Carex nigra 1 
C. ros t ra ta 
Carex other spp. 
Cochlearia alpina 1 
Eleocharis pa lu s t r i s 
Elodea canadensis 
Equisetum f l u v i a t i l e 
Fi l ipendula ulmaria 
Glyceria f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J. effusus 
J. i n f l exus 
Mentha aquatica 
Mimulus guttatus 
Myosotis scorpioidea 
Myriophyllum alterniflorum3 
M. spicatum 
Phalaris arundinacea 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 
P. natans 
P. x olivaceus 
P. pectinatus 
P. p e r f o l i a t u s 
P. pus i l l u s 
P. x s a l i c i f o l i u s 
P. x suecicus 
Ranunculus a q u a t i l i s agg. 
R. flammula 
R. f l u i t a n s x ? 
R. p e n i c i l l a t u s var. calcar 
Rorippa amphibia (eus 
R. nasturtium-aquaticum 1 
Scirpus sy lva t icus 
Sparganium erectura 
Veronica beccabunga 1 
Zannichel l ia pa lu s t r i s 
sewage fungus (obvious) 
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16 26 * ft 
16 17 * * 

* 

* 
ft 
* * 
ft 

ft! 

8 8 
ft 
* 

2 2 
Ik lh 
1 1 
ft 

16 16 
# 

* 

1 1 0 
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Nostoc parmelioides 
Nostoc other sp(p) . 
Phormidium spp. 
Hildenbrandia r i v u l a r i s 
Lemanea f i u v i a t i i i s 
Botrydium granulatuin 
Vaucheria sp(p) . 
Didymosphenia geminata 
Heribaudiel la f i u v i a t i i i s 
Cladophora glomerata 
Cladophora sp. ' A * 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 
Jionostroma bullosum 
Oedogoniura spp. 
Tetraspora sp(p) . 
Stigeoclonium tenue 
U l o t h r i x zonata 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
Verrucaria praotermissa 
Verrucaria other spp. 
Acrocladium cuspidatum 
Amphidium mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulum 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 
Cincl idotds fon t ina lo ides 
Climacium dendroides 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 
Dichodontium pellucidum 
Eurhynchium r ipa r io ides 
Fissidens adianthoides 
F. crassipes 
Fon t ina l i s an t ipyre t i ca 
F. ant . var. g r a c i l i s 
Funaria hygrometrica 
Grimmia a lp ico la 
Hygroamblestegium f l u v i a t 
Hygrohypnum luridum ( i l e 
H. ochraceuai 
Leptodictyura r ipar ium 
Leskea polycarpa 
Marchantia polymorpha 
Mnium longirostrum 
M. punctatum 
Orthotrichuin r i v u l a r e 

1 
1 

1 1 1 1 1 2 2 
1 1 1 1 1 1 1 2 1 2 2 

1 1 1 1 2 1 1 

1 5 5 5 5 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 2 1 1 

1 1 2 

1 
1 

1 1 1 
1 2 

2 2 
2 2 4 

2 
1 
1 
1 
2 
2 
1 
1 

1 1 

1 1 2 1 1 1 1 1 1 2 1 1 1 2 1 3 1 

1 1 1 1 2 1 1 1 1 1 1 2 1 1 1 1 2 
1 2 3 1 2 3 1 1 1 2 4 3 1 1 1 

1 1 1 1 1 1 
1 1 1 1 1 1 1 

1 2 
1 1 2 1 

1 2 1 1 1 1 2 1 2 1 2 2 1 1 
2 1 1 1 1 1 1 1 1 

1 
2 1 1 1 1 1 
1 1 1 2 2 2 1 2 1 1 1 2 2 1 4 

1 
2 2 1 2 1 1 1 1 2 1 2 

1 1 1 1 1 1 1 1 1 1 
2 3 3 2 1 2 1 2 3 1 1 3 3 

1 
2 1 1 1 1 1 1 1 
1 1 2 2 1 1 1 1 1 1 1 1 1 2 1 1 
2 2 1 1 2 1 1 1 1 2 1 1 1 
3 4 3 2 1 1 3 1 3 4 3 2 4 3 3 3 1 
1 1 1 

2 1 2 
3 1 3 
5 3 5 

2 

1 
1 1 

1 1 1 
1 
1 1 

1 
1 

2 
1 

O s» cr 
tn c 

is 

w CL 
B (3 B 
a o n to 
• r+ • S H (t 
M H g O 

* * 
* * 
7 9 

12 15 
8 10 
* * 
* * 

10 31 
15 15 
6 7 

2 
* 

4 3 4 3 3 3 2 1 1 1 1 3 2 2 3 3 3 3 3 3 

1 1 1 
2 2 1 2 1 1 1 1 1 1 1 1 2 2 
3 2 4 2 1 1 1 1 4 1 2 4 2 2 3 3 
2 2 2 1 2 1 1 2 
2 1 1 1 2 1 2 

3 1 
1 1 1 

1 1 

* 
* 
2 
* 

20 26 
* * 

20 24 
18 32 
7 7 
8 
* 
* 
3 
5 

8 
* 
* 
4 
6 

17 22 
11 13 

1 1 
8 11 

18 32 
1 3 

14 21 
12 12 
16 31 
2 2 
9 11 

19 24 
16 20 
20 51 

3 3 
* * 

20 51 
* 
3 

* 
3 17 24 

19 43 
11 26 
8 12 
* * 
2 
6 
8 
3 
3 

4 
7 
8 
3 
3 

1 4 1 
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2 
1 

1 
1 
1 

P e l l i a e n d i v i i f o l i a 1 1 
P. epiphyl la 
Phi lonot i s fontana 
Scapania undulata 
Solenostoma t r i s t e 
Thamnium alopecurum 
Tortula mutica 
Rhacomitrium ac i cu l a r i s 
R. aquaticum 
Rhyti.diade3pb.us squarrosus 
C a l l i t r i c h e spp. 
Caltha pa lu s t r i s 
Carex nigra 
C. ros t ra ta 
Carex other spp. 
Cochlearia alpina 
Eleocharis p a l u s t r i s 
Elodea canadensis 
Equiseturn f l u v i a t i l e 
F i l ipendula ulmaria 
Glyceria f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J. ef fusus 
J. i n f l exus 
Mentha aquatica 
Mimulus guttatus 1 
Myosotis seorptoides 1 
Myriophyllum a l t e r n i f l o r u m 3 
M. spicatum 
Phalaris arundinacea 1 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 

natans 
x olivaceus 
pectinatus 
p e r f o l i a t u s 
pus i l l u s 
x s a l i c i f o l i u s 
x suecicus 

Ranunculus a q u a t i l i s 
R. flammula 
R. f l u i t a n s x ? 
R. p e n i c i l l a t u s var. 
Rorippa amphibia 
R. nasturtium-aquaticum 1 
Scirpus sylvat icus 
Sparganium orectum 
Veronica beccabunga 1 1 
Zannichel l ia pa lu s t r i s 
Sewage iungus (obvious) 

1 

1 
1 

1 
1 

P. 
P. 
P. 
P. 
P. 
P. 
P. 

1 1 1 1 1 1 1 
1 k 2 2 2 1 1 1 1 1 1 

1 1 2 2 2 1 
1 1 1 1 1 1 1 

1 2 1 1 
1 1 1 1 

1 

1 
1 1 1 1 1 1 1 1 1 1 3 1 1 2 1 

1 1 1 1 1 1 1 1 1 2 1 1 1 
1 1 1 1 

1 2 1 1 1 1 3 1 1 1 1 
1 1 

1 1 
1 1 1 1 1 1 1 

1 1 1 1 1 1 3 1 2 k 
1 1 1 1 1 1 1 2 2 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 

1 1 1 
1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 1 2 1 
1 1 1 1 2 1 1 2 1 1 1 2 1 1 1 1 1 1 1 

1 2 1 1 1 1 1 1 1 2 1 1 1 
1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 2 1 
1 1 1 1 1 1 1 1 1 1 2 1 1 1 r\ 1 1 1 1 
1 2 k 2 3 1 1 1 1 2 2 1 1 2 3 3 2 3 1 

1 1 1 1 1 2 1 3 1 1 2 1 2 1 1 1 1 
1 1 1 1 

3 1 1 3 1 1 1 
1 2 

1 1 1 3 1 1 1 1 1 1 

agg. 

calcar 
(eus 

1 1 
1 

1 

1 1 

3 

3 
7 

3 
7 

12 19 

1 1 1 2 1 1 2 1 2 2 1 

3 1 1 2 3 

1 1 1 1 2 1 1 
1 

1 1 
1 1 1 1 1 1 

1 1 1 1 1 1 

3 3 3 1 
1 1 1 1 

1 1 
1 1 

7 
7 
k 
h 
1 

1 

10 
7 
5 
h 
l 
# 
l 

16 19 
Ik 15 
5 5 

i i m 
2 2 
2 2 
7 7 

10 16 
11 13 
16 16 
5 5 
3 3 

20 22 
20 23 
* * 

13 15 
19 21 
20 22 
20 39 
* * 

18 23 
k h 
7 11 * ft 
2 '3 

10 12 
ft ft 

* 
ft 
ft 

ft ft 
124 18 

ft 
ft 
* 

2 
* 

2 
» 

10 21 
# # 

15 16 
1 1 
9 11 

12 12 
ft # 
* ft 

1 4 2 

http://Rhyti.diade3pb.us
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1 
2 

Nostoc parmelioides 
Nostoc other sp(p) . 
PhorDiidiura spp. 1 
Hildenbrandia r i v u l a r i s 1 
Lemanea f l u v i a t i l i s 
Botrydium granulatum 
Vaucheria sp(p) . 
Didymosphenia geminata 
HeribaudieLla f l u v i a t i l i s 1 1 
Cladophora glomerata 1 
Cladophora s p . ' A ' 
Enteromorpha sp(p; . 
Haematococcus v i r i d e 
Monostroma bullosum 
Oedogonium spp. 
Tetraspora sp(p) . 
Stigeoclonium tenue 
U l o t h r i x zonata 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
Verrucaria praetermissa l 
Verrucaria other spp. l 
Acrocladium cuspidatum 
Amphidium mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulum 1 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 1 
CinclidotiLs fon t ina lo ides 1 
Climaciuin dendroides 
Conocephalum conicum 2 
Cratoneuron f i l i c i n u m 2 
Dichodontium pellucidum 1 
Eurhynchium r ipa r io ides 1 
Fissidens adianthoides 
F. crassipes 
Font ina l i s an t ipyre t i ca 2 3 
F. ant. var. g r a c i l i s 
Funaria hygrometrica 
Grimmia a lp i co l a 2 1 
Hygroarablystegium f l u v i a t 4 3 
Hygrohypnum luridum ( i l e 
H. ochraceum 1 
Leptodictyum riparium 
Leskea polycarpa 3 2 
Marchantia polymorpha 1 
Mnium longirostrum 
M. punctatum 
Orthotrichum r i v u l a r e 

1 2 
1 1 1 
1 1 1 2 2 
1 1 1 1 

1 2 1 1 1 1 2 
1 2 1 1 2 

I 2 
1 1 2 1 1 4 2 2 1 2 1 

1 1 1 

1 1 1 

I I 1 1 2 1 1 1 
2 1 1 2 1 1 1 1 1 2 1 

1 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 
2 1 1 1 2 1 1 
I 1 
I I 1 

1 
1 
1 
1 

1 
1 

1 
1 

2 
3 
2 
3 

1 
1 

1 
1 
1 
1 
2 
1 
3 

1 
1 
2 

1 
2 

1 
1 
1 

1 1 1 1 1 3 
3 1 2 3 1 3 1 

2 3 2 1 1 
5 3 3 5 4 4 3 

1 

3 3 3 1 1 3 2 

1 1 1 
1 1 1 1 
2 2 2 3 2 3 3 

2 
2 2 1 

1 1 1 1 1 
1 1 
1 1 2 

1 
1 1 1 

1 1 1 1 1 1 1 1 1 1 
1 2 1 1 1 1 1 2 1 2 

1 1 
1 1 

3 1 3 3 
1 1 1 1 1 1 1 
1 1 1 1 1 1 
1 1 2 1 1 3 2 2 1 2 1 
1 1 1 2 1 

1 1 1 1 1 2 2 2 1 2 
1 1 1 1 1 

1 1 1 1 2 1 2 
1 1 1 1 1 1 1 2 1 
1 1 5 1 2 1 1 3 3 3 3 

1 1 1 3 3 1 1 1 1 1 
1 2 2 1 1 1 1 2 3 3 1 
2 1 2 1 2 2 1 2 
4 4 3 3 3 4 3 4 3 5 1 

2 1 2 1 1 

1 1 1 2 3 2 3 2 2 3 1 
1 

1 1 
1 1 1 1 1 1 

3 1 2 3 2 1 2 3 3 1 3 
1 
1 1 1 2 

1 
1 1 1 1 

1 2 1 1 1 1 
1 

1 

3 1 
1 1 1 
1 

1 1 

* * 
1 1 
6 7 

19 29 
7 7 
* * 
3 3 
* * 

17 20 
17 22 

1 1 
* * 
1 1 
* * 

20 20 
* * 

19 19 
19 25 
4 4 
6 6 
* * 
4 10 

11 11 
14 14 
20 29 
8 10 
1 1 
7 7 

17 25 
12 12 
12 16 
18 19 
20 41 
* * 

38 26 
20 37 
15 25 
20 68 

6 8 
* * 

20 42 
1 1 
5 5 

12 13 
20 48 

2 3 
8 11 
* * 

10' 15 
10 10 
10 12 
2 2 
6 6 
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P e l l i a e n d i v i i f o l i a 
P. ep iphyl la 
Ph i lono t i s fontana 
Scapania undulata 
Solenostoma t r i s t e 
Thamnium alopecurum 
Tor tu la mutica 
Rhacomitriura ac i cu la r i s 
R. aquaticum 
Rhytidiadolphus squarrosus 
C a l l i t r i c b o spp. 
Caltha p a l u s t r i s 
Carex nigra 
C. ros t ra ta 
Carex other spp. 
Cochlearia alpina 
Eloocharis pa lus t r i s 
Elodea canadensis 
Equiseturn f l u v i a t i l e 
F i l ipendula ulmaria 
Glyceria f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J. e f fusus 
J. ini ' lexus 
Mentha aquatica 
Mimulus guttatus 
Myosotis e&orT*ioifieo 
Myriophylluia a l te rn iJ 
M. spicatum 
Pbalaris arundinacea 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 
P. 
P. 
P. 
P. 
P. 
P. 
P. 

oo ioo ioo iou iOoioo ioy iOuioo ioy i ^ 

1 1 1 1 1 5 5 
1 1 1 1 2 2 1 7 9 

3 2 1 2 2 2 6 12 
1 1 1 3 3 

1 1 1 1 1 1 6 6 
1 1 1 3 3 

1 2 1 1 1 1 6 7 
1 1 2 2 

1 1 1 
i 
1 1 1 1 1 1 1 1 8 8 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 18 18 

1 1 2 2 
1 1 1 1 li- li­ft * 

• * 
1 1 1 1 1 1 2 1 8 9 

1 2 1 1 1 1 1 1 1 3 3 1 3 2 2 3 2 17 29 
1 1 2 2 1 1 1 7 9 
1 1 1 2 1 1 1 2 1 1 1 1 2 2 1 1 16 20 

1 1 1 1 3 3 1 7 11 
1 1 X 

1 1 1 2 1 2 1 1 1 1 1 2 1 1 1>4 17 
1 2 1 2 1 1 1 1 1 9 11 « * 

1 1 1 1 1 1 1 1 1 1 10 10 
1 1 1 1 1 1 1 1 1 1 2 1 1 1 3 3 1 2 2 1 20 26 
1 1 1 1 1 1 1 1 1 2 2 1 1 1 3 3 1 2 2 1 80 28 

i l 1 3 3 U H 1 2 3 3 1 3 2 3 3 2 3 2 20 U8 * * 
2 2 1 1 1 3 1 1 2 2 1 2 3 3 2 3 2 2 2 19 38 2 1 1 1 3 

1 1 1 1 1 5 5 
1 1 1 1 1 1 1 1 1 1 1 11 11 

x olivaceus 
pectinatus 
p e r f o l i a t u s 
p u s i l l u s 
x s a l i c i f o l i u s 
x suecicus 

Ranunculus a q u a t i l i s 
R. flammula 
R. f l u i t a n s x ? 
R. p e n i c i l l a t u s var. 
Rorippa amphibia 
R. nasturtium-aquaticum 
Scirpus sylvat icus 
Sparganiuia eroctum 
Veronica beccabunga 
Zannichcl l ia pa lu s t r i s 
sewage fungus (obvious) 

1 1 1 1 1 1 1 3 3 2 3 U 1 2 2 

agg. 1 1 2 3 1 1 1 1 2 2 1 2 2 1 1 

calcar 
(eus 

1 

2 2 1 2 2 2 1 1 1 1 2 2 2 2 
1 1 1 1 1 1 1 1 

1 1 1 1 
1 2 1 3 3 3 1 2 3 

1 1 1 1 1 1 1 1 1 

17 29 
* * 
* * 

16 23 
* * 

m. 23 « # 
10 10 

U h 
9 19 

10 10 
$ * 

1 4 4 
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O 
Nostoc parmelioides 
Nostoc other sp(p) . 
Phormidium spp. 1 
Hiidenbrandia r i v u l a r i s 2 
Lemanea f l u v i a t i l i s 
Botrydiuw granulatum 
Vaucheria sp(p) . 
Didymosphenia geminata 
Heribaudiel la f l u v i a t i l i s 2 
Cladophora glomerata 1 
Cladophora sp . 'A ' 1 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 
Monostroma bullosum 
Oedogonium spp. 
Tetraspora sp(p) . 
Stigeoclonium tenue 
U l o t h r i x zonata 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
Verrucaria praetermissa 
Verrucaria other spp. 
Acrocladium cuspidatum 
Amphidium mougootii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulum 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 
Cincl idot i i s fon t ina lo ides 
Climacium dendroides 
Conocephalum conicuin 
Cratoneuron f i l i c i n u m 
Dichodontium pellucidum 
Eurhynchium r ipa r io ides 
Fissidens adianthoides 
F. crassipes 
Fon t ina l i s an t ipyre t i ca 
F. ant . var. g r a c i l i s 
Funaria hygrometrica 
Griinmia a lp ico la 
Hygroaniblestegiuro f l u v i a t 1 
Hygrohypnum iuridum ( i l e 
H. ochraceura 
Leptodictyum ripariura 
Leskea polycarpa 
Marchantia polymorpha 
Mnium longirostrura 
M. punctatura 
Orthotrlchum r i v u l a r e 

u i o o i o i f l o u i o w o o i o m o oi o cn o ui 
2 

1 1 2 1 
1 1 1 1 1 1 1 1 2 1 
1 1 2 2 2 1 1 1 1 1 3 3 3 1 3 2 2 1 1 

1 1 1 1 1 

1 1 1 2 1 1 1 1 1 1 1 1 

1 1 1 1 1 2 1 1 1 1 1 1 2 2 1 1 2 1 
1 1 1 3 1 1 1 1 2 1 1 1 1 2 1 
1 

1 1 2 2 1 1 2 1 1 1 1 2 1 
2 2 1 1 2 2 1 1 1 2 2 2 1 

1 1 1 1 
1 

1 1 1 2 
1 1 1 
1 1 1 1 1 1 
3 2 3 3 5 2 2 2 2 2 3 4 1 
1 1 1 1 1 

2 ' 1 
2 1 2 1 1 3 
2 1 1 
2 1 1 1 
1 1 1 1 
1 1 1 3 4 3 2 

1 
1 1 1 
1 
1 2 

1 1 
2 2 

2 2 2 1 3 1 3 1 1 1 3 
1 2 2 1 2 
1 1 1 1 2 2 
3 3 4 3 5 3 4 3 4 4 2 3 3 

1 2 

1 1 2 1 1 2 1 1 1 
3 2 4 3 3 3 3 3 4 2 3 3 2 

2 1 2 1 
1 2 1 

1 1 1 1 1 1 1 1 2 
2 1 1 1 1 

cr 
c w 

0 ^ t» 
S 13 W 
M 0 W (l) 

( J H r t 

O On 

1 2 
4 5 

11 12 
20 34 

5 5 
* * 

12 13 
* * 

19 24 
16 20 
2 2 

1 1 1 1 3 3 1 1 1 1 1 3 2 1 3 2 2 1 1 

1 1 2 1 1 1 
1 1 

1 1 1 
2 3 3 4 2 2 
2 1 1 

1 2 1 2 1 1 
2 1 1 1 1 

1 1 
1 3 2 1 

I 2 1 
I I 1 1 

1 2 1 
3 3 1 3 3 3 

2 

1 3 2 4 3 1 2 3 2 1 2 2 3 1 3 1 1 2 3 3 

1 
1 1 

2 2 1 1 2 2 

1 2 1 1 
1 

1 

* 
* * 

* 
19 28 
* * 

20 25 
16 23 

5 5 
2 
1 
6 
3 
9 

2 
1 
8 
3 
9 

20 53 
8 9 
* 
4 

* 
5 

17 23 
10 12 
6 8 
8 8 

13 26 
* * 

15 25 
10 13 
9 12 

20 65 
3 5 
* * 

20 43 
* * 
1 1 

11 13 
20 49 * * 

* 
5 
3 

7 
4 

13 15 

1 1 

6 
1 
2 

7 
1 
2 

11 a 



O .$» 
D' 

djn C 
U 

species km down River Tv/eed 1?%'a 

O O ^ - « M K) OJ O J ^ ^ O l U l Ol ^ ^ 0 0 <X) -̂O g h"' g p, 
• ' 1 "J 

o u i O u i o o i o o i O a i o o i o a i O a i o u i o u i ^ 
P e l l i a e n d i v i i f o l i a 2. 1 1 3" 3 
P. ep jphy l la 2 1 1 1 1 1 6 ? 
Phi lono t i s fontana 1 1 1 3 3 
Scapania undulata l v 1 1 
i-jolonostoraa t r i s t e 2 1 1 1 1 1 6 7 
Tharamura aiopecurum * * 
Tor t u l a mutica 1 1 2 1 1 1 2 7 9 
Rhacomitrium a c i c u l a r i s * «* 
R. aquaticum # 

Rhytidiadelphus squarrosus 1 l 2 2 
C a l l i t r i c h e spp. 1 1 1 1 1 1 1 1 1 1 1 1 12 12 
Caltha p a l u s t r i s 1 1 1 1 1 i 1 1 1 1 l 1 1 1 1 15 15 
Carex n igra • • 1 1 1 
C. ros t ra ta 1 1 1 2 2 1 6 3 
Carex other spp. 1 <* 

Cochlearia a lp ina 
Eleocharis paLustr is 1 1 1 1 1 3 1 3 1 1 1 11 15 
Elcdea canadensis h 1 2 1 3 3 k 1 3 3 3 2 k U 3 3 3 U U 3 20 
Equisetum f l u v i a t i l e 1 1 1 1 1 1 1 7 7 
F i l ipendula ti lmaria 1 2 1 1 2 1 1 1 1 1 1 2 1 1 1 1 1 1? 

a> 
20 

Glyceria f l u i t a n s 2 1 1 1 1 1 1 1 2 1 3. 2 1 1 
1? 
a> 19 

I r i s pseudacorus 1 i 2 a 
Juncus a c u t i f l o r u s 1 1 1 1 2 1 2 1 1 1 10 12 
J. e f fusus 1 1 1 1 1 2 1 1 1 9 xo 
J. i n f l exus * 
Mentha aquatica 1 1 1 1 1 1 1 1 1 1 1 1 1 13 13 
Miwulus gut ta tus 1 1 2 1 o 

c 
3 3 1 1 2 1 1 3 3 2 1 1 1 1 19 3X 

Myosotis seorpioides 1 1 2 1 2 3 3 1 1 2 2 2 2 2 2 1 1 2 1 1 20 33 
Myriophylluia al ternif lorum3 2 3 3 3 3 3 3 3 3 2 3 3 2 1 3 U 3 3 20 57 
M. spicatum # 

Pbalaris arundinacea 3 2 3 2 2 3 3 3 1 2 3 2 3 3 3 3 2 3 1 2 20 i?9 
Polygonum amphibium 3 3 1 1 1 9 
Potauogeton crispus 1 1 3 1 1 1 2 1 1 3 1 11 16 
P. lucens »?» 

P. natans * 
P. xo l ivaceus h l 2 1 1 1 5 3 3 3 2 1 2 1 1 2 2 3 IS 
P. pectinatus * 
P. perXoliatus 
P. p u s i l l u s # * 
P. 3r s a l i o i f o l i u s * * 
p. x suecicus * 
Ranunculus a q u a t i l i s agg. 1 2 2 1 2 1 5 3 3 U u 5 5 h l h 3 k- 2 h 20 60 
R. flawmula 
R. f l u i t a n s x ? if 
R. p e n i c i l l a t u s var. cs>lc 2 3 3 3 3 3 U 3 3 3 3 3 3 1 2 a^l 4 a> 19 50 
Rorlppa amphibia (ai»oua 1 1 2 2 
R. nasturtium-aquaticura 1 1 1 X 1 1 1 1 1 1 1 1 12 12 
Scirpus sy lva t i cus 1 1 "2 2 
Sparganium crectura 2 1 1 1 2 1 h 1 1 1 2 2 1 1 lh 21 
Veronica beccabunga 2 1 1 1 1 1 1 1 1 3 1 1 1 1 I 15 13 
Zannachellia p a l u s t r i s # 
sewage fungus (obvious) 1 1 S 1 1 1 1 •7 11 

1 1 6 
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Nostoc parmelioides 
Nostoc other sp(p) . 1 
Phormidium spp. 2 2 1 1 
Hildenbrandia r i v u l a r i s 3 3 1 1 1 2 2 1 
Lemanea f i u v i a t i i i s 1 
Botrydium granulatum 
Vaucheria sp(p) . 
Didymosphenia geminata 
Heribaudiel la f i u v i a t i i i s l 1 1 1 1 1 2 
Cladophora glomerata 3 3 1 1 2 
Cladophora sp . 'A ' 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 1 
Monostroua bullosum 
Oedogonium spp. 2 1 2 3 4 1 1 2 
Tetraspora sp(p) . 
Stigeoclonium tenue 1 1 2 1 1 1 1 
U l o t h r i x zonata 1 2 1 2 3 1 1 
Prasiola crispa 
Spirogyra spp. 1 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 1 
Verrucaria praetermissa 1 1 1 
Verrucaria other spp. 3 4 1 2 1 1 
Acrocladium cuspidatum 1 
Araphidium mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 1 
B. rutabulum 2 1 1 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 1 
Cinclidotr ls fon t ina lo ides 1 
Climacium dendroides 
Conocephalum conicum 1 3 
Cratoneuron f i l i c i n u m 1 1 
Dichodontium pellucidum 1 l 
Eurhynchium r ipa r io ides 1 5 1 2 4 1 
Fissidens adianthoides 2 
F. crassipes 
Fon t ina l i s an t ipyre t i ca 1 3 1 3 1 1 3 1 
F. ant . var. g r a c i l i s 
Funaria hygrometrica 
Grimmia a lp ico la 1 1 1 1 
Hygroamblystegium f l u v i a t 3 2 1 3 1 1 2 
Hygrohypnum luridum ( i l e 
H. ochraceum 
Leptodictyum r ipar ium 
Leskea polycarpa 
Marchantia polymorpha 1 1 1 1 1 1 
Mnium longirostrum 1 1 
M. punctatum 
Orthotrichum r i v u l a r e 
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1 2 2 
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3 3 
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2 4 3 

1 
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1 
1 1 2 

1 
4 4 4 

1 1 
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2 1 3 1 
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1 
1 2 1 
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1 1 
1 
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1 1 

2 
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1 
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2 2 
1 

2 1 

3 1 
1 1 
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1 
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4 
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* 
4 
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17 
* 
8 

13 
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11 
4 
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14 
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4 4 

* 
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* 
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23 

1 
* 
1 
* 

18 34 
* * 

18 19 
14 19 

* 
5 
* 
n 
4 

17 20 43 
5 5 

* 
* 
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* 

11 
15 

* 
12 

6 
7 

20 55 
5 6 
* * 
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* 
2 
9 
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* 
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2 
* 

11 
4 
* 
1 

3 4 7 
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P e l l i a e n d i v i i f o l i a 
P. ep iphyl la 
Ph i lono t i s fontana 
Seapania undulata 
SoLenowLoma t r i s t e 
Tha milium alopecurum 
Tor tu la rautjea 
RhacomitriuTn a c i c u l a r i s 
R. aquaticum 
HhytLdiauelphus squarrosus 
Ca'.Jicriche spp. 
Ca 1 th -i pa lus t r i s 
Carex nigra 
C. ros t ra ta 
Carex other spp. 
Cochlears a a lp ina 
Eleocharis p a l u s t r i s 
Elodea canadensis 
Equiseturn f l u v i a t i l e 
F i i ipendula uimaria 
Giyucria flxiLtans 
I r i s pseudpeovus 
Juncus a c u t i f l o r u s 
J. e f fusuc 
J. i n£ lexus 
Mentha aquatica 
Miiaulus guttatus 
Myosotis seorpioideor 
liyriopJiy] iura a l t e r n i f l o r u m 
M. spicatum 
Phaiar is arundinacea 
Polygonum anphibium 
Polamogeton crispus 
P. 1ucons 
P. natans 
P. x olivaccus 
P. poctinatus 
P. p e r f o l i a t u s 
P. pus\1lus 
P. x s a l i c i f o l i u s 
P. x suecicus 
Ranunculus a q u a t i l i s agg* 
R. flammuia 
R. f l u i t a n o x ? 
R, p e n i c i l l a t u s var. calQ 
Rorijipa anpuibia (?x»«w; 
R. naralurt lun-pquaticum 
8c i V D U S sylvat icus 
Spartaniun erectum 
Verouica boccabunga 
Zaun iclvcl.1 La pa luo t r i a 
sev,viii{j iurgus (obvious) 
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Nostoc parmelioides 
Nostoc other sp(p) . 
Phormidiura spp. 
Hildenbrandia r i v u l a r i s 
Lemanea f i u v i a t i i i s 
Botrydium granulatum 
Vaucheria sp(p) . 
Djdymospheuia geminata 
Heribaudiel la f i u v i a t i i i s 
Cladophora glomerata 
Cladophora sp . 'A ' 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 
Monostroma bullosum 
Oedogoniuia spp. 
Tetraspora sp(p) . 
Stigeoclonium tenue 
U l o t h r i x zonata 
Prasiola eraspa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Deraiatocarpon f l u v i a t i i e 
Verrucaria praetermissa 
Verrucaria other spp. 
Acrocladium cuspidatum 
Amphidium mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulum 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 
CinclidottLs fon t ina lo ides 
Climacium dendroides 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 
Dichodontium pellucidum 
Eurhynchium r ipa r io ides 
Fissidens adianthoides 
F. crassipes 
Font ina l i s an t ipyre t i ca 
F. ant. var. g r a c i l i s 
Funaria hygrometrica 
Grimmia a lp ico la 
Hygroamblestegium f l u v i a t 
Hygrohypnum luridum ( i l e 
H. ochraceum 
Leptodictyum r ipar ium 
Leskea polycarpa 
Marchantia polymorpha 
Mnium longirostrum 
M. punctatum 
Orthotrichum r i v u l a r e 
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1 2 2 
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1 
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7 12 
1 1 

16 23 
20 36 

7 7 
* * 
1 1 
* * 

20 26 
15 16 
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1 

P e l l i a e n d i v i i f o l i a 
P. ep iphyl la 
Ph i lono t i s fontana 
Scapania undulata 
Solenostorua t r i s t e 
Thamnium alopecurum 
Tor tu la mutica 
Rhacomitrium ac i cu l a r i s 
R. aquaticum 
Rhyfcidiadelphus squarrosus 
C a l l i t r i c h e spp. 
Caltha p a l u s t r i s 
Carex n igra 
C. ros t r a t a 
Carex other spp. 
Cochlearia a lp ina 
Eloocharis p a l u s t r i s 
Elodea canadensis 
Equisetum f l u v i a t i l e 
Fil ipenclula ulroaria 
Glyceria f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J. e f fusus 
J. i n f l e x u s 
Mentha aquatica 
Mimulus gut tatus 1 
Myosotis Scorpioi€.ou. 1 
Myriophyllum a l t e r n i f l o r u m 2 
M. spicaUun 
Phe.laris arundinacea 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 

natans 
x olivaceus 
pect inatus 
p e r f o l i a t u s 
p u s i l l u s 
x s a l i c i f o l i u s 
x suecicus 

Ranunculus a q u a t i l i s 
R. flammula 
R. f l u Ltans x ? 
R. p e n i c i l l a t u s var. 
Rorippa ainphibia (rreui 
R. nasturtium-aquaticum 
Scirpus sy lva t icus 
Spavganium eroctum 
Veronica boccabun^a 
Zannxcheliia paluat i ' i s 
sewage fungus (obvious) 

1 X 1 1 1 

P. 
P. 
P. 
P. 
P. 
P. 
P. 

1 1 1 1 
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1 1 1 
1 1 1 

1 
1 1 

1 1 
1 1 1 

1 1 
2 3 1 2 

1 1 

Nostoc parmelioides l 
Nostoc other sp(p) . 
Phormidium spp. 1 
Hildenbrandia r i v u l a r i s 1 
Lemanea f l u v i a t i l i s 
Botrydium granula turn 
Vaucberia sp(p). 
Didymosphenia geminata 
Heribaudiel la f l u v i a t i l i s 2 
Cladophora glomerata 
Cladopbora sp . 'A ' 
Enteromorpha sp(p) . 
Haematococcus v i r i d e 
Monostroma bullosum 
Oedogonium spp. 
Tetraspora sp(p) . 
StigeocIonium tenue 1 
U l o t h r i x zonata 1 
Prasiola crispa 
Spirogyra spp. 
Collema flaccidum 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 1 
Verrucaria praetermissa l 
Verrucaria other spp. l 
Acrocladium cuspIdaturn 
Amphidium mougeotii 
Brachythecium plumosum 
B. r i v u l a r e 
B. rutabulum 
Bryum pseudotriquetrum 
Chiloscyphus polyanthos 1 1 1 1 
CinclidotriLs fon t ina lo ides 2 
Climacium dendroides 
Conocephalum conicum 1 1 1 2 
Cratoneuron f i l i c i n u m 
Dichodontium pellucidum 1 
Eurhynchium r ipa r io ides 
Fissidens adianthoides 
F. crassipes 
Fon t ina l i s an t ipyre t i ca 1 1 2 1 ? 
F. ant . var. g r a c i l i s 
Funaria hygrometrica 1 
Grimtnia a lp ico la 1 1 1 
Hygroamblestegium f l u v i a t 1 1 2 1 
Hygrohypnum luridum ( i l e 
H. ochraceum 
Leptodictyum r ipar ium 
Leskea polycarpa 
Marchantia polymorpha 1 
Mnium longirostruia 1 
M. punctatum 
Ort.hotrichum r i v u l a r e 1 
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1 1 1 
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1 1 1 
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1 2 1 1 4 2 1 1 1 
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5 6 
* * 
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* * 
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P e l l i a e n d i v i i f o l i a 
P. epiphyl la 
Phi lonot i s fontana 
Scapania undulata 
Soienostoma t r i s t e 
Thamnium alopecurum 
Tortula mutica 
Rhacomitrium ac i cu la r i s 
R. aquaticum 
RhytidiadeLphus squarrosus 
C a l l i t r i c b e spp. 
Caltha pa lu s t r i s 
Carex nigra 
C. ros t ra ta 
Carex other spp. 
Cochlearia alpina 
Eleocharis pa lu s t r i s 
Elodea canadensis 
Equisetum f l u v i a t i l e 
Fi l ipendula ulmaria 
Glyceria f l u i t a n s 1 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J. ef fusus 
J. i n f l exus 
Mentha aquatica 
Mimulus guttatus 1 
Myosotis seoz-pioidss 1 
Myriophyllum alterniflorum2 
M. spicatum 
Phalaris arundinacea 
Polygonum amphibium 
Potamogeton crispus 
P. lucens 
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18 
* 
4 
5 
1 

26 
10 
21 
21 

* 
* 
* 
2 

25 
* 
2 

27 
* 

15 
4 
4 

36 
13 

* 
12 

* 
2 
7 

23 
* 
* 
2 
* 
6 

11 
* 
8 
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P e l l i a e n d i v i i f o l i a 
P . e p i p h y l l a 
P h i l o n o t i s fontana 
Scapan ia undula ta 
Solenostoraa t r i s t e 
Thamniuin alopecuruia 
T o r t u l a rautica 
Rhacomitrium a c i c u l a r i s 
R. aqua t icum 
R h y t i d i a d e a p h u s s q u a r r o s u s 
C a l l x t r i c h e spp. 
C a l t U a p a l u s t r i s 
Carex n i g r a 
C . r o s t r a t a 
Carex o ther spp. 
C o c h l e a r i a a l p i n a 
E l e o c h a r i s p a i u s t r i s 1 
E l o d e a c a n a d e n s i s 2 
Equi se tum f l u v i a t i l e 1 
F i l i p e n d u l a u l m a r i a 1 
G l > c e r i a f l u i t a n a 
I r i s pceudacorus 
Juncus a c u t i f l o r u s 1 
J . e f E u s u s 
J . i n f l e x u s 
Mentha a q u a t i c a 
Miwulus g u t t a t u s 1 
Myosot i s p c o r p i o i d e s 2 
Myriophyl lura a 11ernif 1 oruiU2 
M. sp icatu ia 
P h a l a r i s arundinacea 2 
Polygonum anphibium 
Potamogeton c r i s p u s 
P . l u c e n s 
P. n a t a n s 
P . x o l i v a c e u s 
P . p e e t i n a t u s 
P. p e r x o l i a t u s 
P. p v i s i l l u s 
P. x s a i i c i f o l i u s 
P . x s u e c i c u s 
Ranunculus a q u a t i l i s agg. 
R. f lammula 
R. f l u L t a n s x ? 2 
R. p e n i c i l l a t u s var . calc2 
R o r i p p a amphibia ( a r o o s 1 1 
R. n a s t u r txuiii-aquaticum 
S c i r p u s s y l v a t t c u u 
Sparganium ercctum 1 1 
V e r o n i c a beccabunga 
Ztmn ache I l i a p a l u s t r i s 
Sewage fungus (obvxous) 

1 

1 1 
1 1 
1 1 
1 1 

2 1 2 

1 1 1 

1 2 
3 2 
1 1 

1 

1 1 

1 
1 1 

1 1 
2 3 

1 1 

1 1 

2 
3 
3 
1 

1 
2 

2 
3 
1 

1 
1 
1 

1 
1 
1 

1 
1 
3 

1 
1 
1 

2 1 
3 1 
2 1 
2 1 
2 1 

1 1 1 1 6 6 

1 1 k 

* 

1 2 2 
1 1 1 1 1 1 1 1 12 12 

# # 
1 2 2 

1 3 3 
* «s* 

1 1 2 2 2 1 2| 3 2 1 1 1 10 28 
2 3 1 2 2 2 2 5 2 2 3 1 20 if 6 
1 1 1 1 1 1 1 1 1 1 15 17 
1 2 1 1 1 2 13 m 
1 

1 1 1 1 5 5 1 1 3 3 
1 1 1 1 1 1 1 2 13 m 

1 1 1 5 5 
1 1 1 
1 1 

1 2 1 1 1 1 1 1 1 1 16 17 
1 2 1 2 2 1 2 1 2 2 1 1 20 30 
3 3 1 1 2 1 2 1 1 1 17 27 

2 2 1 3 3 
2 2 2 2 1 1 2 2 2 1 1 1 20 33 

2 1 2 1 1 1 3 11 18 
1 1 1 1 1 1 11 11 

* « 

1 1 1 
c 1 1 3 U 
2 1 2 
2 1 2 3 
3 1 2 U 

* $ 
* * 

1 2 2 3 2 1 2 1 3 1 h 20 36 
1 

J. 
1 
1 

3 
2 
2 

3 
2 
1 

2 
1 
1 

1 

2 3 
1 1 

3 
1 
1 

5 3 
1 
2 1 

20 U5 
20 25 
11 15 

U 5 
9 17 
3 3 
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Nostoc parmel to ides 1 1 1 4 1 5 8 
Nostoc o ther s p ( p ) . * * 
Phormidium spp. 1 1 1 
H i l d e n b r a n d l a r i v u l a r i s 1 2 2 2 1 3 1 2 3 2 2 2 2 2 3 3 2 1 2 1 20 39 
Lemanea f l u v i a t i l i s * * 
BotrydLum granulatum 1 1 1 1 4 4 
Vaucher ia s p ( p ) . 1 1 1 3 3 
Didymosphenia geminata * * 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 1 2 2 2 1 2 1 2 2 2 1 1 1 15 22 
Cladophora glomerata 2 1 2 1 2 3 1 1 2 1 2 2 3 1 1 3 1 1 2 2 20 34 
Cladophora s p . 'A* 2 1 2 1 2 2 2 1 1 9 14 
Enteroraorpha s p ( p ) . 1 2 1 1 1 2 3 3 3 1 2 2 12 22 
Haematococcus v i r i d e * * 
Monostroma bul losum 1 1 2 2 
Oedogonium spp. 3 5 3 5 5 5 5 3 1 3 2 3 5 5 5 2 3 3 3 2 20 71 
T e t r a s p o r a s p ( p ) . 1 1 1 1 1 5 5 
S t igeoc lon ium tenue 1 3 3 1 1 3 3 3 3 1 1 2 4 3 1 4 16 37 
U l o t h r i x zonata * * 
P r a s i o l a c r i s p a * * 
S p i r o g y r a spp. * * 
Collema f l a c c i d u m * * 
C. f l u v i a t i l e 1 1 3 1 3 2 1 1 1 4 1 1 1 13 21 
Dermatocarpon f l u v i a t i l e 1 1 1 3 3 
V e r r u c a r i a p r a e t e r m i s s a 1 1 1 3 3 
V e r r u c a r i a o ther spp. 1 1 2 2 1 3 2 1 2 3 3 2 2 1 2 1 2 1 18 32 
Acroc lad ium cuspidatum * * 
Amphidium mougeot i i * * 
Brachythec ium plumosum * * 
B . r i v u l a r e 1 1 1 2 1 1 6 * 7 
B . rutabulum 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 16 16 
Bryum pseudotr iquetrum 1 1 1 
Chi lo scyphus polyanthos 1 1 1 
C i n c l i d o t t L s f o n t i n a l o i d e s 1 2 1 1 1 1 1 1 1 1 3 3 1 1 3 15 22 
Cl imacium dendroides * * 
Conocephalum conicum 1 1 1 1 4 4 
Cratoneuron f i l i c i n u m 1 1 2 2 
Dichodontium pe l luc idum 1 1 1 3 3 
Eurhynchium r l p a r i o i d e s 1 1 1 1 1 2 1 1 1 2 2 1 1 13 16 
F i s s i d e n s a d i a n t h o i d e s * * 
F . c r a s s i p e s 3 1 2 1 1 2 1 1 1 1 1 2 12 17 
F o n t i n a l i s a n t i p y r e t i c a 1 1 1 1 1 1 1 7 7 
F . a n t . v a r . g r a c i l i s 1 1 1 
F u n a r i a hygrometrioa 1 1 1 
Grimmia a l p i c o l a 1 1 1 1 1 1 6 6 
Hygroamblestegium f l u v i a t 1 1 1 1 1 1 1 1 1 1 10 10 
Hygrohypnum lur idum ( i l e * * 
H. ochraceum * * 
Leptodictyum r i p a r i u m 1 1 1 1 4 4 
Leskea p o l y c a r p a * * 
Marchant ia po Lymorpha 1 1 1 3 3 
Mniura l o n g i r o s t r u m 1 1 1 1 4 4 
M. punctatum * * 
Orthotr ichum r i v u l a r e 1 1 2 2 
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P e l l i a e n d i v i i f o l i a 3 1 3 
P. e p i p h y l l a 3 1 1 1 1 5 7 
P h i l o n o t i s fontana * * 
S c a p a n i a undula ta * * 
Solenostoma t r i s t e * * 
Tharanium alopecurura * * 
T o r t u l a laut ica 1 1 2 2 
R h a c o m i t r i u n a c i c u l a r i s * 4 
R. aquat icum . * * 
R h y t i d i a d e l p h u s s q u a r r o s u s % * * 
C a l l i t r i c h e spp. 1 1 1 1 k H 
C a l t h a p a l u s t r i s 1 1 1 2 1 1 1 1 1 110 11 
Carex n i g r a ' " 4 4 
C. r o s t r a t a 1 1 1 3 3 
Carex o ther spp. 2 1 1 3 k 
C o c h l e a r i a a l p i n a 4 a 
E l e o c h a r i s p a l u s t r i s 1 2 2 1 3 3 1 2 3 2 1 2 1 3 2 1 1 1 13 32 
E l o d e a c a n a d e n s i s 1 2 2 h 2 3 1 1 3 2 1 1 2 3 2 2 1 1 1 2 20 3'L 
Equise tum f l u v i a t i l e 1 1 1 1 l\ h 
F i l i p e n d u l a u l i a a r i a 1 1 1 1 2 1 1 1 8 9 
G l y c e r i a f l u i t a n s 1 1 1 1 * 2 1 1 2 1 1 10 12 
I r i s pseudacorus 1 . 1 2 2 
Juncus a c u t i f l o r u s 1 1 1 2 1 1 6 7 
J . e f f u s u s 3 1 3 
J . i n f l e x u s 3 1 3 
Mentha a q u a t i c a 1 1 1 3 3 
Miraulus g u t t a t u s 1 2 1 1 1 2 1 1 1 1 1 1 1 13 15 
Myosot i s s c o r p i o i d e o 1 1 2 1 1 1 1 2 1 1 1 1 1 1 1 1 1 1 1 19 21 
Myriophyl lura a l t e r n i f l o r u m 1 1 1 
M. s p i c a t u m 1 2 ] l | 3 3 1 3 2 3 1 2 1 2 2 1 1 1 1 19 35 
P h a l a r i s arund inacea 1 1 2 1 2 1 1 1 3 1 1 1 1 1 2 1 1 1 2 2 20 27 
Polygonum amphibiuw 1 2 1 2 1 1 1 1 2 1 1 1 3 1 1 15 20 
Potamogeton c r i s p u s 3 2 2 1 1 2 2 1 1 9 15 
P. l u c e n s * * 
P. n a t a n s * •> 
P. x o l i v a c e u s 1 1 1 
P. p e c t i n a t u s 2 2 3 U U U U 1 3 3 U 3 U 3 3 3 2 3 3 2 20 58 
P. p e r f o l i a t u s 2 1 2 
P . p u s i l l u s 1 1 1 1 1 1 1 1 i l l 11 11 
P. x s a l i c i f o l i u s 3 3 U 3 U U 3 3 1 3 3 1 3 16 U6 
P . x s u e c i c u s 4 4 
Ranunculus a q u a t i l i s agg. 4 4 
R. f lammula 4 » 
R. f l u i t a n s x ? 3 H 2 lj 2 1 H 2 Ij 2 3 3 1 U 3 3 1 20 32 
R. p e n i c i l l a t u s v a r . c a l c 3 1 U 2 U 2 2 3 U 2 3 2 3 3 1 U U 3 3 3 20 I 56 
R o r i p p a amphibia (areuo 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 1 1 17 18 
R. n^s tur t ium-aquat i cum 1 1 1 1 k h 
S c i r p u s s y l v a t i c u s 1 1 1 2 h 5 
Sparganium ercctum 1 1| 1 1 1 3 3 1 3 1 1 1 1 2 0 
V e r o n i c a beccabunga 1 1 I l k ) ' 
Z a n n i c h e i l i a p a l u s t r i s 1 1 1 1 1 1 1 1 2 2 1 1 1 1 U . I K 
Sewage fungus (obvious) 1 £ 2 2 
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Nostoc p a r m e l i o i d e s 
Nostoc o ther s p ( p ) . 
Phoriaidium spp. 
H i i d e n b r a n d i a r i v u l a r i s 1 
Lemanea f l u v i a t i l i s 
Botrydium granulatum 1 
V a u c h e r i a s p ( p ) . 
Didyraosphenia geminata 
H e r i b a u d i e l l a f l u v i a t i l i s 1 
Cladophora glomerata 1 
Cladophora sp . 'A' 
Enteromorpha s p ( p ) . 
Haeraatococcus v i r i d e 
Monostroma bul losum 
Oedogonium spp. 1 
Tetraspoi*a s p ( p ) . 1 
S t igcoc lon ium tenue 
U l o t h r i x zonata 
P r a s i o l a c r i s p a 
S p i r o g y r a spp. 
Collema f l a c c i d u m 
C. f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
V e r r u c a r i a p r a e t e r m i s s a 1 1 
V e r r u c a r i a o ther spp. 1 
Acroc lad ium cuspidatum 
Amphidium mougeot i i 
Brachythec ium plumosum 
B . r i v u l a r e 
B . rutabulum 
Bryum pseudotr iquetrum 
C h i l o s c y p h u s polyanthos 1 
C i n c l i d o t t L s f o n t i n a l o i d e s 1 1 1 
Cl imacium dendroides 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 
Dichodontium p e l l u c i d u m 
Eurhynchium r i p a r i o i d e s 
F i s s i d e n s a d i a n t h o i d e s 
F . c r a s s i p e s 
F o n t i n a l i s a n t i p y r e t i c a 
F . a n t . v a r . g r a c i l i s 
F u n a r i a hygrometr ica 
Grimmia a l p i c o l a 
Hygroamblv/stogium f l u v i a t 
Hygrohypnura lurxdum ( i l e 
H. ochraceum 
Leptodictyum r i p a r i u m 1 
L e s k e a po lycarpa 
Marchant ia polymorpha l 
Mnium l o n g i r o s t r u m 
M. punctatum 
Orthotr ichum r i v u l a r o 

2 1 1 1 1 1 

1 1 1 1 1 1 
2 1 1 1 2 1 1 1 1 1 2 1 3 1 1 1 

1 1 1 1 

1 1 3 1 1 1 1 2 2 3 1 1 
1 2 2 1 1 1 2 4 3 1 2 1 2 3 1 3 1 1 3 
2 1 1 

2 1 1 2 2 3 3 2 3 1 2 3 2 

1 1 
1 3 3 4 5 5 1 3 3 3 3 2 1 1 1 2 3 5 5 
1 1 1 1 1 1 1 1 
1 4 1 1 1 2 2 2 3 3 2 1 3 1 

2 1 

1 1 
1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 l l l l l 

1 2 1 1 1 1 3 1 

2 3 

2 1 2 1 1 1 2 1 2 1 1 3 1 

1 1 1 1 1 1 
1 1 1 1 1 2 

1 
1 1 
1 1 

2 1 
1 2 1 

1 
1 1 

1 1 

1 
1 1 

1 1 1 1 1 1 
1 1 

6 7 
* * 
6 6 

17 22 
* * 
4 4 
6 6 
* * 

13 19 
20 36 

3 4 
13 27 
* * 
2 2 

20 55 
9 9 

14 27 
* * 
* * 
2 2 
* * 
3 4 
* * 
5 5 
8 8 
* * 
* * 
* * 
*. * 

17 17 
* * 
2 2 

12 15 
* * 
4 7 
1 1 
* * 

16 22 
* * 

10 11 
11 13 
* * 
1 
4 
7 
* 
* 
3 
* 
8 
3 
* 
2 

1 
4 
7 
* 
* 
3 
* 
8 
3 
* 
2 

161 
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P e l l i a e n d i v i i f o l i a 
P. e p i p h y l l a 
P h i l o n o t i s fontana 
Scapania u n d u l a t a 
Solenostoma t r i s t e 
Thanmium alopecurum 
T o r t u l a rcutica 
Rhacoraitriui»i a c i c u l a r i s 
R. aquat icum 
R h y t i d i a d e l p h u s s q u a r r o s u s 
C a l l i t r i c h e spp. 
C a l t h a p a l u n t r i s 1 
Carex n i g r a 
C. r o s t r a t a 
Carex o t h e r spp . 
C o c h l e a r i a a l p i n a 
E i e o c h a r i s p a l u s t r i s 
E l o d e a c a n a d e n s i s 1 
Equise tum f l u v i a t i l e 1 
F i l i p e n d u i a u l m a r i a 
C l y c e r i a f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J . e f f u s u s 
J . i n f l e x u s 
Mentha a q u a t i c a 
Mimulus g u t t a t u s 
Myosot i s iscovpioides 1 
Myr iophy l lum a l t e r n i f l o r u m 
M. s p i c a t u m 2 
P h a l a r i s a r u n d i n a c e a 1 
Polygonum amphibium 
Potamogeton c r i s p u s 1 
P. l u c e n s 
P. n a t a n s 
P . x o l i v a c e u s 
P. p e c t i n a t u s 
P . p e r f o l i a t u s 
P . p u s i l l u s 
P. x s a J i c i f o l i u s 
P . x s u e c i c u s 
Ranunculus a q u a t i l l s agg 
R. f laiamula 
R. f l u i t a n s x ? 
R. peni.ci"' i a t u s var _ 
R o r i p p a amphibia ( a v c u 
R. nans L u r t ium-aqua ticum 
S c i r p u s s y l v a t i c u s 
Spargamum orectum 
V e r o n i c a boccabunga 

Z a u n i c h e . l l L a p a l u s t r i s 
sewage fungus (obv ious ) 

1 1 

1 1 
1 

1 
1 

3 
1 
1 
2 

1 

1 
1 

1 
2 
1 
2 
2 

1 
k 

1 
c a l c 1 

1 
2 3 
1 1 
1 
1 
1 
1 
p 

1 3 
1 3 

1 
1 
1 

1 3 3 2 

1 
3 

k 
1 

2 1 

1 
1 

1 
3 
2 
1 

1 
3 

1 
1 
1 

1 1 

1 1 

1 
k 

1 
1 

1 
2 
1 

1 
1 

1 
1 
2 

1 
1 
1 
1 
1 

' 4 5 3 3 3 
2 1 1 1 1 

1 
1 1 

1 
1 1 

1 1 

2 
1 

1 
1 

3 h 
h 5 
ft # 

* * 
1 1 
3 3 

1 1 
1 1 

1 
1 

5 
6 
* 
1 
3 

5 
6 
# 
1 
3 

1 1 1 1 1 1 1 1 1 1 16 19 
1 1 2 1 1 1 1 1 1 3 3 20 29 
1 1 1 1 1 1 3 10 12 

1 1 3 J/ 
1 2 1 2 1 1 1 1 1 13 16 

* 
1 1 1 1 1 1 1 10 10 
1 2 2 

* 
1 1 1 1 1 9 9 

1 1 1 1 1 1 1 1 1 1 1 20 21 
* 

3 2 h 2 1 1 1 1 1 l h 20 
1 1 2 1 1 1 1 2 l 1 19 25 
2 1 1 1 l 1 12 -15 
1 1 1 1 1 1 1 2 12 ll\ 

* 
rt * 
* 

3 1 2 2 1 2 3 3 3 3 ll 20 52 
1 2 2 
1 1 1 1 1 1 1 1 111 
1 2 1 1 1 2 •s. i 1 18 39 

* 
* 

3 2 2 2 2 3 2 3 3 1 3 20 52 
3 3 3 2 3 2 3 3 2 3 20 56 
1 1 1 1 1 1 1 1 1 1 1 20 21 
1 1 b. is 
1 k !t 
1 1 1 1 9 10 

1 6 6 
1 1 1 1 1 1 1 12 13 

1 G2 
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Nostoc p a r m e l i o i d e s 
Nostoc o ther s p ( p ) . 
Phormidium spp. 
H i l d e n b r a n d i a r i v u l a r i s 1 
Lemanea f l u v i a t i l i s 
Botrydium granulatum 
V a u c h e r i a s p ( p ) . 
Didywosphenia geminata 
H e r i b a u d i e l l a f l u v i a t i l i s 1 
Cladophora gloinerata 1 
Cladophora s p . ' A f . 
Enteromorpha s p ( p ) . 2 
Haematococcus v i r i d e 
Monostroma bul losum 
Oedogoniuia spp. 3 
T e t r a s p o r a s p ( p ) . 1 
S t igeoc lon ium tenue 2 
U l o t h r i x zonata 
P r a s i o l a c r i s p a 
S p i r o g y r a spp. 
Collema f l a c c i d u m 
C . f l u v i a t i l e 
Dermatocarpon f l u v i a t i l e 
V e r r u c a r i a p r a e t e r m i s s a 
V e r r u c a r i a o ther spp. 1 
Acroc lad ium cuspidatum 
Amphidium mougeoti i 
Brachythec iuw plumosum 
B. r i v u l a r e 
B . rutabulum 1 
Bryum pseudotr iquetrum 
C h i l o s c y p h u s polyanthos 
C i n c l i d o t t L s f o n t i n a l o i d e s 1 
Cl imacium dendroides 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 
Dichodontium pe l luc idura 
Eurhynchium r i p a r i o i d e s 
F i s s i d e n s a d i a n t h o i d e s 
F . c r a s s i p e s 

1 1 2 2 
* * 

1 1 1 1 4 4 
1 2 3 1 1 2 1 ] 1 2 1 2 3 2 1 1 17 26 

* * 
1 1 2 2. 

1 1 1 1 1 1 1 1 8 8 
* * 

2 2 1 2 2 1 2 1 1 3 2 2 3 14 25 
1 1 2 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 19 22 
1 2 1 3 4 
3 1 1 1 5 3 3 2 1 1 1 3 13 27 

* 
1 1 1 

3 4 2 1 1 1 1 1 3 1 3 1 1 1 1 3 5 4 4 20 44 
1 3 1 1 1 2 1 8 11 

4 1 1 2 1 1 2 1 2 4 5 1 1 1 1 3 1 18 34 
* * 
* * 

1 1 4 3 6 
* * 

1 1 2 2 
* * 

1 1 1 3 3 
2 2 1 1 1 2 2 1 9 13 

* * 
* * 
* * 
* * 

1 1 1 1 1 1 1 1 1 2 1 12 13 

1 1 

1 1 

1 
1 

2 1 1 3 

2 1 

1 1 1 
1 

1 1 1 

* 
* 
6 
* 
5 
3 
1 

1 1 2 2 2 1 2 1 1 1 

* 
* 
6 
* 
5 
3 
1 

11 14 
* * 

1 13 18 
F o n t i n a l i s a n t i p y r e t i c a 1 2 1 1 1 5 6 
F . a n t . v a r . g r a c i l i s * * 
F u n a r i a hygrometr ica * * 
Grimmia a l p i c o l a 1 1 2 2 
Hygroamblystegium f l u v i a t 2 1 1 2 1 1 1 1 1 1 9 11 
Hygrohypnum lur idum ( i l e * * 
H. ochraceura * * 
Leptodic tyum r i p a r i u m 1 1 2 1 1 1 1 1 8 9 
L e s k e a po lycarpa * * 
Marchant ia polymorpha 1 1 1 1 1 1 6 6 
Mnium l o n g i r o s t r u m 1 1 2 2 
M. punctatuia * * 
Orthotr i chum r i v u l a r o i 1 3 3 3 
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P e l l i a e n d i v i i f o l i a 
P . e p i p h y l l a 
P h i l o n o t i s fontana 
Scapania undula ta 
Solenostoma t r i s t e 
Thamnium alopecurum 
T o r t u l a mutica 
Rhacomitrium a c i c u l a r i s 
R. aquaticum 
R b y t i d i a d e l p h u s s q u a r r o s u s 
C a l l i t r i c h e spp. 
C a l t h a p a l u s t r i s 
Carex n i g r a 
C . r o s t r a t a 
Carex other spp. 
C o c h l e a r i a a l p i n a 
E l e o c h a r i s p a l u s t r i s 
E l o d e a canadens i s 
Equisetum f l u v i a t i l e 
F i l i p e n d u l a u l m a r i a 
G l y c e r i a f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J . e f f u s u s 
J . i n f l e x u s 
Mentha a q u a t i c a 
Mimulus g u t t a t u s 
Myosot is ocorp io ides 
Myriophyl lum a l t e r n i f l o r u m 
M. spicatum 
P h a l a r i s arundinacea 
Polygonum amphibiura 
Potamogeton c r i s p u s 
P. l u c e n s 
P. natans 
P. x o l i v a c e u s 
P. p e c t i n a t u s 
P. p e r f o l i a t u s 
P. p u s i l i u s 
P. x s a l i c i f o l i u s 
P. x s u e c i c u s 
Ranunculus a q u a t i l i s agg. 
R. flammula 
R. f l u i t a n s x ? 
R. p e n i c i l l a t u s v a r . c a l c 
Ror ippa amphibia ( a r e u s 
R. n a s t u r t ium-aquaticum 
S c i r p u s s y l v a t i c u s 
Sparganium erectum 
V e r o n i c a beccabunga 
Z a n n i c h e l l i a p a l u s t r i s 
sewage Xungus (obvious) 

1 
1 1 1 1 1 

1 1 

1 

1 3 

1 1 1 

1 1 2 1 2 1 1 1 1 2 2 1 2 1 1 1 1 
2 3 1 1 3 1 1 2 2 2 U 3 2 2 2 

2 1 1 1 1 1 2 1 1 
1 1 

1 1 1 1 1 1 1 1 
1 1 

1 1 1 1 1 1 1 1 1 2 1 1 1 1 1 1 1 
1 1 1 

1 1 1 1 
1 

1 1 1 3 1 1 1 1 2 1 1 
1 

I 
1 1 2 1 1 1 1 1 1 2 1 2 2 2 1 1 2 1 

2 2 2 3 2 3 2 2 1 h 3 k 3 1 2 1 2 2 2 
2 2 1 3 1 1 2 1 2 2 1 2 1 1 1 1 1 2 1 
2 2 1 2 2 1 1 1 1 1 1 1 1 1 2 1 
1 1 1 2 1 1 1 1 2 1 2 1 

2 
1 
1 

2 2 1 3 tl 2 3 2 2 3 3 3 2 3 2 2 2 3 2 
2 5 1 I* 3 3 3 3 3 3 3 5 il i] 3 
1 1 1 1 1 1 1 1 1 1 1 
1 3 3 3 2 U 2 3 3 1 3 1 1 1 2 1 

1 1 1 2 1 

3 3 2 h 3 3 1 5 3 3 h 3 U 2 3 3 2 U 3 
1 3 1 3 U 2 1 u 3 3 U ii U 1 3 2 3 1+ 3 
1 1 2 2 2 1 1 1 1 2 2 2 1 1 1 1 1 

1 1 1 1 
1 1 1 
1 1 1 1 5 3 1 1 ij 
1 1 1 1 1 1 1 3 1 1 
1 2 1 1 1 2 1 1 1 1 2 3 1 

1 2 

2 
1 

U 
7 7 
* * 
# * 
* * 
* * 

* * 
* 

6 6 
* * 
3 5 

* 
* * 

18 2h 
18 hO 
9 11 
2 2 
8 8 
2 2 

17 18 
3 3 
It U 
1 1 

12 13 
20 26 

20 kh 
20 29 
16 21 
13 16 

1 2 
1 1 
1 1 

20 h7 
17 5k 
11 11 
17 35 
5 6 
# * 
* * 

20 59 
20 5k 
18 2ii 
h h 
3 3 
9 18 

11 13 
13 18 
2 3 

1 6 4 
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1 1 1 

2 
3 

5 4 

Nostoc p a r m e l i o i d e s 
Nostoc o ther s p ( p ) . 
PhormJdium spp. 1 1 
H i l d e n b r a n d i a r i v u l a r i s 1 2 

Lemanea f l u v i a t i l i s 
Botrydium granulatura 
Vaucher ia s p ( p ) . 1 
Didymosphenia geminata 
H e r i b a u d i e l l a f l u v i a t i l i s 2 
Cladophora glomerata 1 1 1 3 1 
Cladophora s p . ' A ' 
Enteromorpha s p ( p ) . 
Haematococcus v i r i d e 
Monostroiaa bul losum 
Oedogonium spp. 1 5 5 
T e t r a s p o r a s p ( p ) . 1 1 
S t igeoc lon ium tenue 1 
U l o t h r i x zonata 
P r a s i o l a c r i s p a 
S p i r o g y r a spp. 1 3 1 
Collema f l a c c i d u m 
C . f l u v i a t i l e 
Derraatocarpon f l u v i a t i l e 
V e r r u c a r i a p r a e t e r r a i s s a 
V e r r u c a r i a o ther spp. 1 1 2 1 1 1 1 
Acroc lad ium cuspidatum 
Araphidiutn mougeot i i 
Brachythec ium plumosum 
B. r i v u l a r e 
B . rutabulum 1 1 2 
Bryum pseudotr iquetrum 
C h i l o s c y p h u s polyanthos 
C i n c l i d o t i i s f o n t i n a l o i d e s 1 
Climacium dendroides 
ConocephaLum con 1 cum 1 
Cratoneuron f i l i c i n u m 1 
Dichodontium pe l luc idum 
Eurhynchium r i p a r i o i d e s 1 1 
F i s s i d e n s a d i a n t h o i d e s 
F . c r a s s i p e s 1 
F o n t i n a l i s a n t i p y r e t i c a 
F . a n t . v a r . g r a c i l i s 
F u n a r i a hygrometr ica 
Grimmia a l p i c o l a 1 
Hygroarablystegium f l u v i a t 1 1 1 1 
Hygrohypnura lur idum ( i l e 
H. ochraceura 
Leptodictyum r i p a r i u m 1 1 1 
Leskea p o l y c a r p a 
Marchant ia polymorpha 1 
Mnium long!ros t rum 1 1 1 
M. punctatum 
Orthotr i chum r i v u l a r e 

1 
1 

1 1 

1 
3 2 1 1 

1 3 1 1 2 2 

1 1 
5 
4 

1 
1 

4 
4 

4 
4 

1 4 2 3 2 2 2 1 2 1 2 2 1 1 2 3 4 5 5 5 

1 1 1 4 1 1 3 1 

3 1 1 1 1 

1 2 1 1 1 

1 1 1 1 2 3 1 1 1 2 1 1 

1 1 

1 1 

1 1 
1 

1 1 

1 1 1 

* * 
* * 
4 4 

11 16 
* * 
* * 

10 14 
* * 

12 28 
19 46 
* * 

20 50 
* * 
* * 

16 38 
4 4 
3 3 
* * 
* * 
8 12 
* * 
* * 
* * 

12 14 
* * 
* 
* 
* 

L5 
* 
* 
3 
* 
6 
2 
* 
7 
* 
3 
3 
* 
* 
1 
6 
* 
* 
6 
* 
2 
5 
* 
* 

* 
* 
* 

20 
* 
* 
3 
* 
6 
2 
* 
7 
* 
3 
4 
* 
* 
1 
6 
* 
* 
6 
* 
2 
5 
* 
* 

I C S 



s p e c i n s km down R i v e r Tweed 

o P» 
u* 

tn c n 
or a 

a u y 

&> c+ S>> O 

O O - * —• N j K J c o c o i x ^ u i o i c n c r > « ~ 3 - < J C X 5 C O U 5 < x > g M g P ) 

b a i O o i b j i O u i O u i o o i b u i b m o o i O o i ^ ^ t-> 

P e l l i a e n d i v i i f o l i a 
P. e p i p h y l l a 
P h i l o n o t i s fontana 
S c a p a n i a u n d u l a t a 
Solenostovna t r i s t e 
ThamnLum alopecurum 
T o r t u l a mut ica 
Rhacoinitr ium a c i c u l a r i s 
R. aquat icum 
R h y t i d i a d e l p h u s s q u a r r o s u s 
C a l l i t r i c h e spp. 
C a l t h a p a l u s t r i s 
C a r e x . n i g r a 
C. r o s t r a t a 
Carex o ther spp. 
C o c h l e a r i a a l p i n a 
E l e o c h a r i s p a l u s t r i s 
E l o d e a c a n a d e n s i s 
Equisetura f l u v i a t i l e 
F i l i p e n d u i a u l m a r i a 
G l y c e r i a f l u i t a n s 
I r i s pceudacorus 
Juncus a c u t i f l o r u s 
J . o f f u s u s 
J . i n f l e x u s 
Mentha a q u a t i c a 
M iuju Lus gut t a t u s 
Myosot i s ceoTOioides 
Myr iophy l lum a l t e r n i f l o r u r a 
M. spicat t im 1 
P h a l a r i s arund inacea 1 
Polygonum araphibium 
Pota.mogoton c r i s p u s 
P. l u c e n s 
P. n a t a n s 
P. x o l i v a c e u s 
P. p e c t i n a t u s 1 
P. p e r f o l i a t u s 1 
P. p u s i l l u s 1 
P. x. s a l i c i f o l i u s 
P. x. s u e c i c u s 
Ranunculus a q u a t i l i s &gg. 
R. flaniraula 
R. f l u i t a n s x ? 3 
R. p e n i c i l l a t u s v a r . c a l c l 
R o r i p p a amphibia (ai'auD I 
R. nastui -c ium-aquat icum 
S c i r p u s s y l v a t i c u s 
Sparganiuf i erectum 
V e r o n i c a beccabunga 
Z a n n i c h e l l i a p a l u s t r i s 
sewage fungus (obv ious ) 

1 2 1 2 2 1 
1 1 1 2 1 

1 2 1 1 
1 1 1 2 1 

3 1 1 3 1 h 3 3 2 1 

1 1 2 1 1 1 1 1 
5 3 U U 3 3 3 U 3 

1 

2 1 
1 

1 1 1 

2 

1 1 1 

1 1 1 1 1 
1 1 2 1 1 1 1 1 1 1 

2 2 1 2 1 2 2 1 2 
1 1 1 2 1 2 1 1 1 

1 1 1 1 
1 1 1 1 1 1 

1 

h 3 3 2 1 1 1 
U 3 3 5 2 1 3 3 

1 3. 1 1 1 1 
1 

2 

3 3 2 5 5 U 2 3 3 
2 1 2 1 4 5 3 2 2 2 
1 2 1 1 1 1 1 1 

1 

1 3 1 1 1 
1 1 1 2 

'1 1 1 1 1 

1'3 1 1 
1 3 2 + 3 1 3 

1 
1 

1 1 1 1 1 1 1 
1 1 

1 
1 2 1 1 ' 3 1 
1 2 1 1 1 1 1 1 

3 3 3 3 2 3 2 3 
2 3 1 3 1 1 m 
3 1 1 
1 1 1 1 1 
3 3 

3 

1 1 2 1 1 3 U 2 
3 3 3 3 3 3 3 2 

1 1 1 
h U 1 
1 

3 2 2 1 1 2 2 1 
1 3 2 1 1 1 
1 2 1 1 1 1 1 1 1 
l 1 

1 
1 1 1 1 1 

1 l l l i i 

* 
2 
* 
4 

4 
2 
* 
* 
4 

* 
2 

4 

* 
2 
4 
4 

10 ik 
12 Hi 
12 26 
4 4 
* * 

2 15 23 
16 50 
1 1 
3 5 
1 1 

Hi ltj. 
2 2 
* * 
X 1 

11 lit 
18 20 

>f 4 
18 y,i 

3 20 32 
7 9 

11 11 
3 7 
1 3 
* * 

16 31 
18 U9 
10 10 
k 10 
2 3 
* 4 

18 It 7 
16 33 
18 20 
3 3 

6 
9 

8 
10 

11 11 
4 
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hamaesiphon spp. (obv ious ) * * 
oKloc parmol io ides 2 1 2 
'hormidiuw spp. 1 2 1 3 4 
; i ldonbrandia r i v u l & r i s 3 3 2 4 3 2 3 2 2 2 3 4 4 4 3 2 2 2 18 50 
leraanea f l u v i a t i l i s 1 2 1 1 1 1 6 7" 
a u c h e r i a s p ( p ) . 1 1 2 2 
i e l o s i r a v £ . r i a n s 1 1 2 4 3 5 1 2 2 1 3 11 25 
[or ioaudxe l la f l u v i a t i l j s 2 2 2 1 1 1 3 2 2 2 1 1 1 13 21 
Iladophora Qlomerata 3 3 1 1 1 2 1 2 2 1 1 1 1 1 1 2 2 3 1 19 30 
interomorpba s p ( p ) . 3 3 2 3 2 1 2 2 3 2 3 3 3 1 2 2 3 2 3 2 20 47 
longrostra i o c r u s t a n s 4 3 2 2 2 4 2 2 2 2 1 2 1 2 1 1 1 1 1 19 36 
[acjuatococcus v i r i d e * * 
[onosstroma bul losum 2 1 1 2 1 1 1 7 9 
>edogonium spp. 1 1 1 2 1 1 1 1 2 1 1 1 12 14 
' e traapora sp (p) . 2 2 1 1 2 2 3 2 2 1 1 2 1 2 1 16 26 
I t igeoc louium tenuo 1 1 1 
[ l o t b r i x zonata * * 
>ras io la c r i s p a 1 1 1 2 1 2 2 2 1 2 10 15 
i p i r o g y r a spp. 1 1 1 1 2 1 2 1 8 10 
,'haraphytn sp . * * 
tolleraa f l a c c i d u m * * 
I. f luviafca 1c 2 1 2 3 
Jermatocarpon f l u v i a t i l e * * 
r e r r u c a . r i a p r a e t c r m i s s a 1 1 2 1 4 5 
r e r r u c a r i a o ther spp. 1 1 1 2 2 2 2 1 2 1 2 2 3 1 2 2 2 1 18 30 
Lcrocladium cu'spidatum * * 
Lmphidium mougeotii * * 
i i achythec ium plumosum * # 
J. r i v u l a r e 1 1 1 
i . rutabulura 1 1 1 1 1 1 6 6 
3ryum pseudotr iquetrum 1 1 1 1 1 6 5 
]!inclidota,s f o n t i n a l o i d e s 1 2 2 2 3 3 1 1 1 1 1 11 18 
21-imacium dondroides * * 
Xmocepnalum conicura 2 1 1 1 2 1 1 1 8 10 
Jratoneuron f i l i c m u m 2 1 2 
) ichodontium pe l lue idum 1 1 2 1 1 1 1 7 8 
Surhynchium r i p a r i o i d e s 4 5 4 4 5 3 4 3 4 3 1 3 5 4 5 3 2 5 1 3 20 71 
^ i s s i d e n s a d i a n t h o i d e s * * 
? . c r a s s i p e s 2 2 1 1 1 1 1 3 1 2 10 15 
? o n t i n a l i s a n t i p y r e t i c a 3 1 2 2 1 1 2 1 1 3 1 2 1 4 2 4 3 4 18 38 
'•"unaria hygrometr ica * * 
irimmia a l p i c o l a 1 2 2 3 
lygvoa mb ly s t e gium f l u v i a t 1 1 2 2 1 1 1 1 2 1 10 13 
lygrohypnum lur idum ( l i e * * 
I .ochraceum * * 
jeptodictyam r i p a r i u m 2 2 1 1 1 2 6 9 
jGskea p o l y c a r p a * * 
•ar chant i a oolymorpha 1 1 1 2 1 1 1 1 1 1 10 11 
inium l o n g i r c s t r u m 1 1 1 1 1 5 
I . punctatum * * 
) r t l io tr ichum r i v u l a r e 2 1 2 3 
' e l l i a e n d i v i i f o l a a 1 1 1 3 3 
' . e p i p h y l l a 2 1 1 1 2 5 7 
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t i i l o n o t i s Xontana, 
capania u n d u l a t a 
olenostoma t r i s t e 
haranj urn a3opocurum 
o r t u l a m u l i c a 
.hacoinitrium a c i c u l a r i s 
• • a quaticum 
t h y t i d i a d e l p h u s s q u a r r o s s u s 
" a l i i t r i c h e h e r m a p h r o d i t i c a 
J a l l i t r i c h e o t h e r s p ( p ) • 
i a l l h a p a l u s t r i s 
> r e x a c u t i f o r m i s 
2 . h i r t a 
D. n i g r a 
C . o v a l i s 
C . r o s t r a t a 

1 1 1. 
1 3 1 

1 1 

1 2 1 1 1 1 1 1 2 1 1 1 1 1 1 

* * 
* * 
* * 
7 7 
4 6 
* * 
* * 
* * 
1 1 
* * 

15 17 
* * 
* 
* * 
* * 
1 1 

E l e o c h a r i s p a l u s t r i s 2 3 3 3 3 4 1 2 2 4 3 1 2 2 1 1 34 34 
E l o d o a . canadens i s 3 1 3 2 1 1 1 3 1 3 3 2 1 1 1 3 1 1 1 19 33 
Equise tum f l u v i a t i l e 1 1 1 1 4 4 
F i i a p c n d u l a u l m a r i a 1 2 1 1 1 1 1 1 2 1 10 12 
G l y c e r i a f l u i t a n s 1 1 1 1 1 5 5 
, I r i s pseudacorus 1 2 1 1 3 1 1 7 10 
Ijimcus a c u t i f l o r u s 1 1 1 1 4 4 
; J . e i f u s u s 1 1 1 1 4 4 
| J , i n f l e x u s 1 2 2 1 1 1 1 1 8 10 
'Lemna minor 1 1 2 1 1 2 G 8 
-{Mentha Pquest ica 1 1 2 1 1 1 1 1 1 1 10 11 
iMimulus g u t t a t u s 1 1 1 1 2 1 1 1 2 3 1 1 1 1 1 1 1 1 1 1 20 24 
iMyosotis s c o r p i o i d e e 1 1 1 1 2 1 1 1 1 3 1 2 1 1 1 1 2 1 1 1 20 25 
iMyriophyllum a l t e r n i f l o r u m * 
M.spicatum 4 2 5 4 3 3 3 3 •4 3 3 3 2 3 5 5 3 3 2 3 20 

* 

i p h a l a r i s a r u n d i n a c e a 3 1 1 1 2 1 2 1 1 1 1 1 1 1 2 1 1 1 2 1 20 26 
IPhragmites communis * 
'Polygonum amphibaum 1 1 1 1 2 1 1 1 1 3 1 2 1 1 1 1 2 1 1 1 20 24 
Potauogcton c r i s p u s 2 2 1 1 2 1 1 2 1 1 1 '1 1 1 2 2 2 1 3 19 2S 
P . l u c e n s 3 3 2 6 
' P . n a t a n s 1 3 3 3 7 
P . p e c t i n a t u s 3 3 2 2 3 2 3 4 3 3 3 3 3 3 14 38 

; P . p c r f o l i a t u s 3 1 1 1 3 5 9 
J P . p u s i 3 l u s 1 1 1 1 1 5 5 
P . x s a l i c i f o l i u s 3 3 5 4 3 2 2 5 5 5 3 2 12 42 
Ranunculus aqua t a l i s * * 

| R. f larr:im ] a * 
' R . f l u i L a n s x ? 4 4 3 5 5 4 3 3 1 1 1 2 5 14 44 
• l\, peni c i l l a t u s v a r . c a l c a r 4 0 5 3 5 4 5 5 3 3 5 5 4 5 4 5 4 1 3 20 81 
:Rorippa amphibia (eus 1 1 1 1 1 3 1 1 8 8 
! R. n a s tu r t i u rr» - a qu a 11 cum 1 1 1 1 4 4 
I S c i rpus &y i.v," i i c u s 1 1 1 3 3 1 3 1 1 1 2 1 12 15 
Spargamuiii c r o c turn 1 5 4 6 O o 4 4 5 4 4 3 2 1 2 3 1 19 00 
V e r o n i c a beccabunga 1 1 3 1 1 1 1 3 1 3 1 3 1 13 3 5 
Z a n n i c h e l L i a p a l u s t r i s 3 3 2 3 2 2 3 2 2 4 2 2 2 2 3 2 3 18 43 
Bcwafto fungus (obvious) 
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^hamacsiphon s p p . ( o b v i o u s ) 
Jos toc p a r m o l i o i d e s 
?hoi ' i . i id iuw s p p . 
l i l d o n b r a n d i a r i v u l a r i s 
jemanca I l u v i a t i l i s 
f a u c h e r i a s p ( p ) . 
d e l o s i r a v a r i a n s 
l e r i b a a d i e l l a f l u v i a t i l i s 
D ladophora g l o m c r a t a 
Sn tc romorpha s p ( p ) . 
j o n g r o s i r a m c r u s t a n s 
Taematococcus v i r i d e 
. lonostroma b u l l o s u r a 
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[ y g r o a m b l y s t e g i u m f l u v i a t 1 1 1 
fygrohypnum l u r i d u m ( i l e . 1 3 3 2 4? 9 
[ . ochraceum * * 

* # 

iGptodictyum riparium 
jeskea polycarpa 
,archantj.a polymorpha 
nium longirostrum 1 2 2 1 4 6 
[.punctatum 1 1 2 2 
•rthotrichuin r i v u l a r e * * 
' c i l i a e n c U v i i f o l i a * * 
' . c p i p h y l i a 1 2 2 3 5 

1 7 9 
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s p e c i e s 

P b i l o n o t i s f o n t a n a , 
Scapan ia u n d u l a t a 
So lenos toma t r x s t e 
Thumnium a lopecuru ra 
T o r t u l a m u t i c a 
R h a c o m i t r i u m a c i c u l a r i s 
R . a q u a l i c u m 
R h y t i d i a d e l p h u s s q u a r r o s s u s 
C a l l i t r i c h e h e r m a p h r o d i t i c a 
C a l i i t r i c h e o t h e r s p ( p ) . 
C a l t h a p a l u s t r i s 
Carex a c u t i f o r m i s 
C . h i r t a 
C . n i g r a 
C . o v a l i s 
C . r o s t r a t a 
C o c b l e a r i a a l p i n a 
E l e o c b a r i s p a l u s t r i s 
E l o d e a c a n a d e n s i s 
E q u i s e t u m f l u v i a t i l e 
F i l i p e n d u l a u l n a r i a 
G l y c e r i a f l u i t a n s 
I r i s p s e u d a c o r u s 
j runcus f c u t i f l o r u s 
J . e f f u s u s 
J . i n f l e x u s 
Leinua m i n o r 
Mentha s q u a t i c a 
M i m u l u s g u t t a t u s 
M y o s o t i s s c o r p i o i d e s 
M y r i o p h y l l u m a l t e r n i f l o r u m 
M . s p i c a t u m 
P h a l a r i s a r u n d i n a c e a 
P h r a g m i t o c communis 
Po lygonum a m p h i b i u m 
Po tamoge ton c r i s p u s 
P . l u c c n s 
P . n a t a n s 
P . p c c t i n a t u s 
P . p e r f o l i a t u s 

• P . p u s i l l u s 
P . x s a l i c i f o l i u s 
R a n u n c u l u s a q u a t i l i s 
R . f l a m m u l a 
R . f l u i L a n s x ? 
R . p e n i c i ] l a t u s v a r . c a l c a r 
R o r i p p a a m p h i b i a (ous 
R.na R t u r t i u m - a q u a t i cum 
S c i r p u s s y l v a i i c u s 
Spa rgan ium e rec tu ra 
V e r o n i c a beccabunga 
Z a n n i c h e l l L a p a l u s t r i s 
sewage f u n g u s ( o b v i o u s ) 

km up the R i v e r T e v i o t 

( f r o m T e v i o t Foot a t K e l s o ) 
I I I I 
o a> m o 
O O H H 

O tli D O i 

4 5 4 4 

a* 
Oi 0 

n P? n 0. 
!>' XI P J.' 

w x v 
• c+ • O 

to 

' H ^ O 

P 

4 17 

1 1 2 2 
* * 
* * 

1 1 2 2 
1 1 2 2 

1 1 2 2 
* * 

1 1 1 
1 1 1 3 3 

* * 
* * 

2 3 2 3 7 
1 1 1 1 4 4 
1 2 1 . 3 4 
2 1 1 1 4 5 

1 1 2 2 
* * 

2 2 2 2- 4 8 
1 2 1 2 4 6 
2 2 1 1 4 6 

* •¥ 

5 4 4 4 4 17 
2 2 2 1 . 4 7 

* * 
* * 

1 2 1 1 4 5 
2 2 2 3 4 9 
1 2 1 1 4 5 

* * 
* * 
* * 
* * 
* * 
* * 
* * 
* * 

* * 
* * 
* * 
* * 

1 2 2 3 
* * 
* * 
* * 
* * 

* * 
2 2 1 1 4 6 

* * 

I 1 0 0 



s p e c i e s km up B i g g a r Water km up Lyne Water 
l I 1 I 1 t 1 1 1 1 1 

o to o> to O O 

o Oi O oi O 01 o on O O 

C a l l i t r i c h e spp . 1 1 2 2 1 2 
C a l t h a p a l u s t r i s 1 1 1 1 1 1 1 1 1 
Carex a c u t a 3 
C. a c u t i . E o r m i s 2 
C. n i g r a 1 1 X 1 
C . r o s t r a t a 2 1 1 
C o c h l e a r i a a l p i n a 1 1 1 1 
E l e o c h a r i s p a l u s t r i s 1 1 1 1 1 1 2 1 1 
E l o d e a canadens i s 3 4 5 4 4 3 2 1 1 
F i l i p e n d u l a u l m a r i a 1 2 1 1 1 1 1 
G l y c e r i a f l u i t a n s 2 1 1 1 1 1 
I r i s pseudacorus 1 1 1 
Juncus a c u t i f l o r u s 1 1 • 2 1 1 1 1 1 
J . e f f u s u s 1 1 1 1 
Mentha a q u a t i c a 1 1 1 2 1 1 1 
M i m u l u s g u t t a t u s 1 1 1 1 1 1 1 
M y o s o t i s s c o r p i o i d e s 1 1 1 1 1 1 1 1 1 1 1 
M y r i o p h y l l u m a l t e r n i f l o r u m 3 4 3 2 2 2 2 1 2 1 1 
P h a J a r i s a r u n d i n a c e a 3 5 5 5 5 4 2 3 2 1 1 
Polygonum amphibium 1 1 
Po tamoge ton c r i s p u s 2 2 3 3 2 1 2 2 1 1 
P . x o l i v a c e u s 1 1 
P . n a t a n s 1 4 5 5 5 
Ranuncu lus a q u a t i l i s a g g . 1 1 1 2 
R . f laramula 1 1 1 1 
R . p e n i c i l l a t u s v a r . c a l c a r e u s 3 5 5 4 4 3 
R o r i p p a n a s t u r t t u r n - a q u a t i c u m 2 1 1 1 1 1 1 
Spargan ium e r e c t u m 1 1 1 2 1 1 1 
V e r o n i c a beccabunga 1 1 1 1 2 1 1 1 1 

sewage f u n g u s ( o b v i o u s ) 2 

.1.81 
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s p e c i e s km up B i g g a r Water km up Lyne Water 
\ j \ 1 l l > l i l I 
O CO O O) -4 CO O O H 

• • « • * 
O cn O cn O Oi O t n O O C n 

Chamaesiphon s p p . ( o b v i o u s ) 2 1 2 
Phormid ium spp . 1 1 2 1 2 2 1 1 
T o l y p o t h r i x p e n i c i l l a t a 2 
H i l d e n b r a n d x a r i v u l a r i s 1 1 1 5 3 2 1 1 
Lemanea f l u v i a t i l i s 1 2 3 1 1 
V a u c h e r i a s p ( p ) . 2 2 1 2 1 1 1 
Didymosphaenia 1 1 1 1 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 1 1 1 1 1 1 
Chaetophora sp. 1 7 1 
Cladophora g l o m e r a t a . 2 3 2 1 1 1 2 3 2 3 2 
Haetnatococcus v i r i d e 1 
Oedogonium spp . 1 1 2 1 1 1 
P r a s i o l a c r i s p a 1 1 
Rhodoplax s c h i n z i i 1 1 
S t i g e o c l o n i u m t enue 1 1 1 1 1 1 1 2 1 
U l o t h r i x z o n a t a 1 2. 2 1 2 3 4 
S p i r o g y r a spp . 1 1 1 1 1 

Col lema f l a c c i d u m 1 1 
V e r r u c a r i a p r a e t e r m i s s a 1 1 1 
V e r r u c a r i a o t h e r spp . I l l 1 2 4 3 2 3 

A c r o c l a d i u m c u s p i d a t u m 1 1 1 1 
B r a c h y t h e c i u m plumosum 1 1 1 
B . r i v u l a r e 1 2 1 1 1 
B . r u t a b u l u m 1 2 2 2 2 2 1 1 1 
Bryum p s e u d o t r i q u e t r u m 1 1 1 1 1 
C i n c l i d o t i i s f o n t i n a l o i d e s 1 1 2 1 1 
Conocephalum con icum 1 1 2 1 1 
C r a t o n e u r o n commutatum 1 1 
C. f i l i c i n u m 1 1 1 1 1 1 
D i c h o d o n t i u m p e l l u c i d u m 1 1 1 1 1 
Eurhynch ium r i p a r i o i d e s 1 1 1 1 1 1 3 2 3 2 4 
Drepanoc ladus u n c i n a t u s 1 1 
F o n t i n a l i s a n t i p y r e t i c a 3 3 2 4 2 2 4 2 3 2 2 
F u n a r i a h y g r o m e t r i c a 1 1 
Grimmia a l p i c o l a 1 1 2 1 2 1 
H y g r o a m b l y s t e g i u m f l u v i a t i l e 1 1 1 1 2 1 1 2 1 
Hygrohypnum l u r i d u m 1 2 1 
H.ochraceum 1 
L e p t o d i c t y u m r i p a r i u m 1 1 1 1 1 2 
Mnium l o n g i r o s t r u m 1 1 1 1 1 1 
M.punc t a tum ^ 1 1 1 
P e l l i a e n d i v d i f o l i a 1 1 1 
P . e p i p h y l l a 1 1 1 
P h i l o n o t i s f o n t a n a ^ 1 1 1 2 
Scapania u n d u l a t a 1 i 
Solenostoma t r i s t e 1 
Thamnium a lopecurum 2 
T o r t u l a m u t i c a 1 i 

13 2 



s p e c i e s 

Chamaesiphon s p p . ( o b v i o u s ) 
Mostoc p a r r a e l i o i d e s 
Nos toc s p . ' A ' 
Pho rmid ium spp . 
T o l y p o t h r i x p e n i c i l l a t a 
H i l d e n b r a n d i a r i v u l a r i s 
Lemanea f l u v i a t i l i s 
Dia toma s p p . ( o b v i o u s ) 
Didymosphen ia gemina ta 
H e r i b a u d i e l l a f l u v i a t i l i s 
Chaetophora sp . 
Oedogonium spp . 
P r a s i o l a c r i s p a 
Rhodoplax s c h i n z i i 
U l o t h r i x z o n a t a 
S p i r o g y r a spp . 
Col lema f i a c c i d u m 
C. f l u v i a t i l e 
Dermatoca rpon f l u v i a t i l e 
V e r r u c a r i a p r a e t e r m i s s a 
V e r r u c a r i a o t h e r spp . 
A c r o c l a d i u m c u s p i d a t u m 
Amphidium m o u g e o t i i 
Brachy thec iu ro plumosum 
B . r i v u l a r e 
B . r u t a b u l u m 
Bryum p s e u d o t r i q u e t r u m 
C h i l o s c y p h u s p o l y a n t h o s 
C i n c l i d o t & s f o n t i n a l o i d e s 
C l i m a c i u m d e n d r o i d e s 
Conocephalum con icum 
C r a t o n e u r o n f i l i c i n u m 
D i c h o d o n t i u m p e l l u c i d u m 
E u r h y n c h i u m r i p a r i o i d e s 
F i s s i d e n s a d i a n t h i o d e s 
F o n t i n a l i s a n t i p y r e t i c a 
F . a n t i p y r e t i c a v a r . g r a c i l i s 
F u n a r i a h y g r o m e t r i c a 
Grimmia a l p i c o l a 
H y g r o a m b l j j s t e g i u m f l u v i a t i l e 
Hygrohypnum l u r i d u m 
H. ochraceum 
Leskea p o l y c a r p a 
M a r c h a n t i a po lymorpha 
Mnium l o n g i r o s t r u m 
Mnium p u n c t a t u m 
P e l l i a e p i p h y l l a 
P h i l o n o t i s f o n t a n a 
Scapania u n d u l a t a 
Solenostoma t r i s t e 
Thamnium alopecurura 
T o r t u l a mutxca 
R h a c o m i t r i u m a c i c u l a r i s 
R . a q u a t i c u m 
R h y t i d i a d e l p h u s s q u a r r o s u s 

km up Yar row Water 
I \ I 1 t 1 t \ \ \ I \ \ 

I—• I—' I—' H H M M M M 
<I 00 CO CO to CO CO W ( 0 O O H H 

O en o cn O Oi o o en O 

2 3 4 5 3 3 3 3 4 2 3 3 2 
1 1 1 

1 1 1 1 
2 2 4 2 1 2 2 1 2 1 1 1 

2 1 2 1 2 2 1 2 
1 2 4 1 1 1 1 1 
1 3 1 2 1 1 1 2 1 1 
2 3 4 5 3 3 3 3 4 2 3 3 2 
3 4 2 4 5 4 5 5 5 4 5 5 4 
2 3 4 3 2 1 1 1 1 2 1 

2 2 2 2 3 2 2 2 2 1 
2 3 4 3 2 2 2 1 3 2 1 1 1 

1 1 1 
3 3 2 4 2 2 2 1 2 3 2 

3 3 4 5 3 3 2 3 4 2 3 3 3 
1 1 
1 1 1 
2 2 2 3 2 1 1 1 
1 1 1 1 
1 1 1 1 1 2 1 1 1 
2 2 1 1 2 2 2 1 1 2 1 1 

1 2 1 1 2 1 1 1 1 
1 1 

1 2 1 1 1 2 2 2 
1 1 2 2 1 1 2 1 2 
1 1 1 

1 1 1 1 1 1 1 
1 1 1 1 1 2 1 

1 2 1 3 2 1 2 2 2 i 3 3 
1 1 1 

1 1 3 1 1 2 1 1 1 
1 1 1 1 1 1 

1 1 1 1 1 1 1 
2 4 3 2 2 3 2 2 2 3 2 1 1 

3 1 
1 2 4 2 2 4 4 4 4 5 4 4 3 
1 2 1 2 2 1 1 1 

1 
1 1 1 1 2 

2 2 3 2 1 1 2 2 1 1 1 1 
1 2 1 4 2 2 2 2 2 3 1 2 1 

1 1 
1 1 

1 1 1 
1 1 1 1 1 1 

1 1 1 
1 1 1 1 1 

1 2 2 1 1 
1 1 1 1 

1 2 1 1 2 2 1 1 1 
1 1 2 3 1 1 1 
1 1 1 1 

1 1 
1 1 

1 1 

1 8 3 



s p e c i e s km up Yarrow Water 
I I I l t i i l i t i I I 

M H H H H M M M M 
<1 CO CO CO W CO CO 00 (D O O 

Cn O Cn O Cn O Cn cn O O Cn O W 

C a l t h a p a l u s t r i s 
Carex n i g r a 
C . p a n i c u l a t a 
C . r o s t r a t a 
C o c h l e a r i a a3,pina 
E l e o c h a r i s p a l u s t r i s 
E q u i s e t u m f l u v i a t i l e 
F i l i p e n d u l a u l m a r i a 
G l y c e r i a f l u i t a n s 
I r i s p seuacorus 
Juncus a c u t i f l o r u s 
J . e f f u s u s 
Mentha a q u a t i c a 
Mimulus g u t t a t u s 
M y o s o t i s s c o r p i o i d e s 
M y r i o p h y l l u m a l t e r n i f l o r u m 
P h a l a r i s a r u n d i n a c e a 
Ranuncu lus f lammulo, 
R o r i p p a n a s t u r t i u m - a q u a t i c i 
S c i r p u s s y l v a t i c u s 
Spargan ium e rec tum 
V e r o n i c a beccabunga 

1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 
1 1 

1 1 1 1 1 1 
1 2 1 2 

1 1 1 1 
1 1 1 1 1 1 1 1 

1 1 1 1 1 1 2 1 1 2 1 
1 1 1 1 1 1 1 1 1 
1 
1 1 1 2 1 1 1 2 1 1 2 2 
1 1 1 

2 l l 
1 1 

1 1 1 1 1 1 1 2 l l 2 1 2 
1 1 1 1 2 1 1 3 
1 .1 1 1 1 1 3 2 2 2 1 1 2 
1 1 1 1 1 2 1 1 2 2 1 2 1 
2 1 1 1 1 1 1 1 2 1 1 

1 1 1 2 1 
n l 1 1 1 1 1 1 1 1 1 
1 1 1 
1 

1 1 1 1 1 1 



s p e c i e s km up the E t t r i c k 
I I I I I I i t i r i i i i 

H H H 
O ( B O ci o i O c n o w o m O m O 

Chamaesiphon s p p . ( o b v i o u s ) 4 3 5 3 4 2 2 2 3 2 
Nos toc p a r m e l i o i d e s 1 1 3 1 2 1 1 
Nos toc s p e c i e s ' A ' 1 2 3 1 1 3 3 2 
Phormid ium spp . 2 3 1 1 1 2 1 
T o l y p o t h r i x p e n i c i l l a t a 1 2 2 
H i l d e n b r a n d i a r i v u l a r i s 1 1 1 1 1 1 4 5 1 2 1 
Lemanea f l u v i a t i l i s 1 2 1 1 1 2 2 2 2 3 3 2 
V a u c h e r l a s p ( p ) . 2 2 3 2 
Didymosphenia gemina ta 1 l 1 1 1 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 1 1 2 3 3 5 3 4 2 3 2 
Chaetophora s p . 2 1 4 2 2 2 3 2 
Cladophora g l o m e r a t a 2 2 1 1 1 1 1 1 2 
Haematococcus v i r i d e 1 i 
Monostroraa b u l l o s u m 1 
Oedogonium spp . 2 2 2 1 2 1 2 1 1 1 1 
P r a s i o l a c r i s p a 1 1 1 1 1 1 
Rhodoplax s c h i n z i i 1 1 1 2 2 3 2 3 2 
S t i g e o c l o n i u r a tenue 1 2 2 1 
U l o t h r i x z o n a t a 3 3 2 2 4 2 2 2 1 1 
S p i r o g y r a spp . 1 
Col lema f l a c c i d u m 1 2 1 2 1 1 
C . f l u v i a t i l e 1 5 1 2 2 2 
D e r m a t o c a r p o n f l u v i a t i l e 1 1 1 2 1 
V e r r u c a r i a p r a e t e r m i s s a 2 1 2 3 2 2 
V e r r u c a r i a o t h e r spp . 1 1 1 1 1 1 2 4 3 4 1 4 3 
A c r o c l a d i u m c u s p i d a t u m 1 1 1 1 1 
B r a c h y t h e c i u m plumosum 1 1 2 
B < , r i v u l a r e 2 1 1 
B . r u t a b u l u m 1 1 1 1 
Bryum p s e u d o t r i q u e t r u m 1 1 1 1 1 
C h i l o s c y p h u s p o l y a n t h o s 1 i 1 1 1 
C i n c l i d o t i x s f o n t i n a l o i d e s 1 1 1 1 1 1 1 4 1 1 3 1 
Conocephalum conicum 1 1 1 1 1 1 1 1 1 
C r a t o n e u r o n f i l i c i n u m 1 i 2 1 
D i c h o d o n t i u m p e l l u c i d u m 1 1 
Drepanoc ladus u n c i n a t u s 1 i 
Eu rhynch ium r i p a r i o i d e s 2 2 4 5 ] 1 2 3 . 1 1 3 2 3 2 
F i s s i d e n s a d i a n t h o i d e s 1 l 
F . r u f u l u s 1 2 4 2 2 1 
F o n t i n a l i s a n t i p y r e t i c a 3 4 3 3 1 3 2 2 2 3 1 2 2 2 
F . a n t i p y r e t x c a v a r . g r a c i l i s 1 1 1 
Griramia a l p i c o l a 1 1 1 1 2 1 2 1 2 1 
Hygrohypnura l u r i d u m 1 ^ 
H.ochraceura 1 1 1 
H y g r o a m b l y s t e g i u m f l u v i a t i l e 2 1 1 1 1 1 1 1 1 l 
L e p t o d i c t y u m r i p a r i u m 2 2 2 
Mnium L o n g i r o s t r u r a 1 1 1 1 1 
M.puncta tura 1 ^ 
O r t h o t r i c h u m r i v u ] a r e 1 i 
P e l l i a e p i p h y l l a 1 1 1 1 1 1 
P h i l o n o t i s f o n t a n a 1 1 ^ 
Solenostoma. t r i s t a 1 i i 2 2 1 
Thamniura a lopecu rum l ^ 2 1 1 

8 
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s p e c i e s km up t h e E t t r i c k 

I I I I I I I I I I l i I I 

C a l l i t r i c h e spp . 
C a l t h a p a l u s t r i s 
Carex n i g r a 
C . p a n i c u l a t a 
C . r o s t r a t a 
E l e o c h a r i s p a l u s t r i s 
E lodea canadens i s 
E q u i s e t u m f l u v i a t i l e 
F i l i p e n d u l a u l m a r i a 
G l y c e r i a f l u i t a n s 
I r i s pseudacorus 
Juncus a c u t i f l o r u s 
J . e f f u s u s 
Mentha a q u a t i c a 
Mimulus g u t t a t u s 
M y o s o t i s s c o r p i o I d e s 
M y r i o p h y l l u m a l t e r n i f l o r u m 
P h a l a r i s a r u n d m a c e a 
Potamogeton c r i s p u s 
Ranunculus a q u a t i l i s agg . 
R . f l a m m u l a 
R . p e n i c i l l a t u s v a r . c a l c a r e u s 
R o r i p p a n a s t u r t i u m - a q u a t i c u m 
Sparganium e r e c t u m 
V e r o n i c a beccabunga 
sewage f u n g u s ( o b v i o u s ) 

O O H H -J 
O cn O o> cn O 

2 
1 1 1 

I 1 
1 1 1 1 

1 1 1 1 
I I 1 

1 1 
1 1 1 1 1 

1 
1 
1 
2 
2 
1 

2 
1 

1 
1 
2 

1 2 1 

1 
1 
1 
1 
1 
1 
3 
1 

1 
2 
1 
1 

1 
1 
1 

o oo oo <o to to to CO 

O i O t n O t n O O i O 

1 2 1 1 1 1 1 
1 1 1 1 1 

2 
1 1 1 

2 2 1 1 1 

1 
1 

2 1 1 1 1 
1 1 1 2 2 

1 1 2 1 
1 

1 2 1 

1 2 1 1 2 2 2 
1 1 
1 2 2 
1 2 2 

1 2 1 
1 1 1 
1 1 1 

1 1 2 2 2 2 2 2 

1 
1 

1 1 
4 4 4 

+» 
o 
o 
«w 

! 
u 
u 

1 3 6 



s p e c i e s 
km up the Jech 

I I I t I I l i 
O tO tO W CO ^ -4 <I 
O O en O W O Ocn 

H i l d e n b r a n d i a r i v u l a r i s 1 2 1 1 1 1 1 
Leinanea f l u v i a t i l i s ^ ^ 
V a u c h e r i a s p ( p ) . I l l 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 2 1 1 
Cladophora g lo rae ra ta 5 5 5 4 3 2 2 2 
Monostroraa b u l l o s u m 1 
T e t r a s p o r a s p ( p ) . I l l 
P r a s i o l a c r i s p a 1 2 1 
Chara v u l g a r i s 1 

V e r r u c a r i a o t h e r spp . 2 2 1 1 1 1 1 

B r a c h y t h e c i u m r i v u l a r e ' 1 ' 
B . r u t a b u L u m 1 2 1 2 2 
C i n c l i d o t f t s f o n t i n a l o i d e s 1 1 
Conocephalum con icum 2 2 1 2 1 1 2 
C r a t o n e u r o n f i l i c i n u m 1 
E u r h y n c h i u m r i p a r i o i d e s 2 3 2 3 4 2 3 1 
F o n t i n a l i s a n t i p y r e t i c a 2 2 2 2 1 1 1 
F u n a r i a h y g r o m e t r i c a l l 
Gr immia a l p i c o l a 1 2 2 1 1 
H y g r o a m b l y s t e g i u m f l u v i a t i l e 2 3 2 2 2 2 3 1 
L e p t o d i c t y u m r i p a r i u m 2 1 1 1 2 
M a r c h a n t i a po lymorpha 1 1 1 1 1 2 1 
Milium l o n g i r o s t r u m 1 1 1 1 
O r t h o t r i c h u m r i v u l a r e 1 1 
P e l l i a e n d i v i i f o L i a 1 1 1 
Thamniuifi a l opecu rum 1 1 1 1 
T h u i d i u m d e l i c a t u l u m 1 
T o r t u l a m u t i c a 1 1 
C a l t h a p a l u s t r i s 1 2 1 2 1 
C«trex s p . 1 
E l e o c h a r i s p a l u s t r i s 1 
F i l i p e n d u l a u l i n a r i a 1 1 1 1 1 1 1 
G l y c e r i a f l u i t a n s 1 1 1 
I r i s pseudacorus 2 
Juncus a c u t i f l o r u s 2 2 1 1 1 1 1 1 
Mentha a q u a t i c a 1 1 2 2 1 
Mimulus g u t t a t u s 1 1 1 1 1 
M y o s o t i s s c o r p i o i d e s • 2 3 1 1 1 2 2 4 
M y r i o p h y l l u m s p i c a t u m 1 1 1 1 4 1 
P h a l a r i s a r u n d i n a c e a 3 3 3 2 4 3 2 2 
Po tamogc lon c r i s p u s 1 2 2 1 4 1 4 
P . n a t a n s 1 . 1 
R o r i p p a n a s t u r t i u m - a q u a t i c u m 1 1 1 
S c i r p u s s y l v a t i c u s 1 1 1 1 
Spargan Lum c r e c t u m 1 
V e r o n i c a beccabunga 1 1 1 2 2 2 2 
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I I I t I 
O O 03 CO rf*. 
O Oi O Cn O 

H i l d e n b r a n d i a r i v u l a r i s 4 3 3 4 2 
Lemanea f l u v i a t i l i s 1 1 
Euglena spp . 1 
B o t r y d i u m g r a n u l a t u m 1 
V a u c h e r i a s p ( p ) . 1 1 1 1 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 1 1 1 
C ladophora g l o m e r a t a 3 3 3 5 4 
En te romorpha s p ( p ) . 3 4 4 5 3 
G o n g r o s i r a i n c r u s t a n s 2 1 2 3 2 
Oedogoniura spp 1 1 1 1 
Monostroma b u l l o s u m 1 
P r a s i o l a c r i s p a 1 
T e t r a s p o r a s p ( p ) . 1 1 1 2 2 
Col lema f l a c c i d u m 1 
V e r r u c a r i a o t h e r spp . 4 3 2 3 1 
B r a c h y t h e c i u m r i v u l a r e 1 1 
B . r u t a b u l u m 1 1 1 1 
C i n c l i d o t J t s f o n t i n a l o i d e s 2 1 
Conocephalum con icum 1 1 1 1 
C r a t o n e u r o n l i l i c i n u m 1 1 
D i c h o d o n t i u m p e l l u c i d u m 1 1 
E u r h y n c h i u m r i p a r i o i d e s 2 2 1 3 1 
F o n t i n a l i s a n t i p y r e t i c a 1 1 3 3 
Grimmia a l p i c o l a 1 
H y g r o a m b l j / s t e g i u m f l u v i a t i l e 1 1 1 1 1 
L e p t o d i c t y u m r i p a r i u m 2 1 
Leskea p o l y c a r p a 1 
M a r c h a n t i a po lymorpha 1 1 1 1 1 
Mnium l o n g i r o s t r u m 1 
P e l l i a e n d i v i i f o l i a 1 
T o r t u l a m u t i c a 2 
E l e o c h a r i s p a l u s t r i s 1 2 
E lodea canadens i s 1 1 3 3 2 
E q u i s e t u m f l u v i a t i l e 1 1 
F i l i p e n d u l a u l m a r i a 1 1 
G l y c e r i a f i u i t a n s .1 1 3 2 1 
Juncus a c & t i f l o r u s 1 2 
J . e f f u s u s 2 1 
J . i n f l e x u s 1 2 
Mentha a q u a t i c a 1 1 1 2 
M y o s o t i s s c o r p i o i d e s 1 1 2 2 2 
M y r i o p h y l l u m sp ica tura 1 
P h a l a r i s a r u n d i n a c e a 1 1 1 1 2 
Polygonum amphibium 2 
Potaraogeton c r i s p u s 1 2 3 3 2 
P . p e r f o l i a t u s 1 
Ranunculus f i u i t a n s >t? 1 2 2 5 3 
R o r i p p a amph ib i a 2 
R . n a s t u r t i u m - a q u a t i c u m 1 1 1 2 2 
S c i r p u s s y l v a t i c u s 1 
Sparganium e rec tum 2 1 4 1 1 
V e r o n i c a beccabunga 1 2 2 2 
Z a n n i c h e l l i a p a l u s t r i s 2 1 3 1 
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Phorra id ium spp . 5 5 4 4 4 4 2 1 
H i l d e n b r a n d i a v i v u l a r i s 1 1 1 1 1 2 1 
Lemanea f l u v i a t i l i s 1 1 
B o t r y d i u m g r a n u l a t u m 1 1 1 
V a u c h e r i a s p ( p ) . 2 3 2 2 3 1 2 3 
H e r i b a u d i e l l a f l u v i a t i l i s 1 1 1 
C ladophora g l o m e r a t a 5 5 3 2 4 4 5 5 
En te romorpha s p ( p ) . 4 3 2 4 5 4 5 4 
Gongrosara i n c r u s t a n s 1 1 2 1 1 3 2 
Oedogonium spp . 1 1 2 
S t i g e o c l o n i u m 1 1 1 
T e t r a s p o r a s p ( p ) . 1 1 1 
S p i r o g y r a spp . 5 3 2 4 2 2 1 
Colleraa f l a c c i d u m 1 1 
V e r r u c a r i a o t h e r s p p . 1 1 1 1 1 2 1 
B r a c h y t h e c i u m r u t a b u l u m 1 1 1 
C i n c l i d o t i i s f o n t i n a l o i d e s 1 1 1 
Conocephalum conicura 1 2 1 1 
C r a t o n e u r o n f i l i c i n u m 1 1 1 
D i c h o d o n t i u r a p e l l u c i d u m 1 1 
E u r h y n c h i u m r i p a r i o i d e s 1 2 1 2 2 2 1 1 
F i s s i d o n s a d i a n t h o i d e s 1 1 
F . c r a s s i p e s 2 2 3 
F o n t i n a l i s a n t i p y r e t i c a 1 1 2 1 2 1 
F u n a r i a h y g r o m e t r i c a 1 1 
Hygroarab lys teg iura f l u v i a t i l e 1 1 1 2 1 1 1 
L e p t o d i c t y u m r i p a r i u r a 4 4 3 3 4 4 2 1 
P e l l i a e n d i v i i f o l i a 1 1 2 1 
T o r t u l a Riu t ica 1 1 
C a l t h a p a l u s t r i s 1 1 1 1 
Carex r i p a r i a 1 3 2 4 
C . r o s t r a t a 1 1 2 1 2 1 
E l e o c h a r i s p a l u s l r i s 1 1 1 1 
JElodea canadens i s 1 
L q u i s e t u m f l u v i a t i l e 1 3 1 1 
F i l i p e n d u l a • u l m a r i a 1 1 1 1 1 
G l y c e r i a f l u i t a n s 3 3 2 1 3 1 
I r i s pseudacorus 1 1 1 1 1 1 
Juncus a c u t i f l o r u s 1 1 1 1 
J . e f f u s u s 1 1 
J . i n f l e x u s 1 1 2 2 1 
Lemna M i n o r 2 3 1 
Mentha a q u a t i c a 2 1 1 1 1 1 
Myosotas s c o r p i o i d e s 2 1 2 2 1 1 2 2 
M y r i o p h y l l u m s p i c n t u m 2 2 2 2 2 4 1 
P h a l a r x s a r u n d i n a c e a 2 2 2 2 2 2 3 2 
Polygonum araphibium 2 1 1 2 1 2 1 
Potamogeton c r i s p u s 2 1 1 1 2 2 
P . p e c t i n a t u s 1 2 3 
Ranunculus p e n i c i l l a t u s v a r . 2 
R o r i p p a aiaphibiura. ( c a l c a r e u s 1 
R . n a s t u r t Lum-aquat icum 4 4 4 1 4 3 2 
S c i r p u s l a c u s t r i s 1 1 
Sparganium e r e c t u m 3 2 2 2 2 1 2 
V e r o n i c a beccabunga 3 2 2 2 4 2 2 
Z a n n i c h o l l i a p a l u s t r i s 3 
p u r p l e p h o t o s y n t h e t i c b a c t e r i a 

3 
4 5 2 1 

sewage Umguc ( O D V I O U S ; 5 
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s p e c i e s km up the R i v e r T i l l 
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O O t n t n O O i O O i O O W O w O c n O w 

Phor ra id ium s p p . 
H i l d e n b r a n d i a r i v u l a r i s 
Lemanea X l u v i a b i l i s 
V a u c h e n a s p ( p ) . 
H e r x b a u d i e l l a f l u v i a t i l i s 
Cladophcn-a g l o m e r a t a 
C l a d o p h o r a s p . ' A ' 
En te ro ino rpha s p ( p ) . 
Ocdogonium s p p , 
T e t r a s p o r a s p ( p ) . 
S t i g e o c l o n i u r a t enue 

C o l l e m a f l a c c i d u m 
V e r r u c a r i a p r a e t e r m i s s a 
V e r r u c a r i a o t h e r spp . 

2 1 1 1 1 1 
3 1 3 3 4 2 1 2 1 2 1 1 1 1 1 
1 1 1 2 1 1 1 

1 2 2 1 1 1 1 2 3 4 2 3 2 2 1 3 4 
1 2 1 2 1 1 1 2 1 1 1 

2 1 2 2 3 2 2 2 1 3 2 1 1 1 1 1 
1 1 1 1 1 1 1 1 
1 1 1 2 2 1 2 2 2 3 2 1 1 

1 1 1 1 1 • 

1 1 1 1 1 1 1 1 i 
1 2 1 1 

1 -

1 1 1 
2 1 2 2 2 2 1 1 2 2 1 1 1 

A c r o c l a d i u r a c u s p i d a t u m 
Brachyfchec ium pluraosura 
B . r i v u l a r e 
B . r u t a b u l u m 
Bryum p s e u d o t r i q u e t r u m 
C i n c l i d o t l i s £ o n t i n a l o i d e s 
Conocsphalum con icum 
C r a t o n e u r o n f i l i c i n u m 
D i c h o d o n t i u m p e l l u c i d u m 
Eurhynch iu ra r i p a r i o i d e s 
F i s s i d e n s c r a s s i p e s 
F o n t i n a l i s a n t i p y r e t i c a 
F u n a r i a h y g r o m e t r i c a 
Gr i imuia a l p i c o i a 
H y g r o a m b l y s t e g i u m f l u v i a t i l e 
L c p t o d i c t y u m r i p a r i u m 
Leokea p o l y c a r p a 
Marchanfc ia po lymorpha 
O r t h o t r i c h u n r i v u l a r e 
P e l l i a end Lv i . i jEo l i a 
P h i l o n o t i s i o n t a n a 
T o r t u l a m u t i c a 

1 2 1 1 1 1 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

1 1 
1 1 

1 1 1 1 1 1 1 1 1 1 1 
1 1 1 1 1 

1 
2 1 2 1 1 1 i 1 2 3 2 2 1 
1 1 1 1 1 1 

1 1 1 1 1 1 1 1 1 1 1 1 1 
1 1 1 

1 
1 1 1 1 1 1 1 1 2 1 1 

1 2 2 1 I 1 1 2 2 2 3 2 3 
1 1 2 1 

1 1 1 1 1 1 1 1 
1 1 
1 •1 1 

1 1 

i 
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o O cn Cn O cn O tn O O cn o Cn o cn O Cn 

C a l l i t r i c h e s p p . 1 1 1 
C a l t h a p a l u s t r i s 1 1 1 1 
Carex a c u t a 1 1 1 1 1 
C . p a n i c u l a t a 
C . r i p a r i a 2 
E l e o c h a r i s p a l u s t r i s 1 1 1 1 1 1 1 
E l o d e a c a n a d e n s i s 3 1 2 1 2 2 3 1 2 1 2 1 2 3 3 3 2 
E q u i s e t u m f l u v i a t i i o 1 1 1 
F i l i p e n d u l a u l m a r i a 1 1 1 1 1 
G l y c e r i a f l u i t a n s 1 2 2 2 1 1 1 2 2 2 2 2 
I r i s p s e u d a c o r u s 1 1 2 1 
Juncus a c u t i f l o r u s • 1 1 1 1 1 1 1 1 1 1 2 1 
J . e f Cusus 1 1 1 1 1 2 2 2 1 
J . i n f l e x u s 1 1 1 1 
Mentha a q u a t i c a 1 1 1 1 1 1 1 1 1 1 
K i m u l u s g u t t a t u s 1 2 2 2 2 2 2 2 
M y o s o t i s s c o r p i o i d e s 2 2 1 1 1 1 2 1 1 1 2 2 2 2 2 2 2 
M y r i o p h / i l u u i s p i c a t u m 2 2 2 1 1 1 1 2 2 1 3 3 4 3 4 
P h a l a r i s a r u n d i n a c e a 1 1 2 1 2 1 2 2 2 1 1 2 1 1 1 1 
P h r a g i a i t c s communis 3 2 4 
Polygonum amph ib ium 3 1 1 1 1 
Po tamogoton c r i s p u s 1 1 1 1 2 1 1 2 1 1 1 1 3 1 
P . l u c e n s 4 
P . p e c t i n a t u s 2 1 1 2 2 
P . p e r f o l i a t u s 1 - 1 1 
P . p u s i l l u s 1 
P . x s u e c i c u s 3 1 1 2 3 5 2 1 
Ranuncu lus Clu i fcans x ? 2 5 4 3 3 5 2 2 2 5 4 4 3 4 4 2 4 
R . p e n i c i l l a t u s v a r c a l c 1 1 
R o r i p p a a m p h i b i a ( a r e u s 1 1 1 2 1 2 1 2 1 1 
R . n a s t u r t i u m - a q u a t i c u m 1 1 1 1 2 2 1 
Rumex h y d r o l a p a t h u m 
S c i r p u s l a c u s t r i s 
S . s y l v a t i c u s 1 1 2 1 1 1 1 1 2 
Spargan ium e r e c t u m 4 1 2 2 3 2 2 3 1 1 2 2 2 2 2 3 3 
V e r o n i c a boccabunga 1 1 2 1 2 1 2 1 3 3 1 3 2 
Z a n n i c h e l l i a p a l u s t r i s 1 2 1 1 1 1 2 2 2 1 1 1 3 
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s p e c i e s km up the R i v e r T i l l 

I I 1 I I I \ I I I 
to to w no to to w w u to 
O O H CO CD tfl O W U ijv 

0 Oi O Oi O (Ji O O Oi o 
2 2 
1 2 2 

3 5 4 1 1 1 2 1 2 2 
1 1 1 2 

2 1 1 2 2 2 2 1 2 3 

1 
I I 1 

1 
1 1 

1 1 
2 1 

1 

1 1 1 ( 1 I I I I 1 
,£> ,|x tfi. cn en en CJI cn c» o i 
0 ) 0 5 ~ J H H N> to O Cft - J 

O t» O O Oi O en O Oi O 

1 1 1 1 1 1 1 1 
1 1 1 1 1 1 1 1 

1 2 1 2 1 2 2 1 2 1 
1 1 1 1 1 

1 2 2 2 1 3 3 2 3 1 

1 1 1 

1 1 
1 1 1 2 1 1 1 1 1 

Phorra id ium s p p . 
H x l d e n b r a n d i a r i v u l a r i s 
Lemanea f l u v i a t i l i s 
V a u c h e r i a s p ( p ) . 
H e r i b a u d i e l l a f l u v i a t i l i s 
C l a d o p h o r a g l o m e r a t a 
C l a d o p h o r a s p . ' A ' 
E n t e r o m o r p h a sp(p)_. 
Oedogonium s p p . 
T e t r a s p o r a s p ( p ) . 
S t i g e o c l o n i u m tenue 

Co l l ema f l a c c i d u m 
V e r r u c a r i a p r a e t e r m i s s a 
V e r r u c a r i a o t h e r spp . 

A c r o c l a d i u m c u s p i d a t u m 
B r a c b y t h e c i u m pluwosum 
B . r i v u l a r e 
B . r u t a b u l u m 1 
Bryum p s e u d o t r i q u e t r u m 1 
C i n c l i d o t i L s f o n t i n a l o i d e s 
Conocephalum con icum 
C r a t o n e u r o n f i l i c i n u m 1 1 1 
D.i chodon t ium p e l l u c i d u m 
E u r h y n c h i u m r i p a r i o i d e s 
F i s s i d e n s c r a s s i p e s 
F o n t i n a l i s a n t i p y r e t i c a 2 
F u n a r i a h y g r o m e t r i c a 1 

, G r i m n i a a l p i c o l a 
; H y g r o a m b l y s t e g i u m f l u v i a t i l e 1 1 

L e p t o d L c t y u m r i p a r i u m 1 1 
Leskea p o l y c o r p a 

, M a r c h a n t i a po lymorpha 1 1 
O r t h o t r l c h u m r i v u l a r e 
P e l l i a c n d i v i i f o l i a 1 
P h i l o n o t i s f o n t a n a 1 
T o r t u l a m u t i c a 

1 1 
1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 3 
1 1 1 1 1 1 1 ' L 1 1 

1 1 1 1 1 1 i 
1 1 

1 1 2 2 1 1 2 2 2 2 2 2 
1 1 1 1 1 1 2 2 2 2 1 Z 1 
1 1 1 1 1 1 2 1 1 

1 2 2 3 2 1 2 1 1. 1 2 2 •2 3 1 

2 2 3 4 1 3 2 3 3 3 2 2 2 1 
1 1 1 1 1 

1 1 1 1 1 1 -

1 1 1 1 1 1 1 2 1 1 L 2 
2 1 1 1 1 1 1 1 1 

1 1 1 1 1 1 1 1 
1 

1 1 1 2 1 1 1 1 2 1 1 2 
1 1 1 1 

2 1 2 1 
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C a l l i t r i c h e s p p . 1 2 1 1 1 1 
C a l t h a p a l u s t r i s 1 
Carex a c u t a 
C . p a n i c u l a t a 1 1 1 
C . r i p a r i a 
E l e o c h a r i s p a l u s t r i s 2 2 1 1 1 1 1 1 
Elodea c a n a d e n s i s 2 2 1 1 1 1 1 3 4 3 4 3 
Equise tu ra f l u v i a t i l e 1 1 1 
F i L i p e n d u i a u l m a r i a 1 1 1 1 1 1 1 1 1 
G l y c e r i a f l u i t a n s 2 3 3 2 2 3 1 I 1 2 2 1 1 2 1 1 1 1 
I r i s pseudacorus .1 1 
Juncus a c u t i f l o r u s 1 1 2 1 2 2 1 2 i 2 2 1 1 2 1 1 1 1 
J . e f f u s u s 2 2 4 2 3 1 2 2 l 2 2 2 2 2 2 1 2 2 
J . i n f l e x u s 1 2 2 2 l 1 1 1 2 2 1 1 
Mentha a q u a t i c a 1 1 1 2 2 2 1 2 2 2 2 1 2 1 
M i m u l u s g u t t a t u s 1 1 1 1 1 2 1 1 2 1 
M y o s o t i s s c o r p i o i d e s 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
M y r i o p h y l l u m s p i c a t u m 2 2 2 1 1 2 1 
P h a l a r i s a r u n d i n a c e a 2 2 1 1 1 1 2 1 1 1 1 1 1 1 1 
P h r a g i a i t e s communis 
Polygonum amphib ium 2 1 1 1 
Potamogeton c r i s p u s 1 1 1 1 2 3 1 2 1 1 3 2 1 
P . l u c e n s 
P . p o c t i n a t u s 
P . p c r f o l i a t u s 
P . p u s l l l u s 
P . x s u e c i c u s 
Ranuncu lus f l u i t a n s x ? 3 1 3 3 4 4 4 3 4 5 3 4 2 
R . p e m c i l l a t u s va r c a l c 1 1 2 2 1 1 1 
R o r i p p a a m p h i b i a ( a r e u s 1 1 1 
R . n a s t u r t i um~aqua t i cum 2 1 1 1 1 1 1 1 1 
Ruraex h y d r o l a p a t h u m 1 1 2 1 1 1 1 1 
S c i r p u s l a c u s t r i s 1 1 
S . s y l v a t i c u s 2 1 2 2 1 1 1 2 1 2 1 1 1 
Sparganium e r e c t u m 2 1 1 1 2 1 3 2 1 
V e r o n i c a beccabunga 2 1 1 1 1 2 2 1 2 2 1 1 2 2 1 1 2 2 
Z a n n i c h e l l i a p a l u s t r i s 3 2 2 2 2 1 1 
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H to to to to to to to to to to CO CO CO CO CO 
-a CO so to co CO rf*. Cn cn u> <o o o ^ cn H to to CO CO 

cn O o en O Cn O cn o cn o Cn O cn O Cn O Cn O Cn O Ol 

P h o r m i d i u m s p p . 1 1 1 
H i l d e n b r a n d i a r i v u l a r i s 1 3 1 2 2 1 4 2 3 2 3 1 2 3 2 3 4 
Lemanea f l u v i a t i l i s 1 1 
B o t r y d i u m g r a n u l a t u m 1 1 2 
V a u c h e r i a s p ( p ) . 1 1 1 1 
H e r i b a u d i e l l a f l u v i a t i l i s i 2 1 1 1 1 1 1 2 2 2 1 1 1 1 1 1 1 1 
C ladophora g l o m e r a t a 3 2 2 3 3 2 1 4' 2 2 1 2 1 1 1 2 3 2 1 1 2 
E n t e r o m o r p h a s p ( p ) . 3 4 5 5 5 4 2 3 1 3 3 2 3 3 2 1 4 5 5 4 3 
G o n g r o s i r a i n c r u s t a n s 1 1 1 3 4 2 2 2 3 1 1 2 
Monostroma b u l l o s u m 1 1 
P r a s i o l a c r i s p a 2 1 1 1 1 1 1 1 
S t i g e o c l o n i u m tenue 1 1 1 1 1 
T e t r a s p o r a s p ( p ) . 3 1 1 2 1 1 1 3 3 2 4 2 3 2 1 

Col lema f l a c c i d u m 1 1 1 Z 
V e r r u c a r i a p a e t e r m i s s a 1 1 1 1 1 2 2 3 1 2 1 
V e r r u c a r i a o t h e r spp . 1 2 1 1 1 1 2 2 1 1 1 1 1 2 1 

B r a c h y t h e c i u m plumosum 2 1 
B . r i v u l a r e 1 1 2 1 1 1 1 1 1 
B . r u t a b u l u m 1 1 1 1 1 
C i n c l i d o t z i s f o n t i n a l o i d e s i 1 1 1 1 2 1 2 1 
Conocephalum conicum 1 1 1 1 1 1 2 2 1 1 1 1 2 2 
C r a t o n e u r o n f i l i c i n u m 1 1 2 1 2 1 2 2 
D i c h o d o n t i u m p e l l u c i d u m 1 1 1 
E u r h y n c h i u m r i p a r i o i d e s 3 2 2 2 1 1 2 4 4 3 2 3 1 3 3 2 3 5 4 4 5 5 
F o n t i n a l i s a n t i p y r e t i c a 1 1 2 2 1 1 1 1 2 2 3 2 4 
F u n a r i a h y g r o m e t r i c a 1 1 1 
Gr imwia a l p i c o l a 1 1 1 1 1 2 1 2 2 1 
H y g r o a m b l y s t e g i u m E l x i v i a t l 1 1 1 1 1 1 2 3 1 2 1 2 1 2 
L c p t o d i c t y u m r i p a r i u m ( i l e 3 3 1 3 1 3 
M a r c h a n t i a po lymorpna 1 1 1 2 1 1 1 1 
Milium l o n g i r o s t r u m 1 1 
O r t h o t r i c h u m r i v u l a r e 2 1 1 1 1 1 
P e l l i a e n d L v i i f o l i a 1 1 2 1 1 
T o r t u l a m u t i c a 1 1 1 1 
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Butomus u m b e l l a t u s 1 3 3 2 1 1 2 1 3 1 3 2 2 1 1 2 1 2 
C a l l i t r i c h e spp . 1 1 
C a l t h a p a l u s t r i s 2 1 1 1 1 1 1 1 2 1 1 1 1 1 
Carex r i p a r i a 2 3 1 2 
C . r o s f c r a t a 1 2 1 1 1 
E l e o c h a r i s p a l u s t r i s 1 2 2 2 2 1 1 2 2 3 2 2 
E lodea canadens i s 1 2 5 1 2 1 2 3 2 1 4 5 4 5 3 3 1 
E q u i s e t i u m f l u v i a t i l e 1 1 1 1 1 
F i l i p e n d u l a u l m a r i a 1 1 1 1 1 1 1 1 2 
G l y c e r i a f i u i t a n s 1 2 1 4 1 1 1 2 2 1 1 1 1 1 2 2 1 1 
I r i s pseudacorus 2 1 1 2 2 1 3 3 2 2 3 2 1 1 1 
Juncus a c u t i f l o r u s 1 1 1 1 1 1 1 1 3 2 1 1 1 
J . e E f u s u s 1 1 1 1 1 1 2 
J i n f l e x u s 1 1 1 2 1 1 1 1 1 1 2 
Lemna m i n o r 1 
Mentha a q u a t i c a 2 1 1 1 1 1 1 1 2 2 2 3 3 
Mimulus g u t t a t u s 1 1 1 1 2 1 1 1 
M y o s o t i s s c o r p i o i d e s 3 2 2 2 2 1 2 1 1 2 1 2 1 1 2 1 1 1 1 1 1 1 
M y r i o p h y l l u m a l t e r n i f l o r u m 1 3 2 1 
M . s p i c a t u m 1 2 4 2 2 2 2 3 4 3 2 5 5 5 2 1 1 2 3 
P h a l a r i s a r u n d i n a c e a 2 1 2 1 1 1 2 2 3 3 3 1 2 2 2 2 1 1 2 2 I 1 
Polygonum amphibiura 1 1 1 1 1 1 1 1 1 1 1 1 
Potamogeton b e r c h t o i d i i 1 1 4 5 2 2 3 3 3 3 1 1 2 1 2 1 1 1 1 1 ] 
P. x c o o p e r i 1 
P . c r i s p u s 1 3 4 2 2 1 2 3 2 1 3 4 2 1 3 2 1 1 2 2 1 % P . n a t a n s 1 1 1 % 
P. x o l i v a c e u s 2 1 3 2 4 3 2 
P . p e r f o l i a t u s 2 2 2 
P . p u s i l l u s 2 2 1 3 2 3 
Ranunculus c i r c i n a t u s 2 3 1 1 3 3 4 3 1 
R . c i r c . x R . p e n . v a r . c a l c . 1 1 1 1 2 3 2 1 1 2 1 2 5 
R . f l a m m u l a 1 1 
R . f i u i t a n s ? 2 4 1 1 3 1 2 3 3 2 5 3 4 5 4 3 3 5 4 1 2 1 
R . p e n i c i l l a t u s v a r . c a l c a r 3 2 4 3 1 1 2 1 2 3 2 
R o r i p p a amph ib i a (eus 1 1 
R. n a s t t j r t ium-aqua t i cum 2 1 2 3 1 2 2 2 2 2 2 1 2 4 5 2 3 
S c i r p u s l a c u s t r i s 4 
S . s y l v a t i c u s 1 ] 
Sparganium e r e c t u m 2 4 5 1 1 5 1 1 3 3 3 4 4 4 4 3 1 3 3 2 1 2 
V e r o n i c a beccabunga 2 2 2 1 2 1 2 2 1 2 2 1 2 2 1 1 2 3 2 2 
Z a n n i c h e l l i a p a l u s t r i s 1 2 3 5 2 3 3 3 2 2 

p u r p l e p h o t o s y n t h e t i c 3 2 3 2 2 
b a c t e r i a 

Sewage f u n g u s ( o b v i o u s ) 1 

1 9 5 



s p e c i e s km up Whi teadder Water 

Cbamaesiphon spp . ( o b v i o u s ) 
Nos toc sp 'A* 
Phormid ium spp . 
T o l y p o t h r i x p e n i c i l l a t a 
H i i d e n b r a n d i a r i v u l a r i s 
Lemanoa f l u v i a t i l c 
V a u c h o r i a s p ( p ) . 
Didyrnosphenia g c m i n a t a 
I / e n b a u d i c l l a f l u v i a t i l i s 
Cbae tophora s p . 
C ladophora g l o i a e r a t a 
En te romorpha s p ( p ) . 
GongrosLra m c r u s t a n s 
Haematococcus v i r i d e 
Monostroma b u l l o s u m 
Oedogonium spp . 
P r a s i o l a c r i s p a 
Rnodoplax s c h i n z i i 
S t i g e o c l o n i u m tenue 
T e t r a s p o r a s p ( p ) . 
U l o t h r i x z o n a t a 
S p i r o g y r a s p p . 
Charaphy ta s p . 
Col loma f l a c c i d u m 
V e r r u c n r i a p r a e t e r m i s s a 
V e r r n c a r i a o t h e r spp . 
B r a c h y t h e c i u m plumosum 
B . r i v u l a r e 
B. r u t a b u l u m 
Bryum p s e u d o t r i q u e t r u m 
C i n c l i d o t t t s f o n t i n o l o i d e s 
Conocephalum con icum 
C r a t o n e u r o n f i l i c i n u m 
D i c h o d o n t i u m p e l l u c i d u r a 
Eurhynchiura r i p a r i o i d e s 

. Fass idens r u f u l u s 
F o n t i n a l i s a n t i p y r e t i c a 
F u n a r i a h y g r o m e t r i c a 
Grimmi? a l p i c o l a 
H y g r o a i ' i b l y s t e g i u m f l u v i a t i l e 
Hygrohypnum l u r i d u m 
L e p t o d i c t y u r c r i p a r i u m 
M a r c h a n t i a po lymorphs 
Mnium l o n g i r o s t r u m 
M.puneta turn 
O r l h o I r a chum r i v u l a r e 
P o l l i a c n d i v i x f o l i a 
P . e p i p h y l l a 
P h i l o ' i o t i s f o n t a n a 
So lenoa lowa t r i s t e 
Thuadiupt d o l i r a t u l u m 
T o r t u ) a mutaea 

j 1 I | I I I 1 1 I I 1 1 1 I 
} w l J . , J jn-ll ) , , | ^wJ 

H H M M O l Q M v l ^ Ol Oi <1 M W M 

O d O w O O i O O i Cn O W O Oi O cn 

1 1 1 1 1 3 1 2 

2 1 1 1 3 3 2 1 1 1 1 2 

1 1 1 

3 2 1 1 1 2 2 2 1 1 2 1 2 3 

2 1 3 1 1 2 2 2 1 2 2 3 2 1 3 
3 4 3 4 3 3 4 5 3 3 5 3 3 4 2 
2 4 3 2 3 3 2 2 2 

1 1 
1 2 4 3 1 1 1 

1 

1 2 1 
2 2 2 3 1 1 2 1 1 1 2 2 2 

1 1 

1 
1 1 1 1 1 1 
2 1 2 2 1 2 2 1 3 1 2 3 

1 1 

1 1 1 1 1 1 1 
1 1 1 1 

1 
1 1 2 1 1 1 2 1 2 1 1 2 3 2 3 

1 1 1 1 2 2 

1 1 2 
1 1 1 1 2 1 1 1 1 1 3 1 3 

2 
1 2 1 1 2 

1 3 1 1 2 
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s p e c i e s km up W h u e a d d o r Water 

I \ 1 \ \ \ \ \ \ I I t I I I 
M H H1 H H H H 

M H t O t O m c n < l < I t£. Ol CJl <l -1 CO CO 
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1 1 1 2 3 1 
1 1 1 1 2 1 1 1 
1 1 

1 
1 

Butomus u m b e l l a t u s 2 1 3 
C a l l i t r i c h e h e r r a a p h r o d i t i c a 
C a l l i t r i c h e o t h e r spp . 1 I 
C a l t h a p a l u s t L ' i s 1 1 1 1 
Carex r o s t r a t a 
E l e o c h a r i s p a l u s t r i s 
E l o d e a c a n a d e n s i s 
E q u i s e t u m f l u v i a t i l e 
F i l i p e n d u l a u l m a r i a 
G l y c e r i a f l u i t a n s 1 1 2 1 
I r i s p seudacorus 
Juncus a c u t i f l o r u s - 1 1 1 
J . e f f u s u s 1 1 
J . i n f l e x u s 1 1 
Mentha a q u a t i c a 1 2 
M i m u l u s g u t t a t u s 1 2 
MyGSo t i s s c o r p i o i d e s 1 1 
M y r i o p h y l l u m a l t e r n i E l o r u m 
M , s p i c a t u m 2 2 1 
P h a l a r i s a r u n d i n a c e a 2 2 2 
Po lygonum amphihium 1 1 
Po tamoge ton b e r c h t o l d i i 1 1 
P . c r i s p u s 1 
P . n a t a n s 1 
P, x o l i v a c e u s 1 
P . p e c t i n a t u s 4 5 
P . p e r f o l i a t u s 2 1 
P . p u s i l l u s 
R a n u n c u l u s f l u i t a n s x ? 5 5 
K , p e n i c i l l a t u s v a v . c a l c a r e u s 1 1 
Ror^ppa a m p h i b i a 1 1 
R . n a s t u r t i u m - a q u a t i c u m 3 1 
S c i r p u s l a c u s t r i s 1 1 
S . s y l v a t i c u s 1 1 
Spa rgan ium e r e c t u m 2 2 
V e r o n i c a beccabunga 1 1 
Z a n n i c b i l l La p a l u s t r i s 4 3 
p u r p l e p h o t o s y n t h e t i c b a c t e r i a 

2 
1 
1 
4 

4 
2 

5 
1 

1 
2 
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1 
2 
1 
1 
2 

1 
3 
2 

4 
1 
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1 
1 
2 
1 
2 

1 
1 
1 
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1 

3 
3 

1 
2 

2 
1 
4 
1 

1 
2 
2 

4 
3 
1 

1 
1 
2 

3 
3 

2 
4 

3 
2 
3 

2 
1 
4 

2 
2 
2 
3 
2 
4 

1 4 
2 5 3 1 

1 1 
1 
I 

2 
1 
2 
2 
2 

2 
2 

1 
1 
2 

2 
2 
3 
3 
2 
1 
3 
3 

1 2 1 5 3 3 

4 
2 

1 
1 
3 
4 
1 
4 

4 
4 

1 
1 

3 1 
2 1 

1 1 
1 

1 1 
1 

3 2 

1 
1 
1 
2 

2 
2 
3 
2 

1 1 

1 
1 1 1 

1 
3 
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s p e c i e s 

Chamaesiphon s p p . ( o b v i o u s ) 
N o s t o c sp ' A ' 
Pho rmid iu m spp . 
T o l y p o t h r i x p e n i c i l l a t a 
H i l d e n b r a n d i a r i v u l a r i s 
Lemanea f l u v i a t i l e 
V a u c h c r i a s p ( p ) . 
D idymosphen ia gerainata 
H e r i b a u d x e l l a f l u v i a t i l i s 
C h a r t o p h o r a s p . 
C l adopho ra g l o m e r a t a 
Enteroneorpha s p ( p ) . * 
G o n g r o s l r a i n c r ' u s t a n s 
I laernatococcus v i r i d e 
Monostroma b u l l o s u r a 
Oedogonium spp . 
P r a s i o l a c r i s p a 
Rhodop lax s c h i n z i i 
S t i g e o c l o n i u r a tenue 
T e t r a s p o r a s p ( p ) . 
U l o t h r i x z o n a t a 
S p i r o g y r a s p p . 
C h a r a p h y t a s p . 
Col ieraa f l a c c i d u m 
V e r r u c a r i a p r a e t o r m i s s a 
V e r r u c a r i a o t h e r s p p . 
B r a c h y t h e c i u r a plumosum 
B . r i v u l a r e 
B . r u t a b u l u r a 
Bryum p s c u d o t r i q u e t r u m 
C i n c l i d o t l l s f o n t i n a l o i d e s 
Conocephalum conicura 
C r a t o n e u r o n f i l i c i n u r a 
D i c h o d c n t i u m p e l l u c i d u m 
E u r h y n c h i u m r i p a r i o i d e s 
F i s s i d e n s r u f u l u s 
F o n t i n a l i s a n t i p y r e t i c a 
F u n a r i a h y g r o m e t r i c a 
Grimm La a l p i c o l a 
H y g r o a i n b l y s t e g i u i n f l u v i a t i l e 
Hygrohypnum l u r i d u m 
L e p t o d i c t y u m r i p a r i u m 
M a r c h a n t i a po lymorpha 
Mnium l o n g i r o s t r u m 
M . p u n c t a t u m 
O r t h o t r i c h u m r i v u l a r e 
P e l l i a e n d i v i i f o l i a 
P . e p i p h y l l a 
P h i i o n o t i s Xontana 
So lenos toma t r . i s l o 
T h u i d i u m de l i ca f cu lu ra 
T o r t u l a m u t i c a 

up W h i t e a d d e r Water 
I I I I 1 I I I I I 1 1 ! 
t o w t o t o t o w t o t o c o t o CO CO CO 

o en o o en o Oi O cn Cn O o 

2 2 2 1 3 3 2 3 1 4 3 4 
2 1 

1 2 2 3 2 3 3 3 3 1 2 
2 1 1 

1 1 1 1 1 1 2 1 2 1 
1 1 2 1 

1 
3 2 1 

2 1 2 2 2 1 1 2 1 4 4 5 2 
2 1 1 2 3 2 

1 1 2 1 1 1 1 1 1 1 1 
4 3 3 3 3 4 5 1 1 

1 1 1 
I 

2 1 2 2 2 3 2 2 2 2 2 3 
1 1 

1 3 2 2 
1 1 

3 2 1 2 2 3 4 4 4 
1 1 2 1 1 

2 2 2 2 1 
2 1 

1 2 1 1 1 3 2 1 
2 2 2 3 2 3 2 2 2 5 4 4 3 

1 1 
1 1 1 1 

1 1 1 1 1 
2 • 

1 2 1 1 2 3 2 1 
1 1 1 1 I 1 1 1 

1 1 1 
2 2 1 1 2 1 1 2 2 3 4 4 3 

2 1 
1 1 1 2 1 1 2 

1 
1 1 1 1 1 
2 2 1 1 1 1 2 2 2 1 

2 1 

1 1 1 1 1 
1 1 1 

t 1 1 
1 1 1 
1 1 

1 1 1 
I 

1 1 
1 

1 
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I I I I I I I I I I t I I 
t o c o t o t o N N M t o i o t o w w w 

O u i O O t t O W O o i f b t n O 

Butomus u m b e l l a t u s 
C a l l i t r i c h e h e r m a p h r o d i t i c a 
C a l l i t r i c h e o t h e r s p p . 
C a l t h a p a l u s t r i s 
Carex r o s t r a t a 
E l e o c h a r i s p a l u s t r i s 
E l o d e a c a n a d e n s i s 
E q u i s e t u m f l u v i a t i l e 
F i l i p e n d u l a u l r a a r i a 
G l y c e r i a f l u i t a n s 
I r i s p seudaco rus 
Juncus a c u t i f l o r u s 
J . e f f u s u s 
J . i n f l e x u s 
Mentha a q u a t i c a 
M i m u l u s g u t t a t u s 
M y o s o t i s s c o r p i o i d e s 
M y r i o p h y l l u m a l t o r n Lf l o r u i a 
M . s p i c a t u m 
P h a l a r i s a r u n d i n a c e a 
Polygonum amphib ium 
Po tamoge ton b e r c h t o l d i i 
P . c r i s p u s 
P . n a t a n s 
P, x o l i v a c e u s 
P . p e c t i n a t u s 
P . p e r f o i i a t u s 
P . p u s i l l u s 
Ranuncu lus f l u i t a n s x ? 
8 . p e n i c i l l a t u s v a r . c a l c a r e u s 
R o r i p p a a m p h i b i a 
R . n a s t u r t i u m - a q u a t i c u m 
S c i r p u s l a c u s t r i s 
S . s y l v a t i c u s 
Spargan ium e r e c t u m 
V e r o n i c a beccabunga 
Z a n n i c b o l L i a p a l u s t r i s 
p u r p l e p h o t o s y n t h e t i c b a c t e r i a 

1 
1 1 1 1 1 1 1 

1 
1 
2 

2 
2 

1 1 

1 
1 

1 1 1 1 

1 1 
1 

1 2 1 
2 1 2 
2 1 1 

1 
1 
2 2 
1 2 
2 2 

2 1 2 2 2 
1 1 2 

1 3 2 3 3 2 
2 5 5 5 5 2 4 4 3 

2 3 1 
3 

1 2 1 3 3 2 2 2 2 3 
1 2 1 3 3 2 3 3 2 1 

1 1 1 
1 
1 1 
1 • 

1 
1 
1 1 2 

1 1 1 2 1 1 1 2 2 2 2 

1 2 2 
2 2 2 
2 2 3 

2 1 3 5 4 3 3 1 3 4 3 4 4 

1 2 2 2 2 2 2 2 

2 1 3 
4 2 4 

3 3 2 
1 2 2 

1 1 1 2 2 2 2 2 2 1 2 3 3 

1 1 1 
1 ' 2 2 2 1 1 1 2 2 1 1 2 2 
2 4 4 4 4 2 4 4 3 
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6.5 R e l a t i o n s h i p of abundance values to presence or absence technique 

The importance of not only recording the presence of a species, but also 

i t s abundance (see 2.2), i s i l l u s t r a t e d i n Table 6.5a. On the l e f t are 

l i s t e d the 20 most recorded species from the three hundred 0.5 km lengths 

surveyed i n the Tweed; on the r i g h t are l i s t e d the 20 most abundant 

species i n the r i v e r based on the aggregate of the s u b j e c t i v e abundances 

f o r each 0.5 km l e n g t h i n which they were present. Table 6.5b summarizes 

s i m i l a r data from the T e v i o t . Both serve to show t h a t the number of times 

a species i s recorded i s not always p r o p o r t i o n a l to i t s o v e r a l l abundance 

i n the r i v e r . 

The Tables show t h a t permanently submerged bryophytes and angiosperms 

(SB and SA), are placed higher i n the abundance column than i n the 

presence column (apart from Eurhynchium r i p a r i o i d e s which was top of 

both columns f o r the T e v i o t ) . This i s p a r t i c u l a r l y obvious i n the case 

°* R a n u n c u l u s p e n i c i l l a t u s var. calcareus i n both the Tweed and Teviot, 

R. f l u i t a n s x ?^and Myriophyllum spicatum^, — < J — • -p5*" ' Za n n i c h e l l i a 

p a l u s t r i s and Hygrohypnum luridum i n the Teviot. Conversely, bank 

species tended t o be present i n more 0.5 km lengths, but i n less abundance. 

This i s best i l l u s t r a t e d i n both r i v e r s by Myosotis scorpioides. 

Reference t o p a r t i a l l y surveyed t r i b u t a r i e s also shows the a d d i t i o n a l 

i n f o r m a t i o n gained by i n c l u d i n g a s u b j e c t i v e judgement of the abundance of 

a species i n each p a r t i c u l a r 0.5 km length. For example, i n the Biggar 

both Eurhynchium r i p a r i o i d e s and F o n t i n a l i s a n t i p y r e t i c a were 

recorded i n a l l s i x 0.5 km lengths, however^ the former species was rare 

i n a l l lengths^whereas the l a t t e r was much more common. The comparative 

abundance t o t a l s of s i x and 16 r e s p e c t i v e l y are an i n d i c a t i o n of the 

l a t t e r species abundance and the former species rareness. I n the same 

r i v e r , Potamogeton natans was recorded i n only f i v e 0.5 km lengths, but 
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(a) (b) 

Myosotis scorpioides 275 Ranunculus p e n i c i l l a t u s 
var. calcareus (SA) 637 

P h a l a r i s arundinacea 272 Eurhynchium r i p a r i o i d e s (SB) 582 

Eurhynchium r i p a r i o i d e s (SB) 267 Elodea canadensis (SA) 554 

Oedogonium spp. 249 Phalaris arundinacea 495 

Elodea canadensis (SA) 241 F o n t i n a l i s a n t i p y r e t i c a (SB) 481 

submerged Ve r r u c a r i a spp. 240 Oedogonium spp. 474 

Ranunculus p e n i c i l l a t u s 
v a r . calcareus (SA) 237 

submerged Verrucaria spp. 415 

Hildenbrandia r i v u l a r i s 237 Hygroamblystegium f l u v i a t i l e (SB)415 

F o n t i n a l i s a n t i p y r e t i c a (SB) 233 Myriophyllum a l t e r n i f l o r u m (SA) 402 

H e r i b a u d i e l l a f l u v i a t i l i s 228 Hildenbrandia r i v u l a r i s 392 

Hygroamblystegium f l u v i a t i l e (SB)225 Cinclidot&s f o n t i n a l o i d e s 347 

Mimulus g u t t a t u s 224 Myosotis scorpioides 344 

Cladophora glomerata 214 Ranunculus f l u i t a n s x ?(SA) 334 

Stigeoclonium tenue 213 Cladophora glomerata 317 

Myriophyllum a l t e r n i f l o r u m (SA) 208 He r i b a u d i e l l a f l u v i a t i l i s 299 

Cinc l i d o t & s f o n t i n a l o i d e s 201 Stigeoclonium tenue 286 

Caltha p a l u s t r i s 190 Mimulus gut t a t u s 274 

Juncus a c u t i f l o r u s 189 Eleocharis p a l u s t r i s 262 

Brachythecium rutabulum 189 Brachythecium rutabulum 224 

Eleocharis p a l u s t r i s 185 Conocephalum conicum 224 

(SB) = submerged bryophyte (SA) = submerged angiosperm 

Table 6.5a R. Tweed - comparative tables of species importance based 

upon two techniques, (a) presence alone (b) s u b j e c t i v e 

abundance. 
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(a) (b) 

Eurhynchiura r i p a r i o i d e s (SB) 124 Eurhynchium r i p a r i o i d e s (SB) 380 

F o n t i n a l i s a n t i p y r e t i c a (SB) 118 Ranunculus p e n i c i l l a t u s 
var. calcareus (SA 242 

Mimulus g u t t a t u s 108 F o n t i n a l i s a n t i p y r e t i c a (SB) 228 

Gongrosira incrustans 103 Myriophyllum spicatum (SA) 202 

Myosotis scorpioides 97 Gongrosira incrustans 189 

P h a l a r i s arundinacea 93 Cladophora glomerata 180 

Hygroamblystegium f l u v i a t i l e (SB) 88 Z a n n i c h e l l i a p a l u s t r i s (SA) 165 

Dichodontium pellucidum 85 Elodea canadensis (SA) 154 

H e r i b a u d i e l l a f l u v i a t i l i s 83 Hildenbrandia r i v u l a r i s 154 

Cladophora glomerata 80 Mimulus gut t a t u s 142 

Hildenbrandia r i v u l a r i s 80 Potamogeton crispus (SA) 131 

Conocephalura conicum 78 C i n c l i d o t i l s f o n t i n a l o i d e s 129 

submerged V e r r u c a r i a spp. 77 Hygroamblystegium f l u v i a t i l e (SB)125 

F i l i p e n d u l a ulmaria 77 Hygrohypnum luridum (SB) 125 

Myriophyllum spicatum (SA) 72 Phalaris arundinacea 124 

Oedogonium spp. 72 Grimmia a l p i c o l a 119 

Elodea canadensis (SA) 72 submerged Verrucaria spp. 116 

Potamogeton crispus (SA) 70 Myosotis scorpioides 116 

G l y c e r i a f l u i t a n s 69 Oedogonium spp. 112 

Juncus a c u t i f l o r u s 68 H e r i b a u d i e l l a f l u v i a t i l i s 108 

(SB) = submerged bryophyte (SA) = submerged angiosperm 

Table 6.5b R. Teviot - comparative tables of species importance based 

upon two techniques, (a) presence alone (b) s u b j e c t i v e 

abundance. 
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i t s abundance t o t a l was 20. I n the Jed )both Cladophora glocierata 

a n c^ JUACUS a c u t i f l o r u s were recorded i n a l l lengths surveyed. The former 

was,however,very abundant, as i n d i c a t e d by the abundance t o t a l of 28, 

w h i l e the l a t t e r was r a t e , w i t h a t o t a l abundance of only 10. As a f i n a l 

example, i n the Eden(p. both encrusting algae, Hildenbrandia r i v u l a r i s 

and H e r i b a u d i e l l a f l u v i a l i l i s were recorded i n a l l lengths surveyed. The 

abundance totals ?however ywere 16 : 5. 

Tables 6.5a and b are useful t o show that a recording system based 

on presence alone can f u r n i s h r e s u l t s t h a t d i f f e r widely from one that 

takes i n t o c o n s i d e r a t i o n abundance values. I n the examples given f o r 

t r i b u t a r i e s , i f records were based s o l e l y on presence or absence, no 

d i f f e r e n c e i n the comparative abundances of the p a i r s of species given 

above could have been detected. Although the subjective judgement of the 
of 

abundance/a species i n each p a r t i c u l a r length surveyed i s open to greater 

e r r o r , the a d d i t i o n a l i n f o r m a t i o n provides valuable knowledge about 

i n d i v i d u a l species, and also the general f l o r a of each r i v e r . 

I n 6.41 and 6.42/the d i s t r i b u t i o n of species according t o presence 

or absende has been p l o t t e d , abundance values being ignored. 

Further d e s c r i p t i o n s consider both the presence or absencet, as w e l l as the 

abundance values of each macrophyte./<v8.62 and 8.63a{j^i.??fr^)the number 

of submerged a l g a l , l i c h e n , bryophyte and angiosperm species recorded 
t h e i r 

i n 10 km stretches of r i v e r ***<fi/relative abundance values0uCC Ce>«*vfi>a<*«cL 
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7. SUMMARY OF THE DISTRIBUTION OF INDIVIDUAL MACROPHYTES 

7.1 I n t r o d u c t i o n 

The d i s t r i b u t i o n of every macrophyte found i n the Tweed or i n any of i t s 

t r i b i t a r i e s are summarized here. I n the previous chapter,the primary 

data were tabulated or p l o t t e d i n taxonomic order, and the l i n e a r order of 

0.5 km lengths surveyed i n the r i v e r s . This chapter summarizes the 
species 

d i s t r i b u t i o n of each/in r e l a t i o n t o i t s ecology. Special reference i s 

made to p h y s i c a l c h a r a c t e r i s t i c s and other features of each r i v e r 

described i n Chapter 3, and water chemistry given i n Chapter 5. A l t i t u d e , 

f l o w r a t e , geology, h i s t o r i c a l i n f l u e n c e s , s u b s t r a t a , water chemistry, 

water depth, as w e l l as the i n f l u e n c e of t r i b u t a r i e s and t h e i r inocula 

are the main i n f l u e n c i n g f a c t o r s discussed. Growth h a b i t and any 

morphological seasonal d i f f e r e n c e s of species found i n the same community 

are o f t e n r e l a t e d to one another. Occasional mention i s made of species 

s i t e d i n t r i b u t a r i e s w i t h i n the catchment area t h a t have not been 

s y s t e m a t i c a l l y surveyed. Such observations were u s u a l l y made while 

c o l l e c t i n g water samples f o r chemical analysis. 

Since so many macrophyte species were recorded, f o r convenience, 

reference t o the l i t e r a t u r e s p e c i f i c a l l y concerning i n d i v i d u a l species 

has been included here*instead of l e a v i n g u n t i l the f i n a l discussion. 

Reference i s also made t o a l l o l d records and .herbarium specimens t h a t 

give some idea of the d i s t r i b u t i o n of each species i n the r i v e r basin during 

the past 200 years. This has been done so t h a t a l l data concerning a 

s i n g l e species are included together. For a few re p r e s e n t a t i v e species, 

a summary and more c r i t i c a l comparison w i t h the l i t e r a t u r e i s given 

i n the f i n a l discussion (Chapter 9 ) . 
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Each species i s described i n the order given i n Chapter 4 using 

the f o l l o w i n g format: 

( i ) Vice-county d i s t r i b u t i o n , given i n numerical order. 

( i i ) Problems i n f i e l d r e c o g n i t i o n of species, and taxonomic problems 

and morphological v a r i a t i o n w i t h i n designated categories. 

( i i i ) D i s t r i b u t i o n i n the Tweed. The d i s t r i b u t i o n i s i n i t i a l l y summarized 

by g i v i n g the t o t a l number of times a species was recorded i n each 10 km 

s t r e t c h of the r i v e r . The abundance t o t a l s f o r each s t r e t c h are also 

given, and the t o t a l f o r the whole of the r i v e r given i n parenthesis at the 

end. Values from l e f t t o r i g h t are f o r 10 km stretches from km 0.0 

downstream to km 149.5. 

( i v ) D i s t r i b u t i o n i n the T e v i o t , i n the same format as above<,except 

f i g u r e s from l e f t t o r i g h t read from km -0.0 upstream to km -61.5. 

(v) D i s t r i b u t i o n i n the t r i b u t a r i e s only p a r t i a l l y surveyed, and where 

r e l e v a n t , a discussion of the o v e r a l l d i s t r i b u t i o n i n the Tweed River 

System. References t o l i t e r a t u r e i n t h i s section are confined t o works th a t 

s p e c i f i c a l l y describe p l a n t d i s t r i b u t i o n i n the Tweed Basin, e.g. Johnston (1853) 

( v i ) Comparison w i t h data from other r i v e r s , p a r t i c u l a r l y those i n the 

North East of England (N-E.), and published works which have e i t h e r 

c o n f l i c t i n g or complimentary f i n d i n g s . 

Where r e l e v a n t to the dis c u s s i o n , occassional reference i s made to the 

the mean a l t i t u d e a t which some species occurred i n the Tweed, and also 

the means of some water chemistry paramters. Data are tabulated f o r 

a l l the species recorded from the Tweed i n 9.7a( • (f>- ̂ f) 

7.2 D e s c r i p t i v e accounts 
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7.21 Algae 

Chamaesiphon spp. (obvious) (S) 

( i ) 78,79,80,81. 

( i i ) With experience, c e r t a i n brown f l e c k s on rock surfaces could, w i t h 

confidence, be r e f e r a b l e t o Chamaesiphon. Subsequent microscopic examination 

u s u a l l y showed t h a t such f l e c k s i f i n permanently submerged p o s i t i o n s were 

C_. fuscus, w h i l e ones which could occur above the water l e v e l d uring very 

low f l o w were (J. polonicus. 

( i i i ) No macroscopically obvious Chamaesiphon f l e c k s were present a t 

time of survey. 

( i v ) *,*,*,3/3,12/20,14/19,4/5.(33/47) 

Macroscopically obvious growths were confined to the r i v e r above 

Hawick, where on rounded stones a t the edge of the r i v e r , C. polonicus was 

recorded f r e q u e n t l y , although never common. The t i p s of these stones which 

have t h e i r upper p a r t s exposed du r i n g very low flows only, were most 

colonized. 

(v) Common and o f t e n very abundant i n Lyne, Yarrow, E t t r i c k and upper 

Whiteadder, but absent i n other t r i b u t a r i e s . C_. fuscus was most obvious 

i n f a s t f l o w i n g stretches and r a p i d s , where i t colonized rock sheets, 

boulders and f l a t stones. I t was abundant i n the Yarrow (where i t was 

associated w i t h Rhodoplax s c h i n z i i ) and i n the Whiteadder. (J. polonicus 

on the other hand reached i t s maximum abundance i n the slower stretches 

of the E t t r i c k where most f r e q u e n t l y round stones were colonized. At 

times of average f l o w , many stones i n the middle of the r i v e r i n d i c a t e d 

by t h e i r two tone c o l o u r , the l e v e l to which the r i v e r may drop t o 

duri n g periods of low fl o w . The permanently submerged pa r t s of such stones 

were dark green due to Chaetophora sp., while the upper, only occasionally 

exposed p a r t a c o n t r a s t i n g brown, due to C_. polonicus. 
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Nostoc parmelioides (S) ( see F i g . 7.3a ) 

( i ) 78,79,80. 

( i i ) I d e n t i f i e d i n the f i e l d by the smooth surfaced, d i s c o i d shape of 

the t h a l l i , which i n the Tweed never exceeded 15 mm, but G e i t l e r (1932) 
described 

r e p o r t e d them to grow as large as 30 mm i n diameter. Like materia] /from 

Coloradoby Todd(1971)the average diameter of the t h a l l i w e r e 10 mm. 

N. parmelioides macroscopically resembles N. verrucosum, however the 

l a t t e r i s u s u a l l y l a r g e r (up t o 100 mm) and w i t h a rougher surface. Short 

b a r r e l shaped c e l l s are the c h a r a c t e r i s t i c features of both species, 

heterocyst and spores are also s i m i l a r i n shape and s i z e . The trichomes 

of N. parme] i o i d e s are however u s u a l l y s l i g h t l y l a r g e r than i n N. verrucosum, 

the former 4-4.5 ̂ im and the l a t t e r 3-3.5 ̂ jm i n diameter. 
Johannsen (1937) was the f i r s t t o report t h a t t h e i r was a m u t u a l i s t i c 

'Sty* 

relation^between N. parmelioides and a midge larvae - Cricotopus. Brock 

(1960) describes i n d e t a i l the morphology and l i f e h i s t o r y of the 

species. Todd (1971) confirmed the f i n d i n g s of Brock, t h a t the 

emergence of the Cricotopus larvae i n e a r l y summer causes the d i s i n t e r -

g r a t i o n of the t h a l l u s . 

( i i i ) *,*,*,*,1/2,4/4,10/12,11/16,7/7,10/17,9/17,5/8,6/7,2/2,*. (62/81) 

N. parmelioides was present i n only one 0.5 km length i n the upper 

one t h i r d of the r i v e r , f r e q u e n t l y recorded i n m i d - r i v e r , but became 

i n c r e a s i n g l y l ess common below Te v i o t Foot. I n the more upstream 

l o c a l i t i e s where S i l u r i a n rocks were the substratum,the species was 

found only i n very f a s t f l o w i n g stretches upon large sheet l i k e boulders. 

However, on the sandstone and Cement-stone substrata lower downstream i t 

occurred i n much slower s t r e t c h e s , e i t h e r on rock surfaces resembling 

pavements, or upon smaller stones. This species was most commonly 

associated w i t h Cladophora aegagropila ?both species f r e q u e n t l y o c c u r r i n g 

on the same rock surfaces. 
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( i v ) 1/2,1/1,1/1,*,*,*,*.(3/4) 

Rare, present i n only three l o c a l i t i e s i n the lower h a l f of the 

r i v e r upon s i m i l a r sandstone h a b i t a t s as described f o r the Tweed. 

(v) Confined t o the s o f t e s t waters surveyed, the Yarrow and E t t r i c k . 

On the s i l u r i a n rocks of the E t t r i c k Water above the Yarrow, N. 

parmelioides was recorded i n seven out of eig h t 0.5 km lengths surveyed, 

associated w i t h Collema f l u v i a t i l e . 

T h a l l i i n the Tweed were macroscopically obvious throughout the 

year, being most conspicuous i n summer, but less so i n w i n t e r . The 

d e s t r u c t i o n of t h a l l u s shape by emergence of the Cricotopus larvae was 

not observed, and throughout the year larvae were present w i t h i n the t h a l l i . 

( v i ) Not reported from any other s i t e s i n the B r i t i s h I s l e s . I n mainland 

Europe ?N. parmelioides has been recorded several times from mountain 

streams, the f i r s t record being from the Thuringian Forest, Germany 

by KUtzing i n 1843 (Todd 1971). I n the United States, the species has 

been recorded from many States, the f i r s t r e p o r t being from C a l i f o r n i a 

by Drouet (1943). Since t h a t date i t has been reported from the F'irehole 

River (Jones, 1967), nine mountain streams i n Colorado,and the Upper Rio 

Grande River (Todd, 1971). 

Nostoc sp. 'A' (S) ( see F i g . 7.3a ) 

( i ) 79,81. 

( i i ) This macrophyte was u s u a l l y very inconspicuous. I t formed very 

f l a t , almost c i r c u l a r yellow-brown colonies t h a t blended i n w i t h the 

colour of the rock surfaces they colonized. I n d i v i d u a l t h a l l i were small 

and never exceeded 2.5 mm i n diameter. Trichome width of 4.0jm, 

heterocyst w i d t h of 5.0 t o 6.0 jim, and gross morphology, agreed w i t h 

the d e s c r i p t i o n of N. r i v u l a r e given by G e i t l e r (1932). 

( i i i ) Absent. 
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( i v ) Absent. 

(v) Confined t o the Yarrow, E t t r i c k and upper Whiteadder. Only i n 

the E t t r i c k above i t s confluence w i t h the Yarrow was the species common. 

Here i t was the n i n t h most abundant macrophyte. N. r i v u l a r e was confined 

to smooth rock surfaces i n slow to moderate currents. I t was o f t e n 

present i n the same reaches as Nostoc parmelioides and Collema f l u v i a t i l e , 

but they were r a r e l y i n close a s s o c i a t i o n since the l a t t e r two species 

p r e f e r r e d rough surfaces i n f a s t f l o w i n g water. I t most commonly 

occurred o v e r l y i n g growths of Chamaesiphon polonicus. 

Nostoc, other sp. (S) 

( i ) 78,79,80. 

( i i ) A l l specimens had the characters of young N. commune, but few 

showed features p e r t a i n i n g t o mature plants of th a t species. T h a l l i 

were g e l a t i n o u s , globose and less f i r m t h a t those of N. parmelioides. 

Trichome widths were always w i t h i n the N. commune range of 4.5 - 6 ̂ im. 

No f l a t t e n e d t h a l l i were found. Perhaps plants remained i n s p h e r i c a l , 

c h a r a c t e r i s t i c a l l y j u v e n i l e s t a t e because they were i n f l o w i n g water. 

( i i i ) *,1/1,*,1/1,4/5,2/2,1/1,3/3,1/1,*,2/2,*,*,*,*.(15/16) 

This Nostoc was u s u a l l y found l o o s e l y attached to rock surfaces of 

a l l sizes i n moderately f l o w i n g water. At three s i t e s however enlarged 

less f i r m , and f l a t t e n e d specimens were found f l o a t i n g i n calm water 

alcoves at the side of the r i v e r away from the main c u r r e n t . Such 

specimens had obviously been washed down from more upstream s i t e s and 

served t o i n d i c a t e t h a t attachment t o substrates was only very tennuous. 

I n 1972 and 1973 i t was n o t i c e d t h a t colonies were present only during 

periods of low f l o w e i t h e r i n s p r i n g , summer or autumn. A f t e r a f l o o d 

no macroscopic trace was l e f t of them. 
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( i v ) Absent. 

(v) Absent. 

( v i ) G e i t l e r (1932) and Desikachary (1959) describe N. commune as 

most common on moist s o i l and rocks i n standing waters. 

Phormidium spp. (obvious) (S) 

( i ) 68,77,78,79,80,81. 

( i i ) Any obvious gelatinous or l e a t h e r y blue-green-algal f i l m s 

t h a t could be e a s i l y scraped from t h e i r substratum were included under 

t h i s category. Many such f i l m s when examined m i c r o s c o p i c a l l y showed 

P_. autumnale and P_. subfuscum to be the dominant species. 

( i i i ) 13/13,5/5,7/8,6/7,11/12,9/14,16/23,10/14,7/8,3/4,3/3,1/1,6/6, 

4/4, 4/4.(105/127) 

Present down the whole l e n g t h of the r i v e r , b ut more common i n 

the upper h a l f . Obvious Phormidium mats were r e s t r i c t e d almost 

e x c l u s i v e l y t o rock surfaces, being most common on the round smooth 

p r o t r u d i n g l i p of rocks subject t o the most r a p i d currents i n f a s t f l o w i n g 

s t r e t c h e s . However on sheet l i k e surfaces i n rapids i n the upper 

stre t c h e s i t was absent. Rarely, Phormidium mats were found upon mud 

and f i n e sand a t the r i v e r s edge, or f l o a t i n g upon the surface of the 

water i n calm s t r e t c h e s . 

( i v ) 3/4,1/1,6/10,3/4,15/25,20/32,2/3.(50/79) 

More common i n the upper Teviot than the Tweed, the loose rounded 

stones being more favourable f o r t r a n s i e n t growths of Phormidium 

r a t h e r than the more permanent c o l o n i z a t i o n by mosses. The great reduction 

i n obvious Phormidium growths f u r t h e r downstream was probably due t o lack 

of favourable h a b i t a t s . 

(v) Present i n a l l t r i b u t a r i e s except the Jed and Eden. I n the Biggar, 

the lower E t t r i c k below S e l k i r k Sewage Works, the Leet and parts of the 
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Whiteadder, macroscopic growths of Phormidium were found not only on 

rocks-, but also smothering submerged higher p l a n t s i n p a r t i c u l a r l y slow 

s t r e t c h e s . 

( v i ) Phormidium spp. were also recorded as abundant i n the N. Tyne and 

Tyne by Holmes et a l . , who reported t h a t only i n slow f l o w i n g stretches d i d i t 

smother higher p l a n t s . I n the Tyne, P. autumnale was the most abundant species, 

as i t was i n the Tweed. F r i t s c h (1929) also reported t h a t t h a t species,and 

Z* r e t z i i (Ag.) Gom. were the most frequent species i n streams i n N. Devon. 

R i v u l a r i a b i a s o l e t t i a n a (s) 

( i ) 80,81. 

( i i ) Colony size was almost always between 2.0 and 4.0 mm, and macroscopic 

f e a t u r e s s i m i l a r t o t h a t described by G e i t l e r (1932). 

( i i i ) Absent. 

( i v ) Present only i n km -8.5. I t was present above the general l e v e l 

of the r i v e r on a v e r t i c a l w a l l t h a t was colonized by species c h a r a c t e r i s t i c 

of calcareous f l u s h e s , e.g. Cratoneuron commutatum var. commutatum and 

Ctenidium molluscum. 

(v) Present a t a s i n g l e s i g h t on the Whiteadder (km -30.5). Here i t grew 

on limestone rocks submerged by the main stream of the r i v e r . 

T o l y p o t h r i x p e n i c i l l a t a (S) 

( i ) 68,78,79. 

( i i ) I d e n t i f i e d i n the f i e l d by the conspicuous brown c o l o u r a t i o n t h a t 

l i k e n s the growths t o Rhodochorton and other red a l g a l chantransia. 

Microscopic examination c l e a r l y showed the c h a r a c t e r i s t i c f a l s e 

branching of T o l y p o t h r i x species. Separation of T_. d i s t o r t a and T. 

p e n c i l l a t a i s d i f f i c u l t , the l a t t e r however more commonly forms brown 

coloured macrophytic growths (Kami, 1973, personal communication). 
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( i i i ) At time of survey, macroscopically obvious only i n three 

0.5 km lengths; km 8.5, 13.0 and 16.0. Subsequent observations 

showed that the species became obvious every year i n a few l o c a l i t i e s , 

but only during periods of low flow i n June, July and August. 

( i v ) Absent. 

(v) Present i n Lyne, Yarrow, Upper E t t r i c k and upper Whiteadder. Again 

only rock sheets and large boulders i n fast stretches were colonized. 

Obvious growths were confined to upland, clear and r e l a t i v e l y soft non-

polluted waters. 

Hildenbrandia r i v u l a r i s (S) ( see Fig. 7.3a ) 

( i ) 68,78,79,80,81. 

( i i i ) *,4/4,12/15,19/29,20/34,19/39,20/36,20/27,20/36,19/35,19/34, 

20/39,17/22,11/16.(237/393) 

Common, but absent i n the most upstream stretches and rarer i n 

the most downstream l o c a l i t i e s . The obvious dark red crusts were 

present on either rock sheets, boulders or small stones and most common 

i n fast flowing stretches." During exceptionally low flows i n the 

two years preceeding the survey several deep and excessively swift stretches 

were looked at. Many had f l a t stones that were completely covered 

by Hildenbrandia rendering several square metres a bright red colour. 

Other species were completely absent, including the very common 

Verrucaria spp. and Eurhynchium riparioides. Those stretches which were 

impossible to wade except during minimal flows, were the habitats where 

Hildenbrandia thrived most. 

This species showed tolerance, and even preference,for intense 

shading. I t was often found at the edge of the r i v e r nilder^the- willow or 
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alder canopy,and even found on the undersides of very large boulders. 

Many smaller stones that are i n t e r m i t t e n t l y turned over by the current^ 

were colonized on both sides. 

The reduced abundance of Hildenbrandia i n the lower stretches 

is correlated with fewer rock surfaces and the increase i n deep,slower 

reaches^with muddy substrata. I t s absence i n the more upstream l o c a l i t i e s 

could be an i n t e r a c t i o n of several factors, including lack of nutrients, 

intolerance of desiccation during summer droughts, or even the p o s s i b i l i t y 

that intense l i g h t passing through very shallow water i s i n h i b i t o r y to i t s 

growth. 

( i v ) 18/50,17/32,16/26,20/35,7/9,2/2,*.(80/154) 

Present i n similar habitats as described for the Tweed. 

In the lowest • 10 km, Hildenbrandia was frequently completely smothered 

by Eurhynchium rip a r i o i d e s . 

(v) Present and usually common i n a l l t r i b u t a r i e s , except the Biggar 

and middle reaches of the T i l l . Both tri b u t a r i e s flow over alluvium, 

where stones are rare. 

( v i ) Hildenbrandia also occurs i n r i v e r s i n close proximity to the Tweed, 

I t was reported from the N. Tyne and Tyne by Holmes et a l . (1972) where 

i t was less abundant than i n the Tweed. The present author has also found 

Hildenbrandia i n the Wear and Tees, however, i n the former r i v e r i t was 

not reported to be present by Whitton and Buckmaster . (1970). The probable 

recent invasion of t h i s species in t o the r i v e r indicates i t s a b i l i t y to 

grow quite rapidly i n suitable habicats. In a l l r i v e r s i n the N-E. 

where i t was present, Hildenbrandia was most frequent i n well shaded 

l o c a l i t i e s which had rapid currents. 

The reported abundance i n , or even preference for shaded areas 

of the Tweed and other rivers i n N-E, England supports the findings of 

Fr i t s c h (1929) i n England, and Lingelsheim and Schroder (1918), Skuja 

(1926), Zimmermann (1927) and Oberdorfer (1928) i n mainland Europe. 
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They a l l reported the abundance of Hildenbrandia i n l o c a l i t i e s with 

low l i g h t i n t e n s i t y , the l a t t e r two authors reporting the presence of 

the species at depths of up to 30 m i n Lake Bodensee. Fritsch (1929) 

reported that Hildenbrandia was absent from stretches with rapid flows, 

but Allorge (1925), reported that the species was confined to siliceous 

torrents i n the French Alps. The findings of the l a t t e r author were 

confirmed i n the Tweed, 

Lemanea f l u v i a t i l i s (S) 

( i ) 68,78,79,80,81. 

( i i ) A very variable species which i s d i f f i c u l t to separate from 

h. mam\ U&sq. e Israelsson (1942) described i t as usually very sparsely 

branched, the length of branches being anything from 0.05 to 0.3 m i n 

length. 

( i i i ) 9/9,6/7,8/10,7/8,5/5,4/4,7/7,5/6,2/2,4/4,1/2,*,*,*,*.(58/63) 

As the season of survey was the one when this alga i s least evident, 

data of i t s abundance were a marked underestimate, although the d i s t r i b u t i o n 
probably 

pattern is/representative. Lemanea was by no means confined to the 

upper stretches, but grew i n any fast flowing stretches which had 

boulders. The rock surfaces most commonly colonized were those that 

projected above the general level of the substratum and were thus 

subjected to f i e r c e currents. Often large areas of the rock surfaces 

were colonized with filaments as long as 0.3 m. During periods of very 

low flow several boulders with Lemanea on the i r surfaces were exposed, 

res u l t i n g i n the death of the alga. 

( i v ) 6/7,*,1/2,6/7,9/14,2/2,1/1.(25/33) 

A disjointed pattern of d i s t r i b u t i o n was caused by lack of favourable 

habitats i n many reaches. The species was rarest i n the upper stretches, 

probably due to the unstable nature of the r i v e r bed. 
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(v ) Present i n a l l t r i b u t a r i e s . Lemanea was always rare i n the 

slower muddier r i v e r s , i . e . Biggar, m i d - T i l l and Blackadder and most 

common i n those t r i b u t a r i e s which are characteristically rocky and 

fa s t flowing, i . e . Lyne, Yarrow and E t t r i c k . The species was tolerant 

of a very wide range of chemistries; of particular -interest was i t s 

presence i n the hard, and nutrient r i c h Leet. In A p r i l and May Lemanea 

was common on rock surfaces i n not p a r t i c u l a r l y swift flowing water 

and frequently smothered by epiphytic growths of Gongrosira incrustans. 

Later i n the season the same stretches become dominated by Cladophora 

glomerata and Enteromorpha flexuosa. 

( v i ) Occasional i n the N. Tyne and Tyne, but described by Whitton 

and Buckmaster (1970) as the most abundant macrophyte i n the upper 

stretches of the Wear. S i r j o l a (1969),,reported L. f l u v i a t i l i s to be the 

species with the greatest tolerance, and preference for the fiercest aurrents 

i n the Teuronjoki, Finland. 'This agrees with i t s behaviour i n the Tweed Basin. 

Botrydium granulatum (B) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,*,4/4,4/4,2/2,*.(10/10) 

Present only on the banks of the r i v e r below Teviot Foot. This 

dark, d u l l green, balloon-like alga grew on mud exposed during low 

flows only. When the r i v e r rose, the tiny (less than 2.0 mm i n diameter) 

vesicles were' damaged and collapsed. As the r i v e r level recedes and 

the mud begins to dry out, new plants develop from the underground 

rhizoides and resting spores. I n the t i d a l area no mud was colonized 

since diurnal changes i n water level occur with no long periods of 

low water. 

( i v ) Absent. 

(v) Present i n similar l o c a l i t i e s as described above on the banks of 
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the Eden, Leet and Blackadder. Botrydium as a bankside species was 

confined to lowland areas with an a l t i t u d e mean of only 20 m i n the 

Tweed. This species was rar e l y evident during winter. 

( v i ) Not commonly recorded from r i v e r s , although frequently present on 

muddy banks i n t h e i r lowest reaches,as i n the Tyne, Wear and Tees. 

Szernes (1967) reported i t s presence i n the lower reaches of the Danube, 

including the Delta region^where i t was common. 

Vaucheria spp. (S) 

( i ) 68,77,78,79,80,81. 

( i i ) Submerged material taken from the Tweed, Leet and T i l l showed 

considerable v a r i a t i o n i n growth form and filament width, and no plants 

were found i n f r u i t . However, when material was l e f t i n the laboratory 

on damp s o i l i n p e t r i dishes^fruits frequently developed. Filament 

width and f r u i t i n g bodies suggested that most material was V. s e s s i l i s . 

( i i i ) 1/1,4/4,*,3/3,12/13,4/4,1/1,6/7,8/9,11/12,14/19,3/3,6/6,8/8,10/14. 

(91/104) 

. Although present throughout the r i v e r , this species became more 

abundant i n the lower stretches. The two years following the main survey 

showed that t h i s alga was least evident i n mid and late summer, the peak 

of i t s development always occurring i n A p r i l and May. After this period» 

large mats could be observed tenuously attached to boulders or f l o a t i n g 

away downstream. The presence/abundance r a t i o indicates that i n 

l a t e summer,wherever Vaucheria was present i n the Tweed,it was invariably 

rather rare. Of a l l macrophytes recorded, Vaucheria probably had the 

widest range of habitats. Plants were found on rocks, sand or mud i n 

fast or slow flowing water and either above the water level or permanently 

submerged. Only the f i e r c e s t rapids were not colonized. 

( i v ) 2/2,1/1,10/16,6/9,1/1,2/2,*.(22/31) 
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Less common than i n the Tweed, although i n spring the species 

was also much more common than i n summer or autumn. 

(v) Absent i n the Yarrow, upper E t t r i c k and Jed, and rare i n the 

Blackadder and Whiteadder. I n the Biggar, E t t r i c k below Selkirk sewage 

works, Leet and the lower half of the T i l L Vaucheria often carpeted the 

r i v e r from one bank to the other, growing on unstable soft sand or 

mud. 

( v i ) Occasional i n N. Tyne and Tyne, and common i n the lower two-thirds 

of the Wear. Both Whitton and Buckmaster (1970) for the Wear,and 

Backhaus (1967) fo r the Danube reported autumnal, rather than the 

spring maxima found i n the Tweed Basin. 

Melosira varians (obvious) (s) 

( i ) 80. 

( i i i ) Absent. 

( i v ) 11/25,11/24,5/10,4/6,8/12,*,*.(39/77) 

Only i n the Teviot during July, August and early September 

did Melosira grow i n such quantities that i t was macroscopically 

i d e n t i f i a b l e . I n the year of survey (1972)^ and the following year, the 

species was often l o c a l l y very abundant* although absent i n the upper ,15 km. 

Most commonly i n slow stretches^ Melosira shrouded higher plants i n 

a l i g h t brown v e i l that often t r a i l e d a l i t t l e way downstream. I n 

near stagnant water at the edge of the r i v e r , free f l o a t i n g material 

was common. Water with s i g n i f i c a n t amounts of Melosira gave o f f 

a most characteristic,musky odour. 

( v i ) The micro-algae survey showed Melosira to be present i n the 

Tweed, and most of i t s other t r i b u t a r i e s . This was also true f o r 

the Tyne, Wear and Tees. However i n none of these rivers did i t 

grow as a macroscopic growth. Melosira was described by Szemes (1967) 
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as widespread i n a l l areas of the Danube. 

Diatoma spp. (obvious) 

( i ) 79. 

( i i ) The species were usually p_. hiemale, or D. vulgare, but more 

commonly both. 

( i i i ) Although commonly recorded i n samples collected for microscopic 

examination, Diatoma was never macroscopically abundant. 

( i v ) As above. 

(v) Only i n the Yarrow did Diatoma grow in s u f f i c i e n t l y large quantities 

to be macroscopically very obvious. At the time of survey, most Ulothrix 

zonata mats i n medium paced stretches showed no sign of green colouratio-

but were dark brown. Microscopic examination showed the Ulothrix to 

s t i l l be perfectly healthy and green, but completely smothered by Diatoma. 

This phenomena was common i n a l l 0.5 km lengths surveyed i n the Yarrow, 

but never so obvious i n any other t r i b u t a r i e s . 

Didymosphenia geminata (S) ( see Fig. 7.5a ) 

( i ) 78,79,81. 

( i i i ) 16/24,20/46,10/21,*,*,*,*,*,*,*,*,*,*,*,*.(46/101) 

This large diatom was only macroscopically v i s i b l e i n the upper 

25 km. Individual cells were almost certainly present i n nearly a l l 

downstream 0.5 km lengths due to washout, but thi s species was only 

macroscopically v i s i b l e when very abundant. Mats of Didymosphenia 

resembling l i g h t brown sheeps wool, were confined to fast flowing stretches 

where whole stones were frequently completely carpeted. 

( i v ) Absent. 

(v) Present i n the Lyne and Yarrow, and also the upper stretches of 

the E t t r i c k and Whiteadder. I n the Yarrow the species was p a r t i c u l a r l y 

common, and usually recorded i n a l l 0.5 km lengths as abundant. I n the 
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Tweed and other t r i b u t a r i e s , Didymosphenia was most common i n spring 

and autumn being i n l i t t l e evidence during mid summer. However i n the 

Yarrow the species remained common throughout the year. Growths of 

Didymosphenia carpet the edge of St. Mary's Loch throughout the year. 

Since t h i s loch i s at the head of the Yarrow i t must-impart to the 

r i v e r a constant inoculum. 

Didymosphenia was confined to rock surfaces i n fast flowing high 

a l t i t u d e soft waters, which are p a r t i c u l a r l y poor i n PÔ ,-P. In fast 

flowing stretches i n more downstream l o c a l i t i e s the species was absent. 

The Tweed means for most elements are the lowest recorded for any species 

and where the species occurs, most anions are below the detection l i m i t . 

These facts perhaps i l l u s t r a t e that Didymosphenia shows an i n a b i l i t y 

to t h r ive i n anything but the most nutrient poor waters, 

( v i ) Although not reported i n the l i t e r a t u r e , Didymosphenia is frequent 

i n the upper reaches of other ri v e r s i n N-E. England. 

Heribaudiella f l u v i a t i l i s (S) ( see Fig. 7.3a ) 

( i ) 68,78,79,80,81. 

( i i ) This i s an encrusting species that is often inconspicuous. The small, 

irregular,and yellow-brown t h a l l i often blend i n with the colour of the 

stones and "are overlooked or mistaken for the t h a l l i of submerged 

V errucaria species. 

( i i i ) 10/10,12/12,15/15,17/20,19/25,17/19,20/26,17/21,17/20,16/20,14/17, 

15/22,13/19,14/25,12/28,(228/299) 

Distributed down the whole length of the r i v e r , being least common 

i n the more upstream stretches. This alga was confined to rock surfaces 

permanently submerged i n f a s t , medium or slow flowing water. Like 

Hildenbrandia r i v u l a r i s , Heribaudiella showed great tolerance of heavy 

shading, often being recorded from the undersides of stones, and i n 
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more downstream l o c a l i t i e s on rock surfaces that carry a thick layer 

of mud throughout the year. On pebbles i n the shallower, fast flowing 

stretches of the freshwater t i d a l area, Heribaudiella was p a r t i c u l a r l y 

common. 

(v i ) 13/21,14/16,19/21,20/32,13/14,4/4,*.(83/108) 

Less common i n the upper stretches, but as common i n mid and lower 

Teviot as i n the Tweed. 

(v) Present i n a l l t r i b u t a r i e s , usually more common than Hildenbrandia 

i n upstream l o c a l i t i e s , but less common i n downstream areas. 

( v i ) F r i t s c h (1929),described t h i s species from fast flowing streams 

i n Devonshire. At t h i s date,it was under the name of Lithoderma, and 

his record was the f i r s t for a freshwater Phaeophyta i n B r i t a i n . Since 

that date,no additional Heribattdiella records have been made, although 

i t i s common i n the northern English r i v e r s , Coquet, Aln, Eden and Tees. The 

author has also recorded the species from the Thames at Marlow, and 

Lakes Coniston and Windermere. 

Chaetophora sp. (S) 

( i ) 78,79,81. 

( i i ) Hemispherical, quite tough t h a l l i with microscopic features most 

akin to C. p i s i f o r m i s , as described by Printz (1964). 

( i i i ) At the time of the main survey no macrophytic growths were 

obvious. However i n the two following summers, minute amounts did 

occur i n several l o c a l i t i e s i n the upper 20 km only. 

( i v ) Absent. 

(v) Common and l o c a l l y very abundant i n the Yarrow, and upper stretches 

of the E t t r i c k and Whiteadder. I n the Lynejobvious Chaetophora growths 
I 
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were confined to wi t h i n a 5.0 in radius of where two streams enter 

the r i v e r . Chaetophora was confined to the same tr i b u t a r i e s as 

Didymosphaenia geminata. 

( v i ) West and Fritsch (1927) described £. pisiformis as the most 

abundant B r i t i s h species, and also added that " i t favours flowing 

water". 

Cladophora glomerata (S) 

( i ) 68,77,78,79,80,81. 

( i i ) Specimens showed the f u l l range of variations described by 

van den Hoek. (1963). 

( i i i ) *,1/1,6/7,17/22,16/20,17/23,15/16,18/23,14/17,17/23,15/27,20/34, 

20/36,19/22,19/46.(214/317) 

I n the upper 25 km Cladophora was present at only one si t e - Tweedsmuir 

water f a l l s (km 10.5). This was 15 km above any other records. At km 25.0 

the Biggar enters the Tweed causing an increase i n the levels of n i t r a t e 
(Set. p aO-

and phosphate^ From t h i s point downstream, Cladophora colonized more 

than 75% of the 0.5 km lengths of the r i v e r . I n rapids and fast 

flowing water, plants were generally of a bushy very branched nature. I n 

more downstream stretches thick wiry filaments often exceeding 5.0 m 

i n length and with few branches were the more dominant form. £. glomerata 

extended well into the brackish t i d a l water where many filaments were 

ch a r a c t e r i s t i c a l l y a s i l v e r colour. 

( i v ) 19/20,19/43,20/52,16/42,6/13,*,*.(80/180) 

Again absent i n the upper stretches, but more common i n the lower 

stretches than i n the Tweed. 

(v) Common, the only t r i b u t a r y where the species was not present was 

the Yarrow. I n the lowland t r i b u t a r i e s Cladophora was recorded i n 

a l l but four of the 0.5 km lengths surveyed, being exceptionally common 
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i n the most nutri e n t r i c h waters of the Jed and Leet. In the middle 

reaches of the T i l l which flow over alluvium and peat, Cladophora was 

s t i l l present. I n many stretches peat mounds that mimicked boulders 

were devoid of encrusting algae such as Hildenbrandia r i v u l a r i s and 

Heribaudiella f l u v i a t i l i s , but Cladophora was common. 

(v i ) C_. glomerata i s the most frequent Cladophora species i n B r i t a i n ( see 

van den Hoek, 1964),; >and Blum(t956> suggests that i t i s the most 

abundant alga i n streams throughout the world. I t frequently causes 

serious problems i n ri v e r s throughout B r i t a i n - Pitcairn and Hawkes (1973) 

Whitton (1971, 1974) and Bolas and Lund (1974). I n the Wear, Whitton 

and Buckmaster (1970) described i t as the most common macrophyte. The 

near absence i n the upper reaches of the r i v e r , was attributed by the 

authors to be due to low n i t r a t e and phosphate levels. Butcher et al.(1937) 

also closely related the growth of Cladophora with sewage effluents, 

Cladophora sp. 'A' (S) 

( i ) 68,78,79,80,81. 

( i i ) Cladophora sp. 'A* = C. aegagropila. The dense branched t h a l l i 

never exceed ed 30 mm i n length. The extensive branching of the filaments, 

and the thick walls of the c e l l s give plants a t i g h t k n i t s t i f f texture. 

(I n lakes only, characteristic balls are often formed). Material was 

checked by van den Hoekjl974. 

( i i i ) *,*,*,1/1,2/2,1/1,4/4,5/5,14/16,12/17,10/14,9/14,3/4,3/4.*.(64/82) 

Like Nostoe parmelioides, (a species i n frequent association) 

£. aegagropila was most common i n mid-river and absent i n the upper 

stretches. I n the more upstream sites where the species occurred, 
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i t was confined to cracks i n s i l u r i a n rocks and boulders i n fast 

flowing water. Smooth unmarked surfaces were never colonized. On 

the Old Red Sandstone, which has a much rougher surface however, plants 

were present on rock faces that were not scratched or cracked. Unlike 

C. glomerata, £. aegagropila remained obvious throughout the year, 

the size and shape i n winter being almost the same as during the 

summer months. 

( i v ) Absent. 

(v) Present only i n a few l o c a l i t i e s i n the lower T i l l . With such 

a wide d i s t r i b u t i o n on a variety of substrata- i n the Tweed,the species 

might have been expected to occur i n more t r i b u t a r i e s . 

( v i ) £. aegagropila has previously been recorded (data from van den 

Hoek, 1963) only i n a few lake l o c a l i t i e s from B r i t a i n , the Tweed being 

the f i r s t r i v e r i n which i t has been found. The species has however 

been recorded i n France from the R. Seine at Paris, and also the 

R. Moine. I n Switzerland, Finland and France , i t has also 

been recorded from small ri v e r s and r i v u l e t s . I t is possible that 

(3. aegagropila has often been overlooked in other rivers, i n B r i t a i n , 

and i t i s suggested that i t w i l l more than l i k e l y be recorded from some 

of these i n the future. 

Enteromorpha spp. (S) 

( i ) 68,80,81. 

( i i ) I n the Tweed, Teviot, Jed, Eden, Leet and Whiteadder a l l freshwater 

material was clearly E_. flexuosa. I n the Blackadder however, not only 

E. flexosa was present, but also another unknown form. I t had the 

characters of E. p r o l i f e r a and E_. flexuosa, but cells had more than 

f i v e pyrenoids, a character leading to E_. c r i n i t a , but the tubes were 

not branched. No branching material was found subsequently, resulting 
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i n the o r i g i n a l specimen remaining unnamed. In the brackish reaches 

of the Tweed E. i n t e s t i n a l i s , E. p r o l i f e r a and E. t o r t a were also present. 

( i i i ) *,*,*,*,*,*,*,*,*,*,4/10,12/22,13/27,13/27,20/50.(62/136) 

Enteromorpha was absent i n the Tweed above Teviot Foot. At this 

point and for about 200 m downstream, the l e f t bank was clear, but 

Enteromorpha was so common as to cause a continuous green b e l t approximately 

10 m wide on the r i g h t bank. Below, a deep pool followed by a weir, 

results i n complete mixing of the two waters and the consequent presence 

of Enteromorpha on both banks of the r i v e r . I n the Tweed, Enteromorpha 

was most commonly found f l o a t i n g i n slow stretches held by Potamogeton spp. 

Only rarely were attached forms found, and these were i n soft mud. This 

would suggest that most material was washed down from the Teviot, and 

very l i t t l e i f any i n s i t u development occurs ( see Fig. 7.3b ) . 

I n the t i d a l , brackish section of the r i v e r , E. i n t e s t i n a l i s formed 

massive tubes that were predominately attached to rocky' substrates. 

These were obviously formed i n s i t u . 

( i v ) 20/47,19/43,2/4,*,*,*,*.(41/94) 

Much more common than i n the Tweed. Smaller tubes attached to 

stones and mud were common, indicative of i n s i t u production of new 

young material. 

(v) Absent i n a l l upland t r i b u t a r i e s , but present i n great abundance 

i n the Eden, Leet, ..Blackadder and Whiteadder. I n the lower T i l l , 

Enteromorpha was present but never common. I t s absence i n the Jed 

at the time of survey was surprising,, for i n may, 1974 i t was frequent. 

I n a l l t r i b u t a r i e s where present, attached, t h i n young tubes were 

common. This-however, was not so for the Tweed. The extent to which 

the d i s t r i b u t i o n of Enteromorpha i n the'main r i v e r i s influenced by 

tr i b u t a r i e s i s d i f f i c u l t to evaluate. I t does not occur i n the r i v e r above 
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Teviot Foot, and the ea r l i e s t growths i n the Tweed normally develop shortly 

a f t e r those i n the Teviot. I t i s therefore d i f f i c u l t to asses whether the 

species would occur i n the r i v e r i n the absence of inocula from t r i b u t a r i e s . 

( v i ) I n freshwater, Enteromorpha sp(p). were absent from the N. Tyne 

and Tyne, but present i n the Wear. As with the Tweed, freshwater 

material was E_. flexuosa and t i d a l plants predominately E_. i n t e s t i n a l i s . 
probable 

Whitton and Dalpra (1968) reported a/recent invasion of Enteromorpha into 

the Tees. Rich (1925) reported the presence of- Ê. i n t e s t i n a l i s i n canals 

i n Leicestershire, but the accuracy of his taxonomy is not known. 

Gongrosira incrustans (S) 

( i ) 80,81. 

( i i i ) Absent. 

( i v ) 19/36,17/33,20/35,19/33,15/33,13/19,*.(103/189) 

Present i n a l l but the upper reaches on rock surfaces,and i n l a t e 

summer epiphytic on Eurhynchium riparioides, Myriophyllum spicatum, 

Potamogeton pectinatus and P_. x s a l i c i f o l i u s . The small, hard, l i g h t 

green colonies also often grew d i r e c t l y upon f l a t t e r encrusting alga 

such as Hildenbrandia r i v u l a r i s . During A p r i l to October when most 

macroscopic growth was obvious, i f stones were put into the r i v e r 

they were frequently covered by t h i s alga within three weeks. 

(v) Present only i n the Eden, Leet and Blackadder, and the Whiteadder 

below Blackadder Foot. I n the Leet, even filamentous algae were 

colonized, including ageing Lemanea f l u v i a t i l i s and young Enteromorpha» 

( v i ) G_. incrustans was r e s t r i c t e d to hard or very hard water t r i b u t a r i e s 

of the Tweed. On non-calcareous surfaces most colonies were s t i l l hard, 

usually d i s t i n c t , and ch a r a c t e r i s t i c a l l y a spherical shape . In the 

highly calcareous chalk streams of southern England where the species 
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i s very abundant, the spherical colony shape i s usually l o s t , being deeply 

incorporated i n t o the chalk substratum ( A. Marker, personal communication ) . 

Haematococcus la c u s t r i s (B) 

( i ) 78,79,80,81. 

( i i i ) 8/8,4/4,2/2,1/1,*,1/1,*,*,*,1/1,*,*,*,*,*.(17/17) 

This species was commonly recorded i n the upper 10 km, but 

gradually decreased i n abundance, with only two sites colonized i n the 

bottom two thirds of the r i v e r . The only microhabitats where 

Haematococcus occurred was i n rock surfaces that retained either r a i n 

water or flood water. These were usually tainted red when damp, but 

when dried out, the combination of the algae pigment and the t h i n 

f i l m of mud often produced a very d u l l pink colour. 

( i v ) *,*,*,1/1,1/1,4/5,3/3.(9/10) 

Like the Tweed, r e s t r i c t e d to the upper reaches. 

(v) Present i n a t o t a l of only s i x 0.5 km lengths scattered i n the 

Lyne, upper E t t r i c k and upper Whiteadder. As would be predicted, 

Haematococcus was absent i n lowland tributaries which have no large 

boulders at t h e i r edges. 

Monostroma bullosum 

( i ) 68,79,80,81. 

( i i ) Material was as described by Printz (1964) and Bliding (1968). 

The species main macrophytic characteristics are i t s sac l i k e structure 

anchored to i t s substratum by a single holdfast. 

( i i i ) *,*,*,*,*,*,*,*,*,*,1/1,2/2,2/2,1/1,*.(6/6) 

Very rare, and present only i n the lower one t h i r d of the r i v e r . 

I n the s i x l o c a l i t i e s where recorded, Monostroma was found exclusively 

upon rock surfaces that are subject to splash and periodic submergence. 
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( i v ) 7/9,2/2,*,*,*,*,*.(9/11) 

Restricted to the lower stretches of the r i v e r where more or 

less permanently damp rock surfaces were colonized, although plants were 

rarely permanently submerged. Prasiola crispa was also quite common 

i n the same stretches, but usually separate boulders were colonized. 

When occurring together, Mono stroma was much more common near the water, 

and Prasiola more common on the dri e r surfaces. 

(v) Present i n a t o t a l of only eight 0.5 km lengths i n the E t t r i c k , Jed, 

Eden, Blackadder and Whiteadder. This species was generally present i n 

similar habitats as previously described, but i n the Whiteadder, t h a l l i 

were found on Sparganium stalks and permanently submerged fibrous tree 

roots. I n t h i s l a t t e r habitat the balloon nature of the t h a l l i were 

most obvious. 

Oedogonium spp. (S) 

( i ) 68,78,79,80,81. 

( i i ) Many d i f f e r e n t species, often occurring together were responsible 

fo r the macroscopically obvious growths. However by far the most 

frequent species was one with almost square cell s approximately 55jm 

long. Cell width or length never exceeded 75 ̂ im. 

( i i i ) 20/43,19/24,20/26,20/20,19/28,18/34,4/6,2/2,13/28,18/37,20/50, 

20/71,20/55,20/44,16/38.(249/474) 

Oedogonium had a most unusual d i s t r i b u t i o n pattern, being very 

common at both ends of the r i v e r , but rare i n the middle. This resulted 

from almost a l l Oedogonium records i n the upper half of the r i v e r being 

attached filaments and almost a l l the lower half records being for 

unattached, f r e e - f l o a t i n g filaments. I n the middle of the r i v e r , few 

filaments were attached, and because there are few slow stretches there, 

there were few fr e e - f l o a t i n g ones also. 
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A f t e r periods of high f l o w d u r i n g the summer months, 

tough entangled mats of Oedogonium fil a m e n t s could be observed e i t h e r 

washed up a t the edge of the r i v e r ^ o r f l o a t i n g downstream. I t was 

these washed down f i l a m e n t s t h a t s e t t l e d and became entangled among 

pondweeds i n slow deep str e t c h e s f u r t h e r downstream. I n many such 

stre t c h e s below Tev i o t Foot,,Oedogonium was most abundant, and although 

washed down, i t was q u i t e healthy and capable of growth i n i t s new f r e e 

f l o a t i n g existence. 

( i v ) 12/14,16/28,15/23,17/26,12/19,*,*.(72/112) 

Less common than i n the Tweed and absent i n the upper stretches 

a t the time of'survey, although present e a r l i e r i n the year, 

^ v ) Present i n a l l t r i b u t a r i e s except the Jed and Blackadder. I n the 

Yarrow and the upper E t t r i c k and Whiteadder, attached forms were frequent. 

I n the lower stretches of the Whiteadder washed down fi l a m e n t s were 

held by angiosperms. 

( v i ) Both attached and f r e e ~ f l o a t i n g Oedogonium are also frequent i n other 

r i v e r s i n the neighbourhood of the T^eed e.g. i n the Tyne ( Holmes et al.,1972). 

P r a s i o l a c r i s p a (B) 

( i ) 78,79,80,81. 

( i i i ) 8/8,8/8,7/2,4/4,5/5,*,1/1,2/2,2/2,3/3,4/4,*,*,*,*.(44/44) 

R e l a t i v e l y common i n the upper one t h i r d of the r i v e r , becoming less 

common on passing downstream,and t o t a l l y absent below Teviot Foot. Only 

rocks and boulders t h a t are submerged i n f r e q u e n t l y were colonized. These 

dry surfaces o f t e n c a r r y a t h i n l a y e r of flakey mud, the t h a l l i were 

always attached t o t h i s , r a t h e r than d i r e c t l y upon the rock surface. The 

d i s t r i b u t u o n p a t t e r n , l i k e t h a t of Grimmia a l p i c o l a was more or less 

d i r e c t l y r e l a t e d t o the frequency of s u i t a b l e rock surfaces down the 

l e n g t h of the r i v e r . P r a s i o l a only very r a r e l y colonized boulders a t 
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the edge of the r i v e r ^ a n d since few i f any boulders e x i s t a c t u a l l y i n 

the r i v e r below Te v i o t Foot^the species was absent there. The reasons 

why boulders i n the middle of the r i v e r are colonized and not 

those at the edge i s unknown. A possible explanation i s t h a t 
take 

b i r d s common i n r i v e r s most f r e q u e n t l y / refuge on boulders i n mid-stream 

r a t h e r than a t the edge,where t h e i r droppings produce a very n u t r i e n t r i c h 

surface. V e r r u c a r i a praetermissa on the other hand almost e x c l u s i v e l y 

colonized rock surfaces a t the side of the r i v e r , and was absent from rock 

surfaces i n mid r i v e r ( see F i g . 7.3b ) . 

( i v ) 10/15,3/3,4/4,5/6,2/2,*,*.(24/30) 

5 The d i s t r i b u t i o n p a t t e r n of Pr a s i o l a i n the Teviot was the! converse 

of i t s d i s t r i b u t i o n i n the Tweed. Only i n the lower stretches of the , 

Teviot are t o be found large boulders t h a t protrude from the surface 

of the water. I n these reaches , Prasiola was more common than i n 

any other r e g i o n of the Tweed .Basin. 

(v) Present i n Lyne, Yarrow, E t t r i c k , Jed, Eden, Blackadder and Whiteadder, 

but r a r e l y common. 
but 

( v i ) Common on p r o t r u d i n g boulders i n other r i v e r s i n N-E. England,/not reportec 

i n the l i t e r a t u r e except by Holmes e_t a l . ( 1972 ) . Szemes (1967) commented 

on i t s a e r i a l existence i n the upper reaches of the Danube. 

Rhodoplax s c h i n z i i (S) 

( i ) 78,79,81. 

( i i ) This species i s described by Jaag (1938) and Bowrelly (1966). I t s 

main features are the crimson macroscopic c o l o u r a t i o n i t gives t o the 

rock surfaces i t c o l o n i z e s , and the red tinted,10-18jim diameter e l l i p t i c a l 

c e l l s . 

( i i i ) Macroscopically absent, although microscopic examination of 

scrapings from stones taken from the upper stretches of the r i v e r 
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o c c a s i o n a l l y showed the species t o be present. 

( i v ) Absent. 

(v) Present only i n t o r r e n t s and very f a s t stretches of the Lyne, Yarrow, 

E t t r i c k and upper Whiteadder. I n these stretches, many large stones 

were blood red colour, e n t i r e l y due t o the presence of t h i s alga. I n 

the Megget Water, a t r i b u t a r y above St. Mary's Loch, Rhodoplax was very 

abundant, whole rock surfaces i n many w a t e r f a l l s f r e q u e n t l y being 

covered by t h i s alga. 

( v i ) Rhodoplax i s not f r e q u e n t l y recorded. I n Surope, the most 

quoted s i t e i s t h a t from the Rhine F a l l s a t Schaffhausen,reported 

by Jaag (1938) . There are no other previous records f o r t h i s alga 

i n B r i t a i n . 

Stigeoclonium tenue (S) 

( i ) 68,77,78,79,80,81. 

( i i ) Stigeoclonium i s a very d i f f i c u l t taxonomic group, but a l l m a t e r i a l 

was close t o t h a t described by Cox and Bold (1966). Those authors r e f e r r e d 

to _S. tenue as "the most common, and most polymorphic species of the 

genus". 

( i i i ) 7/9,19/26,20/24,19/19,20/25,18/19,15/15,11/11,9/10,9/9,15/18,16/37, 

14/27,18/34,3/3.(213/286) 

Common throughout the whole l e n g t h of the r i v e r . I n the upper 

h a l f , the main s u b s t r a t a colonized were those f l a t stones t h a t o f f e r e d 

l e a s t r e s i s t a n c e to the fl o w . This seems s u r p r i s i n g since the species 

only occurred i n r e l a t i v e l y f a s t f l o w i n g stretches. I n the lower h a l f 

of the r i v e r , Stigeoclonium was most commonly found growing e p i p h y t i c a l l y 

on the leaves of submerged Ranunculus spp. ?and r a r e l y upon rock surfaces. 

( i v ) 1/2,*,*,4/7,*,*,4/6.(9/15) 

Rare, and not found e p i p h y t i c a l l y on Ranunculus spp. 
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(v) Absent i n Yarrow, Jed and Eden, and present, but never common i n 

other t r i b u t a r i e s , w i t h the possible exception of the Biggar. 

Spirogyra spp. (S) 

( i ) 68,78,79,80,81. 

( i i ) Several species. 

( i i i ) 4/4,9/12,8/8,6/6,2/2,4/5,6/6,8/8,3/4,2/2,4/5,*,3/6,8/12.(69/82) 

Present throughout the r i v e r , but r a r e l y common. I n the upper 

stre t c h e s filamentous f l o e s were o f t e n found attached to rock surface i n 

moderately f l o w i n g water. I n other p a r t s of the Tweed Spirogyra was 

u s u a l l y found unattached and suspended i n the water. Shallow water at 

the r i v e r ' s edge t h a t i s s l i g h t l y cut o f f from the main current was the 

p r e f e r r e d h a b i t a t of f r e e f l o a t i n g Spirogyra. Such water bodies u s u a l l y 

became very warm during sunny summer days. Deep muddy stretches were 

r a r e l y colonized. 

( i v ) 8/10,13/23,9/13,11/16,*,*.(50/72) 

Attached f l o e s occurred f u r t h e r downstream than i n the Tweed, and 

f r e e f l o a t i n g f i l a m e n t s were also common i n warm water a t the edge of the 

r i v e r . I n the T e v i o t , Spirogyra was more common than i n the Tweed, 

(v) Absent i n Jed, Eden, T i l l and Blackadder. The Leet was the only 

l o c a l i t y i n the whole of the Tweed System where Spirogyra was common. 

Attached and f r e e f l o a t i n g f i l a m e n t s were frequent, o f t e n completely 

i n t e r t a n g l e d w i t h Cladophora glomerata and Enteromorpha flexuosa. 

Tetraspora s p ( p ) . 

( i ) 68,80,81. 

( i i ) Almost c e r t a i n l y a l l T_. ge l a t i n o s a . Most surveys were c a r r i e d 

out i n l a t e summer when the e a r l i e r , more d i s t i n c t shape had broken up 

t o give way t o variable.amorphous green gelatinous masses. 
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( i i i ) *,*,*,*,*,*,*,*,*,2/2,6/9,5/5,9/9,8/11,4/4.(34/40) 

Present only i n the lower stretches where i t occurred attached 

t o rocks and more commonly suspended from l a r g e r p l a n t s . Colonies 

began to develop on stones i n A p r i l and May, and by July many had grown 

so large as t o be released and f l o a t downstream where they become held 

by higher p l a n t s . 

( i v ) 16/26,4/4,*,*,*,*,*.(20/30) 

Only present i n the lower stretches where i t was more common than 

i n any equivalent l e n g t h of the Tweed. 

(v) Absent i n the upland t r i b u t a r i e s , but present i n a l l the lowland 

ones from Jed Water downstream. I n c e r t a i n stretches of the Blackadder 

and Whiteadder Tetraspora was p a r t i c u l a r l y common. 

A Tweed a l t i t u d e mean of only 20 m, the presence of the species 

i n a l l t r i b u t a r i e s below the Te v i o t , but i t s absence i n a l l t r i b u t a r i e s 

above, showed Tetraspora t o be r e s t r i c t e d t o hard water s i t e s of high 

n i t r a t e and phosphate l e v e l s . 

( v i ) Tetraspora occurred i n other r i v e r s inN-E. England, and as i n t h e i 

Tweed Basin, was most frequent i n the lower-stretches of each r i v e r . 

U l o t h r i x zonata (S) 

( i ) 77,78,79,80,81. 

( i i i ) 10/17,17/27,18/32,19/25,16/23,14/19,11/11,9/9,7/7,4/4,*,*,*,*,*. 

(125/174) 

Most common i n the upper t h i r d o f the r i v e r , and absent i n the 

lower t h i r d . Only smooth rock surfaces were colonized, the most healthy 

l o o k i n g green f i l a m e n t s u s u a l l y being present i n the f a s t e r f l o w i n g 

s t r e t c h e s . 

( i v ) *,*,*,*,9/18,20/38,*.(29/56) 

Confined t o the upper stretches of the r i v e r where i t was more common 

than i n the Tweed. 
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(v) Present i n a l l the t r i b u t a r i e s discharging i n t o the Tweed 

above Teviot Foot, and absent i n a l l those below, w i t h the exception of 

the upper Whiteadder. I n the Lyne, Yarrow and E t t r i c k , U. zonata was 

common a t the time of surveying i n l a t e summer. I n the Tweed and Teviot, 

U l o t h r i x was always most common i n l a t e spring and e a r l y summer, and 

consequently, surveys i n August and September underestimate the species 

importance a t other times of the year. 

( v i ) U l o t h r i x also occurs i n other r i v e r s i n N-E. England, but as i n the 

Tweed, i t i s only frequent i n the upper strtches which are rocky and -

f a s t f l o w i n g . 

Charophyta s p ( p ) . (S) 

( i ) 78,80,81. 

( i i ) A l l m a t e r i a l except the s i n g l e record i n the Jed had c h a r a c t e r i s t i c s 

°^ N i t e l l a f l e x i l i s as described by Wood and Imahori (1964). The Jed 

p l a n t s were more h e a v i l y i n c r u s t e d and also had s o l i t a r y spine c e l l s , and 

were i d e n t i f i e d as Chara v u l g a r i s . 

( i i i ) A s i n g l e p l a n t a t Tweed Ford (km 21.0) was found on s o f t sand 

i n the s h e l t e r of an overhanging bank. For three years the p l a n t was 

observed r e g u l a r l y , but i t d i d not spread or even show much seasonal change. 

( i v ) * , * , * , 2 / 4 , l / l , l / l , * . ( 4 / 6 ) 

Present i n a few l o c a l i t i e s above Hawick, where shaded muddy stretches 

were colonized. 

(v) Present i n one s i t e i n the Jed above Jedburgh and two s i t e s i n the 

Whiteadder above Blackadder Foot. 

( v i ) Procter (1971) found N. f l e x i l i s i n the Wheel of the Tees, and 

Butcher (1933) found £. v u l g a r i s i n the Wharfe. Iverson (1929) only 

found N. f l e x i l i s i n n e u t r a l or a l k a l i n e waters, and Ackenheil (1944) 

and S i r j o l a (1969) observed t h a t i t was capable of growing i n e i t h e r 

slow or moderate c u r r e n t s . The above ind i c a t e s t h a t the two members of 

Charophyta reported from the Tweed Basin also occur i n other r i v e r s . 



7.22 Lichens 

Collema flaccidum (B) 

( i ) 68,78,79,80,81. 

( i i ) E a s i l y i d e n t i f i e d i n the f i e l d since C. flaccidum c h a r a c t e r i s t i c a l l y 

forms p e r f e c t l y round, s o f t c o l o nies. The size of colonies v a r i e s 

from 30 mm t o 200 mm. 

( i i i ) *,1/],*,*,1/1,*,1/1,1/1,*,*,1/1,*,*,*,*.(5/5) 

Rare, recorded only i n f i v e 0.5 km lengths, but spanning 100 km 

of r i v e r . C_. flaccidum was confined t o v e r t i c a l surfaces j u s t above the 

water l e v e l and thus exposed during periods of low flow. I n the most 

upstream l o c a l i t y a s i n g l e p l a n t was found on the mud covered support 

of Kingledors b r i d g e . I n the f o u r other s i t e s boulders were colonized. 

( i v ) *,2/2,1/1,*,*,*,*.(3/3) 

Rare, w i t h only three i s o l a t e d records i n s i m i l a r h a b i t a t s . 

(v) Present i n most t r i b u t a r i e s , being absent only i n the Biggar and 

Jed Waters. I n a l l but the E t t r i c k Water the species was r a r e . I n the 

more upstream s e c t i o n of the E t t r i c k , C_. flaccidum was present i n s i x out 

of the e i g h t 0.5 km lengths surveyed. Only here were £. flaccidum and 

C_. f l u v i a t i l e found growing i n close p r o x i m i t y , the former predominately 

above the water l e v e l , the l a t t e r permanently below i t . 

( v i ) C. flaccidum also occurs i n the N. Tyne ( Holmes e£ ajL , 1972 ) i n 
(1954) 

s i m i l a r h a b i t a t s . Degelius / reported that t h i s species i s widely 

d i s t r i b u t e d i n the N. Hemisphere, and i s the most common non-calcicolous 

species,of the genus, 

Collema f l u v i a t i l e (S) ( see F i g . 7.3a ) 

( i ) 68,78,79,80,81. 

( i i ) Specimens agreed w i t h the d e s c r i p t i o n of the only permanently 
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submerged Collema spp. i n Europe (Degelius, 1954). The t h a l l i are 

small, r a r e l y exceeding 35 mm, very v a r i a b l e i n thickness,and e i t h e r 

f o l i o s e or rounded. Hyphae and Nostoc c e l l s are very densly packed, 

and the small apothecia and very l a r g e pycnidia are c h a r a c t e r i s t i c . 

( i i i ) *,*,*,4/10,6/8,7/7,4/9,13/16,7/7,6/8,10/26,13/21,3/4,2/2,*.(75/118) 

S i m i l a r d i s t r i b u t i o n p a t t e r n as Nostoc parmelioides, C_. f l u v i a t i l e 

however being s l i g h t l y more common. The species was r e s t r i c t e d t o 

f a s t f l o w i n g stretches where only l a r g e immovable rock surfaces were 

colonized, ( c f . N. parmelioides, which also colonized smaller 

stones). Wherever (3. f l u v i a t i l e and N. parmelioides occurred together> 

the former was dominant on the surface most exposed t o the c u r r e n t , 

w h i l e the l a t t e r was common on the more sheltered surfaces. Both 

species f r e q u e n t l y grew over crusts of Hildenbrandia r i v u l a r i s and 

submerged V e r r u c a r i a spp. 

( i v ) 2/3,3/4,1/2,3/4,2/2,*,*.(11/15) 

Much r a r e r than i n the Tweed, but present i n s i m i l a r l o c a l i t i e s . 

(v) Present i n the Yarrow and upper E t t r i c k only. I n both t r i b u t a r i e s 

(3. f l u v i a t i l e was l o c a l l y very abundant i n f a s t stretches which had 

r a i s e d jaggered rocks i n mid stream. 

( v i ) Absent from r i v e r s i n N-E. England. According t o Degelius (1954) 

f l u v i a t i l e i s e v i d e n t l y a very r a r e species". Previous records from 

the B r i t i s h I s l e s i n c l u d e the R. I s l a i n Scotland. 

Dermatocarpon f l u v i a t i l e 

( i ) 78,79,80,81. 

( i i ) *,*,3/4,11/11,3/3,4/4,6/7,10/12,5/5,3/3,7/10,3/3,*,*,*.(55/62) 

Absent from upper and lower stretches of the r i v e r , 

w i t h a v a r i a b l e abundance i n m i d - r i v e r . Dermatocarpon most commonly 

colonized boulders a t the r i v e r ' s edge th a t c a r r i e d upon t h e i r surfaces 
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a t h i n f i l m o f d r y i n g mud. Such mud f i l m s are formed during periods of 

f l o o d . The species thus showed great tolerance t o de s i c c a t i o n , but 

occa s i o n a l l y grew c l o s e r t o the low water mark. 

( i v ) *,*,3/3,1/1,*,*,*.(4/4) 

Rare, although recorded i n s i m i l a r h a b i t a t s . 

(v) Present i n the Yarrow and E t t r i c k Waters only, where i n the 

l a t t e r r i v e r i t was commonly associated w i t h Collema flaccidum. 

( v i ) Not recorded from other r i v e r s i n N-E. England, but probably present. 

V e r r u c a r i a praetermissa (B) 

( i ) 68,78,79,80,81. 

( i i ) "The very pale t h a l l u s d i s t i n g u i s h e s t h i s species from a l l other 

V e r r u c a r i a species" (Swincow, 1968). 

( i i i ) 6/6,4/5,5/6,14/14,9/9,14/17,17/18,14/14,13/16,15/18,14/21,3/3, 

5/5,3/3,*.(136/155) 

V. praeterroissa was most common i n m i d - r i v e r , occasional i n the 

upper stretches and r a r e below Teviot Foot. Plants grew semi-encrusted on 

rocks and boulders a t the water's edge, us u a l l y j u s t above the low flow 

water mark. This l i c h e n would never be permanently submerged, although 

underwater whenever the r i v e r f l o w was normal or above. 

( i v ) 4/5,3/3,4/4,8/8,5/22,14/19,3/4.(51/65) 

More common i n the upper reaches of the Teviot than the Tweed, but 

becoming less common on passing downstream. As w i t h the Tweed, the 

reduced abundance i n lower T e v i o t was co r r o l a t e d w i t h the fewer rocks 

and boulders found a t the edge of the r i v e r . 

(v) Present i n a l l t r i b u t a r i e s except the Jed, Eden and Leet. Although 

the Blackadder had few stones and boulders p r o t r u d i n g out of the water, 

V. praetermissa was s t i l l q u i t e common. V i r t u a l l y a l l s u i t a b l e rocks 

i n t h i s t r i b u t a r y were colonized. 
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( v i ) Swincow (1968) described t h i s species as widespread, but not common, 
i t 

He also added that/has not been reported from limestones. The abundance of 

t h i s species i n the Blackadder would appear to c o n t r a d i c t t h i s , 
V e r r u c a r i a other spp. (S) 

( i ) 68,77,78,79,80,81. 

( i i ) The f o l l o w i n g species were present w i t h i n the Tweed Basin : 

V. aet h o b i o l a , V. a q u a t i l i s , V. elaeomelaena, V. hydrela and V. margacea. 

The c h a r a c t e r i s t i c and determining features of each are described by 

Swincow (1968) . The d i s t r i b u t i o n of each species has not been mapped., 

( i i i ) 8/8,15/22,17/22,20/29,20/53,20/43,20/54,20/35,19/25,17/36,17/21, 

18/32,8/8,9/13,12/14.(240/415) 

Submerged V e r r u c a r i a spp. were most abundant i n the middle reaches 

of the r i v e r , where many rock surfaces become completely covered. I n 

the upper st r e t c h e s obvious colonies were absent i n very f a s t f l o w i n g 

s t r e t c h e s , but rounded stones i n slower paced water were l i g h t l y colonized. 

Since V e r r u c a r i a spp. were present only on rock surfaces, there was 

an i n e v i t a b l e r e d u c t i o n i n abundance i n the lower reaches c o r r e l a t e d w i t h 

an increase i n continuous muddy s t r e t c h e s . 

( i v ) 18/30,18/28,19/26,16/26,3/3,3/3,*. (77/116) 

Permanently submerged Ve r r u c a r i a spp. were observed not t o colonize 

stones t h a t showed signs of being moved. I n the upper stretches of the 

Te v i o t most stones showed more signs of being c o n s t a n t l y r o l l e d or 

turned over than i n the equivalent s t r e t c h of the Tweed. Such stones 

were not colonized accounting f o r a comparatively r a r e occurrence i n 

the upper 25 km. 

(v) Submerged Verrucaria spp. were most abundant i n those t r i b u t a r i e s which 
had rocky s u b s t r a t a , i . e . the Lyne, Yarrow % E t t r i c k , . Eden and upper Whiteadder; 
only i n the T i l l where i t flows over alluvium and peat was i t absent. 
( v i ) The abundance of t h i s genus i n the Tweed Basin confirms Swincow (1968) ,, 
who described the aquatic species as mostly widespread i n England and the 
continent on rocky substrata i n r i v e r s , p a r t i c u l a r l y a t high a l t i t u d e s . 
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7.23 Bryophytes 

Acrocladium cuspidatum (B) 

( i ) 68,77,78,79,80. 

( i i i ) 20/33,20/35,11/13,8/10,8/9,5/5,10/10,9/9,6/6,2/2,*,*,*,*,*.(99/123) 

Most common on loose sandy banks, e s p e c i a l l y those subject t o only 

p e r i o d i c submergence. Plants nearest the waters edge were generally 

moie l u x u r i a n t than others. Acrocladium was common i n the upper stretches, 

but g r a d u a l l y became less abundant downstream u n t i l i t disappeared above 

Te v i o t Foot. A species o f t e n i n as s o c i a t i o n was Bryum pseudotriquetrum. 

( i v ) *,1/1,*,3/3,19*26,20/48,4/11.(47/89) 

I n the Te v i o t Acrocladium was more common, but had an almost i d e n t i c a l 

d i s t r i b u t i o n p a t t e r n as i n the Tweed. 

(v) Present i n the upland t r i b u t a r i e s Biggar, Lyne, Yarrow and E t t r i c k ; 

also i n two 0.5 km lengths i n the T i l l , but absent i n a l l other lowland 

t r i b u t a r i e s . 

The mean a l t i t u d e f o r i t s occurrence i n the Tweed was 185 m, thus 

i n d i c a t i n g a preference f o r upland s i t e s . The a v a i l a b i l i t y of s u i t a b l e 

s u b s t r a t a was almost c e r t a i n l y a major i n f l u e n c i n g f a c t o r . Although the 

Biggar was the most upland t r i b u t a r y surveyed, because o f i t s canal l i k e 

nature Acrocladium was very r a r e . 

( v i ) Present on the banks of the N. Tyne, Tyne, Wear and Tees. Watson 

(1919) found t h i s species a t the edges of r i v e r s ^ i n c l u d i n g slow f l o w i n g 
i 

ones, where i t would be l i a b l e t o occasional submergence only. 

Acrocladium giganteum (B) 

( i ) 78,79. 

( i i ) This species can be separated i n the f i e l d from A. cuspidatum by 

i t s more robust, bushy h a b i t and i t s less t i g h t l y packed leaves which 

produces i n d i s t i n c t spear headed shoot t i p s . 
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( i i i ) Found i n s i m i l a r h a b i t a t s as A. cuspitatum, but i n only two 

l o c a l i t i e s i n the upper s t r e t c h e s , namely km 14.0 and 21.0. 

( i v ) Absent. 

(v) Absent i n a l l t r i b u t a r i e s surveyed, although present i n Megget 

Water above St. Marys Loch. I t s presence there, and i n the upper reaches 

of the Tweed l i m i t e d i t s presence t o r i v e r s at high a l t i t u d e t h a t 

have s o f t water. 

Amblystegium serpens (B) 

( i ) 79,80. 

( i i i ) Recorded only twice a t the bases of trees under the dense Alder 

shade i n km 65.5 and 67.0. 

( i v ) Single record from km -32.0 below Hawick. 

(v) Absent i n a l l other t r i b u t a r i e s surveyed. This very slender, 

inconspicuous moss o f t e n resembled Leskea polycarpa and was o f t e n common 

i n the woodlands and on t r e e stumps a t the sides of the r i v e r . However, 

only a t the s i t e s mentioned was Amblystegium observed to grow down to 

the low f l o w water mark. 

Amphidium mougeotii (B) 

( i ) 78,79,80. 

( i i i ) 7/7,6/6,1/1,1/1,*,*,*,*,*,*,*,*,*,*,*.(15/15) 

Present i n the upper reaches only, and not common. Amphidium was 

r e s t r i c t e d t o damp rock surfaces which u s u a l l y receive splash from small 

w a t e r f a l l s or f a s t f l o w i n g s t r e t c h e s . Other moss species commonly found 

i n i t s a s s o c i a t i o n were Barbula r e c u r v i r o s t r a , C i n c l i d o t i s f o n t i n a l o i d e s 

and Grimmia a l p i c o l a . 

( i v ) *,*,*,*,5/5,4/4,3/3.(11/11) 
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I d e n t i c a l h a b i t a t and d i s t r i b u t i o n as i n Tweed. 

(v) Absent i n the upper reaches of the Yarrow. 

A Tweed a l t i t u d e mean of 255 m (highest mean of any species) and 

i t s r e s t r i c t i o n t o the upper reaches of the Teviot and Yarrow i n d i c a t e a 

dependence on w a t e r f a l l type r i v e r conditions which supply the p l a n t 

w i t h permanent moisture but r a r e submergence. 

( v i ) The presence of t h i s species only i n upper reaches was also evident 

i n r i v e r s i n N-E'. England. This was w e l l i l l u s t r a t e d by Holmes et_ al_. (\°nz) 

t o r the N. Tyne and Tyne» 
Atrichum crispum (B) 

( i ) 78. 

( i i i ) A very r a r e species recorded from km 3.5 and 7.0 only. I n both 

l o c a l i t i e s , A. crispum was found rooted i n sand which had c o l l e c t e d i n 

la r g e cracks upon rock surfaces. 

( i v ) Absent. 

(v) Absent. 

Atrichum tenellum (B) 

( i ) 78. 

( i i i ) I n fo u r l o c a l i t i e s only, namely km 20.5, 27.5, 33.5 and 41.5, 

a l l being new v.c. records. I n km 27.5 A. tenellum was found on cl a y , 

but a t the other three s i t e s sandy p a r t i c l e s formed the substrate. 

( i v ) Absent. 

(v) Absent. 

Barbula c y l i n d r i c a (B) 

( i ) 78. 

( i i i ) IS. c y l i n d r i c a was common a t many s i t e s by the r i v e r side, but 

only i n km 5.0, 7.0, 15.0, 17.0, 30.5 and 33.0 d i d i t grow at l e v e l s 

near the low water mark. 
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( i v ) Absent. 

(v) Absent. 

Barbula f a l l a x (B) 

( i ) 78,80. 

( i i i ) R e s t r i c t e d t o the cl a y banks of km 27.5, 35.0 and 107.5. B_. f a l l a x 

was a c o l o n i z e r of bare ground and as such the i s o l a t e d records i n d i c a t e 

t h r ee s i t e s i n the Tweed w i t h bare clay banks. 

( i v ) Absent 

(v) Absent. 

Barbula r e c u r v i r o s t r a (B) 

( i ) 78,80. 

( i i ) E a s i l y confused i n the f i e l d w i t h Dichodontium pellucidum, but 

the i n v a r i a b l e presence of b r i g h t , b r i c k red lower leaves i s a very 

c h a r a c t e r i s t i c f e a t u r e . I t s previous name of B_. r u b e l l a was more 

appropriate ( Dixon, 1924 ) . 

( i i i ) Present a t i n f r e q u e n t i n t e r v a l s i n the upper 50 km. Only large 

boulders covered w i t h s o f t sand, or those w i t h s o i l f i l l e d crevices were 

colonized. Plants never occurred near the low f l o w water mark, but 

most f r e q u e n t l y so h i g h up on boulders t h a t they would be submerged 

only very i n f r e q u e n t l y . For t h i s reason the species was not recorded as 

a r i v e r macrophyte. 

( i v ) Present i n i d e n t i c a l h a b i t a t s as described above, but also on 

smaller boulders and rocks a t the edge of the r i v e r . The species was 

more common i n the Teviot than the Tweed. 

(v) Absent. 

( v i ) Rare i n N. Tyne, Wear and Tees, but absent i n the Tyne. I n the 

r i v e r s where present, i t was only recorded i n the upper reaches, as 

i n the Tweed. 

Barbula spadicea (B) 

( i ) 78. 
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( i i i ) One i s o l a t e d record i n km 5.0 where i t grew on loose sandy 

m a t e r i a l among Acrocladium cuspitadum, Bryum pseudotriquetrum and 

P h i l o n o t i s fontana. 

( i v ) Absent. 

(v) Absent. 

B l a s i a p u s i l l a (B) 

( i ) 78. 

( i i i ) Rare, present on d e t r i t o u s a t the edge of the r i v e r i n km 5.0 

and 6.0 only. 

( i v ) Absent. 

(v) Absent. 

B l i n d i a acuta (B) 

( i ) 78,80. 

( i i i ) Present i n km 0.5, 2.5 and 19.0 on boulders r e c e i v i n g a more 

or less constant splash of water. T u f t s of B l i n d i a were found on such 

boulders among Grimmia a l p i c o l a and C i n c l i d o t i s f o n t i n a l o i d e s . 

( i v ) Absent. 

(v) Absent. 

( v i ) Watson (1919) reported B l i n d i a t o be most common on banks l i a b l e 

t o f l o o d i n g . 

Brachytheeium mildeanum (B) 

( i ) 78. 

( i i i ) A s i n g l e record f o r km 32.0 was a new v.c. record f o r Peebleshire. 

Although found on sandy ground near the water l e v e l , IS. mildeanum normally 

grows only i n damp clayey f i e l d s (Watson, 1962), 

( i v ) Absent. 

(v) Absent. 

Brachythecium plumosum (B) 

( i ) 68,78,79,80,81. 

26 3 



( i i i ) 20/64,20/55,8/11,7/7,4/5,*,*,*,*,*,*,*,*,*,*.(59/142) 

This species was confined t o the upper t h i r d of the r i v e r , and i n 

the h i g h e s t 20 km i t was most abundant. Here, dense mats were formed 

on boulders t h a t are u s u a l l y i n the splash zone immediately above the 

low f l o w water mark. Many l a r g e boulders i n the middle of the r i v e r , 

as w e l l as a t the edge were o f t e n more or less t o t a l l y covered by 

2L« plumosum. Only r a r e l y were loose sandy substrata colonized. 

Although r e s t r i c t e d t o f i f t y nine 0.5 km lengths, 1$. plumosum had 

an i d e n t i c a l abundance value as IS. r i v u l a r e (see below). The l a t t e r 

however had a wider d i s t r i b u t i o n , and records f o r one hundred and 

two 0.5 km lengths. This i s i n d i c a t i v e of the d i f f e r e n t h a b i t a t 

preferences and the f a c t t h a t 1$. plumosum was us u a l l y the dominant 

macrophyte where i t occurred, whereas B. r i v u l a r e shared i t s h a b i t a t 

w i t h many other species, 

( i v ) *,*,*.2/2,16/24,18/34,4/5.(40/66) 

S i m i l a r h a b i t a t and d i s t r i b u t i o n p a t t e r n as i n the Tweed. I n the 

Te v i o t B. plumosum was confined to above Hawick, where i t was f r e q u e n t l y 

recorded but never as abundantly as i n the Tweed. 

(v) I n the upland t r i b u t a r i e s , B_. plumosum was absent from the slow f l o w i n g 

Biggar, but present i n the Lyne, Yarrow and E t t r i c k . I n the lowland 

t r i b u t a r i e s B. plumosum was present only i n the upper stretches of the 

T i l l , Blackadder and Whiteadder w i t h as few as eleven 0.5 km records between 

them. 

( v i ) T r i b u t a r y data, and a Tweed a l t i t u d e mean of 235 m confirmsWatson (1968), 

who suggested t h a t B. plumosum seldom occurs by slow f l o w i n g mature,rivers. 

I t was common i n N.Tyne, where i t was recorded from i d e n t i c a l h a b i t a t s as 

described f o r the Tweed. Although not reported, i n the upper Wear and 

e s p e c i a l l y the Tees^B. plumosum was common. 

i 
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Brachythecium r i v u l a r e (B) 

( i ) 68,78,79,80,81. 

( i i i ) 16/23,15/17,18/32,17/25,17/23,4/4,1/1,*,3/4,4/4,1/2,6/7,*,*,*. 

(102/142) 

Bi. r i v u l a r e was most frequent i n the upper stretches of the r i v e r , but i t 

remained present throughout the r i v e r at intermittent intervals u n t i l 

well below Kelso. Unlike B_. plumosum, B. riv u l a r e was a species of the 

f l a t t e r damp loose sandy margins of the r i v e r where i t was associated 

with Acrocladium cuspidatum, Bryum pseudotriquetrum and Philonotis fontana. 

( i v ) 1/1,1/1,5/5,4/8,10/15,18/30,4/4.(43/67) 

Similar habitat preference res u l t i n g i n a similar d i s t r i b u t i o n 

pattern as i n the Tweed. 

(v) Present i n a l l t r i b u t a r i e s except the Biggar and Leet, both of which 

are slow flowing with s i l t y overgrown margins. 1J. rivulare was never 

common i n any t r i b u t a r i e s except the Lyne, with the T i l l being the most 

colonized of a l l the lowland t r i b u t a r i e s . A Tweed al t i t u d e mean of 

180 m however, shows a preference f o r upstream habitats. Although 

B. r i v u l a r e had an a l t i t u d e mean of 180 m i n the Tweed indicating a 

preference for upstream habitats, i t s presence at low altitudes i n 

tr i b u t a r i e s below Kelso showed i t s a b i l i t y to colonize any damp sandy 

ground, regardless of a l t i t u d e . 

( v i ) Common i n most ri v e r s i n the N-E., being present further downstream than 

the previous species. Watson (1919) l i s t e d B_. rivulare as a species 

capable of forming pure stands at the edges of r i v e r s . I n the Tweed and r i v e r s 

i n N-E. England , i t was B. plumosum that formed mono-specific stands. 

Brachythecium rutabulum (B) 

( i ) 68,77,78,79,80,81. 

( i i ) Several strange specimens resembled Leptodictyum riparium, but 
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the microscopic denticulate margin of 1$. rutabulum i s diagnostic. 

( i i i ) 4/5,2/2,1/1,12/12,10/12,17/22,15/18,11/11,16/21,20/29,20/25,16/16, 

17/17,2/13,16/20.(189/224) 

]J. rutabulum was a species of wide d i s t r i b u t i o n , being rarest i n 

upland stretches, common i n mid and lowland Tweed, and especially common 

i n the 20 km above Teviot Foot. The preferred habitat was shaded muddy 

banks where i t frequently grew over the matted rootstock of Phalaris 

arundinacea. 

(i v ) 6/6,7/8,4/4,6/8,7/8,4/4,*.(34/38) 

I n the Teviot 15. rutabulum was present i n similar habitats as i n 

the Tweed, yet never so abundant. 

(v) Present i n a l l t r i b u t a r i e s , being most common i n the Biggar and the 

la s t 10 km of the T i l l . I n Yarrow, E t t r i c k , Blackadder and Whiteadder 

i t was rare. 

This Brachytheeiun species was the only member of the genus that thrived 

most i n lowland reaches of the Tweed Basin. I t s abundance i n the Biggar 

showed that providing suitable habitats were av a i l a b l e ^ i t could occur,, 
and be frequent at any r i v e r s i t e , irrespective of a l t i t u d e , 

Bryum alpinum (B) 

( i ) 78,80. 

( i i ) Easily i d e n t i f i e d i n the f i e l d by i t s deep red colour and metallic 

sheen. 

( i i i ) Present only i n the upper 10 km at km 0.0, 0.5, 1.5 2.0 and 6.0, 

where i t grew i n the cracks of boulders. Such boulders were usually i n 

mid stream where the plants were exposed except when in t e r m i t t e n t l y 

submerged. The cracks colonized were normally deep and well packed with 
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s o i l which reduced chances of desiccation during low flaw. 

( i v ) B. alpinum was r e s t r i c t e d to a single record f o r km-51.0. The 

reduced number of records was almost certainly due to few sites resembling 

that described above. 

(v) Not recorded i n any of the t r i b u t a r i e s surveyed, although none of 

them were surveyed i n t h e i r upstream reaches, B. alpinum was present 

• i n the Megget at a higher a l t i t u d e than any of the t r i b u t a r i e s surveyed 

for macrophytes. 

Bryum calophyllum (B) 

( i ) 80. 

( i i i ) Absent. 

( i v ) A single record at km-46.0,where i t occurred on sand at the waters 

edge. 

(v) Absent. 

Bryum pallens (B) 

( i ) 79,80. 

( i i ) Easily confused i n the f i e l d with B. pseudotriquetrum, but 

i n most cases i t s reddish t i n t and smaller size are distinguishing 

features. 

( i i i ) Rare, recorded only i n km 3.0, 9.5, 17.5, 19.0 and 39.0. In 

these stretches B. pallens was found on wet detritus at the sides of 

the r i v e r , except f o r the l a t t e r record which was from a v e r t i c a l clay 

bank. 

( i v ) Three records only at km -45.5, -54.0 and -59.0, also on wet 

d e t r i t u s . 

(v) Absent. 
i 

( v i ) Present i n the N. Tyne, but absent from the Tyne. The present 

author has also found t h i s species at the edges of the upper stretches 

of both the Wear and Tees, but as i n the Tweed, i t was absent from 

lowland stretches. 
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Bryum pseudotriquetrum (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 20/38,18/33,14/21,22/16,6/8,*,1/1,*,*,*,*,1/1,*,*,*.(72/118) 

B_. pseudotriquetrum was present i n a l l 0.5 km lengths i n the upper 

10 km but gradually decreased downstream u n t i l becoming absent below km 

50.0, except at km 71.0 and 114.0. I t was absent from bare rock surfaces, 

but common on sandy material, i n s o i l f i l l e d crevices on rocks or on 

boulders carrying a t h i n covering of s i l t y material. In such habitats 

the species was associated with Acrocladium cuspitadum, Brachythecium 

r i v u l a r e , Philonotis fontana and Solenostoma t r i s t e . 

( i v ) 5/5,1/1,1/1,2/2,19/26,20/40,4/5.(52/89) 

Common i n the upper stretches where i t was often l o c a l l y abundant 

at the edge of the r i v e r . I n the l a s t 10 km however, large boulders i n 

midstream were colonized. 

(v) Present only i n the Biggar, Lyne, Yarrow, E t t r i c k , T i l l and upper 

Whiteadder. As indicated by t r i b u t a r i e s and a Tweed a l t i t u d e mean of 

225 m, B. pseudotriquetrum was predominately an upland species. On the 

sandy banks of the T i l l i t grew at low altitudes however. 

(v i ) -The preference shown by t h i s s n e c i e s for upstream s i t e s , e s p e c i a l l y 

those on n u t r i e n t poor s o i l s has been reDorted by Watson (1919). In rivers 

i n N-E. England } Bryum pseudotriquetrum i s frequent at high altitudes. 

Calypogeia f i s s a (B) 

( i ) 78. 

( i i i ) A single record at km 16.0 on a shaded,moist clay bank. 

(i v ) Absent. 

(v) Absent. 

Campylopus aj^trovirens (B) 

( i ) 78. 
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( i i i ) Single record at km 0.5 where i t occurred on a large boulder 

above the low water mark. The plant was constantly moist due to 

splash water. 

Ceratodon purpureus (B) 

This species was present at the edges of the Tweed and most of 

i t s t r i b u t a r i e s . I t however never descended down to levels where i t 

would be permanently submerged. For th i s reason i t s d i s t r i b u t i o n has 

not been c r i t i c a l l y examined. I t did however frequently grow among 

Cinclidotfrs fontinaloides and Dichodontium pellucidum at levels 

s'ubjecti only to infrequent submergence. 

Chiloscyphus polyanthos (B) 

( i ) 78,79,80,81. 

( i i i ) *,5/5,12/12,18/19,8/8,8/11,14/18,18/11,3/5,5/5,2/2,1/1,2/2,*,*. 

(88/97) 

Chiloscyphus was most abundant i n mid and mid-upper stretches 

of the r i v e r where i n shaded areas i t grew among Brachythecium rutabulum, 

Leskea polycarpa and Marchantia polymorpha. In such l o c a l i t i e s , Chiloscyphus 

grew on s o i l surfaces or on tree roots or stumps. The only rocks colonized 

were those with a t h i n covering of soft s i l t . This species was never 

present i n positions which are permanently submerged, although i t appeared 

to demand more or less constant moisture. This may be the reason why 

shade i s important,and why bare rock surfaces were not colonized. 

( i v ) Absent. 

(v) Present only i n the E t t r i c k and Yarrow where i t again showed a 

preference for very loose loamy s o i l under tree shade. 
(1919), 

( v i ) This species was absent from hard water t r i b u t a r i e s of the Tweed. Watson j 

described Chiloscyphus as a common r i v e r bank species, p a r t i c u l a r l y on 

those l i a b l e to occasional submergence. Backhaus (1967),recorded t h i s 
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species as one of few bryophytes i n the headwaters of the Danube. 

Cinclidotits fontinaloides (B) 

( i ) 68,78,79,80,81. 

( i i ) Small plants often resemble Orthotrichum r i v u l a r e , however a hand 

lens i s s u f f i c i e n t to observe the characteristic thickened leaf margin. 

( i i i ) 15/41,16/26,16/31,20/41,13/26,13/15,15/22,11/16,18/30,13/27,15/22, 

12/15,6/6,3/3.(201/347) 

Almost t o t a l l y r e s t r i c t e d to levels subject to periodic desiccation, 

although tolerant of strong currents when submerged. Cinclidotits thus 

shared with Grimmia alpicola and Orthotrichum rivulare the surface of 

large boulders which occur both i n mid stream and at the waters edge. 

Di s t r i b u t i o n down the r i v e r was more or less governed by the presence 

of suitable rock surfaces, although i n the upper stretches there was 

competition with Brachythecium plumosum. In the lower stretches^supports 

of bridges and wooden flood breaks were frequently colonized. Cinclidotnhs 

was the fourth most abundant bryophyte i n the r i v e r . 

( i v ) 11/16,6/9,9/13,7/38,17/48,3/3,*.(65/129) 

Found i n similar habitats; the reduction 'in abundance i n the upper 

stretches of the Teviot being indicative of the stony, unconsolidated 

nature of the substratum, and absence of rock sheets and large boulders.-In 

Tcviot i t was the t h i r d most abundant bryophyte. 

(v) Present i n a l l t r i b u t a r i e s , but only common i n the rocky Yarrow 

and E t t r i c k Waters. 

( v i ) Often abundant i n N. Tyne, but much less common i n the Tyne. 

Whitton and Buckmaster (1970), recorded i t s presence at two sites i n the 

Wear, and Butcher et al^. (1937),reported the species as rare i n the 

upper Tees. Observations made by the present author would suggest that 

the records for t h i s species reported above are a marked underestimation 

of i t s abundance i n these r i v e r s . The d i s t r i b u t i o n pattern of thi s species 
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i n the Tweed r e f l e c t s notes made concerning i t s ecology by Watson (1919). He 

reported*its abundance i n rocky stretches of rivers,even i n slow currents. 

Climacium dendroides (B) 

( i ) 78,79,80. 

( i i i ) 11/12,9/13,2/2,*,*,*,*,*,*,*,*,*,*,*,*.(22/27) 

Climacium was confined to the upper 23 km where i t never grew 

permanently submerged, but was most commonly rooted f i r m l y i n sand at 

the waters edge. 

(i v ) *,*,*,*,*,3/3,2/2.(5/5) 

Present only i n f i v e 0.5 km lengths i n the upper 10 km. 

(v) Absent i n a l l t r i b u t a r i e s except the Yarrow. Climacium dendroides 

had a Tweed a l t i t u d e mean of 255 m, which i s above the height of a l l 

t r i b u t a r i e s surveyed. For t h i s reason Climacium was not expected to 

be recorded» 

Conocephalum conicum (B) 

( i ) 68,78,79,80,81. 

( i i i ) 20/31,7/7,9/11,18/26,15/25,10/12,18/21,15/19,13/14,17/21,14/15, 

4/4,4/7,5/5,6/6.(175/224) 

Conocephalum was frequent on wet rocks, s o i l and especially common 

upon heavy clay. Shaded habitats were preferred, where the species 

was often associated with Dichodontium pellucidum. In more alluminated 

sites Marchantia polymorpha replaced i t . I t s d i s t r i b u t i o n pattern 

i n the upper two thirds of the r i v e r was variable, depending on 

conditions, however below Teviot Foot i t was consistently much less 

common. 

(i v ) 8/10,9/9,6/6,16/22,16/21,19/29,4/5.(78/102) 

S l i g h t l y less common than i n the Tweed, but likewise showing 

maximum abundance i n extreme upland l o c a l i t i e s . 
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(v) Present and usually f a i r l y common i n a l l t r i b u t a r i e s , but i n the 

Biggar and the T i l l i t was rare (the former with soft muddy banks and 

the l a t t e r with predominantly soft porous sandy banks). 

Conocephalum was recorded i n more 0.5 km lengths and was more abundant 

than any other liverwort i n the Tweed, Teviot and the other t r i b u t a r i e s . 

( v i ) This species i s also present on banks of other rivers inN-E. England, 

and Holmes e_t al_. reported that Conocephalum was the most abundant liverwort 

i n the N. Tyne and Tyne. Watson (1919), described t h i s species as typical of 

banks which are l i a b l e to submergence. 

Cratoneuron commutatum (B) 

( i ) 78,80. 
i 

( i i ) There are two rather d i s t i n c t forms which are often separated into i 

£. commutatum var. commutatum and £. commutatum var. falcatum. The former i 
l 

i s characteristic of calcareous bogs and waterfalls has small leaves ! 

and a highly plumose nature; the l a t t e r is characteristic of moorland 

flushes and has a less plumose shoot structure and larger leaves. 

( i i i ) The two plants recorded from km 0.5 and 1.5 were referable 

to var. falcatum. 

( i v ) On the r i g h t bank of the Teviot i n km -8.5 a v e r t i c a l wall receiving 

a constant t r i c k e l of water was colonized by the var. commutatum. Other 

species present which are characteristic of calcareous flushes were 

Ctenidium molluscum and Rivularia biasolettiana. I n km -61.0 a single 

plant of the var. falcatum was found. 

(v) At two sites on the Lyne the var. falcatum was found. 

I n the Tweed Basin, the var. falcatum was recorded from f i v e mountain 

f l u s h areas, growing on sand at the waters edge. The single var. 

commutatum s i t e was a v e r t i c a l wall constantly wetted by a small 

calcareous stream. The plants collected were easily referrable to their 
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respective vars, but whether they were genetically d i f f e r e n t or mere 

habitat modifications i s unknown. 

(v i ) The var. commutatum was recorded from a w a t e r f a l l at the edge of 
as 

the N. Tyne > i n an almost i d e n t i c a l micro-habitat / described for the Teviot. 

Cratoneuron f i l i c i n u m (B) 

( i ) 68,78,79,80,81. 

( i i i ) 15/15,14/20,19/24,20/37,10/13,6/6,3/3,1/1,3/3,2/2,4/4,2/2,1/1,3/3, 

2/2.(105/136) 

C_. f i l i c i n u m had a d i s t i n c t upstream dominance9being present i n 

seventy eight 0.5 km lengths i n the upper one-third of the r i v e r , but 

present i n only 27 i n the lower two thirds. This species was most 

common on loose sandy or gravelly ground at the edge of the r i v e r . I t 

was rarely present on mud or boulders and usually at levels only 

infrequently submerged. I n such areas i t grew with Acrocladium cuspidatum, 

Brachytheeium r i v u l a r e and Dichodontium pellucidum. 

( i v ) 1/2,3/3,5/6,13/16,18/20,20/34,4/13.(64/104) 

An almost i d e n t i c a l d i s t r i b u t i o n pattern as i n the Tweed, but with 

an even more pronounced upstream domination. 

(v) This moss was present i n a l l t r i b u t a r i e s , usually being more common 

i n t h e i r upper reaches where between stones, sandrather than mud 

predominates. 

(v i ) This species was reported by Watson (1968) to be most characteristic 
of wet, calcareous conditions, but i n the Tweed i t appeared in d i f f e r e n t to 

changes i n water chemistry. 
Ctenidium molluscum (B) 

( i ) 80. 

( i i i ) Absent. 

(i v ) Present only i n km -8.5 on a constantly moist limestone wall at 

the edge of the r i v e r . 
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(v) Absent. 

( v i ) Watson (1968) described t h i s species as a species confined 

to calcareous habits. 

Dichodontium pellucidum (B) 

( i ) 68,78,79,80,81. 

( i i ) p_. pellucidum i s a very variable species and plants i n the Tweed 

showed great range from the t y p i c a l form to ones corresponding to var. 

flavescens. The l a t t e r was not common and i s included under the type 

name. 

( i i i ) 20/45,16/21,16/20,15/25,19/12,7/7,3/3,2/2,4/4,2/2,4/4,3/3,*, 

1/1.(102/149) 

A species with a near i d e n t i c a l d i s t r i b u t i o n pattern as the previous 

species with 76 records i n the upper one-third,and 26 i n the lower two 

th i r d s . Dichodontium was less common i n open sandy situations than 

^ i l i c i n u m , but i t also occurred i n shaded areas as well as upon open 

rock surfaces. I n the l a t t e r habitat cushions were formed, with the 

var. flavescens being more common. 

(i v ) 7/8,6/7,12/12,16/18,20/30,20/25,4/7.(85/107) 

More frequent than i n the Tweed, the records i n the lower 20 km 

being more or less confined to large boulders at the edge of r i v e r . 

(v) Present, but usually rare i n a l l t r i b u t a r i e s . 

( v i ) I n the N.Tyne and Tyne,Holmes et a l . {1972) reported this species 

to be frequent,the.var. flavescens being the most frequent form. As i n the 

Tweed, the var. was more frequent than type specimens on open rock surfaces. 

Dicranella palustris (B) 

( i ) 78. 

( i i i ) Confined to four sites i n the upper Tweed i n km 2.5, 10.0, 19.0 

and 21.0 where i t s bright clear green colour made i t most conspicuous. 
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I t s habitat was generally i n water holding hollows at the edge of the 

r i v e r which receive an almost constant splash from the r i v e r . 

( i v ) Absent. 

(v) Absent. 

Dicranella rufescens (B) 

( i ) 78,80. 

( i i ) Recognized i n the f i e l d by i t s small size and red colouration. 

( i i i ) Two records only, at km 12.0 and 21.5 where i t grew on f i n e sand 

with Acrocladium cuspidatum and Cratoneuron f i l i c i n u m . 

( i v ) A single record i n the lower half of the r i v e r at km 24.0 i n a 

similar habitat as described for the Tweed. 

(v) Absent. 

Dicranella varia (B) 

( i ) 68,80,81. 

( i i i ) , Present with Physcomitrium pyriforme on a clay bank i n km 119.0 

(i v ) Present on a bank i n km -8.5. 

(v) Single record at the edge of the Blackadder (km -32.5). 

( v i ) Records i n the Tweed Basin confirm the findings of Watson (1968) who 

reported D. varia to be usually present on moist, calcareous clay banks 

i n lowlands. 

Dicranum scoparium (B) 

( i ) 78. 

( i i i ) Dicranum scoparium was found i n a similar l o c a l i t y as Dicranella 

palustris i n km 10.0 only. 

( i v ) Absent. 

(v) Absent. 

Drepanocladus uncinatus (B) 

( i ) 78,79,80. 
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( i i i ) I n km 6.5, 7.0, 11.5 and 28.0. D, uncinatus grew i n the shade 

of large rocks at the side of the r i v e r i n places submerged only at 

times of high flow. 

( i v ) I n similar habitats as i n the Tweed where i t occurred i n km -48.0, 

-48.5 and -55.5. 

(v) Present i n only two stretches of the Lyne Water?and two stretches 

i n the E t t r i c k above the Yarrow. ]D. uncinatus was thus confined to 

upland l o c a l i t i e s . 

( v i ) This species was not found i n the N. Tyne or Tyne. I n the most 

extreme reaches of the Wear i t was rare, but i n the upper reaches of the 

Tees i t was common. I t therefore has a scattered d i s t r i b u t i o n on other r i v e r s . 

Eurhynchium praelongum (g) 

This species and J E . s w a r t z i i were often present on the banks of 

the r i v e r under the shade of overhanging trees. Since they both rarely 

extended into the water^ they were not included into the recording of 

species from every 0.5 km length* 

Eurhynchium riparioides (S) 

( i ) 68,77,78,79,80,81. 

( i i i ) 20/26,30/32,20/51,20/68,20/65,20/55,20/61,20/25,20/51,20/43,20/36, 

13/16,16/22,11/14,7/7.(267/582) 

Eurhynchium was the only macrophyte to be recorded i n every 0.5 km 

length above Teviot Foot. I t was also the second most common species i n 

the r i v e r based upon abundance values, although Myosotis scorpioides and 

Phalaris arundinacea were recorded i n more 0.5 km lengths. In places, i t 
s 

often covered the entire bed of the r i v e r from one side to the other. The 

species reduction i n the r i v e r below Teviot Foot i s indicative of i t s 

requirement f o r flowing water and a rocky substratum. In these lower 
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stretches which are predominantly deep and r e l a t i v e l y slow-flowing, 

the moss was represented only by occasional plants growing on rocks i n 

faster flowing reaches and on boulders at the waters edge. Eurhynchium 

was rare i n deep water, being most common i n the t h i r d of a metre below 

the low flow water mark. Few plants are exposed, except i n near drought 

conditions. 

( i v ) 20/71,20/40,20/42,20/73,20/81,20/69,4/4. (124/380) 

The only species present i n a l l 0.5 km lengths and also, by far the 

most abundant species. I n the lower, most productive stretches of the 

Teviot, many rocks had three t i e r s of vegetation. On the immediate rock 

surface there was Hildenbrandia r i v u l a r i s which was often overlaid by 

Eurhynchium. Rooted i n the moss and sandy material that collected among 

i t were often found small Ranunculus spp. plants which grew out and spread 

downstream (see Fig. 7.3b). 

(v) Present i n every single 0.5 km length studied except for those stretches 

of the T i l l which flow over alluvium. I n such areas the flow i s slow and 

rocks and boulders rare. 

Eurhynchium was tolerant of the wide variations i n water chemistry 

found i n the Tweed Basin. The species was recorded i n more 0.5 km 

lengths and was more abundant than any other species. 

( v i ) I n the N. Tyne Eurhynchium was the most abundant species, and i n 

the Tyne, common. I n the Wear, Whitton and Buckmaster (1970) referred to 

i t as the species with the widest d i s t r i b u t i o n , and Butcher et^ al_. (1937) 
only 

reported i t to be one of / few common bryophytes i n the Tees. Butcher 

(1933) also recorded t h i s species i n fast flowing, rocky stretches of the 

Wharfe and Dove. I t i s one of the most recorded bryophytes i n B r i t i s h r i v e r s . 

Watson (1919) found Eurhynchium i n a wide range of r i v e r habitats, 

including on both silicous and calcareous rockbeds, permanently submerged 
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either i n fa s t or slow flowing stretches, or i n areas only periodically 

submerged. Roll (1938) for mainland Europe only found i t i n stretches 

of r i v e r w i t h fast currents. Backhaus (1967) f a i l e d to f i n d t h i s 

species i n the headwaters of the Danube, although i t was present, i f 

only rare,lower downstream ( Szemes, 1967). Weber (1967) found this 

species common i n Bavarian streams. 

Fissidens adianthoides (B) 

( i ) 78,79,80,81. 

( i i i ) *,3/3,3/3,6/8,3/5,5/6,2/2,1/1,5/5,3/4,9/13,*,*,*,*.(40/50) 

F_. adianthoides was never common and was absent i n the r i v e r below 

Teviot Foot. I n the places where i t did occur, i t was rarely permanently 

submerged but more commonly found on loose s o i l under the shade of 

higher plants. 

( i v ) *,1/1,2/2,5/5,7/7,*.*.(15/15) 

Similar habitat and d i s t r i b u t i o n pattern. 

(v) Found only i n the Yarrow, E t t r i c k and Leet where i n damp shaded 

l o c a l i t i e s i t occurred only infrequently. 

( v i ) Occasional or rare on the banks of other rivers i n N-E. England. Watson 

(1919) also found F_. adianthoides r e s t r i c t e d to banks l i a b l e to periodic 

submergence. 

Fissidens crassipes (S) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,*,12/17,10/11,13/18,3/3. (38/49) 

F_. crassipes was confined to the river below Teviot Foot where i t 

was l o c a l l y frequent, and i n fact more abundant than Fontinalis antipyretica. 

The microhabitats where i t occurred i n greatest abundance were the v e r t i c a l 

faces of boulders which carry ( i f only temporarily) a t h i n layer of fine 

mud. Such boulders occur only i n slow flowing reaches and are t o t a l l y 
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submerged except during periods of exceptionally low flow. Unlike 

]?. adianthoides, F. crassipes was almost always submerged. 

( i v ) 10/15,2/2,*,3/3,1/1,*,*.(16/21) 

I n similar habitats as i n the Tweed, although higher up the 

Teviot F\ crassipes was often found exposed during low flow. 

(v) Present only i n the Leet and lower T i l l . I n the former i t was 

scattered, but often l o c a l l y common, whereas i n the l a t t e r i t was more 

frequently recorded, but when so always rare. 

F_. crassipes had a lowland d i s t r i b u t i o n favouring the more calcareous 

waters and dependence on rocky substrata. 

( v i ) I?, crassipes was occasional i n the N. Tyne and Tyne, and described 

by Whitton and Buckmaster (1970) as a species characteristic of the lower 

Wear. In the Tees i t was confined to reaches below the Skerne(Butcher,et a l . , 

1937), the Skerne being responsible for increasing Ca levels i n the Tees. 

Fissidens rufulus (S) 

( i ) 78,81. 

( i i ) Closely resembles the previously described species, but F_. rufulus 

i s usually t i n t e d red. The two species are separated microscopically 

by the shorter and more obtuse leaves, and smaller incrassate cel l s 

of F_. rufulus. Separation i s d i f f i c u l t since forms i n between the two 

species are common ( Dixon, 1924 ) . 

( i i i ) Absent. 

( i v ) Absent. 

(v) Restricted to the upper E t t r i c k and Whiteadder. In the former r i v e r 

the species was common on rocks i n fast flowing stretches, either j u s t 

above or j u s t below the low flow water level. The rocks colonized were 

generally of a soft flakey shaley nature not commonly found i n the 

Tweed. t 
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The habitats that F_. rufulus colonized were in d i r e c t contrast to 

those favoured by J_. crassipesf the former i n rapids^and the l a t t e r i n 

waters with negligible flow. Since the structure of both species is 

very s i m i l a r . i t i s possible that they may be mere habitat variations. 

( v i ) This species i s reported by Dixon (1924),to be res t r i c t e d to 

mountain streams and to be rare. 

Fontinalis antipyretica (S) 

( i ) 68,77,78,79,80,81. 

( i i i ) 20/58,20/58,20/51,20/42,20/43,20/48,20/41,20/32,18/36,17/30,12/12, 

7/7,11/13,5/6,3/4.(233/481) 

The second most common moss i n the Tweed^with i t s main abundance 

i n the upper 30 km of the r i v e r . I n these reaches F. antipyretica was 

absent from the fastest rapids but was the main colonizer of calmer 

water at the edges of the r i v e r . Further downstream i t was l o c a l l y 

abundant i n the slower flowing stretches, present i n faster stretches, but 

absent i n rapids. I n the lower half of the r i v e r i t began to become less 

common i n slow deep stretches which were heavily colonized by higher 

plant species. 

I n general, F_. antipyretica had a higher v e r t i c a l range than 

Eurhynchium ripariodes, the former colonizing further up boulders, bridges 

and wooden flood breaks. I n addition to the greater tolerance to longer 

periods of desiccation, J_. antipyretica also grew to greater depths. This 

may be due to i t s more lengthy straggly nature,compared to the more 

compact growth of Eurhynchium which has i t s stems closely and f i r m l y 

attached to the substratum. 

( i v ) 18/38,17/33,20/41,20/45,20/30,19/32,4/9.(118/228) 

Second only to Eurhynchium, being present i n a l l but six 0.5 km 

lengths. However Ranunculus pencillatus var. calcareus also had a 
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greater abundance t o t a l . 

(v) Common and l o c a l l y abundant i n a l l t r i b u t a r i e s , being least common 

i n the Blackadder and Whiteadder. Like Eurhynchium riparioides, i t was 

tolerant of the wide fluctuations i n chemistry encountered i n the Tweed 

Basin; the two species r e l a t i v e abundance probably being governed more by 

physical parameters than water chemistry. 

( v i ) Common throughout almost the entire lengths of r i v e r s i n N-E. England. 

Whitton and Buckmaster (1970) 9however^reported that F_. antipyretica was 

very rare i n the upper reaches of the Wear where i t was recorded only 

twice i n the uppermost 18 km. Eurhynchium was ̂ however., very common there. 

This c o n f l i c t s with findings i n the Tweed. Butcher et a l . (1933) reported 

F_. antipyretica from a l l r i v e r s i n which Eurhynchium was present, and 

also from the slower and highly calcareous southern r i v e r s Itchen and Lark. 

Macroghyte' surveys of ri v e r s i n mainland Europe have indicated that Fontinalis 

i s more frecment than Eurhynchium. They also showed that the d i s t r i b u t i o n 

i n the Tweed i s more t y p i c a l than that of the Wear. ' Backhaus 01967) showed 

F_. antipyretica to be abundant i n the head waters of the Danube. I n 

streams i n Bavaria^Weber (1967) found i t to be the most abundant species 

alongside Myriophyllum alterniflorum. Kohler et a l . (1971) found i t 

common throughout the Moosach, as did Weber-Oldecop (1974) i n streams i n 

the Harz mountains. 

Fontinalis antipyretica var. g r a c i l i s (S) 

( i ) 78,79,80. 

( i i ) Much more slender yet tougher than the type species. Usually 

reddish black. 

( i i i ) 2/2,*,*,1/1,*,*,1/2,1/1,*,1/1,*,1/1,*,*,*. (7/8) 

J_. antipyretica var. g r a c i l i s was confined to permanently submerged 

sites i n rapids where the force of the current was greatest. The var. had 
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a wide d i s t r i b u t i o n , but was never abundant. 

( i v ) Absent. 

(v) Only recorded from the Yarrow, and the E t t r i c k below the former af f l u e n t . 

( v i ) The v a r . g r a c i l i s i s reported by Dixon to be the " usual form i n 

s w i f t l y flowing mountain streams ". ,In the Tweed Basin and rivers i n 

N-E. England ( Holmes et a l . , 1972), i t was never an abundant species i n 

the highest reaches of the r i v e r s , yet i t was occasionally recorded from 

torrent conditions anywhere i n the r i v e r systems, even at low al t i t u d e . 

Funaria hygrometrica (B) 

( i ) 68,78,79,80,81. 

( i i i ) 3/3,5/5,3/3,5/5,1/1,2/2,3/3,2/2,3/3,1/1,2/2,1/1,1/1,*,*.(32/32) 

Funaria most commonly colonized v e r t i c a l walls of drying s o i l 

and clay at the margins of the r i v e r . Other habitats i n the upper 

reaches were the protruding surfaces of s o i l covered boulders either 

i n mid-stream or at the edges. This species was never common, although 

widely di s t r i b u t e d throughout the length of the r i v e r . 

( i v ) *,1/1,2/2,3/3,4/4,2/2,1/1.(13/13) 

As f o r the Tweed. 

(v) Present i n a l l t r i b u t a r i e s except Biggar, E t t r i c k and Eden. A 

t o t a l of only twenty 0.5 km records from a l l the trib u t a r i e s i s 

indicative of the species rareness. Funaria was never recorded from 

permanently submerged l o c a l i t i e s . I t s presence nevertheless gave some 

indication of the presence of bare v e r t i c a l clay or s o i l walls at 

the r i v e r s edges. 
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Grimmia alpicola var. r i v u l a r i s (B) 

( i ) 68,78,79,80,81. 

( i i i ) 20/54,20/44,17/24,12/13,11/13,9/9,7/7,6/6,8/9,4/5,7/7,6/6,4/4, 

2/2,1/1.(134/204) 

Grimmia was a species r e s t r i c t e d to the surfaces of large boulders 

which are subjected to periodic wetting and drying, although tolerant of 

strong currents when submerged. In the upper parts of the r i v e r , exposed 

rocks formed ideal habitats, but on passing downstream they become less 

frequent, yet protruding boulders and the concrete supports of bridges 

formed equally good substrates. The species was thus abundant i n the 

upper 20 km but gradually decreased i n abundance on passing downstream. 

( i v ) 2/3,4/5,11/14,7/8,20/37,20/43,4/9.(68/119) 

Similar d i s t r i b u t i o n pattern resulting from a similar habitat 

requirement. I n the upper reaches even quite small boulders were 

colonized. 

(v) Present i n a l l t r i b u t a r i e s except the Leet. Grimmia was most common 

i n the rocky uplands of most t r i b u t a r i e s , and rarest i n the slow flowing 

Biggar and T i l l ; both t r i b u t a r i e s have few boulders. 

Grimmia was commonly associated with CinclidottLs fontinaloides, 

however the former was usually s l i g h t l y higher upon on the rock surfaces 

and very rar e l y at levels which are predominately submerged. Grimmia, 

with a Tweed a l t i t u d e mean of 165 m against 125 m f o r Cinclidotits indicated 

the former species thrived most i n the upper reaches. 

( v i ) I n r i v e r s i n N-E. England , t h i s species was often frequent, and reported 

to be present i n the rocky stretches of either the upper or lower 

reaches of the Tees by Butcher (1933) . Grimnria was described by Watson (1968) 

as most t y p i c a l of mountain streams, with the same habit as Cinclidotits 

fontinaloides. The d i s t r i b u t i o n i n the Tweed agrees most closely with these 

observations. 
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Gymnostomum aeruginosum (B) 

( i ) 80. 

( i i i ) Absent. 

( i v ) Rare. Present on damp splashed rocks i n km -46.5 and 47.5 only. 

(v) Absent. 

Gymnostomum recurvirostrum (B) 

( i ) 78,80. 

( i i i ) Present on boulders i n mid stream that are frequently splashed, and also 

at the edge of the r i v e r where t r i c k l e s of water enter the main 

r i v e r . This species was r e s t r i c t e d to the upper 20 km of the r i v e r 

i n km 1.5, 7.0, 11.5, 13.5 and 16.0. 

( i v ) As above i n km -47.0, -57.0, -58.5 and -61.0. 

(v) Absent, l i k e many other high a l t i t u d e species, G. aeruginosum and 

G. recurvirostrum were not recorded i n the t r i b u t a r i e s since most of 

the p a r t i a l surveys were from stretches at lower altitudes. 

Hedwigia c i l i a t a (B) 

( i ) 78. 

( i i i ) A group of plants on a large boulder i n km 38.0 represented the 

only record f o r the whole of the Tweed. The loose cushions formed by 

t h i s species were made very obvious by the white hair-points of i t s leaves. 

The plants were among t i g h t Grimmia alpicola cushions, well above the 

water level at the time, but no doubt would be submerged during periods 

of above average flow. 

( i v ) Absent. 

(v) Absent. 

( v i ) The single record i s included since Watson (1968) refers to the 

species as being 'fond of lake-side boulders'. 
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Hygroamblystegium f l u v i a t i l e (s) 

( i ) 68,78,79,80,81. 

( i i i ) 20/45,20/51,19/43,20/48,20/49,16/26,13/20,19/28,14/21,14/15, 

18/23,10/10,7/7,9/11,6/6.(225/403) 

Present i n a l l but one of the upper one hundred 0.5 km lengths, but 

i n the lower two-thirds of the r i v e r i t became gradually less abundant, 

but nevertheless was more common than Fontinalis antipyretica i n the 

lowest one-third of the r i v e r . Hygroamblystegium was most common at, or 

j u s t below the low flow water mark, either i n fast or sluggish conditions, 

mostly upon rock surfaces, but also upon wet mud. This was the t h i r d 

most abundant moss and eighth most abundant of a l l species. 

(i v ) 10/13,17/22,20/26,20/36,10/12,10/13,1/1.(88/125) 

Lack of stable rock surfaces at the low flow water mark accounts 

for the species r a r i t y i n the upper reaches compared with the Tweed. I n 

mid-river more stable conditions predominate allowing the species to 

grow i n every 0.5 km length. As i n lower Tweed, the deep muddy stretches 

of the l a s t 10 km of the Teviot had banks dominated by flowering plants 

and were not suitable habitats for t h i s moss. However, i t s t i l l was the 

fourth most abundant moss. 

(v) Present, and usually recorded frequently i n a l l t r i b u t a r i e s . A 

common species and l i k e most of the mosses i n the Tweed Basin having 

a d i s t r i b u t i o n pattern which appears to r e f l e c t physical conditions 

related to i t s habitat rather than chemical differences. 

( v i ) Frequent and often very abundant i n the N. Tyne and Tyne. Whitton 

and Buckmaster (1970) f a i l e d to f i n d the species i n the upper t h i r d of the 

Wear, but Butcher et a l . (1937) found i t throughout the Tees. The 

l a t t e r author (1933) also reported i t from the Wharfe and Dove.Watson (1968) 

* The authors have since recorded the presence of Hygroamblystegium i n the 
upper reaches, and reported that i n the origi n a l survey that i t was 
probably overlooked. 
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reported H;. f l u v i a t i l e to be most typical of limestone, whereas Dixon 

(1924),regarded i t as a species p r i n c i p a l l y of siliceous areas, and rather 

rare. The d i s t r i b u t i o n i n the Tweed, and observations made by the present author 

for r i v e r s i n the N-E. would suggest that i t i s a most common river moss. 

Hygrohypnum luridum (S) 

( i ) 78,79,80,81. 

( i i i ) 20/62,20/59,11/26,2/3,*,*,*,*,*,*,*,*,*,*,*.(53/150) 

The most abundant species i n the upper 20 km where i t was recorded 

from a l l 0.5 km lengths. Below t h i s , i t became less abundant u n t i l 

disappearing from the r i v e r i n km 34.5. H. luridum most characteristically 

formed soft carpets on rocks i n fast flowing stretches, usually on 

surfaces facing to the side or downstream. Where current velocity «ras less, 

boulders and many wooden posts that have been sunk into the r i v e r also 

had t h e i r upstream, as well as side and downstream surfaces colonized. 

This moss was never deeply submerged, yet rarely would be exposed to 

desiccation except during times of exceptional low flow. 

( i v ) *,*,*,12/28,20/53,20/35,4/9.(56/125) 

Common i n similar habitats and restrict e d to the upper half of the 
r 

r i v e r , where l i k e the Tweed i t was present i n a l l 0.5 km lengths i n 

the upper 25 km. 

(v) Frequently recorded throughout the Lyne, Yarrow and from the upper 

stretches of the E t t r i c k and Whiteadder. 

( v i ) H.' luridum was ch a r a c t e r i s t i c a l l y a species of fast flowing mountainous 

stretches of the Tweed and r i v e r s i n N-E. England, but Watson (1968) 

has reported i t as present i n the middle reaches of the Thames. I n the 

Tweed and Teviot, even though i t was abundant i n the upper reaches of both 
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r i v e r s , i t never occurred at low altitudes. I n contrast, Fontinalis 

antipyretica var. g r a c i l i s , another species which i n the Tweed was confined 

to stretches of r i v e r with high current velocity, was rare i n the upper 

stretches, yet present i n fast flowing stretches further downstream. I t 

i s therefore somewhat surprising that H. luridum does not occur i n at 

least a few isolated l o c a l i t i e s i n the lower half of the Tweed Basin. 

Hygrophynum ochraceum (S) 

( i ) 78,79,80. 

( i i i ) 10/17,10/15,8/12,8/11,*,*,*,*,*,*,*,*,*,*,*.(36/55) 

Much less frequent than H. luridum, although recorded 

from the same region of the r i v e r . H. ochraceum was confined to rapids 

where i t colonized only f l a t , near horizontal surfaces, with i t s soft 

long stems closely appressed to the surface. Unlike the nrevious snecies, H. 

ochraceum was always observed to grow j u s t below the low flow water mark 

( i v ) *,*,*,*,5/5,*,*.(5/5) 

Even more rare than i n the Tweed, being confined to f i v e reaches 

between km -41.5 to -45.0 where rapids combined with sheet l i k e substrata. 

K. ochraceum. l i k e Ilygroamblystegium f l u v i a t i l e found the unconsolidated 

substratum of upper Teviot less suitable than the more consolidated 

conditions i n upper Tweed. 

(v) Present i n the E t t r i c k and Yarrow only, but here too, i t was rare, v 

( v i ) Absent i n the Tyne, and rare i n the N. Tyne and upper reaches 

of the Wear and Tees. This species i s rarely recorded i n published 
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works of r i v e r macrophytes; however, Backhaus (1967) recorded i t s 

presence i n the headwaters of the Danube, and both Ackenheil (1944) and 

S i r j o l a (1969) noted i t s presence only i n stretches with high current velocity. 

Leptodictyum riparium (B) 

( i ) 68,78,78,79,80,81. 

( i i i ) *,*,*,*,5/7,2/2,1/1,3/3,2/2,1/1,2/2,4/4,3/3,8/9,6/6.(37/40) 

Leptodictyum was most commonly found straggling over damp s o i l , 

stones carrying a t h i n f i l m of mud,or on drying wood. Such substrata 

were colonized only i n the immediate v i c i n i t y of the low water mark. 

The species was thus normally either damp or only shallowly submerged. 

In the Tweed, Leptodictyum although never common showed a preference for 

the lower regions of the r i v e r , and only colonized more upstream l o c a l i t i e s 

below major or minor effluent outflows. The most upstream l i m i t of this species 

was below Peebles Sewage Works, the works f i l t e r beds themselves having 

luxuriant plants growing upon them. 

( i v ) 6/9,4/5,2/3,1/1,*,*,*.(13/18) 

The most upstream record was below a small sewage effluent i n km 

-37.5, although i t did not colonize the banks of the r i v e r below Hawick 

sewage works. Apart from t h i s single record the species was confined to 

the lower 25 km of the r i v e r . 

(v) I n the t r i b u t a r i e s which discharge into the upper half of the Tweed, 

Leptodictyum grew only i n the Biggar, and i n the E t t r i c k below Selkirk 

Sewage W'orks. On the other hand, the species grew i n a l l the tr i b u t a r i e s 

that discharge into the lower half of the Tweed. In the Blackadder, 

Leptodictyum was confined to the r i v e r below Langton Burn i n which 

t r i b u t a r y i t was also most common. Langton Burn carries the sewage of 

Duns. I n the Whiteadder the species most upstream record was on the 
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r i g h t bank immediately below the entry of the Blackadder. 

The Tweed a l t i t u d e mean of 50 m and data from the t r i b u t a r i e s 

indicate a predominately lowland d i s t r i b u t i o n . However Leptodictyum 

could grow i n more upstream l o c a l i t i e s providing there was abundant 

nutrients availablejas indicated by i t s presence i n the Biggar Water 

and below the sewage pipes of Peebles and Selkirk. The 0.5 km lengths 

surveyed on the Leet were at approximately 30 m, and the water was 

harder and more nuttfie'nt r i c h than a l l other t r i b u t a r i e s . Leptodictyum 

was more common i n the Leet than any other t r i b u t a r y , being recorded 

i n a l l 0.5 km lengths and often l o c a l l y most abundant. I t was also 

the most abundant moss, and fourth most abundant species i n that r i v e r , 

( v i ) I n the N. Tyne,Leptodictyum was rare and confined to short stretches 

of the r i v e r immediately below sewage effluents. I n the Tyne, Wear and 

Tees the species was often common, but confined to the lower stretches. 

The d i s t r i b u t i o n i n the Tweed agrees with findings of Watson (1919), who 

found t h i s species most commonly i n slow flowing rivers on banks l i a b l e 

to frequent submergence. 

I n mainland Europe however, B&ckhaus (1967) found Leptodictyum common 

i n the headwaters of the Danube,and Weber-Oldecop (1974) i n rivers i n the 

Harz mountains. The l a t t e r author reported i t s oresence amor°; Pcanania undulata 

and . noted that species growing i n that area demanded cool water, low 

levels of electrolytes and high oxygen. This co n f l i c t s with findings 

i n the Tweed Basin. 

Leskea polycarpa (B) 

( i ) 68,78,79,80,81. 

( i i i ) *,*,2/4,10/15,3/4,*,*,*,*,*,*,*,*,*,*.(15/23) 

Leskea was never i n positions where i t would be permanently submerged, 

but present usually at the medium flow water mark and above. I n such areas 
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i t was only common on the roots and trunks of trees, although s o i l or 

stones flush against the trees were also sometimes colonized. Plants 

were small and possibly i n some stretches overlooked. I n the Tweed the 

species was r e s t r i c t e d to the lower half of the upper stretches of 

the r i v e r . 

( i v ) *,1/1,5/5,4/4,2/2,*,*.(12/12) 

Present i n heavy shaded conditions where roots of trees descend into 

the water. Although s l i g h t l y fewer records than for the Tweed, i n the 

Teviot Leskea had a s l i g h t l y wider d i s t r i b u t i o n . 

(v) Present i n only seven 0.5 km lengths i n a l l the t r i b u t a r i e s ; two 

i n the Yarrow, one i n the Eden and four i n the T i l l . 
( v i ) The presence of thi s species i n rivers i n N-E. England has not 
been reported. The microhabitats where the species was most frequent i n the 
Tweed supports the observations made by Natson (1919), who reported i t to 
be confined to r i v e r banks which receive only periodic submergence. 
Marchantia polymorpha (B) 

( i ) 68,78,79,80,81. 

( i i ) Similar to Lunularia cruciata but since the goblet shaped gemma 

cups of Marchantia were normally present^identification presented l i t t l e 

d i f f i c u l t y . 

( i i i ) 7/7,8/8,6/7,10/10,13/15,11/11,3/4,9/9,6/6,4/4,6/6,3/3,8/8,6/6, 

2/2.(102/106; 

Marchantia was most common on loose moist s o i l on the banks of the 

ri v e r j u s t above the water l e v e l . Although sometimes associated with 

Conocephalum conicum, Marchantia preferred more loose substrata, whereas 

the former species tended to colonize heavy,compacted clay or rock 

surfaces. Marchantia had a wide d i s t r i b u t i o n down the Tweed, being 

present i n exactly one t h i r d of the 0.5 km reaches and most abundant 

i n the upper and mid reaches of'the r i v e r . The species was absent from 
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the upper 6 km where loose substrata at the sides of the r i v e r were of 

a sandy rather than s o i l y nature. 

( i v ) 10/11,8/8,4/4,13/13,*,*,*.(35/36) 

Marchantia had a more r e s t r i c t e d d i s t r i b u t i o n i n the Teviot being 

absent i n the upper 20 km where the banksides are predominantly of loose 

stones. 

(v) Present i n Yarrow, Jed, Eden, T i l l , Blackadder and Whiteadder, but 

not common. 

(v i ) Frequent and often l o c a l l y abundant i n rivers i n N-E. England. Watson 

(1919) found Marchantia especially common on poor s o i l s , that are 

periodi c a l l y submerged. 

Mnium longirostrum (B) 

( i ) 68,78,79,80,81. 

( i i i ) 2/2,11/14,8/8,10/12,6/7,4/4,12/12,7/7,4/4,3/3,10/11,4/4,3/3,2/2,5/5. 

(91/98) 

M. longirostrum was found most commonly straggling among other 

mosses on moist s o i l , stones or upon wood. The species appeared to 

f l o u r i s h most i n shaded l o c a l i t i e s j u s t above water level. M. longirostrum 

shared similar habitats and had a d i s t r i b u t i o n pattern similar to Marchantia 

polymorpha, the former also being absent in the extreme upper reaches of 

the r i v e r . 

( i v ) 5/5,4/4,1/1,6/6,14/15,14/18,4/6.(48/55) 

Unlike Marchantia, i n the Teviot M. longirostrum colonized the upper 

stretches of the r i v e r , although less common than the former i n the lower 

stretches. The l a t t e r species being of a straggly nature managed to 

grow on the shingle i n the shade of the numerous Carex spp. and other 

bankside flowering plants of the upper reaches. 

(v) M. longirostrum was present i n a l l tributaries except the Leet 

29 1 



and T i l l . This species was more common i n the upland stretches of 

tr i b u t a r i e s than Marchantia. 

Mnium punctatum (B) 

( i ) 68,78,79,81. 

( i i i ) 10/10,9/9,3/3,2/2,1/1,*,*,*,*,*,*,*,*,*,*.(25/25) 

M. punctatum was confined to the upper t h i r d of the r i v e r , being 

most common i n the most upstream reaches and gradually became less 

common on passing downstream. This species, which i s more robust and 

upright than the previous Mnium described, was most common i n moist 

crevices and hollows between large boulders. 

( i v ) *,*,*,3/5,3/4,5/5,2/2.(13/16) 

Similar habitat and d i s t r i b u t i o n as in the Tweed. 

(v) Confined to t r i b u t a r i e s which discharge into the upper half of the 

Tweed, and the most upstream 0.5 km lengths surveyed on the Whiteadder. 

M. punctatum was thus a species absent from the lowland stretches of the 

main r i v e r and i t s t r i b u t a r i e s , having a Tweed al t i t u d e mean of 245 m. 
(vi ) The d i f f e r e n t d i s t r i b u t i o n patterns of the two Mnium species i n the 
Tweed Basin agrees with Watson (1968). He described both species as ,typical 

of moist habitats, with M. punctatum more frequent i n mountainous d i s t r i c t s . 

Orthotrichum anomalum (B) 

( i ) 78,80. 

( i i i ) Present only i n km 10.0, 20.5, 38.0 and 42.5 where i t formed 

t i g h t cushions on the surfaces of protruding large boulders. The 

cushions were normally j u s t above Grimmia alpicola or Cinclidotis 

fontinaloides plants. 

( i v ) 0. anomalum occurred on a boulder at the side of the r i v e r i n 

km -2.0 where 0. ri v u l a r e was also present, i n addition to tw.o similar 
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habitats as described for the Tweed i n km -44.5 and -45.0. 

(v) Absent. 

Orthotrichum cupulatum var. nudum (B) 

( i ) 78. 

( i i i ) A specimen collected from a boulder i n km 7.0 represented a 

new v.c. record for Peebles. The loose cushion was among Grimmia alpicola 

plants j u s t above the water l e v e l . 

( i v ) Absent. 

(v) Absent. 

Orthotrichum r i v u l a r e (B) 

( i ) 68,78,79,80,81. 

( i i ) Resembles small C i n c l i d o t i s fontinaloides plants more than any 

other Orthotrichum spp., being easily i d e n t i f i e d by i t s obtuse leaves 

and strongly ribbed capsule with i t s immersed stomata. 

( i i i ) 1/1,3/3,3/3,6/6,2/2,1/1,1/1,3/3,2/2,6/7,6/8,2/2,2/2,3/3,*.(41/44) 

(). r i v u l a r e was widely distr i b u t e d down the length of the r i v e r , 

yet never common. The species most favoured habitat were boulders 

protruding a l i t t l e way out of the water and rocks at the side of 

the r i v e r . Boughs of trees that bent down near the surface of the 

water were also colonized, but these were usually dominated by Tortula 

mutica. 

( i v ) 2/3,1/1,4/4,3/3,2/2,2/2,*.(14/15) 

Similar wide d i s t r i b u t i o n of few records. 

(v) Present i n E t t r i c k , Jed, T i l l , Blackadder and Whiteadder, but never 

common. 

P e l l i a e n d i v i i f o l i a (B) 

( i ) 68,78,79,80,81. 
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( i i ) This species d i f f e r s from the following P e l l i a sp. i n i t s smaller 

size, lack of fibrous thickenings, inwardly curved margins and more 

dichotomously branched th a l l u s . However?young material i s d i f f i c u l t to 

separate. 

( i i i ) 3/3,*, 3/3,5/5,3/3,2/2,*,*,*,*,*,1/3,3/4,4/4,*.(24/27) 

Far less common than P_. epiphylla. In the upper reaches of the 

r i v e r ]?. e n d i v i i f o l i a colonized open habitats, was absent i n mid ri v e r 

but reappeared again below Teviot Foot where shaded areas were colonized. 

Like Conocephalum conicum compacted heavy s o i l and rock surfaces were 

preferred. 

( i v ) 3/3,4/4,1/1,3/3,4/4,*,*.(15/15) 

Not common but widely di s t r i b u t e d . 

(v) Present i n a l l lowland tributaries^but the only upland tributa r y where 

P_. e n d i v i i f o l i a grew was .the Lyne. ". - (see P. epiphylla). 

( v i ) Frequent i n N. Tyne and Tyne, but i t s d i s t r i b u t i o n i n the Wear 

i s not known. Watson (1919) concluded that P. e n d i v i i f o l i a probably 
occurred i n habitats more susceptible to submergence than P.epiphylla; 
there was no evidence to support t h i s from the Tweed Basin however. 

P e l l i a epiphylla (B) 

( i ) 68,78,79,80,81. 

( i i i ) 10/15,9/12,7/7,7/9,6/7,4/4,12/12,6/6,4/4,5/5,6/6,5/7,4/5,7/7,2/2. 

(94/100) 

Much more common than the previous related species, growing i n 

similar habitats and distri b u t e d down the whole length of the r i v e r . 

( i v ) 5/7,2/2,1/1,1/1,10/11,19/20,3/5.(41/47) 

In the upper stretches of the Teviot, P_. epiphylla was much more 

common than i n the corresponding reaches of the Tweed, but i n the lower 

stretches less abundant. 
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(v) Almost opposite d i s t r i b u t i o n to P_. e n d i v i i f o l i a . The present 

species was recorded i n a l l the upland tr i b u t a r i e s but not from the 

lowland t r i b u t a r i e s except at a few sites i n the upper Whiteadder. 

The presence of P. e n d i v i i f o l i a i n the upper stretches of the 

Tweed resulted i n the two P e l l i a spp. having ide n t i c a l Tweed al t i t u d e 

means of 130 m. However J?, epiphylla was replaced by P. e n d i v i i f o l i a 

i n the more lowland t r i b u t a r i e s that have higher conductivity, Ca and 

Mg levels. I t i s noteworthy that the only upland t r i b u t a r y colonized 

by P_. e n d i v i i f o l i a was the r e l a t i v e l y hard watered Lyne. The species 

was most common on the banks of the Leet, the most calcareous 

stream surveyed. 

Philonotis fontana (B) 

( i ) 6 8 , 7 7 , 7 8 , 7 9 , 8 0 , 8 1 . 

( i i ) Not a l l plants were looked at c r i t i c a l l y , I t i s possible therefore, 
'P. calcarea was present, although none of the t r i b u t a r i e s where the genus 
occurredyflowed over limestone. 

( i i i ) 2 0 / 3 8 , 1 5 / 2 4 , 1 2 / 1 9 , 6 / 1 2 , 3 / 3 , * , * , * , * , * , * , * , * , * , * . ( 5 6 / 9 6 ) 

Confined to the upper one t h i r d of the r i v e r , being common i n the 

f i r s t 10 km but gradually becoming less abundant downstream. Philonotis 

colonized a wide range of habitats, including cracks on rocks i n mid 

stream which were subject to long periods of submergence. These plants 

tended to be bare and black coloured, although during very low flow 

periods they would grow quickly and produce bright yellow fleshy growing 

t i p s . More commonly, plants were rooted i n sandy detritous among 

Acrocladium cuspidatum and Bryum pseudotriquetrum. 

( i v ) * , * , * , 1 / 1 , 4 / 8 , 2 0 / 4 0 , 4 / 7 . ( 2 9 / 6 6 ) 

I n the Teviot too, Philonotis was confined to the upper stretches ̂  

and was p a r t i c u l a r l y common on tussocks at the sides of the r i v e r i n the 
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extreme upper reaches. 

(v) Confined to the Biggar, Lyne and upper reaches of the Yarrow, 

E t t r i c k , T i l l and Whiteadder. 

Philonotis was common at high altitudes, but absent or rare 

elsewhere, with a Tweed a l t i t u d e mean of 230 m. 

(v i ) -In r i v e r s i n N-E. England., Philonotis frequently occurs i n the 

upper reaches, and Holmes et a l . (1972) reported that both P. calcarea 

and P_. fontana were present i n the N. Tyne. 

Physcomitrium pyriforme (B) 

( i ) 68,78. 

( i i i ) Two records only, both on v e r t i c a l clay banks i n km 19.5 and 

119.0. 

( i v ) Absent. 

(v) Absent. 

( v i ) Szemes (1967) included t h i s as one of the few bryophyte species 

reported for the Danube. 

Plagiochila asplenioides (B) 

This species was most common i n damp shaded wooded areas next to 

the r i v e r , and occasionally i t occurred at the edge of the r i v e r near the 

water le v e l . Since plants would be submerged only during a^ove 

average flows,this species was not formally recorded, although most 

common i n the middle section of the r i v e r . 

Pohlia delicatula (B) 

( i ) 68,78,80. 

( i i i ) This species.was a frequent colonizer of bare v e r t i c a l clay 

banks, but only i n km 42.0, 56.5, 107.5 and 120.5 did i t grow at levels 

near the low flow water mark. On other clay banks where i t occurred 

i t would only be submerged during very high flows. 
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( i v ) A clay bank i n km -47.5 supported delicate t u f t s of t h i s species 

j u s t above the water l e v e l . 

(v) Absent. 

Other Pohlia spp., including P_. annotina (Hedw.) Loeske, P_. bulbifera 

(Warnst.) Warnst. and P_. nutans (Hedw.) Lindb. a l l occurred on clay banks 
but never at levels subjected to constant submergence. Although many plants 
would be occasionally submerged, they were not included i n the survey. 
Polytrichum aloides (B) 

( i ) 78,80. 

( i i i ) This small species was found i n km 10.0 i n a minute s o i l - f i l l e d 

crevice of a stone that was being constantly moistened by splash water. 

(i v ) P. aloides was recorded i n four 0.5 km lengths of the Teviot, 

namely km -48.0, -52.5, -55.0 and -60.0. Several plants i n km 52.5 

grew i n a similar habitat as that described for the Tweed specimens, but 

other Teviot plants were found on drying s o i l and clay at the edge of 
the. r i v e r . 

(v) Absent. 

Polytrichum nanum (B) 

( i ) 80. 

( i i ) A species resembling the l a t t e r , but usually smaller and with 

non-papillose capsules. 

( i i i ) Absent. 

( i v ) Present i n similar habitats as P_. aloides i n km -61.5 and-62.0. 

(v) Absent. 

Polytrichum p i l i ferum (B) 

( i ) 78. 

( i i i ) Single record i n km 33.5 where i t occurred i n a similar habitat 

as the previous two species. 
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( i v ) Absent. 

(v) Absent. 

Polytrichum urnigerum (B) 

( i ) 80. 

( i i i ) Absent. 

( i v ) I n km -55.0 and km -60.0 P. urnigerum grew alongside P. aloides. 

The only other s i t e colonized was km -57.5. 

(v) Absent. 

A l l Polytrichum species recorded were confined to the upper reaches 

of either the Tweed or Teviot, or both. They were a l l rare, and almost 

always above low flow water levels. 

Priessia quadrata (B), 

( i ) 78. 

( i i i ) A single plant was observed i n km 5.0 growing on a sheet l i k e 

boulder that j u s t protruded above the low flow water le v e l . 

( i v ) Absent. 

(v) Absent. 

( v i ) The record i s surprising since P. quadrata i s normally a species 

of calcareous d i s t r i c t s (Watson, 1968). 

Rhacomitrium acicularis (B) 

( i ) 78,79,80. 

( i i ) A confusing name since the broadly rounded leaf tit>s are the diagnostic 
i t 

feature of this species which seperates/from other members of the same Renus. 

( i i i ) 7/7,*,1/1,2/2,*,*,*,*,*,*,*,*,*,*,*.(10/10) 

This species was rare and r e s t r i c t e d to the upper reaches of the 

r i v e r . R. acicularis was present on rock surfaces only, usually at or 

above the low flow water mark. 

( i v ) *,*,*,*,*,3/4,2/2.(5/6) 
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Restricted to the upper stretches where i t was rare and present on 
similar rock surfaces as described f o r the Tweed. 

(v) The only t r i b u t a r y i n which R. acicularis was present was the 

Yarrow (see R. aquaticum) 

Rhacomitrium aquaticum (B) 

( i ) 78,79,80. 

( i i i ) 5/5,5/5,*,1/1,*.*.(11/11) 

R. aquaticum was found on similar rock surfaces as R. acicularis; 

however the 'more straggly growths of the former were usually found furthest 

from'the water mark. 

(i v ) *,*,*,*,*,5/7,2/2.(7/9) 

As for R. a c i c u l a r i s , r e s t r i c t e d to two 0.5 km lengths i n the Yarrow. 

Both Rhacomitrium spp. were rare, and had obligate requirements 

for moderate to high a l t i t u d e conditions. In similar physical habitats 

downstream they were absent. However Cinclidofjts fontinaloides and 

Grimmia alpicola which were frequent on the same rocks as Rhacomitrium 

i n the upper stretches could grow i n lowland l o c a l i t i e s . The Lyne i s an 

upland t r i b u t a r y which i s physically similar to the upper reaches of the 

Tweed, but i t s chemistry i s much harder and more nutrient r i c h . Both 

Rhacomitrium species were absent there. The data from the Tweed would 

suggest that aquatic Rhacomitrium species require a combination of rocky 

substrata and s o f t , nutrient poor water. 

( v i ) Wstson (1968) described both R. acicularis and R. aquaticum as 
conspicuous members of the boulder f l o r a i n non-calcareous streams i n mountainous 
d i s t r i c t s . The. d i s t r i b u t i o n i n the Tweed would appear to confirm t h i s . 
Rhytidiade]phus squarrosus (B) 

( i ) 78,79,80. 

( i i i ) *,3/3,1/1,*,2/2,*,*,*,*,*,*,*,*,*,*.(6/6) 

Found only rarely i n the upper one t h i r d of the r i v e r . I t was usually 
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found associated with Acrocladium cuspidatum on soft, sandy s i l t at the 

edge of the r i v e r . 

( i v ) *,*,*,*,*,3/5,2/2.(5/7) 

As above. 

(v) Only present on the banks of the Yarrow. 

Rhytidiadelphus was more commonly found i n waterlogged grassy f i e l d s 

adjacent to the r i v e r s . 

Scapania undulata (S) 

( i ) 78,79,80. 

( i i i ) 10/10,5/7,7/10,3/3,1/1,*,*,*,*,*,*,*,*,*,*.(26/31) 

Scapania was r e s t r i c t e d to the upper one-third of the r i v e r and was 

never common. The most robust specimens were found i n mid stream, usually 

upon f l a t surfaces that are shallowly submerged during low flow. Although 

almost always growing at approximately the low water mark, some plants at 

the edge of the r i v e r often spread towards the bank to become associated 

with Bryum pseudotriquetrum and Solenostoma t r i s t e . 

( i v ) *,*,*,*,*,3/5,*.(3/5) 

Rare, undoubtedly due to the i n s t a b i l i t y of the r i v e r bed and the 

loose stony nature of i t s banks. 

(v) Present only i n the Lyne and upper Yarrow. 

(vi) I n the Tweed Basin the micro-habitat of Scapania arid i t s d i s t r i b u t i o n pattern 

agree, with the comments made for the species by Watson (1968). He stated 

that the most robust plants occur i n fast flowing streams, but' the species, 

also occurs at the edges of mountainous streams, where plants are usually 

smaller. 

Scapania i s frequently recorded from the Continent also. Three 

examples are: i n upper Danube (Backhaus, 1967); Bavarian streams (Weber, 

1967); and i n streams i n the Harz mountains (Weber-Oldecop, 1974). 
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Scorpidium scorpioides (B) 

( i ) 78. 

( i i i ) I n km 20.0 and 38.5 S_. scorpioides was present at the side of the 

r i v e r . I n both stretches the plants were found i n small shallow pools cut 

o f f from the main r i v e r during low flows. 

( i v ) Absent. 

(v) Absent. 

Solenostoma t r i s t e (B) 

( i ) 78,79,80,81. 

( i i i ) 17/32,9/9,7/7,6/6,6/7,*,*,*,*,*,*,*,*,*,*.(45/61) 

Much more common than Scapania undulata^although present i n an identical 

region of the Tweed. Solenostoma, although occasionally submerged, was far 

more common on damp rock surfaces and sandy detritous at the edge of the 

r i v e r . I n general, close k n i t patches of Solenostoma were more common on 

rocks, with a more straggling form common on gravel. 

( i v ) *,*,*,*,*,2/2,2/2.(4/4) 

Very rare, for the same reasons given for the previous species. 

(v) Present i n the Lyne, Yarrow, E t r r i c k and upper Whiteadder, a l l records 

being from damp gravel at sites of at least moderate a l t i t u d e . 

Solenostoma was more common than Scapania?but both were confined 

to the upper reaches of r i v e r s . The former had a Tweed al t i t u d e mean of 

230 m and the l a t t e r 235 m. 

(vi ) This species has been freauentlv recorded from the ufcoer reaches of 
rivers i n N-E. England, . and Holmes et a l . (1972) showed that Solenostoma 
spread further down the Tyne than Scapania, as i t did i n the Tweed. 
Thamnium alopecurum (B) 

( i ) 68,78,79,80,81. 
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( i i i ) *,2/4,4/5,3/3,*,M/1.*,4/4,3/3,*,*, 1/1,*,*. (18/21) 

Quite rare, yet with a d i s t r i b u t i o n spanning most of the r i v e r . 

Thamnium was confined to wet v e r t i c a l rocks. I n more open situations 

(e.g. the waterfalls i n km 10.5). There was a requirement for continuous 

wetting by splash water, whereas i n shaded areas this appeared to be 

unnecessary. I n several sites t h i s moss formed complete carpets, usually 

with the lower portion permanently submerged. 

( i v ) 7/7,*,*,5/11,4/11,*,*.(16/29) 

Thamnium was p a r t i c u l a r l y common i n the Teviot around km-40. There 

i t occupied habitats that upstream were dominated by Brachythecium plumosum. 

(v) Absent i n the Biggar, but present i n a l l the other more upstream 

t r i b u t a r i e s of the Tweed, but absent i n the lowlands. 
(vi ) Present i n r i v e r s i n N-E. England t and as stated by Holmes et a l . (1972)^ 
t h i s species i s nearly always r e s t r i c t e d to v e r t i c a l wet rock faces. 

Thuidium delicatulum (B) 

( i ) 78,80,81. 

( i i i ) Recorded from km 10.5 only, where i t grew on a v e r t i c a l rock 

face alongside Thamnium alopecurum. 

( i v ) Absent. 

(v) Present i n a single s i t e on the Jed, and at two sites on the Whiteadder. 

On the former r i v e r i t was present on a shaded, constantly splashed wooden 

flood break. I n the Whiteadder plants were found i n a similar habitat, 

as w e l l as straggling over stones and shingle. . 

Tortula routica (T. l a t i f o l i a ) (B) 

( i ) 68,78,79,80,81. 

( i i i ) *,*,4/4,6/7,7/9,9/9,17/24,14/19,10/10,6/6,4/4,2/2,3/3,4/4,2/2. (88/103') 

TC. mutica was most abundant i n the middle of the r i v e r , becoming 

gradually less common both upstream and downstream. I n the upper 25 km 

i t was absent. This species was rare upon rocks and only grew on large 
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boulders that carried a very thick layer of mud on their surfaces. Roots 

and boughs of trees above the low flow water mark were the dominant 

substrata colonized. Tortula was rarely present i n well alluminated , 

l o c a l i t i e s , and i t reached i t s maximum abundance i n mid r i v e r where the 

extent of tree shading was greatest. 

( i v ) 4/6,3/3,18/21,4/4,*,*,*.(29/34) 

Identical habitat and d i s t r i b u t i o n as i n the main r i v e r . 

(v) Absent i n Biggar and E t t r i c k , present i n a l l other t r i b u t a r i e s but 

never common i n any of them. 
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7.24 Angiosperms 

Butomus umbellatus (B) 

( i ) 68,81. 

( i i i ) Absent. 

(iv ) Absent. 

(v) Present i n the Adder Waters. I n the Blackadder Butomus was 

common, l o c a l l y abundant and recorded from a l l but three 0.5 km lengths 

surveyed. I n the Whiteadder i t s d i s t r i b u t i o n was re s t r i c t e d to three 

lowland l o c a l i t i e s only, where i t was common. Butomus, l i k e Rorippa 

nasturtium-aquaticum (a species that was in frequent association^ was 

usually found rooted at the waters edge, where flow was negligible or 

sluggish. Plants were rarely t o t a l l y submerged, but more generally 

emergent from a p a r t i a l l y submerged rootstock. Although described by 

Clapham et a l . (1962) as a 'perennial up to 1.5 m1, i n the Blackadder, 

several plants exceeded 2.0 m i n height. 

(vi ) I n America, Dansereau (1957) reported how Butomus became established 

i n the Great Lakes and the St. Lawrence River where i t replaced indigenous 

Scirpus lacustris and Sparganium erectum. I t s spread into the Mississippi 

was predicted, and thi s has recently occurred ( Roberts, 1972). The l a t t e r 

author reported Butomus to be present i n similar habitats as i t occurred i n 

the Tweed Basin. Judging from the spread of the species i n rivers i n America, 

i t might be suggested that i n future, i t may also widen i t s d i s t r i b u t i o n i n 

the Tweed Basin. L i t t l e information i s available to be able to gauge whether 

the species i s more abundant i n the Tweed Basin now, than i t was 10 years 

ago. 
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C a l l i t r i c h e hermaphroditica (S) 

( i ) 80,81. 

( i i ) Easily i d e n t i f i e d i n the f i e l d by i t s yellowish colour and compact, 

e n t i r e l y submerged habit. The leaves are widest at the base and taper to 

an emarginate apex. 

( i i i ) Absent. 

( i v ) Limited to one plant at km -9.5 i n shallow, medium paced flowing 

water. 

(v) Again li m i t e d to one 0.5 km length i n the Whiteadder Water at km -18.5; 

however several plants were observed there. The habitat i n the Whiteadder 

was similar to the Teviot except the substratum i n the former r i v e r was of 

a more rocky nature. From the sparse records, i t i s concluded that 

material was washed int o the r i v e r s from pond habits. I f low flow conditions 

continue ya downstream colonization i s predicted. 

C a l l i t r i c h e other sp(p). (S) 

( i ) 68,78,79,80,81. 

( i i ) Doubts on precise species i d e n t i f i c a t i o n (with the exception of 

C_. hermaphroditica) forced t h i s unsatisfactory dumping of a l l other species 

under C a l l i t r i c h e other sp(p). 

C a l l i t r i c h e i s taxonomically a d i f f i c u l t group since leaf shape depends 

upon whether the leaves are submerged or f l o a t i n g , and upon the depth and 

flow rate of the water. £. stagnalis, £. polymorpha, C. verna and 

C» obtusangula are v i r t u a l l y inseparable on vegetative characters alone, 
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yet the f r u i t s are a l l diagnostic. I n most cases f r u i t s were unavailable 

and no attempt was made i n the laboratory to enforce f r u i t i n g . 

At km 21.5 (below Tweed Ford) many plants were observed over a two 

year period. Plants with broad spatulate rounded leaves, usually produced 

by plants with a more or less d i s t i n c t rosette habit usually developed 

£. stagnalis f r u i t s . On the other hand, those with more linear leaves 

and i l l - d e f i n e d rosette habit usually developed £. polymorpha f r u i t s . 

However th i s was not always true, f o r (3. stagnalis i f deeply submerged 

lacked a d i s t i n c t rosette habit and had narrow-spatulate linear leaves. 

I f C. polymorpha grew on damp mud, a vegetative form more similar to 

C. stagnalis was observed. 

( i i i ) 16/17,17/17,16/19,8/8,12/12,5/6,3/3,4/4,3/3,1/1,2/2,4/4,5/5,4/4, 

10/4.(110/114) 

The presence/abundance r a t i o indicates that wherever C a l l i t r i c h e 

occurred, i t did so only infrequently. I t s preferred habitat was among 

* stones covered with damp mud at the waters edge, where at periods of extreme 

low flow they are above the water l e v e l , but at most periods of the year 

they are at least p a r t i a l l y submerged. The upper reaches of the Tweed 

provide such a habitat. Downstream most stony areas dry out too much for 

C a l l i t r i c h e and the damp muddy margins are occupied by thick growths of 

Phalaris arundinacea, Sparganium erectum, or other more robust bankside 

species. 

(i v ) *,1/1,1/1,1/1,1/1,3/5,1/1.(8/10) 

Although found i n similar habitats as i n the Tweed far fewer specimens 

were recorded i n the Teviot due to lack of suitable habitats. 

(v) Most common i n the upland t r i b u t a r i e s Biggar and Lyne, but with only 

single records from the E t t r i c k and Yarrow. The former two rivers have 

muddy margins whereas the l a t t e r two have characteristically rocky margins 
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with negligible s i l t deposition. Infrequent records f o r the T i l l , 

Whiteadder and Blackadder and i t s absence i n the other lowland tri b u t a r i e s 

indicates i t s i n a b i l i t y i n slow muddy rivers to compete against more robust 

bankside genera. 

( v i ) This i s one group where the taxonomy of the genus was not c r i t i c a l l y 

analysed, and apart from the most easily seperated C_. hermophroditica, 

the d i s t r i b u t i o n of the other species was not mapped. This was 

unfortunate, for Westlake (1975) regarded this as an important genera i n r i v e r s , 

f o r which correlations between d i s t r i b u t i o n and c r i t i c a l l y i d e n t i f i e d 

members of the genus was badly needed. 

Caltha pa l u s t r i s (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 9/9,17/17,14/15,18/18,15/15,16/16,19/19,16/16,14/15,6/6,12/12,10/11, 

6/6,6/6,12/14.(190/195) 

A commonly recorded water-side plant growing mainly on mud and s i l t , 

yet capable of growing among more or less permanently submerged stones i n 

the upper stretches. I n the lower stretches of the riv e r s where deeper 

more v e r t i c a l banks, or Phalaris arundinacea/Sparganium erectum , stands 

predominate, Caltha was less common, although capable of occasionally 

growing i n the dense shade of the species mentioned. On the wider more 

open surface of the t i d a l mud f l a t s Caltha was more common. 

( i v ) 15/17,8/9,6/9,8/8,11/13,8/9,3/3.(59/68) 

Similar d i s t r i b u t i o n and habitat preference as described for the 

Tweed, reaching maximum abundance on muddy banks among Sparganium i n the 

l a s t 10 km. 
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(v) Common i n a l l t r i b u t a r i e s , with the exception of the Leet from 

which i t was absent, and the T i l l from which i t was only infrequently 

recorded. In the t r i b u t a r i e s , Caltha grew i n similar habitats as 

described for the Tweed, however the scanty records for the T i l l showed 

i t s i n a b i l i t y to grow on unstable sandy banks which drain rapidly. The 

absence i n the Leet could indicate intolerance of hard, nutrient r i c h 

waters. 

( v i ) I n the Tweed, t h i s species was most frequent on damp mud banks, 

and i t was rarel y emergent. , When Caltha was found with i t s base 

immersed i n water, i t was so only i n very slow currents. This was 

also reported by Ackenheil (1944). 

Carex acuta (B) 

( i ) 68,78,81. 

( i i i ) A single record only, on the l e f t Berwickshire bank of km 88.5 

j u s t below Dryburgh Footbridge. I n la t e August 1971 several t u f t s of 

non-fruiting Carex sp(p). were recorded on the shingly bank of a slow 

stretch. I n June the following year the plants were f r u i t i n g , one with 

C_. acuta f r u i t s , the remaining ones proving to be C. acutiformis. 

Several Carex other sp. records may well be C. acuta but since not a l l 

could be checked during the f r u i t i n g season th i s i s uncertain. 

( i v ) Absent. 

(v) Common on the banks of Lyne Water i n km -0.5 where again, associated 

with <3. acutiformis i t grew forming thick stands at the edges of deep 

stretches. A l l plants had at least t h e i r roots permanently submerged 

and many had the basal parts of the i r shoots underwater. C. acuta was 

also recorded from similar l o c a l i t i e s on the banks of the lowest 10 km 

of the T i l l . 
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Carex acutiformis (B) 

( i ) 78,80,81. 

( i i ) See C. r i p a r i a . 

( i i i ) Single record only f o r km 88.5 (see £. acuta). 

( i v ) *,*,*,1/1,5/10,4/12,*.(10/21) 

Although only infrequently recorded, when present, C_. acutiformis was 

often l o c a l l y very abundant forming thick t u f t s at the edge of the ri v e r 

where i t was confined to the upper reaches above Hawick. This i s an anomolous 

d i s t r i b u t i o n pattern when considering Clapham et a l . (1962) description 

of C. acutiformis as a species of slow-flowing r i v e r s , canals and ponds. 

However, i n the lower stretches of the Teviot, suitable habitats were 

inhabited by dense growths of Sparganium erectum or Phalaris arundinacea 

whereas the many slow stretches above Hawick have stonier banks which 

are much more suitable f o r Carex species. The species a b i l i t y to grow 

on shallow, yet permanently submerged shingle and stony banks accounts 

f o r i t s d i s t r i b u t i o n pattern i n the Teviot. 

(v) A single record i n Lyne Water i n a habitat i d e n t i c a l to that described 

f o r the Teviot. 

Carex h i r t a (B) 

( i ) 80. 

( i i i ) Absent 

( i v ) *,*,*,*,*,4/4,*.(4/4) 

Only present i n the upper stretches of the r i v e r , usually among 

C. nigra or C_. rostrata. Plants occurred j u s t above the low water mark 

on muddy rocky substrata . 
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(v) Absent i n a l l others. 

The presence of £. h i r t a i n i d e n t i c a l habits as C. nigra on the 

banks of the R. Teviot, but i t s absence i n the Tweed, E t t r i c k and Yarrow 

may indicate an i n a b i l i t y to grow on the banks of extremely base poor 

waters. 

Carex nigra (B) 

( i ) 78,79,80. 

( i i i ) 9/10,17/18,5/5,2/2,1/1,*,*,*,*,*,*,*,*,*,*.(34/36) 

A species sharing i t s habitat with Cochlearia alpina, although C_. nigra 

always grew among other fringe species including £. rostrata, Mentha aquatica 

Mimulus guttatus and Myosotis scorpioides. > 

Cochlearia, together with Mimulus & Myosotis have a straggly nature 

which results i n them spreading away from' the wall of species at the 

waters edge into the water i t s e l f , where, i n shallow water at low flow 

they became rooted. The erect growth habit of £. nigra prohibits t h i s , 

r e s u l t i n g i n i t s presence i n a more or less straight l i n e at the immediate 

waters edge. 

( i v ) *,*,*,*,9/11,12/32,3/7.(24/40) 

Identi c a l habitat and d i s t r i b u t i o n patterns as i n the Tweed, being 

r e s t r i c t e d to the stony banks of the upper stretches. 

(v) Again, l i k e Cochlearia, confined to the Western t r i b u t a r i e s Biggar, 

Lyne, Yarrow and upper E t t r i c k . Clapham et_ a l . (1962) suggest as a 

habitat - 'beside water, on acid s o i l s ' which i s i n general confirmed 

by most records, although the Lyne and Teviot could not be described as 

acidic.This description may well have arisen because i n B r i t a i n most 

upland areas have a non-calcareous bedrock and hence tend to be neutral 

or acid. For a bank species such as t h i s , i t i s not known whether 

d i s t r i b u t i o n i s most influenced by the s o i l , or the water chemistry or 
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by both. How they are i n t e r r e l a t e d i s also unknown. 

Carex ovalis (B) 

( i ) 80. 

( i i i ) Absent. 

( i v ) *,*,*,*,2/2,7/9,4/4.(13/15) 

An upland species recorded only infrequently from the stony drier 

margins of the r i v e r . Not regarded as a c r i t i c a l fringe species since 

i t often grew away from the r i v e r bank onto the rough dr i e r ground 

surrounding the r i v e r . 

(v) Absent. 

Carex paniculata (B) 

( i ) 68,79. 

( i i i ) Absent. 

( i v ) Absent. 

(v) Restricted to the Yarrow, E t t r i c k and upper T i l l . I n these 

t r i b u t a r i e s , C. paniculata grew rooted i n sandy substrates with a shallow 

covering of water. The confined d i s t r i b u t i o n indicates preference for 

sandy banks rather than stony banks or muddy areas. 

Carex r&paria (B) 

( i ) 68,81. 

( i i ) Similar to, and often confused with C. acutiformis, but can be 

separated i n the f i e l d by i t s larger size, wider leaves and ovate, obtuse 

l i g u l e s . I n the flowering state, the large inflorescence provides 

additional differences to assist i n i d e n t i f i c a t i o n . 

( i i i ) Absent. 

( i v ) Absent. 
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(v) Confined to the Berwickshire ri v e r s Leet ( i n which i t was common 

and l o c a l l y very abundant) and Blackadder, and a single record i n 

Cheviotland i n the T i l l at km -5.5. I n a l l sites,C. r i p a r i a was found at the 

edge of the r i v e r rooted d i r e c t l y i n the mud of slow flowing stretches 

that have a permanently high water mark. The Leet Water, with i t s 

nutrient r i c h water and i t s numerous slow reaches flowing over f e r t i l e 

alluvium formed ideal habitats. The Blackadder, with many similar 

reaches, also supported healthy growths. More than a single record i n 

the l a s t 20 km of the T i l l might have been expected, however the sandy 

porous nature of the banks were probably too dry for this species. 

Carex rostrata (B) 

( i ) 68,78,79,80,81. 

( i i i ) 3/3,5/5,11/14,4/4,6/8,4/6,1/1,5/5,1/2,*,2/2,3/3,1/1,3/5,12/26.(61/85) 

The most widespread of a l l Carex species i n the r i v e r , being present 

i n the very highest reaches and also found well into the t i d a l reaches. 

Although often associated with the £. nigra assemblage described under 

that species, £. rostrata continued to be present down the whole length 

of the r i v e r u n t i l i t reached i t s maximum abundance i n the freshwater 

t i d a l area. Here, on the muddy banks where a high water mark i s guaranteed 

at least twice d a i l y i t was common and lo c a l l y very abundant. 

( i v ) 1/1,*,*,1/1,4/10,10/26,3/4.(19/42) 

I n the Teviot, C. rostrata was also the most widespread and common 

of a l l Carex spf>,«, and had i t s maximum abundance i n the upper reaches. 

(v) Present i n a l l t r i b u t a r i e s except Jed, Eden and T i l l and most common 

i n Leet Water. 
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From i t s d i s t r i b u t i o n i n the Tweed and t r i b u t a r i e s , C. rostrata 

appears to have two d i s t i n c t habitats: (a) among vegetation, between 

pebbles and small stones at the damp f l a t margins of fast flowing water, 

(b) at the sides of slow flowing reaches which have shallow water logged 

margins, a continuous high water mark and abundant mud. I n .pper Tweed, 

Teviot, Lyne, Yarrow and E t t r i c k the species was found i n the former 

habitat ( a ) , and i t s abundance i n t i d a l Tweed, Biggar, Leet and Blackadder 

was due to features described i n (b). Neither features (a) nor (b) are 

found i n the T i l l , possibly accounting for i t s absence there, 

( v i ) Reported from the banks of the N. Tyne, Tyne and Wheel of the 

Tees. Rarely quoted i n the l i t e r a t u r e , but Ackenheil (1944) found i t 

confined to very slow stretches rooted i n mud. 

Carex other spp. 

( i i ) By l a t e August and September 1971 many Carex species had l o s t their 

f r u i t s . Non-fruiting material was recorded as Carex other spp. and many 

of the sites were r e v i s i t e d i n the preceding two years when f r u i t s were 

abundant. I t was impossible to resurvey a l l sites and 25 O.S km lengths 

had to be l e f t unchecked, and the presence of Carex recorded to genus 

leve l only. 

( i i i ) 4/4,4/4,2/2,*,*,1/1,1/1,*,4/4,*,3/3,3/4,3/3,*,*.(25/26) . 

The d i s t r i b u t i o n i s p l o t t e d , but a discussion i s f u t i l e . 

Cochlearia alpina (B) 

( i ) 78,79,80. 

( i i i ) 13/13,19/19,2/2,*,*,*,*,*,*,*,*,*,*,*,*. (34/34) 

A species of similar d i s t r i b u t i o n as Ranunculus f lammula, both of them 

being r e s t r i c t e d to the highest stretches of the r i v e r only. However 

Cochlearia was a species which was often p a r t i a l l y submerged, even at low 

flow. I t s preferred habitat was bet\-7een stones which had a weak 
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and shallow flow of water over them. 

( i v ) *,*,*,1/1,2/2,6/6,4/5.(13/14) 

Identical habitat as the Tweed but less common. 

(v) Recorded only from the western side of the Tweed Basin, which 

includes the Biggar and Lyne, and the upper 10 km of the Yarrow. 

(v i ) The d i s t r i b u t i o n i n the Tweed might suggest confirmation of the 

description of Cochlearia by Clapham et a l . (1962), who stated that i t i s 

"a local plant i n mountain streamlets and flushes, and on wet rock ledges". 

Eleocharis pa l u s t r i s (B) ^ 

( i ) 68,77,78,79,80,81. 

( i i i ) *,6/7,7/7,8/9,11/15,11/21,12/13,15/18,14/19,16/27,18/28,18/32,16/19, 

18/24,15/23.(185/262) 

In the Tweed, Eleocharis was often found i n the same l o c a l i t i e s 

as Sparganium erectum, however the former extended further up the r i v e r , 

and was more abundant i n the lower stretches. Presence/abundance ratios 

indicate that i n the upper reaches, whenever Eleocharis was present, i t 

never formed pure stands on the r i v e r bank, but i t s t h i n v e r t i c a l stems 

often appeared through the vegetation of other fringe species. I n the 
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lower stretches pure clumps of E3 eocharis became more common, usually 

with t h e i r roots embedded i n waterlogged mud0 

( i v ) 14/34,13/21,12/21,2/2,8/12,8/11,2/20(59/103) 

A very similar d i s t r i b u t i o n pattern as i n the Tweed with i t s most 

prominent occurrence i n the l a s t 10 km„ The species was also present 

i n the extreme upper stretches 0 

(v) Present i n a l l t r i b u t a r i e s , but most common i n the upper 20 km of 

the Blackadder and to a s l i g h t l y lesser degree i n the Whiteadder also 

(see Sparganium erectum) 

(v i ) Eleocharis has been recorded from the banks of rivers i n N-E. Engl-

-and, and as the Tweed, i t was usually most frequent at the edges of very 

si ow flowing stretches, and only occasional from those with moderate to 

fast current v e l o c i t i e s . I n the Teuronjoki, S i r j o l a (1969) found 

Eleocharis confined to stretches with very low current v e l o c i t i e s . I n both 

the Tweed and Teviot, Eleocharis occured much further upstream than 

Sparganium, however,Sirjola reported that the tolerance of the former specie's to 

high current v e l o c i t y was half that of the l a t t e r species. 

Elodea canadensis (S) 

( i ) 68,78,79,80,81. 

( i i i ) *,*,10/16,17/29,20/58,20/66,20/39,20/48,20/50,20/52,20/46,20/31, 

20/29,18/40,16/50.(241/554) 

Absent i n the upper 23 km where there were no stretches deep and 

slow enough for t h i s species. The most upstream record f o r Elodea was 

two kilometers above the i n f l u x of Biggar Water. From km 34.5 to km 133.0, 

Elodea was present i n every 0.5 km length. This species was often abundant 

and was t h i r d only to Ranunculus penicillatus var. calcareus and Eurhynchium 

riparioides i n t o t a l abundance. Elodea, although occasional on shingle 

i n quite fast flowing water, was most characteristically a species of the 
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slowest stretches of the r i v e r . Reaches approximately ].0 m deep 

which had substrata of fine mud were the most favoured habitat of this 

species. 

(i v ) 19/33,19/41,18/42,14/36,*,*,*.(7Q/152) 

Di s t r i b u t i o n as i n the Tweed but less abundant. In the Teviot 

Elodea was only eighth i n t o t a l abundance. 

(v) Absent i n the Yarrow, E t t r i c k and Jed and the most upstream sites 

surveyed on the R. T i l l and Blackadder. Elodea was most abundant i n the 

Biggar. 

(v i ) The physical characteristics of the main r i v e r and t r i b u t a r i e s 

where Elodea was found agree closely with findings of the following workers? 

Iverson (1929) who found the species only i n neutral to alkaline waters, and 

S i r j o l a (1969) and Haslam (1971), who correlated Elodea with slowly 

flowing water and f i n e substrata, yet capable of growth i n medium paced 

water. I n the Moosach, Elodea was present throughout the length of the 

r i v e r , regardless of the state of pol l u t i o n (Kohler et a l . 1971). 

Elodea i s possibly the most documented aquatic plant species found 

i n t h i s country. Probably the f i r s t paper published was by Marshall (1852 

and 1852a), several others followed, but a more comprehensive paper dealing 

with i t s habit and d i s t r i b u t i o n appeared in 1885 by Siddall. A l l papers 

of the nineteenth century referred to i t as the American Pondweed (Anacharis 

alsinastrum Bab.) 

Elodea was o r i g i n a l l y a native of North American rivers and was 

introduced in t o t h i s country i n a s t i l l unknown way. The f i r s t l o c a l i t y 

i n which i t appeared i n mainland B r i t a i n was i n the Tweed area i n the lakes 

of Dunse Castle, on the banks of the Whiteadder, on the t h i r d of August 

1842 by G. Johnston. By 1847 Johnston (1851) reported that i t had spread 

into i t s receiving stream and also to the Whiteadder i t s e l f . I n 1850 the 
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Whiteadder had become almost choked by i t , so much so that i t had to be 

dredged to stop flooding at Gainlaw Bridge (km - 1.5), and the "Tweed was 

so f u l l of i t as to be a serious hindrance to i t s salmon fishe r i e s " 

(Siddall 1885). By 1850 Elodea had spread to many rivers and reservoirs 

i n Great B r i t a i n . Marshall (1852,57) reported i t s recent appearance i n 

the Great Ouse and Cam which was causing serious navigation and drainage 

problems. The problem became so serious i n the Fen D i s t r i c t that Mr 

Rawlinson was appointed by the Government to look i n t o , and advise on the 

best way to counteract i t s danger. By 1880 i t had spread not only a l l 

over the whole of B r i t a i n , but also over the greater part of Europe 

(Ridley 1930). This speed of invasion, and subsequent domination by 

Elodea of i t s habitat are phenomena unparalleled i n B r i t a i n ( Siddall, 

1885; Walker, 1912; Sculthorpe, 1967 ) . The above authors also discussed fcc^r 

that the dominance of the species and the problems that i t caused 

ra r e l y lasted more than seven years. 

Equisetum f l u v i a t i l e (B) 

( i ) 68,78,79,80,81. 

( i i i ) *,11/11,11/13,7/9,7/7,9/13,7/7,7/7,6/6,7/8,15/17,4/4,10/12,9/11, 

3/3.(113/128) 

Absent i n the upper 10 km, but below t h i s , recorded at infrequent 

intervals , depending on local conditions. Equisetum was rarely submerged, 

but more commonly rooted i n shallow mud between stones, on damp sandy s i l t , 

or even straggling over the dr i e r loose stones on the bank side where i t s 
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long roots penetrated to the damp sand below. Apart from t h i s l a t t e r 

habitat, Equisetum was often found growing with Juncus acutiflorus. The 

upper 10 km of the Tweed with i t s few s i l t e d edges was an unsuitable 

environment for Equisetum. 

( i v ) 4/4,6/6,8/9,10/13,17/20,16/18,4/8.(65/80) 

Found i n similar habitats as i n the Tweed which accounts for i t s 

r a r i t y i n lower Teviot and i t s abundance i n the upper stretches. Physical 

features of the upper stretches of the Teviot and Tweed contrast strongly. 

(v) Absent i n the Biggar, Lyne and Jed, and present, but rare i n other 

t r i b u t a r i e s . 

( v i ) Occasional at the edges of a l l N-E. r i v e r s , including the Wheel 

of the Tees. When Equisetum was found submerged, i t was so only i n slow current 

v e l o c i t i e s . • This agrees with the findings of both Ackenheil (1944) and 

S i r j o l a (1969). 

Filipendula ulmaria (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 6/6,20/22,16/16,16/20,17/20,12/14,7/7,9/9,6/6,7/9,13/14,8/9,3/3, 

2/2,1/1.(143/158) 

A l i k i n g for similar habitats as Caltha palustris resulting i n a 

d i s t r i b u t i o n pattern resembling i t . However, Filipendula was much more 

common i n the upper stretches and less frequent than Caltha i n the t i d a l 

region. 

( i v ) 10/12,12/17,4/4,10/10,20/23,17/28,4/6.(77/100) 

Similar d i s t r i b u t i o n as i n Tweed, being most common on moist rough 

ground adjacent to the r i v e r . 

(v) Present i n a l l t r i b u t a r i e s i n similar habitats as previously described. 

In the Tweed Basin, t h i s snecies usually occurred i n habitats that receive 

only periodic submergence. 
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Glyceria f l u i t a n s (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 5/5,3/3,5/5,7/11,15/19,9/13,4/4,9/9,4/4,3/3,5/5,10/12,13/16,8/8, 

3/5.(103/122) 

Never abundant but present i n a l l 10 km stretches of the r i v e r . 

Glyceria was only capable of growing rooted i n soft mud i n slow flowing, 

shallow water at the sides of the r i v e r ; a.s a r e s u l t , i t gradually 

increased down stream as more suitable habitats increased. I n apparently 

suitable habitats i n the lower stretches i t became less abundant, possibly 

due to competition! from other bank species.. 

(i v ) 5/5,4/4,12/13,13/14,14/25,17/32,4/6.(69/99) 

Growing i n similar habitats as i n the Tweed where the plants spread 

from the bank with t h e i r stem and leaves f l o a t i n g on the surface of the 

water and t h e i r f l o r a l shoots erect above the rest. Glyceria was more 

common i n upper Teviot than i n any 10 km of the Tweed, however further 

downstream , i t became less abundant as i n the Tweed, and possibly for the 

same reasons outlined above. 

(v) I n similar habitats as described above i n a l l other t r i b u t a r i e s . 

Glyceria shows a very wide d i s t r i b u t i o n effected by physical and competitive 

factors, but not chemistry. I t s d i s t r i b u t i o n , habitat preference and 

straggling growth pattern was most similar to Juncus acutiflorus. 

However^Glyceria was most s t r i c t i n i t s needs to be rooted i n soft mud or 

sand,and to be always at least p a r t i a l l y submerged, which probably accounts 

for i t being less common. 

319 



( v i ) Recorded from the N. Tyne and Tyne where i t was as common as i n 

mid-Teviot; and present i n the lower Wear and Tees. Backhaus (1967) and 

Szemes (1967) reported i t to be common throughout the Danube, including 

the headwaters Breg and Brigach. Both Ackenheil (1944) and S i r j o l a (1969) 

found t h i s Glyceria species i n very slow to moderately flowing water. In 

the Tweedyhowever?it was r e s t r i c t e d to slow flowing water« 

I r i s pseudacorus (B) 

( i ) 68,78,79,80,81. 

( i i i ) *,*,3/3,1/1,2/2,*,3/3,3/3,*,1/1,3/3,2/2,*,2/2,1/1.(21/21) 

Isolated records down the whole length of the r i v e r from km 21.5 

I r i s had a similar habitat preference as Sparganium erectum for slow flowing 
1 1 , 1 , 1 1 j • • • 1 • 1 i 

stretches with muddy banks. 

(i v ) 7/10,*,*,1/1,1/1,1/2,*.(10/14) 

Rare, except i n the slow, near stagnating lower stretches with their 

banks of deep mud. 

(v) Absent from Eden Water and present but never common i n other t r i b u t a r i e s 

except i n the Leet and Blackadder. I n par t i c u l a r , the l a t t e r with i t s 

slow flowing hard water and soft muddy banks had abundant growths of I r i s . 

These features were p a r t i c u l a r l y favourable for the species which grew 

with Butomus umbellatus and Sparganium erectum i n large continuous stands 

to the exclusion or reduction of many other bank side species. 

(v i ) Rare i n the N. Tyne and Tyne, not reported f o r the Wear although 

present, and occasional i n the lower stretches of the Tees. Although i n 

the Tweed Basin.,Iris was present i n the same stretches as Sparganium, 

Ackenheil (1944) and S i r j o l a (1969) both found that the l a t t e r was capable 

of growing i n twice the flow rate as the former. 

Juncus acutiflorus (B) 

( i ) 68,77,78,79,80,81. 
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( i i i ) 11/11,20/21,20/22,14/17,10/12,12/16,9/9,7/7,12/14,14/17,13/14,6/7, 

10/10,17/18,14/14.(189/209) 

A species equally healthy rooted among other vegetation between damp 

stones or on mud and sand at the waters edge or p a r t i a l l y submerged. 

J_. acutiflorus had an unbroken d i s t r i b u t i o n from source to mouth but with 

a reduction i n abundance i n mid-river due to heavy shading by trees- and 

other bank species. However i n the wider t i d a l l i m i t s with i t s f l a t t e r 

muddy expanses and constantly changing diurnal water level i t again 

increased. This was the f i f t h most abundant bank species. 

( i v ) 4/4,5/5,13/15,6/6,16/24,20/45,4/7. (68/106) 

Like Glyceria f l u i t a n s , J_. ac u t i f lorus most abundant d i s t r i b u t i o n 

was i n the upper reaches of the Teviot and was likewise adversely affected 

by competition f o r bank space i n the lower stretches. I t was also the 

f i f t h most abundant bank species i n the Teviot. 

(v) A common species, recorded from most lengths surveyed and present i n 

a l l t r i b u t a r i e s . 

Juncus effusus (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 17/18,18/20,20/23,19/11,9/10,13/16,4/4,2/2,6/6,8/10,5/5,1/3,2/2, 

3/3,2/2,(119/135) 

J_. effusus more or less gradually decreased downstream, being 

frequently recorded i n the upper stretches, but only rarely below Teviot 

Foot. I n the upper stretches i t was common either rooted i n soft mud 

or on firmer moist ground among stones. The l a t t e r habitat becomes rarer 

downstream, while the former i s colonized by many other species. 

( i v ) 4/4,3/3,6/6,1/1,5/5,19/28,4/7.(42/54) 
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I d e n t i c a l habitat and d i s t r i b u t i o n pattern as i n the Tweed. 

(v) Present i n a l l t r i b u t a r i e s except Jed Water, being least common 

i n the E t t r i c k and Whiteadder and most common i n the T i l l and Blackadder. 

(v i ) J. effusus i s a common species i n rivers i n N-E. England. I t i s 

also common i n ri v e r s i n mainland Europe, as i l l u s t r a t e d i n the Danube : 

Backhaus (1967) and Szemes (1967) reported i t s presence from the uppermost 

reaches of the Breg to the lowermost delta region, 

Juncus inflexus (B) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,1/1,4/4,1/3,*,4/4.(10/1 2) 

Confined to the lower stretches of the ri v e r where i t was recorded 

only r a r e l y . J_. i n f lexus was present only on soft muddy banks j u s t above 

the water l e v e l , but unlike J_. effusus never grew on damp stony ground. 

(i v ) 8/10,2/3,10/12,*,*,*,*.(20/25) 

Like the Tweed, J_. i n f lexus i n the Teviot was re s t r i c t e d to habitats 

i n downstream l o c a l i t i e s , but was more common. 

(v) A species of d i s t i n c t lowland d i s t r i b u t i o n being absent from a l l 

t r i b u t a r i e s above the Teviot, but common in a l l t r i b u t a r i e s below i t , 

J. inflexus was least abundant i n the Whiteadder, and most common on the 

soft^sandy banks of the T i l l . 

Lerona minor 

( i ) 80,81. 

( i i i ) Absent. 

(i v ) 6/8,*,*,*,*,*,* (6/8) 

Confined to the bottom 5 km of the Teviot where i t was by no means 

rare. Lemna owing to i t s physical form as a small f l o a t i n g thallus was 
—— -9 \ 

confined to the deep slowly flowing stretches of the r i v e r . I n these 
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stretches i t was always absent from the centre of the r i v e r where the 

flow was at i t s maximum but present nearer the margins where flow was 

minimal and the t h a l l i were held by larger rooted macrophytes such as 

Potamogeton perf o l i a t u s , 1?. s a l i c i f o l i u s and Myriophyllum spicatum. 

(v) Absent i n a l l t r i b u t a r i e s except the Leet Water i n which i t was 

l o c a l l y very abundant i n the l a s t three 0.5 km lengths and i n the Blackadder 

Water at km -30.5. I n the Leet, Lemna was held i n the long and copious 

growths of Enteromorpha flexuosa,whereas i n the Blackadder Ranunculus 

f l u i t a n s and Myriophyllum spicatum retained the t h a l l i . 
probably 

Lemna minor is/the only genuine free f l o a t i n g macrophyte recorded from 

the Tweed Basin. I t s confined d i s t r i b u t i o n i n Lower Teviot, Leet and single 

l o c a l i t y i n the Blackadder suggests that i n addition to a requirement for 

slow flowing water, Lemna also had a requirement for hard water r i c h i n 

nutrients. This i s probably due to a l l nutrient uptake being from the 

water and lack of r h i z o i d a l or root absorption from the substratum. More 

than any other angiosperm, the d i s t r i b u t i o n of Lemna was dependant on flow 

rate and flood conditions. 

( v i ) Lemna has not been reported from the N. Tyne, Tyne or Tees, but Whitton 

and Buckmaster • (1970) reported i t s frequent occurrence i n the Wear during summer. 

In other B r i t i s h , and also European r i v e r s , L. minor has been 

recorded many times. Haslam (1971) regarded the species i n rivers as an 

"opportunist"^ confined to s t i l l or very slow flowing stretches. A wider 

habitat range than seen i n the Tweed was reported by Iverson (1929) who 

found L_. minor to be capable of growing i n either very strongly acid 

or alkaline waters. This was confirmed i n the Danube by Backhaus (1967) 

and Szemes (1967), the former reporting i t s presence i n the Brigach, 

"an acid and nutrient poor" headwater, and the l a t t e r throughout i t s 

lower sections including the delta region. Both Kohler et a l . (1971) 
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f o r the Moosach, and WjJlek (1971) for the Dunajec found the d i s t r i b u t i o n 

of L. minor to be unaffected by the nutrient status of the water. Iverson 

and Ohlsen (1943) described i t as a eutrophic species. 

Mentha aquatica (B) 

( i ) 68,78,79,80,81. 

( i i i ) 1/1,12/16,13/15,10/10,13/13,4/5,3/3,4/4, * ,6/7,4/4,3/3,*,1/1, 

1/1.(75/85) 

Mentha was common on damp stones, gravel or course mud at the sides 

of the r i v e r , but rarely extended down into the r i v e r to be permanently 

submerged. I t was absent from the most upper stretches of the r i v e r , 

becoming common below t h i s , but lower downstream where Phalaris arundinacea 

becomes the dominant waterside species, Mentha was res t r i c t e d to fewer 

l o c a l i t i e s where i t occupied the stonier banks. This appears to be due 

to the i n a b i l i t y of the tough matted rhizomes of Phalaris to penetrate 

a t i g h t stony substratum, while the Mentha habit can take f u l l 

advantage of t h i s . 

( i v ) 10/11,3/4,4/5,7/8,15/20,15/21,4/5. (58/74) 

Similar d i s t r i b u t i o n and habitat as i n the Tweed, however i n the 

Teviot, Mentha was frequently permanently rooted i n shallow water accounting 

f o r i t s increase i n abundance i n the lower 10 km. I n the upper 20 km, 

Mentha was more common than i n any stretches of the Tweed. The numerous 

damp stony banks favouring abundant growths of Carex spp., also supported 

Mentha i n large quantities. 

(v) Common on the banks of a l l t r i b u t a r i e s and often very abundant, 

and on the banks of the T i l l , Blackadder and upper Whiteadder Mentha was 

p a r t i c u l a r l y abundant. These t r i b u t a r i e s , with t h e i r unstable sandy, soft 

muddy or more solid stony banks a l l represent habitats where Mentha thrives. 



Mimulus guttatus (B) ( see Fig. 7.3b ) 

( i ) 68,78,79,80,81. 

( i i i ) 17/21,20/26,19/21,20/26,19/21,19/25,13/14,9/9,14/16,13/17,16/16, 

13/14,9/9,12/12,11/14.(224/274) 

Similar habitat and d i s t r i b u t i o n as Myosotis but with a d i s t i n c t 

upstream preference. Damp mud among stones at the immediate edge of the r i v e r 

was the preferred habitat, although i n some stretches Mimulus was often 

common on raised stones i n the middle of the r i v e r where during low flow, 

water drains to either side. Mimulus was rarely tolerant of shade and 

was always absent among the thick f r i n g e of bank species, but present away 

from i t , nearest to or p a r t i a l l y submerged at the water edge. Mimulus 

was the t h i r d most abundant bank species. 

( i v ) 20/24,20/26,19/28,15/15,15/18,15/22,4/9.(108/142) 
v 

I n the Teviot, Mimulus ,was frequent between Sparganium erectum stands 

i n the lower stretches and was less abundant further upstream. This species 

was the most abundant bank species i n the r i v e r . 

(v) Mimulus was absent i n the Eden and Leet Waters and from the lowest 

10 km of the T i l l , but elsewhere was common, especially i n the upper T i l l 

and the whole of the Whiteadder. The absence i n the Eden and Leet and i t s 

rare occurrence i n the Blackadder suggests that Mimulus had a d i s t i n c t 

lack of preference for the nutrient r i c h and hard water t r i b u t a r i e s which had 

high conductivity, Ca and P0^-P levels. 

( v i ) Present, and often frequent i n a l l rivers i n N-E. England. Butcher (1933) 

only reported Mimulus from the Dove and Itchen, bothof which he described 

as highly calcareous r i v e r s . The d i s t r i b u t i o n i n the Tweed does not suggest 

preference for calcareous habitats. 
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Myosotis scorpioides (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 10/10,20/20,20/22,20/28,20/33,20/29,16/17,16/17,18/24,18/26,20/30, 

19/21,20/21,20/25,18/20.(275/344) 

Ubiquitous species^straggling among other more v e r t i c a l fringe species 

on either muddy, sandy or stony substrata . Myosotis was recorded i n more 

0.5 km lengths than any other species. 

( i v ) 20/24,19/23,20/26,17/19,17/18,4/5.(97/116) 

D i s t r i b u t i o n as i n Tweed, again showing tolerance of shade caused 

by other fringe species. Less common than i n the Tweed, being the f i f t h 

most recorded species. 

(v) Abundant and recorded from nearly a l l 0.5 km lengths of tr i b u t a r i e s 

surveyed. Unlike Mimulus guttatus, Myostis was common i n Eden, Leet and 

lower T i l l , possibly being less affected by differences i n water chemistry. The 

wider d i s t r i b u t i o n might also be i n part, due to the shade tolerance of 

Myosotis. 

( v i ) "Mvosotis i s often frequent i n rivers i n N-E. England» In the Tweed and i t ! 

t r i b u t a r i e s , Myosotis was least abundant i n upper reaches. Szemes (1967) 

found the same fo r the Danube, but Kohler et a l . (1971) reported i t more 

common i n the upper stretches of the Moosach. Siedlecka-Binder (1967) 

found i t remained vegetatively obvious throughout the year i n an upland 

stream i n Poland. Ackenheil (1944) reported Myosotis to be capable of 

growing i n strong currents, however i n the Tweed vit was very rarely 

submerged. 

Myriophyllum alterniflorum (s) 

( i ) 77,78,79,80,81. 

( i i i ) 18/33,16/26,20/39,20/48,20/57,19/45,20/39,20/32,18/24,19/31,17/27, 

1/1,*,*,*.(208/402) 
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A permanently submerged macrophyte common from km 0.0 r i g h t 

downstream to Teviot Foot. With the i n f l u x of harder water and new 

species from that t r i b u t a r y , M. alterniflorum completely disappeared 

except for two plants which were recorded a l i t t l e way downstream. 

M. alterriiflorum was most commonly rooted i n course sand between loose 

stones - the predominate substratum i n the Tweed above Kelso i n stretches 

with medium flow. However i n the least favoured habitats of slow flowing 

stretches or i n rapids, i t was rooted i n soft mud or i n sand f i l l e d 

cracks between rocks respectively. This species was the only permanently 

submerged angiosperm present, and indeed common i n the upper 20 km. 

(iv ) *,*,*,2/2.10/20,7/11,1/1,*.(20/34) 

A vastly reduced d i s t r i b u t i o n and abundance, being confined to 

twenty 0.5 km lengths between km 26.5 and 53.5. The upper Teviot with 

i t s unstable substratum was unsuitable for any permanently submerged 

angiosperms, and i n the downstream slower stretches,, M. a l t e r n i f lorum was . 

replaced by M. spicatum. 

(v) Common and l o c a l l y often abundant i n a l l the upland t r i b u t a r i e s 

Biggar, Lyne, Yarrow and E t t r i c k being present i n a l l but three 0.5 km 

lengths studied. However M. alterniflorum was absent i n the Jed, Eden 

Leet and T i l l . I n the larger Berwickshire ri v e r s Blackadder and Whiteadder, 

the Myriophyllum species occurred together. I n the Blackadder M. a l t e r n i -

florum was common i n three 0.5 km lengths (-41.5, -42.0 and -42.5) at 

Greenlaw where i t grew with M. spicatum. Below t h i s , i t was absent except 

for a scruffy rooted specimen (presumably a washed down fragment) i n 

km -30.0. In the Whiteadder above Blackadder Foot, M. alterniflorum 

was present and usually most abundant i n a l l 0.5 km lengths surveyed 

while M. spicatum was absent. Here M. a l t e r n i f lorum was more abundant 

than i n any other region of the Tweed Basin. Below Blackadder foot both 

3 27 



species grew alongside each other, with M. alterniflorum showing preference 

for faster shallower stretches. On passing downstream M. spicatum dominated 

and M. alterniflorum disappeared from the last 10 km. 

(v i ) Occasional i n N. Tyne, very rare i n Tyne, absent i n Wear and re s t r i c t e d 

to the Wheel of the Tees. The d i s t r i b u t i o n i n the Tweed Basin agrees 

closely with findings of Iverson (1929)^and Iverson and Ohlsen (1943). 

They report M. alterniflorum to be r e s t r i c t e d to very weak acid, neutral 

or very weak alkaline waters. The species also more commonly occurred i n 

nutrient poor waters. Both Ackenheil (1944) and S i r j o l a (1969) agree that 

although M. alterniflorum i s capable of growing i n slow flowing water, i t 

thrives most i n rapid currents. This was also evident i n the Tweed. 

Myriophyllum spicatum (S) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,3/3,19/25,20/25,20/44,18/38.(80/155) 

Once the Tweed was provided with an inocula of M. spicatum from the 

the Teviot i n km 108.5, i t occurred i n a l l but one 0.5 km length between 

Teviot Foot and km 1^8.5 . This point i n the estuary was also the las t 

time Potamogeton pectinatus, P_. perfoliatus, P_. pusillus, and Ranunculus 

f l u i t a n s x? were recorded. Being a species confined to the lower stretches, 

M. spicatum showed more of a preference for deeper water than M. alterniflorum. 

However, i n the Tweed the deepest slow flowing stretches were dominated 

by Elodea canadensis and Potamogeton spp. with M. spicatum growing most 

h e a l t h i l y and abundantly i n f a i r l y deep water with a moderate current. 

I n shallowest faster stretches M. spicatum was rare and Ranunculus 

species dominant. 

(i v ) 20/66,20/68,20/44,12/24,*,*,*.(72/202) 

Restricted again to downstream l o c a l i t i e s where i t was more 

abundant than i n any stretches of the Tweed. Many of the slow stretches 

328 



i n the Teviot are shallower than those of the Tweed which allowed 

M. spicatum to grow among the Potamogetans except i n the deepest stretches. 

However, M. spicatum's greatest abundance was on the shingle stretches with 

moderate flow where many such regions turned a reddish colour from one 

bank, to the other because of i t s abundance. Second most abundant 

angiosperm i n the Teviot. 

(v) Absent from the M. a l t e r n i f l o r u m dominated t r i b u t a r i e s Biggar, Lyne, 

Yarrow and E t t r i c k , but common i n those rivers where the other species was 

absent, namely Jed, Eden Leet and T i l l . The Eden record was based on 

a few plants which extend up the t r i b u t a r y from the Tweed no more than 20 m. 

M. spicatum was frequent i n the Leet and T i l l . I n the former i t was 

often rooted i n thick mud i n deep water i n near stagnant conditions. In 

the l a t t e r i t was absent i n the upper reaches which have a faster flow 

rate and a highly unstable substrate and i t had a reduced abundance i n 

the lower 10 km where i t competed unsuccessfully against Potamogeton X 

suecicus. I n the Blackadder, M. spicatum was common down i t s whole length 

and l i k e the Teviots influence on the Tweed the Blackadder introduced the 

species into the Whiteadder. (For factors governing d i s t r i b u t i o n see 9.2). 

( v i ) Absent i n the N. Tyne and Tyne, rare i n the Wear and l o c a l l y frequent 

i n the lower Tees from where i t was described by Butcher e_t a l . (1937). 

Butcher (1933) and Haslam (1971) both reported M. spicatum to thrive most 

i n a moderate current flowing over mixed gravel or f i n e stones. The l a t t e r 

also reported that the species was strongly correlated with wide 

r i v e r s . 

M. spicatum has only been reported from moderate to highly calcareous 

r i v e r s ; Butcher et a l . (1931, 1933 and 1937) Westlake (1968 and 1970) 

and W^lek (1971). Of the 50 sites described by Iverson (1929)?M. spicatum 

was present i n 13 out of 18 alkaline waters, but absent from a l l acid and 
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neutral ones. 

The d i s t r i b u t i o n i n the Tweed Basin confirms the findings of other 

workers i n terms of physical characteristics and water chemistry. Seddon 

(1972) i n his study of Welsh lakes found M. alterniflorum at an average 

height of 230 m as opposed to M. spicatum at an average of 70 m. His 

lowland sites, l i k e those of the Tweed Basin were of greater hardness. 

Phalaris arundinacea (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) *,16/17,18/23,19/38,20/49,20/46,20/40,20/43,20/42,20/36,20/33,20/27, 

19/25,20/44,20/32.(272/495) 

By far the most abundant bank species, being present (usually as 

frequent ) i n a l l but one 0.5 km lengths surveyed downstream from km 30.5. 

Occasionally small plants were found rooted i n mud and shallow water, but 

most commonly the t i g h t l y k n i t fibrous rhizomes spread forming mats to 

the exclusion of other angiosperm species on the damp s o i l margin of the 

r i v e r . Because of th i s growth habit, Phalaris was unable to grow at the 

margins of the upper rocky stretches and was t o t a l l y absent i n the f i r s t 

10 km. However as soon as the margin became less rocky Phalaris became 

common, although unable to compete with Sparganium for the muddier water­

logged margins. 

Under the dense shade produced by this t a l l reed l i k e grass, the moss 

Brachythecium rutabulum was often common. In the slower stretches Polygonium 

amphibium, Myosotis scorpioides or Equisetum f l u v i a t i l e often grew over 

the top of the rhizome mats and into the water. 

( i v ) 20/26,20/33,20/27,20/24,7/7,6/7,*.(93/124) 

Identical d i s t r i b u t i o n pattern as i n Tweed, but with a reduced 

abundance I n the lower stretches due to Sparganium dominance of the very 

muddy banks. 
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(v) The most ubiquitous of a l l angiospermsybeing present i n a l l but 

eight of the 0.5 km lengths studied i n the rivers receiving p a r t i a l 

survey only. In the Biggar and lower E t t r i c k i t was particulary abundant. 

Phalaris, due to i t s matted rhizomes acted as bank s t a b i l i s e r reducing con­

siderably the e f f e c t of erosion and flood damage. 

(vi ) Holmes ê t al_. reported Phalaris to be frequent at the edges of both 

the N. Tyne and Tyne, possibly indicating that the species i s a frequent 

coloniser of r i v e r banks i n rivers i n N-E England. 

Phragmites communis (B) 

( i ) 68,80. 

( i i i ) Absent. 

(iv ) *,3/5,*,*,*,*,*. (3/5) 

Restricted to the margins of deep slow stretches of the r i v e r between 

km -17.0 to -19.5. I t s r e s t r i c t e d d i s t r i b u t i o n and i t s absence i n the 

Sparganium erectum dominated lower reaches was surprising. 

(v) Present only i n the T i l l and again confined to one region (km -13.5 

-14.0 and -14.5) where i t was common. These Phragmites plants, l i k e those 

i n the Teviot, were rooted i n shallow water and grew to a height i n 

excess of 2.5 m. The absence of t h i s species i n other stretches of the T i l l and 

i n the Leet, Blackadder or lower Whiteadder i s surprising. The abundance 

of two species with overlapping habitat preference - Sparganium at the 

margins of the muddier stretches, and Phalaris arundinacea on the s l i g h t l y 

d r i e r banks could have resulted i n Phragmites exclusion from many suitable 

s i t e s . 

(vi), This i s a snecies that is characteristic of 'swamp' conditionsfciapham 
et a l . 9 1962), and as such would only be expected to occur at the edges 
of slowly flowing stretches of r i v e r . This i t did do i n the Tweed Basin. 
Polygonum amphibium (B) 

( i ) 68,78,79,80,81. 

331 



( i i i ) *,*,4/4,5/5,5/9,2/2,6/6,10/11,9/11,9/11,11/18,15/20,12/15,16/21, 

7/9.(111/144) 

A true amphibious species, rooted i n mud at the waters edge from 

which i t spreads away from the bank with stems and leaves f l o a t i n g on the 

surface of the water. This growth habit demands slow flow conditions 

which accounts for i t s absence i n the upper 20 km and gradual increase 

down stream. The reduced abundance i n the l a s t 10 km results from the 

ever changing water level influenced by the tides. 

( i v ) 20/24,9/12,10/12,7/8,2/4,*,*,*.(48/61) 

Id e n t i c a l d i s t r i b u t i o n as f o r the Tweed. I n the l a s t 10 km Polygonum 

was more abundant than i n any other region i n the Tweed Basin. 

(v) Absent i n Yarrow, E t t r i c k and Jed, the two former t r i b u t a r i e s being 

physically similar to the upper stretches of the Tweed. I n the Biggar, 

Lyne and Eden, only s o l i t a r y l o c a l i t i e s were recorded, while there were 

only infrequent records f o r the T i l l , Blackadder and upper Whiteadder. 

Only i n the slow flowing Leet and parts of the lower Whiteadder was 

Polygonum ever common. D i s t r i b u t i o n appeared to be unaffected by differences 

i n chemistry, the primary influence being a v a i l a b i l i t y of very slow flowing 

stretches with shallow muddy margins. 

Potamogeton b e r c h t o l d i i (S) 

( i ) 81. 

( i i ) Exceedingly d i f f i c u l t to separate from P_. pusillus when growing 

i n flowing water and microscopic examination i s required for c r i t i c a l 

i d e n t i f i c a t i o n . The distinguishing features are the absence of lacunae 

along the midrib and tubular stipules of P. pusillus. 
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( i i i ) Absent. 

( i v ) Absent. 

(v) Only present i n the Blackadder and Whiteadder where i t was common, 

and l o c a l l y very abundant, especially i n the lower 10 km of the Blackadder. 

I n both Adder Waters i t extended from the lowest to the highest reaches 

surveyed being absent from only four 0.5 km lengths. 

I n recent times, P. b e r c h t o l d i i has been recorded on several occasions from 

v.c.68,78,79,80 and 81 from lochs a l l within the Tweed catchment area. 

Of the r i v e r s , only i n the Whiteadder has the species been recorded i n 

modern times, although R. D. Thompson did collect a plant from the Tweed 

at approximately km 120 i n 1831. The reported presence i n the Blackadder 

i s thus a new and previously unknown l o c a l i t y . 

Potamogeton x cooperi (S) 

( i ) 81. 

( i i ) Distinguished from P_. olivaceus by the amplexicaul leaves, derived 

from P_. perfoliatus; and separated from P_. perfoliatus (a parent species) 

by the fewer longitudinal nerves i n the leaves, by the flattened stem 

and by s t e r i l i t y . The minute serrations on the leaf margin are also a 

diagnostic feature,derived from i t s other parent, P_. crispus. 

( i i i ) Absent. 

( i v ) Absent. 

(v) Present only i n Blackadder Water at Langton Burn Foot (km -24.0) 

where i t was rooted among pebbles at a depth of 1.5 m at the edge of a 

very deep pool. P_. x cooperi has never previously been recorded from 

Blackadder Water although i n the early 1940's G. Taylor recorded i t from 

four l o c a l i t i e s i n the lower reaches of the whiteadder. These l o c a l i t i e s 

were searched most thoroughly, but without trace of P. x cooperi. The 
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exceptional floods of 1947 may have claimed t h i s rare species. No 

records exist for the Tweed or any of i t s other t r i b u t a r i e s . 

P_. x cooperi has been reported from numerous scattered l o c a l i t i e s 

i n the B r i t i s h Isles suggesting random hybridization. The presence of 

this hybrid immediately below the s i t e where the two parent species 

grow side by side, c e r t a i n l y suggest i n s i t u hybridization either i n 

ancient or more modern times. Since the Blackadder flows i n t o the 

Whiteadder (from which r i v e r previous recordings exist) and then into 

brackish t i d a l Tweed, there was a reduced p o s s i b i l i t y of subsequent 

spread i n t o the Tweed. 

Potamogeton crispus (S) 

( i ) 68,77,78,79,80,81. 

( i i ) *,*,7/11,11/11,11/16,9/11,15/21,17/25,11/16,13/20,11/11,9/15,12/14, 

13/16,11/11.(150/198) 

The most common and widely distributed Potamogeton, yet never as 

lo c a l l y abundant as several other lowland species i t s d i s t r i b u t i o n 

.spanned the Tweed from km 26.0 downstream" to the estuarine reaches 

i n km 148.0. 

In the upper stretches P_. crispus was t o t a l l y absent^but on passing 

downstream i t became common at the edges of slower flowing stretches which 

had muddy substrata,, As current velocity was reduced on passing 

downstream i t occupied the more stonier stretches,and was not confined 

to the shelter of the bank. In the lowest stretches,the deep.fslow,muddy 

reaches were dominated by larger Potamogeton spp., but P_. crispus s t i l l 

occurred i n the shallower stretches - which i n the lower Tweed i s a 

more or less physical equivalent of the deep slower stretches i n upper 
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and mid Tweed. 

I n slow flowing water, t y p i c a l P. crispus - robust and with 

crinkled leaves predominates, but i n the faster flowing water a small, 

reddish form with smooth translucent leaves was more common. 

(iv) 19/28,16/27,18/30,17/46,*,*,*.(70/131) 

Much more abundant than i n the Tweed and again the most widespread 

pondweed. The furthest upstream record was from km -38.0 where a weir, 

above Hawick produces a large deep muddy stretch, i n which Elodea 

canadensis and P_. crispus both have t h e i r upstream l i m i t s . Above this 

point, the unstable substratum proves unsuitable. 

(v) Absent only i n the Yarrow and upper E t t r i c k , but common elsewhere, 

thus adding the Biggar, Jed and Eden Waters to the previous l i s t of 

known l o c a l i t i e s . A s o l i t a r y record collected by R. D. Thompson for 

Leet Water i n 1831 was also confirmed. I n the Blackadder, and i n 

par t i c u l a r the Whiteadder, P_. crispus was most abundant, and i n the 

l a t t e r r i v e r i n slow stretches was the dominant plant. 

(v i ) This species was common i n the N. Tyne, Tyne and Wear. I n the 

l a t t e r r i v e r , P_. crispus had a wide d i s t r i b u t i o n , and l i k e the Tweed,it was 

absent only from the upper reaches. Butcher (1933) reported t h i s species 

to be frequent i n the lower Tees, and l i k e other aquatic angiosperms 

absent from the r i v e r above the entry of the Skerne except i n the 

Wheel. Butcher (1933) reported crispus to be the most widespread 

Potamogeton species i n B r i t i s h r i v e r s , being absent only from acid waters. 

I n macrophyte surveys of European r i v e r s , P. crispus i s also almost 

always recorded: examples include Roll (1938), Weber (1967), Backhaus (1967), 

Szemes (1967), Kohler (1971), W«5lek (1971) andWdber-Oldecop (1973). 

The above might suggest that the wide d i s t r i b u t i o n of the species i n 

the Tweed i s t y p i c a l . 
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Potamogeton lucens (S) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,*,*,*,1/2,3/7.(4/9) 

Three l o c a l i t i e s i n four 0.5 km lengths i n the l a s t 20 km indicates 

the r e s t r i c t e d nature of t h i s species d i s t r i b u t i o n . P. lucens was 

present near T i l l Foot (131.5) Horncliffe (143.0) and common i n the 

area of Union Bridge (145.0 and 145.5). A l l these l o c a l i t i e s have 

previous known records, and P_. lucens was also recorded from near East 

M i l l Ednam (km 114) and at Norham (km 138) by G. Taylor i n 1941/42, but 

these records were not confirmed. Johnston (1829) also found P_. lucens 

i n the Tweed at Union Bridge. 

(i v ) 2/6,*,*,*,*,*,*.(2/6) 

Again a r e s t r i c t e d d i s t r i b u t i o n of only two l o c a l i t i e s . The lower 

l o c a l i t y , near Teviot Foot (km -1.0) has been known since A. Brotheston 

f i r s t collectd specimens there i n 1870, however the specimen at 

Kalemouth Bridge (km -9.0) has only been known for ten years. 

(v) Absent i n a l l t r i b u t a r i e s except the T i l l where i t extended up 

the l a s t 100 m only. This more or less stagnant, very deep stretch 

with i t s thick soft muddy substratum was/̂ an ideal habitat for P. lucens 

which more or less covered the r i v e r from bank to bank. 

With the exception of some plants at Kalemouth Bridge on the 

Teviot, a l l records are from similar habitats as described for the T i l l . 

However, above Kalemouth Bridge, under the shade of over hanging trees 

on the r i g h t bank a few P_. lucens plants were present rooted among rocks 

at a depth less than 0.5 km. 

The old records indicate that P. lucens was capable of with standing 
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the gross p o l l u t i o n i n the Teviot and to a lesser extent that i n the 

Lower Tweed reported i n the nineteenth century. However they also 

serve to show that P_. lucens i n over 100 years has spread into few i f 

any new l o c a l i t i e s . I f upstream migration i s discounted, i t i s logical 

to suggest that the Teviot was most l i k e l y to be responsible for the 

inoculation of fragments in t o the Tweed which have become rooted at 

T i l l Foot and i n the t i d a l Tweed. From i t s scattered d i s t r i b u t i o n , 

fragmentation and subsequent rooting i s a rare occurrence i n the r i v e r . 

Fragmentation presumably i s confined to flood periods and i f th i s i s so, 

the l o c a l i t i e s where P_. lucens has become rooted i n the Tweed are somewhat 

predictable. Often the Tweed and Teviot may be i n flood while the T i l l 

i s not, and under these conditions plant fragments might collect i n the 

deep water at T i l l Foot. S i m i l a r l y ^ i n the t i d a l area at high tide the 

advancing sea water holds back the fresh water,resulting i n plant 

fragments c o l l e c t i n g and beinfi; held, and possibly, subsequently becoming 

rooted. This could possibly account for the lack of colonization i n 

many other suitable habitats, and i t s presence i n those described. 

(vi ) P. lucens i s not present i n ri v e r s i n N-E. England. Butcher (1933) 

reported i t s presence only i n the Lark, a highly calcareous, slow flowinp 

r i v e r where i n the slowest and muddiest reaches i t was the dominant plant. 

Szemes (1967) and Krause (1971) reported P. lucens to be present i n the 

lower stretches of the Danube, and i n deep alcoves i n the Rhine,respectively. 

The above authors would suggest that as in the Tweed, P. lucens only occurs 

i n r i v e r s where the substratum i s muddy, and current velocity i s slow. 

Potamogeton natans (S) ( see Fig. 7.3b ) 

( i ) 68,78,80,81. 

( i i i ) 2/2,*,*,*,*,*,*,*,*,*,*,1/1,1/3.(4/7) 
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Restricted to four l o c a l i t i e s at km 21.5, 27.5, 132.5 and 145.5. 

The f i r s t three records were from small alcoves and thus, although 

d i r e c t l y affected by changes i n the water level of the r i v e r they were 

not i n the d i r e c t current of the r i v e r . The l a t t e r record was from 

the same t i d a l stretch i n which P_. lucens was so common. 

( i v ) 3/7,1/1,*,1/1,*,*,*,(5/9) 

Although not previously recorded from the Teviot, P_. natans had a 

wider d i s t r i b u t i o n than P. lucens, being present i n 1cm -0.5, -1.0, -9.0, 

-19.0 and -38.0, the upper record being from the dammed deep muddy stretch 

above Hawick which i s also the upper l i m i t for P. crispus and Elodea 

canadensis. Muddy but not excessively deep slow stretches at the side of 

the r i v e r where the preferred habit of P_. natans, although at Kalemouth 

Bridge i t grew on a stonier substratum i n the main current of the r i v e r . 

(v) P_. natans was present i n the Biggar, Jed, Blackadder and Whiteadder, 

although previously not recorded i n any of these t r i b u t a r i e s . I n the 

Biggar, with i t s predominately soft muddy substrat and canal l i k e 

character, p_. natans was the fourth most abundant macrophyte. In the 

Blackadder, P_. natans was common i n slow flowing stretches of water 

above Greenlaw and i n km-29.5. The two lowland l o c a l i t i e s i n the Whiteadder 

were physically very similar to the stretches ••in the t i d a l reaches of the 

Tweed where P. natans was present. 

P_. natans was recorded i n 1939 from the Lyne Water at Ramanno Bridge 

which i s well above those reaches I surveyed. I t has also been recorded 

from Bowment Water, a t r i b u t a r y of the Till,and a century ago from two 

l o c a l i t i e s i n the Tweed j u s t below Teviot Foot. 

P_. natans showed tolerance of a wide range of altitudes and water 

chemistriesbut was mostly r e s t r i c t e d to slow stretches of r i v e r s , not 

exceeding 1,0 m i n depth but with muddy substrata. The preferred substratum 
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was often of a black organic nature. 

( v i ) Present i n the N. Tyne, Tyne, Wear and Wheel of the Tees. In these 

r i v e r s i t was always r e s t r i c t e d to the edges of slow flowing stretches, 

and rooted commonly i n black mud. Although widely dis t r i b u t e d , Butcher 

(1933) only recorded P. natans i n the Lark. This species has been 

recorded as common from many European r i v e r s . I n the A l l e r , Weber-Oldecop 

(1973) reported P. natans to be a most abundant species. 

The scattered d i s t r i b u t i o n i n the Tweed Basin suggested a b i l i t y to 

grow i n a wide variety of water chemistries. Iverson (1929) found 

P. natans i n waters ranging from strongly acid to alkaline. S i r j o l a 

(1969) only found t h i s species i n the very slowest currents, but Ackenheil 

(1944) recorded that although most common i n s t i l l or slowly flowing 

water, P_. natans was also capable of growing i n waters with a moderate 

current. The findings of the l a t t e r author agree with the observations 

made by the present author for the species i n the Tweed Basin. 

Potamogeton x olivaceus (s) 

( i ) 68,78,79,80,81. 

( i i ) This species i s a hybrid cross of P_. alpinus and P_. crispus. Plants 

have features of both parent species, the hybrid loosing the P_. crispus 

cri n k l e d , serrated and often rounded leaf structure, although i n habit the 

speciesmost resembles that parent. 

( i i i ) *,*,10/12,17/29,18/38,13/35,4/5,4/4,3/3,2/2,1/1,1/1,*,1/1,*.(74/131) 

Previously only recorded from the Tweed i n v.c. 78 (Peebles) from 

which i t had been i n t e r m i t t e n t l y recorded for the past 100 years. P_. x 

olivaceus was f i r s t recorded i n the Tweed at km 24.0, two kilometers 

above the upper l i m i t of P. crispus. Both species shared similar habitats 

but P_. x olivaceus preferred moderately deep stretches of medium flow 

and muddy substrata. For the lower 40 km of the Tweed i n Peebleshire 
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P_. x ol ivaceus was common and l o c a l l y abundant, being particulary common 

below the Peebles sewage outflow pipe. However, on passing downstream i t 

becomes progressively less abundant, and was only recorded i n three isolated 

0.5 km lengths i n tha l a s t 50 km of the r i v e r . The presence of the species 

i n Selkirk ( v.c. 70 ) and Roxburgh' ( v.c. 80 ) were the f i r s t records 

foe the counties. 

(i v ) Absent. 

(v) Present i n the Lyne, Eddleston, Blackadder (new record) and Whiteadder. 

I n the l a t t e r r i v e r , P_. x olivaceus had been known to exist there i n 

several sites since 1942. A record by R. D. Thompson i n 1831 for the Leet 

Water was not confirmed, but a s u f f i c i e n t l y intensive search was made 

i n the exact l o c a l i t y to point to i t s disappearance since that date. 

P_. x olivaceus was recorded i n two 0.5 km lengths i n Lyne Water but 

each represented single small plants. I t i s noteworthy that D. J. McCosh 

i n 1972 recorded i t from Tarth Water, a small tr i b u t a r y that flows into 

Lyne Water at km -7.8. I n the Eddleston Water at Peebles i t was noticed 

to be present at the chemical sample point. I n the lower Blackadder and 

Whiteadder below Blackadder Foot, P. x olivaceus had an intermittant 

d i s t r i b u t i o n . However i t was often most abundant, i n the former r i v e r 

particulary around Langton Burn Foot (km -24.0) and i n the l a t t e r , around 

Hutton Castle (km -14.5). 

P_. x olivaceus i s a rare hybrid known i n B r i t a i n only from a few 

Scottish r i v e r s that flow into the North Sea. They are the Tweed and 

i t s t r i b u t a r i e s , the Earn i n mid Perth and the Ytham i n North Aberdeen. 

I t i s possible that P_. x olivaceus i n the Tweed and i t s t r i b u t a r i e s 

i s an ancient clone that persists i n the rivers i n the absence of one 

parent species P_. alpinus. I t i s not impossible that this P_. x olivaceus 

Clone originated i n the Tweed, since one parent species P_. crispus i s 
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ubiquitous and the other, P_. alpinus i s present w i t h i n the basin. However 

small lochs and burns flowing in t o t r i b u t a r i e s that do not contain the 

hybrid. I n the last 20 years P. alpinus has been recorded i n several 

l o c a l i t i e s at approximately 340 m on the moors above Ale Water, a tri b u t a r y 

of the Teviot where the hybrid i s absent. Other modern records are for 

recently made reservoirs. 

I n 1881 P_. alpinus was recorded from Gordon Moss which i s wi t h i n the 

Eden Water area, and G. Johnston (1853) describes P_. ruf escens (a synonym 

°^ H' alpinus) from the Eden and ditches leading to i t . 

Since upstream migration of P_. x olivaceus from the Tweed has not 

occurred up the E t t r i c k , Teviot, T i l l and other small lowland t r i b u t a r i e s , 

and there i s only evidence for downstream migration of other Potamogeton 

spp., i t i s suggested that the species did not migrate up the Whiteadder 

and then up the Blackadder. 

With t h i s i n mind, there are two main possible explanations of the 

unusual d i s t r i b u t i o n pattern of P_. x olivaceus i n the Tweed Basin, (a) 

The hybrid was at one time a common species of the Tweed and i t s t r i b u t a r i e s 

climatic or human changes i n the r i v e r s i t became rare,and the present 

l o c a l i t i e s represent i t s refuge. I f the m i l l s of the early 19th Century 

were responsible for the extermination i n the Tweed Basin, then the 

d i s t r i b u t i o n pattern that exists today i s explicable. Suitable physical 

habitats on the E t t r i c k are confined to the stretches below Selkirk and 

s i m i l a r l y with the Teviot below Hawick. The m i l l effluent would thus 

have entered the r i v e r at or above the upstream l i m i t of the species i f 

they were present at that time. I n the Tweed, the Peebles m i l l s , and 

further downstream the Gala m i l l s could have had a similar e f f e c t , however 

u i 

that both ancient and i t i s modern records f o r P. alpinus are from 

and ijtoSStbU^ fK- y many other r i v e r s too. Perhaps, due either to 
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suitable l o c a l i t i e s above Peebles would allow P_. x olivaceus to remain 9 

and then spread downstream when the r i v e r was cleaner. The Churnside 

industries caused p o l l u t i o n of the Whiteadder but apart from domestic and 

farm eutrophication,the Blackadder has received l i t t l e or no i n d u s t r i a l 

p o l l u t i o n . P. x olivaceus could chus have remained there too. I f the 

i n d u s t r i a l effluent was s u f f i c i e n t to k i l l P_. x olivaceus, i t would 

have disappeared from those stretches of the r i v e r mentioned. With the 

improvement i n r i v e r conditions i t would then be able to reinvade former 

l o c a l i t i e s . 

(b) The other p o s s i b i l i t y i s that the upper Tweed and Berwickshire 

populations arose i n s i t u , one parent, P. crispus remaining, while the 

other, P_. alpinus became extinct i n most l o c a l i t i e s . The upper Tweed 

and Berwickshire populations would thus be separate clones. 

Both theories could explain the present d i s t r i b u t i o n pattern and 

the former might suggest that P_. x olivaceus may increase s t i l l further 

i n the future. 

Potamogeton pectinatus (S) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,3/4,20/58,20/47,16/31.(79/192) 

The upper l i m i t of d i s t r i b u t i o n f o r P_. pectinatus was the immediate 

0.5 km length below Teviot Foot (km 108.5), and the lower l i m i t was 

km 148.5. Between these points i t was common, lo c a l l y abundant and present 

i n a l l but two 0.5 km lengths. 

P. pectinatus was absent from very shallow water, showing a preference 

f o r stretches between 0.5 m and 1.0 m with a moderate to fast flow rate. 

I n deeper stretches with l i t t l e current, plants rarely looked healthy 

and were commonly covered by a t h i n f i l m of f i n e mud. The species thus 

predominately occupied a 'middle of the r i v e r 1 position, being rarer i n 
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the deeper slow sections. 

( i v ) 14/38,*,*,*,*,*,*.(14/38) 

Very common i n the bottom t h i r t e e n 0.5 km lengths, but above t h i s , 

recorded i n only one l o c a l i t y (km -9.5). The preferred habitats were 

the same as i n the Tweed. 

(v) Absent i n a l l upland t r i b u t a r i e s , and present only i n the three 

most lowland a f f l u e n t s , Leet, T i l l and Whiteadder. 

P_. pectinatus had previously been recorded from Leet Water i n 1837 

where i n the lower 1.5 km i t was not rare i n 1972. As the lower 0.5 km 

length received Tweed water v i a a m i l l lade, backward migration for the 

short distance upstream either i n ancient or modern times most probably 

accounts for i t s presence here. 

The presence of P_. pectinatus i n the R. T i l l i s of particular interest 

and significance and i s discussed l a t e r under P_. x suecicus. I t s very 

scattered d i s t r i b u t i o n i n only f i v e l o c a l i t i e s i n the lower 20 km are 

the f i r s t records for the r i v e r , although i n 1870 A.Brotherston collected 

plants from Yetholm Loch. This loch drains i n t o Bowment Water, which 

flows in t o the T i l l f i v e km above the highest record for P. pectinatus. 

This species i s thus possibly present i n Bowment Water also. In the White-

adder, P_. pectinatus was very abundant, but r e s t r i c t e d to the lowest few 

kilometers only, where, Johnston (1829) reported i t to be ' p l e n t i f u l ' 

at the turn of the nineteenth century. 

The overall d i s t r i b u t i o n pattern i n the Tweed Basin shows P^ pectinatus 

to be a d i s t i n c t lowland species, and with the exception of the T i l l , to 

be one that thrives wherever i t i s present. Records of over a century 

ago indicate that the d i s t r i b u t i o n of P_. pectinatus has changed l i t t l e 

over t h i s period. Even the single record i n the Teviot upstream of the 

main, heavily populated area was recorded i n 1869, with no collections 
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from the r i v e r between the two. As stated previously this species was 

also known from many sites on the Tweed as well as the Leet and Whiteadder. 

The only new records are from the R. T i l l , i n which i t was rare, and probably 

been overlooked by previous collectors. P_. pectinatus was also collected 

i n 1960 ( J. E. Dandy, personal communication ) i n a small m i l l stream at 
Oxnam, a t r i b u t a r y of the Teviot. 

( v i ) P. pectinatus was not present i n the nearby N. Tyne and Tyne, 

'Ithough l o c a l l y frequent i n the lower stretches of the Wear and Tees. 

Arber (1920) reported that i n B r i t a i n P_. pectinatus was a very common 

species that only flourished at low altit u d e s . However,she pointed out that 

elsewhere, including Venezuela and Tibet i t could thrive at a height of 

5000 m. Hynes (1960) referred to P. pectinatus as an indicator of s i l t e d 

waters. In European r i v e r s the species i s very common, and Iverson.(1929) 

found that i t was confined to alkaline waters. In the Tweed Basin, 

P. pectinatus occurred only at low a l t i t u d e , and i n calcareous water,: 

Potamogeton perfoliatus (S) 

( i ) 68,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,1/2,1/2,2/2,17/54,18/49.(39/109) 

P_. perfoliatus was probably inoculated into the Tweed from thp T e v i o t , 
0.5 km length below Teviot Foot, 

for i t s most upstream occurrence was i n the immediate / However,it was 
recorded only four times i n the next f o r t y six 0.5 km lengths. Immediately 

below T i l l Foot (km 132.5) i t was abundant and remained so downstream i n 

a l l 0.5 km lengths u n t i l , l i k e a l l other permanently submerged higher 

plants except Zannichellia p a l u s t r i s a j . t disappeared below km 148.5. The 

sudden and consistent presence of P_. perfoliatus below T i l l Foot coincides 

wi t h a marked reduction of P_. x sal i c i f o l i u s , although the former had 

a much wider habitat range. P_. perfoliatus although sometimes found i n 

deep slow water was far more common i n deep or shallower water with at 
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l e a s t a moderate f l o w r a t e . I n the t i d a l area some specimens were found 

t o be only p a r t i a l l y submerged d u r i n g low t i d e . 

( i v ) 5/9,*,*,*,*,*,*.(5/9) 

Present i n f i v e l o c a l i t i e s only, a l l w i t h i n the l a s t 10 km. 

P_. p e r f o l i a t u s was common a t the most upstream (km 9.0) and most downstream 

l o c a l i t i e s but i n the other three intermediate s i t e s was r a r e . 

(v) P_. p e r f o l i a t u s was a lowland species, found extending up Eden Water 

f o r a distance of 15 m, and a t three s i t e s i n the l a s t 10 km of the R. T i l l 

where i t was r a r e . Apart from the lower Tweed the only other s i t e where 

i t grew a t a l l commonly was i n the l a s t 10 km of the Whiteadder where i t 

has been common since the t u r n of the nineteenth century, (Johnston 1829). 

I n the Blackadder, i t was present i n q u i t e shallow f a s t f l o w i n g water 

rooted i n cracks i n c a l c i f e r o u s sandstone. This new record i n three 

consecutive 0.5 km le n g t h above Langton Burn was of p a r t i c u l a r i n t e r e s t 

w i t h the f i n d i n g of P. x cooperi i n the kilometer below i t . 

With the exception of a record by Syme i n 1841 f o r the Whiteadder 

a t A l l a n t o n , (immediately below Blackadder Foot) a l l previous recordings 

have been v e r i f i e d . P. p e r f o l i a t u s had a much wider d i s t r i b u t i o n i n the 

Tweed Basin than from the r i v e r l o c a l i t i e s described. I t has been recorded 

from v.c. 78 and 79 from lochs of p a r t i c u l a r i n t e r e s t are the records from 

the Loch of Lowes and St. Mary's Loch a t the head of Yarrow Water. 

( v i ) P_. p e r f o l i a t u s i s a f r e q u e n t l y recorded species i n r i v e r s , as 

i n d i c a t e d by Butcher (1933) , who reported i t s presence i n the lower 

Tees, Wharfe, Tern, Dove and Lark. I n most r i v e r s i t i s confined to 

lower reaches, although capable of growing on shingle or mud, and i n 

a wide v a r i e t y of f l o w regimes. I n r i v e r s of mainland Europe, P_. p e r f o l i a t u s 

i s l e ss f r e q u e n t l y recorded than P. pect i n a t u s , but as i n the Tweed, i t 

u s u a l l y had a wider h a b i t a t range. For instance, the former was 
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present throughout the whole l e n g t h of the Danube, i n c l u d i n g i t s head­

waters, whereas the l a t t e r was only present i n the r i v e r below A u s t r i a . 

Iverson (1929) found P_. p e r f o l i a t u s i n weak acid or a l k a l i n e , as w e l l 

as strong a l k a l i n e waters. Both Ackenheil (1944) and S i r j o l a (1969) 

observed P_. p e r f o l i a t u s to grow i n slow to moderately f a s t c u r r e n t s . 

These authors f i n d i n g s agree w i t h observations made f o r the Tweed Basin. 

Potamogeton p o l y g o n i f o l i u s (S) 

( i ) 78,79. 

This species was not found i n any of the stretches of r i v e r surveyed 

f o r macrophytes. I t was however found i n the Tweed above km 0.0, and i n 

the Megget above St. Marys Loch. I t has previously been found from many 

burns or marshlands i n the area. 

Potamogeton p u s i l l u s (S) 

( i ) 68,80,81. 

( i i ) See !P. b e r c h t o l d i i 

( i i i ) *,*,*,*,*,*,*,*,*,*,2/3,11/11,14/14,11/11,10/10.(48/50) 

Absent i n the Tweed above Teviot Foot, but below i t , P. p u s i l l u s was 

present i n more than h a l f the 0.5 km lengths, but as the presence/abundance 

r a t i o i n d i c a t e s i t was never common. This was the most d e l i c a t e pondweed 

recorded i n the r i v e r , being absent i n the f a s t f l o w i n g stretches and 

confined to muddy reaches. Owing t o i t s d e l i c a t e nature, P. p u s i l l u s 

always competed unsuccessfully w i t h l a r g e r species f o r dominance i n 

s u i t a b l e h a b i t a t s . 

( i v ) 5/5,8/8,7/9,*,*,*,*.(20/22) 

Present i n the lowest 30 km, of the Teviot i n s i m i l a r h a b i t a t s 

as i n the Tweed. Although the former r i v e r provides the i n o c u l a f o r the 

l a t t e r , P_. p u s i l l u s was i n f a c t less common i n the Teviot. 
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(v) P. p u s i l l u s was found extending up the R. T i l l , and as new records 

i n the Blackadder, and i n the Whiteadder below the former a f f l u e n t . I n 

the l a s t two, i t was recorded from few l o c a l i t i e s i n which i t was o f t e n 

common. 

Johnston (1829) describes P. p u s i l l u s as 'frequent i n the Tweed and 

Whiteadder however^ there were no specimens c o l l e c t e d a t t h i s time or a t 

any l a t e r date from the Whiteadder. However, numerous specimens of 

P. b e r c h t o l d i i have been c o l l e c t e d i n the Whiteadder since then, the 

e a r l i e s t being i n 1838. I t i s q u i t e possible t h a t Johnston confused 

these species. I f so, the question remains, a t what time, and how d i d 

P. p u s i l l u s invade the long established b e r c h t o l d i i t e r r i t o r y i n the 

Blackadder and Whiteadder Waters? My new records would p o i n t t o a recent 

i n t r o d u c t i o n , but t h i s i s not conclusive, since i n the f i v e s i t e s where 

P. b e r c h t o l d i i was p r e v i o u s l y c o l l e c t e d between 1838 and 1966, P. p u s i l l u s 

i s a t present s t i l l absent. The other p o s s i b i l i t y i s t h a t the P. p u s i l l u s 

specimens c o l l e c t e d r e c e n t l y are r e l i c s of an ancient p o p u l a t i o n t h a t has 

been more or less replaced by P_. b e r c h t o l d i i . 

I n the r e s t of the Tweed Basin, P_. p u s i l l u s has been recorded from 

several lakes and ponds i n a d d i t i o n t o a record i n Jed Water a t Jedburgh. 

( v i ) Present, but r a r e i n N. Tyne, Tyne and Lower Tees, and absent from the 

Wear. Butcher (1933) only found P_. p u s i l l u s a t low a l t i t u d e s , but i n a 

wide range of water chemistries. The extremes were the New Forest streams 

which are s o f t and a c i d , and the I t c h e n and Lark which he described as 

h i g h l y calcareous. On the Continent, Iverson (1929) found i t i n waters 

ranging from weakly acid t o a l k a l i n e . As observed i n the Tweed, Ackenheil 

(1944) found t h i s species confined to very slow f l o w i n g stretches of 

r i v e r which had muddy substrata. The presence of t h i s species i n r i v e r s i n 
N-E. Englandand a number of other r i v e r s w i t h a wide v a r i e t y of water chemistriej 

might suggest t h a t changes i n water chemistry were not responsible f o r i t s 
sudden appearance i n the Tweed, but due t o the p r o v i s i o n of an inocula from 
the T e v i o t . 
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Potamogeton x s a l i c i f o l i u s 

( i ) 68,80,81. (S) 

( i i ) Very s i m i l a r i n appearance and h a b i t t o P. lucens, but c r i t i c a l l y 

separated however by i t s s e s s i l e or semi-amplexicaul leaves which are 

smaller than those of P. lucens, and also by i t s s t e r i l i t y , 

( i i i ) *,*,*,*,*,*,*,*,*,*,2/4,16/46,18/39,17/35,4/10.(57/134) 

Another species confined t o the lower Tweed w i t h i t s upper l i m i t 

immediately below Teviot Foot. I n deep slow muddy stretches P_. x 

s a l i c i f o l i u s formed huge t h i c k beds along the r i v e r bank o f t e n continuously 

f o r many hundreds of metres. This tendency t o form l a r g e mats i s due 

to the underground expansion i n s o f t mud of the strong growing r o o t 

stock. Other Potamogeton spp., Elodea canadensis, Myriophyllum spicatum 

and Ranunculus spp. a l l had a marked red u c t i o n i n abundance i n these 

l o c a l i t i e s , although washed down Oedogonium and Enteromorpha t h r i v e d . I n 

the l a s t 10 km, where t i d a l i n f l u e n c e i s experience most, P_. x s a l i c i f o l i u s 

was much less common. 

( i v ) 12/42,*,*,*,*,*,*.(12/42) 

An upper l i m i t i n km -9.0 a t Kalemouth Bridge along w i t h P_. lucens 

and P_. p e r f o l i a t u s . L i k e P. p e c t i n a t u s , P. x s a l i c i f o l i u s was absent 

between km -9.0 and km -6.0, but i n the lowest s i x kilometers i t was common 

and u s u a l l y very abundant. I n the T e v i o t , the l a r g e stands of t h i s 

h y b r i d o f t e n spread from one bank t o the other, and i n the 6 km of the 

r i v e r where present, i t reached a greater abundance than i n any equivalent 

10 km of River Tweed. I n both the Tweed and Te v i o t , P. x s a l i c i f c l i u s -

occupied very slow deep water, reaching maximum abundance near the bank ; 

P. pectinatus on the other hand,occurred i n s l i g h t l y shallower water where 

c u r r e n t v e l o c i t y was more r a p i d . The former was t h e r e f o r e usually most 

abundant at the edge, of the r i v e r , and the l a t t e r was most frequent i n mid river„ 
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(v) Absent i n a l l other t r i b u t a r i e s although Taylor recorded i t 

extending up Leet Water i n 1939, but i t was absent i n 1972. 

Specimens e x i s t a t the B r i t i s h Museum t h a t were c o l l e c t e d from the 

Te v i o t and Tweed i n 1875 and R. D. Thompson (1807) reported P_. decipiens 

(synonym) as present a t t h a t time i n v.c. 80 and 81. There i s evidence 

t o suggest t h a t i n 150 years, the boundaries of the d i s t r i b u t i o n of 

t h i s species i n the Tweed Basin have changed l i t t l e . 

P. x s a l i c i f o l i u s has a wide but scattered d i s t r i b u t i o n i n the 

B r i t i s h I s les,which might suggest random i n s i t u h y b r i d i z a t i o n , i n the 

Teviot a t Kalemouth ;the two parent species P_. lucens and P. p e r f o l i a t u s , 

and the h y b r i d P_. x s a l i c i f o l i u s grew together. For each of the three 

species t h i s was the l i m i t of t h e i r upstream d i s t r i b u t i o n . I t i s suggested 

t h a t the Tweed Basin clone of P_. x s a l i c i f o l i u s was 'born' here, a t l e a s t 

two c e n t u r i e s ago. The s t e r i l e h y b r i d consequently spread by fragmentation 

downstream and i n t o the Tweed where i t was f i r s t recorded i n the f i r s t decade 

o f the nineteenth century. 

Potamogeton x suecicus (S) 

( i ) 68,81. 

( i i ) Appears most s i m i l a r t o P. pectinatus but w i t h b l u n t leaves^and 

t u b u l a r l e a f sheaths - a character not found i n P_. pectinatus ̂ which has 

open sheaths. These two f e a t u r e s are used to separate the parent 

species P_. pectinatus and !P. f i l i f o r m i s i n the absence of f r u i t s . However 

i n t h i s h y b r i d , the characters mentioned are by no means constant, the 

l e a f apex v a r i e s considerably, although more obtuse than i n P_. pec t i n a t u s . 
are 

The sheaths vary too, some/obviously t u b u l a r , but'others show a tub u l a r 

nature a t the very base only when subjected t o c a r e f u l anatomists techniques 
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(Bance, 1946). The v a r i a t i o n mentioned i s too wide f o r P. f i l i f o r m i s i n 

which the l e a f apex i s never acute and the sheaths are always m a n i f e s t l y 

t u b u l a r . This i n s t a b i l i t y o f v e g e t a t i v e characters also extends to 

the f l o w e r spikes. The v i s a b l y normal young spikes when ageing abnormally 

elongate t o show a barren s t a t e incapable of developing v i a b l e p o l l e n and 

thus never f r u i t i n g . I n the absence of f r u i t s , the carpels are examined 

showing a constant form resembling P_. f i l i f o r m i s i n having broad s e s s i l e 

stigmas l a c k i n g a s t y l a r neck c h a r a c t e r i s t i c of P_. pec t i n a t u s . 

P_. x suecicus ^ on account of i t s s e s s i l e stigmas and tubular 

sheaths cannot be r e f e r r e d t o P_. pe c t i n a t u s , though i t c l o s e l y resembles 

i t i n h a b i t and general appearance; on the other hand i t cannot be 

r e f e r r e d t o P_. f i l i f o r m i s because of i n s t a b i l i t y i n sheath and l e a f 

s t r u c t u r e . Due t o the characters described i t s h y b r i d o r i g i n i s e a s i l y 

deduced. I n a d d i t i o n , a non-flowering, robust, broad leaved f t f t i n a l s o 

occurs which can develop i n t o p l a n t s up t o 2.5 m,and showing no resemblance 

to the f l o w e r i n g forms or i t s parent species. 

( i i i ) *,*,*,*,*,*,*,*,*,*,*,*,*,5/6,2/3. (7/9) 

R e s t r i c t e d t o the f a s t e s t shallow stretches of the r i v e r below 

T i l l Foot. I n km 142.5, immediately above St. Thomas!s I s l a n d , the robust 

non-flowering form was frequent. 

( i v ) Absent i n a l l t r i b u t a r i e s except the T i l l where i t was confined 

to the lower 10 km only. There i t was present i n a l l but the l a s t 0.5 

km l e n g t h surveyed, and was much more common than i n the Tweed, o f t e n 

being most abundant. The g r a v e l l y or sandy stretches w i t h f a s t f l o w 

were dominated by the s t e r i l e robust form. The species remained 

v e g e t a t i v e and appeared t o be healthy and i n an a c t i v e s t a t e of growth 

throughout the w i n t e r - a f e a t u r e more i n common w i t h Ranunculus spp., 

than Potamogeton spp. 
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I n the Tweed and p a r t i c u l a r l y i n the T i l l , a f t e r periods of f l o o d 

many p l a n t s were observed t o be uprooted and e i t h e r washed up on the 

banks or s t i l l d r i f t i n g i n q u i e t e r water. This s u s c e p t i b i l i t y t o f l o o d 

i s probably exaggerated i n the T i l l because of the sandy unstable substrata, 

the m a j o r i t y of specimens washed up on the Tweed probably o r i g i n a t e 

from t h i s t r i b u t a r y . Dandy and Taylor (1946) r e p o r t the common occurrence 

of fragmentation of t h i s s p e cies ? and the probable i n f l u e n c e i t has 

on the d i s t r i b u t i o n and establishment of the species i n new l o c a l i t i e s . This' 
only 

could account f o r the presence of £. x suecicus i n the Tweed/below T i l l Foot, 

( v i ) P_. x suecicus i s a r a r e species w i t h several i s o l a t e d clones 

s c a t t e r e d around Scotland, and i n the R. Wharfe and R. Ure i n Yorkshire ( Bandy 

and Taylor 1946). I n the Tweed and Yorkshire r i v e r s ? t h e h y b r i d grows 

f a r removed from the present-day d i s t r i b u t i o n of P_. f i l i f o r m i s . This parent 

i s a boreal species t h a t grows i n mainland B r i t a i n as f a r south as 

Coldingham Loch (Berwickshire, but not w i t h i n the Tweed Basin). There i s 

f o s s i l evidence,however, t h a t i n g l a c i a l periods i t extended as f a r 

south as Middlesex. I t i s most l i k e l y (as discussed by Dandy and Taylor) 

t h a t the Tweed clone, l i k e t h a t of the Yorkshire one, i s a r e l i c of 

of immediate p o s t - g l a c i a l times. 

Ranunculus a q u a t i l i s agg. (S) 

( i ) 77,78,79,80. 

( i i ) Plants i n v e g e t a t i v e c o n d i t i o n s are o f t e n impossible to separate 

from R. p e n c i l l a t u s var. calcareus. I t s generally f i n e r leaves, less 

robust nature and d u l l , l i g h t e r green colour were features removed from 

P_. p e n i c i l l a t u s . When f l o w e r i n g , the present of e n t i r e leaves, however 

v a r i a b l e , i s s u f f i c i e n t t o discount R. p e n i c i l l a t u s . 

However, the r e a l problem occurs when t r y i n g t o f o r c e specimens i n t o 

p a r t i c u l a r species. With the exception of a p l a n t c o l l e c t e d from the 
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Biggar, not one other specimen could be described as 'good type' m a t e r i a l . 

Most p l a n t s had the characters of a t l e a s t two species, e.g. R. a q u a t i l i s 

leaves w i t h R. p e l t a t u s flowers and s t r a i g h t pedicels (hy b r i d c h a r a c t e r i s t i c ) . 

Others were worse, o f t e n w i t h misformed leaves and m u l t i p l e p e t a l l e d 

flowers t h a t had i n d i v i d u a l characters r e f e r a b l e t o many species. I t 

appears there i s more than one genetic u n i t , however many, and what they 

are i s not p o s s i b l e t o say. At l e a s t some p l a n t s are hybrids of R. p e l t a t u s , 

the other parent being e i t h e r R. a q u a t i l i s or R. p e n i c i l l a t u s var. calcareus. 

C. D. K. Cook (personal communication) looked a t many of the specimens 

c o l l e c t e d and found them impossible t o separate. He suggests t h a t there 

i s a h y b r i d swarm i n v o l v i n g R. peltatus/R. a q u a t i l i s / R . p e n i c i l l a t u s , 

( i i i ) *,*,14/18,16/23,20/60,20/30,12/14,8/12,4/4,3/3,*,*,*,*,*.(97/164) 

Li k e a l l submerged Ranunculus species, R. a q u a t i l i s agg. was absent 

i n the upper 20 km of the R. Tweed. The aggregate species was the f i r s t 

t o colonize the r i v e r i n km 21.0 and was present, i n 75% of the 0.5 km 

lengths surveyed downstream as f a r as Peebles. Immediately below the 

towns sewage works and f o r about 7.0 km below, the species was most abundant, 

much more so than R. p e n i c i l l a t u s . Downstream from here i t gradually 

became less abundant and recorded from fewer 0.5 km lengths u n t i l i t 

disappeared completely from the r i v e r by km 96.5. 

This species, although only present i n the upper two t h i r d s of the 

r i v e r was i n t o l e r a n t of f a s t f l o w i n g water. I n the highest reaches where 

i t was recorded, p l a n t s were found only a t the more sheltered edges of 

the r i v e r t h a t had abundant s i l t . I n more downstream stretches 

R. a q u a t i l i s agg.plants were found occasionally i n mid-stream, but only 

where the r i v e r was wide, f a i r l y deep and gently f l o w i n g over beds of 

abundant s i l t . I n such s t r e t c h e s , R. p e n i c i l l a t u s grew i n association, 

but u s u a l l y i n the s l i g h t l y f a s t e r more rocky areas. These stretches 
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served t o i n d i c a t e the comparative f l o o d resistance of the two species. 

Aft e r high water i n summer, most of the R. p e n i c i l l a t u s would remain, 

w h i l e l a r g e patches of R. a q u a t i l i s agg. would be ripped out. I n the 

w i n t e r the former remains l a r g e and healthy l o o k i n g , w h i l e the l a t t e r 

"dies back" t o a mere shadow of i t s summer pr o p o r t i o n s . Since R. a q u a t i l i s 

agg. was only rooted on a s o f t substratum,by 'dieing back' a f t e r i t s summer 
fl o o d s . 

growth p e r i o d , i t reduced the p o s s i b i l i t y of i t being scoured out during .winter/ 

( i v ) *,*,*,*,*,4/7,*.(4/7) 

Rare, present only i n the extreme upper reaches i n sheltered muddy 

alcoves a t the side of the r i v e r . 

(v) Present only i n the Biggar, and i n the E t t r i c k below S e l k i r k Sewage 

Works. Although not surveyed, i t was noticed t h a t R. a q u a t i l i s agg. 

was common i n Eddleston Water a l s o . The species was r e s t r i c t e d t o the 

western areas of the Tweed Basin. 

( v i ) Backhaus (1967) made p a r t i c u l a r comment t h a t R. a q u a t i l i s was the 

most common macrophyte i n the middle reaches of the Brigach. This he 
there, 

associated w i t h 'an increase i n hardness^ but more p a r t i c u l a r l y the 

e f f e c t of increased n u t r i e n t s r e s u l t i n g from town sewage. This i s 

comparable t o f i n d i n g s above and below the town of Peebles i n the Tweed. 

I n southern P o l i s h r i v e r s , Turala and WjJlek (1971) found s i m i l a r 

p l a n t s as found i n the Tweed. I n vegetative and f l o r a l morphology the 

specimens were most a k i n to R. a q u a t i l i s . The o r i g i n and parentage of 

these was also unknown. 

Ranunculus c i r c i n a t u s (S) 

( i ) 81. 

( i i ) E a s i l y i d e n t i f i e d i n the v e g e t a t i v e c o n d i t i o n owing t o the s e s s i l e , 

repeatedly branched submerged leaves which are p e r f e c t l y c i r c u l a r i n 
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o u t l i n e . R. c i r c i n a t u s lacks f l o a t i n g leaves and the f r u i t i n g s t a l k s are 

many times longer than the leaves. 

( i i i ) Absent. 

( i v ) Absent. 

(v) Present only i n the Blackadder where i n the upper stretches i t was 

common, but absent f u r t h e r downstream. This species, and i t s hyb r i d 

d e r i v a t i v e described l a t e r , are the only t r u e l y aquatic angiosperms not 

to be passed downstream from a donar t r i b u t a r y where they were common, 

i n t o t h e i r r e c i p i e n t r i v e r . I t was not t h e r e f o r e , present i n the 

Whiteadder. 

R. c i r c i n a t u s was present only i n slow f l o w i n g stretches w i t h a depth 

of about 1 m. I n s l i g h t l y f a s t e r f l o w i n g water i t occasionally occurred 

where dense growths of other p l a n t s reduced the f l o w r a t e . 

( v i ) R. c i r c i n a t u s i s described by Cook (1966) as the most common species 

i n eutrophic c o n d i t i o n s , and u s u a l l y confined t o lakes and slow f l o w i n g 

r i v e r s or canals. I t has not been recorded from r i v e r s i n N-E. England or any 

described by Butcher (1933). W«$lek (1971) f o r the Teuronjoki,and Kohler 

e t a l . (1971) f o r the Moosach both described t h e i r r i v e r s as c a l c a r e o u s 9 

and R. c i r c i n a t u s was common. The l a t t e r author found t h a t the species 

was i n d i f f e r e n t t o the changes i n e u t r o p h i c a t i o n shown throughout the length 
o f the r i v e r . Iverson (1929) found t h a t t h i s species was confined to a l k a l i n e 
waters. The presenee of R. c i r c i n a t u s only i n the Blackadder, the l a r g e s t hard 
water t r i b u t a r y of the Tweed ?would support the observations of the authors quoted 
Ranunculus c i r c i n a t u s x R. p e n i c i l l a t u s var. calcareus (S) 

( i ) 81. 

( i i ) Shows fea t u r e s of both species but resembles neit h e r one i n o v e r a l l 

appearance. 

( i i i ) Absent. 

( i v ) Absent. 

354 



(v) Present only i n the Blackadder where i t grew i n the upper stretches 

w i t h i t s two parent species and also extended f u r t h e r downstream than e i t h e r 

of i t s parents. I t showed a preference f o r f a s t e r , shallower water than 

R. c i r c i n a t u s . The presence of t h i s h y b r i d i n the Blackadder where the 

two parent species occur together f o r the only time i n the whole area, 

•strongly i n d i c a t e s i n s i t u h y b r i d i z a t i o n . 

Ranunculus flammula (B) 

( i ) 78,79,80,81. 

( i i ) 6/6,8/8,2/2,*,*,*,*,*,*,*,*,*,*,*,*.(16/16) 

R e s t r i c t e d to the upper stretches where su b s t r a t a of sh i n g l e , mixed 

sandy gravel or mud were colonized. R. f lammula was always above the low 

f l o w water mark although absent from a l l but the dampest margins. 

( i v ) *,*,*,*,1/1,5/5,2/3.(8/9) 

S i m i l a r h a b i t a t as i n the Tweed. 

(v) R e s t r i c t e d t o the Biggar, Lyne, E t t r i c k , Yarrow and above Greenlaw 

on the banks o f the Blackadder. I t s absence i n the lowland t r i b u t a r i e s 

was expected, however the absence i n the upper stretches of the T i l l 

was a t f i r s t s i g h t s u r p r i s i n g . R. flammula, however, p r e f e r r e d a more 

or less permanentdamp h a b i t a t x/hich i s above water l e v e l j t b i s was absent i n the. 

T i l l . The s o f t sand drains q u i c k l y j j l e a v i n g i t s banks much d r i e r than 

others i n the basin. 

Ranunculus f l u i t a n s x ? (S) 

( i ) 68,79,80,81. 

( i i ) P lants i n v e g e t a t i v e c o n d i t i o n resembled 'type' R. f l u i t a n s w i t h the 

leaves r a r e l y being more than f o u r times forked. However, the flower s t a l k s 
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f r e q u e n t l y showed the beginning of f l o a t i n g leaves and sometimes even 

completely expanded l e a f segments. Similar specimens have been found 

by Cook i n the Danube and Rhine, but h i s specimens were f e r t i l e w i t h 

glabrous receptacles and were c e r t a i n l y R. f l u i t a n s i . e . 2n = 16. 

Many thousands of p l a n t s were c l o s e l y examined from the Tweed 

and i t s t r i b u t a r i e s , and on no occasion i n three years were f r u i t s 

found. Cook has found s i m i l a r i n f e r t i l e m a t e r i a l i n the R. Pea a t 

Peakirk growing among 2n = 48 p e l t a t u s and 2n = 32 f l u i t a n s . This was a 

h y b r i d of the two species y w i t h 2 n = 40. The Tweed m a t e r i a l however ?had 

f l o a t i n g leaves more l i k e R. a q u a t i l i s . The most plausable name f o r the 

m a t e r i a l i s R. f l u i t a n s x R. a q u a t i l i s . 2n = 40, but the s i t u a t i o n i s 

complicated f u r t h e r by R. f l u i t a n s having d i p l o i d and t e t r a p l o i d races. 

( i i i ) *,*,*,*,*,*,*,*,12/38,20/55,20/36,20/52,20/52,20/54,18/47.(130/334) 

The most upstream l i m i t of R. f l u i t a n s was only 2.0 km above the 

beginning of the Old Red Sandstone. From i t s most upstream p o i n t of 

km 84.0, the species was present i n every downstream 0.5 km length u n t i l 

i t disappeared i n km 148.5. The species was u s u a l l y recorded as a t 

l e a s t common, but was l e a s t abundant between km 100-110 where the r i v e r 

flows over hard b a s a l t i c igneous rocks. 

Fast f l o w i n g s t r e t c h e s between 0.5 and 1.0 m i n depth were f r e q u e n t l y 

smothered by p l a n t s t h a t o f t e n exceeded 4 m i n l e n g t h . I n several stretches 

(e.g. 114.0) such large amounts of growth occur t h a t i t necessitates 

c u t t i n g . 

( i v ) 14/44,*,*,*,*,*,*.(14/44) 

R. f l u i t a n s was abundant where present, but confined to the lowest 7.0 km. 

Why the species was confined to such a short distance a t the end of 

the r i v e r i s unknown. No g e o l o g i c a l , physical or chemical changes occur 

i n the r i v e r a t the sudden p o i n t where on one s i d e . i t i s absent.and the 
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other i t i s very abundant. 

(v) Present i n only the lowland t r i b u t a r i e s . I n the Eden, T i l l (except 

f o r i t s upper reaches) Blackadder and Whiteadder, R. f l u i t a n s was present 

i n a l l but one 0.5 km le n g t h surveyed. I n a l l reaches i t was a t l e a s t 

as common as i n the Tweed. 

I n these t r i b u t a r i e s where R. f l u i t a n s was abundant , R. p e n i c i l l a t u s 

was absent or very r a r e . I n the Eden i t was absent, and i n the T i l l i t 

was recorded only twice i n the lower 40 km but was dominant to R. f l u i t a n s 

i n the upper s t r e t c h e s . I n the Blackadder and lower Whiteadder R. f l u i t a n s 

was by f a r the dominant species, but i n the upper Whiteadder both species 

were common. R. f l u i t a n s was absent from the upper h a l f of the Tweed basin, 

and the upper reaches of those t r i b u t a r i e s which discharge i n t o the lower 

h a l f of the Tweed. The more upstream occurence of R. p e n i c i l l a t u s compared 

w i t h R. f l u i t a n s can be i l l u s t r a t e d by reference t o Table 9.7a ; the mean 

a l t i t u d e f o r the occurence of the former was 80 m, and f o r the l a t t e r , 30 m. 

Whether t h i s h y b r i d p o p u l a t i o n o r i g i n a t e d i n s i t u and then drove the 

parents o u t , or whether i t invaded unoccupied water i s not known. The 
(Natural H i s t o r y ) 

only m a t e r i a l a t the B r i t i s h Museum/from the Tweed area i s a p l a n t 

l a b e l l e d R. f l u i t a n s ^ c o l l e c t e d 16.7.1900. Notes w i t h i t s t a t e t h a t 

s i m i l a r m a t e r i a l was present i n the Tweed, Whiteadder and Blackadder. 

Although l a b e l l e d R. f l u i t a n s , i t .was hybri d m a t e r i a l , This might 

suggest t h a t the h y b r i d was not r e c e n t l y synthesized i n s i t u , but probably 

invaded from other s i t e s . 

( v i ) Type R. f l u i t a n s was common i n the lower stretches of the Tees, 

and has g r a d u a l l y spread i n the Wear a f t e r being planted by Mr S. Pepper, 

the r i v e r b a i l i f f i n 1959. No p l a n t s of R. f l u i t a n s d e r i v a t i v e grow i n the 

N. Tyne or Tyne. 

The h y b r i d R. f l u i t a n s i n the Tweed area behaves i n a very s i m i l a r 
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way t o type R. f l u i t a n s i n B r i t a i n and Europe. The most complementary 

data are fur n i s h e d by Turala (1970) f o r the R. Nysa, Poland. I n the upper 

reaches o f two headwaters,,only R. p e n i c i l l a t u s was present. I n the lowest 

s t r e t c h below t h e i r confluence 9only R. f l u i t a n s was present, however, i n 

the middle reaches both species grew together. 

Hybrids s i m i l a r t o those found i n the Tweed have been found growing 

alongside parent R. f l u i t a n s i n the Rhine (C. D. K. Cook, personal 

communication) and i n the Moosach (Kohler jet a l . 1973). I n the, former 

r i v e r the other parent was R. a q u a t i l i s , and the h y b r i d has become more 

abundant than the parents. I n the l a t t e r , the other parent i s R. t r i c h o p h y l -

l u s , which although less common than the h y b r i d , has a wider d i s t r i b u t i o n . 

Ranunculus hederaceus (B) 

( i ) 78. 

Not recorded i n any of the r i v e r s surveyed, but nevertheless present 

i n the upper River Tweed (above km 0.0). R. hederaceus was frequent 

there i n shallow muddy stretches and o f t e n associated w i t h Potamogeton 

p o l y g o n i f o l i u s . 

Ranunculus p e n i c i l l a t u s var. calcareus. (S) 

( i ) 68,77,78,79,80,81. 

( i i ) Type m a t e r i a l w i t h abundant f r u i t s as described by Cook (1966). 

Turala (1970) p o i n t s out t h a t the taxonomic e c o l o g i c a l s i g n i f i c a n c e , and 

d i s t r i b u t i o n o f various vars. i s s t i l l very unclear, 

( i i i ) *,*,19/21,14/23,19/50,20/59,20/47,20/65,20/61,20/52,20/45,20/56, 

20/56,20/59,16/33.(239/637) 

Below Biggar Foot, R. p e n i c i l l a t u s although present i n three 

l o c a l i t i e s above, f i r s t becomes common i n the R. Tweed. The a f f l u e n t 

i t s e l f being choked by the species probably reintroduces p l a n t s a f t e r 

scouring i n the main r i v e r . Gradually the species increases downstream 
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t o become the most abundant species i n the r i v e r , although recorded i n 

fewer 0.5 km lengths than s i x other species. 

L i k e R. f l u i t a n s x?, R. p e n i c i l l a t u s was most abundant i n f a s t 

f l o w i n g water where i t occurred f i r m l y rooted among shingle, stones and rocks. 

Deep muddier s h e l t e r e d regions were also colonized, but plants seldom 

t h r i v e d and r a r e l y flowered t h e r e . During periods of e x c e p t i o n a l l y low 

f l o w several patches of R. p e n i c i l l a t u s became exposed above the water. 

These p l a n t s continued t o grow but from the bottom instead of the t i p s and 

o f t e n flowered and set f r u i t . Over the three year p e r i o d , i t was noticed 

t h a t a f t e r a long p e r i o d of summer low flow p l a n t s had increased t h e i r 

shoot growth g r e a t l y , but t h e i r r o o t system i f anything had decreased, 

perhaps due to l a c k of a p u l l i n g s t r a i n on the shoots. Plants seemed 

most sus c e p t i b l e t o being uprooted by floods a f t e r a long period 

of low f l o w . 

( i v ) 20/81,20/77,20/77,5/6,1/1,*,*.(66/242) 

Present i n i d e n t i c a l h a b i t a t s as i n the Tweed and by f a r the most 

abundant angiosperm, although nine others were recorded more times. Both 

the Tweed and T e v i o t show t h a t wherever R. p e n i c i l l a t u s does occur i t i s 

u s u a l l y abundant. 

(v) Present i n the Biggar, lower E t t r i c k , upper T i l l , Blackadder and 

Whiteadder. The species also occurred i n the lowest s t r e t c h of the 

Leet Water t h a t receives Tweed Water v i a a m i l l lade. 

As described under R. f l u i t a n s , R. p e n i c i l l a t u s always occurred i n 

grea t e s t abundances i n more upstream l o c a l i t i e s than the former. 

( v i ) This species i s present i n the nearby N. Tyne, abundant i n the 

Tyne, r e c e n t l y invaded the Wear, and i s absent from the Tees. 

I n 1968 R. p e n i c i l l a t u s was absent i n the Wear,but by 1973 i t had 

become l o c a l l y q u i t e frequent i n the lower h a l f of the r i v e r . Unlike 
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Buckmaster,1970). 

R. f l u i t a n s the c o l o n i z a t i o n has been from an unknown source (Whitton and 

Data presented f o r the Tweed Basin agree c l o s e l y w i t h t h a t given 

by Cook (1966). He i n d i c a t e d t h a t R. f l u i t a n s was a species c h a r a c t e r i s t i c 

of l a r g e s t a b l e r i v e r s , and R. p e n i c i l l a t u s of unstable r i v e r s . 

Although o c c a s i o n a l l y r e q u i r i n g c u t t i n g i n c e r t a i n stretches of the 

Tweed, R. p e n i c i l l a t u s does not reach such massive proportions as reported 

by Butcher (1933) & Westlake (1960, 1968, 1970 and 1973), f o r many southern 

chalk streams. The p l a n t s reach such h i g h d e n s i t i e s t h a t f l o o d i n g r e s u l t s 

i f i t i s not c u t . This,however tstimulates i t s growth, and makes the 

p l a n t s less s u s c e p t i b l e t o scouring by floods (-Ladle and Casey, 1971). 

The e f f e c t s t h a t c u t t i n g has on the genus i n the Tweed has not been 

measured, i t may however, reduce scouring by winter f l o o d s . 

Rorippa amphibia (B) 

( i ) 68,78,79,80,81. 

( i i ) D i f f i c u l t t o separate from R. s y l v e s t r i s L. and R. i s l a n d i c a (Qedor) 

Borbas, although the f r u i t s should be q u i t e d i s t i n c t . Of the specimens 
« 

found i n the Tweed Basin,many p l a n t s had v a r i a b l e f r u i t s ranging from the 

long f r u i t s w i t h a d i s t i n c t stigma of R. s y l v e s t r i s i>to the rounded f r u i t 

g i v i n g way t o an i n d i s t i n c t stigma, c h a r a c t e r i s t i c of R. amphibia. I n 

a d d i t i o n , p e t a l t o sepal siz e also v a r i e d g r e a t l y , w i t h many not showing 

a p e t a l l e n g t h twice t h a t of the sepals. Due t o i t s presence only on the 

banksides, t h i s Rorippa was not c r i t i c a l l y taxonomically examined, although 

over 60% of the recorded data was w i t h o u t doubt R. amphibia. 

( i i i ) *,2/2,*,*,2/2,6/6,8/8,12/12,20/25,20/27,20/25,17/18,20/21,18/24, 
• 

18/20.(163/190) 

D i s t r i b u t i o n i n the upper 50 km r e s t r i c t e d t o only four 0.5 km 

lengths. As the r i v e r descends t o lower a l t i t u d e s R. amphibia became 

increasingly common, e s p e c i a l l y i n the 30 km above Teviot Foot. I t was 
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capable of growing equally well on soft open mud, among Phalaris 

arundinacea and other bank species, or as the only colonizer of loose 

stones and pebbles. I n t h i s l a s t habitat, excessively long roots 

penetrated between pi l e d up rounded stones down int o the moisture held 

i n the sandy substratum below. This species was always t o t a l l y above 

water le v e l during low flowjexcept i n the t i d a l reaches where many plants 

were submerged at high t i d e . 

( i v ) 8/8,14/14,3/3,5/8,5/5,3/3,*. (38/41) 

Similar d i s t r i b u t i o n pattern as i n the Tweed with the reduction i n 

abundance i n the l a s t 10 km being caused by Sparganium erectum i n many 

stretches forming a very thick fringe that backed d i r e c t l y into deep 

water and thus eliminating suitable habitats for R. amphibia. 

(v) Present only i n the lowland Berwickshire t r i b u t a r i e s Eden, Leet, 

Blackadder and Whiteadder where i t was rare, and i n the T i l l where i n 

the lower stretches i t was more common. In a l l the t r i b u t a r i e s R. 

nasturtium-aquaticum was fa r more common. 

( v i ) Clapham et a l . (1962) also reported that R. amphibia i s l o c a l l y 

common by streams and ditches as far north as Berwick, Th same authors 

reported i t frequently occurs with Mentha aquatica and Phalaris arundinacea. 

Rorippa nas tur tium-aquat icum (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) 4/4,14/14,15/16,10/10,12/12,7/7,3/3,5/5,8/10,15/22,11/15,4/4,4/4, 

4/4,3/3.(119/133) 

A species with a t o t a l l y d i f f e r e n t d i s t r i b u t i o n pattern and habitat 

than the previously described Rorippa species. R. nasturtium-aquaticum 

was often t o t a l l y submerged, but more commonly rooted i n soft mud with at 

least a covering of water. In the upper reaches, small alcoves of reduced 

flow rates which collected mud, produced ideal habitats for this species. 
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I n the r i v e r below Teviot Foot suitable habitats are reduced because the 

many species growing on the bank give way d i r e c t l y to deep water. 

( i v ) 4/4,6/7,12/14,8/9,9/9,9/9,*.(48/52) 

A more or less even d i s t r i b u t i o n along the river, being least common 

i n the lowest stretches and most common i n the middle. The i n s t a b i l i t y 

of the substratum i n upper Teviot causes the reduced abundance compared 

with upper Tweed. 

(v) Present i n a l l t r i b u t a r i e s and common i n a l l except the E t t r i c k and 

Jed. I n the Leet, Blackadder and Whiteadder R. nasturtium-aquaticum was 

p a r t i c u l a r l y frequent and l o c a l l y abundant. The Leet and upper Blackadder 

i n p a r t i c u l a r , had t h e i r f l a t , h alf submerged muddy margins choked by large 

bushy plants which often spread in t o the middle of the r i v e r s . 

Although the ordination of species i n the Tweed (Table 8.64a), and 

a Tweed a l t i t u d e mean of 125 m points to R. nasturtium-aquaticum being a 

more nutrient poor, softer water, and higher a l t i t u d e species than 

R. amphibia, t h i s was true only f o r the Tweed i t s e l f . The tr i b u t a r i e s 

show t h i s to be a re s u l t of suitable habitat availability,and not a 

specific a l t i t u d e or chemistry requirement. 

(vi ) Haslam (1971) has shown that t h i s species i s very strongly correlated 

with shallow water and narrow streams, but i n d i f f e r e n t to speed of current. 

Westlake (1970 and 1973) described how R. nasturtium-aquaticum was the 

dominant species of the upper reaches of southern chalk streams, and i n 

mid-summer»in the unmanaged lower stretches also. I n the Tweed Basin, 

the two t r i b u t a r i e s most resembling chalk streams, the Leet and Blackadder, 

were the only streamswhere i t was r e a l l y common. 

Rumex hydrolapathum (R) 

( i ) 68. 
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( i i i ) Absent. 

( i v ) Absent. 

(v) Recorded from only the R. T i l l i n the whole catchment area. 

R. hydrolapathum was recorded only i n t e r m i t t e n t l y i n the upper 40 km 

of the T i l l , where i t grew on the sandy banks, but always with i t s 

roots and the bases of i t s fleshy stem and leaves submerged. Plants 

were always at the waters edge where the flow rate was negligible. 

I t s confined d i s t r i b u t i o n i n only the R. T i l l i s almost certainly 

due to the sandy banks, which i n the upper 40 km give way only gradually 

to the main flow of the r i v e r , r e s u l t i n g i n a wide f l a t zone of sand. 
i 

This sand i s covered by shallow water of slow velocity. This particular 

type of habitat was not found elsewhere in the Tweed Basin. 

Scirpus la c u s t r i s (B) 

( i ) 68,81. 

( i i ) Similar i n general appearance to j3. tabernaemontani but generally 

t a l l e r and with stouter glabrous stems. Other separating features are the 

smooth glumes (against papillose) and three stigmas (against two). 

( i i i ) One plant only - on the r i g h t bank of km 120.5 at the waters 

edge on a s i l t y mud f l a t . 

( i v ) Absent. 

(v) Absent i n a l l t r i b u t a r i e s except the Blackadder where i n km -23.5 

i t was very abundant on both banks of the r i v e r , and i n the Whiteadder 

below Blackadder Foot, where i t was recorded i n eight out of twelve 

0.5 km lengths. S_. lacustris grew only at the margins of the slower 
i 

flowing stretches of the r i v e r which afforded a more or less constant 
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high water mark as we l l as abundant mud or s i l t . 

I t s absence i n lower Tweed, Leet and T i l l i s somewhat surprising. 

The T i l l , affords many slow stretches with permanent high water levels, 

however^the banks are generally sandy,and not muddy. Thompson (1807) 

reported that i n the Borders, _S. lacustris was present only north of 

the Tweed^and p a r t i c u l a r l y on the banks of the Whiteadder. There appears 

therefore to have been l i t t l e change i n i t s d i s t r i b u t i o n i n over 150 

years. 

(vi ) I n the survey of B r i t i s h r i v e r s by Butcher (1933), S. lacustris ^ 

was only recorded on the banks of lowland, moderately or highly calcareous 

r i v e r s , i n stretches with slow or medium currents, Nest (1910) described 

the species as 'decidedly c a l c i f i l o u s ' i n Scottish lochs. Apart from i t s 

absence from the Teviot, the d i s t r i b u t i o n i n the Tweed Basin supports the 
above findings. 

Scirpus sylvaticus (B) 

( i ) 68,78,79,80,81. 

( i i i ) *,1/1,1/1,4/4,2/2,4/4,10/10,11/14,5/5,5/6,4/5,4/5,4/4,3/3,*.(58/64) 

A species always rooted on soft wet substrata j u s t above the low 

water mark, accounting f o r i t s r a r e i t y i n the upper stretches. J 3 . sylvaticus 

has i t s maximum abundance i n mid Tweed. 

(iv ) 12/15,2/2,*,*,*,*,*.(14/17) 

In the l a s t 10 km of the Teviot _S. sylvaticus was as common as i n 

mid Tweed, but above th i s there were only two records. 

(v) Present, but rare i n the Yarrow, Jed, Eden, Leet and Blackadder, 

being common only on the banks of the T i l l and lower Whiteadder where i n 

the l a t t e r r i v e r i t grew along side _S. lacu s t r i s . £. sylvaticus was a 

species of lowland t r i b u t a r i e s but on suitable l o c a l i t i e s on the Tweed 

i t extended well upstream. 

(v i ) Scirpus sylvaticus also occurs on the banks of rivers i n N-E. 

England, but i s rarely recorded. 
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Sparganium erectum (B) 

( i ) 68,77,78,79,80,81. 

( i i i ) *,*,9/11,9/19,34/21,17/35,17/24,16/20,11/13,4/5,9/17,11/20,9/10, 

9/18,6/8.(141/221) 

A lower upper l i m i t of d i s t r i b u t i o n than Eleocharis and with a 

maximum, abundance i n mid r i v e r , except between km 90-99.5 where the bed 

rock was of hard Basaltic Igneous nature. The lack of s i l t and mud 

at the r i v e r ' s edge and the hardness of bedrock i n this stretch was 

almost cert a i n l y the cause of the reduction. At a few sites the species 

was observed completely submerged. 

( i v ) 19/60,14/31,4/6,7/7,1/1,1/1,*.(46/106) 

Common only i n the lower 20 km of r i v e r where i t was especially 

abundant. The numerous slow stretches i n lower Teviot, with their soft 

muddy margin proved ideal habitats f o r Sparganium.)which often t h i c k l y 

fringed the r i v e r bank and frequently extended well into the r i v e r 
i 

i t s e l f . The species was more abundant here than elsewhere i n t>>e Tweed Basin. 

(v) Present i n a l l t r i b u t a r i e s but never common except i n the lowlands. 

I n the small Eden and Leet waters, Sparganium was common and lo c a l l y very 

abundant at the edges of the deeper slow flowing stretches. I n a l l but 

the upper 10 km of the T i l l (where i t was absent) the species was frequent 

i n most 0.5 km. The Blackadder and the Whiteadder below Blackadder Foot 

with t h e i r many slow flowing stretches with muddy margins were thickly 

colonized by Sparganium. Of the twenty 0.5 km lengths surveyed i n the Black-

adder, Sparganium was present i n a l l of them. 

The main difference between the habitats of Eleocharis and Sparganium 

i s that the former, with i t s much less robust nature and smaller rhizomes 

can grow among stones and other species on the r i v e r bank, whereas the 

l a t t e r , with i t s robust rhizomes and large spreading aerial parts i s 
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suitable to take advantage of soft muddy habifflt<? • This anatomical 
i 

difference between the two species might account for the presence of Eleocharis 
/ 

i n the upper stretches of the Tweed,and on the f l a t , stonier banks of the 

E t t r i c k and Yarrow. Sparganium?however^ dominated the r i v e r banks of 

the lowland Tweed Basin, including lower Teviot, Eden, Leet, T i l l , 

Blackadder and Whiteadder. 

( v i ) Although the d i s t r i b u t i o n i n the Tweed'Basin suggested that Eleocharis 

might be more tolerant of higher current velocities than Sparganium, this 

was not shown by S i r j o l a (1969). Perhaps the anatomical differences 

between the two genera which were outlined above, i s more relevant 

when considering the differences i n d i s t r i b u t i o n patterns, 

Typha l a t i f o l i a (B) 

( i ) 80. 

( i i i ) Absent. 

( i v ) Present as a s o l i t a r y record for the whole catchment area of the 

Tweed at km-7.0 on the Teviot. At t h i s point, a p a r t i c u l a r l y slow 

stretc h , a swamp backs on to the r i v e r where the boggy s i l t and organic 

matter provides an ideal habitat f o r Typha, and the species extends 

down to the r i v e r side. 

(v) Absent. 

( v i ) Szemes (1967) reported that Typha grew at the edge of the Danube 

from Austria downstream. Both Ackenheil (1944) and S i r j o l a (1969) 

agreed that when present at the edges of rivers t h i s species was confined 

to those stretches with very slow currents. This was also true i n the Tweed. 

Veronica beccanbunga (B) 

( i ) 68,78,79,80,81. 

( i i i ) 8/9,16/16,12/12,10/10,15/18,8/9,*,*,3/3,2/2,3/3,4/4,6/6,11/13, 

9/10.(107/115) 
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A similar habitat as Rorippa nasturtium-aquaticum^although more 

capable of growing on mud above the water levels and among other 

bank species, whereas Rorippa often forms pure stands. Veronica 

was usually rooted on damp f i r m ground at the edge of the r i v e r . I t s 

absence from km 60.0 to 79.5 i s rather strange. I t i s the same 20 km 

i n which _S. sylvaticus was most common. After being absent f o r 20 km „ 

Veronica then gradually increased downstream^becoming common i n the 

t i d a l stretches. 

( i v ) 13/15,12/13,16/19,3/3,3/3,10/12,4/6.(61/71) 

Similar d i s t r i b u t i o n as i n the Tweed, with a mid r i v e r reduction 

i n abundance also. N 

(v) Present i n a l l t r i b u t a r i e s , usually common, but especially so i n 

lowland t r i b u t a r i e s , Leet, T i l l , Blackadder and Whiteadder. 

Zannichellia p a l u s t r i s (S) 

( i ) 69,80,81. 

( i i i ) *,*,*,*,*,*,*,*,*,*,4/5,14/16,12/13,13/18,11/11^4/63) 

A similar habitat, abundance and d i s t r i b u t i o n pattern as P. pusillus. 

Like that species and several other permanently submerged higher plants, 

the Teviot provides an inocula of Zannichellia to the Tweed. However, unlike 

a l l the other species^Zannichellia has migrated upstream i n the Tweed 

and now grows i n km 106.0.)which i s 2.0 km above Teviot Foot. Zannichellia 

also extends further downstream than any other permanently submerged 

angiosperm . I t grows below Whiteadder Foot on the sandy ?tidal mud f l a t s 

that are often exposed at low t i d e . 

Zannichellia, although recorded i n well over half the lowland 0.5 km 

length surveyed, was never common^and no plants exceeded 0.5 m i n diameter. 

Apart from the specimens collected i n the estuary, Zannichellia was always 
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submerged,with short,very branched shoots rooted for almost t h e i r entire 

length. This growth habit r e s t r i c t s Zannichellia to sandy and mud 

substrata, the former usually being prefered. 

( i v ) 18/43,20/62,19/52,5/8,*,*,*.(62/165) 

A d i s t r i b u t i o n more or less i d e n t i c a l to Myriophyllum spicatum 

with the upper l i m i t s of both species being within 1.5 km of each other 

at Hawick. I n the lower 30 km of the Teviot, Zannichellia i n contrast 

to the Tweed was common and l o c a l l y often very abundant. In the las t 

10 km a s l i g h t reduction i n abundance was due to Potamogeton dominated 

slow stretches, and Ranunculus dominated faster stretches. 

I n sandy stretches with medium depth and flow, several Zannichellia 

plants exceeded 2 m i n diameter, the slender matted rhizomes holding 

f i n e sand so as to raise the plants up to 0.25m above the mean substratum 

l e v e l . 

(v) Absent from a l l upland t r i b u t a r i e s but present i n a l l the lowland 

t r i b u t a r i e s . I n the Leet, Zannichellia was recorded only from the bottom 

0.5 km length - that which receives Tweed water via a m i l l lake. The 

T i l l , w ith i t s sandy substratum i s favourable to the Zannichellia growth 

habit and from km -33.0 downstream i t was common. I n the lower 10 km 

Zannichellia was less common,with Potamo<>eton x suectcus the dominant species', 

I n upper Blackadder and Whiteadder, Zannichellia was absent but i n 

the 10 km before they meet and then below, the species was even more 

abundant than i n the Teviot. 

Zannichellia, l i k e M. spicatum was a lowland species with a Tweed 

a l t i t u d e mean of 15 m. As a r e s u l t i t was more or less confined to the 

harder waters i n the Tweed Basin. I t s abundance i n the softer waters of 

the Whiteadder above Blackadder Foot and absence i n the upland yet 

marginally harder Lyne was indicative of i t s water chemistry tolerance. 

Clapham et a l . (1962) reports Zannichellia to be absent above 210 m. 

1 
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7.25 Macroscopic microbial communities 

purple photosynthetic bacteria 

( i ) 81. 

( i i i ) Absent. 

(iv) Absent. 

(v) Macroscopic growths of t h i s microbial community were confined to 

three r i v e r s i n Berwickshire. I n the Leet i t was often abundant; i n 

the Blackadder i t was only rar e l y recorded, and i n the T«Jhiteadder i t 

was confined to an isolated stretch below Blackadder Foot. In a l l 

l o c a l i t i e s recorded, i t occurred among mud i n stretches with slow current 

v e l o c i t i e s . 

"sewage fungus" 

( i ) 68, 78,' 79, 80, 81. 

( i i i ) *, *, *, *, 7/11, 2/3, 1/1, 4/4, 3/3, *, *, 2/2, *, 2/3, *.(21/27). 

The most obvious macrophytic growths of sewage fungus occurred 

immediately below the ef f l u e n t pipe which discharges the sewage of 

Peebles in t o the r i v e r ( km 43.5 ) . Elsewhere i t was found i n t e r m i t t e n t l y , 

usually being confined to short stretches which were d i r e c t l y below 

sewage o u t f a l l s . 

( i v ) *, *, *, 3/4, 1/1, *, *. (4/5) 

Confined to below a small effluent which discharges into the Teviot 

at km - 41.0, and i n three l o c a l i t i e s around Hawick. 

(v) Macroscopically obvious "sewage fungus" was only abundant i n 

the E t t r i c k below Selkirk, and i n the lower-most 0.5 km length of the 

Leet which received the sewage from Coldstream. In the E t t r i c k i t 

was p a r t i c u l a r l y obvious during low flow periods when the sewage works 

of Selkirk were being modernised,^at a time when n a r t i a l l y treated sewage 

was discharged i n l o the r i v e r . "Sewage fungus" also occurred i n the 

Biggar and Blackadder, but only i n isolated l o c a l i t i e s . 
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( a ) Nostoc r i v u l a r i s (b) Nostoc p a r m e l i o i d e s 

¥ 

•V < 

(d) H e r i b a u d i e l l a f l u v i a t i l i s ( c ) Didymospyinia gemmata. 

4& 

i 

( e ) H i l d e n b r a n d i a r i v u l a r i s ( f ) C o l l e m a f l u v i a t i l e 

F i g . 7.3a Photographs of s i x macronhytes from the Tweed B a s i n . 
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(a) P r a s i o l a c r i s p a i n t y p i c a l h a b i t a t 
on emergent boulder i n mid r i v e r 

0>) Enteromorpha spp. growing only on the r i g h t 
bank of the Tweed immediately below T e v i o t 

c ) Mimulus g u t t a t u s i n t y p i c a l h a b i t a t 
i n upper reaches of the Tweed 

(d) H i l d e n b r a n d i a r i v u l a r i s , Eurhynchium 
" ""• r-r p a r i o i d e s atrd Ranunculus sp. growing 

on one stone i n the T e v i o t 

e) Potamogeton natans and P h a l a r i s 
arundinacea i n the Biggar 

( f ) Cladophora glomerata and other d e b r i s 
washed up on the banks of the E t t r i c k 

Table 7.3b S i x macrophytes from the Tweed B a s i n photographed to show t h e i r h a b i t a t 
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8. POPULATION DESCRIPTION MICROPHYTE COMMUNITIES 

8.1 Introduction 

The d i s t r i b u t i o n of individual macrophyte species has been described 

i n the previous chapter. The present chapter investigates the extent to 

which communities may be recognised. The primary data published i n 

Chapter 6 have been used i n a variety of ways i n order to create some 

semblance of ecological order. This was carried out to the greatest extent 

i n the formation of "association tables" from the data available from the 
entire 

two r i v e r s surveyed throughout their/lengths (for method see 2.3). 

The importance of not only recording the presence of a species, but also 

i t s abundance i n 0.5 km lengths has been i l l u s t r a t e d i n 6.5. Tables 6.5a 

and 6.5b showed that a recording system based on presence alone could 

furnish results that d i f f e r e d from one that took in t o account the species 

abundance. Since the l a t t e r produced more data than one based solely on 

the knowledge that the species was either present or absent, results based 

on abundance values are used most i n this description of macrophyte communities. 

The description of most plant communities has been based largely on 

submerged macrophyte species. (see 6.1). Although Chapter 7 indicate^ 

whether a species was regarded as a bank or submerged nacrnpbyte ( see 2.4 ) , 

Table 8.1a i s included as a reference l i s t of the submerged species used 

i n the erection of histograms 8.61 to 8.63c. 

Where a r i v e r has been surveyed throughout i t s entire length (Tweed 

and Teviot) i t was possible to summarize vegetation changes that took 

place from uppermost to lowermost stretches. For the purpose of comparing 

one region of a r i v e r with another, data from 10 km stretches were 

pooled, and the primary data of Chapter 6 used i n three ways, 

( i ) The subjective abundance figures of each submerged algal, lichen, 

bryophyte and angiosperm species recorded in the twenty 0.5 km lengths 
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Nostoc parmelioides 

Nostoc other sp. 

Phormidium spp. 

Tolypothrix p e n i c i l l a t u s 

Hildenbrandia r i v u l a r i s 

Lemanea f l u v i a t i l i s 

Diatoma spp. 

Didymosphenia geminata 

Melosira varians 

Heribaudiella f l u v i a t i l i s 

Chaetophora sp. 

Cladophora glomerata 

Cladophora sp. 'A* (C. aegagropila) 

Enteromorpha sp(p). 

Gongrosira incrustans 

Monostroma bullosum 

Oedogonium spp. 

Tetraspora sp(p). 

Stigeoclonium tenue 

Rhodoplax s c h i n z i i 

Ulothrix zonata 

Spirogyra spp. 

Charophyta sp(p). 

Collema f l u v i a t i l e 

Verrucaria other spp. 

Eurhynchium riparioides 

Fissidens crassipes 

F. rufulus 

Table 8.1a Submerged macrophytes of 
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Fontinalis antipyretica 

F. antipyretica var. g r a c i l i s 

Hygroamblystegium f l u v i a t i l e 

Hygrohypnum luridum 

H. ochraceum 

Scapania undulata 

Solenostoma t r i s t e 

C a l l i t r i c h e spp. 

Elodea canadensis 

Myriophyllum alterniflorum 

M. spicatum 

Potamogeton bercht'oldii 

P. x cooperi 

P. crispus 

P. lucens 

P. natans 

P. x olivaceus 

P. pectinatus 

P. perfoliatus 

P. pusillus 

P. x s a l i c i f o l i u s 

P. x suecicus 

Ranunculus aquatilis agg. 

R. circinatus 

R. circinatus x R. penicillatus var. 

calcareus 

R. f l u i t a n s x ? 

R. penicillatus var. calcareus 

Zannichellia palustris 

the Tweed Basin 
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of each stretch were added, and the t o t a l abundance of a l l species from 

one 10 km stretch obtained. Such data from successive 10 km stretches 
rq-

of the Tweed and Teviot are plotted in^8.6L*- The data could possibly 

be interpreted as an indication of the "standing crop" of the r i v e r at 

the time of survey. 

( i i ) The r e l a t i v e numbers of al g a l , lichen , bryophyte and angiosperm 

species recorded i n each 10 km stretch were obtained, and plotted i n 

histogram form in^8.62A,b. 

( i i i ) The t o t a l abundance data for each 10 km ( ( i ) above), were divided 

in t o the proportions made up by each of the four taxonomic groups, and 

plotted as a percentage of the t o t a l in£8.63A.^fc. 

For the completely surveyed Tweed and Teviot, "association tables" 
Cf>f> 17~X\) 

were drawn up as described i n 2.3^ The delimination of macrophyte communities 

i n t h i s instance was not decided by non»ecological parameters such as 

10 km stretches of r i v e r , but a b i o l o g i c a l one based on the longitudinal 

d i s t r i b u t i o n of species down the r i v e r . The "association tables" include 

both submerged and bank species, and used data furnished from subjective 

abundance values . I f presence or absence alone had been used, the numbers 

i n the Tables would have been substituted by ' + ' signs. Reference to both 

Tables 8.64a and 8.64b show that the ordering of species w i t h i n communities 

would have been d i f f i c u l t , and i d e n t i f i c a t i o n of where i n the r i v e r a 

species thrived most, less w e l l defined. 

The vegetation of the Tweed and Teviot are described i n 8.2 and 

8.3 respectively. The format follows that described above, f i r s t dealing 

with overall abundances i n 10 km stretches, then id e n t i f y i n g the major 

group i n each stretch, both i n number of species recorded, and their 

percentage of the t o t a l abundance. Fin a l l y , with reference to the 

"association tables", communities are described, and the dominant species 

i d e n t i f i e d . 
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I n 8.4 the macrophytic vegetation of p a r t i a l l y surveyed tributaries 

are described. Data are more li m i t e d than those given for the completely 

surveyed Tweed and Teviot. For example, no comparison could be made of 

the abundance to t a l s i n 10 km stretches,since i n p a r t i a l l y surveyed 

t r i b u t a r i e s the number of 0.5 km lengths surveyed per 10 km was not constant. 

S u f f i c i e n t datawere not available to erect "association tables" « 

By regarding the data furnished from those 0.5 km lengths surveyed as 

representative of the vegetation of the whole 10 km stretch, the number of 

species w i t h i n each taxonomic group could be ascertained. By relati n g 

abundances of one taxonomic group to another i n the form of a percentage 

of the t o t a l abundance, results could be compared with those collected from 

other r i v e r s , whether completely or p a r t i a l l y surveyed. The data from 

complete and p a r t i a l l y surveyed rivers i n 8.62 and 8.63 are thus comparable. 

The macrophytic vegetation of each t r i b u t a r y are discussed individually, 

the description being divided i n t o three sections. 

( i ) With reference to Figs 8.62b and 8.63c,the numbers of algal, lichen, 

bryophyte and angiosperm species recorded i n 10 km stretches are described, 

and related to each taxa's percentage of the t o t a l abundance i n the same 

stretch. 

( i i ) The 10 most abundant species (aggregate of abundance values for 

every 0.5 km length surveyed w i t h i n the r i v e r , or section of r i v e r being 

described) are i n i t i a l l y l i s t e d . A short description of the dominant 

species and types of macrophytic vegetation follows. Species included 

i n the l i s t of the 10 most abundant species i n the r i v e r are referred to 

as abundant, and species that were frequently recorded, but were not 

among the 10 most abundant species, are referred to as frequent. Mention 

i s also made of the presence of any species which was i n any way 

characteristic, unusual,or rare from the rest of the Tweed Basin. 
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8.2 River Tweed 

8.21 Total abundance changes throughout the r i v e r 

Fig. 8.61 plots the abundance totals of a l l submerged macrophytes 

i n each 10 km stretch of the Tweed. Immediately i t can be recognised , 

that on passing downstream two very obvious peaks i n t o t a l abundance 

occurred. F i r s t , a sharp r i s e occurred between km 40.0 to 49.5. The second, 

less pronounced peak occurred i n the 10 km stretch 110.0 to 119.5. 

The upper one t h i r d of the r i v e r had the two 10 km stretches with the 

lowest abundance t o t a l , (km 0.0 to 19.5), two intermediate values (km 

20.0 to 39.5), and the highest i n the whole r i v e r from km 40.0 to 49.5. 

I t i s noteworthy that the peak i n t o t a l abundance corresponds to the 

stretch i n which Peebles sewage i s discharged. From km 50.0 to 109.5 the 

abundance t o t a l s of each 10 km stretch of the Tweed varied l i t t l e , and were 

much lower than i n the stretch immediately below Peebles. There was an 

increase i n t o t a l abundance i n the lowest 40 km, and i n particular between 

km 110.0 to 119.5. The increase coincided with the i n f l u x of the Teviot. 

8.22 Relationship of t o t a l abundance to the re l a t i v e numbers and 

abundances of algae, lichens, bryophytes and angiosperms 

In the previous section, changes i n the t o t a l abundance of 

submerged macrophytes per 10 km down the Tweed were described. This section 

shows the relationship between these changes and the r e l a t i v e importance 

of the four main groups of macrophytes. The description summarizes 

information plotted i n Figs 8.62a and 8.63a. The former plots the number 

of submerged macrophytes of each group recorded i n each 10 km of r i v e r , and 

the l a t t e r plots the abundance totals of each group as a percentage of 

the t o t a l abundances of a l l four taxonomic groups. 

I t can be seen that the relationship between the number of species 

recorded i n a group, and th e i r percentage of the t o t a l abundance i s not 
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always r e l a t e d . Both however ?show important i n f o r m a t i o n , and w i l l be 

described together. 

The number of a l g a l species recorded i n each successive 10 km 

down the Tweed was h i g h , v a r y i n g from e i g h t i n km 0.0 - 9.5^0 14 i n 

km 100.0 - 109.5. Cross reference t o 8.63a shows t h a t i t was only i n t h i s 

l a t t e r s t r e t c h t h a t algae were m a r g i n a l l y the most abundant group. Through 

out the r i v e r , there was only a 15% v a r i a t i o n i n the percentage abundances 

of algae per 10 km s t r e t c h . 

There were only two submerged l i c h e n species recorded, and a maximum 

abundance percentage of 12 was reached i n mid r i v e r . 

Bryophytes and angiosperms showed very obvious d i f f e r e n c e s from one 

s t r e t c h t o another. The number of bryophytes recorded i n the upper t h i r d 

of the r i v e r was almost double t h a t of the lower t w o - t h i r d s . The a c t u a l 

number of species recorded was^however^far less than algae. Based upon 

percentage abundances, the dominance of bryophytes i n the uplands was f a r 

greater than any other group. Although represented by fewer species than 

algae, the bryophyte percentage abundance i n the upper 20 km was greater 

than the aggregate of the other three groups. I n the lowest 40 km^the 

bryophyte percentage of the t o t a l was less than a s i x t h i t was i n the 

upper reaches. 

Angiosperms showed an inverse r e l a t i o n t o bryophytes. Only two 

species were found i n the upper 20 km, but the number quadrupled between 

km 20.0 and 29.5. The number of species present i n successive 10 km 

str e t c h e s below t h i s remained almost constant u n t i l between km 100.0 and 

109.5. Here there was an increase of another s i x species which was a 

sudden change observable i n km 108.5, immediately below the confluence of 

the Tweed and Teviot. On both occasions, the increase i n number of 

angiosperm species recorded from one s t r e t c h t o another was very sudden. 
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The changes i n percentage abundances were however much more gradual. This 

more gradual change i n percentage abundances was also evident w i t h the 

bryophyte p o p u l a t i o n . 

The inverse r e l a t i o n s h i p of bryophyte and angiosperm abundances 

i s best i l l u s t r a t e d from the upper and lower 20 km stretches of the r i v e r . 

I n the former s t r e t c h , the bryophyte to angiosperm percentage abundance 

r a t i o was 5:1, and i n the l a t t e r , lower s t r e t c h 1:10. 

I n the Tweed, the changes i n abundance t o t a l s f o r each 10 km (see 8.21) 

could most c l o s e l y be r e l a t e d t o the number of angiosperms present, and 

also t o t h e i r aggregate abundances. I n the upper 20 km where the t o t a l 

abundance was lowest, only two angiosperm species were present. Between 

km 20.0 and 29.5 there was an increase i n angiosperm numbers by s i x . There 

was no increase i n other groups, but there was an o v e r a l l increase i n t o t a l 

abundance. Between km 40.0 and 49.5 the number of angiosperm species 

recorded remained the same as i n the preceding s t r e t c h , but there was a 

r e d u c t i o n i n the number of bryophytes by three. F i g . 8.63a shows t h a t 

the increase i n the t o t a l abundance was concomitant w i t h an increase i n 

the percentage abundance of angiosperms. The increase i n the t o t a l abundance 

i n the lower 40 km was also r e l a t e d t o the increase i n the number of angio­

sperms recorded. 

8.23 Macrophyte communities 

The macrophyte communities of the Tweed w i l l now be described w i t h 

reference t o the " a s s o c i a t i o n t a b l e " ( 8.64a^ jft. 4^>^)' 

I n the upper 35 km of the r i v e r there were 17 species t h a t were 

almost t o t a l l y confined t o t h a t r egion. Only two species, Bryum 

pseudotriquetrum and Haematococcus l a c u s t r i s had i s o l a t e d records f u r t h e r 

downstream than the upper one t h i r d of the r i v e r . The dominant species^ 

e s p e c i a l l y i n the higher reaches were Didymosphenia geminata, Hygrohypnum 
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l u r i d u m , Brachythecium plumosum and Bryum pseudotriquetrum, w i t h Solenostoma 

t r i s t e and Hygrohypnum ochraceum sub-dominant. I t i s noteworthy t h a t the 

community was dominated by bryophyte species, as were the percentage 

abundance graphs of the same area. This was p a r t i c u l a r l y evident i n the 

most upstream 20 km above the i n f l u x of the Biggar. There were no angio-

sperm species present i n t h i s community, also i n the same region where t h i s 

group was a t i t s l e a s t abundant i n r e l a t i o n to the other groups. 

Below t h i s was a second and t h i r d group t h a t were most abundant i n 

the upper one t h i r d of the r i v e r , but nevertheless extended varying distances 

downstream. The upper community had more bryophyte species than angiosperms, 

but the reverse was t r u e f o r the lower community. Myriophyllum a l t e r n i f l o r u m 

and C a l l i t r i c h e spp. were the only submerged angiosperms to be recorded from 

the h i g h e s t reaches of the Tweed, the former being the only species fretpient 

i n the upper t w o - t h i r d s of the r i v e r , and t o t a l l y absent i n the lowest 37.5 

km. 

I n the middle of the Table are placed the species which occurred more 

or less from the uppermost stretches of the r i v e r ^ r i g h t down i n t o the 

s l i g h t l y b r ackish t i d a l area. Macrophytes present w i t h i n t h i s community 

could be d i v i d e d i n t o three subgroups: those t h a t were most abundant i n 

the upper stretches such as F o n t i n a l i s a n t i p y r e t i c a and Hygroamblystegium 

f l u v i a t i l e ; those w i t h t h e i r maximum abundance i n m i d - r i v e r such as 

Eurhynchium r i p a r i o i d e s and V e r r u c a r i a spp.; those t h a t were most 

abundant i n the lowest s t r e t c h e s , such as Myosotis scorpioides and 

H e r i b a u d i e l l a f l u v i a t i l i s . Some species showed no s i g n i f i c a n t d i s t r i b u t i o n a l 

d i f f e r e n c e s between upper and lower stretches, although Veronica beccabunga 

and Oedogonium spp. were absent i n the mid reaches. Members of a l l f o u r 

groups of macrophyte were present i n t h i s community. 

Several groups of species were confined to the middle reaches of the 
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r i v e r . Most of these were r a r e l y abundant, although Ranunculus a q u a t i l i s 

agg. and Potamogeton x olivaceus were frequent i n the lower sections of 

the upper h a l f of the r i v e r , and Collema f l u v i a t i l e and Nostoc parmelioides 

i n the upper s e c t i o n of the lower h a l f of the r i v e r . A small group 

i n c l u d i n g Botrydium granulatum and Fissidens crassipes were confined to 

the lower one t h i r d of the r i v e r , y e t r a r e l y present i n t i d a l waters. 

Many submerged angiosperms were confined to the community where member 

species were absent from the upper stretches of the r i v e r only. The most 

common submerged macrophytes of t h i s a s s o c i a t i o n were Hildenbrandia r i v u l a r i s , 

Ranunculus p e n i c i l l a t u s var. calcareus, Elodea canadensis, Potamogeton 

crispus and Cladophora glomerata. 

The tendency f o r submerged angiosperms to be present i n more downstream 

stretches of the r i v e r was most c l e a r l y i l l u s t r a t e d by the communities i n 

the bottom r i g h t of the " a s s o c i a t i o n t a b l e " . Of the 10 species l i s t e d , 

a l l b ut Enteromorpha s p ( p ) . were submerged angiosperms. The dominant 

genus was Potamogeton^with s i x species present. 

The r e l a t i v e numbers of bryophytes and angiosperms i n each community 

r e f l e c t e d the o v e r a l l r e l a t i o n s h i p i n terms of abundance values described 

i n 8.22. 

8.3 River Teviot 

8.31 T o t a l abundance changes throughout the r i v e r 

F i g . 8.61 shows t h a t the v a r i a t i o n i n t o t a l abundance from one 

10 km s t r e t c h t o another i n the Teviot was even greater than i n the Tweed. 

Both r i v e r s were l e a s t productive i n terms o f t o t a l abundances i n the upper 

20 km, the Teviot less so than the Tweed. There was a large increase i n 

the t o t a l abundance i n the s t r e t c h t h a t passed through Hawick (km -39.5 

to-30,0) . The t o t a l abundance i n the lowest 10 km was t r e b l e t h a t of the 

most upstream 10 km, and f a r higher than any equivalent s t r e t c h of the 

Tweed. 
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8.32 R e l a t i o n s h i p of t o t a l abundance to the r e l a t i v e numbers and 

abundances of algae, l i c h e n s , bryophytes and angiosperms 

Reference to Figsiu . 8 . 6 2 , 8.63 shows t h a t the patterns of the 

f o u r groups of submerged macrophytes seen i n the Tweed,were also evident 

i n the T e v i o t . 

The number of a l g a l species recorded i n the uppermost 10 km was 

h a l f t h a t of the lowermost 10 km. The percentage of the abundance t o t a l 

d i d ttot ?however*vary g r e a t l y from one s t r e t c h to another. 

Only two submerged l i c h e n species were recorded, and the maximum 

abundance percentage never exceeded 8% o f the t o t a l . 

Bryophytes and angiosperms showed on passing downstream an inverse 

p a t t e r n of one another, as i n the Tweed. Fewer bryophyte species were 

recorded i n the T e v i o t than the Tweed, and upstream numbers were only j u s t 

g r e a t e r than the number recorded i n the lowest stretches. More angiosperm 

species on the other hand were recorded i n the upper Teviot than upper 

Tweed. Although the number of angiosperms recorded i n the upper stretches 

of the Teviot was greater than i n the Tweed, the bryophyte to angiosperm 

percentage abundance r a t i o was higher, approaching 12 : 1. I n the lower­

most 10 km, the r a t i o of bryophytesto angiospermswas 1 : 3 . 

8.33 Macrophyte communities , 

With reference t o the " a s s o c i a t i o n t a b l e " ( 8 .64b£j the macrophyte 

communities of the T e v i o t can be described. Since the r i v e r i s much 

s h o r t e r , and fewer major changes occur throughout i t s l e n g t h , the communities 

of the r i v e r i n comparison w i t h those of the Tweed were less w e l l defined. 

However,many d i f f e r e n t p a t t e r n s of d i s t r i b u t i o n were obvious, $o<fa.2~ ̂  ,'~\-

wUfc, 4lMtU> b^rcf iJCaSSft i - Ui • /£J&>lovC [y &VV\AV6IA vJ>e^ArcJ ^ c h s v S . 

The two communities boxed at Lhe Lop l e f t of the Table contain almost 

e x a c t l y the same species as found i n the upper box of the "association 
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t a b l e " of the Tweed. Again more than h a l f the species were bryophytes. 

The presence of Chamae siphon spp. and Ranunculus aqua t i l i s agg. i n the 

communities was noteworthy. The former (predominately £. p o l o n i c u s ) , 

was r a r e i n the Tweed, and the l a t t e r was confined to the upper h a l f of 

the r i v e r , but was absent i n the extreme upper 20 km. 

I n comparison w i t h the Tweed, bryophytes were much less abundant i n 

the T e v i o t , p a r t i c u l a r l y so i n the highest 10 km. However, they were 

more abundant i n r e l a t i o n t o species of other groups. This i s i l l u s t r a t e d 

c l e a r l y by Figs 8.&Jl2^and %J«i£h£^ The former shows t h a t the o v e r a l l 

abundance of submerged species i n the upper Teviot was lower than i n any 

other s t r e t c h of t h a t r i v e r , and the l a t t e r shows t h a t i n r e l a t i o n to other 

taxonomic groups^bryophytes were dominant. 

There were fewer macrophytes t h a t occur'ed throughout the e n t i r e length of the 

Teviot compared w i t h the Tweed, however,70% of the species present through­

out the former river^were present throughout the l a t t e r . I t i s noteworthy 

t h a t n e i t h e r F o n t i n a ] i s a n t i p y r e t i c a nor Eurhynchium r i p a r i o i d e s showed 

greater abundances i n any p a r t i c u l a r r e g i o n of the Teviot. 

Potamogeton c r i s p u s , Elodea canadensis and Ranunculus p e n i c i l l a t u s var. 

calcareus were present i n the same community. As i n the Tweed, the 

communities were p o s i t i o n e d i n the same area of the "association t a b l e 11. 

The lowest community, l i k e t h a t of the Tweed was dominated by submerged 

angiosperm species, and i n p a r t i c u l a r the same Potamogeton species confined 

to the lower stretches of the Tweed. Ranunculus f l u i t a n s x T had a much 

narrower d i s t r i b u t i o n i n the Teviot than the Tweed. 

8.4 P a r t i a l l y surveyed t r i b u t a r i e s - dafo (ttMShoJ&t (k. tJ<??-

8.41 Biggar Water 

( i ) I n t h i s t r i b u t a r y , more a l g a l species were recorded than submerged 

angiosperms, however the l a t t e r group had a percentage abundance of 
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double the former group. The abundance t o t a l of angiosperms was also 

greater than the aggregate of the other three groups. The only other 

10 km s t r e t c h i n the Tweed Basin where t h i s occurred was i n the lowest 

20 km of the Tweed. Lichens and bryophytes were not w e l l represented, 

e i t h e r i n the number of species present, or i r i t h e i r abundances, 

( i i ) P h a l a r i s arundinacea, Ranunculus p e n i c i l l a t u s var. calcareus, 

Elodea canadensis, Potamogeton natans, F o n t i n a l i s a n t i p y r e t i c a , Myriophy]lum 

a l t e r n i f l o r u m , Potamogeton c r i s p u s , Brachythecium rutabulum, Cladophora 

glomerata and Phormidium spp. 

The only abundant alga was Phormidium spp., w i t h Cladophora glomerata, 

Vaucheria s p ( p ) . , and Stigeoclonium tenue frequent. l i c h e n s were also 

r a r e l y recorded. The only abundant mosses were F o n t i n a l i s a n t i p y r e t i c a 

and Brachythecium rutabulum. Both Eurhynchium r i p a r i o i d e s and Leptodictyum 

r i p a r i u m were c o n s i s t e n t l y recorded, but never frequent. Angiosperms 

were by f a r the most abundant group, f i v e out of the seven most abundant 

species being submerged species * Phalaris arundinacea was the most 

abundant species, but no other bank species were abundant. Seven submerged 

angiosperms were recorded from the r i v e r , and a l l but Ranunculus a q u a t i l i s 

agg. were abundant. Sewage fungus was frequent only i n the 0.5 km l e n g t h below 

the e f f l u e n t discharge of Biggar. 

8.A2 Lyne Water 

( i ) I n the Lyne, twice the number of algae were recorded than bryophytes, 

the next most recorded group. I n percentage abundance, algae were equally 

dominant^with th e i r t o t a l being higher than the aggregate of the other three 

groups. Although there were only two more bryophytes recorded than angio­

sperms, the former group was four times as dominant based on percentage 

abundances. Lichens, represented only by submerged Verrucaria spp. 

had a higher abundance t o t a l than submerged angiosperms. 
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( i i ) Submerged V e r r u c a r i a spp., Eurhynchium r i p a r i o i d e s , F o n t i n a l i s 

a n t i p y r e t i c a , Cladophora glomerata, U l o t h r i x zonata, Hildenbrandia 

r i v u l a r i s , Phalaris arundinacea, Grimmia a l p i c o l a , Hygroamblystegium 

f l u v i a t i l e and Myriophyllum a l t e r n j f l o r u m . 

Three algae were abundant, Cladophora glomerata, U l o t h r i x zonata 

and Hildenbrandia r i v u l a r i s . H e r i b a u d i e l l i a f l u v i a t i l i s was o f t e n 

recorded vbut was never frequent. Other less f r e q u e n t l y recorded algae 

were: Chamaesiphon spp., T o l y p o t h r i x p e n i c i l l a t u s , 

Lemanea f l u v i a t i l i s , Didymosphenia geminata, Ghaetophora p i s i f o r m i s and 

Rhodoplax s c h i n z i i . Submerged Ve r r u c a r i a spp. was the most abundant 

macrophyte^and w i t h some of the algae mentioned above, was p a r t of the 

enc r u s t i n g community t h a t was the dominant growth form i n the r i v e r . Many 

bryophytes were recorded, and f o u r were abundant. Angiosperms were not a 

common group, and Myriophyllum a l t e r n i f l o r u m was the only abundant submerged 

species. Elodea canadensis, Potamogeton crispus and P_. x olivaceus were 

present but rareJ no Ranunculus species were recorded. 

8.43 Yarrow Water 

The survey of t h i s t r i b u t a r y spanned 20 km of r i v e r . Since the 

v e g e t a t i o n showed l i t t l e v a r i a t i o n from the most upstream reaches to 

those i n the lower reaches, the whole 20 km w i l l be described as a whole. 

( i ) This t r i b u t a r y showed a very close r e l a t i o n s h i p between the number 

of species of each group recorded, and t h e i r percentage abundances. Algae 

were dominant, and bryophytes sub-dominants, w i t h the l a t t e r showing 

s l i g h t l y higher values i n the upper 10 km. Lichens were more important 

than angiosperms, both i n numbers of species recorded and i n percentage 

abundance. 

( i i ) Didymosphenia geminata, F o n t i n a l i s a n t i p y r e t i c a , U l o t h r i x zonata, 

Chamaesiphon spp. = Diatoma spp., Eurhynchium r i p a r i o i d e s , Oedogonium spp., 
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Rhodoplax s c h i n z i i , Hygrohypnum luridum, Cinclidottts f o n t i n a l o i d e s . 

The 10 most abundant species were e i t h e r algae or bryophytes. Encrusting 

algae were f r e q u e n t l y recorded, w i t h Chamaesiphon spp. and Rhodoplax 

s c h i n z i i abundant, and Hildenbrandia r i v u l a r i s and H e r i b a u d i e l l a f l u v i a t i l i s 

o f t e n f r e q u e n t . T o l y p o t h r i x p e n c i l l a t u s and Chaetophora p i s i f o r m i s were 

also present i n the r i v e r . Lichens were w e l l represented, w i t h Collema 

f l u v i a t i l e frequent i n the lower s t r e t c h e s . Four mosses were abundant, and 

several other species were frequent, the most s i g n i f i c a n t being F o n t i n a l i s 

a n t i p y r e t i c a v a r . g r a c i l i s . No angiosperm was recorded more than abundance 

scale two f o r any 0.5 km l e n g t h , and Myriophyllum a l t e r n i f l o r u m was the 

only submerged species present. 

8.44 E t t r i c k Water 

There was a great d i f f e r e n c e between the p l a n t communities of 

the E t t r i c k above and below S e l k i r k , and i n p a r t i c u l a r , below the Burgh's 

sewage works. The 10 most abundant species of both sections of the r i v e r 

are thus l i s t e d separately ( i i a and i i b ) . 

( i ) The upper stretches of the E t t r i c k and Yarrow had almost i d e n t i c a l 

r a t i o s of each group of macrophytes. I t was only i n these two t r i b u t a r i e s 

t h a t l i c h e n s were more abundant than submerged angiosperms. 

Below Yarrow Foot, and p a r t i c u l a r l y below S e l k i r k , the r e l a t i v e 

importance of the groups changed. The numbers of algae, lichens and 

bryophy'tes recorded decreased, w h i l e angiosperms increased s i x - f o l d . 

Based on abundance percentages, algae remained the most important group, 

but decreased by 10%. The l i c h e n percentage dropped from 14 to four 

percent, but bryophytes remained almost the same. Angiosperms 

increased seven f o l d , t o almost equal bryophytes i n importance. 

- ( i i a ) Above S e l k i r k . Chamaesiphon spp. H e r i b a u d i e l l a f l u v i a t i l i s , 

submerged Verrucaria spp., F o n t i n a l i s a n t i p y r e t i c a , Eurhynchium r i p a r i o i d e s , 
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Lemanea f l u v i a t i l e = Chaetophora sp. Rhodoplax s c h i n z i i , Nostoe r i v u l a r i s = 

Hildenbrandia r i v u l a r i s = P h a l a r i s arundinacea. 

Algae were c l e a r l y the dominant group, w i t h seven out of the 11 

most abundant species. Encrusting forms were most abundant, and . two 

Nostoc spp.? N. r i v u l a r i s and N. parmelioides frequent. Many l i c h e n species 

were present, and i n a d d i t i o n t o submerged Verrucaria spp. being abundant, 

Collema flaccidum, £. f l u v i a t i l e , Dermatocarpon f l u v i a t i l e and Verrucaria 

praetermissa were frequent. Many bryophytes were recorded, but only 

F o n t i n a l i s a n t i p y r e t i c a and Eurhynchium r i p a r i o i d e s were abundant. One 

moss t h a t was r e s t r i c t e d to the E t t r i c k was Fissidens r u f u l u s . Angiosperms 

were i n general r a r e , w i t h Myriophyllum a l t e r n i f l o r u m being the only submerged 

higher p l a n t recorded, and Ph a l a r i s arundinacea the only abundant bank species, 

( i i b ) Below S e l k i r k , "sewage fungus", Eurhynchium r i p a r i o i d e s = F o n t i n a l i s 

a n t i p y r e t i c a , Ranunculus p e n c i l l a t u s v a r . calcareus, U l o t h r i x zonata, 

Vaucheria sp (p,), Oedogonium spp. = Potamogeton crisp u s , Stigeoclonium tenue, 

Leptodictyum r i p a r i u m , P h a l a r i s arundinacea. 

A l l the algae t h a t were abundant above S e l k i r k were e i t h e r absent 

or r a r e below the town. There were four algae t h a t were abundant i n the 

lower stretches of the E t t r i c k ^ w i t h Oedogonium spp., Vaucheria sp(p). 

and Stigeoclonium tenue confined to below the sewage outflow pipe. I n 

complete c o n t r a s t to the upper s t r e t c h e s , l i c h e n species were r a r e . 

Eurhynchium r i p a r i o i d e s and F o n t i n a l i s a n t i p y r e t i c a were more abundant 

below S e l k i r k , and Leptodictyum r i p a r i u m was r e s t r i c t e d t o the r i v e r below 

the sewage works thus showed a s i m i l a r response m the E t t r i c k as i t d i d i n 

i n the Tweed below the e f f l u e n t discharge of Peebles. No other bryoohytes 

were abundant. Five submerged angiosperms species were present, Ranunculus 

p e n i c i l l a t u s var. calcareus and Potamogeton crispus being abundant. The 

other three species were Elodea canadensis, Myriophyllum a l t e r n i f l o r u m and 
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Ranunculus a q u a t i l i s agg. The most abundant growth below S e l k i r k was 

"sewage fungus". 

8.45 Jed Water 

( i ) This t r i b u t a r y had the lowest number of submerged macrophyte species 

recorded than any other r i v e r . The number of a l g a l species recorded was 

s l i g h t l y higher than bryophyte and angiosperm numbers. As percentage 

abundances, algae remained m a r g i n a l l y the most important group, but 

bryophytes were more abundant than the same number of angiosperms. 

( i i ) Cladophora glomerata, P h a l a r i s arundinaceae, Eurhynchium r i p a r i o i d e s 

Hygroamblystegium f l u v i a t i l e , Myosotis scorpioides, Potamogeton crispus, 

F o n t i n a l i s a n t i p y r e t i c a = Veronica beccabunga, Conocephalum conicum = 

Juncus a c u t i f l o r u s . 

Cladophora glomerata was the most abundant macrophyte i n the Jed; i t 

was also the only abundant alga. The only other algae t h a t were a t a l l we 

represented were the en c r u s t i n g growths of Hildenbrandia r i v u l a r i s and 

H e r i b a u d i e l l a f l u v i a t i l i s . Four bryophytes were abundant, i n c l u d i n g the 

most f r e q u e n t l y recorded l i v e r w o r t , Conocephalum conicum. Potamogeton 

crispus was the only permanently submerged angiosperm to be abundant, 

although Myriophyllum spicatum and Potamogeton natans were also present. 

Bank angiosperms were as abundant as bryophytes. The-Jed was the only 

r i v e r i n which Chara v u l g a r i s was recorded. The presence of Leptodictyum 

r i p a r i u m was confined t o below the town. 

8.46 Eden Water 

( i ) The vegetation of the Eden showed a close r e l a t i o n s h i p between the 

number of species recorded i n each group, and t h e i r percentage abundance. 

The most abundant groups i n descending order were; algae, angiosperms, 

bryophytes,and then l i c h e n s . 

( i i ) Enteromorpha sp(p)„ Cladophora glomerata, Hildenbrandia r i v u l a r i s , 
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V e r r u c a r i a other spp., Ranunculus f l u i t a n s , Potamogeton c r i s p u s , Elodea 

canadensis, Gongrosira i n c r u s t a n s , Eurhynchium r i p a r i o i d e s , Sparganium 

erectum. 

Four algae were abundant, and the three most abundant macrophytes i n 

the r i v e r were a l g a l species. Gongrosira incrustans was the f o u r t h 

a l g a l species l i s t e d as abundant i n the Eden. Submersed Verrucaria 

spp. was the only abundant l i c h e n , and Eurhynchium r i p a r i o i d e s was the 

only abundant bryophyte. Ranunculus f l u i t a n s x 1 was the only Ranunculus 

species i n the r i v e r ; i t was also the most abundant angiosperm. Two other 

submerged higher p l a n t s were abundant, Elodea canadensis and Potamogeton 

crispus £ Z a n n i c h e l l i a p a l u s t r i s was l o c a l l y frequent. Sparganium erectum 

was the most abundant bank species, and many other bank angiosperms 

were freq u e n t . 

8.47 Leet Water 

( i ) Algae were the dominant group i n the Leet, twice the number of species 
f o r 

being recorded than/any other group. The abundance percentage of 65 was 

the highest f o r any taxonomic group i n the whole of the Tweed Basin. 

Bryophytes were represented by t w o - t h i r d s the number of species as angio­

sperms, but the t o t a l abundances of both groups was i d e n t i c a l . 

( i i ) Cladophora glomerata, Enteromorpha sp(p)., Phormidium spp. Leptodictyum 

r i p a r i u m , Rorippa nasturtium-aquaticum, Spirogyra spp.^Vaucheria s p ( p ) . , 

Veronica beccabunga, Myriophyllum spicatum, Phalaris arundinaceae. 

The three most abundant species were a l l algae, and another two, 

Spirogyra spp. and Vaucheria s p ( p ) . were among the 10 most abundant species. 

Other frequent algae were Hildenbrandia r i v u l a r i s and Gongrosira incrustans; 

and the Leet was one of the few t r i b u t a r i e s i n which Botrydium granulatum 

was found. Leptodictyum r i p a r i u m was the only abundant moss^and Fissidens 

crassipes was present i n the lower stretches only. Myriophyllum spicatum 
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was the only abundant submerged angiosperm, but Potamogeton crispus and 

£. pe c t i n a t u s occurred a t i n f r e q u e n t i n t e r v a l s . Z a n n i c h e l l i a p a l u s t r i s 

and Ranunculus spp. were confined to the lowest stretches of the r i v e r 

where an inocula of the species were provided by a m i l l - l a d e from the 

Tweed. Rorippa nasturtium-aquaticum, a t r u e l y emergent species was abundant, 

and many bank species were frequent. Species more frequent here than i n 

any other t r i b u t a r i e s were: Carex r i p a r i a , C. r o s t r a t a , I r i s pseudacorus, 

Juncus inf1exus, Polygonum amphibium and Veronica beccabunga. Purple 

photosynthetic b a c t e r i a were present and o f t e n abundant i n m i d - r i v e r , and 

"sewage fungus" was abundant below the sewage pipe c a r r y i n g the domestic 

sewage of Coldstream i n t o the lowest 0.5 km of the r i v e r . 

8.48 River T i l l 

Although the survey represented a distance of 58.0 km, there was 

no sudden change i n the v e g e t a t i o n from one 0.5 km length to another. The 

v e g e t a t i o n of the whole r i v e r i s t h e r e f o r e described as a whole. 

( i ) Both algae and angiosperm -species were recorded most from the lower 

h,alf of the r i v e r , and the l a t t e r group had i t s peak number of submerged 

species recorded i n the lowest 10 km. Throughout the r i v e r , angiosperms 

were the most abundant group, e s p e c i a l l y i n the 10 km between -20.0 t o 

-29.5, where a peak of 56% was reached. This was i n the same s t r e t c h t h a t 

l i c h e n s were t o t a l l y absent, and the bryophyte percentage abundance the 

lowest of any t r i b u t a r y . I n the upper h a l f of the r i v e r , and i n p a r t i c u l a r 
r 

the uppermost 10 km, angiosperms decreased^and bryophytes increased i n 

percentage abundance. 

( i i ) Ranunculus f l u i t a n s x ?^ Vaucheria s p ( p ) . , Cladophora glomerata, 

Myosotis scorpioides, Elodea canadensis, Veronica beccabunga, Sparganium 

erectum, Glyceria f l u i t a n s =• Juncus effusus, Eurhynchium r a p a r i o i d e s . 

Vaucheria s p ( p ) . and Cladophora glomerata were the only abundant 
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algae i n the T i l l . Hildenbrandia r i v u l a r i s , Lemanea f l u v i a t i l i s and 

H e r i b a u d i e l l a f l u v i a t i l i s were frequent except i n the middle reaches of 

the r i v e r . Enteromorpha s p ( p ) . and Cladophora aegagropila were present 

i n the lower 20 km only. L i k e the encrusting algae, Verrucaria spp. were 

absent i n m i d - r i v e r . 

No bryophytes were abundant, the most recorded species being Eurhynchium 

r i p a r i o i d e s , F o n t i n a l i s a n t i p y r e t i c a and Leptodictyum r i p a r i u m . The l a s t 

species was the dominant moss i n the lower 20 km of the r i v e r where i t 

was present w i t h Fissidens crassipes^a species confined t o the lower 

s t r e t c h e s . Other bryophytes were more frequent f u r t h e r upstream. 

Many angiosperms were frequent i n the T i l l , w i t h Ranunculus f l u i t a n s x ? 

the most abundant species i n the whole of the r i v e r . Elodea canadensis was 

also abundant, and two other species, Myriophylum spicatum and Z a n n i c h e l l i a 

p a l u s t r i s were frequent i n a l l but the upper 10 km. Potamogeton crispus 

and Ranunculus p e n i c i l l a t u s var. calcareus extended f u r t h e r upstream, but 

the l a t t e r species was absent where R. f l u i t a n s x? was abundant. Other 

submerged species confined t o the lower stretches were Potamogeton x suecicus 

which was frequent, and P_. pectinatus and P_. p e r f o l i a t u s . Many bank species 

were recorded, and f i v e species were abundant. One bank species which 

was confined to the T i l l was Rumex hydrolapathum. 

8.49 Adder Waters 

8.49a Blackadder 

( i ) I n the 30 km of the Blackadder surveyed, the number of species recorded 

i n each group, and t h e i r abundance percentages were w e l l matched,and f a i r l y 

u n iform throughout the r i v e r . Angiosperms were the dominant group through-
was 

out, and algae sub-dominants. I n the upper 10 km ? the abundance of bryophytes/ 

twice t h a t i n the lower 20 km, and a concomitant decrease i n the other three 

groups was noted. 
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( i i ) Enteromorpha sp ( p ) . , Eurhynchium r i p a r i o i d e s R a n u n c u l u s f l u i t a n s x ? 

Sparganium erecturn, Myriophyllum spicatum, Elodea canadensis, Potamogeton 

b e r c h t o l d i i , Cladophora glomerata, Hildenbrandia r i v u l a r i s , Phalaris 

arundinacea = Rorippa nasturtium-aquaticum. 

Three macrophytic algae were abundant, and another three, Heribaudie] l a 

f l u v i a t i l i s , Gongrosira incrustans and Tetraspora s p ( p ) . were frequent. 

Eurhynchium r i p a r i o i d e s was the only abundant bryophyte, but several others 

were l o c a l l y f requent; Grimmia a l p i c o l a i n the upper reaches, and Marchantia 

polymorpha and Leptodictyum r i p a r i u m i n the lowest reaches below Langton 

Burn Foot (km -24.0). 

Submerged angiosperms were frequent, and f o u r species were abundant. 

Many other species were frequent, however,they were u s u a l l y only l o c a l . 

Ranunculus c i r c i n a t u s and R. p e n i c i l l a t u s var. calcareus were frequent i n 

the upper s t r e t c h e s , as was a h y b r i d of the two species. Seven Potamogeton 

species were present i n various stretches of the r i v e r , and Myriophyllum 

a l t e r a i f l o r u m was r e s t r i c t e d t o the upper stretches^and Z a n n i c h e l l i a 

p a l u s t r i s to the lower stretches of the r i v e r . Emergent species Butomus 

umbellatus and Rorippa nasturtium-aquaticum were o f t e n frequent, and two 

bank species, Sparganium erecturn and Phalaris arundinacea were abundant. 

Many other bank species were frequent, I r i s pseudacorus being as frequent 

as i n the Leet. 

8.49b Whiteadder 

Above Blackadder Foot, the v e g e t a t i o n of the Whiteadder was very 

d i f f e r e n t from t h a t found below the confluence of the two r i v e r s . The most 

abundant species above and below the confluence are thus l i s t e d separately 

( i i a and i i b ) . 

( i ) I n the Whiteadder, algae and angiosperms were the most recorded 

groups, the former i n the upper reaches, and the l a t t e r i n the lower reaches. 
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Percentage abundances were c l o s e l y r e l a t e d t o the number of species 

recorded i n each group, w i t h angiosperms the most abundant group except 

i n the upper 10 km, where algae were dominant. Bryophyte abundances 

never exceeded 20% of the t o t a l . 

( i i a ) Above Blackadder Foot. Potamogeton crisp u s , Myriophyllum a l t e r n i f l o r u m , 

V e r r u c a r i a other spp., Potamogeton b e r c h t o l d i i , Z a n n i c h e l l i a p a l u s t r i s , 

Chamaesiphon spp., H e r i b a u d i e l l a f l u v i a t i l i s = Ranunculus f l u i t a n s x % 7 

Eurhynchium r i p a r i o i d e s , Enteromorpha sp(p). 

The most abundant algae were Chamaesiphon spp. and H e r i b a u d i e l l a 

f l u v i a t i l i s which were p a r t i c u l a r l y common i n the upper s t r e t c h e s , and 

Enteromorpha s p ( p ) . i n the lower s t r e t c h e s . T o l y p o t h r i x p e n i c i l l a t u s , 

Didymosphenia geminata, Chaetophora p i s i f o r m i s and Rhodoplax s c h i n z i i were 

also frequent i n the upper reaches surveyed, and Tetraspora sp(p). was 

almost as frequent as Enteromorpha s p ( p ) . i n the lower reaches. Submerged 

Ve r r u c a r i a spp. were abundant, and was a member of the encrusting community 

t h a t was abundant i n the upper stretches of the r i v e r . Eurhynchium r i p a r i o i d e s 

was the only abundant bryophyte, and F o n t i n a l i s a n t i p y r e t i c a was r a r e . 

Angiosperms were the dominant group, w i t h f i v e submerged species 

abundant. Elodea canadensis and Ranunculus p e n i c i l l a t u s var. calcareus were 

also f r e q u e n t . No bank species were abundant, however Mentha aquatica, 

Myosotis scorpioides, Phalaris arundinacea and Rorippa nasturtium-aquaticum 

were the most frequent species. 

( i i b ) Below Blackadder Foot. Enteromorpha s p ( p ) . Ranunculus f l u i t a n s x ? 

Z a n n i c h e l l i a p a l u s t r i s , Potamogeton crisp u s , Phalaris arundinacea, Cladophora 

glomerata = Sparganium erectum, H e r i b a u d i e l l a f l u v i a t i l i s = Eurhynchium 

r i p a r i o i d e s = Potamogeton b e r c h t o l d i i . 

Three algae were abundant, w i t h Enteromorpha being the most abundant 

species i n the r i v e r . I n the lowest 10 km, Gongrosira incrustans was o f t e n 
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frequent . As i n the upper reaches, bryophytes were not a common 

group, and only Eurynchium r i p a r i o i d e s was abundant. Leptodictyum 

r i p a r i u m was l o c a l l y f r e q u e n t . Angiosperms were by f a r the most 

dominant group, and f o u r submerged species were abundant. Myriophyllum 

a l t e r n i f l o r u m was frequent i n the upper 10 km, but was replaced i n the 

lower 10 km by M. spicatum»which occurred commonly among Potamogeton 

pe c t i n a t u s and P_. p e r f o l i a t u s . Two bank species were abundant, and Butomus 

umbellatus, Mimulus g u t t a t u s , Myosotis scorpioides, Rorippa nasturtium-aquaticum 
a n t* Scirpus l a c u s t r i s were frequ e n t . 

8.5 Summary 

Generally^ the a l g a l f l o r a shows lea s t v a r i a t i o n from one r i v e r to 

another. I n the Tweed and Te v i o t which were surveyed throughout t h e i r 

l e n g t h s , algae also showed l e a s t v a r i a t i o n from uppermost to lowermost 

reaches. This was also t r u e i n the three lowest, most comprehensively 

p a r t i a l l y surveyed t r i b u t a r i e s , T i l l , Blackadder and Whiteadder. Algae 

were r e l a t i v e l y more important i n t r i b u t a r i e s than i n e i t h e r the Tweed 

or T e v i o t , being the most abundant group i n a l l except the Biggar and 

the three lowest and l a r g e s t t r i b u t a r i e s mentioned above. I n a l l f our 

t r i b u t a r i e s where algae were not the most abundant group, they were second 

i n abundance to angiosperms. I n r i v e r s where algae were the dominant 

group, bryophytes were always the sub-dominant group ?except i n the Eden. 

Lichens were u s u a l l y the l e a s t important group, reaching t h e i r 

h i g h e s t percentage abundance i n the middle reaches of the Tweed. Only i n 

the Lyne, Yarrow and upper E t t r i c k were lichens more abundant than any 

other s i n g l e group. I n a l l these three t r i b u t a r i e s , angiosperms were 

the l e a s t abundant group. Conversely, lichens were always l e a s t abundant 

where angiosperms were the dominant group, i . e . the Biggar, mid T i l l , 

Blackadder and lower Whiteadder. I n the middle reaches of the T i l l they 
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were completely absent. 

I n the Tweed and T e v i o t , bryophytes were the most abundant group i n 

the upper s t r e t c h e s , but on passing downstream became less abundant, and 

gave way t o angiosperm dominance. I n the t r i b u t a r i e s above Teviot Foot, i n 

a l l but the Biggar, bryophytes were the second most abundant group a f t e r 

algae. I n the t r i b u t a r i e s below Teviot Foot, bryophytes were less abundant 

than both algae and angiosperms^except i n the extreme upper 10 km of the 

T i l l . 

Angiosperms were the dominant taxon i n the lower two-

t h i r d s of the Tweed, and the lower h a l f of the Teviot. I n the t r i b u t a r i e s , 

angiosperms were the dominant group i n the three lowest t r i b u t a r i e s surveyed, 

being the most abundant group i n the T i l l , Blackadder and Whiteadder. They 

were also the most abundant group i n the highest t r i b u t a r y surveyed, the 

Biggar. 

Since the bryophyte and angiosperm p r o p o r t i o n of the t o t a l abundance 

v a r i e d g r e a t l y , the r a t i o of one to the other from eighteen 10 km stretches 

of the main r i v e r and t r i b u t a r i e s have been tabulated i n Table 8.5a. 

I n the upper Tweed, upper T e v i o t , Lyne, Yarrow, upper E t t r i c k and 

upper T i l l , bryophytes were a t l e a s t three times more abundant than angio­

sperms. I n the upper stretches of the Teviot, Yarrow, and E t t r i c k , the 

f i q u r e was i n the re g i o n of 10 : 1. 

I n the lower Tweed, lower T e v i o t , Biggar, mid and lower T i l l , Blackadder 

and lower Whiteadder, angiosperms were three times more abundant than 

bryophytes. The highest r a t i o s occurred i n the lower Tweed (14 : 1 ) , mid 

T i l l and lower Whiteadder. 

I n mid Tweed, Jed, Eden, Leet and upper Whiteadder, the r a t i o of one 

t o the other was much c l o s e r , never exceeding 2 :1 i n favour of e i t h e r 

taxonomic group. I t i s noteworthy t h a t the r i v e r s , or p a r t s of r i v e r s 
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r i v e r r e g i o n number of species abundance r a t i o 

Tweed km 0.0 t o 9.5 8:2 5:1 

km 70.0 t o 79.5 4:7 1:2 

km 140.0 t o 149.5 4:13 1:14 

Tev i o t km -50.0 t o -59.5 6:3 11:1 

km -0.0 t o -9.5 4:13 1:3 

Biggar whole r i v e r 3:7 1:4 

Lyne whole r i v e r 7:5 4:1 

Yarrow whole r i v e r 8:1 8:1 

E t t r i c k upper 8.1 8.1 

lower 4:6 1:1 

Jed whole r i v e r 3:3 2:1 

Eden whole r i v e r 3:6 1:2 

Leet whole r i v e r 4:6 1:1 

T i l l km -50.0 t o -59.5 3:3 3:1 

km -20.0 t o -29.5 3:6 1:11 

km -0.0 t o -9.5 4:11 1:4 

Blackadder whole r i v e r 3:12 1:5 

Whiteadder km -30.0 t o -39.5 5:6 1:1 

km -0.0 t o -9.5 3:13 1:9 

Table 8.5a Comparison of the number and abundance r a t i o s of submerged 
bryophytes and angiosperms w i t h i n 10 km stretches of 
r i v e r s w i t h i n the Tweed Basin. 
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species 

Didymosphenia geminata 
Hygrohypnum lu r i d u m 
Chamaesiphon spp. (*) 
Rhodoplax s c h i n z i i (*) 
Chaetophora p i s i f o r m i s (*) 
Nostoc r i v u l a r i s (*) 
U l o t h r i x zonata 
Diatoma spp. (*) 
Lemanea f l u v i a t i l i s 
Myriophyllum a l t e r n i f l o r u m 
Grimmia a l p i c o l a 
Juncus effusus 
Rorippa nasturtium-aquaticum 
Spirogyra spp. 
F o n t i n a l i s a n t i p y r e t i c a 
C i n c l i d o t i l s f o n t i n a l o i d e s 
Hygroamblystegium f l u v i a t i l e 
Conocephalum conicum 
Phormidium spp. 
Juncus a c u t i f l o r u s 
Glyceria f l u i t a n s 
Veronica beccabunga 
Ve r r u c a r i a (submerged spp.) 
Eurhynchium r i p a r i o i d e s 
Oedogonium spp. 
Stigeoclonium tenue 
Myosotis scorpioides 
H e r i b a u d i e l l a f l u v i a t i l i s 
Potamogeton natans 
sewage fungus 
Vaucheria s p ( p ) . 
Hildenbrandia r i v u l a r i s 
P h a l a r i s arundinacea 
Brachytheeium rutabulum 
Ranunculus penic. var calcareus 
Sparganium erectum 
Elodea canadensis 
Potamogeton crispus 
Cladophora glomerata 
Leptodictyum r i p a r i u m 
Ranunculus f l u i t a n s x ? 
Z a n n i c h e l l i a p a l u s t r i s 
Myriophyllum spicatum 
Enteromorpha s p ( p ) . 
Potamogeton b e r c h t o l d i i (*) 
Gongrosira incrustans (*) 
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(*) species not present i n the Tweed. 
= species r e s t r i c t e d to upner Tweed and Teviot ( see Table 9.21b) 
4> species r e s t r i c t e d t o lower Tweed and Teviot ( see Table 9.21b) 

Table 8.5b Ten most abundant species i n t r i b u t a r i e s which received only p a r t i a l 
surveys. 
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where angiosperms were most abundant were described as predominately slow 

f l o w i n g where s i l t f r e q u e n t l y accumulated. This was p a r t i c u l a r l y obvious 

i n the lower 40 km of the Tweed, mid reaches of the T i l l which flow 

over a l l u v i u m and i n t e r g l a c i a l peat, and the lower Whiteadder below 

Blackadder Foot (see 3.2). 

The 10 most abundant species i n the t r i b u t a r i e s have been summarized 

i n Table 8.5b. Species have been l i s t e d i n the same order as i n the 

"a s s o c i a t i o n t a b l e " of the Tweed({8.64a). Species marked w i t h an 

were not recorded i n the Tweed as macrophytic growths, although 

Chamaesiphon spp., Rhodoplax s c h i n z i i , Chaetophora p i s i f o r m i s and Piacoma 

spp. were noted as present (see 7.2). T r i b u t a r i e s have been ordered so 

t h a t those w i t h a species composition most a k i n to the upper Tweed are 

placed t o the l e f t , and those w i t h a species composition most a k i n to the 

lower Tweed t o the r i g h t . 

8.64 Figures 
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9. SUMMARY AND DISCUSSION 

9.1 I n t r o d u c t i o n 

The primary aim of t h i s research was to o b t a i n a comprehensive 

p i c t u r e of the d i s t r i b u t i o n of macrophytes i n a s i n g l e r i v e r basin, and 

r e l a t e t h i s t o environmental parameters. The Tweed and 10 t r i b u t a r i e s 

were surveyed, and the species composition of each r i v e r compared. This 

data w i l l be compared i n 9.3 w i t h t h a t found by other workers f o r other 

r i v e r s i n the B r i t i s h I s l e s and mainland Europe. L i t e r a t u r e which 

s p e c i f i c a l l y r e f e r r e d t o i n d i v i d u a l species has been included i n Chapter 6. 

The f a c t o r s governing the d i s t r i b u t i o n of species i n r i v e r s have 

been o u t l i n e d i n 1,3, but i t may be u s e f u l a t t h i s p o i n t to summarize those 

regarded as most important. The i n i t i a l step must be the d i s p e r s a l of a 

species t o the r i v e r . I n t h i s respect the presence of a species i s o f t e n 

more s i g n i f i c a n t than i t s absence, f o r i t s absence may not be i n any way 

r e l a t e d t o the environment, but due t o f a i l u r e i n d i s p e r s a l (Haslam, 1971). 

Once present a t a s i t e , a macrophyte must be able to withstand a l l 

environmental parameters, i n a d d i t i o n to competition w i t h other species 

w i t h s i m i l a r h a b i t a t preferences. The most important parameters 
a species 

known t o e f f e c t the d i s t r i b u t i o n of / are the f l o w regime of the r i v e r 

(see 1.3 ) , substratum, i n c l u d i n g geology, water chemistry, and t o a 

much less w e l l documented or known degree, any h i s t o r i c a l i n f l u e n c e s . 

This includes p o l l u t i o n and a l l b i o t i c e f f e c t s . 

The i n f l u e n c e of these f a c t o r s on the d i s t r i b u t i o n of macrophytes 

i n r i v e r s has been discussed by many authors (see 1.2 ) , however the 
over 

complexity of the f i e l d s i t u a t i o n i s o f t e n ^ s i m p l i f i e d . To as c e r t a i n i f a 

s i n g l e parameter i s the main causal f a c t o r governing a species d i s t r i b u t i o n 

i s o f t e n almost impossible t o determine. I t i s rare t h a t a s i t u a t i o n 

occurs where a l l but one parameter remain the same, w h i l s t the si n g l e 
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v a r i a b l e changes. 

I n order t o determine the d i s t r i b u t i o n of macrophytes i n the r i v e r s 

w i t h i n the Tweed Basin, the method of Whitton and Buckmaster (1970), as 

modified by Holmes et a l . (1972) was used. The method involved p l o t t i n g 

macrophyte species presence or absence, together w i t h a s u b j e c t i v e 

e v a l u a t i o n of t h e i r abundance i n 0.5 km lengths of r i v e r . A standard 

distance of 0.5 km was chosen f o r the reasons o u t l i n e d below. I n terms 

of d e l i m i n a t i o n of an area f o r study i n r e l a t i o n to a c t u a l landmarks„and 

those found on the maps used, the l e n g t h chosen was probably accurate t o 

+ 50 m. I f l a r g e r , a loss of accuracy i n the a c t u a l d e s c r i p t i o n of the 

v e g e t a t i o n would have r e s u l t e d because of the r e d u c t i o n i n the p o s s i b i l i t y 

of r e l a t i n g changes i n the v e g e t a t i o n , t o changes i n the environment. On 

the other hand, smaller areas might have been more accurate i n t h e i r 

d e s c r i p t i o n of the r i v e r s v e g e t a t i o n , but i f the size was reduced to 100 m, 

there would have been data from 1,500 reaches f o r the Tweed i t s e l f . The 

time i n v o l v e d i n the c o l l e c t i o n of such data would have been exhaustive. 

I t i s u s e f u l to have a r i v e r d e l i m i t e d i n t o sections from source to 

mouth,or v i c e versa, so t h a t every p o i n t on the r i v e r has a reference i n 

r e l a t i o n to i t s p o s i t i o n . By d i v i d i n g the r i v e r i n t o continuous 0.5 km 

l e n g t h s , the r i v e r became almost equivalent t o a 'transect' (see 2.2). 

Two p o s s i b l e methods of study could then be applied f o r macrophyte surveys; 

e i t h e r a l l 'quadrats' (0.5 km lengths) could be surveyed, or only some 

preselected, or random ones. 

Although i t was d e s i r a b l e t h a t a l l the r i v e r s should have been 

surveyed throughout t h e i r e n t i r e l e n g t h s ^ t h i s was unpracticable however* 

During the summer months when surveys were c a r r i e d out (see 3 . 2 ) , f l o w 

l e v e l s u s u a l l y l i m i t e d work to one day i n two, and on average, f i v e to 

s i x 0.5 km lengths could be surveyed thoroughly i n a s i n g l e day. The 
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major r i v e r and i t s l a r g e s t t r i b u t a r y were completely surveyed from 

source t o mouth; and others p a r t i a l l y surveyed. Data were c o l l e c t e d 

i n s i m i l a r ways so t h a t the r e s u l t s from e i t h e r complete or p a r t i a l 

surveys could be compared. 

I t i s important t h a t problems i n c o l l e c t i o n of such data are f u l l y 

r e a l i s e d when ev a l u a t i n g the r e s u l t s . When wading, the r i v e r was 

f r e q u e n t l y traversed i n each 0.5 km length i n an attempt t o cover most 

of the area of r i v e r and i t s banks. I t was however impossible to cover 

"every i n c h " , and some species t h a t occurred only r a r e l y i n some 0.5 km 

lengths w i l l have i n e v i t a b l y been occasionally overlooked. Other stretches 

t h a t were too deep t o wade were u s u a l l y surveyed by boat, again however, 

the same problem a p p l i e d . Regrettably a few stretches ( r a r e l y greater 

than 20 m) could not be surveyed a t any time a t a l l . This only applied 

where the r i v e r was so deep,and the curr e n t so s w i f t ? t h a t n e i t h e r wading 

nor b o a t i n g was p o s s i b l e . I t was noted i n 7.2 t h a t d uring an exc e p t i o n a l l y 

low f l o w p e r i o d , one s i t e (km 114.0) was j u s t wadable, r e v e a l i n g an almost 
2 

100% cover over an area 5 m of a Hildenbrandia r i v u l a r i s monoculture. 

This was not seen elsewhere i n the r i v e r system. 

Another problem i s the y e a r l y , seasonal, and even d a i l y changes i n 

ve g e t a t i o n t h a t occur i n a r i v e i ? / Vh^s may be r e l a t e d to i n d i v i d u a l species 

behaviour e.g. most Potamogeton species d i e back i n the w i n t e r ; and also 

t o environmental e f f e c t s , probably the most obvious and sudden e f f e c t s 

being caused by scouring f l o o d s . The data given f o r the Tweed and i t s 

t r i b u t a r i e s thus r e f e r t o the v e g e t a t i o n at the season and year of survey 

e.g. the Tweed f o r summer and e a r l y autumn 1971 (see 2.2). 

Once surveys have been completed, the presentation of the data i s of 

paramount importance. I t i s imperative t h a t a l l the primary data are 

included as an a l l time record of the vegetation a t the time of survey 
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so t h a t i t can be compared w i t h o l d records, or surveys made at a f u t u r e 

date. When r e l a t i n g the d i s t r i b u t i o n of species t o environmental parameters, 

the main c o n s i d e r a t i o n i s u s u a l l y the amount of background info r m a t i o n which 

i s a v a i l a b l e . 

The r o l e of c l a s s i f i c a t i o n of water p l a n t communities i s s t i l l f a r from 

c l e a r , e s p e c i a l l y those i n f l o w i n g waters. Attempts have however been 

made by Braun-Blanquet and Ttlxen (1943), Braun-Blanquet (1921, 1964) and 

Hartog and Segal (1964) to char a c t e r i s e communities on the basis of 

f l o r i s t i c composition and dominant growth forms S^ eTo"what extent the 

communities found i n the Tweed Basin can be ' c l a s s i f i e d ' according to such 

c r i t e r i a w i l l be discussed i n 9.5. 

9.2 The d i s t r i b u t i o n of species i n r e l a t i o n t o environmental parameters 

9.21 Physical c h a r a c t e r i s t i c s 

I n t h i s s e c t i o n an attempt i s made to show t h a t the d i s t r i b u t i o n 

of some species, and to a less w e l l known degree some taxa$are c l e a r l y 

r e l a t e d t o p h y s i c a l parameters. I n a r i v e r such as the Tweed which r i s e s 

as a small, r a p i d l y f l o w i n g stream i n mountains, and f a l l s to become a 

l a r g e , deep, slow f l o w i n g r i v e r , vast d i f f e r e n c e s i n h a b i t a t c h a r a c t e r i s t i c s 

can be expected. I g n o r i n g changes i n such f a c t o r s as water chemistry^ some 

species can be shown to be associated w i t h e i t h e r the conditions t h a t 

p r e v a i l i n upland reaches, or those of lowland reaches (see Tables 9.21a, b ) . 

Most species showed a geographical d i s t r i b u t i o n t h a t i s d i f f i c u l t 

t o q u a n t i f y i n precise terms. The nature of the c o r r e l a t i o n s made f o r 

the Tweed are only general^ since macrophyte data were not c o l l e c t e d w i t h a 

pre c i s e knowledge of the p h y s i c a l c h a r a c t e r i s t i c s of each 0.5 km len g t h 

surveyed. Such features as stream s i z e , i . e . mean width and depth, as 

w e l l as mean d a i l y flows were noted (see 3.6); features regarded as 

important i n a f f e c t i n g macrophyte c o l o n i z a t i o n i n c l u d i n g water v e l o c i t y and 
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and depth, frequency and extent of f l o o d s , and the predominate nature 

of the stream bed were also noted (see 3.2). 

Table 9.21a l i s t s the number of species t h a t occurred only a t one 

extreme of the Tweed and Teviot (complete r i v e r surveys). The 

Table shows the number of species t h a t occurred e i t h e r i n the upper or 

lower reaches, but not both. I n a d d i t i o n , the Table i n d i c a t e s how many 

species of each community were also present i n the middle stretches of 

each r i v e r . The data has been taken from the f o l l o w i n g 10 km stretches 

of r i v e r . 

r i v e r upper reach middle reach lower reach 

Tweed 0.0 t o 9.5 65.0 t o 74.5 130.0 to 139.5 

Teviot -50.0 to -59.5 -25.0 t o -34.5 -0.0 t o -9.5 

The lowest 10 km of the Tweed surveyed (km 140.0 to 149.5) has not been 

used since a t h i g h t i d e the lowest stretches are brackish (see 3.2). 

Of the 25 species present i n the upper Tweed, but not lower Tweed, 

and 26 species present i n the upper Teviot but not lower Te v i o t , 18 species 

(72%) were the same. These are l i s t e d on the l e f t of Table 9.21b. Of the 

36 species present i n lower Tweed but not upper Tweed, and 35 species i n 

lower T e v i o t but not upper T e v i o t , 24 species (68%) were the same. These 

are l i s t e d t o the r i g h t of Table 9.21b. 

Table 9.21c summarizes the number of species from Table 9.21b t h a t 

were present i n the p a r t i a l l y surveyed t r i b u t a r i e s . I t also includes 

a r a t i o of the number of species from the upper reaches compared to the 

number of species from the lower reaches. More than h a l f the species 

r e s t r i c t e d t o the upper reaches of the Tweed and Teviot were recorded i n 

the Yarrow, upper E t t r i c k , Lyne and upper Whiteadder. Conversely, of 

the 24 species r e s t r i c t e d to the lower Tweed and Teviot, more than h a l f 

were recorded from the lower T i l l , lower Whiteadder, Blackadder, Eden, 
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no. of species 
present i n upper 
10 km but absent 
i n lower 10 km 
s t r e t c h o f r i v e r 

no. of species 
present i n upper 
10 km but absent 
from mid and lower 
10 km stretches 
of r i v e r 

no. of species 
present i n upper 
and mid 10 km but 
absent from lower 
10 km s t r e t c h of 
r i v e r 

TWEED TOTAL 
no. of SB 
no. of SA 

25 
3 
1 

16 
4 
0 

9 
1 
1 

TEVI0T TOTAL 
no. of SB 
no. of SA 

26 
3 
3 

20 
2 
2 

6 
1 
1 

no. of species 
present i n lower 
10 km but absent 
from upper 10 km 
s t r e t c h of r i v e r 

no. of species 
present i n lower 
10 km but absent 
from mid and upper 
10 km stretches of 
r i v e r 

no. of species 
present i n lower 
and mid 10 km, but 
absent from upper 
10 km s t r e t c h of 
r i v e r 

TWEED TOTAL 
no. of SB 
no. of SA 

36 
1 

15 

15 
1 

10 

21 
0 
5 

TEVI0T TOTAL 
no. of SB 
no. o f SA 

35 
1 

12 

12 
0 
5 

23 
1 
7 

SB = submerged bryophy£c SA = submerged angiosperm 

Table 9.21a I n d i c a t i o n of the number of species t h a t are confined to 

e i t h e r the upper or lower stretches of the Tweed and Teviot. 



(a) 18 species present i n the upper 
10 km, but absent from the lower 
10 km of the Tweed and Tev i o t 

Haematococcus l a c u s t r i s 
U l o t h r i x zonata 
Amphidium mougeotii 
Brachythecium plumosum 
Climacium dendroides 
Funaria hygrometrica 
Hygrohypnum luridum (SB) 
Mnium punctatum 
P h i ] o n o t i s fontana 
Rhacomitrium a c i c u l a r e 
R. aquaticum 
Rhytidiadelphus squarrosus 
Scapania undulata (SB) 
Solenostoma t r i s t e (SB) 
Carex n i g r a 
Cochlearia a l p i n a 
Myriophyllum a l t e r n i f l o r u m (SA) 
Ranunculus flaiiuaula 

(b) 24 species present i n the lower 
10 km, but absent from the upper 
10 km of the Tweed and Teviot 

Nostoc parmelioides 
Cladophora glomerata 
Enteromorpha s p ( p ) . 
Monostroma bullosum 
Tetraspora sp(p). 
Collema f l u v i a t i l e 
Fissidens crassipes (SB) 
Leptodictyum r i p a r i u m 
T o r t u l a mutica 
Elodea canadensis (SA) 
Juncus i n f l e x u s 
Myriophyllum spicatum (SA) 
Polygonum amphibium 
Potamogeton crispus (SA) 
P. lucens (SA) 
P. natans (SA) 
P. pectinatus (SA) 
P. p e r f o l i a t u s (SA) 
P. p u s i l l u s (SA) 
P. x s a l i c i f o l i u s (SA) 
Ranunculus f l u i t a n s x ? (SA) 
R. p e n i c i l l a t u s var. calcareus (SA) 
Scirpus s y l v a t i c u s 
Z a n n i c h e l l i a p a l u s t r i s (SA) 

SB = submerged bryophyte SA = submerged angiosperm 

Table 9.21b L i s t of species t h a t were confined t o the upper stretches 

of both the Tweed and Teviot ( a ) , and those species t h a t 

were confined t o the lower stretches of the Tweed and 

Teviot (b) . 
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upper Tweed and Teviot lower Tweed and Teviot r a t i o 

Biggar 7 7 1:1 

Lyne 13 5 3:1 

Yarrow 17 2 8:1 

upper E t t r i c k 14 3 5:1 

lower E t t r i c k 5 5 1:1 

Jed 1 9 1:9 

Eden 0 15 0:15 

Leet 1 14 1:14 

upper h a l f T i l l 4 10 1:2 

lower h a l f T i l l 3 19 1:6 

Blackadder 2 18 1:9 

upper Whiteadder 10 13 1:1 

lower Whiteadder 1 19 1:19 

Table 9.21c Number of species l i s t e d i n Table 9.21b t h a t were present i n 

p a r t i a l l y surveyed t r i b u t a r i e s . 
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(a) No of recorded species r a t i o (b) Abundance r a t i o 

Yarrow 8:1 upper Teviot 11:1 

upper E t t r i c k 8:1 Yarrow 8:1 

upper Tweed 4:1 upper E t t r i c k 8:1 

upper T e v i o t 2:1 upper Tweed 5:1 

mid T i l l 1:2 Lyne 4:1 

Eden 1:2 upper T i l l 3:1 

Biggar 1:2 lower Teviot 1:3 

lower T i l l 1:3 Biggar 1:4 

lower T e v i o t 1:3 lower T i l l 1:4 

lower Tweed 1:3 Blackadder 1:5 

Blackadder 1:4 lower Whiteadder 1:9 

lower Whiteadder 1:4 mid T i l l 1:11 

lower Tweed 1:14 

Table 9.21d T r i b u t a r i e s where the r a t i o of the number of submerged 

bryophytes and angiosperm species recorded exceeded 2:1 or 

l : 2 ( a ) , and abundance r a t i o s exceeded 3:1 or l : 3 ( b ) . 
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(a) 
Chamaesiphon spp. 
T o l y p o t h r i x p e n i c i l l a t u s 
Didymosphenia geminata 
Chaetophora p i s i f o r m i s 
Rhodoplax s c h i n z i i 
Amphidium mougeotii 
Brachytheeium plumosum 
Climacium dendrioides 
Drepanocladus uncinatus 
Hygrohypnum luridum (SB) 
H. ochraceum (SB) 
Mnium punctatum 
P h i l o n o t i s fontana 
Scapania undulata (SB) 
Solenostoma t r i s t e (SB) 
Rhacomitrium a c i c u l a r e 
R. aquaticum 
Rhytidiadelphus squarrosus 
Carex n i g r a 
Cochlearia a l p i n a 
Ranunculus flammula 

(b) 

Lemanea f l u v i a t i l i s 
U l o t h r i x zonata 
Acrocladium cuspidatum 
Dichodontium pellucidum 
Grimmia a l p i c o l a 
Myriophyllum a l t e r n i f l o r u m (SA) 

(c) 

H e r i b a u d i e l l a f l u v i a t i l i s 
V e r r u c a r i a spp. 
Conocephalum conicum 
Cratoneuron f i l i c i n u m 

(SB) = submerged bryophyte species 
(SA) = submerged angiosperm species 

(c) continued 
Eurhynchium r i p a r i o i d e s (SB) 
F o n t i n a l i s a n t i p y r e t i c a (SB) 
Hygroamblystegium f l u v i a t i l e (SB) 
F i l i p e n d u l a ulmaria 
Glyceria f l u i t a n s 
Juncus a c u t i f l o r u s 
Myosotis scorpioides 
Rorippa nasturtium-aquaticum 

(d) 

Hildenbrandia r i v u l a r i s 
Cladophora glomerata 
Leptodictyum r i p a r i u m 
T o r t u l a l a t ^ f o l i a 
Eleocharis p a l u s t r i s 
Elodea canadensis (SA) 
Phalaris arundinacea 
Polygonum amphibium 
Potamogeton crispus (SA) 
Ranunculus p e n i c i l l a t u s var. calcareus(SA) 
Scirpus l a c u s t r i s 
Sparganium erectum 

(e) 

Enteromorpha spp. 
Tetraspora s p ( p ) . 
Fissidens crassipes (SB) 
Myriophyllum spicatum (SA) 
Potamogeton lucens (SA) 
P. pectinatus (SA) 
P. p e r f o l i a t u s (SA) 
P. p u s i l l u s (SA) 
P. x s a l i c i f o l i u s (SA) 
P. x suecicus (SA) 
Ranunculus f l u i t a n s x ? (SA) 
Za n n i c h e l l i a p a l u s t r i s 

Table 9.21e Macrophyte species which are c h a r a c t e r i s t i c of p a r t i c u l a r 
stretches of the Tweed basin, (a) r e s t r i c t e d t o upper reaches 
w i t h f a s t currents and rocky substraca, (b) abundant i n upper 
stretches but less frequent or absent f u r t h e r downstream, (c) 
present throughout whole r i v e r system, (d) present i n a l l but 
uppermost s t r e t c h e s , ( e ) R e s t r i c t e d to l o c a l i t i e s a t low a l t i t u d e s . 
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Leet and upper Whiteadder. 

Tables 9.21a,b c l e a r l y i l l u s t r a t e t h a t i n both r i v e r s surveyed 

throughout t h e i r e n t i r e l e ngths, the r a t i o s of submerged bryophytes to 

submerged angiosperms were very d i f f e r e n t . I n the l i s t of species from 

the upper reaches, the r a t i o was 3 : 1 , but i n the lower reaches i t was 

1 : 12. I n the former, the dominant taxonomic group were bank bryophytes 

(nine species); i n the l a t t e r , submerged angiosperms were by f a r the dominant 

taxa, w i t h seven Potamogeton species present. 

The gradual replacement of bryophyte dominance by angiosperm dominance 

on passing downstream has been c l e a r l y i l l u s t r a t e d f o r both the Tweed and 

Teviot i n 8.62 and 8.63. The former shows t h i s i n r e l a t i o n t o the number 

of species recorded ; the l a t t e r more c l e a r l y , using the r e l a t i v e 

abundance t o t a l s of the two groups. The abundance r a t i o was 5 : 1 f o r the 

Tweed and 11 : 1 f o r the Teviot i n the upper s t r e t c h e s , and 1 : 14 and 

1 : 3 i n the lower s t r e t c h e s . 

I t was noted i n 3.2 t h a t the uppermost 10 km of the Tweed had the 

greatest v e r t i c a l drop per 10 km of the whole catchment area. The upper 

stretches of the Teviot also have a steep v e r t i c a l drop. I n these stretches, 

the r a t e of f l o w i s s w i f t and the substratum rocky, w i t h s i l t d e position 

at a minimum. The bed of the former r i v e r was s t a b l e and consolidated, 

but the l a t t e r 1 s was unstable. Conversely, i n the lower stretches of 

both r i v e r s v e r t i c a l drops were m i n i m a l , r e s u l t i n g i n stretches of deep 

slow f l o w i n g water, w i t h few rock surfaces and abundant s i l t . 

T r i b u t a r i e s noted f o r t h e i r rocky nature, r a p i d currents and lack 

of appreciable s i l t were the Lyne, Yarrow, upper E t t r i c k , Eden, upper 

T i l l and upper Whiteadder. I n a l l but the more lowland Eden and upper 

Whiteadder, a l l had submerged bryophyte abundance t o t a l s more than three 

times t h a t of submerged angiosperms (see 9.21d). Highest r a t i o s occurred " 
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i n the Yarrow and upper E t t r i c k which were the most r a p i d f l o w i n g and 

rocky. 

Those t r i b u t a r i e s noted i n 3.2 f o r slow f l o w r a t e s , few rock surfaces^ 

and abundant s i l t , w e r e the Biggar, Leet f mid and lower T i l l , Blackadder 

and lower Whiteadder. I n a l l except the Leet, more than double the number 

of submerged angiosperms were recorded than submerged bryophytes, and the 

r a t i o of abundance always exceeded 1 : 3 . The r a t i o was highest i n mid 

T i l l (1 : 11) and lower Tweed ( 1 : 14). I n the former, the substratum 

i s a l l u v i u m and i n t e r g l a c i a l peat (see F i g . 3.2g), and i n the l a t t e r , 

predominately s o f t mud. F i g . 3.2c shows that these two stretches had 

small v e r t i c a l drops, i n d i c a t i n g slow current v e l o c i t y . 

Table 8.5b summarized the 10 most abundant species i n each of the 

p a r t i a l l y surveyed t r i b u t a r i e s . I n the Biggar, upper Whiteadder, Leet, 

Blackadder, Eden and lower Whiteadder, four or f i v e of the 10 most abundant 

species were l i s t e d as c h a r a c t e r i s t i c of lowland stretches of the Tweed 

and T e v i o t (Table 9.21b). Apart from single records i n the Biggar and 

upper Whiteadder,no species l i s t e d i n the same Table as c h a r a c t e r i s t i c of 

upland reaches were abundant. Although the Eden and upper Whiteadder were 

described as r a p i d l y f l o w i n g and rocky, because they were lowland streams 

they s t i l l had species growing abundantly i n them t h a t were l i s t e d i n 

Table 9.21b as i n d i c a t i v e of lowland, slow f l o w i n g c o n d i t i o n s . The Biggar 

on the other hand,was the most upland stream surveyed, but i t had canal 

l i k e c h a r a c t e r i s t i c s (see F i g . 3.2e). Five species c h a r a c t e r i s t i c of 

lowland, r a t h e r than upland Tweed and Teviot were abundant, but they were those 

species which spread f u r t h e s t upstream. No species t h a t were most 

c h a r a c t e r i s t i c of the lowlands, i . e . species r e s t r i c t e d t o below 110 m 

(see Tables 9.7b) were even present i n the r i v e r . 
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Only i n the Yarrow and Lyne were two species l i s t e d as c h a r a c t e r i s t i c 

of uplands (Table 9.21b) abundant, and i n upper E t t r i c k one species was 

abundant (see Table 8.5b). 

I n summary, i t can be s t a t e d t h a t on the evidence furnished from 

these surveys^many common species have d i s t r i b u t i o n patterns t h a t can be 

c o r r e l a t e d w i t h p h y s i c a l parameters. Table 9.21e l i s t s species t h a t 

occurred f r e q u e n t l y , (or were present i n at l e a s t three r i v e r s ) i n the 

p a r t i c u l a r h a b i t a t described. 

The species l i s t e d as present oniy i n extreme upper reaches, (a),where 

c u r r e n t speed i s high and the substratumrocky, f o u r submerged bryophyte 

species and no angiosperm species were recorded. The l i s t of species from 
by 

extreme lowland reaches (e)^ characterised/deep, slow f l o w i n g water and 

muddy substrata,included nine submerged angiosperms and only one bryophyte. 

Data given throughout t h i s s e c t i o n and also i n previous chapters have 

shown a s t r i k i n g dominance of bryophytes i n stretches w i t h greatest current 

velocity„Similarly, submerged angiosperms dominate the slowest reaches. 

Whether the main causal f a c t o r i n i n f l u e n c i n g t h i s d i s t r i b u t i o n i s a c t u a l 

f l o w r a t e , or the i n d i r e c t e f f e c t brought about by the nature of the 

substratum i s unknown; both f a c t o r s are strongly c o r r e l a t e d . One p&SStbfe 

conclusion i s t h a t i n rocky t o r r e n t c o n d i t i o n s , the stronger attachment and 

*t'0u\.^(>vei/ nature of bryophytes i s jKohVibd tjfv more s u i t a b l e than t h a t of 

submerged angiosperms. A b i l i t y t o withstand the scouring e f f e c t s of 

f l o o d s would also be g r e a t e r . On passing downstream, many bryophytes 

s t i l l remain frequent ( l i s t e d i n (c) Table 9.21e) i n rocky c o n d i t i o n s , but 

i n more slow f l o w i n g reaches where s i l t begins t o accumulate, submerged 

angiosperms begin t o become est a b l i s h e d ( d ) . I n the slowest sections of 

such s t r e t c h e s , Elodea canadensis and Potamogeton crispus grow, and i n 

f a s t e r areas, Ranunculus p e n i c i l l a t u s var. calcareus and biyophytes 
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are found. I n the most lowland stretches which are predominately slow 

f l o w i n g , deep and s i l t e d ( e ) , submerged angiosperms dominate. Their 

ve g e t a t i v e form makes them less r e s i s t a n t to the f a s t e s t currents and 

scouring e f f e c t s , w h i l e t h e i r more extensive r o o t i n g system provides 

anchorage i n the s o f t substratum. 

9.22 Water chemistry 

A d e t a i l e d a n a l y t i c a l programme to show the water chemistry 

of r i v e r s w i t h i n the Tweed Basin d u r i n g a v a r i e t y of seasons or f l o w 

regimes was not c a r r i e d o u t . Instead, f i v e surveys were undertaken, and 

the f o u r c o l l e c t e d d uring low f l o w conditions (see F i g . 5.1a) have been 

used to compare one r i v e r w i t h another. Where more than one s i t e was sampled, 

d i f f e r e n t stretches of the same r i v e r could be compared. 

The i n f l u e n c e excerted by the chemistry of the water on the d i s t r i b u t i o n 

of macrophytes w i l l be b r i e f l y considered here. As discussed i n 1.3 and 

9.1, the i n d i v i d u a l f a c t o r s (elements) cannot be seen i n i s o l a t i o n , 

f o r i n the f i e l d s i t u a t i o n many f a c t o r s change together. Broad generalisa­

t i o n s are made, the s t a t i s t i c a l v a l i d i t y of c e r t a i n of which are tested using 

two nonparametric methods. 

As more chemical samples were c o l l e c t e d from the Tweed than any other 

r i v e r surveyed f o r macrophytes, a d e t a i l e d comparison of species response to 

changes i n water chemistry have been made f o r t h a t r i v e r . Table 2.12a 

i n d i c a t e s which sampling s i t e s have been used to represent the chemistry 

of a l l 0.5 km lengths surveyed i n the r i v e r . A l l species l i s t e d as present 

i n the Tweed (6.21) have been r e l a t e d to 13 chemical parameters,as w e l l 

as a l t i t u d e . By using the mean values f o r the f o u r lowest flows (taken 

from 5.22) the mean value of each element f o r each species has been 

c a l c u l a t e d by adding every s i n g l e record at each chemical l e v e l , and then 

d i v i d i n g by the t o t a l number of records to get the mean. Data are tabulated 
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i n 9 . 7 j ^ w i t h species being l i s t e d i n the same order as i n the "association 

t a b l e " of 8.64a£,0. ¥^s' 

F i g . 9.22a summarizes the data i n p i c t o r i a l form f o r three chemical 

parameters. I t r e l a t e s the p o s i t i o n a t which the species were present i n 

the r i v e r ( a l t i t u d e ) , w i t h an i n d i c a t i o n of the o v e r a l l s o l u t e s t a t e 

( c o n d u c t i v i t y ) , hardness ( Ca ) , and n u t r i e n t status (PO^-P ) . Again 
XXI 

species are l i s t e d i n the same order as/the "association t a b l e " . The 

maximum and minimum range of each species are i n d i c a t e by the length of 

each l i n e , and the means are i n d i c a t e d by the shaded r a i s e d boxes. 

Since a much wider v a r i a t i o n of water chemistry was evident when the 

whole r i v e r b a s i n was considered, water chemistry data from the t r i b u t a r i e s 

have been included i n F i g . 9.22b. I t summarizes f o r f i v e species,the 

maximum and minimum values f o r e i g h t parameters. The f i v e species are 

selected as examples from the f i v e categories of d i s t r i b u t i o n based on 

ph y s i c a l parameters i n F i g . 9.21e. The ir n_ ,, .. •' i—C^S Mg + Ca / Na + K 

r a t i o (Seddon, 1972, modified from P e a r s a l l , 1922) i s included since a 

s i n g l e f i g u r e incorporates data from f o u r analyses. This i s r e f e r r e d t o 

by Seddon as the "hardness r a t i o " , w i t h low figues i n d i c a t i n g s o f t water. 

However^it produces c o n f l i c t i n g r e s u l t s to what might have been expected, 

i . e . some s o f t water s i t e s have high "hardness r a t i o s " , w h i l e some hard 

a t Hawick, and also the Jed (5.22). The Mg + Ca t o t a l s were 46.6 and 

63.6 mg 1 * r e s p e c t i v e l y , and Na + K were 7.12 and 25.23 mg 1 The 

Seddon hardness r a t i o s are thus 6.5 and 2.5 r e s p e c t i v e l y . The r e s u l t s are 

included f o r f u t u r e reference, f o r i t may be t h a t other workers w i l l also 

f i n d t h a t t h i s r a t i o can only be applied to lake waters. 

Reference to Figs 9.22a,b shows t h a t species l i s t e d i n Table 9.21e 

in? 

waters have low "hardness r a t i o s ii 

l*UM&i*e can be best i l l u s t r a t e d by r e f e r r i n g t o data from the Teviot 
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s p e c i e s a l t ' ' t u d e c o n d u c t i v i t y c a l c i u m p h o s p h a t e ( P ) 

Didymosphenia geminata 
Hygrohypnum luridum 
Brachythecium plumosum 
Ph i l o n o t i s fontana 
Br yum pseudotriquetrum 
Ranunculus flaramula 
Solenostoma t r i s t e 
Cochlearia a l p i n a 
Climaciura dendroides 
Amphidiura mougeotii 
Hygrohypnum ochraceum 
Mnium punctatum 
Scapania undulata 
Rhacomitrium aquaticum 
Carex nigra 

Rhacomitrium a c i c u l a r i s 
Haematococcus v i r i d e 
Rhytidiadelphus squarrosus 
Acrocladium cuspidatum 
Brachythecium r i v u l a r e 
Dichodontium pellucidum 
Ulothrix zonata 
P r a s i o l a c r i s p a 
Lemanea f l u v i a t i l i s 
Myriophyllum alterniflorum 
Gritnmia a l p i c o l a 
Juncus effusus 
Cratoneuron f i l i c i n u m 
C a l l i t i c h e other spp. 
Fi l i p e n d u l a ulmaria 
Rorippa nasturtium-aquaticum 
F o n t i n a l i s antipyr. var g r a c i l i s 
Funaria hygrometrica 
Carex other s p ( p ) . 

Thamnium alopecerum 
Collema flaccidum 
Chiloscyphus polyanthos 
F i s s i d e n s adianthoides 
Leskea polycarpa 
Ranunculus a q u a t i l i s 
Potamogeton x olivaceus 
Nostoe other s p ( p ) . 
Dermatocarpon f l u v i a t i l e 
Mentha aquatica 
Spirogyra spp. 
Carex r o s t r a t a 
Mnium longirostrum 
Marchantia polymorpha 
Verrucaria p r a e t e r a i s s a 
F o n t i n a l i s a n t i p y r e t i c a 
Cinelido tds fontinaloides 
Hygroaablystegiua f l u v i a t i l e 
P e l l i a epiphylla 
Conocephalua conicum 
Phorraidiun spp. 
Juncus a c u t i f l o r u s 
G l y c e r i a f l u i t a n s 
Veronica beccabunga 
Verrucaria other spp. 
Eurhynchium r i p a r i o i d e s 
Mimu.us guttatus 
Caltha p a l u s t r i s 

Oedogoniua spp. 
Stigeoclonium tenue 
Myosotis scorpioides 
Heribaudiella f l u v i a t i l i s 
Orthotrichum r i v u l a r e 
P e l l i a e n d i v i i f o l i a 
I r i s psaidacorus 
Potamogeton n a t a n s 
Scirpus s y l v a t i c u s 
Collema f l u v i a t i l e 
Cladophora 'A'(aegagropila) 
sewage fungus (obvious) 
Nostoc parmelioides 
Juncus i n f l e x u s 
Monostroma bullosum 

Botrydium granulatum 
Tetraspora sp(p). 
F i s s i d e n s c r a s s i p e s 
Vaucheria sp(p). 
Equisetum f l u v i a t i l e 
Tortula isutica 
Hildenbrandia r i v u l a r i s 
P h a l a r i s arundinacea 
Brachytheciun rutabulua 
Ranunculus p e n i c i l l a t u s v a r . c a l c 
Eleocharis p a l u s t r i s 
Sparganium erectum 
Polygonum amphibium 
Elodea canadensis 
Potamogeton crispus 
Cladophora glomerata 
Rorippa amphibia 
Leptodictyum riparium 

Ranunculus f l u i t a n s x 
Z a n n i c h e l l i a p a l u s t r i s 
Potamogeton x s a l i c i f o l i u s 
Potamogeton pectinatus 
Myriophyllum spicatum 
Potamogeton p u s i l l u s 
Enteromorpha sp ( p ) . 
Potamogeton p e r f o l i a t u s 
Potamogeton lucens 
Potamogeton x s u e c i c u s 

225 180 135 90 45 0 90 110 130 150 170 190 210 14 16 18 20 22 24 26 0 .02 .04 .06 .08 .10 .12 

mg 1-1 mg 1-1 mg 1 -1 
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f k g . 9.22L Water chemistry maxima and minima for five macrophytes : ( a ) Scapania 
undulata , ( b ) Myriophyllum alterniflorum , ( c ) Eurhynchium riparioidea , 
( ) Elodea canadensis , ( e ) Zannichellia palustria . 
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as r e s t r i c t e d t o upland reaches ( a ) , were a l l present a t the minimum 

l e v e l s of each chemical parameter, r a r e l y present a t medium l e v e l s , and 

t o t a l l y absent i n waters w i t h maximum l e v e l s . Species which tended to be 

most abundant i n upper reaches, and become progre s s i v e l y less abundant on 

passing downstream ( b ) , have mean element values below medium, but l i k e 

the former group, they are t o t a l l y absent i n waters w i t h maximum element 

values. Species present throughout the r i v e r ( c ) , must by d e f i n i t i o n , be 

able t o withstand a l l types o f chemistry. Species absent a t high a l t i t u d e s 

( d ) , and those r e s t r i c t e d t o very low a l t i t u d e s ( e ) , were never present 

i n waters w i t h low element values, and mean le v e l s were always above average. 

I n order t o a s c e r t a i n i f there was any s t a t i s t i c a l v a l i d i t y to such 

g e n e r a l i s a t i o n s , c e r t a i n species have been selected and looked a t more 

c r i t i c a l l y . Species which showed wide ranges of d i s t r i b u t i o n patterns 

were chosen f o r comparison. Since the Tweed Basin has many Potamogeton 

and Ranunculus species present w i t h i n i t s r i v e r s , and because there i s so 

much h i s t o r i c a l data concerning these groups, e s p e c i a l l y the fo r m e r , t h e i r 

d i s t r i b u t i o n i n r e l a t i o n to e x t e r n a l parameters have been c r i t i c a l l y 

examined. Other macrophyte species have been selected because c e r t a i n 
t h a t 

f eatures of t h e i r d i s t r i b u t i o n suggested / they might be c o r r e l a t e d w i t h 

a s i n g l e parameter (e.g. Gongrosira i n c r u s t a n s ) . Those blue-green algae, 

which,by possession of heterocysts might suggest the a b i l i t y to f i x atmos­

phe r i c n i t r o g e n (Fogg, 1974),have a l l been t e s t e d t o see i f t h e i r 

d i s t r i b u t i o n was i n any way r e l a t e d to n i t r o g e n l e v e l s i n the water. 

Simple non~parametric s t a t i s t i c s were employed. They were used 

because of t h e i r ease of computation, and because they are d i s t r i b u t i o n 

f r e e i . e . they do not assume any population d i s t r i b u t i o n beforehand. A 

f u r t h e r advantage i s t h a t they are u s e f u l when the sample size i s small. 

The f i r s t t e s t s employed the ranking method of Spearman (1955). 



With reference to mean chemistry data of 5.22 and 5.24, the maximum 

and minimum levels of conductivity, Ca, PÔ -P and NÔ -N throughout the basin 

were found. The differences between the minimum and maximum levels of each 

parameter were then divided into six,even gradations. This was also done 

for a l t i t u d e . Each of the 570 0.5 km lengths surveyed were then placed 

into one of rhe s i x ranked catagories for each parameter, and the t o t a l number 

of lengths i n each group l i s t e d at the top of each of the Tables i n 9.7. 

The number of times each species was recorded as present i n each of 

the s i x categories was then ascertained from the primary data i n Chapter 6. 

As the number of 0.5 km lengths i n each category was not constant, the 

number of records for each species i n each category, had, for comparative 

purposes to be expressed as a percentage of the number of records possible. 

Table 9.7k gives the actual number of records for each species i n each 

catagory, and also the percentage occurrence. 

Both sets of data are ranked by replacing actual values by single 

figures,which are then arranged i n order from lowest to highest. In the 

case of the data under discussion, the lowest value for each parameter was 

1, and for the highest value, 6 i . e . n = 6. The percentage number of 

records for each species were also ranked, and the rank correlation 

c o e f f i c i e n t ( r ) calculated as outlined i n the example below. The r s s 
calculation i s based on the sum of the squares of differences between 

paired ranks (fan ) - see Segal (1956); Jones (1973). 
e.g. conductivity and Cladophora glomerata 
conductivity occurrence of Cladophora rank of d i s t r i b u t i o n d d 
rank value as a percentage of the 

maximum possible 
1 22 1 0 0 
2 83 2 0 0 
3 98 5 2 4 
4 97 4 0 0 
5 96 3 2 4 
6 100 6 0 0 

r i s calculated: r = 1 - 6£dn = 1 - 6 x 8 = .77 
s s - J - -3 

n -n 6 - 6 
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The n u l l hypothesis (H q) states that there i s no correlation between 

the two variants. I f r values are greater than 0.83, the H can be 
s o 

rejected at the 95% confidence l e v e l , and a positive correlation shown. 

I f r values are lower than 0.83, but higher thanQ.70, the H can s t i l l s o 
be rejected, but only at the 90% confidence le v e l . I f r g results are 

preceeded by a minus sign, the same figures ( i . e . -0.70 and -0.83) also 

r e j e c t the H q, but i n this instance there is a negative correlation to 

either 90 or 95% confidence levels. Figures between those given above do 
not r e j e c t the H . J o 

Table 9.22a shows the r g values for 32 species i n the Tweed Basin 

i n r e l a t i o n to ranked a l t i t u d e , conductivity, Ca, P0^-P and N0^-N?taken 

from Tables i n 9.7. Table 9.22b c l a r i f i e s the data p i c t o r i a l l y . I t l i s t s 

i n order, the species with the most negative correlations, to the species 

with the most positive correlations. I n the middle are placed the species 

that showed no correlations with any parameters. Only one species, 

Heribaudiella f l u v i a t i l i s , was p o s i t i v e l y correlated with one parameteryand 

negatively correlated with another. 

Of the four species tested from l i s t (a) i n Table 9.21b, a l l showed 

negative correlations with at least three parameters, and none showed any 

positive correlations. Although Fontinalis antipyretica was present 

throughout the whole r i v e r system, i t was negatively correlated with three 

parameters. Of the 15 species tested from l i s t (b) i n Table 9.21b, every 

single one was p o s i t i v e l y correlated with at least one parameter, four were 

correlated with a l l f i v e parameters, and there were no negative correlations. 

With reference to the data i n 9.6 and Tables 9.22a,b, the best 

correlations using t h i s method were shown where there was a gradual increase 

or decrease i n percentage occurrence associated with each parameter. Poor 

correlations were shown when species were restrict e d to either the lowest,or 
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Heribaudialla f l u v i a t i l i s 0.83 0.00 -0.89 -0.25 0.60 
Cladophora glomerata 1.00 0.77 0.81 0.94 0.83 
Enteromorpha sp(p). 0.94 0.93 0.90 0.83 0.94 
Gongrosira incrustans 0.93 0.87 0.77 0.77 0.64 
Eurhynchiura riparioides -0.14 -0.26 0.16 0.37 -0.23 
Fontinalis antipyretica -0.83 -0.77 -0.52 -0.54 -0.80 
Hygrohypnum luridum -0.96 -0.83 -0.59 -0.91 -0.91 
Leptodictyum riparium 0.93 0.43 0.43 0.83 0.83 
Scapania undulata -0.93 -0.77 -0.77 -0.58 -0.61 
Solenostoma t r i s t e -0.94 -0.83 -0.83 -0.58 -0.71 
Elodea canadensis 0.99 -0.03 0.03 0.03 0.49 
Myriophyllum a l t e r n i f l o r u m -1.00 -0.71 -0.71 -0.57 -0.66 
M. spicatum 0.94 0.76 0.93 0.94 0.94 
Potamogeton b e r c h t o l d i i 0.89 0.77 0.84 -0.09 0.46 
P. crispus 0.87 0.89 0.71 0.77 0.77 
P. lucens 0.71 0.80 0.24 0.31 0.46 
P. natans 0.59 0.73 0.03 -0.29 -0.29 
P. x olivaceus 0.41 -0.09 -0.11 -0.34 0.01 
P. pectinatus 0.72 0.41 0.29 0.64 0.46 
P. perfoliatus 0.86 0.59 0.20 0.03 0.89 
P. pusillus 0.86 0.54 0.59 0.07 0.77 
P. x s a l i c i f o l i u s 0.71 0.12 0.25 0.25 0.51 
P. x suecicus 0.71 0.51 0.37 0.23 0.46 
Ranunculus a q u a t i l i s agg. 0.26 10.85 -0.66 -0.56 0.49 
R. circinatus + hybrid 0.54 0.54 0.54 0.11 0.34 
R. pe n i c i l l a t u s var. calcareus 0.99 -0.37 -0.043 0.20 0.43 
R. f l u i t a n s x ? 0.94 0.71 0.37 0.01 0.77 
Zannichellia palustris 0.94 0.77 0.77 0.40 0.80 

>0.83 - positive correlation to 95 % confidence level 
0.70 to 0.82 = positive correlation , but not to 95 % confidence level 
0.69 to -0.69 = no correlation shown 
-0.70 to -0.82 = negative correlation, but not to 95 % confidence level 
/>-0.83 = negative correlation to 95 % confidence level 

Table 9.22a Spearman rank ( r g ) values for correlation of the d i s t r i b u t i o n 
of species with a l t i t u d e and four water chemistry parameters. 
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Hygrohypnum luridum 
Solenostoma t r i s t e 
Scapania undulata 
Fontinalis antipyretica 
Myriophyllum a l t e r n i f l o r u m 
Ranunculus a q u a t i l i s agg 

Ranunculus circinatus + hybrid 
Potamogeton x olivaceus 
Eurhynchium riparioides -49.1 
Heribaudiella f l u v i a t i l i s ++ 

-34.0 

Potamogeton x suecicus + 24.9 
P. x s a l i c i f o l i u s + 128.5 
P. pectinatus + 211.0 63.1 
P. natans + 93.3 186.4 
Ranunculus p e n i c i l l a t u s van calcareus ++ 78.1 
Potamogeton lucens + + 12.1 
Elodea canadensis ++ 
Potamogeton pusillus ++ + 56.8 51.7 
Ranunculus f l u i t a n s x ? ++ + + 
Potamogeton perfoliatus ++ ++ 42.0 30.3 
P. b e r c h t o l d i i + + ++ 12.2 
Zannichellia palustris ++ + + + 156.0 
Leptodictyum riparium ++ ++ ++ 
Gongrosira incrustans ++ ++ + + 491.3 
Potamogeton crispus ++ ++ + + + 
Cladophora glomerata ++ + + ++ ++ 

Myriophyllum spicatum ++ + ++ ++ ++ 75.5 
Enteromorpha sp(p). ++ ++ ++ ++ ++ 62.3 125.6 

— = negative correlation to 95 % confidence level - = negative correlation 
++ = positive correlation to 95 % confidence level + = positive correlation 

2. 
figures indicate % values where more than three ranks were t i e d ( see text ) 
Table 9.22b I l l u s t r a t i o n of correlation data given i n Table 9.22a, and 

2 
X data for ti e d ranks. 
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highest ranked series. For example, Potamogeton pectinatus i n r e l a t i o n 

to altitude twhere the percentage occurrence was 0 i n the lowest ranks 1 - 5 , 

but 48 at rank 6. Using Spearman's rank, this species was only correlated 

to the 90% confidence level with decreasing a l t i t u d e . Conversely, i n the 

case of a l t i t u d e and Eurhynchium riparioides, there were f i v e t i e d values due to 

the presence of the species i n a l l 0.5 km lengths above 55 m. This method 

did not show either positive or negative correlations with respect to 

a l t i t u d e . 

Where three or more ti e d values at either extreme of the rankings 
2 

occurred, whether due to absence or 100% presence, a simple X test has been 

used to test the s t a t i s t i c a l p r o b a b i l i t y of this occurring by chance (see 

Siegal, 1956). These are l i s t e d on the r i g h t of Table 9.22b. 

As before, the method presumes that the d i s t r i b u t i o n i s not predetermined 

and the H q i s rejected at the 95% confidence level when a figure larger than 

10.28 i s obtained. I n general, the higher the figure, the stronger the 

correla t i o n . For the most part, the results are self explanatory, but a 
2 

few points are noteworthy, ( i ) Using the X method, Eurhynchium riparioides 
was more negatively correlated with a decrease i n a l t i t u d e than Fontinalis 

strongly 
antipyretica. ( i i ) Ranunculus f l u i t a n s x was correlated more /with a down­

stream d i s t r i b u t i o n than Ranunculus penicillatus var. calcareus. ( i i i ) 

Potamogeton pectinatus was the species most correlated with a lowland 

d i s t r i b u t i o n i n the Tweed Basin, ( i v ) The strongest correlation of any 

species to a single parameter was Gongrosira incrustans a The species 

was s i g n i f i c a n t l y correlated with presence only i n waters with an 

excess of 32.5 mj? 1 ^ Ca. • (v) The d i s t r i b u t i o n of heterocystous 

blue-green algae using both s t a t i s t i c a l methods showed no correlation with 

t o t a l nitrogen levels i n the water. 

I n future, th£s£data, together with additional data from 
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surveys from other r i v e r s w i l l be used as part of a large computer programme 

using multivariate analysis to determine the relationship of the d i s t r i b u t i o n 

of species to environmental parameters, especially changes i n water 

chemistry. 

9.3 Comparison with macrophyte surveys of other rivers 

As stated i n 1.2 , the vegetation of most rivers i n the B r i t i s h Isles i 

s t i l l remains inadequately, or t o t a l l y undescribed. However » considerable 

d e t a i l i s known about the vegetation of several r i v e r s . Over the past 200 

years, many interested local botanists have collected , valuable data 

about the vegetation of the countryside, including r i v e r s . On a more 

organised basis, many n a t u r a l i s t clubs have done the same, but neither 

have tackled the job systematically. Unfortunately, the dataare usually 

scanty, perhaps often unreliable, and not easily available for reference. 

The f i r s t well documented surveys were carried out by Butcher i n 

the 1920's. His paper of 1933 summarized findings from seven rivers which 

he c l a s s i f i e d according to water hardness characteristics, flow regimes, 

and substratum. More recently, more systematic macrophyte surveys have 

been done on r i v e r s i n the N-E. by Whitton and Buckmaster (1970) for the I 

Wear, Proctor (1971) for the Wheel of the Tees, and by Holmes et a l . (1972) 

for the North Tyne and Tyne. Butcher (1933) pointed out that due to ; 

natural features of topography i n B r i t a i n , the characteristics of rivers 

i n one geographical area often have features i n common with one another. 

He states that i n northern England and Wales, rivers are most commonly \ 

s w i f t , with natural cascades i n t h e i r upper reaches, and high frequencies 

of heavy floods. They r i s e i n highlands where r a i n f a l l i s high and 

frequent. Southern English rivers i n contrast,are rarely rapidly flowing, 

do not r i s e i n highlands, and serious flooding f R f c l y result from 

exceptionally high r a i n f a l l (see 9.32). Both i n geographical position ^ I 
I 
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and characteristics, the Tweed most resembles rivers i n N-E. England. 

In 9.31 the vegetation of four r i v e r s i n N-E. England w i l l be b r i e f l y 

summarized and compared with that of the Tweed. Most of the information 

discussed i s from the references quoted above, but since the author has 

been present i n the N-E. for several years, additional information i s 

included from personal surveys. Also,notes made i n local journals 

reporting the presence of rare species withi n rivers i n the area are 

included. In 9.32 and 9.33 the dominant macrophytic vegetation of the 

rivers i n the rest of England and mainland Europe are b r i e f l y discussed. 

Reference i s made only to papers that are of a survey nature. Throughout 

the present t e x t , l i t t l e mention i s made of bank species since a comprehensive 

appraisal of such l i t e r a t u r e has not been carried out. 

9.31 Rivers i n N-E. England 

The number of macrophytic species l i s t e d for the Tweed Basin ( 4.2 ) 

shows that the Tweed i s s t r i k i n g l y r i c h i n species i n comparison 

with records from the Tyne, Wear, Tees and Wharfe. This may i n part 

be due to the less intensive and thorough approach to the investigations.This 

i l l u s t r a t e d f o r the N. Tyne by Holmes et^ al_. (1972) using an iden t i c a l 

survey method as that used f o r the surveys of the Tweed. I n the twenty 0.5 

km lengths surveyed?no less than 32 bryophyte species were recorded, 10 

of which were submerged species. For the whole of the Wear*only nine 

bryophyte species were recorded by Whitton and Buckmaster (1970), but 

the authors, and personal observations made during the past three years 

show th i s to be a marked underestimation of the taxons importance. The 

observations made by Butcher (1933) f o r the Wharfe were only concerned with 

obvious characteristic species of the r i v e r . The work of Butcher £t a l . (1937) 

was intended to give a complete f l o r i s t i c account of the vegetation 
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i n the Tees, however, many bryophytes were not described. 

I n Table 9.31a the submerged angiosperm f l o r a of the Tweed i s 

compared with that of the four largest rivers i n N-E. England. Only 

submerged 'angiosperms are considered becauseother taxa have not been 

recorded consistently, and many species appear to have been overlooked. 

There were 21 submerged angiosperm species i n r i v e r s w i t h i n the Tweed 

Basin, a l l but four of these being recorded from the Tweed i t s e l f . I n 

comparison with the N. Tyne ( 8 ) , Tyne ( 8 ) , Wear (10), Tees (11) and 

Wharfe ( 7 ) , the Tweed i s obviously very species r i c h . 

I n the N. Tyne and Tyne, a large number of bryophytes were present, 

including 10 submerged species i n the lower 10 km stretch of the N. Tyne. 

In no stretch of the Tweed or i t s t r i b u t a r i e s were so many submerged 

members of thi s taxon recorded. I n the same ri v e r eight submerged angiosperms 

were reported to be present i n the r i v e r (plus Potamogeton berchtoldii by 

G. A. Swan, v e r i f i e d by J. E. Dandy, 1972}. In this 10 km stretch of r i v e r 

there were at least four members of each of the f i v e groups of species 

l i s t e d i n Table 9.21e as characteristic of certain stretches of the Tweed 

and i t s t r i b u t a r i e s . I n some instances, species H's'ted i n 'the Table as 

characteristic of upland feachea (a),e.g. Hygrohypnum luridum and 

Solenostoma triste,were present i n the same 0.5 km lengths as species 

l i s t e d i n (e),i.e.characteristic of the lowland stretches, e.g. Tetraspora 

spp. and Zannichellia p a l u s t r i s . 

Three Potamogeton species, although not recorded/at the time of 

survey by Holmes et a l . , have been recorded from the r i v e r a t various times I 

( i ) ]?. perfoliatusi, which has been reported from many lowland sites by 

Heslop-Harrison (1942), and as recently as 1971 by Whitton (personal 

communication), and the author in. 1973 (unpublished), ( i i ) P. alpinus and 



s p e c i e s 

C a l l i t r i c h e sp(p) 

Elodea canadensis 

Myriophyllum al t e r n i f l o r u m 

M. spicatum 
P. crispus 

P. densus 

P. lucens 

P. natans 

P. x nitens 

P. x olivaceus 

P. pectinatus 

P. perfoliatus 

P. pusillus 

P. x s a l i c i f o l i u s 

P. x suecicus 

Ranunculus a q u a t i l i s 

R. pe n i c i l l a t u s var. calcareus 

R. f l u i t a n s or hybrid 

Sium erectum 

Sparganium eraersum 

Zannichellia p a l u s t r i s 

TOTAL NUMBER OF SPECIES 

<u 

* 
+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

17 

ft 
H 
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+ 

+ 
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8 

0) 
ft 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

13 
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+ 

+ + 

10 

CO a) a) H 

+ 

+ 

+ + 

11 

0) 

Data from: (a) present study, (b,c) Holmes et al.(1972), 

(d) Whitton and Buckmaster (1970), (e,f) Butcher (1933). 
Note Record for R. p e n i c i l l a t u s i s included for the Wear although not reported 

at time of survey by Whitton and Buckmaster ( see p.435) 

Table 9.31a. Comparison of the submerged angiosperm floras of the Tweed 
and r i v e r s i n N-E. England. 
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( i i i ) P_. sparganifolius, two most unlikely records for a lowland r i v e r 

reported by Heslop-Harrison (1942). P. alpinus was present only 

i n upland, s l i g h t l y acid pools and streams i n the Tweed Basin, and P_. spargani­

f o l i u s was absent, but present i n the upper reaches of the nearby Clyde. 

A fourth species, P. x nitens,was rare at the time the Tyne was surveyed, 

and was absent from the Tweed Pasin. 

Species notable f o r t h e i r absence i n the Tyne system were Myriophyllum 

spicatum, Potamogeton pectinatus and Ranunculus f luitans, and the algae 

Heribaudiella f l u v i a t i l i s and Enteromorpha flexuosa. Three other species 
i 

which were often frequent i n the Tweed, Nostoe parmelioides, Cladophora 

aegagropila and Collema f l u v i a t i l i s were absent from the Tyne and other 

r i v e r s i n N-E. England. 

Whitton and Buckmaster (1970) surveyed the Wear 0.5 km by 0.5 km, 

but only species presence or absence were noted, and no subjective judgement 

of each species abundance were made. The results were represented graphically 

i n a manner id e n t i c a l , to tihat' for the Tweed i n 6.41. The respective h i s t ­

ograms cl e a r l y show the difference i n the behaviour of Eurhynchium 

riparioides and Fontinalis antipyretica i n the two r i v e r s . The former species 

was present, and often frequent i n a l l 0.5 km lengths i n the upper stretches 

of the r i v e r , but i t gradually became less frequently recorded, and was 

absent from the lower most 10 km. Fontinalis on the other hand, was very 

rare i n the upper reaches, but increased markedly on passing downstream, and 

was the most recorded species i n the lower half of the r i v e r . 

Submerged angiosperms common to both rivers,usually had d i f f e r e n t 

d i s t r i b u t i o n patterns i n the Wear and Tweed. For instance, Potamogeton 

crispus had a confined d i s t r i b u t i o n to the middle of the Wear, as did 

Elodea canadensis. I n 1966, the year of survey, Elodea was a rare species. 

Recently, the present author has observed i t to be frequent i n the lower 
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reaches of the Wear.. Potamogeton natans was more frequent than i n the 

Tweed, and both Potamogeton perfoiiatus and P^pectinatus were frequent i n 
apparently 

the lower reaches only. Prior to 1959, the Wear was/ devoid of Ranunculus 
( as discussed by Whitton and Buckmaster, 1970 ) 

species. I n that year,/the r i v e r b a i l i f f t r a n s p l a n t e d a few plants of 

R. f l u i t a n s from the Tees i n t o the Wear. The present author has observed that 
than a decade, 

i n more /the species had spread only s l i g h t l y further, but Ranunculus 

pe n i c i l l a t u s var. calcareus had invaded the r i v e r from an unknown source 

become the most common species i n fast flowing^lowland stretches. 

Another i n t e r e s t i n g addition to the f l o r a of the R. Wear i n recent years 

i s the spread of Hildenbrandia r i v u l a r i s , but as yet, not Heribaudiella 
f l u v i a t i l i s . The spread of such incrusting species may be predicted as 

l i k e l y to continue i n the Wear as the reduction i n coal washings continue, 

for the washings used to s t i c k to, and smother rock surfaces so that 

black crusts formed upon them. 

Data are available concerning the vegetation of the Tees during the 

f i r s t h a l f of t h i s century. The r i v e r i s most unusual i n both physical 

character and vegetation. Prior to damming, the Wheel of the Tees was an 
( see 1.4. ) . 

almost unique stretch of water at high a l t i t u d e / The .influence of the 

Skerne s t i l l has a great e f f e c t on the chemistry and f l o r a of the r i v e r 

i n the lower stretches (see 1.2) 

The vegetation of the Wheel was described by Butcher i n 1933 and 1937 * 

and p r i o r to i t s drowning, Proctor (1971) resurveyed the whole area i n 
the 

d e t a i l . He reported the absence of bryophytes, and/presence of C a l l i t r i c h e 

spp., Myriophyllum al t e r n i f l o r u m , Potamogeton alpinus, P. natans, Ranunculus 

a q u a t i l i s and Sparganium emersum. The area was thus an ideal 'control' » 

being an upland s i t e but having the physical characteristics of a 

lowland s i t e . The absence of mosses i s as might be predicted from the 

discussion i n 9.2. The presence of Ranunculus aquatilis i n such a 
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I 

habitat i s complementary to findings i n the Tweed and Teviot,where the 

species occurred i n upstream sites i n quiet alcoves at the sides of the 

r i v e r ; only i n the Tweed did i t spread to become common i n the 

lower stretches of the upper half of the r i v e r . 

The rest of the Tees above the entry of the Skerne was, and s t i l l i s , 

dominated by bryophytes, the l i s t of species given by Butcher being a 

very marked underestimation of t h e i r numbers. There are few records 

for the presence of submerged angiosperms i n any part of the Tees above 

the Skerne, apart from those from the Wheel. However,in 1973 the author 

found small plants of Potamogeton crispus i n the r i v e r a short way 

upstream from the Skerne. The same species, and Ranunculus penicillatus 

var. calcareus have also been found i n t r i b u t a r i e s of the r i v e r , which 

provide inocula above the Skerne. As reservoirs i n the upper reaches 

reduce the scouring effects of heavy floods, perhaps angiosperms w i l l 

spread further upstream. 
i 

The entry of the Skerne adds hardness and organic matter to the r i v e r , 

and no real change i n physical parameters are evident,except for a s l i g h t 

increase i n boulder clay which helps stabalise the substratum. Butcher 

et a l . (1937) described two sites of similar physical characteristics, one 

above, and one below the entry of the Skerne. In the one below the t r i b u t a r y , , 

Ranunculus f l u i t a n s was the dominant species, with Potamogeton pectinatus 

sub-dominant. Also present were P_. crispus, P_. perfoliatus, P_. pusillus and 

Myriophyllum spicatum. I n the one above, none of those species were present. 

The influence of a single inflow on the macrophytic vegetation of the 

Tees was even more dramatic than that for the Tweed and the Teviot. The 

Skerne, l i k e the Teviot, not only altered the chemistry, of the recipient 

r i v e r , but also provided an inoculum of new species. 
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Both above and below the entry of the Skerne, Hildenbrandia r i v u l a r i s 

and Heribaudiella f l u v i a t i l i s were present, and often quite frequent, 

although not recorded as present i n the r i v e r by Butcher. A species not 

l i k e l y to have been overlooked by Butcher i f present,was Enteromorpha. In 

1963-1965,Whitton and Dalpra (1968) carried out a reinvestigation of the algal 

f l o r a of the r i v e r . One point noted,was the apparent invasion by Enteromorpha 

of the r i v e r since Butcher's surveys. 

The Wharfe i s less well documented, and the author has not surveyed any 

of the r i v e r to v e r i f y i f the vegetation described by Butcher i n 1933 s t i l l 

applies today. At that time, the r i v e r was dominated by bryophytes i n the 

upper, rocky, and fa s t flowing stretches, but i n the lower reaches,they 

were replaced by submerged angiosperms i n the slower, s i l t e d reaches. The 

dominant species, as i n the lower Tees was Ranunculus f l u i t a n s , with 

Potamogeton perfoliatus dominant i n the slowest reaches. Three species 

not present i n the Tweed,were present i n the Wharfe* Potamogeton densus, 

Sium erectum f Sparganium emersum. Neither Potamogeton crispus nor 

P_. pectinatus were recorded. 

Due to the lack of c r i t i c a l observations made concerni-nof brydphyfie -flar4s, 

only the d i s t r i b u t i o n of submerged angiosperm species i n N-E. rivers could be 
( see Fig 9.31a ) . 

summarized and compared with the Tweed./ Elodea canadensis grew i n a l l r i vers i n 

N~E« England.,but i t was never as widespread,or abundant as i n the Tweed. 

Only i n the Tees did both Myriophylum species occur, M. alterniflorum as 

i n the Tweed was present i n the softer watered upper stretches (Wheel), and 

££• spi-catum i n the lower, harder reaches below the Skerne. Again,both 
i n lUc"I\Mee<i. 

species were f a r less widespread or abundant/ In the Tweed, nine Potamogeton 
i n N-E. England 

species were present i n the main r i v e r , i n other rivers/the maximum was f i v e 

recent records f o r the Tees. P_. lucens was the only non hybrid species 

present i n the Tweed that was absent from a l l other N-E. r i v e r s . More 
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c r i t i c a l surveys should be made to check whether the normally most wide­

spread species, P. crispus i s absent from the Wharfe, and also i f 

P. pectinatus i s absent from the lower Tyne and Wharfe. Ranunculus fl u i t a n s 

and R. pen i c i l l a t u s var. calcareus only occurred together i n the Wear, 

where the former was introduced in t o the r i v e r by man i n 1959, and the 

l a t t e r , ( n a t u r a l l y ?),more recently. Zannichellia palustris hap been 
only 

reported/from the N. Tyne and Wear, apart from the Tweed. 

9.32 Other rivers i n England 

Butcher published data on macrophyte surveys of the Itchen (1927), 

Lark (1931), and a comparative account of seven rivers (1933). Few 

macrophyte surveys have since been carried out on other rivers i n B r i t a i n * 

However,more recently the chalk streams of southern England have been 

studied by Ladle and Casey (1971), Haslam (1973) and Westlake (1968, 1968a, 

1970, 1973) at great length, and some reference w i l l be made to th e i r 

findings. 

Although data from the Lark were included i n Butcher (1933), since i n 

the o r i g i n a l paper (Butcher et: a l . , 1931) reference i s made to associations 

of species, t h i s i s b r i e f l y summarized and discussed here. The authors 

recognised three associations i n the r i v e r , the dominant species and others 

found i n the associations are l i s t e d i n Table 9.32a. 

Of the 19 species l i s t e d i n Table 9.32a, seven species (*) were not 

present w i t h i n the Tweed Basin. Of the other 12, only two, Vaucheria sp. 

and C a l l i t r i c h e stagnalis were not characteristic of lowland, rather than 

upland reaches (see 9.21b). Butcher concluded that the d i s t r i b u t i o n of 

plants i n the r i v e r was primarily dependent on the nature of the r i v e r 

bed, which was i t s e l f governed by current speed. The more rapid the 

current, and more stony the substratum the more dominant was Ranunculus 

f l u i t a n s . As depth, and silt,increased, and flow rate decreased, the more 
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dominant Potamogeton lucens became. 

Table 9.32b summarizes data from Butcher (1933) taken from his 

c l a s s i f i c a t i o n of rivers based on flow, substratumand hardness character­

i s t i c s . 

Although no .rivers surveyed from the Tweed Basin were comparable 

with the non-calcareous, acid, slow flowing r i v e r s of the 

New Forest, two species, Potamogeton alpinus and P. polygonifolius were 

present i n both areas. The former was found i n the upper reaches of the 

Tweed, above the uppermost point of survey. I t was also present i n many 

other upland sites on moorlands, where i n a few l o c a l i t i e s , P. alpinus was 

also recorded (J. E. Dandy, personal communication). These sites were 

of similar water chemistry to the New Forest streams, but they were at 

high a l t i t u d e s . 

The Tees and Wharfe have already been discussed, but the results 
respectively, 

are included i n the Table for reference. They represent/slightly, and 

moderately calcareous streams that r i s e i n mountainous d i s t r i c t s . They 

are thus most l i k e the Tweed i n both physical and water hardness 

characteristics. The Tern (Shropshire) had a similar water chemistry, but 

rises from lowlands. 

There was a d i s t i n c t lack of bryophyte records from the whole of the 

Tern , and angiosperms such as Elodea canadensis, Potamogeton crispus, 

P_. perfoliatus and P. pectinatus only grew i n stretches which had moderate 

currents and f i n e gravel beds. Where current velocitywas slowest, and 

f i n e muds formed the substratum, the vegetation became dominated by species 

that i n the Tweed Basin were most commonly only bank species. These 

included Sparganium erectum and Scirpus l a c u s t r i s . The l a t t e r species 

was confined to the lowest stretches of the Tweed Basin, and was most 

abundant i n slow flowing stretches of the Blackadder.which had similar 
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(a) (b) 

Ranunculus f l u i t a n s Potamogeton lucens 

Potamogeton densus (*) Cladophora glomerata 

Oenanthe f l u v i a t i l e (*) Vaucheria spp. 

(c) 

Sparganium emersum (*) 

Cladophora glomerata 

C a l l i t r i c h e sp. 

C a l l i t r i c h e stagnalis Ceratophyllum demersum (*) Nuphar lutea (*) 

Elodea canadensis 

Rorippa nasturtium 

-aquaticum 

Sium erectum (*) 

Sparganium emersum (*) 

Potamogeton crispus 

P. lucens 

P. pectinatus 

P. perfoliatus 

Saggitaria s a g i t t i f o l i a (*) 

Nuphar lutea (*) 

Potamogeton crispus 

P. pectinatus 

P. perfoliatus 

P. pusillus 

Saggitaria s a g i t t i f o l i a (*) 

Sparganium emersum (*) 

Zannichellia palustris 

(a) Ranunculus f l u i t a n s association of fast flowing water 
(b) Potamogeton lucens association of slow s i l t e d stretches 
(c) Sparganium emersum association, also of slow s i l t e d stretches 
(*) indicates species not present w i t h i n the Tweed Basin 

Table 9.32a Species of three assocaitions described by Butcher et a l . 
(1931) for the River Lark. 

stream No. of species absent No. of species which were 
from the Tweed Basin also recorded i n Tweed Basin 

New Forest streams 7 9 

Tees 1 19 

Wharfe 4 10 

Tern«> 3 14 

Dove 5 11 

Itchen 9 12 

Lark 11 15 

Table 9.32c Relative number of species recorded by Butcher ( see Table 
9.32b ) which were either present or absent from the Tweed Basin. 
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hardness ch a r a c t e r i s t i c s 

Ca mg l " 1 

conductivity (approx.) 

Butcher's description of 
physical c h a r a c t e r i s t i c s 
of each s t r e t c h 

species 

non-calcat eous 
acid waters 

moderately calcareous 
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Balrachaspermuui sp. (*) 
Lemanea f l u v i a t i l e 
Vaucheria sp. 
Cladoptiora glomerata 
Chara viOfiaris 
N i t e l l a opaca 
Cinclidot&s fontinaloides 
Eurhyriohium r i p a r i o i d e s 
F o n t i n a l i s a n t i p y r e t i c a 
Grimmia a l p i c o l a 
Hygroamblystegium f l u v i a t i l ' . 

''Alisraa plantago (*) 
Apium sp. 
Butomus umbel1 atus 
C a l l i t r i c h e intermedia 
C a l l i t r i c h e stagnalis 
Elodea canadensis 
Equisetum f l u v i a t i l e 
Glvceria maxima (*) 
Hippuris vulg?ris ("*) 
Juncus bulbosus (*) 
Lemna t r i s u l c a (*) 
Mimulus guttaLus 
Mortia verna (*) 
Myesoti-; scorpioides 
Myosotis secunda (*) 
Myriophyllum a l t e r n i f l o r u m 
M. spicatum 
Nuphar lutea (") 
Oenanthe f l u v i a t i l i s 
Fhalaris arundinacea 
Polygonum araphibium 
Potamogeton alpinus 
P. crispus 
P. densus (*) 
P. lucens 
P. natans 
P. pectinatus 
P. p e r f o l i a t u s 
P. polygonifolius 
P. praelongus (*) 
P. p u s i l l u " 1 

Ranunculus f l u i t a n s 
R. p e n i c i l l a t u s 
R. lenormandi (*) 
Rorippa nasturtium-aquaticum 
S a g i t t a r i a s a g i t t i f o l i a 
Scirpus fluitans. 
S. l a c u s t r i s 

- Sium erectum (*) 
Spe^garu'um erectum 
S. .sun. rsum (*) 
Typha l a t i f o l i a 
Veronica anagallis-aquatica (*) 
Zannichellia p a l u s t r i s 

5 4 5 

4 1 

5 
3 
3 6 
6 
5 
5 

6 6 

'• 6 
4 4 
6 

6 5 

4 4 

4 4 

6 
1 1 1 4 2 

'5 
4 4 
4 2 

2 6 

6 
5 6 

1 3 

2 3 

6 6 

6 3 4 4 

4 4 

1 
4 
2 

3 
2 6 

2 
6 
3 6 1 

(*) species absent from Tweed 1 = dominant 2 = co-dominant 3 = abundant 
4 = frequent 5 «= occasional 6 = rare 

Table 9,3?b Summary of the d i s t r i b u t i o n of macrophytes i n r e l a t i o n t ^ 
c h a r a c t e r i s t i c s of rivpr» surveyed by Butcher (1933). 
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hardness characteristics as the Tern. 

Of the three highly calcareous r i v e r s surveyed, the Dove (Derbyshire) 

rose from mountains. Despite the differences i n hardness characteristics, 

the vegetation of both upper Dove and Tweed were dominated by bryophytes. 

These species disappeared downstream, where i n fast flowing stretches 

Ranunculus f l u i t a n s dominated; the same species remained abundant alongside 

Sparganium emersum i n gravelly stretches of moderate current. I n the 

slowest, muddy reaches, C a l l i t r i c h e stagnalis and Elodea canadensis dominated. 

The Itchen (Hampshire},is another highly calcareous stream that rises 

i n h i l l s . I n the f a s t , rocky upper stretches, the only bryophyte to be found 

was Fontinalis antipyretica. I n the same area, Ranunculus penicillatus was 

the dominant species, with Apium nodiflorum and Sium erectum sub-dominants. 

Lower downstream i n gravelly reaches of moderate current, three of the 

four most abundant species were absent from the Tweed Basin. I n the slowest, 

muddiest reaches, as i n the Dove, C a l l i t r i c h e stagnalis and Elodea canadensis 

were the dominant species, but i n the Itchen, Hippuris vulgaris and 

Sparganium emersum were also abundant. 

The vegetation of the Lark (Suffolk), has already been described. 

I t i s included here as an example of a highly calcareous stream r i s i n g 

i n lowlands. 

I n Table 9.32c,the r e l a t i v e number of Tweed or non-Tweed species 

are l i s t e d for the seven rivers surveyed by Butcher. I t 

cle a r l y i l l u s t r a t e s that of the species that were absent from the Tweed 

Basin, but recorded i n the surveys of Butcher, most occurred either i n 

s l i g h t l y acid streams, or the most highly calcareous streams. The Itchen 

and Lark, both c l a s s i f i e d as highly calcareous had the highest number 

of non-Tweed species, the l a t t e r which rises from lowlands having the 

most. The Tees, which has physical characteristics similar to the Tweed 
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except for short stretches i n i t s upper reaches, and also very similar water 

hardness characteristics,had the f l o r a that was most l i k e that of the Tweed. > 

' The chalk stream vegetation probably shows more seasonal change than 

that of softer,northern streams (Butcher, 1933; Butcher et a l . , 1937; 

Westlake, 1968, 1970, 1974) and require more management. Westlake (1968, 1970), 

Westlake et a l . (1970) and Ladle and Casey (1971) report that i n spring 

and early summer, the headwaters are usually dominated by Apium nodiflorum 

and Rorippa nasturtium-aquaticum; further downstream, Ranunculus penicillatus 

var. calcareus; and i n slower*, deeper stretches, Potamogeton pectinatus, 

P_. lucens, Nuphar lutea and Sparganium erectum. Ranunculus i s the dominant 

genus , growing rapidly i n spring and early summer to cover large areas 

of r i v e r . By growing at such speed, and spreading so f a r , the plants 

c o l l e c t abundant s i l t ^ a n d frequently the r i v e r water i s diverted into small 

channels, and almost negligible flow rates occur around the plants. Under 

natural conditions, the r i v e r levels r i s e , and the Ranunculus plants die 

back to be replaced and overgrown by Rorippa nasturtium-aquaticum i n July and 

August (Ladle and Casey, 1971). The l a t t e r then dies back i n the autumn, 

leaving the area open for colonization by Ranunculus again. There i s thus 

a natural succession i n these chalk streams, but the r i v e r management 

problem i s that i f the Ranunculus i s not cut, serious flooding often occurs. 

On the other hand, cutting i n spring and early summer stimulates growth, 

and the natural succession to Rorippa does not occur, and further cutting i s 

required l a t e r i n the season. 

I n fast flowing northern streams th i s is a less serious problem, but 

populations of species change, and individual plants move position i n a 

r i v e r (Butcher, 1937). Cutting i s only occasionally practiced i n the 

main r i v e r s . Potamogeton pectinatus has only reguired cutting once i n 

the lower Wear. In the Tweed Basin, the main problems are Ranunculus species 
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i n shallow reaches i n the lower half of the r i v e r . I t i s occasionally cut, 

but there i s no organised programme supervised by either the P u r i f i c a t i o n 

Board or the Tweed Commissioners. The weed i s rarely removed from the 

r i v e r , but j u s t cut and l e f t to d r i f t downstream. In the Teviot, Sparganiurn 

erectum i s usually cut^and l e f t to f l o a t downstream i n late summer. The Bigga 

Leet, T i l l and Whiteadder a l l have stretches that are periodically dredged. 

Both weed cutting and dredging must have very important consequences when 

considering the vegetation of a r i v e r , especially short term changes. 

9.33 Rivers of mainland Europe 

A.- b r i e f description of macrophyte surveys carried out on 

r i v e r s from mainland Europe w i l l be, given here. Some species which were 
Chapter 7. 

recorded from both the Tweed and European rivers have been referred to i n 

Perhaps the most surveyed r i v e r i n Europe i s the Danube. An account 

of the macrophytes of the upper reaches was given by Backhaus (1967), and a 

complete l i s t of a l l species present i n the whole ri v e r by Szemes (1967). 

The l a s t author reported the presence of 28 bryophytes and 121 angiosperms. 

As i n the Tweed, the number of angiosperm species increased on passing down 

stream. I n the headwaters,14 species were recorded, with 55 i n the upper, 

88 i n the middle, 84 i n the lower, and 107 i n the delta region. Many 

macrophytic algae were also recorded, but neither Hildenbrandia r i v u l a r i s nor 

Heribaudiella f l u v i a t i l i s were. Species present i n both the Danube and 

the Tweed have been mentioned b r e i f l v i n Chapter 7. 

A more detailed description of species d i s t r i b u t i o n was given by 

Backhaus (1967) f o r the two main headwaters of the r i v e r . I n the upper 

reaches of the Breg, many bryophytes were frequent, but so too were such 

species as N i t e l l a f l e x i l i s , Carex r i p a r i a and Potamogeton natans. I n the 

lower reaches^Fontinalis antipyretica was s t i l l frequent, but Ranunculus 

f l u i t a n s was the dominant species. I n the Brigach, the number of species 
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increased greatly on passing downstream. Backhaus related the increase i n 

the number of species to higher pH and Ca content, plus a general increase 

i n n u t r i e n t status. 

As i n the Tweed, Ranunculus a q u a t i l i s had a middle of the r i v e r 

d i s t r i b u t i o n (see 6.41), being most abundant where the nutrient levels 

were high. Ranunculus f l u i t a n s was only present i n the lower reaches where 

i t was the dominant species. Many species of lowland Tweed (see 9.21e) were 

only present immediately below the confluence of the Breg and Brigach. This 

included Myriophyllum spicatum which i n the Tweed was correlated with 

increases i n Ca levels (see 9.23). 

Several r i v e r s i n Germany have been surveyed, including the Rhine 

(Krause, 1971), Moosach (Kohler et a l . 1971, 1973); A l l e r (Weber-oidecop, 

1970, 1971, 1973) and several smaller r i v e r s . Almost a l l the surveys have 

used Braun Blanquet phytosociological methods (see 1.-4) and described 

the vegetation w i t h i n 'aufnahme'. Not only the abundance of each species 

were considered, but also t h e i r s o c i a b i l i t y . Much of the data hayffbeen 

c l a s s i f i e d i n t o water plant communities (see 1.4 and 9.5). 

Krause studied the macrophytes i n the water courses of the southern 

p l a i n of the upper Rhine Valley. During the past 150 years the building 

of the Grand Canal d'Alsace has caused great landscape changes and a wide 

variety of r i v e r conditions. 

In the deep, clear, non-polluted waters, Hildenbrandia r i v u l a r i s , 

Cladophora glomerata and Sium erectum were the dominant species. In the 

polluted stretches the vegetation was luxuriant, with Ceratophy1lum demersum, 

Agrostis alba, Phalaris arundinacea and Impatiens r o y l e i , dominant. I n 

the deep stretches a f t e r the two types have joined, Potamogeton lucens, 

P. pectinatus, C a l l i t r i c h e obtusangula and Cladophora crispata were dominant. 

C a l l i t r i c h e obtusangula was the species that Kohler et a l . (see l a t e r ) 

445 



most associated with increases i n p o l l u t i o n i n the Moosach. 

Krause compared his recent data with that collected 150 years ago by 

Lauterborn (1910), and stated that l i t t l e change i n the vegetation'.has 

taken place, despite the alterations i n the landscape. 

Kohler e£ a l . described the vegetation i n the Moosach r i v e r system. 

The water i s calcareous 9which i n the upper reaches i s oligotrophic, and i n 

the lower reaches, polluted. The d i s t r i b u t i o n of a l l aquatic macrophytes 

were charted, and the frequency of each estimated. 

Many of the macrophytes found i n the Moosach were also found i n the 

Tweed. Of non-Tweed species, most were present as at least abundant i n 

the chalk streams described by Butcher (see 9.32). Two types of d i s t r i b u t i o n 

could be distinguished i n the r i v e r , ( i ) Those occurring i n the whole r i v e r 

system regardless of the state of eutrophication; Sium erectum, C a l l i t r i c h e 

obtusangula, Ranunculus f l u i t a n s , R. tridhpphyllus, ]?. f l u i t a n s x trichophyllus, 

Fontinalis antipyretica, Zannichellia p a l u s t r i s , Potamogeton pectinatus, 

Ranunculus circinatus, Elodea canadensis, Potamogeton crispus and Myriophyllum 

v e r t i c i l l a t u m . ( i i ) Those occurring only at the oligotrophic source, 

which were fewer i n numbers, a ty p i c a l species being Potamogeton coloratus. 

The presence of Ranunculus f l u i t a n s , R. trichophyllus and the hybrid 

of these two, growing together i n thi s r i v e r i s indicative of i n s i t u 

hybridization. I n the Tweed, a R. f l u i t a n s cross exists i n the absence of 

possibly both parent species (see 7.24). 

Kohler et a l . described the phytosociology of each species^ 

three associations being distinguished. The same method as used i n the 
H ft 

association tables of the Tweed were used. Species d i s t r i b u t i o n were also ' 

correlated with chemical and bac t e r i a l properties of the water. The most 

d i s t i n c t correlations were shown with phosphate and ammonia. 

Weber-Oldecop studied the many rivers of the A l l e r r i v e r system 
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( t r i b u t a r y of the Weser). Twelve plant communities were recognised from' 

the r i v e r s , brooks and ox-bow lakes investigated. The plant communities 
i 

were described and c l a s s i f i e d on the basis of the principles of Braun-

Blanquet (1964). Important ecological factors including the chemical 

composition of the water, current v e l o c i t y , water p o l l u t i o n , temperature, 

climate and fluctuations i n water level were considered. These environ­

mental parameters were correlated with the d i s t r i b u t i o n of the associations 

discussed. The findings are too lengthy to summarize. 

Weber-Oldecop (1974) also b r i e f l y described the crytogamic vegetation 

of brooks i n the Harz Mountains. Again^the data were expressed i n the form 

of plant communities, two communities being recognised. Both were stated 

to require cool and fa s t flowing water^which was poor i n electrolytes and 

r i c h i n oxygen. The species present included Chamaesiphon sp., Lemanea 

f l u v i a t i l i s and Scapania undulata, species that were either confined to, or 

most frequent i n the upper reaches of the Tweed i n similar conditions. Also 

present however, were Hildenbrandia r i v u l a r i s , Cladophora glomerata and 

Leptodictyum riparium. The l a t t e r two species i n the Tweed were most strongly 

correlated with a decrease i n a l t i t u d e and increase i n nutrient status 

(see 9.23). 

The same author (Weber, 1967) cl a s s i f i e d into plant communities the 

vegetation of a headwater stream i n a Bavarian wood. The species l i s t 

contained many species that were associated with upland or mid stretches 

of the Tweed. The dominant plant community was Callitricho-Myriophylletum 

Steusloff 1939. As i n the A l l e r system (see above), Myriophyllum 

alterniflorum was characteristic of s l i g h t l y acid, oligotrophic water^and 

absent from highly calcareous waters. 

Siedlecka-Binder (1967), Turala (1970), and Wtflek (1971) have carried 

out surveys on Polish r i v e r s . Siedlecka-Binder studied the vegetation 
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of a stream with torrent characteristics. The species present were 

described, and t h e i r d i s t r i b u t i o n throughout the year noted, showing 

when each species i s most evident, and when they die back. Turala's survey 

of the Nysa,showed that Ranunculus penicillatus grew i n the upper reaches 

of one of the r i v e r ' s major t r i b u t a r i e s . In the lovrer stretches i t grew 

among R. f l u i t a n s , and i n the main r i v e r was replaced by- the l a t t e r 

species. This compliments findings i n the Tweed Basin; with R. penicillatus 

extending much further upstream than R. f l u i t a n s . Onl,y i n the T i l l did 

the l a t t e r replace the former i n more downstream stretches. 

WfJlek made a study of the d i s t r i b u t i o n of submerged aquatic angiosperms 

i n the Dunajec. Of the 13 species which had their d i s t r i b u t i o n accurately 

mapped, 10 were present w i t h i n the Tweed Basin. The most abundant species 
w e r e C a l l i t r i c h e hamulata, Myriophyllum spicatum, Potamogeton crispus, 

]?• p u s i l l u s and Ranunculus circinatus. W#lek concluded that the d i s t r i b u t i o n 

of species i n the r i v e r was most dependent on the depth of water and type 

of r i v e r bed, and not greatly correlated with current v e l o c i t y . 

448 



9.4 Comparison with l i t e r a t u r e on environmental parameters 

9.41 Physical factors 

Current, ve l o c i t y i s l i k e l y to be one of the most important factors 

a f f e c t i n g macrophytic vegetation i n r i v e r s . Whether the main influence i s 

exerted d i r e c t l y through control of establishment, physical damage or 

effects on metabolic rates i s s t i l l unresolved (Butcher, 1933; S i r j o l a , 

1969; Westlake, 1973, 1975). Flow velocity also influences the nature 

of the substratum, which i n turn greatly influences macrophyte d i s t r i b u t i o n , 

( see 1.3 ) . The types of substratum normally associated with various 

flow regimes have been described by many authors, including; Minnikin (1920), 

Butcher (1933), Haslam (1971), Hawkes (1975). 

As stated i n 9.32, Butcher (1933) related the d i s t r i b u t i o n of many 

species to the flow regimes found i n seven r i v e r s . More accurate 

correlations of species d i s t r i b u t i o n to current speed have been made since 

that date. These include: Roll (1938), Ackenheil (1944), Hillebrand (1950), 

Ruess (1954), Gessner (summary, 1955), S i r j o l a (1969)> Hynes (1970), 

Haslam (1971). Thienemann (1912) studied the Sussaa River, Denmark, and 

c l a s s i f i e d species d i s t r i b u t i o n i n t o three rheo (stream flow) categories: 

rheobionte, rheophile and rheoxene, i n order of decreasing v e l o c i t i e s . 

Thisterminology has been used by Roll (1938), Ackenheil (1944), and Gessner 

(195f). 

The findings of Butcher (1927) f o r the Itchen, S. England„and Roll 

(1938) fo r r i v e r s i n Holstein, Germany^have been summarized by Gessner 

(1955, pp. 259-296). The study of Roll involved the investigation of 

'aufnahme', and a l l data were expressed i n terms of associations based 

on the Ziirich-Montpellier School (Braun-Blanquet, 1921, 1964). Plant 

associations were related to both flow rates and substratum characteristics, 
those 

I f only/species that were recorded from the Tweed and by Butcher and Roll 
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are considered, the species typical of various flow regimes can be compared. 

Below are l i s t e d characteristic species of three broadly based categories of 

flow regime. 

slow - s i l t e d moderate - p a r t l y s i l t e d f ast - s i l t free 

Vaucheria spp. 
C a l l i t r i c h e stagnalis 
Elodea canadensis 
Potamogeton crispus 
P. pusillus 
Ranunculus f l u i t a n s 

C a l l i t r i c h e stagnalis 
Elodea canadensis 
Potamogeton crispus 
Ranunculus f l u i t a n s 
R. p e n i c i l l a t u s 
Scirpus l a c u s t r i s 
Typha l a t i f o l i a 

from; Butcher (1933 f o r the Itchen) 

rheoxene ( 0.12 m s rheophile (0.13 -
0.70 m s" 1) 

Cladophora sp. 
Fontinalis antipyretica 
Ranunculus penicillatus 
Rorippa nasturtium-aquaticum 

rheobionten (0.70 - 1.20 m s 

Caltha pa l u s t r i s 
Filipendula ulmaria 
Phragmites communis 

Elodea canadensis 
Phalaris arundinacea 
Potamogeton crispus 
P. lucens 
P. perfoliatus 
Sparganium erectum 

Hildenbrandia r i v u l a r i s 
Hydrurus foetidus 
Cladophora glomerata 
Eurhynchium riparioides 
Hygroamblystegium f l u v i a t i l e 
Glyceria f l u i t a n s 
Butomus umbellatus 

from; Roll (1938, f o r ri v e r s i n Holstein) 

I n general, the above agree with the comments made i n Chapter 7 for the 

response shown by each species to"flow characteristics. Butcher found that 

Ranunculus was the dominant genus i n the Itchen, and could grow at a l l 

flow v e l o c i t i e s measured , although preferring the fastest currents. This 

was also true i n the Tweed Basin. Butcher reported that Elodea candensis 

could not grow at v e l o c i t i e s greater than 0.75 m s \ and C a l l i t r i c h e 

stagnalis, not above 0.50 m s ^. Roll recorded only bank species from 

stretches with "immeasurably" slow flow rates. As i n the Tweed, Elodea 

canadensis and Potamogeton species were most abundant i n slow flow 

reaches, p a r t i c u l a r l y P_. lucens i n the deepest stretches. I n the faster 

stretches, Roll found bryophytes frequent, and also Hydrurus foetidus. 

This chrysophyte was not recorded i n the macrophyte surveys of the Tweed, 
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however i t was present i n mountain flushes during late winter and early 

spring. 

The finding of Ackenheil (1944) w i l l be considered alongside those 

of S i r j o l a (19"69), f o r the l a s t author compared his results with those 

of the former. I n the Teuronjoki, studied by S i r j o l a , the nutrient 

status of the r i v e r increased only minimally on passing downstream; i t was 

thus discounted by the author as having any causal effect on the changing 

f l o r a of the r i v e r . However, very obvious changes i n vegetation occurred 

as water velocity changed. 

A few algae were present i n the r i v e r , f i v e bryophytes, and 25 

submerged angiosperms. To show the current tolerance of each species, 

S i r j o l a investigated at which flow rate each species was dominant, where 

they were most frequently recorded, and the l i m i t s of each species. As 

examples, Potamogeton perfoliatus was only dominant i n waters whore the 

flow rate was below 0.6 m s \ and i t was positively correlated with 

decreases i n flow r a t e ; conversely, Fontinalis antipyretica and Myriophyllum 

a l t e r n i f l o r u m were p o s i t i v e l y correlated with increases i n current velocity. 

S i r j o l a then compared his results f o r various species with those of 

Ackenheil. I n general, the findings of both authors complemented each 

other, and also the observations made for species i n the Tweed (Chapter 7). 

Only the alga Lemanea f l u v i a t i l i s ^ a n d the bryophytes Fontinalis antipyretica, 

Hygroamblystegium f l u v i a t i l e and Hygrohypnum ochraceum could withstand the 

highest v e l o c i t i e s ; they were also absent from low v e l o c i t i e s . Species 

such as Eleocharis p a l u s t r i s , I r i s pseudacorus, Nuphar lutea and Potamogeton 

natans were confined to the slowest reaches. Many submerged species 

including C a l l i t r i c h e sp., Elodea canadensis, Glyceria f l u i t a n s , Myriophyllum 

a l t e r n i f lorum and Potamogeton perfbliatus grew at both low and moderate 

water v e l o c i t i e s . C a l l i t r i c h e sp. and Myriophyllum alterniflorum were 



present at the highest water v e l o c i t i e s , i n exact agreement with findings 

i n the Tweed (see 9.22). 

The dominance of mosses and liverworts i n stretches of the Tweed 

Basin with the highest flow rates was s t r i k i n g , and has been demonstrated 

quantitatively i n 9.22. The authors quoted i n this section found similar 

r e s u l t s , as did Watson (1919), Backhaus (1967), Szemes (1967), Glime (1968, 

1970), Westlake (1973) and Dawson (1973). I n reviewing the l i t e r a t u r e 

on macrophytes i n r i v e r s , Westlake (1973) stated that Ranunculus spp. and 

Myriophyllum spp. are t y p i c a l of fast flowing stretches with stony, gravelly 

substrata, and Potamogeton spp. and Elodea canadensis are usually abundant 

i n slow flowing waters. Although these were broad generalisations, they 

agree most closely w i t h d i s t r i b u t i o n patterns found i n the Tweed Basin. 

9.42 Water chemistry 

Correlations of aquatic floras with either calcareous or non-

calcareous waters^and also with eutrophic, oligotrophic or dystrophic con­

d i t i o n s , are frequent. However i t i s infrequently shown that there are 

species with absolute requirements (Westlake, 1973). In lakes, the 

s i t u a t i o n i s probably less complicated, and several correlations have been 

made (Pearsall, 1920, 1922;" Spence, 1964, 1967; Seddon, 1972). For example, 

Spence (1967) for Scottish lochs, suggests that the water chemistry of a 

given loch often determines whether or not a species w i l l grow. Seddon 

(1972) for Welsh lakes has also shown correlations between a species 

distribution,and conductivity and hardness ratios (see 9.23). However, 

the problems of such correlations are the same as that for r i v e r systems, 

i. e . many of the environmental parameters such as pll, a l k a l i n i t y , 

conductivity, Ca, etc. are often correlated themselves, (Spence, 1967; 

Seddon, 1972; Westlake 1975), and the i s o l a t i o n of the causal factor i s 

d i f f i c u l t . 
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An in t e g r a l part of the c l a s s i f i c a t i o n of rivers by Butcher (1933) was 

a consideration of the degree of hardness. Below are l i s t e d species that he 

found were confined to acid, non calcareous r i v e r s , or neutral, s l i g h t l y 

calcareous ones (a), and those confine to alkaline, highly calcareous 

r i v e r s ( b ) . 

Three of the species present i n the non calcareous ri v e r s of Butcher were 

present i n the Tweed Basin. Potamogeton alpinus and P_. polygonifolius were 

confined to s l i g h t l y acid, s o f t waters that drained high l y i n g moorland. Of the 

other species, Myriophyllum al t e r n i f l o r u m w i l l be discussed at the end of this 

section. Of the species confined to Butcher's highly calcareous r i v e r s , f i v e 

species were also present i n the Tweed: Mimulus guttatus and Phalaris arundinacea 

were frequent and widespread, and not confined to calcareous waters; Potamogeton 

natans had a wide . d i s t r i b u t i o n , was rarely frequent, but was weakly 

correlated with increased Ca levels (see Table 9.23b); Potamogeton lucens 

and Zannichellia palustris were present only i n the lower half of the 

catchment area, the l a t t e r being frequent, and weakly correlated with increased 

Ca. 

Many submerged lake macrophytes l i s t e d by Spence (1967) and Seddon (1972) 

were also present i n the Tweed. I n the Scottish lochs, Cinclidotiis fontinaloides, 

Myriophllum spicatum and Potamogeton lucens were confined to 'rich waters'; 

Potamogeton pectinatus was confined to 'moderately r i c h water'; 

and Fontinalis antipyretica, Myriophyllum alterniflorum and Potamogeton 

(a) (b) 

C a l l i t r i c h e intermedia 
Equisetum f l u v i a t i l e 
Juncus bulbosus 
Montia verna 
Myosotis secunda 
Myriophyllum al t e r n i f l o r u m 
Potamogeton alpinus 
P. polygonifolius 
Ranunculus lenormandi 
Scirpus f l u i t a n s 

Apium nodiflorum 
Glyceria maxima 
Hippuris vulgaris 
Lemna t r i s u l c a 
Mimulus guttatus 
Oenanthe f l u v i a t i l i s 
Phalaris arundinacea 
Potamogeton lucens 
P. natans 
P. praelongus 
Zannichellia palustris 
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perfoliatus were ubiquitous. Seddon discovered that i n Welsh lakes Potamogeton 

pectinatus and Myriophyllum spicatum were the species most correlated with 

high conductivity and hardness r a t i o s , and Myriophyllum alterniflorum was the 

species least correlated with these factors. A l l three species were frequent i n 

the Tweed. 

Iverson (1929) c l a s s i f i e d 50 stretches of r i v e r i n t o acid, neutral or 

changeable (Wechselnd sauer-alkalische), and alkaline. Submerged species that 

were frequently recorded f o r both the Tweed and by Iverson show a l o t i n 

common. Myriophyllum a l t e r n i f l o r u m had the widest d i s t r i b u t i o n , extending 

through the range: weak acid, neutral to alkaline. Myriophyllum spicatum, 

Potamogeton pectinatus and Ranunculus circinatus were species confined to 

alkaline waters. 

I t has not been possible to compare the findings of various authors for 

hardness and related parameters f o r every species found i n the Tweed. However, 

reference has been made to specific points when discussing individual species i n 

Chapter 7. Since two members of the genus Myriophyllum were present i n the 

Tweed Basin, and both were frequent yet rarely present i n the same l o c a l i t i e s , 

t h e i r d i s t r i b u t i o n i n r e l a t i o n to environmental parameters w i l l be summarized. 

I n the Tweed, M. a l t e r n i f l o r u m was negatively correlated with conductivity 

and Ca, and decreasing a l t i t u d e , M. spicatum was posit i v e l y correlated with 

the same parameters (see 9.23). Butcher (1933) found M, alterniflorum only 

i n low l y i n g , non-calcareous r i v e r s , and M. spicatum i n moderately and 

highly calcareous r i v e r s . The findings of Iverson (1927), Spence (1967), and 

Seddon (1972) have already been described. The findings of Lohammar (1938) 

and Iverson and Ohlson (1943) are almost identical to that for the Tweed. 

Using pH, both showed that M. a l t e r n i f lorum grew between pH 6 - 8.5, with 

maximum frequency between 7-7.5. On the other hand, M. spicatum did not 

grow at pH levels below 7, and reached maximum frequency between 7.5 - 8.5. 
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The d i s t r i b u t i o n of the two species i n the Tweed Basin r e f l e c t s the 

findings of most authors. The mean a l t i t u d e for the d i s t r i b u t i o n of 

M. alterniflorum was 140 m, compared with 15 m for M. spicatum. This 

supports the greater tolerance of the former to high water v e l o c i t i e s , 

reported by S i r j o l a (1969). Evidence for M. alterniflorum showing preference 

f o r more soft water i s also evident i n the Tweed. The mean Ca level for the 
-1 

d i s t r i b u t i o n of M. al t e r n i f l o r u m was 17.1 mg 1 , and f o r M. spicatum 

26.3 mg 1 1. The mean values for PÔ -P were 0.042 and 0.076 mg l " 1 

respectively, and f o r NÔ -N 0.74 and 1.02 mg 1 This i s i n agreement with 

the findings of Iverson and Ohlsen (1943), Weber (1967), Seddon (1972)and 

Weber-Oldecop (1974) who reported that M. alterniflorum i s the most 

oligotrophic of the two species. The mean values for the Tweed have been 

taken from 9.7. 

A complete appraisal of the l i t e r a t u r e r e l a t i n g species d i s t r i b u t i o n to 

nu t r i e n t levels has not been undertaken. Instead, a very general, short 

account w i l l be given of some salient findings. 

Carbon, nitrogen, phosphorus and potassium are regarded as the elements 

most l i k e l y to be l i m i t i n g i n r i v e r s (Westlake, 1973). Fogg (1973), and 

Lee (1973) concluded that phosphorus i s the key element that controls the 

growth of plants i n aquatic environments. However, i n most streams the 

annual throughput of nutrients i n the water alone, (thus ignoring that 

obtained from the sediment), i s ample to produce the plant biomasses found 

i n them (Norman, 1967; Stake, 1967, 1968; Westlake, 1968; P e l t i e r and 

Welch, 1969; Ladle and Casey, 1-971; Ahl, 1972). Westlake (1975) when reviewing 

the l i t e r a t u r e reported that i n a wide variety of rivers and streams, the 

annual throughput was over f i v e times, and often over 40 times the annual 

plant demand. However,the a v a i l a b i l i t y at c r i t i c a l growth periods was not 

considered. The same author stated that phosphorus, occasionally nitrogen, 

and possibly potassium may be i n s u f f i c i e n t for optimum growth i n oligotrophic, 
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upper stretches of r i v e r s , such as those that r i s e i n mountainous country, 

but most lowland waters are l i k e l y to have an excess of these nutrients. 

Kohler et a l . (1973) found that i t was possible to relate the d i s t r i b u t i o n 

of macrophytes i n the Moosach to water chemistry parameters, Only ammonia 

and phosphate were regarded as good indicators. However, this may have been 

because other parameters showed l i t t l e change on passing downstream. This 

highlights the problem of s t a t i n g whether a parameter i s an indicator, or 

merely being able to state that certain species d i s t r i b u t i o n can be 

correlated, but not necessarily related to a certain parameter. Mulligan and 

Baranowski (1969) experimented with Elodea canadensis, Myriophyllum spicatum 

and Potamogeton crispus. They reported that i n general, 0.02 mg 1 * P, and 

0.1 mg 1 * N were s u f f i c i e n t to support optimum growth. However,in the Tweed 

Basin, the l a t t e r two species could be correlated with increases i n both 

elements. P e l t i e r and Welch (1969) found that increasing the levels of N 

and P above 0.44 and 0.03 mg 1 ^ respectively, had no s i g n i f i c a n t effect 

on Potamogeton pectinatus growth. The above shows that great caution should 

be used when using the term 'correlated 1, when attempting to show i f a 

relationship exists between a species distribution^and chemical parameters. 

Cladophora glomerata i s one species where there i s ,however,strong 

support f o r the b e l i e f that there i s a causal relationship between high 

phosphorus,and the amount of t h i s alga's presence. (Blum, 1956; Fitzgerald, 

1970; Whitton, 1970; P i t c a i r n and Hawkes, 1973; Bolas and Lund, 1974). In 

the Tweed, the species was correlated to the 95% confidence level with i n ­

creases i n t h i s parameter (see Table 9.23b). In 3.59 the advent of serious 

Cladophora growths on the Tweed i n the l a t e 50's has been described. This 

too, was attributed by many to increases i n phosphorus. Recently, such 

growths have not occurred i n the r i v e r (Currie, personal communication), 

perhaps due to an 85% decrease i n mean t o t a l phosphate levels (see Table 

3.49a). 
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9.43 Other parameters 

The p o s s i b i l i t y of l i g h t being a l i m i t i n g factor i s one external 

parameter not previously discussed i n t h i s thesis. Berrie (1972) and Mann 

et a l , (1972) took cross sections across the Thames to show the effects of 

shading and turbulance on the d i s t r i b u t i o n of plants. Edwards and Owen 

(1962), Westlake (1966, 1975), P e l t i e r and Welch (1969), and.Hannan and 

Dorris (1970) have shown chat i n r i v e r s , communities increase their 

productivity with increases i n l i g h t levels. The effects have also been 

studied for lake macrophytes by Spence (1972) and Spence and Crystal (1971, 

1971a) who showed that as an adaption to low l i g h t i n t e n s i t i e s , some species 

developed shade morphology. Westlake (1975) suggests that similar occurrences 

are l i k e l y i n r i v e r s . 

Owens and Wood (1961) have shown that a f a i r l y normal r i v e r f l o r a i s 

found at sites where shading by trees reduces incident i r r a d i a t i o n by between 

35 - 95%. Dawson and Westlake (1975) report that where tree cover reduces 

i r r a d i a t i o n by 95%,only mosses and liverworts remain, but S i r j o l a (1969) 

found no macrophytes at a l l . I n the Tweed Basin, some algae and bryophytes 

reached th e i r maximum abundance i n heavily shaded areas. The encrusting algae, 

Hildenbrandia r i v u l a r i s and Heribaudiella f l u v i a t i l i s were most abundant 

under the heaviest summer tree cover, and also under permanent cover, e.g 

under bridges or under large boulders that could only rarely be turned over 

(see 7.2). I n Lake Bodensee, Zimmermann(1927) found Hildenbrandia under 

permanently shaded ledges at the lake side, and Oberdorfer (1928) reports i t s 

presence at depths between 10 - 30 m i n the same lake. Bryophytes that could 

be correlated with heavy shading i n the Tweed were Chiloscyphus polyanthos 

and Tortula l a t i f o l i a (= T. mutica). Cook (1966) noted that high l i g h t 

i n t e n s i t i e s were required f o r Ranunculus species. In the Tweed where heavy 

tree cover occupied both sides of the r i v e r , Ranunculus species were often 
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more frequent on the north bank of the r i v e r , suggesting confirmation of 

Cook's f i n d i n g . I n chalk streams, Owens and Edwards (1961) found that 

R. calcareous was replaced by C a l l i t r i c h e spp. and Berula erecta i n shaded 

reaches. 

Temperature has a major effec t on the d i s t r i b u t i o n of plants on a 

world wide scale (Sculthorpe, 1967). Westlake (1973) points out that despite 

differences i n temperature shown by upper and lower stretches of a r i v e r , 

i n B r i t a i n , longitudinal d i s t r i b u t i o n patterns can rarely be attributed to 

t h i s parameter. 

The vegetation of a r i v e r may often be dependent on mans a c t i v i t i e s , 

i . e . the b i o t i c factor. This may r e s u l t from p o l l u t i o n , r i v e r management, 

or i n d i r e c t l y through grazing of domestic animals. The dominance of 

Ranunculus p e n i c i l l a t u s var. calcareous i n the chalk streams of southern 

England reported i n 9.22, i s , i n the view of Westlake (1973) almost 

ce r t a i n l y due to regular cutting that has been practiced for hundreds of 

years. 

9.5 Cl a s s i f i c a t i o n of plant communities 

The re-arrangement of data from the Tweed and the Teviot in t o 

"association tables" (8.64) has shown that phytosociological techniques 

can be used to show the existance of d i s t i n c t plant communities i n a r i v e r 

system. The ultimate step i s to be able to classify these communities. 

The c l a s s i f i c a t i o n of water plant communities has been discussed i n 1.5, 

and since Hartog and Segal (1964) synthesized the Zurich-Montpellier system 

of Braun-Blanquet and Tuxen with specific modification for classifying 

communities found i n water, data from the Tweed w i l l be related to their 

system. 

Hartog and Segal recognised nine classes of water plant communities, 

and l i s t e d ' f a i t h f u l taxa' to be found i n each, using data from sites i n 
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the Netherlands. The system has li m i t a t i o n s when considering data from 

the Tweed, for i t only considers submerged angiosperms. I n the class 

POTAMOTEA, there are three orders which have f a i t h f u l taxa that were 

present i n the Tweed. The class i s characterised by communities of elodeids, 

myriophyllids, batrachiids and nuphaeids, found i n fresh or s l i g h t l y 

brackish waters. F a i t h f u l taxa are Myriophyllum spicatum, Potamogeton 

natans and P_. pectinatus. The order Magnopotametalia i s characterised by 

large Potamogeton species and other elodeids and numphaeids, which are 

present i n deep, eutrophic to meso-eutrophic water: f a i t h f u l taxa are 

Potamogeton lucens and P_. pe r f o l i a t u s . The order Parvopotametalia is 

characterised by small eledeids, myriophyllids and batrachiids present i n 

shallow, meso-eutrophic and oligotrophic waters: f a i t h f u l taxa are 

Elodea canadensis, Potamogeton berchtoldi, P_. crispus, P_. pusillus and 

Zannichellia p a l u s t r i s . The order Luronio-potametalia includes elodeids 

and small nuphaeids piesent i n shallow, oligo-meso-dystrophic waters: 

f a i t h f u l taxa include Myriophyllum alterniflorum. 

Reference to Fig. 8.64a shows that there are four communities i n the 

Tweed that contain at least two submerged angiosperm species. The lower­

most community i . e . r e s t r i c t e d to the deepest and slowest stretches of 

the r i v e r could be c l a s s i f i e d as Magnopotametalia, for i t contains the 

f a i t h f u l taxa Potamogeton lucens and P. perfoliatus, and also other large 

Potamogeton species. I t also contains two species of Parvopotametalia: 

Potamogeton pusillus and Zannichellia p a l u s t r i s . The community of species 

that extends to a l l except the upper reaches of the r i v e r f i t s well into 

Parvopotametalia. The order contains a sub-alliance Ranunculion f l u i t a n t i s 

i . e . communities of fa s t flowing waters dominated by Ranunculus species. 

The community contains two Ranunculus species, Elodea canadensis and 

Potamogeton crispus. The communities i n the uppermost reaches which are 
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absent from the deep, slow, lower stretches,contain C a l l i t r i c h e spp., 

Myriophyllum a l t e r n i f l o r u m and Ranunculus a q u a t i l i s , and are a combination 

of an alliance i n Parvopotametaliaj C a l l i t r i c h o - batrachium, and the order 

Luronio-potame t a l i a . The former i s characteristic of small r i v u l e t s and 

r i v e r s , with f a i t h f u l taxa Ranunculus aqu a t i l i s and C a l l i t r i c h e spp. and 

the l a t t e r , also characteristic of shallow waters has Myriophyllum 

alterniflorum as a f a i t h f u l taxon. 

The above shows that although plant communities can be c l a s s i f i e d , 

often species of d i f f e r e n t classes or orders are present w i t h i n the same 

communities. I t must be stressed?however, that the data were not collected 

with a primary aim of cla s s i f y i n g communities, and the delimination of 

communities was not based on r i g i d phytosociological techniques. Despite 

t h i s , with the l i m i t e d data available i t was possible to show that large 

Potamogeton species of the order Magnopotameta1ia, which i s characteristic of 

deep, eutrophic waters 9only occurred i n the slow flowing, lowland stretches 

of the Tweed. Conversely, Myriophyllum a l t e r n i f lorum which i s the most 

f a i t h f u l taxon i n Luronio-potametalia and is characteristic of shallow 

non-eutrophic water, was the only abundant submerged angiosperm i n the 

upper 30 km, and was absent from the lowermost stretches where Magnopotametalia 

was the dominant community. The community Parvopotametalia includes species 

which usually occur i n habitats that are intermediate between the two 

extremes mentioned above. I n the Tweed this i s well i l l u s t r a t e d , for 

f a i t h f u l taxa w i t h i n the order (Elodea canadensis, Potamogeton crispus, and 

Ranunculus species) have an intermediate d i s t r i b u t i o n between that of 

Myriophyllum a l t e r n i f l o r u m and the larger Potamogeton species. 

Reference to 8.64b shows that the same d i s t r i b u t i o n of the three 

orders was also evident i n the Teviot. Two other f a i t h f u l taxa i n 

Parvopotametalia, Potamogeton pusillus and Zanichellia palustris extended ' 
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further up the Teviot than they did i n the Tweed, thus showing a more 

ty p i c a l d i s t r i b u t i o n than they did i n the Tweed. 

9.6 Concluding remarks 

A descriptive account has been given of the d i s t r i b u t i o n of macrophytes 

i n the Tweed Basin. The account can be regarded as a record of the f l o r a 

of the r i v e r system during the months and years when surveys were carried 

out. Any future surveys w i l l be able to compare the f l o r a of the r i v e r 

at that time, with the present f l o r a . I f obvious changes do take place, i t 

may be possible to i d e n t i f y the influences which bring them about. 

There are past data available from a wide variety o£ sources, but they 

are generally applicable to a few individual species. The most accurate 

records are herbarium specimens. Lack of previous intensive surveys make 

c r i t i c a l comparison of the present f l o r a with the f l o r a i n former 'years 

d i f f i c u l t . This has been discussed i n Chapter 7 for individual species, 

where for example, i t was suggested that the d i s t r i b u t i o n of Potamogeton 

x s a l i c i f o l i u s has changed l i t t l e over the past 150 years, whereas 

another member of the same genus, P. x olivaceus has probably become much 

more widespread. Knowledge of the history of a r i v e r can be valuable 

i n i n t e r p r e t a t i o n of data. For example, Cladophora glomerata became a 

problem during the l a t e 1950's and early 1960's, but more recently i t has 

declined i n abundance. I t i s possible to tentatively suggest that the 

increase i n Cladophora may have been due to increased phosphorus levels 

i n the r i v e r due to the high level of t h i s element i n synthetic detergents 

which were used i n the t e x t i l e industry. The m i l l s have recently reverted 

back to using natural soaps, and there has been a six f o l d decrease i n 

t o t a l phosphate ( see pp. 67-69 ) , and a concomifcfcxvt decrease in Cladophora. 

I t i s f e l t that i f an attempt i s to be made to correlate the d i s t r i b u t i o n 

of individual species i n a r i v e r with changes i n environmental parameters, 

i t i s imperative that the r i v e r system i s surveyed i n i t s entirety. This 
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can be i l l u s t r a t e d by reference to the present study, and the interpretation 

of changes that take place i n the Tweed immediately below Teviot Foot. 

The macrophyte survey showed that Enteromorpha sp(p)., Myriophyllum 

spicatum and four species of Potamogeton had their most upstream occurrence 

i n the 0.5 km length immediately below Teviot Foot (p. 159). The water 

chemistry survey indicated that the Teviot had a great effect on the chemistry 

of the Tweed, especially with regard to hardness parameters (p. 119). I t 

would therefore have been easy to correlate the appearance of these six 

macrophytes with the changing water chemistry. Subsequent surveys 

indicated that the above six species were present i n the lower reaches 

of the Teviot. Further examples of species occurring i n r i v e r s only below 

an affluent which carries an inoculum of the species are: P, x suecicus 

i n the Tweed below T i l l Foot, P. x olivaceus and P. pusillus i n the Whiteadder 

below Blackadder Foot. 

The presence of some submerged angiosperm species only i n recipient 

r i v e r s below the point of entry of a donor r i v e r has been i l l u s t r a t e d above. 

The possible causes of such a d i s t r i b u t i o n pattern could be interpreted 

i n a variety of ways, the two most probable explanations being; (a) 

the donor t r i b u t a r y causes changes i n the receiving r i v e r which changes 

an otherwise unsuitable habitat to a suitable one, (b) the donor t r i b u t a r y 

provides the'original inoeulum, or continues to supply an inoculum, and 

upstream migration of macrophytes i n rivers i s a rarer •occurrence than i s 

generally reported. In the Tweed, only Zannichellia palustris has appeared 

to have migrated upstream (p. 367). Changes that take place i n the recipient 

r i v e r , and the presence of an inoculum of a species are probably both 

important factors, but which i s the overiding influence could only be 

shown be controlled experimental studies. 

I t has been suggested i n ithis account and also by various workers i n 

the Nature Conservancy ( see p. 15 ) that the Tweed i s p a r t i c u l a r l y r i c h 

i n macrophyte species. Due to the nature of surveys carried out on other 

r i v e r s , accurate comparisons of fl o r a s has been limited to a discussion 
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of submerged angiosperm species. Such a comparison was made with the four 

largest r i v e r s i n N-E, England ( p. 431 ) , which showed that there 

•were 17 submerged angiosperm species i n the Tweed, 8 i n the Tyne, 

10 i n the Wear, 11 i n the Tees and 7 i n the Wharfe. The Wear, which was . 

studied from source to mouth by Whitton and Buckmaster (1970) i s brackish 

at km 96.5. The authors therefore surveyed 193 0.5 km lengths, from which 

a t o t a l of 10 submerged angiosperms were recorded. At a comparable 

point from the sourceof the Tweed ( i.e. 10 km above Teviot Foot ) , 

only 9 species had been recorded. The r i c h angiosperm f l o r a of the Tweed 

may therefore not be due to any h i s t o r i c a l influence or i t s mesoreutrophic 

water chemistry, but merely due to i t s large size, and the large number 

of variable t r i b u t a r i e s which provide inocula to the main r i v e r . 

The f u l l significance of many of the points raised i n t h i s thesis may 

only become apparent when similar detailed surveys have been carried out on 

other r i v e r s i n SrE. Scotland and NHS. England. A computer analysis 

of the f l o r i s t i c composition of these r i v e r s , together with data 

concerning t h e i r physical and water chemical characteristics might 

go a long way to substantiating some of the generalisations. 

463 



Dti!>HK«phcni.i gcwinnta 46 -!45 100 7.1 5.0 o 47 4.04 14.2 -O-004 9 6 '- 6 J °- 0 0 2 0.U0 O.OOt 0.20 
tlygroliypnum 1m ldum 53 240 105 7.3 5.2 0.50 4.13 H.I 0.0O5 9.9 1.71 0.002 0.141 0.002 0.23 
Bracliytliucium pltinoatim 59 735 110 7.3 5.6 0.59 4.41 15.3 0.006 10.9 1.71 0.007 0.166 0.003 0.37 
Phllonotih fonlann 56 23fl 110 7.3 5.5 0.58 4.33 14.9 0.006 10.6 1.84 0.00/ 0.161 0.003 0.36 
Biyun pseudotrlqticlruin 72 2?5 110 7.4 5.7 0 63 4.40 15.4 0.006 11.0 1.72 0.01U 0.170 0.004 0.41 
Rjnurtculuc £l.itij,mla 16 245 100 7.3 5.0 0 46 4 03 14.1 0.004 9.5 1.65 0.003 0 143 0,002 0 20 
Solcno.tomi triste 4&- 230 110 7.4 5.8 0.60 4.38 14.8 0.006 10.5 1.89 0.005 0.158 0.003 0.42 
Cochlcaria alpina 34 2'i5 100 7.3 5.2 0 48 4.06 14.2 0.006 9.5 1.64 0.003 0 142 0.00? 0.20 
Climncium dendroidcs 22 255 105 7.3 5.0 0.47 4.14 14.2 0 006 9.6 1.67 0.002 0.142 0.002 0.20 
Amphidumi mougeolii 15 255 1 5 7.3 5.2 0.52 4.25 14.5 0.006 10.1 1.70 0.003 0.155 0.002 0 28 
Hjgrotiypnum ochracoum 36 230 105 7.3 5 4 0 52 4.22 14.7 0 005 10.4 1.83 0.006 0.171 0 003 0.30 
Mciluni punctatum 25 245 105 7.3 5.2 0 51 4 07 14.8 0.006 10.0 1.7'> 0.004 0.153 0.002 0.26 
Scapania undulata 26 235 110 7.3 5.6 0.60 4.38 15 0 0.005 10.9 1 89 0 005 0.169 0.003 0 33 
RhacomiLtrium aquaticum 11 245 100 7.3 5.1 0.49 4.10 14.3 0.005 9.8 1.68 0 003 0.146 0.002 0.25 
Carex nigra 34 225 100 7 3 5.1 0 50 4 02 14.4 0.004 0.9 1.68 0 005 0 153 0.003 0.27 
Rhacomitrium acicularis 10 235 115 7.4 5.7 0.58 4 56 14 7 O.on; 10.4 1 72 O 002 0.155 O.OM 0.33 
kacmatococcus lacustrii 17 235 110 7.3 5 5 0.57 4.34 14 9 0.OO7 10.6 1.75 0 010 0.16' 0 004 0.34 
Rhytidiadelphus squarrosus 6 205 115 7.3 6.1 0.79 4 . % 15.6 0.005 11.2 1.87 0.043 0.211 0.007 0.48 
A-rociadj.ua. -uspidat -m 99 185 120 7.4 6.2 0.72 4.62 15 5 n 0'i7 12.3 l.W 0 023 0.-C8 0.006 0.49 
Brachythecium rivulare 102 180 125 7 4 6.4 0.76 4.76 16.6 0.007 12.4 1.89 0.025 0.186 0 006 0.64 
Dichodontium pellucidum 102 180 12c 7 4 6.4 0.75 4.67 16.4 0.007 12.4 1.91 0.023 0.180 0.006 0.58 
Ulothrix ?onata 125 165 125 7.4 6.7 0.81 4.72 16 6 0.008 13.0 2.06 0.025 0.177 0.007 0.67 
Prasiola cn-spa 44 175 120 7.4 6.4 0.77 4.75 16.2 0 007 12.6 1.81 0.030 0.138 0.008 0.53 
Lemanea f l u v i a t i l i s 58 165 125 7.4 6.7 0.83 4.77 16.0 0.008 13.1 1 99 0.033 0.187 0.008 0.64 
Myriophyllum alternif lorum 208 140 130 7.5 "\3 0.88 4.97 17.1 0.009 14.0 1.90 0.042 0.191 0 009 0.74 
Grimmia alpicola 134 165 130 7.4 6 7 0 83 5.03 17.2 0 008 13.1 1.83 0.032 0.191 0.008 0.61 
Juneus effusus 119 165 130 7.4 6.8 0.79 4.89 16.8 0 008 12.9 1.82 0.032 0.192 0.008 0.62 
Cratonourom filicinum 103 165 125 7.5 6.6 0.76 4.91 16.8 0 008 12.7 1.94 0.032 0.192 0.007 0.61 
Callitriche spp. 110 ISO 135 7.5 7.0 0.90 5 33 18 2 0 009 13.4 1.79 0 035 0.211 0.C08 0.66 
mipendula ulmaria 143 140 130 7.5 7.2 0.91 5.14 17.6 0.009 13.9 1.80 0.039 0.202 0.009 0.76 
Rorippa nasturUum-aquaticim 119 125 140 7.5 7.6 0.93 5.40 17.9 0.010 14.3 1.61 0.046 0 214 0.010 0.80 
Foncinalis antipyretica v«. grac. 7 170, 130 7.4 7.1 0.89 5.09 17.0 0.010 13.6 2.00 0.040 0 194 0.009 0.67 
Funaria hygrometrlca 32 150 140 7.4 6.9 0.83 4.97 17.1 0.010 13 4 1.82 0.034 0.185 0.009 0 66 
Carex spp. 29 120 145 7.6 7 7 0.99 5 82 19.4 0.010 14.2 1.49 0.051 0.232 0.011 0.74 
Thamnium alopecurum 18 135 140 7.5 7.5 0.89 5.15 17 5 0.011 14.0 1.74 0.041 0.201 0 009 0.64 
Collema flaccidum 5 120 140 7.6 7.5 0.97 5.48 18 7 0 010 14.8 1.97 0.045 0 201 0 010 0.92 
Chiloscyphus polyanthos 88 140 130 7.4 7 1 0.90 4.99 17.4 0.008 14.2 2.05 0.034 0.189 0.008 0.76 
Fissidens adianthoides 40 100 130 7.5 7.9 O 04 5 24 17.8 0.009 14.9 1.80 0.050 0.199 0.011 0 83 
Lckca polycarpa 15 165 125 7.4 6 d 0.92 4.73 16 7 0 OlO 13.3 2.28 0.023 0 210 0.006 0 d4 
Ranunculusaquatilis agg. 97 140 130 7.5 7.1 0.92 4.88 17.2 0 005 14.1 2.23 0.035 0 187 0.008 C.U 
Potamogcton x olivaceus 74 140 135 7.5 7.3 0.96 5.09 17 6 0.009 14.2 2.26 0.037 0.204 0.009 0.3b 
Nostoc other sp. 15 120 140 T.i 7.5 0.99 5.11 17.8 0 009 14 8 2.08 0.051 0.212 0.011 0.87 
Dermatocarpon fluviatile 55 100 140 7.5 8.6 1.01 5.48 18.5 0.O10 15.5 1.81 0.053 0 201 0 012 0.89 
Mentha aquatica -75 145 125 7.4 7.1 0.84 4.98 17.2 0 008 13.4 1 97 0.035 0.205 0.008 0.72 
Spirogyra spp. 69 120 140 7.5 7.4 0.94 5.44 18.5 0.0 0 14.2 1.74 0 039 0.209 0.010 0.73 
Carex rostrata 61 110 I'5 7.6 7 5 1.01 5.81 19.6 0.011 14.5 1.73 0.041 0 230 0.010 0.76 
Mnium longirostrum 9t 120 140 7.5 7.5 0.95 5.59 18.9 0.010 14.6 1 83 0.046 ' 0.221 0 010 0.76 
Kdichantia polyinorpha 102 120 140 7.5 7.6 0.96 5.62 19 0 0 010 14.6 18.2 0.047 0.223 0 010 0.76 
Verrucaria praetermissa 136 110 140 7.6 7.9 0.08 5.38 18.3 0.011 15.2 1.82 0 052 0.211 0.011 0.84 
Fontinalis antipyretica 230 130 135 7.*5 7.4 0.91 5.29 18.0 0.010 13.9 1.60 0.043 0.204 0.010 0.75 
Cinclidot** fontnaloides 201 125 140 7 5 7 5 0.95 5.51 18.7 0 010 1 44 1.73 0.046 0.209 0.010 0.77 
Hygroainblystcgiura fluviatile 225 125 135 7.5 7.4 0.92 5.39 18.4 0.010 14.1 1.66 0.044 0 206 0.010 0.75 
Pellia epiphylla 94 130 135 7.5 7.4 0.92 5.29 18.2 0 010 14.0 18.5 0.042 0 204 0.010 0 75 
Copoccphalura CO-IICUM 175 120 140 7.5 7 5 0.94 5.46 18.6 0.010 14.3 1.72 0.045 0.̂ 07 0 010 0.75 
Ph.1rm1.d1.w11 spp. 105 135 140 7.5 7 3 0.90 5.11 17 7 0.O10 13.7 1.E9 0.041 0.197 0.011 0.74 
Juncus acutiflorus 189 115 140 7.5 7.6 0.99 5 23 19 0 0.010 14.6 1.66 0.046 0.210 0.010 0.77 

Table 9.7a Mean values of 14 parameters for each species present i n the Tweed 
( see 9.23 for explaination ) . 
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in 
>M -0 

0 0* 

-o 
J5 

species • O 

O 0) £ 0 u d 

Clyceria fluitans 103 100 
Veronica boccnbunga 107 130 
Veirni..ici.i spp. HO 110 
EuLhyncliLum npjnoides 26* 120 
Mimulub guttacus 224 120 
Caltha palustus 190 115 
Uedogonium spp 249 110 
Stigeoclomum tenue 213 110 
Myosotis scoipioidcs 275 100 
Horibdudialla f l u v i a t i l i s 228 105 
Orlhotnchum rivulare 4* 110 
Pellia endivifolia 24 130 
I r i s pieudinrus 21 95 
Potatnogecon natans 4 100 
S^irpus sylvaticus 58 90 
Collema fluviatile 75 85 
Cladophora aegagropila 64 65 
sewage fungus 22 100 
Nostoc parmelioides 62 70 
Juncus inflexus 10 30 
Konostroma bullosum 6 25 
Botrydium granulatum 10 20 
Tetraspora sp(p). 34 20 
Fissidens crassipes 38 15 
Vaucheria sp(p) 91 75 
Equisetum fluviatile 113 95 
Tortula mutica _ 88 100 
Hlldenbrandia rivularis 237 90 
Phalaris arundinacea 272 100 
Brachytheelum rutabalum 189 70 
Ranunculus penicillatus var. 239 80 
„. . . , calcareus Eleocharis palustris 185 75 
Sparganium erectum '41 90 
Polygonum amphibium 111 60 
Elodea canadensis 241 80 
Potamogeton crispus 150 80 
Cladophora glomcrata 714 80 
Rorippa amphibium 163 5o 
Lt.ptodictyum riparium 37 50 
Ranunculus fluitans x 7 130 30 
Zannichellia palustris 54 15 
Potamogcton x salicifolius 57 15 
Potamogeton pectmatus 79 15 
Myriophyllum splcatum 80 15 
Potamogpton pustilus 48 15 
EntcromoKpha sp(p). 62 15 
Potamogeton perfoliatus 39 5 
Potamogeton lucens 4 5 
Potamogcton x suecicus 7 5 

i 

S B . « M ci a 
ft Y. * >, u Si 

155 7.7 8.0 1.12 6.12 20.6 0.011 
150 7.6 7.3 0.96 5.63 19.1 0.010 
145 7.6 7.7 . 1.00 5.67 18.9 0.010 
140 7.5 7.5 0.86 5.54 18.7 0.010 
140 7.5 7.6 0.98 5.62 19.0 0.010 
140 7.5 7.6 0.98 5.50 18 6 0.010 
150 7.6 7.6 0.99 5.97 19.8 0 010 
145 7.5 7.6 0.98 5.67 19.2 0.010 
150 7.6 7.5 1.00 5.83 19.7 0.010 
150 7.6 7.6 0 99 5.73 19.6 0.010 
150 7.6 7.6 0.98 5.56 19.5 0.010 
145 7.6 7.3 1.00 5.79 19 6 0.011 
150 7.6 8.2 1.11 5.79 l V j 0 010 
150 7.7 7.6 1.03 6.10 20.2 0.009 
150 7.6 8.0 1.09 5.68 20.2 0.011 
150 7.6 8.6 1.09 5.90 lw.7 0.0l2 
155 7.7 8 8 1.15 6.20 20.3 0.013 
150 7 S 8.2 1.16 5.81 19.6 0.012 
155 7.7 8.7 1.13 6.00 19.8 0.012 
175 7 9 * 9 4 1.26 6.94 22.3 0 014 
185 8.1 9.3 1.37 7.77 25 1 0.014 
190 8.2 9.3 1.43 8.19 26.4 0 015 
185 8.1 9.3 1.37 7.73 24.9 0.016 
195 8.2 9.4 1.47 8 16 26.3 0.015 
155 7.7 8.5 1.15 6.18 20.7 0.012 
155 7.7 8.2 1.07 5.73 19.5 0.013 
150 7.6 8.o 1.04 5.57 18.9 0.011 
150 7.6 8.2 1.10 6.00 20.0 0.012 
150 7.6 8.0 1.05 5.87 19.6 O.012 
160 7.7 8.5 1.17 6.38 21.3 0.013 
155 7.7 8.4 1.14 6.18 20 6 0.012 
155 7.7 8.5 1.16 6.08 21.0 0.012 
150 7.6 8.2 1.10 5.94 19.7 O.012 
\hj 7.8 8.7 1.20 6.64 21 8 0.013 
155 7.7 8.4 1 '3 1 1 ' '0.5 0 012 
155 7.7 8 i 1.13 6.11 20.0 0.013 
155 7.7 8.4 1.13 6.16 20.6 O.013 
180 7.8 9.0 1.23 6.71 21.8 0.013 
175 7.7 8.9 1.32 6.95 27.8 0 016 
180 7.9 9.4 : 12 7 30 *3.5 0.016 
195 8.1 9.4 1.44 8.13 26.1 0.017 
195 8.2 9.3 1.45 8.18 26.3 0.016 
1'5 8 1 9.4 1.45 8.17 26.3 0.017 
195 8.1 9.4 1.45 8.17 26.3 0.017 
195 8.1 9.4 1.45 8.17 26.3 0 017 
195 8.1 9.4 1 45 8 17 26.2 0.018 
200 8.1~9.6 1.45 8.13 26.0 0.019 
200 8.1 9.6 1.53 8.18 26.3 0.023 
200 8.2 f . 6 i .44 8 13 2.59 0.P19 

1* 7 •f 
u (A O 0. 

r") 

s 
1 5 . 2 1 . 7 6 0 . 0 5 4 0 . 2 4 1 0 . 0 1 2 0 . 8 8 

1 3 . 9 1 . 7 4 0 . 0 3 9 0 2 2 4 0 . 0 0 9 0 . 7 3 

1 4 . 8 1 . 7 6 0 . 0 5 0 0 . 2 1 6 0 . 0 1 1 0 . 8 2 

1 4 . 3 1 . 6 3 0 . 0 4 8 0 2 1 5 0 . 0 1 1 0 7 8 

1 4 . 5 1 . 8 2 0 . 0 4 6 0 . 2 1 9 0 . 0 1 0 0 . 7 8 

1 4 . 6 1 . 7 9 0 . 0 4 6 0 . 2 1 0 0 . 0 1 0 0 . 7 7 

1 4 . 5 1 . 6 3 0 . 0 5 0 0 . 2 2 8 0 . 0 1 1 0 . 8 1 

1 4 . 4 1 . 7 6 0 . 0 4 6 0 . 2 1 5 0 . 0 1 0 0 . 8 1 

1 4 . 9 1 . 6 6 0 . 0 5 2 0 . 2 2 8 0 . 0 1 1 0 . 8 2 

1 4 . 9 1 . 6 6 0 . 0 5 2 0 . 2 2 5 0 O i l 0 . 8 2 

1 4 . 9 1 . 6 5 0 . 0 4 2 0 2 2 5 0 . 0 1 1 0 . 8 2 

1 4 0 1 . 7 9 0 . 0 3 9 0 . 2 2 8 0 . 0 0 9 0 . 7 7 

1 5 . 4 1 . 7 3 ( < 0 5 9 0 . 2 5 3 0 0 1 2 0 . 8 2 

1 4 . 4 1 . 5 3 0 . 0 4 3 0 2 6 8 0 . 0 1 0 0 . 6 7 

1 5 . 8 1 . 7 6 0 . 0 5 8 0 2 6 1 0 . 0 1 3 0 . 8 7 

l j . l 1 7 . 4 0.064 0 . 2 1 7 0 . 0 1 4 0 . 9 3 

1 6 5 1 . 4 3 0 . 0 7 5 0 . 2 4 1 0 . 0 1 5 0 . 9 / 

1 5 . 5 1 . 4 3 0 . 0 7 5 0 . 2 4 1 0 . 0 1 5 0 . 9 4 

1 6 . 4 1 . 5 5 0 . 0 7 2 0 2 4 0 0 . 0 1 5 0 . 9 3 

1 7 3 1 2 0 0 . 0 8 1 0 . 3 0 5 0 . 0 1 6 1 . 0 3 

1 7 . 3 1 . 1 6 0 . 0 7 9 0 3 1 2 0 . 0 1 6 1 . 0 2 

1 7 . 2 1 . 1 4 0 . 0 7 7 0 . 3 1 2 0 . 0 1 6 1 . 0 3 

1 7 . 4 1 . 1 5 0 . 0 7 8 0 . 3 1 5 0 . 0 1 6 1 . 0 3 

1 7 . 5 1 . 1 5 0 . 0 7 7 0 . 3 5 9 0 . 0 1 6 1 . 0 4 

1 6 . 3 1 . 6 0 0 . 0 6 3 0 2 4 6 0 . 0 1 2 0 . 9 2 

1 5 . 8 1 . 7 8 0 0 5 5 0 2 1 1 0 0 1 2 0 . 8 9 

1 5 . 5 1 . 8 9 0 . 0 5 2 0 . 2 0 5 0 . 0 1 2 0 . 8 7 

1 5 . 5 1 . 7 1 0 . 0 5 5 0 . 2 3 5 0 . 0 1 2 0 9 0 

1 5 . 3 1 . 7 2 0 . 0 5 4 0 2 2 7 0 . 0 1 2 0 . 8 7 

1 6 . 3 1 . 5 6 0 . 0 6 5 0 . 2 5 6 0 . 0 1 3 0 . 7 4 

1 6 . 2 1 . 6 9 0 0 6 2 0 2 4 3 0 . 0 1 2 0 . 9 3 

1 6 . 3 1 . 6 1 0 . 0 6 3 0 . 2 4 9 0 . 0 1 2 0 . 9 1 

1 6 0 1 . 8 5 0 . 0 5 6 0 . 2 2 8 0 . 0 1 2 0 . 8 9 

1 6 . 4 1 . 4 8 0 . 0 6 7 0 2 6 5 0 . 0 1 4 0 . 9 5 

1 6 . 0 1 . 6 9 0 . 0 6 1 0 . 2 4 1 0 . 0 1 2 0 . 9 3 

1 6 . 0 1 . 7 0 0 . 0 6 1 0 2 4 . 0 . 0 1 2 O . O J 

1 . 6 0 1 . 6 5 0 0 6 C 0 2 4 4 0 . 0 1 2 0 . 9 3 

1 6 . 7 1 . 3 6 0.07 * 0 2 6 3 0 . 0 1 6 0 . 9 6 

1 7 6 1 . 5 1 0 . 0 7 6 0 . 3 0 0 0 . 0 1 7 1 . 0 7 

1 7 . 5 1 . 2 0 0 . 0 8 3 0 . 2 9 9 0 . 0 1 7 1 . 0 2 

1 7 . 5 1 . 1 5 0 . 0 7 6 0 . 3 1 4 0 . 0 1 6 1 . 0 2 

1 7 . 4 1 . 1 5 0 . 0 7 6 0 3 2 4 0 . 0 1 6 1 . 0 3 

1 7 . 5 1 . 1 4 0 . 0 7 6 0 3 2 2 0 . 0 1 6 1 . 0 2 

1 7 . 5 1 . 1 3 0 . 0 7 6 0 . 3 2 3 0 . 0 1 6 1 . 0 2 

1 7 . 5 1 . 1 4 0 . 0 7 7 0 . 3 2 4 0 . 0 1 6 1 . 0 2 

1 7 . 7 1 . 1 3 0 . 0 7 7 0 . 3 2 2 0 . 0 1 6 1 . 0 2 

1 8 . 0 1 . 1 8 0 . 0 7 5 0 . 3 3 2 0 . 0 1 6 1 . 0 0 

1 8 . 3 1 . 0 8 0 . 0 8 3 0 3 3 5 0 . 0 1 7 1 . 0 5 

1 8 . 0 1 . 2 1 0 . 0 7 3 0 . 3 3 6 0 0 1 7 0 . 9 9 

Table 9.7a continued. 
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s p e c i e s 

• Ho. % No. % No. % m No. % No. % Mo. % 
Gongrosira incrustans 7 10 23 21 49 37 57 26 

Heribaudiella f l u v i a t i l i s 10 50 12 60 46 63 94 85 115 86 147 68 

EnLeromorpha sp (p). 5 5 25 19 145 67 

Cladophora glomerata 1 5 34 47 64 58 114 85 205 94 
• 

Hygrohypnum luridum 20 100 20 100 38 52 37 34 14 10 

Leptodictyum riparium 6 8 8 7 20 15 75 35 

Eurhynchium riparioides 20 100 20 100 73 100 110 100 133 100 173 80 

Fontinalis antipyretica 20 100 20 100 73 100 106 96 96 65 145 67 

Scapnnia undulata 10 50 5 25 19 1 1 

Soleno^oma t r i s t e 17 85 9 45 30 39 11 10 

Elodea canadensis 36 49 62 56 107 80 193 89 

Myriophyllum alterniflorum 18 90 16 80 57 78 85 77 76 57 35 16 

M. spicatum 3 3 52 39 163 75 

Potamogeton berchtoldii 4 4 28 21 16 7 

P. crispus 28 38 40 36 107 80 152 70 

P. -lucens 7 3 

P. natans 7 10 4 1 8 3 

P. x olivacaus 29 40 35 32 14 10 12 6 

P. pcctinatus 105 48 

P. perfoliatus 3 2 56 26 

P. pusillus 13 10 65 30 

P. x s a l i c i f o l i u s 69 32 

P. x suecicus 15 i 

Ranunculus aquatilis agg. 37 51 ,69 63 17 13 

R. circinatus + hybrid 5 5 4 3 

R. penicillatus var. calcareus 30 41 80 73 98 73 160 74 

R. fluitans x ? 5 5 50 37 174 81 

Zannichellia palustris 41 31 132 61 

330 - 275 274 - 220 219 - 165 164 - 110 109 - 55 54 - 0 

a l t i t u d e ( m ) 

Table 9.7b Primary data of 28 species for calculation of Spearman Rank 
coefficients (r ) . The number of records i n each of the six s 
ranks, and the percentage of the maximum possible is given for 
each species. . 
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s p e c i e s No. % No. % No. % No. % No. % No. % 

Gongrosira incrustans 37 24 66 62 20 74 13 46 

Heribaudiella f l u v i a t i l i s 71 7 133 84 98 63 76 71 26 96 18 64 

Enteromorphansp(p), 74 47 55 51 26 96 20 71 

Cladophora glomerata 23 22 132 83 106 68 104 97 26 96 28 100 

Hygrohypnura luridum 68 68 3 2 58 37 2 2 

Leptodictyum riparium 3 3 21 13 23 15 37 35 21 75 

Eurhynchium riparioides 97 100 159 100 121 78 97 91 27 100 28 100 

Fontinalis antipyretica 96 99 133 84 107 68 93 88 15 56 19 69 

Scapanl* undu'ata 29 29 1 1 5 *» 
-> 

Solenostoma t r i s t e 52 53 8 6 7 5 

Elodea canadensis 21 21 159 100 92 59 83 77 12 44 13 46 

Myriophyllum alterniflorum 88 89 154 97 23 15 17 16 8 30 21 75 

M. spicatum 82 53 91 85 24 89 21 75 

Potamogeton berchtoldii 17 11 24 89 7 25 

P. crispus 16 16 103 65 71 46 90 84 25 93 25 89 

P. lucens 4 2 3 3 

P. natans 2 2 6 4 2. 1 4 4 6 22 2 7 

P. x olivaceus 17 17 54 34 3 2 12 44 3 11 

P. pectinatus 79 51 19 18 4 15 3 11 

P. perfoliatus 39 39 25 8 8 11 '.1 1 4 

P. pusillus 47 30 22 21 8 30 0 7 

P. x s a l i c i f o l i u s 57 37 12 11 

P. x suecicus * •j 4 8 7 

Ranunculus aquatilis agg. 26 26 78 49 4 3 9 8 

R. circinatus H hybrid 22 39 

R. penicillatus var. calcareus 20 20 151 95 99 63 72 67 15 56 1 4 

R. fluitans x ? 48 30 99 63 44 41 27 100 11 39 

Zannichellia palustris 1 1 65 42 81 76 14 52 12 43 

< 124' 125 - 174 17b -- 224 225 - 273 275 - 324 > 325 

c o i i d u c t i v i t y ( micro-- mhos ) 

Table 9.7b continued. 
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s p e c i e s 

Gongrosira incrustans 

Heribaudiella f l u v i a t i l i s 

Enteroraorpha sp(p), 

Cladophora glomerata 

Hygrohypnum luridum 

Leptodictyum riparium 

Eurhynchium riparioides 

Fontinalis antipyretica 

Scapania undulata 

Solenostoma t r i s t e 

Elodea canadensiss 

Myriophyllum alterniflorum 

M. spicatum 

Potamogeton berchtoldii 

P. crispus 

P. lucens 

P. natans 

P. x olivaceus 

P. pectinatus 

P. perfoliatus 

P. pusillus 

P. x s a l i c i f o l i u s 

P. x suecicus 

Ranunculus aquatilis agg. 

, R. circinatus + hybrid 

R. penicillatus var. calcareus 

R. fluitans x ? 

Zannichellia palustris 

No. % No. % No. % 

75 73 142 86 76 61 

12 7 76 61 

29 28 134 81 121 97 

68 66 5 3 2 2 

9 9 15 9 47 38 

103 100 165 100 82 86 

103 100 142 8o ; j 59 

29 28 1 1 , 5 5 

52 51 10 6 5 5 

21 26 156 95 109 87 

96 93 160 97 7 6 

102 82 

17 10 

22 21 109 66 79 63 

5 5 

7 7 

17 17 54 33 3 3 

84 67 

42 34 

49 39 

57 46 

15 12 

30 29 74 45 

26 25 162 98 88 70 

66 40 109 87 

12 7 73 58 

No. % No. % • No. 
4 

40 

% 

46 70 82 84 8 53 

37 56 80 82 8 53 

12 18 60 61 15 100 

24 36 95 97 15 100 

54 82 2 2 

1 1 24 24 24 93 

66 100 98 100 15 100 

57 88 87 88 8 53 

18 27 76 78 8 53 

7 11 21 21 

13 20 89 91 14 93 

10 15 14 14 71 47 

18 27 89 91 13 87 

3 5 2 2 

3 ' 5 10 10 

8 12 4 4 3 20 

4 6 17 17 

8 12 5 e 

4 6 24 

12 

24 

12 

2 13 

4 6 

22 11 

7 11 75 77 

12 18 34 35 7 47 

12 18 69 70 7 47 

32.5 -39.9 40.0-47.4 > 4^.5 

A* 

10.4-17.4 17.5-24.9 25.0-32.4 

C a ( mg l " 1 ) 

Table 9.7b continued. 
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s p e c i e s No. % No. % No. % No. % No. % No. %' 

Gongrosira incrustans 37 29 11 6 14 9 30 70 37 67 7 88 

Heribaudiella f l u v i a l i l i s 74 59 139 78 122 76 41 95 37 67 3 38 

Enterimorpha sp (p). 40 22 79 , 49 2 5 46 84 8 100 

Cladophora glomerata 18 14 152 85 111 69 39 91 53 96 8 100 

Hygrohypnum luridum 115 91 9 5 2 5 

Leptodictyum riparium 1 1 36 20 38 24 6 13 21 38 8 100 

Eurhynchium riparioides 126 100 170 95 1>8 80 '.2 98 55 100 8 100 

Fontinplis antipyretica 125 99 157 88 89 55 39 91 44 80 6 75 

Scapania undulata 23 18 12 7 

Solenostoma t r i s t e 48 39 19 11 

Elodea canadensis 8 6 150 84 154 96 39 91 45 82 1 13 

Myriophyllum alterniflorum 68 -54 130 73 62 39 16 37 

M. spicatum 2 2 35 19 92 57 29 67 53 96 7 ' 88 

Potamogeton berchtoldii 31 17 10 6 / 13 

P. crispus 8 6 129 72 90 56 34 79 51 93 6 75 

P. lucens 1 1 3 2 2 4 

P. natans 2 2 9 5 4 2 5 9 

P. x olivaceus 1 1 60 34 21 13 6 13 3 6 

P. pectinatus ;> O ** 83 52 1/. o - 3 3tf 

P. perfoliatus 6 3 48 30 5 o 

P. pusillus 1 1 52 32 7 16 19 33 5 «i3 

P. x s a l i c i f o l i u s 57 35 12 22 

P. x suecicus 8 4 7 4 

Ranunculus aquatilis agg. 10 8 79 44 18 11 7 16 

R. circinatus + hybrid 22 6 

R. penicillatus var. calcareus 5 4 89 50 144 89 36 84 40 73 1 13 

R. fluitans x ? 63 35 139 86 7 16 21 38 

Zannichellid pi l u s t r i s 1 1 35 20 65 40 26 61 45 82 1 13 

< .010 .010--.054 .055--.099 .100 -.144 .145 -.189 .190-.2: 

P ° 4 " P ( mg 1 1 ) 

Table 9.7b continued. 
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s p e c i e s No. % No. % No. No. % No. % No. % 

Gongrosira incrustans 37 42 50 28 37 20 12 67 

Heribaudiella f l u v i a t i l i s 28 57 55 63 44 86 145 81 138 75 15 83 

Enteromorpha ap(p). 70 39 93 52 12 67 

Cladophora glomerata 1 2 23 26 43 84 166 91 153 83 17 94 

Hygrohypnum luridura 46 94 72 82 4 2 

Leptodictyum ripariura 4 5 12 24 45 25 36 19 10 56 

Eurhynchium riparioides 49 100 88 100 51 100 168 94 155 85 18 100 

Fontmalis antijyretica 49 100 87 99 50 98 138 78 121 65 15 83 

Scapai.-'-inundvlatd 23 46 6 -i 6 1 1 2 11 

Solenostoma t r i s t e 48 99 6 7 5 10 7 4 1 5 

Elodea canadensis 2 4 15 17 43 84 153 85 151 82 9 50 

Myriophyllum alterniflorum 44 90 34 39 43 84 74 41 • 77 42 5 28 

M. spicatum 2 2 6 12 97 54 105 56 8 44 

Potamogetoi berchtoldii 41 23 7 4 

P. crispus 16 18 38 75 133 74 128 69 17 94 

P. lucens 2 2 4 2 

P. natans 1 ' 2 3 3 7 14 3 4 5 3 

P. x olivaceus 1 2 5 6 27 33 16 9 

P. pectinatus 17 21 71 38 3 17 

P. perfoliatus • 18 10 4i r. 

P. pusillus 31 17 47 25 1 6 

P. x s a l i c i f o l i u s 19 11 50 27 

P. x suecicus 8 4 7 4 

Ranunculus aq.iatilis agg. 6 12 11 13 24 48 42 23 16 9 

R. circinatus + hybrid 23 7 

R. penicillatus var. calcareus 1 2 13 15 38 75 137 77 176 95 1 6 

R. fluitans x ? 95 53 129 69 5 28 

Zannichellia palustris. 72 40 76 39 5 28 

- < 0 .20 0.20 -0.47 0.48 -074 0.75- •1.01 1.02 -1.28 1.29-1.5 

N 0 3 " N ( mg 1 ) - * 

Table 9.7b continued. 
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