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. ABSTRACT

A detailed account is given of thce wacrophytic vegetation of the
ma jor rivers within the Tweed Basin., Of these rivers, the Tweed and
its largest tributary, the Teviot, have been studied in most detail,
both being surveyed from source to mouth, Information brought together
on the history and physiography of the Tweed Basin are summarizcd in
this account, together with physical and water chemical data collected
during the survey. The distribution of species is discussed in relation
to changes in such parametors,

The method of survey involved recording the presence or ahbhseunce of
all macrophytic species within 0.5 km lengths of river, together with
a subjective evaluation of their abundance. 570 such 0.5 km lengths
were surveyed. All macroscopiéally visable species were recorded which
were found complctely submerged or at the immediate edge of the river,

A total of 180 different macrophytic growths ( usually species, but
occasionally identified only to genus level ) were present in the basin,
including: 31 algae, 5 lichens, 83 bryophytes, 59 angiosperms, 2
macroscopic microbial communities. The identificatipn and taxonomy
of all species were studied critically.

Environmental parameters collected in most detail were the physical
characteristics of each river, such as altitude, features of the
substratum and flow regime. A water sampling programme was undertaken
which involved the collection of 5 duplicate samples from sites in the
main river and tributaries, and subsequent analysis for optical density,
pH, conductivity, 10 cations and 6 anions,

The final discussion includes an appraisal of literature concerned !
with macrophytes in raivers, methods of study, and results obtained. %
Particular attention is paid to floristic accounts, especially those fron
the neighbourhood of the Tweed, the floras of these rivers being compared
with the flora of ithe Tweed Basin., Comparison with data from these I
surveys would suggest that the Tweed is a river which is especially \
rich in macrophyte species.

The presence of historical data and herbarium specimens collected |
over the past two centuries has made it possible to suggest tentatively
that the distribution of some species has clhianged markedly, whereas
others appear to have chan%sd little over 150 years. EEEEEREPEE
glomerata is sn example oI[species which in recent years has become
much less abundant. This i8S most probably due to a decrease in
total phosphate content in. the water, this in turn being due to a
reduction in the use of synthetic detergents by the textile industry.
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1. INTRODUCTION

1.1 Aims

The macrophytic vegetation of many rivers in Britain and mainland
Europe have been described in the literature. Despite this, comparisons
of the vegetation of one river with another is often difficult, primarily
because of differences in the methods of study and subsequent presentation
of data. In reviewing literature concerning macrophytes in rivers, Westlake
(1975) concluded ‘''re-examination of the distribution of several genera in
the light of modern taxonomy is badly needed". The present project was
planned to provide a description of the macrophytic vegetation of a single

river basin in considerable detail, making at the same time a critical

appraisal of the taxonomy of the forms present, and relating their distribution

to environmental parameters.
1.2 Literature referring to macrophyte surveys in rivers

The macrophytic vegetation found in several British rivers, and some
of the factors affecting their distribution were described by Butcher (1933).
The same author (Butcher, 1927, 1933a; Butcher et al., 1931, 1937) studied
several other rivers, but similar surveys by other workers have been few.
For instance, in the 930 page book "The British Isles and their vegetation"
(Tansley, 1939), only 14 pages (pp. 622-633) referred to the vegetation of
rivers, 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 in rivers, the vegetation of most rivers and streams still remaining
almost totally undescribed.

The paucity of data for rivers in comparison with lakes is also evident



from algal studies in Britain. Whitton (1974) showed that prior to 1960,
there were 24 river or stream sites with extensive algal lists; the
comparable number for lake or reservoir sites was 56.

The Tyne, Wear, Tees and Wharfe are the four largest rivers in northern
England, and in 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 its tributaries the Skerne, were surveyed
in more detail by Butcher et al. (1937), and more recently, Proctor (1971)
resurveyed a natural, slow,deep stretch of river in the upper Tees known
as the 'Wheel'. Whitton and Buckmaster (1970) surveyed the Wear from source
to mouth, recording the presence or absence of all macrophytic species
within 0.5 km lengths of river. A similar survey was carried out on the
lower stretches of the N. Tyne and Tyne by Holmes et al. (1972).

In comparison with other areas, the vegetation of rivers in N-E. England
is well documented. The authors of the surveys mentioned above made
reference to the distribution of species in relation to physical and water
chemistry characteristics. Since the river basin studied by the present
author is in the same geographical region as these rivers, and the vegetation
of each river will subsequently be closely compared, the characteristics
of each river will be summarized briefly.

The Tyne and Wear fall gradually from source to mouth with the vertical
drops per standard distance of river greatest in the upper stretches. In
the upper stretches of both rivers there are no sudden drops due to water
falls, and no stretches of deep, slow-flowing water. The upper stretches
of the Tees has a greater vertical drop than the lower stretches, but the
drop is less uniform than in the Tyne and Wear. There is High Force, a water
fall with a considerable vertical drop, and prior to the construction of

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



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

and Butcher et al. (1937) compared hardness figures of the Wharfe, Tees and
Skerne. More.recently independent surveys to ascertain the variety of water
chemistr ies ?ivjzz 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 0.D.,pH, conductivity,
10 cations and 6 anions. It was reported by Holmes et al. (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 in the lower
stretches (Snow and Whitton, 1971). The chemistry of the Tees suddenly
changes at a point where the Skerne enters the river. This affluent
increases levels of all elements which are correlated with increases in
hardness: nutrient status and organic matter content also increase. Below
the Skerne the Tees is moderately calcareous and nutrient rich, but above,
it is soft and nutrient poor (Butcher et al., 1937).

The chalk streams of southern England are the only other region in
which detailed surveys of several rivers in close proximity to one another
have been carried out. The first well documented surveys were the work
of Butcher (1927, 1933) and Butcher et al. (1931). The Lark and Itchen
were extensively surveyed, the exact distribution of individual plants
being shown in several stretches. More recently, many experimental studies
have been carried out on several other chalk streams (g,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 river; Sirjola (1969) for the Teuronjoki, Finland;

Weber-0ldecop (1970, 1971) for rivers in lower Saxony; Krause (1971) for



the upper Rhine; Kohler et al. (1970, 1973) for the Moosach, Germany;

and Wglek (1971) for the Dunajec, Poland. Many smaller rivers and streams
have also been surve&ed. Several studies of European rivers used phyto-
sociological techniques.

Other surveys that were concerned primarily with factors that affect
the distribution 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
in the rivers studied. Many such surveys will be referred to later in
the thesis.

1.3 Envirommental parameters regarded as important in affecting the
distribution of macrophytes in rivers

There are many experimental studies which attempt to show how
environmental factors affect macrophytes in rivers; proving the existence
of precise causal relationships between the distribution of a species and a singl«
parameter are more difficult. The distribution of many species are often
shown to be correlated with single factors,_szg. Ca levels; in such a
case however, it is usually not known whether Ca is the causal factor, or
whether it is one of several other related factors such as pH, conductivity
and Mg, or the combined effects of all these factors. A few of the
environmental factors regarded as important in affecting macrophyte
distribution will now be briefly summarized.

One parameter which probably effects the distribution of species in
rivers more than any other single factor 1s current velocity. The
distribution of river macrophytes in relation to water velocity has been
discussed by many authors, including: Butcher (1933), Roll (1938),
Ackenheil (1944), Ruess (1954), Ruttner (1963), Sirjola (1969) and Haslam

(1971). Current velocity is known to affect macrophyte species in a



variety of ways. Direct effects include control of establishment,
susceptibility to removal during floods, physical damage to tissues,

and the physical uptake of ions and nutrients; the major indirect effect
is the influence current velocity has on the nature of the substratum.
When the distribution of a certain species is correlated with current
velocity, it is 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), for lakes and rivers respectively, reported that
the distribution of species was primarily correlated with the nature of
the substratum. For rivers, Westlake (1973) points out that although
the distribution of many species can be correlated with the nature of the
substratum, the main causal factor is probaﬂly the flow regime. This is
well illustrated by Haslam (1971) who showed that for most species,
correlation diagrams for substrata siée 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), Sirjola (1969), Haslam (1971) and Hawkes
(1975).

The effects exerted by the geology of the bedrock is still unresolved;
however, Haslam (personal communicaticn) regards this as a most important
influence. The substratum may also be a source of nutrients, but there
is still conflicting evidence as to whether the major source of rooted plant
nutrients in rivers is 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 in silt,
and Chancellor (1958) reports that the chief cause of excessive weed growths

is due to accumulation of nutrient organic matter in muds and silt.



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 availability, and the individual species
concerned (Hartog and Segal, 1964; Boyd, 1967).

Other parameters likely to influence the distribution of macrophytes
in rivers are temperature, light, and the effects of man. Temperature is
suggested as being the most important factor on a world-wide scale
(Sculthorpe, 1967; Westlake, 1973). The latter author reports that "in
general, temperature has no special effects in rivers". Due mainly to bank
shading, surface reflection, water turbidity and absorbtion, the amount of
light available to submerged plants is much less that that received by
terrestrial species. The light climate of rivers in relation to vegetation
has been summarized by Westlake (1966). Berrie (1972) and Mann et al. (1972)
have shown the effects that shading can have on the distribution of plants
in a river by taking transects across the Thames. Certain macrophytes are
known to be characteristic of high light intensity_gzg. members of the
genus Ranunculus (Cook, 1966), and others are characteristic of low light

intensities e.g. Hildenbrandia rivularis (Zimmermann, 1927; Oberdorfer, 1928).

The influence exerted by human activities on river conditions are widespread;
probably the most documented effects are those resulting from pollution and
river management. There have been numerous claims that aquatic macrophytes
have increased due to eutrophication. Westlake (1975) points out that

there is little evidence from "before and after" studies to support the
popular theory that this is due to increases in both phosphorous and
nitrogen. River management practises such as weed cutting and dredging

will also affect macrophytes in a river; the extent to which species or
rivers are affected will depend on the severity of treatment, season when

carried out, and the characteristics of the individual macrophyte.



The distribution 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
affecting the distribution of aquatic macrophytes, including ion uptake,
ionic balance, CO2 requirements and its effect on membrane potential, and
their ecological implications have been investigated by Denny (1966).
Pearsall (1922), Spence (1967) and Seddon (1972) have shown that the
distribution of species can be correlated with various water chemistry
parameters in British lakes. Using four categories of water chemistry ranging
from acid and non-calcareous,to alkaline and highly calcareous, Butcher (1933)
had previously demonstratedtt/l:ame for British rivers. It has been suggested
by Westlake (1975) that C, N, K and P are the nutrients most likely to be
limiting in rivers. The same author reports that the proportion of these
elements within aquatic plants are usually 250 C: 4 N : 3 K : 1 P and the
one that falls most below this proportion is likely to become limiting.

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

effects that changing water/have on the distribution of macrophytes will

not be included here, but will be compared with the findings of the present

author, later.

1.4 Techniques of survey

From the brief review of literature concerning macrophyte surveys of
rivers, it was'obvious that a wide variety of techniques could be employed
to describe vegetation of individual rivers. Methods range from casual
observations made for particular genera, e.g. Heslop-Harrison (1942, 1944)

and Dandy and Taylor (1946) for Potamogeton species, to the most exacting

methods used in phytosociology. In these latter surveys, the composition



and spatial arrangements of species within small areas of river (aufnahme)
are described in detaill, and then classified according to the communities
recorded; examples include Weber-Oldecop (1970, 1971, 1974) and Kohler

et al. (1971, 1973).

Useful approaches between these two extremes have been used by many
authors. Butcher (1933) visited many sites in different rivers, and
described the dominant vegetation found in a variety of river conditioms.
Several surveys on the Continent have employed the same method (Backhaus,
1967; Szemes, 1967; Siedlecka-Binder, 1967; Turala, 1970; Wdlek, 1970).
The ﬁethods usually involved a description of the vegetation from a
representative number of sites; whole rivers were not surveyed. A similar
approach was used by Butcher et al. (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 river from source to mouth. A similar survey was carried out
on the Tyne and N. Tyne by Holmes et al. (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 in greater detail. 1In 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
lengthyand was incorporated into the recording system.

The simplest method of survey is to record the presence or absence
of species. If an evaluation of the abundance of each species is desired,
the survey becomes more complicated. If the study area is large, it is
impossible to make the method quantitative by recording the number of each
species present within the area. However, this may still not be of great
significance, for one plant of one species,may occupy 100 times the area
of one plantyof another species. The usual compromise is a subjective

evaluation of the abundance of each species, either in relation to each



other, or on a recognised numerical scale of cover e.g. Tansley and Chip
(1926) . The former system is based on the creation of dominant, sub~
dominant to rare species, and was used by Butcher (1933). The latter

does not relate the abundance of one species with another, it can therefore
distinguish between stretches of river with either sparse or thick vegetation;
this method was used for the study of the N. Tyne by Holmes et al. (1972)

Many recent surveys of European rivers have included a consideration
of the phytosociology of both species and communities. Some authors have
just used phytosociology methods in their presentation of dataj others
have used rigorous techniques in 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 within the study area in relation to one
another. Most surveys have followed the Zﬁrich—Mbntpellier School (Braun-—
Blanquet et seq. 1921-1964; Braun-Blanquet and Tuxen, 1943, 1955; Tuxen,
1943). Prior to 1964 the classification of water plant communities was
under-developed, and only two classes were recognised. More recently, the
role of classifying water plant communities has received more attention
e.g. Hartog and Segal (1964), who pointed out that water and land environ-
ments differ fundamentally, and that ecological concepts developed for
terrestrial vegetation cannot be applied to aquatic vegetation. The
generally accepted ZUrich-Montpellier system is based on a single, yet
complex factor, the floristic composition of the vegetation. Hartog and
Segal regard floristic composition alone to be an insufficient character
to classify plant communities in water. Their system proposed consideration
of life form spectra, physignomy, stratification and ecology, in addition
to the all important floristic composition.

Phytosociological methods can be used to illustrate specific points



concerning vegetation surveys. One of the most frequently used techniques
is the rearrangement of data into the format of an association table. Moore
(1962) in 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 itself, and
of its subunits, and a certain amount about their ecology". The same author
stated that the hierarchical classification of communities makes no claim
to be natural, but merely convenient. Several studies of rivers from
mainland Europe have used association tables (or modified versioms) to
demoﬁstrate the existance of different communities in different stretches
of river. Two examples are: Backhaus (1967) for the headwaters of the
Danube, and Kohler et al. (1971) for the Moosach. Kohler et al. concluded
that correlations with chemical parameters were more reliable than phyto-
sociological investigations. The more comprehensive phytosociological
approaches of Weber-Oldecop (1971, 1973) could distinguish 12 plant communities
in the Aller River System, and was regarded as a useful technique.

In order to show the effects that environmental parameters have on
the distribution of macrophytes in a river, a variety of approaches are
available. The choice of method is usually determined by the nature of
the original, or concurrent survey of macrophyte distribution. In general,
the smaller the area described, the more accurately the distribution of
species can be correlated with external parameters. This is particularly
true for small rivers which show obvious changes over very short distances.
This aspect of macrophyte surveys will now be briefly considered.

Several studies, particularly in mainland Europe, have concentrated
on describing the vegetation in small areasof uniform characteristics,
using phytosociological methods. These include the surveys of Weber-Oldecop

(1970, 1971) and Kohler et al. (1971, 1973), referred to earler. Others

10



have been more concerned with the effects that environmental parameters
have on individua} plant species. In these cases, types of flow regime
or substratum characteristics are often measured and categorised, and
the distribution of species found in such stretches described. Examples
of such studies include: Roll (1938), Ackenheil (1944), éirjola (1969).
Similar studies for water chemistry parameters have been employed. For
instance, Iverson (1936) categdrised 50 sites on the basis of pH, and
described the presence or absence of species within those limits.

The main advantage of studying a small area is that the relationship
of m;crophytes 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 is
present. Even in an area as small as 5 m2 (a size of aufnahme frequently
studied by phytosociologists), many characteristics are not uniform
throughout. In addition, species growing within the area, merely by
their presence,may cause changes in 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. If one regime is to be selected, it is possible that low flows
may be biologically more meaningful than high flows. Although the amount
of water passing through the river is less, and many elements may be
concentrated, several others may be rapidly taken up from the water by
the plants, and become limiting (Stake, 1967, 1968; Ahl, 1972).

When the vegetation of a whole river system is described, accurate
correlation of the distribution of species with environmental parameters
becomes more difficult. The description of Butcher (1933) of the
vegetation of seven rivers in Britain attempted to relate the distribution

of species to flow regimes (plus substratum), and water hardness

i1



characteristics. In order to do this, broad generalisasions 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 latter authors was to describe the vegetation of
the river, they also generalised that for survey purposes, the Wear could
be regarded as a river that on passing downstream, had decreasing water
velocity, and increasing nutrient levels.

It is inevitable therefore, that where the vegetation of a whole
rive? is being described in detail, relating the distribution of species
with environmental parameters is likely to be less accurate than when
small areasare being studied. This means that several genmeralisations will
bhave to be made. For instance, the vertical drop made by a river in a
standard distance may be used to indicate the predominant current velocity
and substratum characteristics of particular stretches, even though
considerable variation will be shown. It could be presumed that the
steeper the vertical drop, the faster the flow rate, and more rocky the
substratum. Conversely, small vertical drops would indicate slow velocity
rates, and a predominately muddy substratum with few rock surfaces. It
is also almost impossible to collect water samples from every stretch of
river surveyed. It is therefore important to choose strategic sites that
can be used to represent the chemistry of a larger section of river. Samples
should be collected at a time when most knowledge can be gained from the
results, as indicated earlier.

1.5 Problems in collection and interpretation of macrophyte data from
rivers

Many of the papers quoted in this introduction have pointed out that
there are considerable problems associated with the collection and subsequent

presentation of macrophyte data from rivers. For instance,
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Whitton and Buckmaster (1970) stated "recording of macrophytes in a river

is complicated by various factors" and then outlined some of the problems.
There are also difficulties in 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 will be summarized briefly.

The distribution of many species often varies greatly from one year
to the next. The reasons for this are almost always environmentally
controlled e.g. a heavy flood in early summer may uproot many large, slow-
growing plants; their removal making room for quick growing, more transient
species. On the other hand, a long spell of low flow conditions in early
summer may result in larger plant species becoming established, and smaller
more transient species excluded. For the same reasons as outlined above,
the distribution of some species may be dependent on the size and/or
frequency of floods prior to survey.

Both Butcher (1933) for ‘the Lark, and Ruess (1954) for the Ischler Acher
showed that populations of species in a river often 'move'. They showed
that plants often spread to the side or downstream of their original position,
and more upstream plants could be observed to advance downstream and take
their place the following year.

Although some river 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)
classified several river macrophytes according to whether they remained
vegetative throughout the year, or whether they were 'die back' species.

In other rivers, a succession of one dominant vegetation to another often
occurs during the year. For example, in unmanaged southern chalk streams,

Ranunculus penicillatus var. calcareus is replaced by Rorippa nasturtium-
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aquaticum during mid-summer (Westlake, 1960, 1968, 1968a; Ladle and Casey
1971).

Another problem is that some species within the study area may be
overlooked, and therefore excluded from the records. The extent to
which this may occur is usually dependent on the method of survey. For
instance, if small stretches are studied as representative of the vegetation
of the whole river,the chance of a species being overlooked is greater than
if the whole river was surveyed. Even when a whole river is surveyed, it
is still possible that a rare or indistinct species may be overlooked.

For reasons outlined above, it is 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
river flows can be expected to be low (unpredictable in Britain). It is
suggested that the greatest number of macrophytes are at their most obvious
from early June to late September. During this period, river flows usually
allow work of a survey nature to be carried out during one day in two. In
the presentation of data, it is 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 this particular study. Judging
from surveys carried out on other rivers, and information already known
about the Tweed,there were a wide variety of reasons why the Tweed was an
ideal river to study. Some of the main reasons will be outlined below.

As with all studies however, a major consideration has to be the financial
feasibility of the project, and it is due to Tweed River Purification
Board assistance that this work was possible.

In the Conservation Review compiled by Britton and Morgan (unpublished),
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the Tweed emerged as a nationally important, top category site (Grade 1)
in the fresh water section. In practise, this meant that after surveying
and evaluating all major semi-natural and natural ecosystems in Britain,
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 river, a critical survey of its vegetation
was necessary.

The river has been investigated by many amateur botanists during the
past two centuries, who showed it to contain a wide variety of submerged
macrophytes (Thompson, 1807; Johnston, 1829, 1853; History of the Berwick-
shire Naturalist, from 1841). This was particularly evident for the

genus Potamogeton. Herbarium specimens, some collected nearly two centuries

ago,are still present in the British Museum (Natural History), and can be
regarded as some indication of the vegetation during this period. Despite
the many records, no clear patterns of distribution were evident} this
was because only a few sites had been investigated, and critical 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 rivers within the Basin. This background
information was not readily available, but present in a wide variety of
books primarily concerned with local history, natural history and fishing.
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 all sources were considered together, a vast amount of
information could be gained from them, although singularly they would be

of little value.
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Judging from surveys from other rivers described in this chapter, and
the problems involved in such studies, it was realised from the outset that
certain restrictions would have to be imposed on the macrophyte surveys of
the Tweed Basin. TFor instance, it would be impossible to survey the whole
lengths of all rivers within the catchment; a system of priorities would
therefore have to be adopted. The first priority was to survey the main
river from source to mouth, and subsequent surveys would depend on the
findings of the initial surveys, time available to survey, and the
particular characteristics of individual tributaries. It was planned that
the main river and at least its four largest tributaries would be surveyed.
Other tributaries would be selected so that surveys were carried out from
a wide variety of rivers with different physical and water chemistry
characteristics.

A parallel, yet distinct survey of the micro-algac within the same
river 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)
in the streams, their biological state, and the environmental characteristics
of the sites where they occur. (ii) Presentation of data in a format in
which a wide range of statistical tests could be applied to show the
relationship between organism and environment. (iii) Availability of data
in a form in which such methods as cluster analysis could be used where

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

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

using a similar recording system.

The distribution of micro—algae would be related to factors such as
altitude, stream width, mean flow and water chemistry. In addition, nine

micro-environmental factors at the exact point where the samples were
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collected were considered: these included surface cover by the dominant
growth form, substratum geology, substratum size, substratum topography,
surface inclination, surface aspect, water depth, flow rate, and exposure
to light.

Results of this study are not included in this thesis since the
survey of the Tweed was an integrated part of a much larger research project
which is still being carried out in the Department of Botany, University
of Durham. It was felt that a treatment of the data that did not utilize
the full potential of the envisaged, and almost completed computer programme
would have been wasteful. The data will therefore be published at a future

date when all four objectives of the survey can be fulfilled.
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2. METHODS
2.1 Collection of background information on the Tweed and tributaries;
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 in 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 river given in 3.2.
2.12 Water chemistry - introduction
It was impracticable to obtain water chemistry data for the whole
number of 0.5 km lengths surveyed. In order to collect data that could
be related to all lengths surveyed, a main chemistry sampling programme
was undertaken within a 12 month period that spanned two calendar years.
2.13 Sampiing programme
Water samples were collected on five separate occasions from 29
sites on the Tweed and from 20 sites on 17 different tributaries (see
2.2b). Grid and kilometer references of all sampling points are tabulated
in Table 2.la. The sampling points on the Tweed were the same as used
by the Tweed River Purification Board for their biennial chemistry survey
of the river. The sites were most commonly above and below tributaries
or effluent outflows. This allowed the causes of any changes to be
identified. All large tributaries were sampled just aboveltheir confluence
with the Tweed, the Teviot being sampled at two additional sites, and the
Whiteadder at one site above its confluence with the Blackadder.
Five surveys were regarded as the minimum number that could be used
to give a reliable comparison of water chemistries of the Tweed and its

tributaries. It was intended that all surveys should be undertaken when
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sample site

Tweed - Finglands
Tweed - Tweedsmuir
Tweed - Kingledors
Tweed ~ Dawyck Bridge
Tweed ~- Lyne Ford

LYNE - FOOT
Tweed — Manor Bridge
MANOR - FOOT

EDDLESTON - FOOT

Tweed = Peebles gauge
Tweed — Peebles dump
Tweed - Horsburgh Ford
Tweed -~ Traguair Bridge
Tweed - Walkerburn Bridge
Tweed -~ Juniper Bank
Tweed - Ashiestiel Bridge
Tweed - Yair Bridge

Tweed — Tweed Bridge
MEGGET - FOOT

YARROW - PHILIP HAUGH
ETTRICK - FOOT

Tweed ~ Gala Ford

GALA - FOOT

Tweed — Lowood Bridge
Tweed - Gattonside Bridge

Tweed —- Bridge above Leader

LEADER - FOOT

Tweed =~ DryburghAbbey
Tweed - Mourton Bridge
Tweed - Rutherford Lodge
TEVIOT - HAWICK

ALE - FOOT ’
TEVIOT - ANCRUM
JED - FOOT

TEVIOT - FOOT

Tweed - Kelso Bridge
Tweed -~ Sprouston Gauge
EDEN - FOOT (bridge)
Tweed -~ Below Birgham
LAMBDEN ~ SPRINGWELLS
LEET - FOOT

Tweed - Coldstream Bridge
TILL - FOOT (Bridge)
Tweed ~ Norham Bridge
Tweed - Fishwick Mains
Tweed - Union Bridge

WHITEADDER ~ ABOVE CHURNSIDE

BLACKADDER - FOOT
WHITEADDER - FOOT

Grid
ref.

054194
097244
109285
164352
206397
209401
229393
229393
251403
257400
271395
300392
324359
361369
405362
439351
458325
489322
240226
438278
489322
510348
511349
529349
345346
575347
578347
589318
610321
648319
493144
633246
639238
661241
720335
730335
752354
765375
808393
767432
844396
849401
884434
890473
918497
933510
849564
863545
857526

Table 2,1la Chemistry sampling points
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sample representative
for the following
stretch of the Tweed

0.0 ~ 3.0
3.5 - 10.5
11.0 -~ 24,0
24,5 - 27.5
28.0 - 34,5
35.0 - 38.0
38.5 = 43,0
43.5 - 46,0
46,5 - 52,0
52,5 - 56.0
56.5 - 57.0
57.5 - 65.0
6505 - 68.5
69.0 - 72.0
72,5 - 76.0
76.5 - 78.0
71.5 - 79.5
80.0 - 83.0
83.5 - 88.5
89.0 - 92,0
92.5 -108.0

108.5 - 112.0

112.5 - 120.5

121.0 ~ 132.0

132,5 - 137.5
138.0 - 142.0
142.5 - 149.5



river flows were low. Because of organizational problems, this could
no%?ggvggéranteed. Three of the surveys were during low f£lows when

levels in the rivers were in the 10% lowest ever recorded. On the other

two occasions flows were either just above, or just below levels experienced
50% of the time. Further data are summarized in 5.1.

At the same time as the final samples were collected for the main
programme (22.V.73), 20 additional samples were taken. These new sites
had been chosen in consultation with the Tweed River Purification Board
in order to ascertain if there were any streams with unusual water chemistries
within the Tweed Basin.

In addition to this, samples were also collected at intermittent
intervals over three years from 10 sites on the Tweed and its tributaries.
These samples were not analysed for anions, but other analyses served to
show that the data furnished from the main survey of five duplicates were
representative of the water chemistry of the rivers over a longer period
than 12 months.

2.14 Collection and storage of samples
Prior to sampling, all bottles and filters were soaked in 67 HCl
for a minimum period of 24 hours to remove any heavy metals bound to their
surfaces, and also to kill any living cells. All traces of the acid were
subsequently removed by washing six times in distilled water. 'Pyrex'
glass bottles were used for the collection of water used in cation, Cl and
Si analysis, and polythene bottles for P04-P, NH ~N and NO_-N.

4 2 3

Samples were collected from the main current of the river from just

-N, NO

below the surface of the water, and filtered directly. A 'Sinta' glass
No. 2 funnel which had a pore size not exceeding 45‘}nn (manufacturers
catalogue) was chosen as acompromise between effectiveness in removing

particulate matter,and speed of filtration. In practice, particles as
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small as 10 ym were screened, including some bacteria. The removal of
bacteria was desirable in order to minimise any biological changes taking
place between the time of collection and time of analysis.

All samples were collected on the same day, returned to the laboratory,
and stored prior to analysis at as low a temperature as possible without
actually freezing (3°0). Apart from cations, all other analyses were
completed within 36 hours of collection.

2.15 Analyses

Laboratory analytical methods were as follows:

Cl.veeeeeosos . argentometric titration A
methods recommended by

k the American Public
P04—P..........stannous chloride Health Association (1971)

Si.eveveseasssshetero-poly blue

NH4-N..........distillation and nesslerization J
NOZ-N..........method of Crosby (1967)

N03-N..........method of Hammond (1959)

pH and conductivity were measured using standard laboratory meters, and
optical density was measured using a Hilger and Watts Uvispek photo—-electric
spectrophotometer Mk 9 (H 700) and 40 mm cells. The same equipment was

used for all colorimetric readings.

Detection limits of eaEh element were as recommended by the authors
quotedyand within the limits of the particular apparatus in use. In the
case of N03—N however, it was found that the detection limit of 0.5 mg 1--1
was a little conservative. Since the waters analysed had little interference
from high background levels of other elements, the method on all occasions
produced results that were accurate to 0.2 mg 1-1. The use of 40 mm cells
for this and other methods facilitated more accurate results.

Results of the main chemistry survey are tabulated in 5.2 and

summarized in text, in 5.3 and 5.4.

21



v.c.83 .

‘\ ' 3 F\-—'"P'-.L"'u/ “

v.C.77

Fig., 2.2a Rivers on vwhich macrophyte surveys were carried out,showing km
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Fig 2.2b Additional tributaries sampled during the main chemistry survey.Main

towns (@) and sewage effluents (3) are also shown.

22



2.2 Macrophyte surveys

Prior to surveying, six inch to the mile Ordnance Survey maps of
the rivers 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 river was marked off into continuous 0.5 km lengths from
source to mouth. The confluence of the small trickle 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 into 0.5 km lengths down its entire length to well into
the brackish region at Berwick (km 154.0). Fig. 2.2a shows the kilometer
points down the Tweed in relation to its main tributaries.

Tributaries have their zero points at their junction with the main
river, and 0.5 km lengths successively marked off from mouth to source.
Reference points of tributaries are preceded by a minus sign e.g. the
Teviot which is the largest tributary of the Tweed; Teviot Foot was thus
km -0.0,\and 0.5 km lengths were marked up its entire length to km -62.0,
where the small trickle of thée Teviot Water was joined by the larger
Rams Cleugh. This was the uppermost point surveyed in this tributary.

Table 2.2a summarizes when, and to what extentyrivers in the Tweed
Basin were surveyed. As the whole length of the Tweed was surveyed, in
many ways the river resembled a giant 'transect', 150 km in length, and
divided for the efficient description of its vegetation into 300 non-
random, continuous 'quadrats' of varying width, but a standard length of
0.5 km. The Teviot was also surveyed throughout its entire length, the
'transect' being only 62 km long.

Partial surveys were carried out on 10 tributaries, those selected

being chosen for the reasons outlined in 6.1. Because of the limited time
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rivers surveyed from number of 0,5 km year of survey

source to mouth lengths surveyed
Tweed 300 1971
Teviot 124 1972

rivers recelving only

partial surveys

Biggar 6 1973-74
Lyne 5 19%3
Yarrow 13 1972
Ettrick 14 1973
Jed 8 1972
Eden 5 1973
Leet 8 1973
Till 37 1972-74
Blackadder 22 1973
Whiteadder 28 1973-74

Total number of lengths
lengths surveyed 570

All surveys were carried out between the months of june to september.

Table 2.2a Summary of macrophyte surveys carried out for rivers

within the Tweed Basin.
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available to carry out macrophyte surveys, (see 1.5 ), it was found
impossible to survey the whole lemgths of these tributaries. Selective 0.5 km
lengths were thus chosen as representative of the vegetation of the whole river.
The choice of particular lengths involved the study of the Ordnance

Survey maps to ascertain 0.5 km lengths whe“e access to the river was

easy. Points on the river where changesin vegetation might reasonably

be expected to take place, e.g. where a tributary enters the river, 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
within 10 km stretches of river. After the initial study, if data from

two adjacent sites were very different, a few reaches between the two
different sites were surveyed to ascertain the point at which the change
occurred s and the possible g¢ause 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 in deep water,
boats were used. It was not possible to cover every small area of river,
and there was thus the possibility that a species might be overlooked
from any particular length. In such instances the species would at least
be very rare.

Surveys were carried out by recording the presence of macrophyte ‘
species within the 0.5 km lengths as described by Whitton and Buckmaster
(1970) for the Wear, and by Holmes et al. (1972) for the North Tyne. When
a species was present within a 0.5 km length, its abundance was estimated
using a scale of one to five related to that used for terrestrial
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 definition of

the numerical scale used in the survey is tabulated below.

25



abundance scale description

1 ) rare

2 occasional

3 frequent

4 abundant

5 very abundant

Although the aim of the survey was to record all macrophytes that
were visable and easily identifiable in the field, critical identification
to species level was often impossible. In such instances, plants were
collected and brought back to the laboratory where microscopes could be
used, and floras consulted.

In certain instances, identification could not be achieved by collection
and subsequent close examination. This applied to those plants that flowered
early in the season, and can only be identified with certainty when flowers

or fruits are available, e.g. Carex and Ranunculus species. The complex

taxonomy of the latter genus necessitated many sites on the Tweed being
revisitedduring the flowering season of May and June in subsequent years.
Slight changes to the original data were made in the light of new knowledge.
Alsoymany of the first 0.5 km lengths surveyed were checked in order to
validate information collected before experience was gained.

With the exception of the cases mentioned above, survey data given
in Chapter 6 are representative for the vegetation of the rivers during
the months and year of survey indicated in Table 2.2a. Any seasonal

differences in the presence or frequency of any species are summarized

in Chapter 7,

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

the distribution of every species in each vice—county in the Tweed Basin
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are given in (i), Chapter 6. The boundaries are those given in the

Atlas of the British Flora by Perring and Walters (1962). For rare

species from the Tweed, it 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 sur%eys have been rearranged
into a format akin to an association table frequently used to demonstrate
plant communities by phytosociologists of the Zurich-Montpellier School
of  Braun-Blanquet ( see 1.3 ), . The final outcome is the grouping
and boxing off of species with similar distribution patterns into macrophyte
communities. The collection of data and final presentationareshowever,
slightly different from that of the phytosociologist.

The main difference in the collection 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 'aufnahme' are recorded using a subjective abundance scale similar to
that used in the macrophyte survey described. The phytosociologist includes
a second figure which refers to the species sociability, i.e. its spatial
behaviour within the area. Since the size of area studied in this macrophyte
survey #as much larger than that normally used by phytosociologists, and
the areasinvestigated were never uniform in physical or chemical character-
istics, a sociability figure could not be included. The data thus furnished
from 0.5 km lengths could not be treated in exactly the same way a
phytosociologist may use data from an 'aufnahme'.

The initial step in the erection of an "association table" (see 8.64)
from the primary data given in Chapter 6 was to amalgamate data from five

consecutive 0.5 km lengths, and so reduce the number of figuresto a fifth
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of the original number. Each point on the table thus represents a distance
of 2,5 km of river.

The formation of the "association table" followed that given by
Shimwell (1971, pp. 189-193). 1In the 'raw table' in which species were
listed in taxonomic order, it was noticed that certain combinations of
species recurred again and again, and it was these species which had
restricted occurrences that were grouped together. The groups of species
were then arranged so that those species restricted to the upper reaches of
the river were at the top left, and those present only in the lower reaches,
at the bottom right of the Table. Species that occurred throughout the river
were placed in the middle, and those with intermediate distributions placed
either side. The macrophytes with similar occurrences were then boxed
together to give an annotatedyor outlined raw association table (Shimwell,
1971).

The original ordering of species into groups was done by recording
whether a species was present or absent in each 2,5 km stretch of river.

A second table was drawn up using the aggregate of the subjective abundance
scores for the five 0.5 km lengths in each 2.5 km stretch. Since for

each 0.5 km length the maximum abundance value for any species was five
(see 2.2), the maximum value for any point on the table could be 25. 1In
order to make the table clearer, a system of dots, plusses and numbers

has been used. Numbers have been used when a total abundance value was
five or more. To be recorded as five or above indicates that a species

was either present (albeit rare) in all 0.5 km lengths, or if absent

from one or more,to be at least recorded as occasional or frequent in others,
so as to bring the aggregate total to at least five. A total of 10 could
thus mean that the species was recorded as two from five 0.5 km lengths, or

as five from only two 0.5 km lengths. A plus is used when the total
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abundance value for 2.5 km is less than five. Dots indicate the distribution
span along the river, but the absence of the species within that particular
2.5 km length,

It was noted that in the table originally drawn up using presence and
absence alone, '+' signs substituted for the actual abundance total for
each 2.5 km given in the published tables. Since the table using abundance
values provided more information, the former are not included.

The arrangement of species within each boxed off community was determined
by comparing the relative abundances of each sjecies in different stretches
of the river. Those highest in the box had higher abundances in the upper
stretches than in the lower stretches, and vice-versa for species in the
bottom of the box.,

The horizontal lines in the tables were the separating boundary between
one community and another. The vertical 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 this and a phytosociologists association table
are: (i) the horizontal axis had a predetermined order related to the
linear arrangements of 0.5 km lengths down the river; (ii) in true association
tables, only indicator or 'type' species of a community are kept, while
others are disregarded; (iii) a sociability figure is not included.

2.4 Terminology

All macrophyte species recorded from the Tweed Basin are listed in
Chapter 4. Their full name, followed by the appropriate authority is
given there only. Elsewhere in the text, the author is omitted except when
reference is made to a species not present in the Tweed.

Data are expressed in S.I units as recommended by the British Standard

Institution, BS 3763 (1970).
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Abbreviations: in some instances where long chemical, place or
biological names are frequently used, the full name, followed by an
abbreviated form in parenthesis is used when first quoted in each Chapter.
Subsequent citations use the abbreviated form only.

Macrophyte: this term is usedZ?y Butcher et al. (1937) to "include all
the larger plants and those algae which are both easily visable individually,
and may usually be identified in the field". Four main groups of plants
contribute to this vegetation; certain large algae, obvious lichens, and
all bryophytes and angiosperms.

Submerged macrophyte(S): includes the definitions of 'hydrophytes' by
Raunkiaer (1934) and Iverson (1936), that of a 'water plant' by Hartog and
Segal (1964) and under more general terminology, that of Sculthorpe (1967).
Submerged macrophytes are those plants which have their vegetative parts
submerged or floating, but not projecting into the air. For the most
part, these plants are able to develop vegetatively and generatively with
all but their floral parts submerged. This group therefore includes most

algae, bryophytes such as Fontinalis antipyretica and Eurhynchium riparioides

which thrive most below water but occasionally occur above the surface, and

angiosperms such as Myriophyllum, Potamogeton and Ranunculus species.

Bank macrophytes (B): includes all species that are either partially
submerged, or at least kept moist by river water during periods of average

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

large boulders even if in mid—-stream, and all lichens, bryophytes and
angiosperms found growing at the immediate waters edge. Examples are

Collema flaccidum, Cinclidotiis fontinaliodes and Phalaris arundinacea.

This group also includes emergent bank species that may occasionally
occur totally submerged in the main current of the river e.g. Butomus

umbellatus and Sparganium erectum.
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Association: regarded by several synsystematic schools as the
'basic unit' of plant communities and has been defined in several different
ways. In this thesis the word is used as by Butcher et al. (1931) in the
general sense of the word only. It 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 al. (1973).

Community: as used by Becking (1957) to describe a group of individual
plant species, "the composition of which is determined by environmental
conditions, and to a lesser known degree the mutual relation and interactions
of these species, i.e. composition, abundance, dominance, sociability and
competition".

For terminology referring to water chemistry, see 5.1.



3. ARFA DESCRIPTION

3.1 Introduction

This chapter is a comprehensive description of the Tweed Basin.

Most of the data are included because of their direct effect, or combined
effects in governing the distribution of macrophyte species, (see chapters
7, 8 and 9). Others, such as mention of the dominant forms of agriculture
in different catchment areas are included since these can give a good guide
to the topography of the river's surroundings, and hence the rivers
characteristics. Population size and pastimes are diséussed too, since
rivers are frequently the receptacles of their waste products.

The expanded historical and natural history information given is not
only included because of the effects they had in influencing the present
day distribution of some macrophytes, but also for the interest of local
biologists.

The Tweed Basin is defined in 3.2, and the physical characteristics
of the Tweed and its tributaries described. Particular reference is made
to altitude, current velocity and flow regimes, geology, substratum
characteristics and river size. The information given is 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), Ettrick and Yarrow; Bogg (1898), Borders; Burnett (1938),
Tweed; Eyre-Todd (N.D.), Borders; Fraser (1907), anglers songs from the
Tweed; Groome (1887), Borders; Lang and Lang (1923) Borders; Lauder (1890),
Tweed and tributaries; 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 is summarized in 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 is discussed briefly in 3.4. All information was derived from:
Scottish Development Department (1968) and the Tweed River Purification
Board (1973). Temperature data given by the former have been converted
from fahrenheit to centigrade.

3.5 gives some historical background of the Tweed Basin over the
last 200 years, and gives some insight into the conditions of its rivers
during that period. Population, industry and sewage disposal are
discussed since they had the most influence in causing 'unnatural' changes
in river conditions. Some attempt is made to relate present day river
conditions with those described from over a century ago.

For obvious reasons, none of the data are from personal observationss
however some of the generalizations expressed are. Only particularly
important, or specialised facts are followed by a reference author, the
general text being obtained from the following sources: Curphey (1896),
Department of Health for Scotland' (1931, 1950), Government White Paper
(1966), Home (1874), Nicoll (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 Purification Board (T.R.P.B.) for making all the Boards records
available, and for supplying information on the present state of sewage
works; and also to Colonel J. Ryan, Chairman of the Tweed Commissioners

for the loan of the Commissioner's reports, and helpful discussions.
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Information of the rivers hydrology, and data available from a
continuous water monitor recorder on the Tweed at Boleside (km 74.5)
are given in 3.6. Again thanks are due to the T.R.P.B.
3.2 Physical characters of the Tweed and its tributaries

The basin of the Tweed is well defined. Fig. 3.2a shows that it is
bound on the west by elevated moorlands reaching 810 mywhich separate
the sources of the Tweed and Clyde. To the north it is bound by the
Moorfoot and Lammermuir Hills, the former to the north-west, reaching 705 m .
and the latter to the north-east,reaching a height of 572 m. In the south-
west, Amnandale and Eskdale are separated from Tweed, Ettrick and Teviot
sources by the Tweedsmuir Hills,reaching a maximum elevation of 890 m. The
Cheviot Hills in the mid-south are a bounding range of hills reaching 882 m,
but they do not extend to the south~east where a gap is left to admit the
River Till. To the east the Tweed discharges its water intg¢ the North Sea.

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

proportion of each within the Tweed Basin are tabulated in Table 3.2a (see

2.1).

v.C. county Percentage within
number the Tweed Basin

77 Lanarkshire 0.7Z

78 Peebleshire 100.07

79 Selkirkshire 100.0%

80 Roxburghshire 99.97%

82 Midlothian 25.0%

83 Eastlothian 25.0%

81 Berwickshire 75.07%

68 Northumberland 16.07%

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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Fig 3.2b Vertical drop shown by the Tweed per 10 km from source to mouth,
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The Tweed rises in the extreme south-west of the county of Peebles
at about 500 m. Two kilometers away the Clyde takes its rise to the
west, and the Annan 0.5 km to the south. Tweed Burn flows east for
several kilometers, and is joined by the larger Cor Water at a height of
330 m. For survey purposes, this point represents the head of the Tweed
and has been designated km 0.0 (see 2.2).

Fig. 3.2b represents in histogram form the rate of fall per 10 km
down the Tweed from km 0,0 to the sea beyond Berwick (km 155.0). Three
distinct zones are obvious.

In the ¢¥pper 20 km, the river drops very rapidly, particularly so in
the first 10, Within that area however,the fall is uniform and gradual
wit@\no waterfalls of any size, such as seen at High Force in upper Teesdale.
The iargest sudden drop is Tweedsmuir Falls (km 10.5) which has a vertical
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 into a stable substratum., There is no stretch of the
unner Tueed vhich is comparable to the deep, slow flowing, former 'Wheel'
of the Tees described in 1.2 ( see Fig. 3.2d4 ).

From km 20 to 110 the rate of fall varies little from one 10 km to
another. A large weir and cauld exaggerate figures for the stretch 100.0
to 109.5. In this mid-river section, the flow characteristics very markedly
from reach to reach with all types from fast and shallow, to deep and vary
slow. Substratumcharacteristics also show great variation associated with the
change in flow. Generally, sheet-rock, boulders and large rocks are more
common in the upper reaches, but here too, fine silt accumulates in
quieter alcoves. On passing downstream, rocks of the largest dimenmsions

become less common <wvhile mixed smaller stones and gravel dominate. Shading

by trees is at its maximum in this section (see Fig. 3.2d),.
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Below Teviot Foot (km 108.5) the physical characteristics of the
Tweed again change. The effect of this tributary on the major river
cannot be more aptly described than by Thomas Lauder (1874), "Like a
gentleman of large fortume who has just received a great accession to it,
the Tweed having been joined by the Teviot leaves Kelso with an air of
dignity and importance'. From Kelso to Berwick the flow rate is greatly
reduced,with many stretches of deep water, slow current velocity and
thick deposits of mud and fine silt. The estuary extends up the river to
km 137.5 but is never deep enough to be navigatable. At high tide, it
is brackish at km 146.0 (see Fig. 3.2d),

The upper one third of the Tweed flows through the county of Peebleshire,
and in this county a large number of streams enter the main river. The
principal ones are the Fruid and Talla, upon which large reservoirs have
been built, the former only within the last decade and the latter at the
end of the last century. The others, in order passing downstream are the
Biggar, Lyne, Manor and Eddleston (see Figs 2.2a and 2.2b).

The first major tributary is the Fruid, from which the Tweed receives
a minimum compensation flow of 0.2 m3 s—l during the summer,which is reduced
to half that level during the winter. 4.5 km downstream of the Fruid, and
again entering the rivers from the south, the Talla flows into the Tweed
just below 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 tributaries is unprodgctive and
supports only fell sheep farming. In recent years,much of the surrounding
hills 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 left. The name

is derived from the word bygg-barley field, for even in primitive times
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the area was famous for its agriculture. The valley is a flat alluvial
plain that links the rich Lanarkshire farming area with the valley of

the Tweed. Because the valley is so flat, the river in pre-war times
constantly overflowed its banks. Between 1914-18, Italian war

prisoners dug a new straight channel for the river, however,this proved
inadequate in 1948 when the valley was seriously flooded. Consequent
straightening and deepening lhas produced a tributary which is slow flowing
and canal like. Large boulders are absent, the bottom being predominately
soft mud, although gravel is present in the relatively faster, shallower
stretches, The drainage area is predominately one of Silurian rocks ,
thickly overlaid by glacial deposits (see Fig. 3.2e).

The largest of the Peebleshire tributaries is the Lyne, which flows
into the Tweed at km 35.5. The Lyne rises in mountainous country at a
height of 530 m. In 1924 Baddinsgill Reservoir was built,and the catchment
area above 330 m impounded. In the Lyne's journey of 30 km it receives
several tributaries, the most important being the Tarth. This tributary
and the lower stretches of the Lyne flow through cultivated land in a
fairly 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 Lyne and Eddleston, and flowing from the south is the
Manor. It rises at 450 m and drops steeply, receiving many streams from
steep and lofty surroundings. The catchment area is particularly unproductive
supporting only hill farming, although the lower stretches are forested.

Entering the Tweed from the north, and splitting the town of Peebles
in two,is the Eddleston. This tributary rises at only 300 m,and on its
journey of 18 km traverses only Silurian rocks. The bed of the river is

mainly pebbles and small boulders, with large rocks being rare. The upper
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half of the river above the town of Eddleston flows in a flat cultivated

valley where the growing of crops has been practiced for many centuries.

Conversely, the lower stretches flow in a deep sided valley suitable only
for fell sheep.

The first major tributary to enter the Tweed is the Ettrick, which
has its own large affluent the Yarrow. The total area drained exceeds
500 km2 and the mean yearly flow of the Ettrick is 15 ms s.-1 (i.e. three-
quarters that of the Tweed above its confluence).

The Yarrow rises at 530 m from hills that separate it from the
Moffat. The Yarrow initially flows into a small lake, the Loch of the
Lowes, and then into the much larger St. Mary's Loch. This loch receives
another affluent, the Megget from the mnorth. In general, the whole Yarrow
Valley below the lochs is narrow and steep sided, supporting only hill
farming. In a few localities however, glacial till has been deposited on
the otherwise unproductive Silurian rocksyand here the valley flattems out.
In one such area the course of the river changed during a flood in 1962,
The bed of the river is rocky and stony, and no silt accumulates. Coarse
gravels occur between stones and at the waters edge (see Fig. 3.2e),

The Ettrick rises at a similar height and is similar in most
characteristics. The valley of the Ettrick is however wider, and more
suitable for cultivation than that of the Yarrow. In the lowest stretches
of both rivers,forests are common and the banks of the rivers shaded. Below
the confluence of the two rivers and more particularly below Selkirk, fine silt
accumulates in slower deep stretches, and the amount of large rock surfaces
decreases (see Fig. 3.2f).

At km 75:5, having passed through the middle of Galashiels,the Gala
enters the Tweed. This tributary rises at 380 m and bisects the Moorfoot

and Lammermuir Hills on its passage to the Tweed. The Gala is a fast
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flowing river. 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 is only pastoral farming on the surrounding
hills.

Arising from the west of the Lammermuir Hills at 500 m and entering
the Tweed at km 83.5 is the Leader. To the west of its valley lie the
most easterly extension of the Silurian sediments, and to the east is Upper
01d Red Sandstone. The Leader Valley, like the Gala, yielded to the plough
several centuries ago.

The Tweed receives no major tributaries for 25 km until just above Kelso
at km 108.5 where its largest affluent, the Teviot joins it. 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 Mill, 8.0 km above the confluence

with the Tweed, the mean daily flow of the Teviot is just under 20 m3s'1, and

the area drained 1100 km2.

Even in the upper 20 km, the Teviot does nmot have the characteristics
of a mountain stream. Generally,the flow alternates between swift or slow ,
but the substratum is composed predominately of loose large pebbles that
do not form a firm base. There are few 'mountain flush' stretches characterized
by torrential flow over large solid rock surfaces. In scenery, land surface
and geology, upper Teviotdale and Tweeddale are similar, the sole industry
of both being sheep farming.

At Hawick the characteristically very rapid Slitrig enters the river.
On passing downstream from Hawick,the Teviot valley widens, the surrounding area
having been cultivated for centuries. The current velocity of the river is reduced
as it passes over Old Red Sandstone, the rate of fall being equivalent to

the lowest 40 km of the Tweed (see Fig. 32¢). Many stretches in 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 river flows upon hard Basaltic Igneous rocksyand then
upon Carboniferous Limestone (see Fig. 3.2f),

The Jed is the only tributary of the Teviot that flows through a
major town, namely Jedburgh. The river drains an area in excess of
140 km%,and has a daily mean flow of below 2 m? s-l. It drains a well
cultivated valley and flows predominately on Old Red Sandstone, into
which in many areas it has cut deep channels. The bed of the river is
predominately rocky.

A little downstream of Kelso at km 115,0 the Eden discharges its
rather small volume of water into the Tweed. It takes its rise in the
moorlands between the Leader and Blackadder, and flows through a rich
and heavily cultivated valley. The current velocity is characteristically
swift, and the substratum rocky. In the most downstream stretches however,
fine shingle and pebbles predominate. From source to Tweed, the Eden
traverse 0ld Red Sandstone, Basaltic Igneous and Carboniferous Limestone.

Also draining an area on the north bank of the Tweed, and between the
Eden and Whiteadder is the Leet. In the summer this tributary was the
characteristics of a ditch, frequently less than a metre wide. Commonly
the stream takes the form of deep pools commected by shallow,narrower
stretches. On its twisting journey of 21 km across a very fertile,and
heavily manured alluvial plain, the vertical drop is only 33 m. 200 m
before discharging its water into the Tweed at Coldstream (km 127.5), the
Leet is swelled by water from the recipient river via a mill lade (see Fig. 3.2g),

5 km below Coldstream,the slow flowing Till enters the Tweed. The
Till is the longest tributary of the Tweed, and flows for 86 km being

characteristically deep,with a sluggish flow. The river takes its rise on
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the eastern slopes of the Cheviots under the name of the Breamish, and
receives several other streamson its left bank. The principle one is the
Glen,which is formed by the junction of the Bowment and College Burns.

For the first 25 km, the river flows first on granite where the flow is
swift and the substratum rocky, and then less swiftly on Carboniferous
Limestone. In the lower 60 km, and now under the name of the Till, the river
is slow, deep and drains an intensly cultivated,large,flat plain. The

Till has a rate of fall that is less than 0.7 m kmfl. The mean daily

flow is approximately 10 m3 s-lﬁand the total drainage area 673 kmz. Since
the flow of the river is so slight, and the substratum so soft, periodic
dredging is required to keep the flow of the Till to the same channel.

The geology of the Till catchment area is entirely composed of Carboniferous
deposits of Sandstone, Limestone and Scremerston Coal Groups which commonly
are thickly overlaid by more recent deposits. Between km=20 and=30 the
river has cut deeply into the glacial alluvium to expose an extensive
deposit of an interglacial peat. In this area, the bed of the river is
either soft sand,or compacted black peat. In places raised mounds of

peat extend up from the surface and mimick large rock boulders. 1In other
stretches,the bed of the river is sandy,or less commonly muddy. Rocks )
and boulders are rare, but evenly scattered except in the area described
above (see Fig.3.2g).

The Tweeds largest northern tributary, the Whiteadder,and the latters
affluent the Blackadder,enter the Tweed in the brackish tidal reaches 4 km
above Berwick. The Whiteadder is itself tidal for 1 km. Both the Blackadder
and the Whiteadder rise high in the Lammermuir Hills. The former emerges
from peaty uplands which imparts to its water a high organic matter content,
as well as a distinct dark colour from which its name is derived. The

Whiteadder on the other. hand is much clearer.
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The Blackadder rises at a height of 400 m and runs east at right
angles to the Whiteadder and bisects the town of Greenlaw. Even here the
characteristics of the river are evident. The flow is predominately slow
and the river 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 river give way to flat muddy banks which back
directly onto rich, often richly cultivated land. The bedrock is 01d
Red Sandstone that gives way in the lowest 20 km to Carboniferous Limestone.

The Whiteadder rises to the east of the Blackadder, but at a similar
height. The flow rate in the upper reaches is very fast and many sandstone
rocks are exposed. From just above Blackadder Foot downstream to the
Tweed, the Whiteadder flows through flat country and it has been necessary
to restrain it by embankments so as to keep it to one regular channel. As
a result, numerous slow stretches with deep muddy stretches exist. The
area drained is principally Calciferous Sandstonegwhich is intensively
farmed.

Fig. 3.2ccompares the vertical drop and bedrock geology down the
River Tweed and those tributaries which were surveyed for macrophytes (For
key to geology see Fig. 3.3a). The height at which each particular tributary
enters the Tweed is indicated by the depth of geology plotted.

The steepness of the upper Tweed is not equalled by any of the tributaries
plotted, but the Yarrow and the Ettrick above their confluence, upper Teviot,
Jed and Eden come close to it. The Lyne, mid Teviot, upper Till and
_the majority of the Blackadder and Whiteadder have vertical drops
intermediate between the upper and mid sections of the Tweed. The Biggar
(although the highest tributary), lower Teviot, Leet, Till and lower
stretches of the Blackadder and Whiteadder have small vertical drops

which are comparable with the lowest stretches of the Tweed. The

characteristics of nine rivers are shown in Figs 3.2d-g.
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Fig 3.2¢

( overleaf ) Comparative vertical drops down the
length of the Tweed and the 11 tributaries on
which macrophyte surveys were carried out. The
geology of each river is also shown, the depth of
geology plotted indicating the height at which

the tributary enters the Tweed,
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3.3 Geology

The whole of the Tweed Basin is composed of Palaeozoic rocks which
are often overlaid by more recent deposits. These Ancient Life Rocks
in general form parallel bands stretching across the river basin in a
south-west to north-east direction.

The earliest rocks are the Silurian 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 this period
of volcanic activity and deposition, land area increased at the expense
of the sea. The following Carboniferous period (350 x 106 years ago)
began with characteristic clear shallow seas, but gradually the sea beds
began to rise to expose great flat stretches of land in the lowest lying
areas of the present day basin., The resultant brackish swamps built the
present-day Carboniferous deposits. During the Pleistocene Ice Age of
1x ° years ago. Ice sheets covered the whole of the southern uplands

and moved across the area in an easterly direction, rounding off hills,

scouring valleys and transporting and then depositing ground up rocks as the

ice melted.

In the N-W. of the basin in the neighbourhood of the upper Biggar
and Lyne, Andesetic Igneous Lavas are interspersed with Silurian
rocks, 01ld Red Sandstone and Carboniferous Limestone. To the south and
east of here, and composing by far the larger part of the basin of the
river are the Silurian 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 lies west of a line drawn from
north to south through the Leader Valley, St. Boswells and Denholm

(east of Hawick). To the east of the massive Silurian belt is a band of
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01d Red Sandstone which extends as far east as Kelso and as far south
as the Cheviots. This rock is softer,and imparts a gentler type of
relief and often distinctive 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 in 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 in particular the area drained by the R. Till,
boulder clay covers a great proportion of the area,and elsewhere glacial
drift and river gravels cover up the older rocks.
3.4 Climate

The climate of the Borders is transitional between that of west and
east Scotland. The uplands are generally cloudy and rainy, and the
lowlands to the east, sunnier and drier. As altitude increases, more
northerly traits such as coldness and snow increase. The Moorfoot and
Lammermuir Hills are credited with a sheltering influence from northern,
arctic air.

Table 3.4a summarizes monthly and yearly air temperature means
from four sites from within the Tweed Basin during the period 1931-1961.
The climate is cool, with annual temperatures in the highlands below
7.5°C,and in the valleys one or more degrees higher e.g. (Kelso 8.3°C).
Above 300 m the climate is described as sub—arctic. July is the warmest
month, with maximum temperatures of only 16.7 - 19.5°C in the summer
months of June, July and August. The mean temperatures for these months
are however only just above 10°c. January and February in all districts

show minimum temperatures below freezing, and ground frostsare liable to
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occur from September to May.

Daily air temperatures show a much greater diurnal range during the
summer months than during the winter. The mean daily range during May,
June and July is 10°C while less than half this in November, December,
January and February. This is reflected in water temperatures as shown
by the continuous recorder at Boleside on the Tweed (see 3.6). During
late spring, summer and early autumn, water temperatues in 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 limited to less than 1°C and monthly
ranges to 7°c.

Data concerning diurnal fluctuations in sunlight hours are limited. The
Scottish Development Department (1968) published long term averages
(1931 -~ 1960) for one station in the Tweed Basin. This was at Marchmont
House, 3 km below Greenlaw,on the banks of the Blackadder. June is the
sunniest month,with an average of six hours sunshine per day, compared
with an average of just over one hour in December. The combined influence
of sun and temperature on river characteristics is discussed in 3.5 and
3.6.

There are no wind gauges in the area, howeverythe prevailing winds
are west and south-west, which causes considerable funnelling because
of the orientation of the valleys.

Rainfall, and its significance in being the principal factor
influencing river flows will be discussed under hydrology (3.6).

’lo;bl'e, 3.4b gives details of rainfall from two stations on the Tweed,
and 12 stations on nine different tributaries for the period 1971-73 ,
compared with the long term averages (from meterological office). At

every station, the three years were below average, the latter particularly so.



The western part of the catchment area where the Tweed, Ettrick and

Teviot take their rise, is a high 1lying plain which collects most

precipitation.

2000mm per annum.

In this region, long term averages range from 1000 mm to

On the leeward middle and eastern parts of the basin

where the land is flatter and lower, rainfall does not exceed 1000 mm

per year, and in the Merse of the Tweed,annual means are below 500 mm.

yearly tolals (mm)

catchnent gletien grid ref, ?ti 1971 19792 1973 L.T.A.
NT m
BIGGAR SEIRI LG 073376 223 779.8  57%.6 3.4 101
JAmzq.c CAPIEECTEUGH 237233 250 1037.1 1160.1 '2326.5 15?2
YARRCH GORDEN ARMS 308247 229  78.4 901.8 635.5 1007
ETTRICK ETTRICK SCHOOL 266145 232 1301.0 1371.8 7589.7 1505
EPIRICK ELXIRK 475286 183 633.6  674.5 537.5 782
f}ALA BROTULGSHIELS 420558 294 776.4 - 730.6 616,2 965
Tweed Dingleton Hosp. 542332 146 613.9 601.9 527.6 77162
?Weed Newtowm 581317 88 552.3 528, 4 503.7 711
TEVIOT HAJICK 512156 96  627.6 692.5 533.2 922
JED EDGFR*TO [ TOPTS 700109 241 587,0 €92.5 595.4 1C03
TEVIOL FCKFORD TIL7L 61 192.0 405.7 438.2 679
£ GORDOJ HOTPITAL 658343 157  530.4 529.0 515.5 706
, nﬁlimp YE,_' THOTM 818284 99 577.2 542.8 498.5 37
IDER  CHUFNSIDE 875566 126 568.1 477.6 162.9 660
Table 3.4b Rainfall 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
workyand the waste products furnished by the population and its industries
inevitably find their way into the riversgin a treated.or untreated
condition. Generally, the distribution of industry follows that of the
population, although this does not necessarily mean that for all communities,
the pollution load from trade effluent is proportional to that of domestic
sources.

Fig. 3.5la shows the changing total population of the Border counties

during the past 160 years. It clearly demonstrates the increase in
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population through the nineteenth century, and the decrease during the
last fifty years.

The Central Bordersq,defined as the counties of Peebleshire,
Selkirkshire and Roxburghshire (Scottish Development Department.,1968) ,
has most of the total populationqand has shown the greatest changes
through the past 200 years. The Central Border towns began to grow
in the middle of the nineteenth century and expanded rapidly in the following
40 years. This was concomitant with the increase in the textile industry.

Fig. 3.51b shows the population changes in the five main textile
burghs over the period 1801-1961. The populations of both Hawick and
Galashiels rose rapidly to peak totals in 1891. In the whole of the
Borders, the population rose from 43,000 in 1801 to 92,500 in 1891: Since
that date, a drop has occurred, and in 1966 the figure was 73,000
(Scottish Development Department, 1968).

Throughout the last two centuries, the population has chiefly been
engaged in the woollen trade. The chief centres in the beginning, as now,
were Hawick, 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 purewater furnished by the Tweed and its tributaries. The
mills of Peebles, Innerleithen and Walkerburn use water from the Tweed,
vhile others take theirs from tributaries.

The wool trade has managed to remain the most important industry in
the area because of a series of successful adaptations to the present
day. First the power was provided by water, and then with the advent of
the industrial revolution they turned to coal which was near at hand
from the Lanarkshire coalfields. More recently, electricity has been

used.
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The other main sources of livelihood are from the reariqg of sheep
in the highlands, and from more intensive farming in the lower areas.
The salmon fisheries are also of considerable monetary importance, as is
tourism.

The following section describes the population, main industries and
sewage disposal in individual counties in the area. By being described
in this way, the main polluting influences can be pinpointed.

3.52 Lanarkshire

The only town of importance in this county which is included in
the Tweed's drainage area is Biggar, which is situated on the Biggar
Water. The majority of the population are involved in the farming of
the richly cultivated plain in some form or another, the fertilization
of the land producing more eutrophication of the Biggar Water than the
town itself (Currie, personal communication). By 1901 the town had
a sewerage system of settling tanks and a broad irrigation area of grass
land. Wheaton and Curphey (1906) reported the effluent to be well
purified with little effect on river eutrophication. A new plant was
installed in 1961 which although adequate,still produced slight
pollution in the tributary. This is not entirely due to the effluent,
but also to the nature of the receiving stream which is slow movingywith
a muddy substratum. Natural purification is thus slow. New improvements
are under design.

3.53 Midlothian

The only town of any size in this county which is in the Tweed
catchment area, is Stow. This town is 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 in a woollen industry that diverted most of the

river water via a mill ladeyjand returned it to the river below the town
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in a polluted state. Neither the domestic,nor trade waste was treated
in any way. A purification plant was installed in 1959 which in 1974 was
still producing a satisfactory effluent.
3.54 Peebles
In this county are situated the towns of Peebles, Innerleithen

and Walkerburn, all important centres of the wool trade. The surrounding
areas are sparsely populated. Nearly the whole of the county consists
of high lying pastures, with few large farms. Sheep are pastured in
great numbers, and during the summer months the sheep washings and dips
caused frequent and often serious pollution during the last, and in the
beginning of this century (Colonel J. Ryan, personal communication). The
Forestry Commission have acquired large estates along the Tweed and the
hillsides have been extensively drained and planted up to a height of 500 m.
When the plantations mature they will completely change the landscape of
the upper Tweed.

In 1901, almost the entire 5,266 population of Peebles was engaged
in the wool trade. Although the town was efficiently sewered, none
of the trade or domestic waste was treated in any form or other. Wheaton
and Curphey (1906) reported that the sewage, once discharged, would run
separate from the clear river water and not mix until a long way below
the town. Paper, wool, dye stained deposits and sewage-fungus were
usually obvious. By 1931 the town still had not installed purification
works capable of dealing with domestic sewage and trade wastes, which
were still discharged untreated into the river, in direct violation of
the Rivers Pollution Prevention Acts. The present purification works were
installed over 25 years ago, and still produce an effluent that causes
pollution. New works are proposed.

Ten kilometers below Peebles is the town of Innerleithen, which
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bisects the Leithen Water,and has a population exceeding 2,000. Both
Innerleithen and Walkerburnywith four and two mills respectively, by
1931 still poured crude industral and domestic waste into the river. At
this time,only settling tanks were present. The present works, like
Peebles,were installed over a quarter' of a century ago. Tenders have
already gone out,and construction of new works began early in 1975.
3.55 Selkirkshire

There are only two towns of any importance, Selkirk and Galashiels,
where over 807 of the county's population reside. The county coincides
almost exactly with the entire Ettrick catchment area, with the Tweed
flowing for almost 20 km throught it. During the last two centuries
there has been little pollution of the rivers caused by artificial manuring
or liming, although sheep washings and dipping used to cause occasional
yholesale fish destruction (Colonel J. Ryan; personal communication).
Large factories have always been confined to the two burghs.

Selkirk in 1901 had a population of 5,486 almost entirely engaged in
all facits of the wool trade. The town was sewered, which conveyed
domestic waste to a sewage farm situated about 1 km below the town. By
1931, the situation was unchanged; the old settling ponds and irrigation
plants of 1878 were still used, even though they were cémpletely inadequate
when first installed.

The 10 mills, all over 50 years old,still discharged their waste
untreated into a mill lade,or directly into the river. The sewage effluent
was thick and a dirty grey colour, and for some distance below the outfall
could be distinguished from the river water which was usually a bright
blue colour. Wheaton and Curphey (1906) reported "Nearer the town, the
river was deep black in colour, and a copious stream of black liquid was

flowing into it from a dye works. The Ettrick at Selkirk is very foul,
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the bottom is black, the stones composing it being covered with a slime
stained by spent dye liquid".

A modern sewage treatment plant was installed in 1974 which replaced
the earlier one that produced an unsatisfactory effluent. During the
building of the new plant,considerable quantities of raw domestic sewage
fouled the bed of the Ettrick, and abundant sewage fungus developed (see 7.25).

Galashiels is situated on the lower 4 km of the Galasand all branches
of the wool trade have been carried out there. The Royal Commission on
Tweed Fisheries (1896) reported that the effect ofmill pollution was so
great that at Mourton, 20 km below Galashiels the bottom of the Tweed
was not visable from Monday night to Saturday. On Sunday the sediment
was visable, but on Monday at approximately 1600 hours "the water would
come down as black as can be".

Immediately below Gala Foot and for several km below, except after
floods, the Tweed was often covered by knee-deep black sediments of
unpurified sewage, discarded dye stuffs,and wool. These sediments were
then overlaid by sewage fungus. Wheaton and Curphey (1906) reported that
animal life was incapable of survival until below Melrose. Understandably,
the pollution was attributable to the mills at Gala, and to a lesser
extent those of Selkirk.

Chemical analyses do not seem to be accurate, but Dr Stevenson
Macadam reported in the above Commission's report his experiments with
salmon. When fish were immersed in the water at Gala Foot, they died
very quickly, and always within a day. "Control fish", immersed in the
Gala above Galashiels were unaffected. He made no attempt to ascertain
the chemical composition of the water,except the relative amounts of
different gases dissolved in the water. Above the mills, 28.3% of

the dissolved gases was oxygen, but the mill effluents had oxygen levels
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below 2.0% of the total which rose to only 7.2% at Gala Foot.

At the turn of the century there was no municipal drainage scheme
and private drains discharged dircctly to the Gala. In 1908 the Galashiels
Drainage and Burgh Extension Order was passed, authorizing the Town
Council to construct and regulate a system of drainage and sewerage
purification to deal with industrial waste. Wheaton and Curphey (1906)
reported that 30 years prior to this order, the riparian proprietors of
the Tweed for some considerable distance below Gala Foot commenced
proceedings against the manufacturers of Galashiels,and obtained compensation .,
as well as an undertaking from them to take steps to prevent the ill
effects of their discharges.

The 1931 Commission reported that this had been implemented.,and that
little pollution of the river was caused at that time. New treatment plants
were installed in 1965 which produce an adequate effluent, and a new
biological section will be installed in 1975.

3.56 Roxburghshire

In this county are situated Hawick and Jedburgh, important
towns in the wool trade and also the residential towns of Melrose and
Kelso. The greater part of the county is high lying moorlands, but in
the neighbourhood of the lower Teviot and Tweed valley there is much
arable and highly cultivated land. Until recently, the drainage from
the farmyards passed untreatededirectly into the rivers, but pollution
reports made little of the pollution thus caused, compared with that
caused by the two mill towns.

Hawick is, and has for the past 200 years,been the largest town
in the Borders,during which time almost the entire population has been
involved in the woollen industry. Watson (1873) reports that the weavers

of Hawick were a numerous and corporate body as early as 1640.



The burgh straddles the Teviot at a point where the Slitrig joins
it. A hundred years ago, where the Teviot ran through the town, the
bed of the river was for the most part dry stones. Nearly the whole of
the water was extracted into mill lades, as was the water of the Slitrig.

In 1875 proceedings were taken against the Town Council and the
principal manufacturers by the riparian owners of the Teviot below Hawick.
As a result, the Town Council undertook to receive the waste liquids from
the mills into their sewers and to purify it before discharging it into
the river. The town was sewered in 1880, but the domestic refuse and
industrial waste was conveyed directly to the river or mill lades,without
treatment. Home (1874) wrote "The silver tide of our noble and classic
stream is transformed into a puddle of dark-blue ink, the smell of which is
enough to keep human beings at a respectable distance, and the cattle
grazing on its banks will perish with thirst rather than quaff a mouthful
of the noxious compound". And Ruskin (see Lang, 1923) at a lecture in
Oxford in 1877 said "I saw the stream of the Teviot as black as ink,
oozing not flowing - a mere sluggish injection among poisonous pools of
scum covered ink".

Hawick, like Galashiels,was authorized in 1908 to implement sewage
purification. A plant was built and operational by 1923, but the
Commissioner's report (1931) found that it functioned inadequately, and
that pollution of the river still occurred. The report recommended that the
Town Council should be urged to complete their sewage purification works
by the installation of adequate filters. New plants were installed in
1961 and 1971, and an extension is likely in the near future. The
present plant is working to its full capacity, and during summer low flows,
oxygen depletion occasionally occurs.

Jedburgh is situated on the Jed Water, 4 km before it flows into the
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Teviot. The town has been greatly involved in the textile trade, not
only with wool and its associated tanneries and skinneries, but also
with rayon during this century. Domestic and industrial waste has
heavily polluted the river, and in 1931 it was reported that untreated
sewage was poured into the river from six pipes while over 90% of the
water was diverted to mill lades. At night,and on Sundays,the sewage
was said to be swept away because the water was not abstracted by the
mill lades. Rubbish and dead carcasses of sheep were thrown into the
river and left to fester until a flood washed them away. The condition
of the water at the bottom of the mill lade was no better, often being
brightly coloured by dyes and carrying a heavy load of suspended matter.
A purification plant was installed in 1963 which treats domestic and
industrial waste except that from the tanneries and skinneries. The
plant is working to its full potential.

Kelso is situated below the junction of the Teviot and Tweed. In
1901 the population of Kelso was just over 4,000,but the town has had
no major industries. The town was sewered last century, but the waste
passed unpurified into the river until 1962,when treatment plants were
installed. Today the effluent is of good quality.

In the Melrose area there are several small towns of varying populations.
The 1901 census (see Scottish Development Department, 1968) made reference
to the probable doubling of the population by tourists in the summer.
The sewage was discharged untreated until purification plants were
installed for Melrose and Gattonside in 1965, Newton St. Boswells in 1962,
and St. Boswells over 25 years ago. The first plant produces an effluent
of good quality, but the latter two work at, or above capacity. There

are plans for expansion, if the population increases in the future.
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3.57 Berwickshire
This large county stretches from the Leader in the west to

the sea in the east. The extreme eastern portion of the county is not
within the Tweed catchment area, but drained by the Eye. The county is
chiefly pastoral in the upper reaches and highly cultivated in the
lowlands. For the most part,the population is very sparsely distributed.
The principal towns are Lauder, Earlston, Greenlaw, Duns, Churnside
and Coldstream, none of which exceed 3,000 inhabitants. Factories
are few, but there have been wool mills in three towns, and a large
paper mill at Churnside. At the turn of this century, their was no
purification of domestic sewage except by the town of Duns. Since most
towns and villages are situated at the edges of steams, they merely
discharged their raw waste directly into them. In the upper regions
sheep farming has been practiced for many years, and the summer dippings
and washing frequently fouled the smaller streams to a great extent.
In the lowlands the farms are generally large, productive and highly
fertilized. The effects of artificial manures is most obvious in the
flat plain drained by the Leet. The T.R.P.B. has carried out extensive
surveys in this area.

Lauder and Earlston are two towns situated on the Leader at the extreme
west of the county. Their population sizes have not changed greatly, the
former with under a 1000 inhabitants and the latter almost twice that
size. The only manufactory is the wool mill at Earlston, which, at
the end of the last century took a great deal of water from the Leader
into a mill lade and returned it grossly polluted (Wheaton and Curphey,
1906). At the same time, both towns discharged their domestic waste
unpurified into the river.

:A new purification plant was installed at Lauder in 1974 because of
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the unsatisfactory nature of the previous effluent. The 1961 plant
at Earlston continues to provide adequate treatment.

Duns has a population close to 2,000. At the turn of the century.
the town had settling tanks and a broad irrigation farm,which for the
period, produced an effluent of good quality which was discharged
into the Whiteadder. The new works which were installed in 1969 are
operating to their limit, and cause quite heavy suspended solids,and
biological oxygen demand (B.0.D.) in tﬁe receiving Langton Burn. The
effluent is improved on its journey before being discharged into the
Blackadder.

Coldstream is situated on an incised meander of the Tweed, and is
bisected by the Leet. The burgh has no manufactories, but has nevertheless
been late to recognise the necessity for purification of its domestic
waste. Previous to 1970 it discharged its raw waste into either the Tweed
or the Leet. The newly installed plant produces an effluent of good
quality.

Greenlaw and Churnside, although not so well populated as the previous
mentioned townsghave produced pollution in their respective rivers
Blackadder and Whiteadder (Wheaton and Curphey 1906). Greenlaw's mill was
destroyed by fire at the beginning of this century at a time when all
waste was discharged unpurified into the Blackadder,and obvious pollution
was reported. Purification plants were installed in 1956,since which
time a reasonably satisfactory effluent has been produced. Churnside,
and particularly its paper mill,have caused serious pollution of the
Whiteadder. Walpole and Young (1874) reported large sheets of slime
froth floating on the surface of the Whiteadder below their discharge,
with the resultant killing of thousands of fish. Analyses at Edinburgh

showed the effluent to have a strong deoxygenating effect. The owners
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spent large amounts of money on partial purification of their waste,
but up to near the present daybfish kills were often still attributed
to their effluent. The purification plants installed over 25 years ago
need, improvements, tenders for which will be sent out in 1975.

Berwick-on~Tweed, which consists of three portions.,is situated at
the mouth of the Tweed. On the north side is Berwick,with a population
approaching 10,000,and on the south,are the towns of Tweedmouth and
Spittal, with combined populations of 5,000 inhabitants. The area depends
for its prosperity to a considerable extent upon the salmon fisheries,
both within the tidal Tweed and the surrounding sea. Sigce waste-1is disvosed
into tidal waters, the effects have not been monitored critically.

3.58 Northumberland
The majority of the northern part of Northumberland is drained
by one of the Tweeds largest affluents, the Till. There are no major
industries in that portion of the county which is in the drainage area of
the Till, and the only town of any size is Wooler.

The inhabitants of this area are almost entirely dependent on
agriculture. Large numbers of sheep are pastured on the Cheviots, and the
greater part of the remaining area is highly cultivated. The streams at
times were highly fouled by sheep washings and sheep dippings (Wheaton and
Curphey, 1906). Many years ago there were coalmines in the district, the
drainage from which contained large quantities of iron, so much so that
it caused considerable deposits in the receiving burns, and discolouration
in the Till and Tweed. The largest colliery was situated about 1 km
from the river at Ford Forge (km -13.5). It has not been mined for well
over a century, the old drainage outflow bursting in 1869.

3.59 Summary and discussion

The population explosion and concomitant build up of the wool
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trade in the nineteenth century have been described, as have many graphic
descriptions of their effects upon river conditions. The present quality
of effluents has also been given. Little mention has been made however

of the improvement in conditions over the last 25 years since the inception
of the T.R.P.B.

Following the Rivers (Prevention of Pollution - Scotland) Act, 1951,
the T.R.P.B., was established together with eight other regiomal Boards in
Scotland. The 1951 Act gave control to the Boards over all new discharges
of sewage and trade effluent. In 1965 powers were extended to include
existing discharges, and also new ones in tidal waters.

The Board's annual report of 1956 reported that many of the streams
were unpolluted, whereas others showed 'Black spots'. The sewage plants
at Galashiels and Hawick were described as obsolete, their effluents often
being merely settled waste. Hawick’s discharge was particularly bad and
serious adverse effects on the Teviot were obvious. The same was true
for Jedburgh; and the burghs of Melrose, Kelso and Coldstream had no
treatment at all, save screens or settling tanks. The tenors of more
recent reports would indicate great improvement; the comparative classifica-
tion of sewage plant effluents in 1956 and 1973 bear witness. In the
former year, only 307 were regarded as satisfactory compared with a figure
in excess of 50% in 1973. (For details,see Tweed River Purification
Board, 1955=1973).

Other data collected by the Board are published in their annual
reports, but information published in 1957 is worthy of comment. The

recent advent of severe growths of Cladophora glomerata was discussed and

related to water chemistry. In the summer of 1955 during very low flows
and a period of intense sunshine, Cladophora developed from Peebles to the

tidal limit of the Tweed in 'immense quantities'. The report says that



there was evidence that such extensive growths had developed only
recently: it was also "doubtful if more extensive growths occurred in
other rivers as in the Tweed in 1955-56". The condition of the
Teviot below Hawick during this period was very similar to that of
the Tweed.

It was noticed that the respiration of such large quantities of
algal matter was having a profound effect on the river water. Fig. 3.59%a
(from Tweed River Purification Board, 1957) shows the results of a 24
hour survey of the Tweed above Gala Ford (km 75.5) carried out on
26/27.V1.56. The day chosen was mainly ov;rcast so that the results
were not so extreme as were experienced on other days. However it will
be noted that diurnal fluctuations in pH of 7.8 to 10.5, and D.0. between
50% and 1807 saturation were experienced. In other stretches of the
river on bright sunny days,the D.0. exceeded 200Z during the hours
of daylightyand dropped to below 50% during the night. The absorption
of carbon dioxide for photosynthesis during the day led to extremely

high pH values,

The report suggested (as did Butcher et al., 1937) that the presence
of Cladophora was associated with sewage effluents (see 7.21). From
their analyses it seemed likely that phosphate was a limiting factor in
the distribution and development of the alga. The presence of phosphate
'"piulders' in synthetic detergents was thought to be an important factor
since the Borders use well above the national average in the textile
trade. Recently many of the mills have reverted to natural soaps. There
was no information available relating phosphate content of sewages prior
to the introduction of synthetic detergents, and so it is difficult to

judge the extent of its influence. Currie(ﬁﬁ73, personal communication)
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compared dissolved phosphate and total phosphate results from the Tweed
at Gala Ford for the period 1961-72. The former showed no sign of any
trends with the mean yearly values ranging from 0.020 to 0.080 mg 1—1
P04—P (see 5.2). Total phosphate ghoweverqshowed a very marked trend
towards much lower figures in recent times (see Table 3.59a). In
the latter period71967~1972, the total phosphate levels were a sixth of

the levels of the former period71961—1966.

Period nin. max. mean
1961-1966 0.63 1.40 1.00
1967~1972 0.10 0.24 0.15

Table 3.58a Mean annual total phosphate (P04-P) levels at Tweed

Ford expressed in mg 1_1.

In 1972 the Scottish Development Department published a report
'Towards cleaner water', the object of which was to produce a broad picture
of the extent to which rivers in Scotland are polluted. They classified
rivers from I to IV based on B.0.D., Dissolved Oxygen and biological
characteristics. In the Tweed area 95.6% of the rivers are class I
(unpolluted or recovered from pollution), 3.2%class II, 0.9%: class III
and 0.3% class IV (grossly polluted). The whole length of the Tweed and
all its tributaries save short lengths in four of them are class I.

Both the Biggar and Teviot are class II for short lengths below the sewage
outflows of the towns of Biggar and Hawick respectively. The Leet is
unsatisfactory for considerable stretches in the upper and lower reaches
as a result of farm drainage and the discharge into it of crude domestic
sewage which causes classifications of II and III. The Whiteadder is

class I for most of its length, but in short stretches above Blackadder
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Foot the river shows deterioration from industrial waste, and short

stretches are classified II and IV.

The 1972 report is valuable in a historical perspective in relation
to earlier reports ogjgzllution Commissions and Committces already
mentioned. The report also came exactly a century after the first attempt
was made to obtain a picture of the pollution of rivers in Scotland (and
England and Wales) when a Royal Commission was appointed in 1868 which
reported in 1872, 1Its findings showed that the Tweed area contained both
some of the cleanest and also some of the foulest waters investigated.
The Tweed itself was described as a grossly polluted river.

It was inevitable, with two reports available exactly a century
apart that someone would pose the question 'are the rivers of the Tweed
Basin cleaner now than they were a hundred years ago?' Nicoll (1972),
in answering this question felt that the rivers conditions had definitely
improved. His attempts to quantify the matter by using chemical data
however did not lead to positive conclusions. The general tenor of the
1872 report with its many dramatic references and descriptions of pollution
compared with that of the 1972 report would suggest that things had improved.
In addition, the fact that the populahon was wuch lager a hundred years
ago, and even rudimentary treatment of both domestic and industrial effluents
was rare, can only imply that conditions today must be cleaner than they
were. Reference to the Tweed River Purification Board (1953-1973) shows
that the trend towards cleaner rivers continues.
3.6 Hydrology, and data from the continuous water monitor

3.61 Hydrology

A large amount of hydrological data is available at the T.R.P,B

laboratories in Galashiels., Although at the time of their inception in

1952,there was only one gauging station within the Board's area, by 1973



at least one gauge had been installed on all the major tributaries.
Dataare published in the Annual Reports, and also for 19 stations in
the Surface Water Year Book.

Hydrological data from seven stations on the Tweed, two on the Teviot,
and from single stations on 10 different tributaries are summarized in
Tables 3.6la and b. Where available, the mean flows for a 10 year period
1960-70 are given. Since several gauges were not installed until 1961,
for these a 10 year mean for 1961-71 is given. In some cases however, 10
year means are not available because the gauges have been installed even
more recently.

Peak monthly flows, and mean monthly flows for the same 10 year periods
have been plotted in Fig. 3.6la from data from two stations on the Tweed,
and one each from the three largest affluents Ettrick, Teviot and Till.
Since the gauging station on the Till has been operational for a longer
period than the others, maximum, minimum and mean monthly means are
given for the period 1956-73. .

Without exception, the mean flows in the Tweed and its tributaries
during the winter months October to March are almost double that of the
summer period April to September. Lowest mean flows occur during the
months of June and July when floods are also minimal and highest monthly
means occur during November, December and January. However, the Till's
maximum, minimum and mean flows (Fig. 3.6la) show that there is great
variation from one year to another. The greatest variation of mean flows
occurs in the months within the winter period, with November showing the
largest range. June, which has at all gauging stations the lowest monthly

mean and the lowest flood peaks, also has the smallest yearly variation

of flows.
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river gevzing slations

river statlor  prid ref. km ref, cradnage recorcs
wrea(lkwr”)  since
Teeed Fargiedars  J032K5 16,2 130 JZ, 61
Tieed Lyne YVord 200397 34,0 373 I7.61
Paeed Peebles 257400 1.0 694 X11,.50
Twced Boleside n93334 7h.0 1500 VI.61
Tueed Dryburgh 588320 88.5 2080 X, 60
™reed Sprouston 752354 112,0 3330 X1.69
yueed - Forhan 898477 133.4 L390 1%.59
IYNE I¥NE STATION 209407, ~ Ol 175 11,01
KATIOR CADEIULR 217369 e ol 61 X.68
YLRROW PUITIPHAUGH 439277 (-~ 8.1) 231 JX.062
EI''RICK LINDEAY 486315 - 1.0 99 X.6)
GALA GALASHIELS  u79374 - Ll 207 X.63
LEADER EARILSTON 565388 - 6.0 239 X.65
TEVIOT HAWICK 522159 - 35,0 323 11,60
1EVICT oRMISTON 702220 - 8.3 illc X1.60
MILL
JFD JEDBURCH 655214 (= 3.4) 139 Viii.71
(replaces
19592)

LECY COLOS LARAY £a03¢s - 0,6 113 , X.70
TILL ETAL - 10,0 éi- p 0%

WHITEADDER RUTTCN £¥1559 - 15,0 502 I1X.69

CASILE

Table 3.6la River gauging stations of the Tweed Basin: background information,
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Fig. 3.6la ( overleaf ) Monthly mean and neak flows
for two river gauging stations oun the
Tweed, and one each for the Ettrick,

Teviot and Till,
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Since the Tweed drains such a large area, the principal tributaries
often behave hydrologically in an autonomous manner., Heavy local rainfall
in one valley may cause that tributary to flood while others are totally
unaffected, but major floods on the Tweed usually result from all its

affluents being affected.

In the last 15 years, by far the worst floods in the western part of
Jonuary mastiivuna
the basin .occurred on 16.I.62. Thisljs clearly shown by the peak flow

histograms for the Tweed at Lyne Ford and the Ettrick at Lindean (Fig. 3.61a).

At Tweedsmuir, the Tweed reacﬂed its highest level for 52 years, but the
severity of the flood decreased downstream. At Lyne Ford, the water level
was Q.45 m above the deck of the footbridge, a level which had been reached
on only two occasions in 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 in March 1963,when the Teviot was also higher than
in 1962.

South east Scotland is famous for abnormally high rainfall which
periodically occurs in August and produces exceptionally high flows known
as 'Border floods'. This local phenomenum has not occurred for nearly
20 years, the most recent ones being on 12.VIII.48 and 28.VIII.56, 1In
1948 most gauges recorded between 20 and 23% of their annual average in
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 effect was similar over the whole area with the
Whiteadder 1.5 km above its foot washing away New Mills Bridge. 1In 1956

the effect was less devastating,with between 50 and 100 mm of rain
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falling. Probably the most famous 'Border flood' occurred on the
I1st August 1294 when after heavy rainfall the Teviot and Tweed overflowed
their banks, and the bridge at Berwick was washed away.

Climate is clearly the major factor affecting changing river flows.
Droughts obviously result in low flows, but continuous hard frost can
also have the same effect. Conversely, peak flows usually occur after
a period of sustained heavy rainfall, or more commonly when rain falls
on deep snow.

Rainfall.and consequently river flows during the past five years
were below average. Fig. 3.61b represents diagrammatically the annual
rainfall for the period 1969-73 for four stations. The rain gauge at
Ettrick School is at a height of 232 m and within the Ettrick catchment
area., The other stations in decending order of height are from the
Tweed, Teviot and Whiteadder catchments. All four examples are compared
with the long term averages.

During the three years when research was undertaken,rainfall was
below average. In 1972 river flows in September reached their lowest
levels for 12 years, and 1973 was the fifth year in succession when
annual rainfall was below normal. Universally over the whole area this was
the lowest of the five. This resulted in the total flows for the
water year 1972-73 being 657 of average in the south west of the basin,
50% in the middle Tweed and Teviot, 20Z in the Whiteadder and as low
as 10% in the Leet.

Fig. 3.61lb also represents the annual run—off from four stations
during the past five years compared with the 1960-70 or 1961-71 averages.
All are below average s especially 1972-73. Run-off represents
the total quantity of water running off the drainage area in a year,

expressed as a depth of water over the whole area. It therefore gives



a direct comparison between different catchment areas. During 1973, as
a gathering ground for water during the winter, 1 km2 at the head of
the Ettrick was equivalent to 100 km2 in the Merse area of the Tweed.

Many reports by Pollution Commissions (E'E' 1872) during the
nineteenth century made reference to land drainage that tended to make the
rivers rise and fall more rapidly than in former days. Govermnment grants
were made available in 1846 to land owners who wished to improve their
estates. The result was a massive drainage programme which enevitably meant
that after periods of high rainfall, instead of the earth acting as a
sponge and the water gradually percolating through the earth, it was
rapidly drained away directly 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
80 years. Their conclusions were publisheé?';gged River Purification Board
Annual Report (1966).

Data from Boleside would indicate that fewer large flooés have occurred
in recent times, but the time taken for the river to rise and fall has
changed little. The effects thus reported must have occurred rapidly
after 1846, if at all.

Suggestions were made by Stoddart (1866) and the Scotch Salmon
Fisheries Enquiry (1871) to build reservoirs in the head waters so as to
hold water during periods of high rainfall in the winter, and then let
it down the river when required in the summer. Although the valleys
of the Talla (1895) and the Fruid (1968) were impounded, it was to
supply Edinburgh with its potable water supply, and not with river

regulation in mind. The former reservoir has no compensation flow for
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seven months of the year, the latter being the most important contribution.
3.62 Continuous water monitor data
In 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.0.) temperature, suspended solids and conductivity.
A two year cycle of three parameters is discussed.

pH, D.0. and temperature data are summarized in Fig. 3.62a. The
mean of monthly maxima and the daily maxima differences within each
month are plotted. Although the machine was installed in July 1971, accurate
data are only available from April 1972. In order to obtain a clear picture
of seasonal variation, the two year period has been plotted. In some
cases results are not a true representation of the whole month since
damage to the whole machine or individual components resulted in lack
of data until the fault was recitified. In such instances, the mean of
figures available have been used, which in the case of October 1972 was as
few as nine days due to machine failure, and similar periods in November
1973 and January 1974 when the machine had to be switched off during
the power crisis.

parameters

From a glance at Fig. 3.62a it can be seen that all three/are inter-
related and show seasonal variation. The summer high maximum temperatures
are corrolated with corresponding higher maxima of pH and D.0. With all
parameters,the variation of their maxima is always greater in the summer
months when levels are higher.

Diurnal fluctuations are frequent. In general, slight daily cycles
begin in late March,and by April,providing the temperature did not drop
below 8°C the cycles became very pronounced. Under normal conditions
these variations in daily values continued until October, but the

amplitude of difference is markedly reduced in the autumn. Cloudy days



and cold weather also have the same effect; floods are unpredictable, but
generally pH and D.0. 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 list
4.11 Introduction
All macrophytes recorded from the Tweed and its tributaries
are listed in 4.12 to 4.17. This enables efficient comparison with
species compositions of other rivers.

Each species is preceded by a six digit figure which refers to its
computer number at the Botany Department, University of Durham. It is
included here as a reference which may be of value in the future when
computer analysis of the dataare published.

The full name of a macrophyte species is followed by its relevant
authority. In cases where macrophyte growths have been recorded at genus
level only, species within the genus known to be present are listed in
parenthesis below the genus name.

The naming of algae and lichens follow that used by the most recent
publications quoted in 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 Klitz.

015212 Nostoc sp. 'A' = N. rivulare Kiltz
015202 Nostoc other sp. = N. commune Vauch,
0157 Phormidium spp.

015703 (B. autumnale (C.A. Ag.) Gomont)

015710 (P. subfuscum Klitz.)
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016505
017611
021601
021902
030250
060201
060250
060203
090404

101050

101101
110401
151003
160302
160304
1524

152402

152403
152404
152405
152903
131201
153401

1607

Rivulare biasolettiana Mencgh.

Tolypothrix penicillata (C.A. Ag.) Thur.

Hildenbrandia rivularis (Liebm.) J. Ag.

Lemanea fluviatilis (L.) Ag.

Euglena Ehrenberg spp.

Botrydium granulatum (L.) Grev.

Vaucheria sp(p).

(V. sessilis de Candolle)

Melosira varians C.A. Ag.

Diatoma spp.

(D. elongatum A.)

(D. hiemale (Lyngb. Heiburg)
(D. vulgare Bory)

Didymosphfenia geminata (Lyngb.) Schmidt

Heribaudiella fluviatilis (Aresch.) Sved.

Chaetophora sp. = C. pisiformis (Roth.) Ag.

Cladophora glomerata (L.) Kltz.

Cladophora sp. 'A' = C. aegagropila (L.) Rabenh.

Enteromorpha sp(p).

E. flexuosa (Walfen,ex Roth.) J. Ag.)
(E. crinita J. Ag.)

(E. intestinalis (L.) Link.)

(E. prolifera (0. F. Mull,) J. Ag.)
(E. torta (Mert. in Jurg) Reinb.)

Gongrosira incrustans Schmidle

Haematococcus lacustris (Girod.) Rostaf.

Monostroma bullosum (Roth.) Wittrock.

Oedogonium Link spp.



153701

154532
132401
154703

1221

160105
170301
4.13 Lichens
210201
210202
210301

211008

211001
211002
211003
211004
211007

4.14 Hepatics

220201
220401
220501
221101
221601

221602

Prasiola crispa (Lightf.) Menegh.

Rhodoplax schinzii Schmidle and Wellheim.

Stigeoclonium tenue Kiltz

Tetraspora sp(p). = T. lubrica Ag.

Ulothrix zonata Kitz.

Spirogyra Link spp.
Charophyta sp(p).

(Chara vulgaris L.)

(Nitella flexilis (L.) C.A. Ag.)

Collema flaccidum (Ach.) Ach.

C. fluviatile (Huds.) Stend.

Dermatocarpon fluviatile (Web.) Th. Fr.

Verrucaria praetermissa (Trevis.) Anzi

Verrucaria other spp.
(V. aethiobola Wahlenb. ex Ach.)
(V. aquatilis Mudd.)

(V. elacomelaena (Massal.) Arnold)

(V. hydrela Ach.)

(V. margacea (Wahlenb. ex Ach.) Wahlenb.)

Blasia pusilla L.

Calypogeia fissa (L.) Raddi

Chiloscyphus polyanthos (L. Corda

Conocephalum conicum (L.) Underw.

Marchantia polymorpha L.

Pellia endiviifolia Dicks, (P. fabbroniana Raddi)

P. epiphylla (L.) Corda



221701 Plagiochila asplenioides (L.) Dum.

Priessia quadrata (Scop.) Nees

222102 Scapania undulata (L.) Dum

222204 Solenostoma triste (Nees) K. MU1l.

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 cylindrica (Tayl.) Schimp.

230702 B. fallax Hedw.

230704 B. recurvirostra (Hedw.) Dix.

230706 B. spadicea (Mitt.) Braithw.

230801 Blindia acuta (Hedw.) B. S. and G.

230901 Brachythecium mildeanum (Schimp.) Milde

230902 B. plumosum (Hedw.) B. S. and G.

230903 B. rivulare B. S. and G.

230904 B. rutabulum (Hedw.) B. S. and G.

230905 B. salibrosum (Web. and Mohr) B. S. and G. (var.

/43 palustre Schp. Dixon 1924)

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.




231601

231701

231803
231901
232001

232001

232102

232103

232202

232304

232501

232601
232602
232605
232701

232702

232901
232902
233001

233101

Cinclidotiéls fontinaloides (Hedw.) P. Beauv.

Climacium dendroides (Hedw.) Web and Mohr.

Cratoneuron commutatum (Hedw.) Roth.

(¢{ commutatum and}afalcatum (Brid.) MBnk.)
C. filicinum (Hedw.) Spruce

Ctenidium molluscum (Hedw.)

Dichodontium pellucidum (Hedw.) Schimp.

D. pellucidum (Hedw.) Schimp. var. flavescens (With.)
Husu.

Dicranella palustris (Dick.) Crundw. ex E. F. Warb.

D. rufescens (With.) Schimp.
D. varia (Hedw.) Schimp.

Dicranum scoparium Hedw.

Drepanocladus uncinatus (Hedw.) Warnst.

Eurhynchium praelongum (Hedw.) Hobk.

E. riparioides (Hedw.) Rich.
E. swartzii (Turn.) Curn.

Fissidens adianthoides Hedw.

F. crassipes Wils. ex B. S. and G.
F. rufulus B. S. and G.

Fontinalis antipyretica Hedw.

F. antipyretica Hedw. var. gracilis Schp.

Funaria hygrometrica Hedw.

Grimmia alpicola Hedw>/8 rivularig (Brid.) Broth.

Gymnostomum aeruginosum Sm.

G. recurvirostrum Hedw.

Hedwigia ciliata (Hedw.) P. Beauv.

Hygroamblystegium fluviatile (Hedw.) B. S. and G.




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. rivulare 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. piliferum 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.) Mitt.

235301 Tortula latifolia Hartm. (T. mutica (Schultz) Lindb.)

4.16 Angiosperms

250401 Butomus umbellatus L.

260201 Callitriche hermaphroditica L.

260250 Callitriche other sp(p).



260204
260301
250501
250502
250505
250506

250507

250509
250910

250550

250600
250801
240201
260501
250902
251201
251301
251302
251303
251402
260601
260701
260802

260901

(C. platycarpa Klltz.)
(C. stagnalis Scop.)

Caltha palustris L.

Carex acuta L.

C. acutiformis Ehrh.

[

. hirta L.

o]

nigra (L.) Reichard

o]

ovalis Good

IO

paniculata L.

e

riparia Curt.

o]

. rostrata Stokes
Carex other spp.

Cochlearia alpina = C. officinalis L. ssp. alpina

(Bah.) Hook.

Eleocharis palustris (L.) Roem. and Schult.

Elodea canadensis Michx.

Equisetum fluviatile L.

Filipendula ulmaria (L.) Maxim

Glyceria fluitans (L.) R. Br.

Iris pseudacorus L.

Juncus acutiflorus Hoffm.

J. effusys L.
J. inflexus
Lemna minor L.

Mentha aquatica L.

Mimulus guttatus D.C.

Myosotis scorpioides L.

Myriophyllum alterniflorum D.C.
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260902
250701
251801
261001
251901
251902
251903
251905
251906
251909
251910

251911

251914
251915
251916

261101

261103

261104

261106

261107

261110

261201

-M_I

spicatum L.

Phalaris arundinacea L.

Phragmites communis Trin.

Polygonum amphibium L.

Potamogeton berchtoldii Fieb.

LT L - T L G- LT T LB b

|

|ro

x cooperi (Fryer) Fryer

cripus L.

lucens L.

natans L.

x olivaceus G. Fisch.
pectinatus L.
perfoliatus L.

polygonifolius Pourr.

pusillus L.

x salicifolius Wolfg.

x suecicus Richt.

Ranunculus aquatilis agg.

®.
®.

@®.

B.

-R—.

=

I

|

R.

aquatilis L.)

peltatus schrank)

trichophyllus Chaix)

circinatus Sibth.

circinatus x R. pencillatus var. calcareus
flammula L,

fluitans Lam. x ?

hederaceus L.

penicillatus (Dumort.) Bab. var. calcareus (R.

C. D. K. Cook (from Cook 1966)

Rorippa amphibia (L.) Besser
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261204 R. nasturtium-aquaticum (L.) Hayek

Rumex hydrolapathum Huds.

252201 Scirpus lacustris (L.) Palla

252202 S. sylvaticus L.

252403 Sparganium crectum L.

252502 Typha latifolia L.

261402 Veronica beccabunga L.

252801 Zannichellia palustris L.

4,17 Other microscopic microbial communities

purple photosynthetic bacteria

329941/42 "sewage—fungus community"
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4.2 Taxonomic literature
The following is a guide to the main taxonomic works consulted for
identification of the macrophytes listed.
4,21 Algae

General works covering all phyla; West and Fritsch (1927), Jaag
(1945), Prescott (1961, 1969), Bourrelly (1966, 1968, 1970), Fott (1971),
Fritsch collection of algae, Micro—edition by International Documentation
Centre.
Myxophyta; Frémy (1930), Geitler (1932), Desikachary (1959), Starmach (1966).

For Chamaesiphon; Backhaus (1967b), Kann (1972): Phormidium; Kann and

Komarek (1973); Tolypothrix; Golubil and Kamn (1966).
Rhodophyta; Skuja (1926), Israelsson (1942), Kylin (1956), Flint (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 al. (1962), Wood and Imahori (1964, 1965), Procter et al.
(1971).

4.22 Lichens: Degelius (1954), Duncan (1959), Swincow (1968).

4 .23 Bryophytes: Dixon (1924), MacVicar (1926), Nyholm and Armell (1954),
Watson (1968).

4.24 Angiosperms
General floras: Butcher (1961), Clapham et al. (1962). Callitriche;
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).
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4.3 Verification of taxonomy

Where the taxonomy of groups was difficult 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,Landestelle fllr Gewasserkunde und Wasserwirtschaftliche Planung,
Baden—-Wurtemburg, 75 Karlsruhe, Germany.
E. M. Burrows, Department of Botany, University of Liverpool, P.0. Box 147,
L69 3BX.
C. D. K. Cook, Der Universitlt ZUrich, 8039 Zlirich, Pelikanstrafe 40,
Switzerland.
J. E. Dandy, British 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 all Potamogeton and Ranunculus species, as well

as many others found in the Tweed Basin have been deposited in herbariums
at the Botany Departments of Durham and St. Andrews Universities, and also

the British 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
its tributaries involved the collection of samples on five separate
occasions (see 2.,1). It was not possible to carry out separate surveys to
determine the variable characteristics 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. It was realised however, that during periods of high
flow for instance, the chemistry of the water would most probably be
very different ( see 1.4,?&- H).

Table 5.la tabulates the mean flow of 12 gauging stations on the
days samples were collected. Six are from the Tweed, and six from
tributaries. The stations selected all 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
Purification Board) the flowson the day of sampling wererelated to long
term values. The lower figure in Table 5.la expresses as a percentage the
number of daysin the 10 year period 1960 - 1970,0r 1961 - 1971,when flows
were higher than they were on the days of sampling, e.g. Kingledors, where
levels on 8.XI.72 were low, and at levels only experienced less than one
in every 100 days during the period 1961 - 1971.

With reference to Table 5.la it can be observed that at all gauging
stations, the only date when levels were below 507 was on 30.1.72., For
the purpose of calculating mean element values, the data collected on
fhat dow howe nor Deen onsidreda

The primary chemical data for the five main surveys are tabulated

element by element in 5.21, and the mean data from the four lowest flows
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gauging station 14.8.72 8.11/72 20.1.73 22,3.73 22,5.73

Tweed Kingledors .89 .66 2.46 89 1.96
95 % 100 % 42 7 95 % 53 %
Tweed Lyne Ford 2,30 1.47 7.57 3.10 5.35

96 7 100 Z 38 7 87 % 52 7

Tweed Peebles 3.65 2.65 13.43 5.05 9.53
98 % 100 % 38 % 88 7 56 7

Tweed Boleside 8.82 5,64 33.18 9,38 25.58
94 % 99 g 36 92 % 53 %

Tweed Dryburgh 11.17 7.88 36.18 11.58 29.96
93 % 98 % 45 7 92 7% 54 7

Tweed Norham 18,32 11.18 54,96 18.97 47.04
92 7 100 7 54 7 92 7 60 %

LYNE STATION 0.75 0.65 2.56 1.09 2,03
98 7 99 7 37 % 86 % 52 %

ETTRICK LINDEAN 3.49 2.42 13.15 2.79 7.30
87 % 95 % 35 % 92 7% 61 %

TEVIOT HAWICK 1.32 0.96 7.22 1.74 4.94
96 % 99.% 36 % 9% 7 54 7%

TEVIOT ORMISTON MILL 3.24 2.49 13.27 4,13 11,77
97 % 929 7 48 % 92 7 55 %

JED JEDBURGH 0.45 0.38 1.12 0.45 0.74
97 % 100 7 58 7 96 % 79 7

TILL ETAL
9 7 93 7 74 % 99 7% 46 7

WHITEADDER BLANERNE 0.81 1.20 1.53 0.60 2,52
96 % 85 % 78 % 100 %/ 60 7%

Table 5.1la Actual flow values ( m3 s-1 ) on days chemical samples collected,

in relation to long term flow values ( see text, p.93 )
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summarized in 5.22. The mean values of each element from all sites

in the Tweed are plotted in 5.23 to illustrate 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 its tributaries is given in 5.3 and 5.4. Mention is made only of
features that are frequently referred to in the discussions on macrophyte
distribution in Chapters 7, 8 and 9.

The data collected from an additional 20 sites on 22.V.73 are
listed in 5.24. Gauging stations were not present on all tributaries
surveyed; it can however be presumed that the flows were below average

but one o the
(see 5.1la which shows that alllsites listed had below average flows on
22,V.73). Reference in the text is made only to approximately half
the data, but the rest is included to indicate the range of water
chemistry within the Tweed Basin.

Data collected from an additional 10 sites 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, NH

4 4
and N03—N, and so are not included here for comparison. The cation

-N, NO,—-N

2
analyses however, showed that the data furnished from the five 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 rivers and streams in

the north east. Some of the data havebeen referred to in Chapter 1.

5.2 Chemical data

5.21 Primary data from five surveys
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OPTICAL DENSITY420 nm

sampling site

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 Pecbles dump
Tweed Horsburgh Ford
Tweed Traquair Bridge
Tweed Walkerburn Bridge
Tweed Junipevr Bank
Tweed Peel Hospital
Tweed Yair Bridge
Tweed. Tweed Bridge
MEGGET WATER FOOT
YARROW WATER

ETTRICK WATER FOOT
Tweed Gala Ford

GALLA 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 IOOT

TEVIOT FOOT

Tweed Kelso Bridge
Tweed Sprouston Bridge
EDEN WATER FOOT

Tweed below Birghanm
LAMBDEN BURN SPRINGWELLS
LEET WATER FOOT

Tweed Coldstream

TILL WATER FOOT

Tweed Norham Bridge
Tweed Fishwick Mains
Tweed Union Bridge
WHITEADDER CHURNSIDE
BLACKADDER ®QOY
WHITEADDER FOOT

14.8.72

0.013
0.013
0.013
0.011
0.015
0.013
0.029
0.024
0.010
0.024
0.025
0.042
0.016
0.010
0.014
0.033
0.012
0.022
0.011
0.020
0.013
0.011
0.018
0.023
0.014
0.040
0.014
0.033
0.014
0.018
0.016
0.018
0.021
0.028
0.017
0.012
0.021
0.019
0.015
0.032
0.031
0.016
0.018
0.022
0.020
0.020
0.023
0,019
0.028

96

8.11.72 30.1.73 22.3.73

0.014
0.008
0.006
0.007
0.003
0.001
0.006
0.00%
0.002
0.004
0.008
0.002
0.006
0.008
0.005
0.005
0.005
0.005
0.002
0.005
0.007
0.007
0.003
0.005
0.007
0.010
0.002
0.008
0.002
0.004
0.005
0.008
0.005
0.010
0.010
0.005
0.008
0.016
0.005
0.016
0.009
0.005
0.006
0.006
0.006
0.006
0.005
0.006
0.004

0.018
0.009
0.0l10
0.004
0.008
0 006
0.007
0.006
0.010
0.005
0.007
0.005
0.006
0.007
0.006
0.008
0.003
0.004
0.005
0.006
0.005
0.003
0.005
0.004
0.004
0.004
0.006
0.004
0.004
0.004
0.003
0.006
0.006
0.008
0.005
0.006
0.005
0.014
0.005
0.006
0.010
0.005
0.006
0.004
0.005
0.005
0.005
0.013
0,004

0.002
0,002
0.001
0.001
0.000
0.001
0,001
0.000
0.007
0.000
0.015
0.003
0.001
0.005
0.006
0.002
0.001
0.007
0.006
0.003
0.018
0.006
0.000
0,003
0.009
0,009
0.008
0.009
0.010
0.018
0,005
0.007
0.007
0,015
0.005
0.007
0.010
0.012
0.009
0,009
0.010
0.010
0.015
0.010
0.010
0.0l0
0.014
0.010
0.013

22.5.73

0.031
0.009
0,005
0.003
0.004
0.015
0.005
0.000
0.021
0.010
0.0J2
0.015
0.015
0.003
0.005
0,006
0.003
0.001
0.021
0.004
0.011
0.010
0.012
0.011
0.009
0.008
0.0l1
0.012
0.007
0.008
0.009
0.013
0.009
0,009
0.007
0.011
0.008
0.016
0.0l10
0.024
0.030
0.015
0.081
0.034
0.038
0.050
0.023
0.019
0.017



pPH

sampling site 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 Lyne Ford

LYNE WATER FOOT

Tweed Manor Foot

MANOR WATER FOOT
EDDLESTON WATER FOOT
Twced Poebles 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
YARRCOVW WATER

ETTRICK WATER TOOT
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 CUURNSIDE
BLACKADDER PFQOT
WHITEADDER FOOT
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CONDUCTIVITY
micro-mhos

sampling site 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands 125 125 85 110 90
Tweed Tweedsmuir 125 100 95 100 95
Tweed Kingledors 100 105 95 95 85
Tweed Dawych Bridge 125 120 105 115 105
Tweed Lyne Ford 130 130 105 115 105
LYNE WATER FOOT 225 200 175 175 80
Tweed Manor Foot 140 150 120 135 120
MANOR WATER FOOT 105 100 80 80 75
EDDLESTON WATER FOOT 175 175 130 140 125
Tweed Peebles gauge 120 145 115 150 115
Tweed Peebles dump 150 120 120 150 120
Tweed Horshurgh Ford 150 140 120 150 125
Tweed Traquair Bridge 130 145 115 135 125
Tweed Walkerburn Bridge 145 150 90 140 120
Tweed Juniper Bank 115 145 115 135 125
Tweed Peel Hospital 120 145 115 140 120
Tweed Yair Bridge 145 145 115 140 120
Tweed Tweed Bridge 150 150 135 85 120
MEGGET WATER FOOT 55 60 45 55 45
YARROW WATER 100 80 70 920 80
ETTRICK WATER FOOT 100 135 100 120 110
Tweed Gala Ford 130 135 120 150 125
GALA WATER ¥O0OT 175 175 135 150 140
Tweed Lowood Bridge 150 145 120 145 135
Tweed Gattonside Bridge 125 140 110 145 125
Tweed Leader Bridge 125 175 110 135 125
LEADER WATER FOOT 300 2258 175 200 175
Tweed Dryburgh Abbey 175 150 120 150 140
Tweed Mourton Bridge 135 170 110 145 130
Tweed Rutherford Lodge 140 170 120 150 130
TEVIOT HAWICK 200 250 200 225 200
ALE WATER FOOT 300 275 225 250 225
TEVIOT ANCRUM 275 275 200 250 225
JED WATER FOOT 350 425 140 350 325
TEVIOT FOOT 300 325 130 250 250
Tweed Kelso Bridge 145 200 105 150 130
Tweed Sprouston Bridge 175 210 150 175 175
EDEN WATER FOOT 350 350 300 325 325
Tweed below Birgham 175 200 140 175 175
LAMBDEN BURN SPRINGWELLS 450 450 425 400 400
LEET WATER FOOT 200 300 350 350 550
Tweed Coldstream 200 225 150 200 175
TILL WATER FOOT 250 275 190 250 135
Tweed Norham Bridge 200 225 150 200 175
Tweed Fishwick Mains 175 250 150 200 175
Tweed Union Bridge 185 250 150 200 175
WHITEADDER CHURNSIDE 250 295 175 2925 175
BLACKADDER FOOT 450 425 300 375 275
WIIITEADDER FOOT 300 325 175 350 250
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.1
SODIUM mq (

sampling site 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 Lyne Ford

LYNE WATER FOOT
Tweed Manor Foot
MANOR WATER FOOT
EDDLESTON WATER FOOT
Twecd Peebles gauge
Tweed Peebles dump
Tweed Horshurgh Ford
Tweed Traquaix Bridge
Tweed Walkerburn Braidge
Tweed Juniper Bank
Tweed Peel llospital
Tweed Yair Bridge
Tweed Tweed Bridge
MEGGET WATER FOOT
YARROW WATER
ETTRICK WATER FOOT
Tweed Gala Ford

(3}
©

&

R OWOIBRHWOHODNWHOOIFONNFHFOUQUQOWUNHUOARWMONWIONOINAWOO
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R OOCONOR~IONNHOOBTOHOUUNOONDOMNBROMWRNRFHOOOG

DORWONWAFRRAFEOONOUWWROWOINOD"INNNINANWONPAPUGOUIWUINNONOMN

ORWNNITIOITOIIRONDAG D 1L

OO~NIXOCOUARITINYIIIJOJOOJTOOOD UL
TORUNOPOWOONUGORONTIIUINAROCOUBRARNHUOWNUODWWAFRNOUWHNNWOOW
QO WO NRIJONNONNOUMOOONOOONINUUAWOHEOOOOOOOOOOOO=NhOI0IoL
NOOOIOCOAN~UTIHOOOHFOOROIHOXIIOONLWOOONOOOOONIONRAONNIOIO RO

GALA WATER FOOT : s

Tweed Lowood DBridge 1 ] 10.

Tweed Gattonside Bridge ) . 8.

Tweed Leader Bridge 9. ] 8.

LEADER WATER FOOT 1 11, . 10. 1
Tweed Dryburgh Abbey 7. 11, . 10. 1
Tweed Mourton Bridge 7. 12 . 9.

Tweed Rutherford Lodge 7. 11 . 10. .
TEVIOT HAWICK 6. 8 . 5. .
ALE WATER FOOT 7. 8 . 7 .
TEVIOT ANCRUM 9. 11 . 9. .
JED WATER FOOT 18 25 1 23. 2
TEVIOT FOOT 10. 15 . 10

Tweed Kelso Bridge 7. 11 . 9,

Tweed Sprouston Bridge 8. 11.0 . 9.

EDEN WATER FOOT 12. 12.0 10. 11, 1
Tweed below Birgham 8. 10.5 . 9. .
LAMBDEN BURN SPRINGWELLS 9o 18.4 17. 19 15.
LEET WATER FOOT . 10 13.4 14. 14. 2
Tweed Coldstrean 8. 11.0 . 10

TILL WATER FOOT 12, 13.6 10. 12. 1
Tweed Norham Bridge 8. 11.6 . 9

Tweed Fishwick Mains 8. 11.4 ] 9.

Tweed Union Bridge 8. 11.6 9.
WHITEADDER CHURNSIDE 10 10.2 12.
BLACKADDER FOOT 15 12.8 1 12.
WHITEADDER FOOT 11, 13.6 1 13. 1
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1
POTASSIUM mg ( +

sampling site 14.8.72

8.11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands 0.58 0.56 0.37 0.59 0.34
Tweocd Tweedsmuir 0.55 0.54 0.36 0.53 0.31
Tweed Kingledors 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 FOQOOT 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 Iforsburgh 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 Walkerburn 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 F¥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 YOOT 1.35 1.15 0.83 0.97 0.73
Tweed Lowood Bridge 1.66 1.25 0.75 L1.56 0.81
Tweed Gattonside PBridge 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 FOQT 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 below 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 Coldstrean 1.10 1.94 1.16 1.75 1.40
TILL WATER FOOT 1.68 2.40 1,78 2.10 1.40
Tweed Norhaw 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 CHURNSIDE 1.37 1.78 1.63 1.84 1.11
BLACKADDER YOOT 2.13 3.08 2.45 2.30 1.40
WHITEADDER FOOT 1.47 2.48 1.74 2,10 1.37

100



)
MAGNESIUM g L

sampling site 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 l.yne 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 Pecl Hospital
Tweed Yair Bridge

Tweed Tweed Bridge
MEGGET WATER FOOT
YARROW WATER

ETTRICK WATER IOOT
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

TEV1OT ANCRUM

JED WATER TFOOT

TEVIOT FOOT

Tweed Kelso Bridge
Tweed Sprouston Bridge
EDEN WATER FOOT

Tweed below Birgham
LAMBDEN BURN SPRINGWELLS 2
LEET WATER FOOT
Tweed Coldstrcam
TILL WATER FOOT
Tweed Norham Bridge
Tweed Fishwick Mains
Tweed Union Bridge
WHITEADDER CHURNSIDE
BLACKADDER FOOT
WHITEADDER FOOT
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.1
CALCIUM mg ¢

sampling site

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 guuge
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 rooT

Tweed l.owood 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 Birghan

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

15.8
14.5
13.1
15.0
15.4
33.0
19.6
12.5
18.7
19.0
19.3
18.5
18.2
18.8
18.9
17.6
17.6
18.5

5.7
11.9
12.4
16.4
21.5
16.6
16.1
16.4
31.0
16.5
17.5
17.4
32.0
45.1
45.4
42.8
40.8
20.1
24.1
46.5
23.4
55.3
27.8
24.1
32.0
24.4
21.6
33.8
25.0
49.5
36.1

10

15.4
14,0
14.4
14.8
15.7
32.3
21.4
13.3
18.6
18.6
19.7
19.0
18.7
19.1
18.9
19.0
19.0
19.5

6.2
10.8
15.0
17.0
21.0
17.8
19.0
15.4
31.4
19.3
18.1
19.5
40.8
49.5
48.5
48.9
46.8
25.3
20.4
47.4
290.2
54.9
40.3
28.6
36.8
31.0
31.2
30.5
27.3
57.0
44.0

10.1
11.6
11.3
13.2
13.5
22.8
14.8
10.8
15.6
15.2
14.8
15.2
14.5
14.3

21.0

31.0

(5.9
15.0
14.8
16.3
16.3
31.1
19.6
12.8
18.6
18.7
19.1
19.1
18.9
18.2
18.1
18.5
18.5
18.4

5.6
10.1
14.7
17.5
18.7
18.0
19.6
18.0
28.6
20.3
19.2
19.7
41.8
45.5
45.6
41.8
42 .4
18.6
26.2
48 .4
25.9
54,5
55.0
27.0
33.3
26.5
27.6
27.7
27.7
52.1
40.3

11.1
14.5
13.3
14.0
14.6
26.1
17.8
10.8
15.5
16.3
16.4
16.2
15.9
15.8
16.0
16.2
16.1

ot
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7ZINC det. limit 0.002 mg 1%

sampling site 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands 0.003 < 0.002 0.008
Tweed Tweedsmuir £0.,002 <0.002 0.007
Tweed Kingledors 0.003 20,002 0.006
Tweed Dawych Bridge £0,002 <0.002 0.009
Tweed Lynoc Ford 0.002 £0.,002 0.005
LYNE WATER FOOT 0.004 0.005 0.006
Tweed Manor Foot 0.010 £0.002 0.003
MANOR WATER FOOT 0.003 0.005 0,002
EDDLESTON WATER FOOT 0.002 » <0,002 0.008
Tweed Peebles gauge 0.004 "'a' < 0,002 0 0.008
Tweed Peebles dump 0.002 - £0,002 o 0.003
Tweed Horsburgh Ford 20,002 < 0,002 o 0.002
Tweed Traquair Bridge 0.002 o <0,002 8 0.005
Tweed Walkerburn Bridge 0.008 ,g <0.002 «w 0.004
Tweed Juniper Bank £0.002 <0,002 4 0.004
Tweed Peel Hospital 0.008 5 20,002 ° 0.007
Tweed Yair Bridge 0.006 o £0.002 g 0,006
Tweed Tweed Bridge 0.002 2 0.005 - 0.006
MEGGET WATER FOOT £0.002 0 0.004 p 0.006
YARROW WATER 0.007 g £0.,002 5 0,004
ETTRICK WATER FOOT <£0.002 0.003 g 0.014
Tweed Gala Ford 0.007 B 0.013 S 0.014
GALA WATER TOOT 0.007 8 0.011 g 0.011
Tweed Lowood Bridge 0.008 ¥ 0.018 3] 0.008
Tweed Gattonside Bridge  (.005 ¢ 0.006 o 0.013
Tweed Leader Bridge 0.008 = 0.003 N 0,016
LEADER WATER FOOT 0.010 « 0.014 ¢.033
Tweed Dryburgh Abbey 0,002 £0.002 0.012
Tweed Mourton Bridge 0.006 0.003 0.008
Tweed Rutherford Lodge < 0,002 0.002 0.009
TEVIOT HAW1CK 0.004 0.002 0.042 0.005
ALE WATER FOOT 0.007 0.006 0,007
TEVIOT ANCRUM <0,002 0,006 0,002
JED WATER FOOT <£0.002 £ 0,002 0,006
TEVIQT FOOT 0.007 0.005 0,012
Tweed Kelso Bridge £0.002 0.002 0.010
Tweed Sprouston Biridge 20.002 20,002 0.005
EDEN WATER FOOT £0.002 £ 0,002 0.009
Tweed below Birgham 0.007 < 0,002 0.006
LAMBDEN BURN SPRINGWELLS 0,005 < 0,002 0.016
LEET WATER FOOT 0.009 £ 0,002 0.007
Tweed Coldstiream 0.006 < 0.002 0.003
TILL WATER FOOT 0.005 <0.002 - 0.046
Tweed Norham Bridge 0.003 . 0.003 0.015
Tweed Fishwick Mains 0.004 < 0,002 0,011
Tweed Union Bridge 0.006 < 0,002 0,016
WHITEADDER CHURNSI1DE 0.011 0.003 0,011
BLACKADDER FOOT 0,005 0.003 0.002
WHITEADDER FOOT 0.006 0.003 0.007
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1

COPPER det. limit 0.002 mg 1

sampling site 14.8.72 8.11.72 30.L.73 22.3.73 22.5.73
Tweed Finglands £0,002 0.014 <£0.002 <0.002
Tweed Tweedsmuir <0,002 0,011 0.010 <0,002
Tweed Kingledors £0,002 0.018 0.002 0.011
Tweed Dawych Bridge <0.002 0.005 0.012 0.012
Tweed Lyne Ford <0.002 0.013 «0.002 0.007
LYNE WATER FOOT 0.009 0.011 40,002 0.010
Tweed Manor Foot 0.004 0.007 <£0.002 <0.902
MANOR WATER FOOT 0.009 0.004 <£0.002 <0,00
EDDLESTON WATER FOCT 0.004 0.006 0.004 < 0.005
Tweed Peebles gauge £0,002 0.007 <0,002 0.007
Tweed Peebles dump £0.002 0.008 <£0.002 0.005
Tweed Horsburgh Ford 0.004 0.008 <0,002 0.007
Tweed Traquair Bridge 0.002 0.005 <0,002 <0,002
Tweed Walkerburn Bridge <0,002 0.004 £0.002 <0,002
Tweed Juniper Bank £0.002 0.009 <£0.002 - 0.007
Tweed Peel Hospital 4£0.002 0.008 «¢0.002 0.010
Tweed Yair Bridge 0.004 0.009 «0,002 0.002
Tweed Tweed Bridge 0.004 0.007 <¢0.002 <0,002
MEGGET WATER FOOT £0,002 0.010 «¢0.002 V) <0,002
YARROW WATER 0.004 0.008 <«0.002 <0.002
ETTRICK WATER FOOT 0.004 0.009 0.018 0.026
Tweed Gala Ford 0.012 0.014 0,004 o 0.005
GALA WATER FOOT 0.010 0.011 0.010 <0.002
Tweed Lowood Bridge 0.009 0.022 0.006 0.005
Tweed Gattonside Bridge ¢ o2 0.021 0.018 é 0.010
Tweced Leader Bridge 0.010 0.019 0.005 c 0.012
LEADER WATER FOOT 0.010 0,018 0,005 - § 0.013
Tweed Dryburgh Abbey 0.015 0.021 0.007 0.012
Tweed Mourton Bridge 0.010 0.020 0.010 § 0.011
Tweed Rutherford Lodge 0.004 0.018 0.008% 3 0.010
TEVIOT HAWICK 0.008 0.010 0.012 ""; 0.010
ALE WATER FOOT 0.012 0.007 0.007 8 £0.002
TEVIOT ANCRUM 0.012 0.007 ¢0.002 0,002
JED WATER FOOT 0.007 0.009 0.006 0,007
TEVIOT FOOT 0.015 0,006 0,003 3 0.006
Tweed Kelso Bridge 0.002 0.012 0.008 < 0.012
Tweed Sprouston Bridge 0.015 0.011 ¢0.,002 0.011
EDEN WATER FOOT 0.004 0.009 <¢0,002 0.008
Tweed below Birgham 0.015 0.009 0.004 0.002
LAMBDEN BURN SPRINGWELLS 0,014 0,009 0.002 £0.002
LEET WATER FOOT 0.022 0,016 40,002 0.011
Tweed Coldstream 0.010 0.010 0.002 0.007
TILL WATER FOOT 0.009 0.017 40,002 0.012
Tweed Norham Bridge 0.007 0.023 £ 0,002 0,005
Tweed Fishwick Mains 0.004 0.019 0.006 0.002
Tweed Union Bridge 0.007 0.019 £0,002 0.011
WHITEADDER CHURNSIDE 0.002 0.009 0.006 0.005
BLACKADDER FOOT 0.007 0.009 <£0,002 0.006
WHITEADDER FOOT 0.010 0.012 <0.002 0.003
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MANGANESE

sampling site

Tweed Finglands

Tweed Tweedsmuixr

Tweed Kingledors

Tweed Dawych Bridge
Tweed Lyne Ford

LYNE WATER FOCOT

Tweed Manor Foot

MANOR WATER ¥FOOT
EDDLESTON WATER FOOT
Tweed Peebles gauge
Tweed Peebles dump
Tweed Horsbhurgh Ford
Tweed Traquair Bridge
Tweed Walkerburn Bridge
Tweed Juniper Bank
Tweed Peel Hospital
Tweed Yair Bridge
Tweed Tweed Bridge
MEGGLET WATER FOOT
YARROW WATER

ETTRICK WATER FOOT
Tweed Gala Ford

GALA WATER FCOT

Tweed Lowood Bridge
Tweed Gattonside Bridge
Tweed Leader Bridge
LEADER WATER FOOT
Tweed Dryburgh Abbey
Tweed Mourton Bridge
Tweed Ruthcerford Lodge
TEVIOT HAWICK

ALE WATER VOOT

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 FOOY

Tweed Norham Bridge
Tweed Fishwick Mains
Tweed Union Bridge
WHITEADDER CHURNSIDE
BLACKADDER FOOT
WHITEADDER FOOT

det.limit 0.002 mg 1~

0.010
0.010
0.011
0.006
0.004
0.010
0.011
0.008
0.013
0.013
0.013
0.010
0.018
0,008
0.018
0.010
0.013
0.011
0.011
0.013
0.010
0.010
0.013
0,012
0.0190
0.010
0.020
0.0lo0
0.017
0.023
0.012
0.018
0.018
0.027
0.023
0.017

0.023'

0.014
0.016
0.090
0.021
0.017
0.029
0.021
0.029
0,037
0,027
0,029
0.040

0.004
0-006
20,002
0,002
<0,002
< 0,002
<0,002
£0,002
£0,002
0.003
0.002
0.004
0.002
0.002
£ 0.002
£0,002
0.004
0.018
< 0,002
< 0,002
<£0,002
0.002
0.006
0,009
0.0l11
0.004
£0,002
0,005
£0,002
0.008
0,022
0.007
0,002
0.003
0.008
0.005
0,004
20,002
< 0,002
0,029
0.012
0.007
0.007
0.011
0.009
0.013
0,007
0.00¢
0.011

105

0.010
0.007
£0,002
0.002
0.006
0.014
40,002
0.004
0.025
0.002
€0.,002
0.010
£ 0,002
< 0,002
< 0,002
0.009
0.005
0,007
£ 0,002
< 0,002
0.030
£ 0,002
< 0,002
<0,002
0,020
0.020
0.011
< 0,002
< 0,002
< 0,002
0.005
0.004
0.005
< 0,002
£ 0,002
0.008
0.004
0.006
0.009
0.011
0,021
0.011
0.011
< 0,002
< 0,002
40,002
< 0,002
< 0,002
0,023

1

0.008
0.009
20,002
0.008
0.008
0.013
0.005
0.009
0,013
0.012
0.008
0,006
0.005
0,002
0.009
0.005
0,003
<0,002
0.002
0.002
0.026
0.017
0.017
0.022
0.022
0.022
0,097
0.024
0.022
0.014
0.009
0.009
<£0.002
0.004
0.013
0.014
0.012
0.028
0.012
0.024
0.035
0.021
0.024
0.014
0,027
0,018
0.020
0.024
0.0&1

14.8.72 8.11.72 30.1.73 22.3.73 22.5.73

0.015
0.005
0.002
0.007

< 0,002
0.007

< 0,002
0.003
0,014
0.004
0,009
0.004
0.007

£0,002
0.008
0.002
0,009
0,009
0.004
0,003
0.052
0.009
0.004
0.017
0.004
0.010
0.013
0,058
0.011
0.010
0.012
0.005
0.005
0.007
0.005
0.011
0.009
0.016
0.028
0.047
0.031
0.023
0.044
0.017
0,011
0.035
0.022
0.010
0.02.4



IRON

sampling site

Tweed Finglands

Tweed Tweedsnmuir

Tweed Kingledors

Tweed Dawych Bridge
Tweed Lyne Ford

LYNE WATER FOOT

Tweed Manor Foot

MANOR WATER F¥OOT
EDDLESTON WATER ¥OOT
Tweed Peebles gauge
Tweed Peebles dunp
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 Coldstrean

TILL WATER FOOT

Tweed Norham Bridge
Tweed Fisbwick 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

0.04
0.11
0.13
0.09
0.07
0,12
0.10
0.04
0,11
0.08
0.09
0.14
0.08
0.09
0.08
0.08
0.08
0.05
0.06
0.07
0.05
0.05
0.08
0.10
0.10
0.09
0.03
0.08
0.07
0.08
0.05
0.03
0.06
0,08
0,08
0.08
0.11
0.07
0.07
0.25
0.09
0.07
0,11
0.09
0.14
0.09
0.06
0.04
0.05
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0.07
0.14
0.LO
0.05
0.03
0.04
0,03
0.01
0.05
0.04
0.04
0.04
0.02
0.03
0.02
0.04
0.02
0.03
0,02
0.01
0.05
0.03
0.03
0.02
0.03
0,04
0.02
0.02
0.04
0.03
0.02
0.02
0.03
0.03
0.02
0.03
0.03
0.03
0.02
0,17
0.03
0.02
0.04
0.02
0.02
0.03
0,02
0.02
0.02

det. limit 0,01 mg 1~

0.09
0.06
0.07
0,06
0.03
0.01
0.04
£ 0,01
0.11
0.07
0.04
0.07
0,06
0.02
0.07
0.06
0.03
0.01
< 0,01
0.08
0.05
0.03
0.03
0.09
0.09
0,06
0,06
0.04
0.03
0,05
0,06
0.07
0,09
0.05
0,04
0.04
0,06
0.06
0.08
0.11
0,06
0.08
0.12
0,05
0.04
0.09
0.04
0,09
0.08

<0,01
0.02
<£0,01
0.06
0.04
0.06
0.05
<£0.,01
0.07
0.05
0.05
0.06
0.05
0.05
0.04
0.0l
0.01
0.02
<0,01
£ 0,01
0.01
£0,01
<0,01
0.05
0.02
0.04
0.17
0.02
0.04
0.03
<0,01
0.02
< 0.01
0.01
<0.01
0,02
0.02
0.02
0,02
0.10
0.03
<0,01
0.10
0.10
0.04
0.05
Z£0,01
0.03
0.03

1

0.10
0.04
0.05
0.07
0.07
0,15
0.10
0.03
0.19
0.14
0.11
0,09
0.06
0.07
0.08
0.12
0,07
0.07
0.1l1
0.04
0,06
0.04
0.06
0.06
0.09
0.05
0.05
0.14
0.04
0.03
0.06
0.04
0,06
0,05
0.03
0.05
0.05
0,05
0.05
0.23
0.13
0.05
0.89
0.31
0.35
0.54
0.10
0.07
0.06



1

ALUMINIUM det. limit 0.03 mg 1
sampling site 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73

Tweed Finglands 0.06 £90,03
Tweed Tweedsmuir £0,03 <0,03
Tweed Kingledors £0,03 <0.03
Tweed Dawych Bridge 0.03 <£0,03
Tweed Lyne Ford 0.04 <0,03
LYNE WATER FOOT £0,03 <0.03
Tweed Manor Foot £0Q.03 » s <0,03
MANOR WATER FOOT £0,03 g g <0,03
EDDLESTON WATER FOOT 0.04 i o £0.03
Tweed Peebles gauge 0.03 . 0.10
Tweed Peebles dump £0,03 » © 40,03
Tweed Horsburgh Ford 0,03 ) g 40,03
Tweed Traquair Bridge 0.03 0,05
Tweed Walkerburn Bridge  ¢.03 E bt g 0.07
Tweed Juniper Bank 0.03 o H > 40,03
Tweed Peel Hospital 20.03 Q ~ Q 0.07
Tweed Yair Bridge 0.04 o . o 40,03
Tweed Tweed Bridge 0.03 g 5 g 40,03
MEGGET WATER FOOT 0.06 T » 0.05
YARROW WATER £0.03 ) B 2 0,03
ETTRICK WATER FOOT 20,03 3 9 3 0.03
Tweed Gala Ford 0.06 g 3 ﬁ 0,03
GALA WATER FOOT £0.03 0.03
Tweed L.owood Bridge 0.04 :,' ! - £0.03
Tweed Gattonside Bridge 0.03 a o L £0.03
Tweed Leader Bridge £0.03 £0.03
LEADER WATER FOOT 0.03 £0.03
Tweed Dryburgh Abbey <0.03 0.03
Tweed Mourton Bridge £0.03 £0.03
Tweed Rutherford Lodge £0.03 £0.03
TEVIOT HAWICK 20.03 £0.03
ALE WATER FOOT 0.06 £0.03
TEVIOT ANCRUM 0.03 0.10
JED WATER FOOT 0.03 £0.03
TEVIOT FOOT 0.03 0.03 <0.03
Tweed Kelso Bridge 0.06 £0.,03
Tweed Sprouston Bridge £0.03 £0.03
EDEN WATER FOOT 0.03 £0.03
Tweed below Birgham 20,03 £0.03
LAMBDEN BURN SPRINGWELLS 0,06 0.08 <0.03
LEET WATER FOOT 0.03 £0.,03
Tweed Coldstrean £0.03 £0,03
TILL WATER FOOT £0.03 0.86
Tweed Norham Bridge 0.04 ' 0.26
Tweed Fishwick Mains £.0,03 0.28
Tweed Union Bridge 0.03 0.45
WHITEADDER CHURNSIDE 0.06 0.03
BLACKADDER FOOT £0.03 0.03
WHITEADDER FOOT £0,03 0.03

10v



LEAD

sampling site

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 Bridpge
Tweed Tweed Bridge
MEGGET WATER FOOT
YARROW WATER

ETTRYICK WATER FOOT
Tweed Gala Ford

GALA WATER FOOT

Tweed T.owood Bridge
Tweed Gattonside Bridge
Tweed Leader Bridge
LEADER WATER TFOOT
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

< 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
20,001
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

det.

108

0.002
0.003
0.002

0.002

o
Q
o
]

rest less than det.iimit

limit O.001

0.003
0.001

0.002

0.001
0.001

0.003

limit

rest less than det.

mg 1~

1

0,002
0.001
0.002
0.001
0,001
0.001
<0,001
40,001
0.002
0.002
0,003
0.001
£0,001
0.001
<0.001
<0.,001
<0,001
0.002
<£0,001
< 0,001
0.003
0.002
0.002
0.002
0,001
0.004
0.008
0.003
0.006
0.002
0.001
0.003
0.002
0.002
<£0.,001
<0.001
<0.001
0.003
40,003
0.001
0.016
0.002
0.002
<0,001
0.017
£ 0.001
£ 0,001
0.002
0.003

22.5.73

0.018
<0,001
40,001

0.004

0.006

0.003

0.003
<0,001

0.007

0.004

0.006

0.002

0.003

0.003

0.002

0,002

0.001

0.002

0.003

0.001

0.002

0.004

0.012

0.005

0.003

0.002

0.002

0.032

0.002
£0,001

0,008

0.003
<0,001

0.001

0.001

0,001
£0,001
< 0,001
£ 0,001

0.001

0.001

0.001

0.003
£0.001

0.006

0.006

0.002
£0.,001

0.001



e}
CHLORIDE ;%5 L

sampling site 14.8.72 8,11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands 9,2 10.4 11.1 12.0 10.5
Tweed Tweedsmuir 8.0 8.0 11.1 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 Toot 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 Peebhles 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 IAWICK 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 25.5 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 i8.0 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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. e |
SILICATE - S¢ V59 &

sampling site 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands 2.75 1.00 3.15 2.35 1.95
Tweed Tweedsmuir 1.95 0.65 3.35 2,05 1.75
Tweed Kingledors 1.75 0.70 3.40 2.05 1.85
Tweed Dawych Bridge 1.85 0.95 3.90 2.75 2.80
Tweed Lyne Ford 1.75 0.95 4,15 2 55 3.10
LYNE WATER FOOT 4.35 1.70 5.30 3.25 3.60
Tweed Manor Foot 3.25 1.40 4.35 2.65 3.25
MANOR WATER FOOT . 2,80 0.95 3.70 2.45 2.65
EDDLESTON WATER FOOT 3.25 1.35 4.60 3.30 3.30
Tweed Peebles gauge 3.25 1.20 4.30 2.75 3.25
Tweed Peebles dump 3.25 1.00 4.45 2.55 2.90
Tweed Horsburgh Ford 3.45 0.80 4,40 2.60 3.05
Tweed Traquair Bridge 3.30 0.80 4.40 3.30 3.10
Tweed Walkerburn Bridge 3.15 0.95 4.30 2.60 3.30
Tweed Juniper Bank 3.55 0.85 4,20 2.65 2.95
Tweed Peel Hospital 3.20 0.75 4,25 2.45 2.70
Tweed Yair Bridge 3.15 0.60 4,05 2.60 2.80
Tweed Tweed Bridge 3.30 0.55 4.10 2.60 2.90
MEGGET WATER FOOT 2.75 0.80 2.95 2.30 2.05
YARROW WATER 1.55 0.40 2.25 1.15 0.80
ETTRICK WATER FOOT 1.45 0.30 2.30 0.80 0.50
Tweed Gala Ford 2.60 0.45 5.05 2.30 2.10
GALA WATER FOOT 2.80 0.30 3.90 1.65 1.85
Tweed Lowood Bridge 3.20 0.40 3.55 2.30 2.00
Tweed Gattonside Bridge 1.95 0.95 3.50 2.65 2.15
Tweed Leader Bridge 1.75 0.45 3.45 1.65 1.45
LEADER WATER FOOT 1.90 0.20 4.00 0.70 0.85
Tweed Dryburgh Abbey 1.80 0.40 3.15 1.60 2.40
Tweed Mourton Bridge 1.95 0.25 3.30 1.75 1.70
Tweed Rutherford Lodge 0.65 0.80 3.55 1.85 1.40
TEVIOT HAWICK 3.85 1.10 2.40 0.65 1.05
ALE WATER FOOT 1.80 0.80 2.95 1.30 1.10
TEVIOT ANCRUM 1.75 0.60 2.85 1.30 1.25
JED WATER FOOT 2.35 0.60 3.15 0.55 0.45
TEVIOT FOOT 3.85 0.25 3.15 0.60 0.35
Tweed Kelso Bridge 1.95 0.25 3.55 2.05 1.30
Tweed Sprouston Bridge 2.50 0.30 3.40 1.15 1.20
EDEN WATER FOOT 1.85 1.30 4,15 0.45 1.15
Tweed bhelow Birghanm 1.95 0.25 3.25 1.20 1.00
LAMBDEN BURN SPRINGWELLS 6.50 2.45 6.45 2.35 4.50
LEET WATER FOOT 1.70 0.50 4.45 1.00 4.00
Tweed Coldstream 1.60 0.45 3.25 1.05 1.05
TILL WATER FOOT 4.65 0.80 4.80 1.25 3.15
Tweed Norham Bridge 2.30 0.70 3.40 0.80 1.50
Tweed Fishwick Mains 2.20 0.55 3.35 0.80 1.00
Tweed Union Bridge 2.00 0.35 3.40 1.05 1.00
WHITEADDER CHURNSIDE 2.80 0.35 3.10 0.80 2.05
BLACKADDER IOOT " 1.75 0.50 3.45 1.20 0.95
WHITEADDER FOOT 1.50 0.50 3.30 0.60 1.80
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PHOSPHATE ( as PO -P ) det. limit 0,010 mg 1 -

sampling site 14.8.72 8.11.72 30.1.73 22.3.73 22.5.73
Tweed Finglands <£0,010 «0,010 0.011 <0.010 0.010
Tweed Tweedsmuir <0,010 «0,010 0.010 <0.010 <0,010
Tweed Kingledors 0.018 <0,010 0.019 <£0.010 <0.010
Tweed Dawych Bridge 0.019 0.0%7 0.01§ <0,010 < 0,010
Tweed Lyne Ford 0.016 0.010 0.020 <0.010 <0.010
LYNE WATER FOOT 0.030 0.021 0.024 <0.010 0.010
Tweed Manor Foot 0,033 0.014 0,017 0.012 <«£0.010
MANOR WATER FOOT 0.052 <0.010 0.010 <40.016 < 0,010
EDDLESTON WATER FOOT 0.027 0.027 0.024 0.010 0.018
Tweed Peebles gauge 0.029 0,010 0.034 0.016 0.014
Tweed Peebles dump 0.157 0.168 0.044 0.089 0.064
Tweed Horsburgh Ford 0.096 0,053 0.033 0,023 0.017
Tweed Traquair Bridge 0.055 0.033 0,030 0.014 0,019
Tweed Walkerburn Bridge 0.043 0,020 0.034 0.012 0.014
Tweed Juniper Bank 0.067 0,080 0,034 0.024 0,018
Tweed Peel Hospital 0.064 0,067 0.034 0.015 0,019
Tweed Yair Bridge 0.041 0,059 0.033 0.015 0.010
Tweed Tweed Bridge 0.059 0,060 0.028 0.016 0.010
MEGGET WATER FOOT 0.015 0.015 0.010 20.010 <0,010
YARROW WATER 0.010 20.010 0.010 <0.,010 <0.010
ETTRICK WATER FOOT 0.026 0.119 0.059 0.137 0.083
Tweed Gala Ford 0.036 0.091 0.033 ¢£0.,041 0.012
GALA WATER FOOT 0.036 0,020 0.024 0.010 0.023
Tweed Lowood Bridge 0.141 0.116 0.041 0.065 0.025
Tweed Gattonside Bridge 0.157 0.096 0.038 0,047 0.014
Tweed Leader Bridge 0.061  0.150 0.036 0.040 < 0,010
LEADER WATER FOOT 0.061 0,093 0.039 <¢0.,010 0.020
Tweed Dryburgh Abbey 0.094 0,155 0.055 0.080 0,041
Tweed Mourtou Bridge 0.094 0.255 0.041 0.047 0.016
Tweed Rutherford Lodge 0.073 0.208 0.042 0.055 0.019
TEVIOT HAWICK 0.010 0.013 0.012 <0.010 0.010
ALE WATER FOOT 0.028 0,017 0.026 <0.010 0,.0LO
TEVIOT ANCRUM 0.292 0.219 0.044 0.093 0.030
JED WATER FOOT 0.065 0,199 0.065 0.098 0,260
TEVIOT FOOT 0.125 0,199 0,067 0.060 0.033
Tweed Kelso Bridge 0.079 0,197 0.050 0,062 0,025
Tweed Sprouston Bridge 0.059 0,142 0,061 0.052 0.028
EDEN WATER FOOT 0.065 0,118 0.082 0.024 0,033
Tweed below Birgham 0.065 0,140 0.054 Q.043 0.022
LAMBDEN BURN SPRINGWELLS 0.250 0.195 0.147 0.071 0.140
LEET WATER FOOT 0.220 0,146 0.188 0.062 0.424
Tweed Coldstream 0.084 0.186 0,059 0.051 0,033
TILL WATER FOOT 0,057 0.044 0.052 0.017 0,070
Tweed Norham Bridge 0.069 0,147 0.065 0.036 0.034
Tweed FishwiclgMalns 0.078 0.121 0.061 0.043 0.032
Tweed Union Bridge 0.082 0,154 0.054 0,042 0.04
WHITEADDER CHURNSIDE 0.021 0.069 0.022 0.019 0.01
BLACKADDER FOOT 0.180 0.295 0.145 0.177 0.045
WHITEADDER FOOT 0.065 0.133 0.059 0.042 0.015
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- N L,.i
AMMONIA ( as ENHB + NH‘I] ) mg

sampling site

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 TFOOT

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

0.190
0.185
0.170
0.740
0.195
0.195
0.310
0.320
0.260
0.310
0.450
0.340
0.300
0.155
0.110
0.095
0.145
0.165
0.245
0.750
0.190
0.220
0.155
0.530
0.405
0.130
0.120
0.455
0.660
0.735
0.110
0.1ll0
0.250
0.715
0.465
0.610
0.405
0.710
0.740
0.750
0.740
0.660
0.740
0.740
0.660
0,660
0,660
0.745
0.745
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0.050
0.050
0.080
0.080
0.070
0.060
0.090
0.085
0.065
0.090
0.510
0.160
0.075
0.070
0.105
0,095
0.100
0.075
0.170
0.080
0 350
0.110
0.050
0.200
0.225
0.120
0.210
0.150
0.110
0.140
0.660
0.150
0.080
1.000
0.300
0.160
0.200
0.220
0.180
0.200
0.320
0.165
0,195
0.155
0.165
0.150
0.090
0.100
0.105

0.160
0.110
0.065
0.100
0.085
0.120
0.060
0.060
0.130
0.065
0.115
0.105
0.100
0.065
0.095
0.100
0.155
0.115
0.050
0.135
1.425
0.110
0.100
0.120
0.120
0.115
0.095
0.140
0,105
0.095
0,155
0.140
0.110
0.625
0.550
0.115
0.205
0.200
0,115
0.150
0.360
0.150
0,255
0.315
0.195
0.150
0.130
0.165
0.165

0.105
0.135
0.130
0.085
0.160
0.160
0.105
0.110
0.135
0.160
0.290
0.290
0.130
0.135
0.115
0.115
0.115
0.090
0.100
0.135
0.310
0.235
0.080
0.470
0.120
0.100
0.090
0.105
0.100
0.090
0.165
0.075
0.095
1.650
0.070
0.090
0.100
0.120
0.100
0.115
0.130
0.150
0.100
0.115
0.0920
0.100
0.075
0.120
0.105

14.8.72 8.11.72 30.1.73 22.3,73 22.5.73

0.290
0.160
0.075
0.135
0.170
0.500
0.220
0.655
0.050
0.115
0.160
0.125
0.330
0.125
0.175
0.270
0.320
0.080
0.530
0.270
0.405
0.170
0.120
0.170
0.135
0.095
0.220
0.105
0.100
0.095
0.145
0.140
0.140
0.595
0.095
0.125
0.120
0.210
0.110
0.200,
0.270
0.530
0,210
0.410
0.405
0,345
0.220
0.470
0.345



NITRITE ( N02~N )

sampling site

Tweed Finglands

Tweed Tweedsmuir

Tweed Kingledors

Tweed Dawych Bridge
Tweed Lyne Ford

LYNE WATER FOOT

Tweed Manor Toot

MANOR WATER FOOT
EDDLESTON WATER FOOT
Tweed Peebles gauge
Tweed Peebles dump
Tweod Horsbhurgh Ford
Tweed Traquaiy Bridge
Tweed Walkerburn Bridge
Tweed Juniper Bank
Tweed Peel Hospital
Tweed Yair Bridge
Tweed Tweed Bridge
MEGGET WATER FOOT
YARROW WATER

ETTRICKX WATER FOOT
Tweed Gala Ford

GALA WATER FOOT

Tweed Lowood Bridge
Tweed Gattonside Bridge
Tweed Leadexr 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
TWweed 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

£0,002
0.004
<0,002
0,004
0.002
0.007
0.003
0,002
0.017
0.004
0.009
0,009
0.008
0.004
0.002
0.004
0.004
0.005
0.002
0.002
0.003
0.005
0.004
0.011
0.009
0.012
£0,002
0.009
0.007
0.007
<0,00%
£ 0.00%
0.010
0.011
0.009
0.004
0,007
0.003
0,006
0.032
0.015
0,008
0.010
0,006
0.011
0,005
0.005
0,011
0.016
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det.

8.11.72 30.1.73 22.3.73 22.5.73

0.002
0.003
0.006
0.004
0.004
0.005
0.005
0.003
0.009
0,005
0,022
0.015
0.009
0.010
0.020
0.017
0.016
0.015
0.008
0.007
0.005
0.018
0.005
0.017
0.018
0.027
0.010
0.022
0.023
0.018
0.003
0,004
0.012
0.058
0.015
0.012
0.016
0.007
0.014
0.019
0.017
0.013
0.011
0.015
0.018
0.018
0.006
0.015
0.025

limit 0.002 mg 1~

0.004
0.003
0.004
0.007
0.008
0.012
0.009
0.004
0.012
0,007
0.012
0.010
0.009
0,009
0.010
0.010
0.006
0.008
0.004
0.005
0.006
0.012
0.007
0,008
0.009
0.009
0.008
0.010
0.010
0.009
0.005
0.007
0.009
0.009
0.017
0.012
0.017
0,015
0.018
0.028
0.024
0.017
0.012
0,018
0,018
0.016
0.008
0.017
0.014

<£0,002
£0,002
< 0.002
0.006
£0.002
0.005
0.005
420,002
0.006
0.005
0.017
0,009
0.006
0,005
0,007
0.006
0.007
0.009
<0,002
<£0,002
0.015
0.016
0,005
0.020
0.018
0.014
0.007
0.022
0.025
0.031
0.004
0.003
0.015
0.018
0.017
0.020
Q.014
0,007
0.016
0.009
0.018
0.020
0.009
0.018
0.014
0.014
0.007
0.010
0.013

1

0.002
0.006
0.003
0.009
0.009
0.010
0.009
0.004
0.010
0.009
0.014
0.009
0.007
0.008
0.009
0,009
0.009
0.010
£0,002
0.002
0.007
0.011
0.009
0.013
0.013
0.013
0.007
0.0l6
0.016
0.018
£0.002
0.002
0.009
0.040
0.032
0.016
0.023
0.016
0.023
0.066
0.090
0.020
0.027
0.022
0.022
0,027
0.006
0.010
0.013



1

NITRATE ( NO,-N ) det. limit 0.20 mg 1~
sampling site 14.8.72 8,11.72 30.1.73 22.3.73 22.5.73

Tweed Finglands 0.25 «£0.20 0.25 0.21 «0.20
Tweed Tweedsmuir 0.20 40,20 0.50 0.25 «£0.20
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 «0.20
EDDLESTON WATER FOOT 2.14 1.57 1.82 1.33 1.52
Tweed Pcebles gauge 1.35 0.97 1.15 0.73 1.16
Tweed Peebhles 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 Juuiper Baunk 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 £0.20 0.25 0.45 40,20
YARROW WATER 0.37 0.32 0.55 0.46 0.24
ETTRLICK 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 L.owood 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 Ruthexrford 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 1.1l 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 0.56
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

sampling site

Tweed Finglands

Tweed Tweedsmuir

Tweed Kingledors

Tweed Dawych Bridge
Tweed Lyne Ford

LYNE WATER FOOT

Tweed Manor Foot

MANOR WATER FOCT
EDDLESTON WATER FOOT
Tweed Peebles gauge
Tweed Peebles dunmp
Tweed Horsburgh Ford
Tweed Traguair 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

TEV1OT FOOT

Tweed Kelso Bridge
Tweed Sprouston Bridge
EDEN WATER FOOT

Tweed below Birghan

LAMBDEN BURN SPRINGWELLS 0,020 425

LEET WATER FOOT
Tweed Coldstresam
TILL WATER FOOT
Tweed Norham Bridge
Tweed PFishwick Mains
Tweed Union Bridge
WHITEADDER CHURNSIDE
BLACKADDER FOOT
WHITEADDER FOOT

the four lowest flows

o'D‘420 nm
Conductivity
micro-mhos

pPH
Na

0.015 115
0.008 105
0.006 95
0.005 115
0.005 120
0.008 170
0.010 135
0.007 90
0.010 155
0.009 135
0.015 145
0.016 140
0.009 135
0.006 140
0.008 130
0.011 130
0.005 135
0.009 125
0.010 55
0.009 90
0.012 115
0.009 135
0,009 160
0.010 145
0.010 135
0.017 140
0.009 225
0.010 155
0.008 145
0.012 150
0.009 220
0.012 265
0.011 255
0.016 365
0.010 280
0.012 155
0.012 185
0.016 340
0.012 180
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0.52
0.48
0.44
0.73
0.79
1.02
0.87
0.64
1.16
0.95
1.48
1.08
0.90
0.90
1.01
1.01
0.93
0.96
0.35
0.55
0.90
0.93
1,05
1.32
1.09
1.20
1.20
1.11
1.11
1.06
0.82
1.26
1.66
3.13
1.43
1.14
1.22
2.11
1.42
5.55
3.81
1.55
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1.44
1.35
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2.23
1.86
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30.4
19.6
12.3
17.9
18.2
18.6
18.2
17.9
18.0
18.0
17.8
17.8
18.1

5.4
10.4
14.0
16.7
19.4
17.2
17.8
16.5
28.7
19.1
17.9
18.4
37.8
45 6
44.6
43.1
42.3
20.3
26.4
47.8
26.2
53.9
54.0
26.8
29.3
25.9
25.6
26.1
24.8
50.0
37.3
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mean of 4 lowest flows

* * . a
g 8 & A o
sampling site

Tweed Finglands 0.003 0.005 0.009 0.05 0.005
Tweed Tweedsmuir 0.002 0.004 0.007 0.08 0.001
Tweed Kingledors 0.003 0.010 0.003 0.07 0.001
Tweed Dawych Bridge 0,003 0,006 0,005 0,07 0.002
Tweed Lyne Ford 0.002 0.007 0.004 0,04 0.002
LYNE WATER FOOT 0.003 0.010 0.008 0.12 0.001
Tweed Manor Foot 0.004 0.004 0.004 0.07 0.001
MANOR WATER FOOT 0.002 0,004 0.005 0,02 0.001
EDDLESTON WA'TER FOOT 0.004 0.005 0.010 O0.11 0.002
Tweed Peebles gauge 0.004 0,005 0,008 0.03 0.03 0.002
Tweed Peebles dump 0.002 0.004 0.008 0.07 0.003
Tweed Horsburgh Ford £0.002 0.006 0,006 0.08 0.001
Tweed Traquair Bridge 0.002 0.002 0.008 0.05 0.001
Tweed Walkerburn Bridge 0.004 0.001 0,002 O 06 0.001
Tweed Juniper Bank £0.002 0.005 0.009 0.06 0.001
Tweed Peel Iospital 0.005 0.006 0Q.004 0.06 0.001
Tweed Yair Bridge 0.004 0,005 0.007 0.05 0.001
Tweed Tweed Bridge 0.003 0.004 0.009 0,04 0.001
MEGGET WATER ¥FOOT 0.002 0.003 0.004 0.05 0.03 0.001
YARROW WATER 0.004 0,004 0,005 0.03 w 0.002
ETTRICK WATER FOOT 0.005 0,010 0.022 0.04 §  0.002
Tweed Gala Ford 0.007 0.011 0.009 0.04 - 0.002
GALA WATER FOOT 0.006 0,007 0.0L0 0.04 . 0.004
Tweed Lowood Bridge 0.005 0,012 0,015 0,06 % 0.002
Tweed Gattonside Bridge 0.006 0,011 0.012 0.06 = 0.002
Tweed Leader Bridge 0.008 0.014 0,014 0.06 =& 0.002
LEADER WATER FOOT 0.019 0,010 0,033 0.08 S 0.003
Tweed Dryburgh Abbey 0.005 0,016 0.024 0.07 9 0.010
Tweed Mourton Bridge 0.005 0.014 0.012 0.05 0.002
Tweed Rutherford Lodge 0.003 0.013 0,014 0.04 % 0.001
TEVIOT HAWICK 0.004 0.009 0,014 0.03 © 0.002
ALE WATER FOOT 0.005 0.006 0.010 0.03 0.003
TEVIOT ANCRUM £0.002 0.007 0,006 0.04 0.03 0,002
JED WATER FOOT 0.002 0.008 0.012 0.04 0.002
TEVIOT FOOT 0.006 (Q.009 0.013 0.03 0.002
Tweed Kelso Bridge 0.003 0.007 0.013 0.04 0.001
TwWweed Sprouston Bridge 0.002 0.012 0.013 0.05 0.001
EDEN WATER FOOT 0.003 0,007 0.013 0.14 0.002
Tweed below Birgham 0.004 0.009 0.016 0,04 0.002
LAMBDEN BURN SPRINGWELLS o ,007 0,008 0.048 0.19 0.04 0.003
LEET WATER FOOT 0.005 0.016 0.025 0,07 0.006
Tweed Coldstream 0.003 0.009 0.016 0.04 0.003
TILL WATER FOOT 0.017 0.013 0.025 0.3l 0,22 ©.002
Tweed Norham Bridge 0.006 0.012 0.016 0.13 0.07 0.002
Tweed Fishwick Mains 0.006 0,008 0,019 0.13 0.07 0.009
Tweed Union Bridge 0.007 0.012 0.026 0,20 0.12 0.004
WHITEADDER CHURNS1DE 0.007 0.005 0.0l7 0.05 0.002
BLACKADDER FOOT 0.002 0.007 0.018 0.04 0.002
WHITEADDER FOOT 0.004 0.008 0.029 0.04 0.002
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sampling site

Tweed Fiunglands

Tweed Tweedsmuir

Tweed Kingledors

Tweed Dawych Bridge
Tweed Lyne Foxd

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 FQOOT

Tweed Lowood Bridge
Tweed Gattonside Bridge
Tweed Leader Bridge
LEADER WATER FOOT
Tweed Dryburgh Abbey
Tweed Mouvrton 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 TFOOT
Tweed Norham Bridge
Tweed Fishwick Mains
Tweed Union Bridge
WHITEADDER CHURNSIDE
BLACKADDER FOOT
WHITEADDER FOOT

j
W
NWFOANNOOWCROWONOJIO W UL

mean of 4 lowest {lows

v
/2]

2.00
1.60
1.60
2.10
2.10
3.20
2.60
2.20
2.80
2.60
2.40
2.50
2.60
2.50
2.50
2.30
2.30
2.35
2.00
1.00
0.80
1.90
1.65
2.00
1.95
1.35
0.90
1.30
1.40
1.20
1.70
1.25
1 25
1.00
1.25
1.40
1.30
1.20
1.10
3.95
1.80
1.05
2.40
1.35
1.15
1.10
1.50
1.10
110
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Q
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20,010
£0.010
40,010
0.016
0.0:0
0.015
0.016
0.013
0.021
0.015
0.120
0.047
0.030
0.022
0,047
0.041
0.031
0.035
20,010
40.010
0.091
0.045
0.022
0.087
0.079
0.063
0.044
0.086
0.103
0.089
£0.010
0,014
0.159
0.156
0.104
0.091
0.070
0.060
0.067
0.164
0.213
0.089
0,047
0.070
0.069
0.080
0,030
0.174
0.063

z
I
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0.159 £0.002 4£0.20

.133
.144
.260
.195
229
.181
.293
.128

oYoNoNeoRoRoRoRoNe)

© 0

N W
N o
oW

(o
N
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©

0.121
0.126
0.144
0.170
0.103
0.261
0.309
0.583
0.184
0.107
0.343
0.248
0.111
0.160
0.204
0.243
0.265
0.270
0.119
0.141
0.990
0.233
0.246
0.206
0.315
0.283
0.316
0.365
0.376
0.311
0.355
0.330
0.314
0.261
0.359
0.325

0.003 £0.20
0.002 4£0.20
0.006 0,46
0.004 0.72
0.007 1.40
0.006 0.88
0.002 0.29
0.011 1.64
0.006 1.05
0.015 1,04
0.011 0,97
0,008 1,02
0.007 0.85
0.009 0.91
0.009 0.65
0.009 0.70
0.010 0.94
0.003 40.20
0.003 0.35
0.008 0.38
0.014 0.82
0.006 0.85
0.015 0.77
0.014 0.92
0.015 0.96
0.006 1.18
0.016 0.92
0.017 1.02
0.018 1.03
0.002 0,37
0.002 0.81
0.012 0.88
0.032 0.71
0.018 1.15
0.013 0.82
0.015 0.90
0.006 1.54
0.015 0,97
0.032 1.66
0.035 1.37
0.016 1.13
0.014 0.89
0.016 1.01
0.017 0.96
0.017 1.01
0.016 1.01
0.012 1.27
0.017 0.93
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5.3 Summary of the water chemistry of the Tweed

In the following descriptions of the chemistry of the Tweed (and
its tributaries in 5.4),the terms 'hardness' and nutrients' are
frequently used.

Water hardness is related to the amount of Ca and Mg in the water.
With reference to Table 5.3a it can be observed that in most cases Ca
levels were approximately three times higher than Mg. On passing
down the Tweed for example, both elements increased proportionally. In
lowland tributaries however,the relative Mg content Wwas slightly
higher in proportion to Ca. In general discussions, the terms very
soft, soft, average, moderately hard and hard waters refer to Ca hardness,
which are related to values tabulated in Table 5.3b. Where a more

accurate description is required, the actual levels of Mg and Ca are

given,
Mg as percentage
sampling site Mg mean Ca mean of Ca levels

Tweed finglands 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
BLACKADDER FOOT 23.5 50.0 47

Table 5.3a Examples of chemistry results to show relationship between

Mg and Ca levels in the Tweed and its tributaries.
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classification Camg 1

very soft < 9.9

soft 10.0 - 19.9
average 20.0 -~ 29.9
moderately hard 30.0 - 44.9
hard > 45.0

Table 5.3b Hardness terms used in the text related to Ca levels.

The parameters that are referred to by the term 'nutrients' are

PO,-P, NH4-N, N02—N and NOB—N. Since these rarely showed proportional

4
changes related to one another down the Tweed (see 5.23), each is
usually described separately. In many cases however, the nutrient
status of various sites were so diverse that the terms nutrient poor and

nutrient rich could be used in a comparative manner. (For example,

see below, taken from 5.22).

sampling point P04-P NHA-N NOZ-N N03-N
Tweed Finglands 4 0,010 0.159 £ 0,002 £ 0.20
LEET FOOT 0.213 0.365 0.035 1.37

It is important to stress that the terms described above are

relative, in as much as they refer to data from the Tweed Basin only,

and are not related to levels in other river systems.
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Changes in the concentration of each element throughout the Tweed
has been plotted in Fig. 5.23, For the most part the diagrams are self
explanatory, however, it is noteworthy that the following elements could
usually be correlated with one another.

(i) The patterns of Na and K curves were very similar, and in the

upper two-thirds of the river, almost idenéical.

(ii) The patterns of condictivity, Mg and Ca curves were also very similar,
with Ca almost exactly three times higher than Mg.

(iii) Most heavy metal levels were low in comparison with those reported
from other rivers in the N-E, ( Data from Holmes et al., 1972 and Department
of Botany, University of Durham, see 1.2 ), In comparison with the nearby

Tyne and Wear, Cu, Mn and Pb levels were comparable, but Zn, Fe and Al

were much lower.

(iv) PO,-P and NHA—N curves showed coinciding peaks and troughs, both

4 fluctuation.

fluctuating greatly throughout the river; NOZ-N and N03~N showed less

The water chemistry of the Tweed can most easily be summarized by
dividing the river into four regions delimited by the three largest
tributaries.

(i) The upper region above the Lyne, the largest tributary of the
upper 70 km of the Tweed (km 0.0 - 34.5).

(ii) Between Lyne Foot and Ettrick Foot (km 35.0 - 71.5).

(iii) Between Ettrick Foot and Teviot Foot (km 72.0 - 108.0)

(iv) Teviot Foot to the brackish water above Whiteadder Foot (108.5 -
149.5) . ‘

(i) The upper region above the Lyne

In this uppermost 35 km of the Tweed, conductivity, Na, K, Mg and
Ca levels were lower than any other stretch of the river. A slight

Levels of

increase in all occurred at km 24.5 below the influx of the Biggar. / Cl,

P04-P, NOZ-N and NO3-N were also the lowest in the Tweed, the last three



being almost always below the detection limit. NH4—N levels throughout the
river are difficult to compare since great fluctuations were evident}
levels were most generally low in this stretch, with a small peak

below Biggar Foot. Si was slightly below the mean for the whole of the
Tweed, and again a slight increase was evident below Biggar Water.

Perhaps the Biggar's canal like features were not suitable for diatoms,

and silica depletion from this source was minimal.

This stretch was thus softer and less nutrient rich than any other
stretch of the Tweed. This was particularly evident above Biggar Foot.
(ii) Between Lyne Foot and Ettrick Foot

Conductivity showed an immediate increase from the former stretch,
due to the Lyne. Apart from a small peak below Peebles Sewage Works,
the level was maintained throughout the stretch. Na and K both increased
below Lyne Foot, but peaked conspicuously below Peebles,and to a lesser
extent below the effluent discharged by the towns of Innerleithen and Walker-
burn., The curves stabilized below these peaks to levels much greater
thaéiihe stretch of river above the Biggar. Mg and Ca levels were boosted
by the Lyne, particularly the latter. Both dropped slightly on passing
downstream. Cl showed only a slight and gradual increase on passing down-
stream, and only a small peak was visable at Peebles. The Lyne was also
responsible for increasing Si levels, and in this section of the Tweed
the element reached its maximum. P04-P, NH4—N, and NOZ—N showed obvious

peaks at Peebles Sewage Works. The P04—P peak was the most conspicuous,

1

but although the level dropped suddenly to approximately 0.030 mg 1
it was still far greater than in the upper 35 kmvwhere it was rarely

detectable. NH4-N dropped to below levels in the upper stretches.



N02—N which had the smallest peak, initially dropped, and then rose
slightly on passing downstream. N03~N did not peak at the sewage works,
but reached a plateau and then dropped. It however reached far higher
levels than in the former, more upstream stretch,

The main characteristicsof this stretch were an increase in
conductivity, Mg and Ca. Although levels were greater than in the upper

stretches, water hardness remained soft. Cl and Si were also higher,

the latter greater than elsewhere in the Tweed. Na, K, PO,-P, NH,-N

4 4

and NOZ-N all showed obvious peaks resulting from the discharge of
sewage from the Burgh of Peebles. All except NHA—N remained at
significantly higher levels than in the former.,more upstream stretch, The
stretch was thus slightly harder than km 0.0 - 35.0, but still soft, and
far more nutrient rich.
(iii) Ettzick Foot to Teviot Foot

Conductivity increased slightly from the former described stretch,
primarily duespthe influx of the Gala and the Leader. Mg and Ca showed
a slight initial decrease because of the addition of the large volume of
water from the relatively softer Ettrick. Levels increased again further
downstream due to the influence of the smaller,yet harder Leader. Na and
K peaked below Gala Sewage Works,and boosted levels to higher than in
the former stretch, especially Na., Cl continued its very slight down-
stream increase, and Si dropped significantly below all three affluents
Ettrick, Gala and Leader. Both P04-P and NH4-N peaked below Gala, the
former remained at its highest consistent level in the river, and the
latter dropped very low and then increased again. NOZ-N and N03-N
increased gradually, the latter only slightly,and the former to double its

level in the former stretch.



This stretch was thus only marginally harder than the former, and
still classed as soft, and Na, P04—P, NH4-N and NOZ—N were significantly

higher than before. It is noteworthy that the P04—P mean at Gala Ford

1

was 0.045 mg 1 » 0.005 mg 1_1 lower than the mean value for all the

Tweed River Purification Board analyses during the period 1962-1973
(see 3.59),
(iv) Teviot Foot to Whiteadder Foot

Conductivity showed a 257 increase below Teviot Foot. It rose
to 200 micro-mhos,and remained at the same level throughout the rest of
the river. pH showed a consistent increase of half a unit which was also
maintained throughout the stretch, except for a slight drop in the tidal
region. Mg and Ca increased by greater amounts,and also stayed at constant
levels throughout. Na remained the same, but K increased steadily to
reach a maximum in the middle of the stretch. Cl only increased marginally,
and Si showed a marginal decrease. The levels of the four
nutrients in the Tweed and Teviot prior to their mixing were very similar,
and only NH4—N showed a significant increase below their confluence.
N03-N rose only slightly, and P04-P and NOZ-N dropped slightly.

This lower stretch was characterised by harder water of average
hardness, increased pH, K, NH4-N,with little change in other elements.

A discussion of the levels of heavy metals down the river has not
been included because levels were so low, and varied 1jtt1e from one
stretch to another. Only in the three lowest sites in the Tweed were

significantly higher than elsewhere in the river;
levels of Fe and Al / this could beattributed to high levels in
the Till on 22.V.73. The Till's flow on that date was above average.
5.4 Water chemistry of tributaries
The main features of the chemistry of each tributarv are summarized

and compared with stretches of the Tweed, and to a lesser extent other

128



tributaries. Only the elements most frequently referred to in discussions
of plant distribution are described.

BIGGAR WATER: Data are available from only one survey (22.V.72),
however, it shows that the Biggar was of higher conductivity, Na, K, Mg, Ca,
Cl, Ssi, POA-P, NOZ—N and NOB-N than the upper reaches of the Tweed. It
was comparable in hardness and Na and K levels to the mid-reaches of the
Tweed} it was however,more nutrient rich. Cl and Si were higher than any
stretch of the Tweed.

LYNE WATER: Conductivity, Mg and Ca in this tributary were akin to levels
in the lowest stretches of the Tweed, and almost double that of the upper
reaches above its confluence. Na and K were also high, and similar to
levels in the Biggar. Cl and Si were higher than the upper stretches of

the Tweed, but lower than in the Biggar. The Lyne, apart from NO_-N, was

3
nutrient poor and similar to the upper Tweed. The Lyne most resembled the
upper Whiteadder in hardness characteristics.

MANOR and EDDLESTON: These tributaries were not surveyed for macrophytes,
their water chemistry being important only when considering their
influence on the main river. The former river was soft and nutrient poor
(except for NH4—N),and thus had a clean water, dilution effect on the
Tweed. The latter on the other hand, was slightly harder than the Tweed,
and very much richer in nutrients (except NH4-N). The Eddleston thus

had the opposite effect to the Manor.

YARROW WATER: At the head of this tributary is St. Mary's Loch, into
which the very soft and nutrient poor water of the Megget flows. The
influence of the loch in affecting the river's chemistry is unknown, The
lower stretches of the Yarrow yeresofter,and as nutrient poor as the

Tweed above the Biggar. Hardness levels were intermediate between

very soft and softy Si was as low as at any site in the whole catchment,
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and only NHA—N was higher than in upper Tweed.

ETTRICK WATER: For a comprehensive description of the water chemistry of this
tributary,

it would have been necessary to sample above and below Yarrow Foot, and

above and below Selkirk Sewage Works. The foot of the river was sampled

on five occasions, but the stretch above Yarrow Foot was sampled only

once. That single sample indicated that above the Yarrow, the Ettrick

had a chemistry almost identical to that of the upper Tweed, and that the

Yarrow effected a slight softening of its water§., The effect of the sewage

discharge of Selkirk was to slightly increase NO3—N, almost double Na,

K, NH4—N and N02-N and more than quadruple the PO4-P level. In comparison

with the Tweed, only P04-P and NHQ—N were high; the former was equivalent

to the reaches above Teviot Foot,where it was consistantly at its highest

level in the Tweedj and the latter was higher than in any other sites, except

in the Jed below Jedburgh Sewage Works.

GALA and LEADER WATERS: These tributaries discharge their waters into

the Tweed between the Ettrick and Teviot. They were not surveyed for

macrophytes, and are thus discussed only briefly. Gala was marginally

harder, and of similar nutrient status as the Tweed, and thus had little

effect on the chemistry of the larger river. The latter was, however,of

average hardnessvand hence being harder than the Tweed it cauged a rise

in conductivity, Mg and Ca.

RIVER TEVIOT: Three sites were regularly sampled to show any changes

down its entire length. Even in the upper stretches above Hawick, hardness

levels were far greater than in the lowest stretches of the Tweed. The

water was hard from the beginning,and only increased slightly downstream,

with Mg showing a disproportionate increase to Ca. Na and K increased

downstream, but in the lower reaches was no greater than in the equivalent

stretch of the Tweed. Cl also increased on passing downstreamybut was
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only higher than in the Tweed in stretches below the Jed. Si, as in

the Tweed, decreased downstream. P04-P was undetectable above Hawick,

but increased to a quimum in mid-river (almost certainly due to Hawick),

and then became slightly reduced in the lowest stretches. Between Hawick

and Teviot Foot, POA—P levels were consistently higher than in the Tweed.
NH4-N was highest above Hawick, and in the lower stretches less than in

the lower half of the Tweed. NOZ—N and N03~N levels were similar to those

in the Tweed. The major tributary influencing the chemistry of the Teviot

was the Jed, and since it was surveyed for macrophytes,it will be discussed
separately.

JED WATER: Jed Foot was included in the main surveygand on 22.V.73,two
additional samples were taken from above the burghs sewage works. The

Jed had moderately hard water and Mg, Na and K were double that of the

Teviot. The additional samples above the sewage works indicate that the
burgh's effluent was responsible. Cl washigher than elsewhere in the Basin, and
like Na, double the value above the sewage works. Of the major nutrienthOB—N

levels were low, both above and below the effluent, PO ,-P and NO,-N

4 2

were high, and very significantly increased below the sewage works. NH4—N
consistently during the survey reached very high levels below the sewage
works, and was almost twice as high as the next highest site in the Tweed
Basin; i.e. below Selkirk Sewage Works in the Ettrick.

EDEN WATER: This tributary was harder than the Jed, but levels of Na
and K were lower. The nutrient status of the Eden was comparable with

the lowest stretches of the Teviot, and Cl and Si means were also almost
identical.

LEET WATER: This tributary and the smaller Lambden Burn were by far the

hardest tributaries of the Tweed. Even at its foot, after mixing with water

from the Tweed that comes from a mill--lade, the water of the Leet was
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still hard. The single sample taken of the Leet above Leithen (km -12.3)
had conductivity of 750 micro—mhos and Ca of 129 mg 1_1. Na and K were
also high,with the former being lower than in the Jed. Cl was high,
and in the upper stretches higher than in any other site in the Tweed.
P04-P, NOZ—N and N03-N were the highest of all the tributaries surveyed
for macrophytes, but NH4—N was no higher than in the lowest stretches of -
the Tweed.

may be taken as
RIVER TILL: 1If one site on the Till (km -1.5) / representative of thechemistry
of the whole river, it can be regarded as of average hardness, yet slightly
harder than the lowest stretches of the Tweed. WNa and K were also higher.
All the major nutrients were lower than in the lower stretches of the
Tweed. Si on the other hand,was higher than in the lower stretches of
the Tweed, and also higher tha;?any other large tributaries.
BLACKADDER WATER: This was the hardest and most nutrient rich large
tributary. At its foot it was very hard, with Mg levels at 23.5 mg 1"1
and Ca at 50 mg 1—1. Na and K were high too. Cl and Si were at similar
levels as at the foot of the Teviot, but all nutrients except N02—N
were higher, PO4-P in particular was higher than at any site except Leet
Foot. Phosphatejhowever, as the samples of the river on 22.V.73 show,
were not high throughout the rivers length. High values were confined to
below Langton Burn which carried the effluent of the town of Duns, NH4—N

was not particularly high, but NO,-N was higher than all others except

3
the Eden and Leet. This too,was due to the Langton,

WHITEADDER WATER: Above Blackadder Foot the Whiteadder was of average
hardness,with Mg higher, and Ca lower than in the Tweed below Teviot
Foot. Conductivity, Na and K were only marginally higher . Its

nutrient status was equivalent to the Tweed above Teviot Foot in all but

its POA-P, which was 60% lower.
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The mixing of the two Adder Waters resulted in conductivity, K, .
e
Mg and Ca at the foot of taz;L:;ng almost exactly half the total of the two
affluents above their confluence. This resulted in the water being classed
as hard. The Blackadder increased P04—P and NH4—N levels in the Whiteadder,
but NOZ-N and N03-N were not greatly affected, the former increasinggyand
the latter decreasing on passing downstream. Nutrient levels were

generally similar to those in the lowest stretches of the Tweed, but Cl

was higher.
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6. PRIMARY MACROPHYTE DATA

6.1 Introduction

The primary data Af the two rivers which were surveyed throughoul fheir
entire lengths, and also the 10 tributaries which received only partial
surveysqare given in full in this chapter.

As the Tweed is the major river of the catchment area it was studied
throughout its entire length. Because the Teviot is the iargest tributary,
and since gre;test changes in the recipient river occurred immediately
below Teviot Foot, that river was also surveyed throughout its entire
length. Lack of survey time limited the number, and also the extent to
which other tributaries could be surveyed, The following tributdries A
were selected for macrophyte surveys for the reasons outlined below (seel??éa).
(i) Biggar Water: although the most upstream tributary surveyed, this
tributary had atypical physical characteristics (see 3.2).

(ii) Lyne Water: this was the largest tributary in the upper one~third
of the catchment areayand in hardness characteristics it most resembled
the lower stretches of the Tweed ( see 5.4 ).

(iii) Yarrow Water: tributary of the Ettrick that has a history of being
devoid of "weed" growths ( Steven, 1916), but reported by Mr J. C. Currie,
1971, personal communication) to support extensive attached algal growths
during the summer months.

(iv) Ettrick Water: one of the four largest tributaries of the Tweed

(v) Jed Water: tributary of the Teviot that has moderately hard water,
and its water chemistry is, and has in the past been effected greatly by
the effluent of Jedburgh (see 3.56 and 5.4).

(vi) Eden Water: a hard water |, smallyrocky, relatively fast flowing
tributary that had physical characteristics more akin to streams in

higher reaches, although flowing at low altitude ( see 3.2 ).

(vii) Leet Water: a small, very slow flowing affluent that was harder
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and more nutrient rich tha? any other tributary of the Tweed ( see 5.4 ).
(viii) River Till; one of the largest tributaries of the Tweed, which
drains a flat alluvial plain and is thus very slow flowing ( see 3.2 ).
(ix) Blackadder Water: tributary of the Whiteadder, and is slow flowing,
hard and nutrient rich ( see 3.2, 5.4 ).
(x) Whiteadder Water: large tributary that discharges into the tidal
reaches of the Tweed. It was thus very useful as a control river in
ascertaining the importance of donor tributaries providing inocula to
recipient rivers.,

Macrophyte data for the Tweed are expressed from left to right from
km 0.0 at the source of the river in descending order downstream to
km 149.5 in the tidal reaches. Conversely, tributary data are given in
reverse order from their confluence with the Tweed (km -0.0), to ascending
kilometer reference points higher upstream. In the case of the Yarrow
and Blackadder, large tributaries of the Ettrick and Whiteadder respectively,
the poiit at which they joined their respective tributaries are expressed
as the distance from which they are from the Tweed. Yarrow Foot is thus
designated km -7.5 and Blackadder Foot km ~17.5 (see Fig. 2.2a). This
has been done because the Ettrick and Yarrow at their confluence are of
near comparable size, as are the Blackadder and Whiteadder at their
confluence. As the Jed was such a small tributary in comparison with the
Teviot, the foot of that tributary was designated km -0.0.

The presence or absence of each macrophyte within 0.5 km lengths
is indicated by the presence or absence of a figure in the tables. A
blank shows that the species was absent, and a figure between 1 and 5
indicates the presence of the species, as well as its abundance
within each 0.5 km length (see 2.2). For rivers surveyed throughout,

(6.2), the number of times a species was recorded, and its total abundance
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kit an * iKdiating Gbseuce froun (O .
within every 10 km is summarized to the right of each pagel[ Where

the length of partially surveyed tributaries exceeded 10 km, (e.g. 6.37),
the datahave been separated into 10 km stretches in order to facilitate
ease of comparison with similar stretches of the main river and other
tributaries. It also makes back reference to the raw data ea<ier when
considering the simulated data in histograms 8.62 and 8.63.

In 6.41,the distribution of species in the Tweed have been summarized
in 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 distribution of each species in the whole cat;hment
areahave been summarized in 6.42. Both completely and partially surveyed
rivers have been divided into 10 km stretches, and the presence or
absence of each species within ther plotted. Where a species was absent
in a river above a tributary,'but common below, and probably inoculated

into it by the tributary (e.g. Myriophyllum spicatum in the Tweed at

Teviot Foot, km 108.5), only the stretch below the confluence has been
shaded. In all other cases, if the species was present, albeit only
once in a 10 km stretch, the whole stretch was shaded.

In 6.5 the merit of including an abundance valueyin addition to
merely recording the presence of the species is illustrated with reference to
data given in 6.2 and 6.3.

The presentation of the following primary data section is clarified

below by summarizing the sequence in which the material is tabulated.

6.21 Primary macrophyte data from Tweed pp. 136 - 1656
6.22 Primary macrophyte data from Teviot Pp. 167 - 180
6.3 Primary macrophyte data from tributaries . pp. 181 - 199

6.41 Bistribution patterns of the species listed in Pp. 200 - 208
6.21 in successive 10 km stretches of the Tweed

6.42 Summary diagrams of the whole Tweed Basin for pp. 209 - 220
all species recorded at least five times from

either the Tweed or its tributaries

The text continues on p. 221 with a discussion and comparison

of two recording methods.
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species

km down River Tweed
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Nostoc parmelioides
Nostoc other sp(p).

Phormidium spp. 11
Hildenbrandia rivularis
Lemanea fluviatilis 1

Botrydium granulatum
Vaucheria sp(p).
Didymosphenia geminata
Heribaudiella fluviatilis 1
Cladophora glomerata
Cladophora sp.'A!
Enteromorpha sp(p).
Haematococcus viride
Monostroma bullosum
Oedogonium spp. 12
Tetraspora sp(p).
Stigeoclonium tenue
Ulothrix =onata
Prasiola crispa
Spirogyra spp.
Collema flaccidum
C. fluviatile
Dermatocarpon fluviatlle
Verrucaria praetermissa
Verrucaria other spp.
Acrocladium cuspidatum 2
Amphidium mougeotii
Brachythecium plumosum 4
B. rivulare 2
B. rutabulum
Bryum pseudotriquetrum 1
Chiloscyphus polyanthos
Cinclidotis fontinaloides 3
Climacium dendroides 1
Conocephalum conicum 2
1
2
2

N

Cratoneuron filicinum
Dichodontium pellucidum
Eurhynchium riparioides
Fissidens adianthoides

F. crassipes

Fontinalis antipyretica 3
F. ant. var. gracilis
Funaria hygrouetrica
Grimmia alpicola 2
Hygroamblestegium fluviat 2
Hygrohypnum luridum (ile 4
H. ochraceum 2
Leptodictyum riparium
Leskea polycarpa
Marchantia polymorpha
Mnium longirosgtrum

M. punctatum 11
Orthotrichum rivulare
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Pellia endiviifolia 111 3
P. epiphylla 221 1 1221211015
Philonotis fontana 2211221222213 2322222 2038
Scapania undulata 11 11 111 1 11 10 10
Solenostoma triste 2312 121 333113211217 32
Thamnium alopecurum %
Tortula mutica * o w
Rhacomitrium acicularis 1 11111 2 7 7
R. aquaticum 11 1 1 1l 5 5
Rhytidiadelphus squarrosus I
Callitriche spp. 1311211111111111 1 16 17
Caltha palustris 1 111111 1 b 4 9
Carex nigra 1211 1 111 1 10
C. rostrata 1 11
Carex other spp. 1 1 1 1
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Glyceria fluitans 1l 11 1 1

Iris pseudacorus .
Juncus acutiflorus 11 11 11 111 1 2 1111
J. effusus 1 111111111 1112111 17 18
J. inflexus A
Mentha aquatica 1 1 1
Mimulus guttatus 11 1 111 y
Myosotis scorploides 11 111 2o riiiitriye
Myriophyllum alterniflorum2 1 11411113 3 13311114 18 33
M. spicatunm e n
Phalaris arundinacea -
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Potamogeton crispus %
P. lucens *
P. natans - *o®
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km down River Tweed
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Acrocladium cuspidatum 2
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Pellia endiviifolia

P. epiphylla

Philonotis fontana
Scapania undulata
Solenostoma triste
Thamnium alopecurum
Tortula mutica
Rhacomitrium acicularis
R. aquaticum
Rhytidiadelphus squarrosusl
Callitriche spp.
Caltha palustris
Carex nigra

C. rostrata

Carex other spp.
Cochlearia alpina
Eleocharis palustris
Elodea canadensis
Equisetum fluviatile
Filipendula ulmaria
Glyceria fluitans
Iris pseudacorus
Juncus acutiflorus
J. effusus

J. inflexus

Mentha aquatica
Mimulus guttatus 1
Myosotis scorpicides 1
Myriophyllum alterniflorum3
M. spicatum

Phalaris arundinacea
Polygonum amphibium
Potamogeton crispus

lucens

natans

X olivaceus

pectinatus

perfoliatus

pusillus

X salicifolius

X suecicus

Ranunculus aquatilis agg.
R. flammula

R, fluitans x ?

R. penicillatus var. calcar
Rorippa amphibia (eus
R. nasturtium-aquaticum 1
Scirpus sylvaticus
Sparganium erectum
Veronica beccabunga 1l

Zannichellia palustris
sewage fungus (obvious)
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Species

Nostoc parmelioides
Nostoc other sp(p).
Phormidium spp.
Hildeabrandia rivularis
Lemanea fluviatilis
Botrydium granulatunm
Vaucheria sp(p).
Didynosphenia geminata

Heribaudiella fluviatilis

Cladophora glomerata
Cladophora sp.'A’
Enteromorpha sp(p).
Haematococcus viride
Monostroma bullosum
Oedogoniun spp.
Tetraspora sp(p).
Stigeoclonium tenue
Ulothrix zonata
Prasiola crispa
Spirogyra spp.
Collema flaccidum

C. fluviatile

Dermatocarpon fluviatile

Verrucaria practermissa
Verrucaria other spp.
Acrocladium cuspidatum
Amphidium mougeotii
Brachythecium plumosum
B. rivulare

B. rutabulum

Bryum pseudotriquetrum
Chiloscyphus polyanthos

Cinclidotds fontinaloides

Climacium dendroides
Conocephalum conicum
Cratoneuron filicinum
Dichodontium pellucidum
Eurhynchium riparioides
Fissidens adianthoides
F. crassipes

Fontinalis antipyretica
F. ant. var. gracilis
Funaria hygrometrica
Grimmia alpicola

4

WD
W =

2

Hygroamblestegium fluviat 3
Hygrohypnum luvidum (ile 35

H. ochraceun
Leptodictyum riparium
Leskea polycarpa
Marchantia polymorpha
Mnium longirostrum

M. punctatum
Orthotrichum rivulare
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species

km down River Tweed
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Pellia endiviifolia

P. epiphylla

Philonotis fontana 2
Scapania undulata 1
Solenostoma triste

Thamnium alopecurum

Tortula mutica

Rhacomitrium acicularis

R. aguaticum
Rhytidiadelphus squarrosus
Callitriche spp. 1
Caltha palustris 1
Carex nigra l
C. rostrata

Carex other spp.

Cochlearia alpina
Eleocharis palustris

Elodea canadensis

Equisetum fluviatile 1
Filipendula ulmaria 1
Glyceria fluitans

Iris pseudacorus

Juncus acutiflorus 1
J. effusus 1
J. inflexus

Mentha aquatica

Mimulus guttatus 1
Myosotis scorpteides 1
Myriophyllum alterniflorum 3
M. spicatum

Phalaris arundinacea 1l
Polygonum amphibium
Potamogeton crispus

lucens

natans

X olivaceus

. pectinatus

. perfoliatus

, pusillus

X salicifolius

X suecicus

Ranunculus aquatilis agg.

R. flammula

R. fluitans x ?

R. penicillatus var. calcar
Rorippa amphibia (eus
R. nasturtium-aquaticum 1
Scirpus sylvaticus
Sparganium crectum

Veronica beccabunga 1l

Zannichellia palustris
sewage fungus (obvious)
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Nostoc parmelioides
Nostoc other sp(p). 1

Phormidium spp. 1 1 111 2
Hildenbrandia rivularis 1121112211211422121
Lemanea fluviatilis 1111 11 1
Botrydium granulatum

Vaucheria sp(p). 11 1
Didymosphenia geminata

Heribaudiella fluviatilis 1 1 1 2 1111211 1121 11
Cladophora glomerata 1 121 1221121111121
Cladophora sp.'A! 1

Enteromorpha sp(p).
Haematococcus viride 1
Monostroma bullosum
Oedogonium spp. 11
Tetraspora sp(p).
Stigeoclonium tenue 11
Ulothrix zonata 21
Prasiola crispa
Spirogyra spp. 1
Collema flaccidum
C. fluviatile
Dermatocarpon fluviatile
Verrucaria praetermissa 1
Verrucaria other spp. 1
Acrocladium cuspidatum
Amphidium mougeotii
Brachythecium plumosum
B. rivulare
B. rutabulum 1
Bryum pseudotriquetrum
Chiloscyphus polyanthos 1
Cinclidotis fontinaloides 1
Climacium dendroides
Conocephalum conicum 2
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Cratoneuron filicinum
Dichodontium pellucidum
Eurhynchium riparioides
Fissidens adianthoides
F. crassipes

Fontinalis antipyretica 2 3
F. ant. var. gracilis
Funaria hygrometrica

Grimmia alpicola 21
Hygroamblysteglum fluviat 4 3
Hygrohypnum luridum (ile
H. ochraceum 1
Leptodictyum riparium
Leskea polycarpa 3
Marchantia polymorpha
Mnium longirostrum

M. punctatum 1
Orthotrichum rivulare 1 1 1 1 11
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s pecies

Pellia endiviifolia

P. epiphylla

Philonotis fontana
Scapania undulata
Solenostoma triste
Thamnium alopecurum
Tortula mutica
Rhacomitrium acicularis
R. aquaticum
Rhytidiadelphus squarrosus
Callitrichbe spp.

Caltha palustris

Carex nigra

C. rostrata

Carex other spp.
Cochlearia alpina
Eleocharis palustris
Elodea canadensis
Equisetum fluviatile
Filipendula ulmaria
Glyceria fluitans

Iris pseudacorus

Juncus acutiflorus

J. effusus

J. inflexus

Mentha aquatica

Mimulus guttatus
Myosotis geosmicides
Myriophyllunm alterniflorum
M. spicatum

Phalaris arundinacea
Polygonum amphibium
Potamogeton crispus
lucens

natans

. X olivaceus

. pectinatus

. perfoliatus

. pusillus

P X salicifolius

P. x suecicus

Ranunculus aquatilis 8gg.
R. flammula

R. fluitans x ?

R. penicillatus var. calca
Rorippa amphibia (eus
R. nasturtium-aguaticunm
Scirpus sylvaticus
Spaxrganium ercctum
Veronica beccabunga

Zannichellia palustris
sewage fungus (obvious)
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Nostoc parmelioides
Nostoc other sp(p).
Phormidium spp. 1
Hildenbrandia rivularis 2
Lemanea fluviatilis
Botrydium granulatum
Vaucheria sp(p).
Didymosphenia geminata
Heribaudiella fluviatilis 2
Cladophora glomerata 1
Cladophora sp.'a’ 1
Enteromorpha sp(p).
Haematococcus viride
Monostroma bullosum
Oedogonium spp.
Tetraspora sp(p).
Stigeoclonium tenue
Ulothrix zonata
Prasiola crispa
Spirogyra spp. 1
Collema flaccidum
C. fluviatile 2
Dermatocarpon fluviatile
Verrucaria praetermissa
Verrucaria other spp. 3
Acrocladium cuspidatum
Amphidium mougecotii
Brachythecium plumosum
B. rivulare 1
B. rutabulum 1
Bryum pseudotriquetrum
Chiloscyphus polyanthos
Cinclidotds fontinaloides
Climacium dendroides
Conocephalum conicum 1
Cratoneuron filicinum 1
Dichodontium pellucidum
Burhynchium riparioides 5
Fissidens adianthoides
F. crassipes
Fontinalis antipyretica 1 3 2
F. ant. var. gracilis
Funaria hygrometrica
Grimmia alpicola
Hygroamblestegium fluviat 1
Hygrohypnum luridum (ile
H. ochraccum
Leptodictyum riparium 2121
Leskea polycarpa 1
Marchantia polymorpha 11 111 11 12
Mpium longirostrum 2 11 1
M. punctatum
Orthotrichum rivulare 11
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Cmonmomonomonomononown. TH
Pellia endiviifolia 12 1 3-3
P. epiphylla 2 1 1 11 1 & 7
Philonotis fontana 1 11 3 3
Scapania undulata LN 1 1
Solcnostomna triste 21111 11 6 7
Thamnium alopecurum L
Tortula mutica 1 1 11 12 7 9
Rhacomitraium acicularis #oow
R. aguaticunm L
Rhytidiadelphus squarrosus 1 1l 2 2
Callitriche spp. 11 1 1 1 11 13112121 1212
Cal.tha palustris 11111 1111111211 I 15 18
Carex nigra ‘ . 1 R R §
C. rostrata 1 11 2 2 1 6 8
Carex other spp. 1 & 0
Cochlecaria alpina . E I
Eleocharis palustris 1l 1 111 3131111115
Elcdeca canadensis 4121338133324 0833300 %2053
Bquisetum fluviatile 1 1 1 1 114 7 7
Filipendula ulmaria 121121111 1l 121121211720
Glyceria fluitans 21 11 111122 13 2114319
Iris pseudacorus 11 2 2
Juncus acutiflorus 1l 111 212 11131 131012
J. effusus 1 1 11121 1 1 90
J. inflexus ¥R
Mentha aquatica 1 11 1 X 1111113121113 13
Mimulus guttatus ll2123%33112113%33%321111 19 31
Myosotis scorpioldes 11212331122 2222112121120 33
Myriophyllum alterniflorum? 2 3 3 33 33332 33213% 404332057
M. spicatum L
Phalaris arundinacea 3232233312323 333231220DLh9
Polygonun amphibium 3 3 1 1l 1 5 8
Potamogeton crispus 1 3 11 12 1 1331 11 1ic
P. luceans &
P. nntans %
P. xolivaceus B1211153332121 1223 a 30
P. pectinatus ® %
P. perfoliatus ORI
P. pusillus O
P. ¥ salicifolius koow
P. X suecicus w oo
Ranunculus aquatilis agg. 1221 2153340455414 34021Y420 60
R. flammula wo W
R, fluitans x? noom
R. penicillatus var., caslc 23 3 3 3433333312213 219 50
Rorippa awphibia (arcus 11 2 2
R. uvasturtium-aquaticum 1 1 ) 11 1 1 131121131212
Scirpus sylvaticus 1 l 2 2
Sparganium crectum 2 111 2142112217121 121
Veronica beccabunga 21 131 11 1131313111518
Zannichellia palustris W
sewage fungus (obvious) 1 15111 1 1 11
116



species

Nostoc parmelioides
Nostoc other sp(p).
Phormidium spp.
Hildenbrandia rivularis
Lemanea fluviatilis
Botrydium granulatum
Vaucheria sp(p).
Didymosphenia geminata

Heribaudiella fluviatilis

Cladophora glomerata
Cladophora sp.'A' .
Enteromorpha sp(p).
Haematococcus viride
Monostroma bullosum
Oedogonium spp.
Tetraspora sp(p).
Stigeoclonium tenue
Uloithrix =zonata
Prasiola crispa
Spirogyra spp.
Collema flaccidum

C. fluviatile

Dermatocarpon fluviatile

Verrucaria praetermissa
Verrucaria other spp.
Acrocladium cuspidatum
Amphidium mougeotii
Brachythecium plumosum
B. rivulare

B. rutabulum

Bryum pseudotriguetrum
Chiloscyphus polyanthos

Cinclidotds fontinaloides

Climacium dendroides
Conocephalum conicum
Cratoneuron filicinum
Dichodontium pellucidum
Eurhynchium riparioides
Fissidens adianthoides
F. crassipes

Fontinalis antipyretica
F. ant. var. gracilis
Funaria hygrometrica
Grimmia alpicola

Hygroamblystegium fluviat
Hygrohypnum luridum (ile

H. ochraceum
Leptodictyum riparium
Leskea polycarpa
Marchantia polymorpha
Mnium longirostrum

M. punctatum
Orthotrichum rivulare

km down River Tweed
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ChmomomOomomonomo mownon” T
Pellia endiviifolia 1 1 2 ';3
P. epiphylla 1 1 1 + g g
Philonotis fontana S
Scaponia uundulata 5 @
Solenostoma triste a o
Thamniuin alopecurum
Toriela mut:ga 11 11 11 11 1 g 2
Rhacomitriun aclcularls s @
R. aguaticum 2 @
thy t idiade lphus squarrosus o
Catlicrichepspp. ? 1 1 2 1 3 .5 6
Caltha palustyris 1 11111211 111312111 16 1?
Carex nigra o
C. rostratea 3 1 i 1 b 6
Carex other spp. 1 é %
Cochlearia alpina "
Eleocharis palustris 2y 1353 31111 1% }1 2l
Flodea canadensis 33h200305520050L248353311 -2 S0
Eyuisetum fluviatile 11 2 121 51 1 235
Filipendula ulmaria 3 11 T 1111131 11321h
Glyceria fluitans 1 2 1 2311 1l g 13
Jris pseudacorus .
Juncus acutiflorus 113221 R i1 i2 16
J. effusus 113121 111 1 111 1# LS
J. iullexus :
Mentha aquatica 1 211l L 5
Mimulus guttatus 11222111 221221111 11 1 %9 25
Myosot is "Jitorpioridc&t:; 21222 11222122 11113111 ~g_:"§ ?.2
Myriophyliun alterniflorum 3843421 232125 331211 13 2
M. spiLcatun .
Phalarais avundinacea $33%%12233213333222131 20 46
Polyvgonun anphibium 1 1 2- 2
Potamogeton crispus 11 11 1 3111 ? 11
P. lucens weow
P. natans o
P. x olivaccus 33521 23 3h 5211 1335
P. pectinatus o
P. perioliatus * ﬁ
P. pusillus oW
P. x salicifolius oo
P. X suecicus * “m
Ranunculus aquatilis agg. 121121112111232122 1220 EQ
R. flammula : ;
R. fluitans x ? o
R, peniciliatus var., cale 243284213422 34044N02 4 3320 %9
orippa anpadibia (exens 1 11 3 i 1 6 &
R. nasluctium-aguaticun 11111 1 1 T 1
Scivnus sylvaticus 1 1 31 bl
Sparganiunm erccium 2281 111331 34331 1L17 33
Veronica beecnbunga 1 21 11111 8 9
Zanntchael) ia palistris 2@
sevape furgus (obvious) 2 32
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species km down River Tweed
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Nostoc parmelioides 1 2 1 3
Nostoc other sp(p). 1
Phormidium spp. 2 2 1121
Hildenbrandia rivularis 11 11211
Lemanea fluviatilis
Botrydium granulatum
Vaucheria sp(p).
Didymosphenia geminata
Heribaudiella fluviatilis 1112112111
Cladophora glomerata 1111
Cladophora &p.'A' . 1
Enteromorpha sp(p).

Haematococcus viride

Monostiroma bullosum

Ocdogoniun spp. 2 2 1 1
Tetraspora sp(p).

Stigeoclonium tenue 11 1111 1 11
Ulothxrix zonata 11 1 1 1
Prasiola crispa 1
Spirogyra spp. 1 1 1
Collema flaccidum

C. fluviatile 2

Dermatocarpon fluviatile 1
Verruvcaria praetiermissa 2 1

Verrucaria other spp. 3
Acrocladium cuspidatum 1
Amphidium mougeotii
Brachythecium plumosum

B. rivulare

B. rutabulum 21
Bryum pseudotriquetrun
Chiloscyphus polyanthos
Cinclidotis fontinaloides
Climacium dendroides
Conocephalum conicum 12
Cratoneuron filicinum
Dichodontium pellucidum
Eurhynchium riparioides 3 1 3
Fissidens adianthoides 11
F. crassipes

Fontinalis antipyretica 31341 1311331312221
F. ant., var. gracilis

Funaria hygrometrica 1 1
Grimmia alpicola 1 1 1 1 1 1
Hygroamblestegium fluviat 1 2 2 1 1 122 1 2 1
Hygrohypnum luridum (ile

H. ochraceun

Leptodictyum riparium 1

Leskea polycarpa

Marchantia polymorpha 1 1 2
Mnium longirostrum 111 1 111 1 11 11
M. punctatum

Orthotrichum rivulare 1
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