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ABSTRACT 

T h i s t h e s i s r e p o r t s a study on the v a r i a t i o n of two genera of 

blue-green a l g a e , C a l o t h r i x and R i v u l a r i a . The a s p e c t s chosen f o r d e t a i l e d 

study were t a p e r i n g and the h a i r . Before any comparative work could be 

undertaken i t was n e c e s s a r y to develop ways of d e s c r i b i n g , i n a 

q u a n t i t a t i v e manner, changes i n the t a p e r i n g and h a i r length. Tapering 

proved to be complex to d e s c r i b e i n a s a t i s f a c t o r y manner but four 

simple i n d i c e s have been suggested. Measurements of i n d i v i d u a l 

trichomes have shown problems i n h e r e n t i n d e t a i l e d s t u d i e s of t a p e r i n g , 

and the i n d i c e s suggested by the author have been d i s c u s s e d i n r e l a t i o n 

to t h i s . Experimental s t u d i e s on t a p e r i n g have been concerned w i t h 

e l a b o r a t i n g the o b s e r v a t i o n s of previous authors t h a t , i n the presence 

of combined n i t r o g e n , C a l o t h r i x and G l o e o t r i c h i a d i d not develop t h e i r 

c h a r a c t e r i s t i c taper. The e f f e c t of combined n i t r o g e n on morphology 

was s t u d i e d u s i n g the t a p e r i n g i n d i c e s . 

Attempts to c u l t u r e m a t e r i a l w i t h h a i r s proved d i f f i c u l t ; 

however a few f a c t o r s which a f f e c t the development of the h a i r have 

been d e s c r i b e d . A computer program was developed i n order to summarise 

r e l a t i o n s h i p s between the occurrence of h a i r s and other morphological 

f e a t u r e s which have been d e s c r i b e d i n the l i t e r a t u r e . 

F o r p r a c t i c a l reasons i t was o f t e n n e c e s s a r y to a s s i g n a name to 

members of the genus R i v u l a r i a ; however .in doing t h i s many problems 

were encountered. To overcome some of these d i f f i c u l t i e s an o b j e c t i v e 

method of i d e n t i f i c a t i o n was devised. T h i s was used i n p a r t i c u l a r 

to i d e n t i f y m a t e r i a l c o l l e c t e d i n the f i e l d . A b r i e f e c o l o g i c a l 

survey of R i v u l a r i a was undertaken i n order to study p o s s i b l e 

c o r r e l a t i o n s between c e r t a i n a s p e c t s of water chemistry and the occurrence 

of members of the genus. 
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1. INTRODUCTION 

1.1 I n t r o d u c t i o n to the f a m i l y R i v u l a r i a c e a e 

The biology of tapered f i l a m e n t s has r e c e i v e d r e l a t i v e l y l i t t l e 

study, i n s p i t e of the f a c t that t h i s c h a r a c t e r d e l i m i t s one of the 

main f a m i l i e s of the blue-green alga e , the R i v u l a r i a c e a e . Because 

of the importance of t a p e r i n g i n c l a s s i c a l taxonomy and the 

s c a r c i t y of information concerning i t s p h y s i o l o g i c a l b a s i s , the 

author decided to i n v e s t i g a t e the c h a r a c t e r of 'tapering' and to 

study Bevera1 a s p e c t s of the biology of the R i v u l a r i a c e a e which may 

be c l o s e l y a s s o c i a t e d w i t h t h i s . A broad approach to the problem 

was planned, i n order to e s t a b l i s h what are the key b i o l o g i c a l 

q u e s t i o n s which should be asked before developing more i n t e n s i v e 

s t u d i e s . A r e l a t i v e l y e x t e n s i v e i n t r o d u c t i o n to many a s p e c t s of the 

biology of the f a m i l y has t h e r e f o r e been provided. 

The R i v u l a r i a c e a e are c h a r a c t e r i s e d by the p o s s e s s i o n of a 

tapered trichome during a t l e a s t some stage of t h e i r developmental 

h i s t o r y . The trichome may or may not form a c o l o u r l e s s h a i r . 

Trichomes may be simple or show f a l s e branching j u s t below an 

i n t e r c a l a r y h e t e r o c y s t . Branching may occur i n the i n t e r v a l 

between h e t e r o c y s t s , i n which case the branches resemble those of 

Scytonema ( T i l d e n 1910). H e t e r o c y s t ( s ) , i f pres e n t , may be b a s a l 

or i n t e r c a l a r y . 

The f a m i l y was f i r s t d e s c r i b e d by Agardh (1824). The 

genera of the R i v u l a r i a c e a e were d e s c r i b e d i n many of the e a r l y 

taxonomic works, i n c l u d i n g those of Rabenhorst (1865), Thuret (1875) 

URHA.-.I I 
«c. 

4 AfOi-
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and B o r z l (1882). The f a m i l y was v a l i d a t e d by Bornet and 

F l a h a u l t (1886), who recognised ten genera. E i g h t of these 

possessed a b a s a l h e t e r o c y s t : B r a c h y t r i c h i a , C a l o t h r i x , D i c h o t h r i x , 

G l o e o t r i c h i a , I s a c t i s , P o l y t h r i x , R i v u l a r i a and Sacconema w h i l e the 

remaining two, Amphithrix and Leptochaete, had no h e t e r o c y s t s . 

Hammatoidea and T a p i n o t h r i x were added to the f a m i l y by 

Lemmermann (1910) and G e i t l e r (1925, 1932, 1942). Homoeothrix 

was f i r s t d e s c r i b e d by Bornet and F l a h a u l t (1886), as a s e c t i o n on 

C a l o t h r i x . I t was designated a new genus by K i r c h n e r (1898). 

R a p h i d i o p s i s was i n c l u d e d i n the f a m i l y by F r i t s c h and R i c h (1929). 

Desikachary (1959) d i d not i n c l u d e t h i s genus; however more r e c e n t l y 

H i l l (1972) has again i n c l u d e d i t w i t h i n the R i v u l a r i a c e a e . 

D e s c r i p t i o n s of the genera i n c l u d e d i n the f a m i l y by G e i t l e r ( 1 9 3 2 ) , 

i . e . e x c l u d i n g B r a c h y t r i c h i a and R a p h i d i o p s i s are given i n Table 1.1. 

The most u s e f u l account of the R i v u l a r i a c e a e , which puts them 

i n t o p e r s p e c t i v e w i t h o t h e r blue-green a l g a e , i s s t i l l t h a t of 

F r i t s c h (1945). There have been r e l a t i v e l y few reviews d e a l i n g 

s p e c i f i c a l l y w i t h these organisms, so some t o p i c s only i n d i r e c t l y 

r e l e v a n t to t h i s t h e s i s are r e f e r r e d to here. I t i s hoped th a t the 

pr e s e n t review and b i b l i o g r a p h i e s w i l l prove u s e f u l to f u t u r e 

workers i n t h i s f i e l d . Based on t h i s background information, s p e c i f i c 

a s p e c t s of the biology of the f a m i l y were s e l e c t e d f o r study 

( S e c t i o n s 1.3, 1.5). 

1.2 Morphological v a r i a t i o n i n the R i v u l a r i a c e a e 

Morphological v a r i a t i o n has long been recognised as a common 
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Table 1.1 

D e s c r i p t i o n s of genera of the R i v u l a r i a c e a e (based on 
G e i t l e r , 1932) 

Genus A u t h o r i t y Date D e s c r i p t i o n 

Amphithrix Kutz i n g 

C a l o t h r i x Agardh 

D i c h o t h r i x Z a n a r d i n i 

G l o e o t r i c h i a Agardh 

1843 Colony c r u s t - l i k e . Trichomes 
unbranched, e r e c t , o r i g i n a t i n g 
from a d i s c - l i k e l a y e r of 
l a t e r a l l y connecting c e l l s . 
H e t e r o c y s t s l a c k i n g , spores 
unknown. Hormogonia s i n g l e or 
s e v e r a l . 

1824 F i l a m e n t s s i n g l e or i n s m a l l 
groups, sometimes u n i t e d i n a 
c u s h i o n - l i k e colony, mostly 
e r e c t , more or l e s s p a r a l l e l ; 
s i n g l e , unbranched or r a r e l y 
f a l s e branched. Sheath f i r m a t 
l e a s t a t base. H e t e r o c y s t s mostly 
b a s a l , sometimes i n t e r c a l a r y . I n 
some s p e c i e s the s p o r e ( s ) i s a t 
the base of the f i l a m e n t , s i n g l e 
or i n s m a l l groups. U s u a l l y 
s e v e r a l homogonia i n s e r i e s . 

1858 Trichomes heaped together w i t h 
many subdichotomous f a l s e 
branches. The bases of s e v e r a l 
f a l s e - b r a n c h e s (2-6) a r e o f t e n 
together i n a common sheath. 
Spores not known. 

1842 F i l a m e n t s r a d i a l or more or 
l e s s p a r a l l e l , j o i n e d together 
i n s p h e r i c a l or h e m i s p h e r i c a l 
form. Common colony mucilage. 
Often f a l s e branched. Sheath 
a t base of f i l a m e n t f i r m , 
becoming slimey on the o u t s i d e . 
H e t e r o c y s t s b a s a l and also 
i n t e r c a l a r y , f r e q u e n t l y a t the 
base of f a l s e branches. 
Trichomes o f t e n w i t h d i s t i n c t 
t r i c h o t h a l l i c region. Spores 
a t base of trichome s i n g l e or 
sometimes s e v e r a l next to b a s a l 
h e t e r o c y s t . Hojpogonia s i n g l e 
or s e v e r a l . 



Table 1.1 (continued) 

Genus A u t h o r i t y Date 

Hammatoidea West and West 1897 

Homoeothrix Thuret 

Kirchner 1898 

I s a c t i s Thuret 18 75 

Leptochaete Borzi 1882 

P o l y t h r i x Zanardlni 18 72 

R i v u l a r i a Roth 
Agardh 1824 

D e s c r i p t i o n 

Trichome ending i n long h a i r 
which grows out from taper a t 
both ends. Firm sheath. 
Heterocysts l a c k i n g , spores 
unknown. Hormogonia present. 
Filaments mostly bent over so 
t h a t both ends run more or less 
p a r a l l e l . 

Trichomes undivided or f a l s e -
branched a t the base, seldom 
f u r t h e r up. Filaments e r e c t , 
c u s h i o n - l i k e and c r u s t y forming 
a lawn. Heterocysts and spores 
l a c k i n g . 

Trichomes sparsely f a l s e -
branched, ending i n a h a i r . 
Filaments e r e c t , p a r a l l e l , i n 
a mucilage sheath. Colony 
forms a s o f t , f l a t t h a l l u s . 

Filaments never branched, 
mostly j o i n e d together i n 
c r u s t - l i k e c o l o n i e s , s i n g l e 
and appear to d i v i d e i n three 
d i r e c t i o n s (Chroococcales). 
Heterocysts l a c k i n g , spores 
unknown. Hormogonia s i n g l e or 
several. 

S i m i l a r t o D i c h o t h r i x but 
much more r a d i a t i n g , to form 
a t u f t . 

Trichomes unbranched or w i t h 
more or less i r r e g u l a r l y spaced 
false-branches. Filaments more 
or less r a d i a l or p a r a l l e l , colony 
hemispherical or s p h e r i c a l , 
subsequently spread out. Old 
colonies o f t e n c o n f l u e n t and i n 
common mucilage. 
Outer p a r t of sheath more or 
less mucilagenous. Trichomes 
end i n a h a i r and there i s o f t e n 
a d e f i n i t e zone of t r i c h o t h a l l i c 
growth. Heterocysts basal or 
i n t e r c a l a r y o f t e n a t the base of 
a false-branch. Hormogonia s i n g l e 
or i n s e r i e s from i n t e r c a l a r y 
meristem. Spores absent. 
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Table 1.1 (continued) 

Genus A u t h o r i t y Date 

Sacconema Bor z i 1882 

T a p i n o t h r i x Sauvageau 1892 

D e s c r i p t i o n 

Filaments small and 'bush-like' 
w i t h much mucilage. Trichomes 
w i t h few s i n g l e c e l l s or 
i r r e g u l a r false-branches. Thin 
c e l l s i n a t h i c k sheath, t a p e r i n g 
i n t o a h a i r . Sheath very 
t h i c k and s a c - l i k e , tapered or 
funnel-shaped, or i n several 
pieces. Heterocysts basal, 
hormogonia, spores a t base of 
fi l a m e n t . 

Trichomes unbranched, tapered at 
the end, not ending i n a h a i r 
c o n s i s t i n g of c e l l s from the 
trichome, but i n a 'slime h a i r 1 . 
Heterocysts l a c k i n g , spores 
unknown, hormogonia present. 
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f e a t u r e i n the blue-green algae (Pearson and Kingsbury 1966). 

This has caused considerable taxonomic confusion, the major 

taxonomic works being based almost e n t i r e l y on morphological 

d i f f e r e n c e s , as i l l u s t r a t e d by Forest and Khan (1972). I n 

p r a c t i c e , d i f f i c u l t i e s encountered when naming members o f the 

Rivulariaceae a t the s p e c i f i c and o c c a s i o n a l l y the generic l e v e l s , 

have been described by Darley (1968). Koster (1961) a t t r i b u t e d 

such d i f f i c u l t i e s to the lack of knowledge concerning the exact 

i n f l u e n c e o f e x t e r n a l c o n d i t i o n s on the growth and morphology of 

c e l l s and colonies. 

Such v a r i a t i o n can a r i s e i n response t o v a r i a t i o n i n the 

environmental c o n d i t i o n s , both i n the f i e l d and the l a b o r a t o r y 

(Pringsheim 1967, Koster 1961). I t can also occur when several 

d i f f e r e n t c e l l types are derived from one genome (Carr and Bradley 

1973). This l a t j e r source of v a r i a t i o n has p a r t i c u l a r relevance 

to the taxonomy o f the Rivulariaceae. Single f i l a m e n t s of members 

of t h i s f a m i l y may c o n t a i n up to f o u r d i f f e r e n t c e l l types (see 

below). I f the e x t e r n a l c o n d i t i o n s are such t h a t one or several 

of these c e l l types cannot develop then considerable taxonomic 

confusion i s produced. 

1.21 D i f f e r e n t i a t i o n o f the f i l a m e n t 

The types of morphological v a r i a t i o n described by Carr and 

Bradley (1973) are p a r t i c u l a r l y n o t i c e a b l e i n the Rivulariaceae, 

where up to four c e l l types may be present i n a s i n g l e f i l a m e n t . 

These are the normal v e g e t a t i v e c e l l s , spores ( a k i n e t e s ) , heterocysts 
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( a l l described below) and h a i r c e l l s described i n Section 1.32. 

( i ) Vegetative c e l l s . 

R e l a t i v e l y l i t t l e i n f o r m a t i o n has been published concerning 

the c e l l s of the Rivulariaceae. Several e a r l y authors, i n c l u d i n g 

Swellengrebel (1910) and Guilliermond (1933), studied the c e n t r a l 

s t r u c t u r e of members of the group. Swellengrebel remarked on the 

lack of c l e a r d i f f e r e n t i a t i o n between the cytoplasm and nucleoplasm 

o f C a l o t h r i x fusca. Weber (1933) described i n d e t a i l , changes i n 

the v e g e t a t i v e c e l l s and the heterocyst o f C. fusca and C. b r a u n i i . 

Von Zastrow (1953) described the s t r u c t u r e of c e l l s of G l o e o t r i c h i a 

pisum and C a l o t h r i x marchica,as shown by several s t a i n i n g procedures. 

His work was mainly on the ' c e n t r a l substance 1, v a c u o l a t i o n and 

plasmolysis. The e a r l i e r work o f Pa11a (1893) also described the 

c e n t r a l substance and v a c u o l i s a t i o n of G l o e o t r i c h i a pisum. Several 

of these papers mentioned v a c u o l i s a t i o n associated w i t h the h a i r c e l l s 

(Von Zastrow 1953, Weber 1933). 

( i i ) Spores. 

From the taxonomic d e s c r i p t i o n s , two genera o f the Rivulariaceae 

were defined as having spores, C a l o t h r i x and G l o e o t r i c h i a . A l l 

members of the genus G l o e o t r i c h i a , but only some species of 

C a l o t h r i x , possess spores at a c e r t a i n stage o f t h e i r development. 

The f i r s t record of a spore i n a member of the genus C a l o t h r i x , 

C. Crustacea, was provided by Bor z i (1882). The second r e p o r t , 

by Gomont (1895), described spore formation i n a new species, 

* A l i s t o f the a u t h o r i t i e s f o r each s p e c i f i c name i s given 
i n Appendix I . 
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C. B t a g n a l i s . Gomont (1895) compared the spore development i n these 

two species and found t h a t C. B t a g n a l i s d i d not form a long s e r i e s 

of spores, as d i d C. C r u s t a c e a , but t h a t i n both species, encystment 

proceeded from the base t o the apex of the trichome. Gomont also 

reported t h a t spores were produced when c o n d i t i o n s were most 

favourable f o r C. s t a g n a l i s , w h i l e i n C. C r u s t a c e a they were 

formed under unfavourable c o n d i t i o n s . Furthermore, he observed 

t h a t there were two types of f i l a m e n t s , the f i r s t type were short 

and had h a i r s , w h i l e the second type were long and the end p o r t i o n 

was l o s t i n the production of hormogonia. Only the f i r s t type o f 

f i l a m e n t possessed spores and Gomont suggested t h a t i f most o f the 

c e l l s ' a c t i v i t y was., used up i n spore formation, then the system of 

veg e t a t i v e development of the trichome might be hampered. 

The mode o f formation and germination o f G l o e o t r i c h i a spores 

was studied f a i r l y i n t e n s i v e l y by a number of workers i n c l u d i n g 

<Ae Bary (1863), Bo m e t and Thuret (1880), Schwendener(1894X 

G e i t l e r (1936), P a l i k (1941) and Desikachary (1946). A summary of 

these works has been given by Desikachary (1959). 

( i i i ) Heterocysts. 

Serbanescu (1966) described several aspects of the development 

of G l o e o t r i c h i a natans, i n c l u d i n g the two d i f f e r e n t stages i n the 

l i f e - c y c l e , which had been c a l l e d the 'Fseudorivularia' stage and 

the ' E u g l o e o t r i c h i a ' stage by Poljansky (1930). i n the f i r s t stage, 

the heterocyst a t the base of the f i l a m e n t was reported to germinate 

and i n the other there was a secondary meristematic zone, p a r t o f 

which formed new f i l a m e n t s . Apparently, germination of the 
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h e t e r o c y s t , and subsequent development of the germling i n t o a 

f u l l y grown trichome, have been described only f o r seven species 

of the blue-green algae. The two e a r l i e s t r e p o r t s i n v o l v e d the 

non-Rivulariaceae, Nostoc commune ( G e i t l e r 1921b) and T o l y p o t h r i x 

e l e n k i n i i (Hollerbach 1923). The remaining r e p o r t s concern members 

of the Rivulariaceae, C a l o t h r i x weberi (Steinecke 1932), B r a c h y t r i c h i a 

b a l a n i (Iyengar and Desikachary 1944), G l o e o t r i c h i a r a c i b o r s k i i 

and R i v u l a r i a manginii (Desikachary 1946) and the non-sporulating 

mutant clone of G l o e o t r i c h i a ghosei (Singh and T i w a r i 1970). 

C a l o t h r i x weberi was one of the few blue-green algae i n which 

the m a j o r i t y of the stages i n the development of a new trichome 

were followed (Steinecke 1932). The contents of the heterocyst 

d i v i d e d by transverse d i v i s i o n t o produce a two-celled germling. 

The c e l l close t o the pore o f the heterocyst then squeezed out 

through the pore and by f u r t h e r d i v i s i o n s g r a d u a l l y grew i n t o a 

mature f i l a m e n t . The second c e l l which remained i n s i d e , subsequently 

degenerated. These stages i n germination d i f f e r e d from a l l of 

those reported so f a r , i n t h a t there were no other records o f 

the upper c e l l emerging through the heterocyst pore, t o form a 

new f i l a m e n t , and o f the lower c e l l degenerating. Germination i n 

G l o e o t r i c h i a r a c i b o r s k i i and R i v u l a r i a manginii (Desikachary 1946) 

agreed c l o s e l y w i t h observations on Nostoc commune ( G e i t l e r 1921b), 

i n t h a t the germling reached a f o u r - c e l l e d stage i n the heterocyst 

and then became f r e e of the heterocyst. I n these two members of 

the Rivulariaceae t h i s process occurred by a widening of the 

heterocyst pore. Rejuvenation of the contents of the heterocyst 

were also described i n G l o e o t r i c h i a r a c i b o r s k i i . Germination of 

G. ghosei (Singh and T i w a r i 1970) was s i m i l a r t o t h a t described f o r 

G. r a c i b o r s k i i . 
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D e t a i l e d accounts of the s p a t i a l arrangements o f heterocysts 

were given by F r i t s c h (1951). The m a j o r i t y o f heterocysts were 

of the t e r m i n a l type. Those of C a l o t h r i x were s i m i l a r to those 

of the Nostocaceae. I n D i c h o t h r i x , the heterocysts tended to form 

successively a t the base o f the f i l a m e n t s , o f t e n l o s i n g t h e i r 

connections w i t h the o v e r l y i n g c e l l s at an e a r l y stage and sometimes 

f a i l i n g to develop p o l a r thickenings. The o l d e r heterocysts of 

D i c h o t h r i x were o f t e n widely separated from t h e i r f i l a m e n t s by a 

long connecting strand. The heterocysts of G l o e o t r i c h i a natans 

were s p h e r i c a l and were connected w i t h the o v e r l y i n g v e g e t a t i v e c e l l s 

by a coarse strand, which commonly had an e n c i r c l i n g r i n g . 

Based on observations o f the close s p a t i a l r e l a t i o n s h i p 

between the heterocyst and the spores, and the v i s i b l e connection 

between them, F r i t s c h (1951) suggested t h a t a spore forming substance 

was present or secreted from the heterocyst. Fogg (1949), suggested 

t h a t i n Anabaena c y l i n d r i c a Lemm., the frequency o f heterocysts was 

r e l a t e d to the concentration of combined n i t r o g e n i n the medium, 

the frequency of heterocysts being reduced i n the presence of combined 

n i t r o g e n (see also Section 1.31). Singh and T i w a r i (1970) reported 

t h a t i n G l o e o t r i c h i a ghpsei, ammoniacal n i t r o g e n d i d not appear to 

i n f l u e n c e the d i f f e r e n t i a t i o n o f successive crops o f heterocysts 

and t h e i r subsequent germination. 

1.22 V a r i a t i o n along a trichome 

The presence o f a v a r i e t y of c e l l - t y p e s i n a s i n g l e trichome 

i n e v i t a b l y produces morphological v a r i a t i o n along the length of an 
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i n d i v i d u a l trichome. Without exception, the diagrams o f R i v u l a r i a 

and G l o e o t r i c h i a i n the f l o r a s ( T i l d e n 1910, G e i t l e r 1932, 

Desikachary 1959) i n d i c a t e d a p o l a r i t y w i t h i n the colony. I n every 

case there was a r e d u c t i o n i n the diameter o f the trichome towards 

the outside o f the colony and heterocysts were a t the basal end of 

the trichome, i n the inner p a r t of the colony. 

There have been few studies o f the v a r i a t i o n between c e l l s 

of a s i n g l e f i l a m e n t . Haupt (1923) observed i n R i v u l a r i a 

(= G l o e o t r i c h i a ) pisum, t h a t i n a cross-section a t the base o f the 

fi l a m e n t there were l a r g e , p e r i p h e r a l cyanophycin granules, w h i l e 

i n a cross-section a short distance from the base, there were no 

such granules. 

M i l l e r and Lang (1971) described changes i n the s t r u c t u r e of 

the c e l l s along the trichomes o f G l o e o t r i c h i a , as seen w i t h the 

e l e c t r o n microscope. I n the young c e l l s the two membrane components 

of the t h y l a k o i d s were contiguous, w h i l e i n the o l d e r , more 

attenuated c e l l s they became p r o g r e s s i v e l y more vacuolate. With 

in c r e a s i n g age, the number o f polyglucoside granules decreased i n 

number, w h i l e the number and size of the phycocyanin granules increased. 

The o l d e s t c e l l s lacked both types of i n c l u s i o n s and possessed s i n g l e 

t h y l a k o i d membranes which appeared t o bound remnants o f 

i n t r a t h y l a k o i d a l cytoplasm. 

Feldmann and Guglie l m i (1973) described the v a c u o l i s a t i o n of 

the t h y l a k o i d s of the h a i r c e l l s o f R i v u l a r i a mesenterica. Here 

cr-granules were present but cyanophycin granules were absent. With 

the decrease i n the number of t h y l a k o i d s , only nucleoplasm was l e f t i n 

the a p i c a l c e l l s of the h a i r . 
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1.23 Morphological v a r i a t i o n i n response to environmental c o n d i t i o n s 

Apart from forms of morphological v a r i a t i o n i n h e r e n t i n c e l l 

types, there have been several r e p o r t s of v a r i a t i o n i n response 

to environmental c o n d i t i o n s , A l l e n (1968) reported t h a t the sheath 

of C a l o t h r i x became c o l o u r l e s s , i n response t o a decrease i n 

the l i g h t i n t e n s i t y . Anand (1937) r e f e r r e d t o v a r i a t i o n i n the 

thickness of the sheath as a p r o t e c t i o n against d e s i c c a t i o n and 

t o r e f l e c t s u n l i g h t . 

Darley (1968), i n her l a b o r a t o r y s t u d i e s , observed v a r i a t i o n s i n 

the p a t t e r n of branching, characters of the sheath and development 

of the h a i r . C. p r o l i f e r a was reported to form many more branches 

when i t was c u l t u r e d i n Miquel's medium, than i n i t s n a t u r a l 

surroundings. C. p u l v i n a t a , c u l t u r e d i n the same medium, developed 

branching of the Tolypothr.ix-type, w h i l e C a l o t h r i x Crustacea showed 

branching s i m i l a r to t h a t of Scytonema. Dar l e y 1 s c u l t u r e work 

supported Anand 1s (1937) f i n d i n g s , and demonstrated t h a t the 

thickness of the sheath was r e l a t e d t o i t s importance i n protecting 

the trichomes. C a l o t h r i x p u l v i n a t a and C. scopulorum, which had t h i c k 

and o f t e n pigmented sheaths i n nature, had t h i n c o l o u r l e s s sheaths 

when they were grown i n Miquel's medium. Differences i n the h a i r 

e x i s t e d between species which were exposed f o r long periods and 

those which were c o n t i n u a l l y submerged. Trichomes of C. p u l v i n a t a 

c u l t u r e d i n aqueous medium possessed h a i r s a t t h e i r apices, w h i l e 

C. C r u s t a c e a , when adapted to an aqueous medium, also formed h a i r s . 

I n ' a e r i a l c u l t u r e 1 , h a i r s were not d i f f e r e n t i a t e d i n these species 

(see also Section 1.32). 
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Several instances of morphological v a r i a t i o n i n Rivulariaceae 

have been r e l a t e d to symbiotic r e l a t i o n s h i p s . G e i t l e r (1934) reported 

d i f f e r e n c e s i n the morphology of D i c h o t h r i x o r s i n i a n a when i t was 

aubculLured outside the l i c h e n Placynthium nigrum. On s o f t agar 

( 1 . 5 % ) , hormogonia developed, while on f i r m e r agar ( 3 . 0 % ) , longer 

f i l a m e n t s w i t h h a i r s developed (see also Section 1.32). 

Walsh (1965), observed i r r e g u l a r development of C a l o t h r i x sp. 

i n the l i c h e n Lichenes i m p e r f e c t i . He recorded many trichomes without 

t e r m i n a l h a i r s and although he commented on the p o s s i b i l i t y of t h i s 

v a r i a t i o n being g e n e t i c a l l y determined, he suggested t h a t i t was more 

l i k e l y to be due t o the symbiotic r e l a t i o n s h i p . He also a t t r i b u t e d 

v a r i a b i l i t y i n the occurrence, shape and s i z e of heterocysts to the 

presence of fungal hyphae. 

1.24 Taxonomic i m p l i c a t i o n s of morphological v a r i a t i o n 

As mentioned i n Section 1.2 much taxonomic confusion has a r i s e n 

due t o the basic taxonomic works being based on morphological 

d i f f e r e n c e s (Forest and Khan 1970). Problems i n the i d e n t i f i c a t i o n 

of Rivulariaceae have been encountered f r e q u e n t l y . Hulbary (1954) 

commented on the lack of s u i t a b l e keys f o r C a l o t h r i x and there are 

many cases where i d e n t i f i c a t i o n i s based on a range of c e l l w idths, 

which overlap between species ( G e i t l e r 1932, T i l d e n 1910). 

Malmestrom (1972) described d i f f i c u l t i e s i n d i s t i n g u i s h i n g C. p u l v i n a t a 

and C. scopulorum. 

Further problems arose when some of the d i f f e r e n t c e l l - t y p e s 

were absent and there was no way o f t e l l i n g a p r i o r i whether the 

s t r u c t u r e was t r u e l y absent, or whether c o n d i t i o n s were such as t o 
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make d i f f e r e n t i a t i o n impossible. Several taxonomists have questioned 

the separation of the two genera, G l o e o t r i c h i a and R i y u l a r i a , t h e 

d i s t i n c t i o n being based on the presence of spores i n G l o e o t r i c h i a 

and t h e i r absence i n the genus R i v u l a r i a . G e i t l e r (1942), F r i t s c h 

(1945), E l e n k i n (1949) and Desikachary (1959) were among those who 

separated the two genera, w h i l e Kirchner (1898), F o r t i (1907) 

T i l d e n (1910) and Lemmermann (1910) c l a s s i f i e d them both under the 

name R i v u l a r i a . 

The type of confusion which arose was i l l u s t r a t e d i n an e a r l y 

r e p o r t on the determination of some of the bloom-forming algae by 

Bornet and F l a h a u l t (1884). They described several instances where 

trichomes without spores were found and as a consequence i t was 

d i f f i c u l t t o assign a generic name (Section 1.44). Singh and T i w a r i 

(1970) obtained a non-sporulating clone of G l o e o t r i c h i a ghosei and 

as a r e s u l t of t h e i r work questioned the v a l i d i t y o f the genus 

R i v u l a r i a . They suggested t h a t species which were included under 

R i v u l a r i a were non-sporulating forms of G l o e o t r i c h i a . 

A s i m i l a r s i t u a t i o n e x i s t e d w i t h regard to the genus Homoeothrix 

which i s d i s t i n g u i s h e d (along w i t h several other genera), by i t s 

lack of heterocysts. Homoeothrix was o r i g i n a l l y included w i t h i n the 

genus C a l o t h r i x by Thuret (1875), from the p o i n t o f view of being a 

' C a l o t h r i x w i t h o u t a h e t e r o c y s t 1 . Fuymaly (1957) suggested t h a t the 

basal c e l l s of Homoeothrix were associated w i t h attachment t o a 

substra/turn i n a s i m i l a r way to the heterocysts of other genera. 

I n a d d i t i o n to such d i f f i c u l t i e s there are the problems t h a t 

m a t e r i a l may not contain a l l of the stages of the l i f e - c y c l e necessary 



-24-

f o r i d e n t i f i c a t i o n and t h a t basal heterocysts may be l o s t or damaged 

during c o l l e c t i n g . 

1.25 P h y s i o l o g i c a l aspects of morphological v a r i a t i o n 

Desikachary (1970) and Pringsheim (1967), have both pointed 

out the great need f o r growing organisms i n c u l t u r e , i n s t r i c t l y 

defined media, so th a t the possible v a r i a t i o n of a p a r t i c u l a r taxonomic 

character could be determined. 

Pearson and Kingsbury (1966) observed considerable v a r i a b i l i t y 

i n C a l o t h r i x membranacea compared t o several other blue-green algae. 

I n t e r p r e t a t i o n of t h e i r r e s u l t s was d i f f i c u l t as many c h a r a c t e r i s t i c s 

of the alga v a r i e d widely, even among fil a m e n t s i n the same c u l t u r e 

vessel. They c u l t u r e d C. membranacea i n several growth media to 

compaxe the e f f e c t of d i f f e r e n t mineral formulations. Growth d i d 

not occur i n Knop's s o l u t i o n . Growth occurred i n m o d i f i c a t i o n s of 

Chu 10 medium (Chu 1942) and i n v a r i a t i o n s of Chu's (1942) 10 medium 

designed by G e r l o f f , F i t z g e r a l d and Skoog (1950), best growth o c c u r r i n g 

i n the former. Growth was slow i n a modified Detmer's s o l u t i o n 

(Bold 1942), a modified B r i s t o l ' s s o l u t i o n employing trace elements 

of Chantanachat and Bold (1962) and i n s o i l water medium (Pringsheim 

1946). Filaments v a r i e d from long, entangled or 'ropey 1, to short 

and broken. Hardly any c u l t u r a l c o r r e l a t i o n s appeared to e x i s t , 

except t h a t the degree of fragmentation was greatest i n older c o n t r o l 

c u l t u r e s . Unusual, i r r e g u l a r shaped c e l l s were also present i n many 

of the c u l t u r e s , although they d i d not appear t o c o r r e l a t e w i t h any 

c u l t u r a l c h a r a c t e r i s t i c s . Location of the heterocysts and a t t e n u a t i o n 
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of the trichomes were other v a r i a b l e c h a r a c t e r i s t i c s showing no 

r e l a t i o n s h i p to one another or to any p a r t i c u l a r c o n d i t i o n of c u l t u r e . 

Darley (1968), i n her discussion of v a r i a t i o n i n members of 

the Rivulariaceae, reported on the work of Poljansky (1928), which 

i n d i c a t e d t h a t when C. e l e n k i n i i was c u l t u r e d on agar, there were 

several v a r i a t i o n s i n morphology i n c l u d i n g the disappearance of the 

h a i r . 

The e f f e c t of s p e c i f i c substances on the morphology of the 

Rivulariaceae has been studied by few workers. Fay, Stewart, 

Walsby and Fogg (1968) described a change i n the morphology of 

species of C a l o t h r i x and G l o e o t r i c h i a , as f o l l o w s : 'when c u l t u r e d 

w i t h ammonia, the length of the f i l a m e n t s were not r e s t r i c t e d ( i n 

t h i s way) and the trichomes were of uniform appearance throughout'. 

M i t r a (1965) described the lack of heterocyst i n d u c t i o n by a v a r i e t y 

of f a c t o r s , as long as the n i t r o g e n l e v e l i n the medium remained 

above a c r i t i c a l l e v e l , 

1.26 Nitrogen f i x a t i o n studies 

The m a j o r i t y of the experimental studies on members of the 

Rivulariaceae have been r e l a t e d to t h e i r a b i l i t y t o f i x atmospheric 

n i t r o g e n . The f i r s t species of the Rivulariaceae shown to be 

capable of f i x i n g atmospheric n i t r o g e n was C. brevissima (Watanabe 

1951a). Since then t h i s a b i l i t y has been demonstrated i n several 

members of the f a m i l y , a l i s t o f these being given i n Table 1.2. 

C. scopulorum was the f i r s t blue-green alga i s o l a t e d from a marine 

h a b i t a t to show n i t r o g e n f i x a t i o n (Stewart 1962). Stewart (1964) 
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Table 1.2 

Nitrogen f i x a t i o n i n the Rivulariaceae 

Organism 

C a l o t h r i x aeruginea 

C. a n t a r c t i c a 

C. brevissima 

C. cl a v a t a 

C. confervoides 

C. C r u s t a c e a 

C. e l e n k i n i i 

C. p a r i e t i n a 

C. scopulorum 

D i c h o t h r i x f u c i c o l a 

G l o e o t r i c h i a e c h i n u l a t a 

R i v u l a r i a a t r a 

R. b i a s o l e t t i a n a 

Reference 

Stewart (1971) 

Saubert and Grobbelaar (1962) 

Watanabe (1951a) 

Saubert and Grobbelaar (1962) 

Stewart (1971) 

Stewart (1971) 

Taha and E l Refai (1963) 

A l l e n (1952) 

Stewart (1962) 

Carpenter (1972) 

Williams and B u r r i s (1952) 

Stewart (1971) 

Stewart (1971) 
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provided the f i r s t demonstration of n i t r o g e n f i x a t i o n i n a marine 

h a b i t a t , again using C. scopulorum. His f i e l d studies i n subsequent 

years (Stewart, 1965, 1967a), using N 1 5, confirmed t h a t C. scopulorum 

could f i x n i t r o g e n i n the f i e l d and i n l a b o r a t o r y c u l t u r e . His data 

suggested t h a t the alga c o n t r i b u t e d considerable q u a n t i t i e s o f f i x e d 

n i t r o g e n t o the environment. F i x a t i o n over a year showed a w e l l 

defined seasonal v a r i a t i o n , w i t h s p r i n g and autumn maxima and l i t t l e 

f i x a t i o n during summer and w i n t e r . Stewart (1967a) also demonstrated 

t h a t n i t r o g e n f i x a t i o n i n C. scopulorum was reduced by 86% when i t was 

grown at an i n i t i a l N l e v e l of 50 mg l " 1 NH^-N. 

Jones and Stewart (1969a), showed t h a t C. scopulorum could grow 

and f i x n i t r o g e n over a wide v a r i e t y o f environmental c o n d i t i o n s , w i t h 

optima near to 5%. s a l i n i t y , 25°C, 8000 lux and pH 8.5. Under a l l 

c o n d i t i o n s s t u d i e d , e x t r a c e l l u l a r n i t r o g e n was l i b e r a t e d i n t o the 

growth medium. I n general, the greater the q u a n t i t y of n i t r o g e n 

f i x e d by C a l o t h r i x , the greater the q u a n t i t y of e x t r a c e l l u l a r n i t r o g e n 

l i b e r a t e d . Also the nearer the environmental c o n d i t i o n s were to the 

optimum f o r growth, the shor t e r the time taken f o r the percentage of 

e x t r a c e l l u l a r n i t r o g e n to decrease and f o r exponential growth t o begin. 

These f a c t s are s i g n i f i c a n t from the p o i n t of view of the 

e c o l o g i c a l importance of the group. I n t h e i r n a t u r a l h a b i t a t , the 

f a c t o r s mentioned above are i n a s t a t e of c o n t i n u a l change and so the 

l i b e r a t i o n of e x t r a c e l l u l a r n i t r o g e n may be r e l a t i v e l y high. The 

a b i l i t y of other organisms to use t h i s as a source of n i t r o g e n was 

demonstrated by Jones and Stewart (1969a). 
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Estimates of the amount of n i t r o g e n f i x e d by members of the 

Rivulariaceae have been made on a number of occasions. Williams 

and B u r r i s (1952) estimated t h a t i n 5 days, the % c e l l - N from N 1 5 

was 43-50% f o r C. p a r i e t i n a and t h a t 18% of the c e l l - N of G l o e o t r i c h i a 

e c h i n u l a t a was f i x e d i n 30 days. 

Watanabe (1951a) studied the i n f l u e n c e of several blue-green 

algae on the production of r i c e crops and found t h a t although 

T o l y p o t h r i x tenuis was superior t o C a l o t h r i x brevissima i n i t s 

a b i l i t y t o f i x atmospheric n i t r o g e n , these two algae exerted an 

almost equal i n f l u e n c e on the growth o f r i c e . However, he found t h a t 

the q u a n t i t y of n i t r o g e n c o n t a i n i n g compounds secreted i n t o the 

medium was low i n the case of T o l y p o t h r i x t e n u i s , and comparatively 

high i n C a l o t h r i x brevissima. Watanabe examined the amino acids i n 

the a l g a l c e l l s and i n the e x t e r n a l s o l u t i o n , and demonstrated t h a t 

although both species contained a wide range o f amino acids, C. brevissima 

was the only one to secrete amino acids i n t o the medium. 

1.3 Tapering and the h a i r 

The a b i l i t y t o form a tapered trichome, which may or may not 

form a c o l o u r l e s s h a i r , d uring at l e a s t some stage of the l i f e - c y c l e , 

i s a c h a r a c t e r i s t i c o f the Rivulariaceae. L i t t l e i s known a t present, 

about t a p e r i n g and h a i r development and the r e l a t i o n s h i p s between them 

are not understood (Section 1.1, 1.23, 1.25). As much of the work 

described i n the t e x t i s concerned w i t h these two characters, more 

d e t a i l e d l i t e r a t u r e reviews r e l e v a n t t o these characters are given. 
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1.31 Tapering 

The term " t a p e r i n g " has been used i n many of the e a r l y 

taxonomic works (Agardh 1824, B o r z i 1882, de Toni 1907) but 

none of these works give a formal d e f i n i t i o n of the term. I t i s 

assumed, t h e r e f o r e t h a t they used i t i n the gen e r a l concept of a 

gradual r e d u c t i o n i n the diameter of the trichome. C o n s u l t a t i o n of 

the diagrams i n taxonomic works and s p e c i f i e d d e s c r i p t i o n s , i n d i c a t e d 

that there were no exceptions to t h i s as a universal c h a r a c t e r of the 

family R i v u l a r i a c e a e . I n some s p e c i e s however, t a p e r i n g has been 

d e s c r i b e d as s l i g h t e.g. C. membranacea ( G e i t l e r 1932). I n most 

genera which have h e t e r o c y s t s and where the trichomes tapered 

towards one end only, the h e t e r o c y s t was a t the widest end ( s e e 

a l s o p. 20 ) . i n one genus, Hammatoidea, the trichomes tapered 

towards both ends. 

The R i v u l a r i a c e a e produced hormogonia ( F r i t s c h 1945) which 

were s h o r t , p a r a l l e l , m o t i l e trichomes w i t h an i n d i s t i n c t sheath. 

Obviously i f t h i s stage i n development was observed, i t would not 

show the c h a r a c t e r i s t i c t a p e r i n g of the fam i l y . 

As mentioned p r e v i o u s l y ( S e c t i o n 1.25), there has been l i t t l e 

e xperimental work concerning f a c t o r s which may c o n t r o l t a p e r i n g , 

or cause changes i n the e x p r e s s i o n of t h i s c h a r a c t e r . I n t h i s 

context, i t i s r e l e v a n t to repeat the f i n d i n g s of Fay, Stewart, 

Walsby and Fogg (1968), which were as follows: 

"growth of C a l o t h r i x and G l o e o t r i c h i a o c c u r r i n g i n the c e l l s 

near the b a s a l h e t e r o c y s t . ... as the v e g e t a t i v e c e l l s a r e d i s p l a c e d 

to the d i s t a l end of the f i l a m e n t , they narrow, v a c u o l a t e and f i n a l l y 
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die o f f , forming a c o l o u r l e s s h a i r . ... suggested that the c e l l s 

depend on a substance emanating from the h e t e r o c y s t and p a s s i n g from 

c e l l to c e l l . ...the substance might be nitrogenous, because when 

c u l t u r e d w i t h ammonia, the length of the f i l a m e n t s was not r e s t r i c t e d 

( i n t h i s way) and the trichomes were of uniform appearance throughout". 

Because of the l a c k of information concerning t h i s r e l a t i v e l y 

important and d i s t i n c t c h a r a c t e r , iaed at the family l e v e l of 

c l a s s i f i c a t i o n , the e f f e c t of combined n i t r o g e n on t a p e r i n g was 

s t u d i e d f u r t h e r ( S e c t i o n 1.5). 

1.32 H a i r formation 

I n many s p e c i e s of R i v u l a r i a c e a e , the c e l l s near the narrow 

end of the trichome have been reported to form a h a i r ( G e i t l e r 1932, 

F r i t s c h 1945, 1951). Bornet and F l a h a u l t (1886) d e s c r i b e d the h a i r 

as a " s e r i e s of narrow c e l l s , e l o n g a t e d , c o l o u r l e s s , c o n t a i n i n g very 

l i t t l e protoplasm and which were not capable of f u r t h e r growth." 

F r i t s c h ( 1 9 4 5 ) , commented on the evi d e n t v a c u o l a t i o n which was 

c h a r a c t e r i s t i c of developing h a i r s and a l s o mentioned t h a t such 

h a i r s were pr e s e n t f r e q u e n t l y i n Scytonema and Stigonema. Bharadwaja 

(1933), d e s c r i b e d the a t t e n u a t i o n of trichomes i n Scytonema simplex 

and two s p e c i e s of T o l y p o t h r i x , i n a way s i m i l a r to those given above 

f o r the R i v u l a r i a c e a e . Bharadwaja a l s o mentioned the gradual narrowing 

which of t e n accompanied the elo n g a t i o n of c e l l s , and t h a t when 

c o n d i t i o n s were v e r y acute, they became elongated soon a f t e r they 

were formed. 
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T i l d e n (1910) and F r i t s c h (1945) d e s c r i b e d the h a i r c e l l s as 

being c o l o u r l e s s and having long, s l e n d e r , s t r a i g h t w a l l s and 

c o n t a i n i n g l i t t l e protoplasm. Both authors thought t h a t the 

e v i d e n t v a c u o l a t i o n which occurred i n o l d e r c e l l s was an i n d i c a t i o n 

t h a t the h a i r c e l l s were moribund and incapable of f u r t h e r growth. 

F r i t s c h (1945) a t t r i b u t e d the y e l l o w i n g of these c e l l s to a l o s s 

of pigments other than carotene. D a r l e y (1968) a l s o d e s c r i b e d the 

h a i r as c o n s i s t i n g of long narrow c e l l s i n which the contents 

decreased p r o g r e s s i v e l y and were r e p l a c e d by l a r g e v a c u o l e s . 

There are however no q u a n t i t a t i v e measurements on the pigment changes 

along the trichomes of the R i v u l a r i a c e a e . 

R e c e n t l y , s e v e r a l workers have suggested t h a t the h a i r c e l l s 

might not be moribund. Fuhs (1973) suggested t h a t the h a i r c e l l s of 

G l o e o t r i c h i a which extended to the p e r i p h e r y of the colony and 

beyond, were the c e l l s l i k e l y to s u f f e r fcom l e a s t from n u t r i e n t 

l i m i t a t i o n s . Ueda (1971) s t u d i e d the DNA content of c e l l s of 

C a l o t h r i x b r a u n i i and reported t h a t although the c e l l volume 

decreased from base to apex, the DNA content> . remained s i m i l a r . 

I n the t r a n s i t i o n zone between normal c e l l s and h a i r c e l l s 

the DNA content was l e s s . Ueda suggested t h a t c e l l d i v i s i o n was 

tak i n g p l a c e , without the preceding doubling i n the DNA content 

and that a degenerative process r e s u l t i n g i n the formation of plasma 

v a c u o l a t i o n could be observed i n the h a i r c e l l s . Wolk (1973) 
1 2 

reported t h a t the h a i r c e l l s of C. b r a u n i i contained - as 

much DNA as the a c t i v e l y growing v e g e t a t i v e c e l l s . 

D a r l e y ( 1 9 6 8 ) s t u d i e d the v a r i a t i o n i n the h a i r s of s e v e r a l 

marine s p e c i e s of C a l o t h r i x , I s a c t i s and R i v u l a r i a . She d e s c r i b e d 
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d i f f e r e n c e s between R i v u l a r i a c e a e which were out of water f o r 

long periods and those which were continuously submerged. Those 

such as C a l o t h r i x p u l v i n a t a . w h i c h were exposed, had a rounded t e r m i n a l 

c e l l , w h i l e those which were submerged had a long h a i r . When algae 

from both of these types of h a b i t a t were kept submerged, i n the 

la b o r a t o r y , they developed h a i r s . A f t e r l i b e r a t i o n of hormogonia 

those which were normally found exposed, d i d not reform a h a i r , 

w h i l e those which were normally submerged did reform h a i r s . D a r l e y 

concluded that a e r i a l c o n d i t i o n s were not s u i t a b l e f o r the 

development of h a i r s . 

Jones (1967) noted the absence of the c h a r a c t e r i s t i c h a i r of 

C. scopulorum, when the s a l i n i t y of the medium i n which i t was 

c u l t u r e d was g r e a t e r than 35%o. He a l s o commented th a t i n i t s 

e x p o n e n t i a l phase of growth, C. scopulorum was i n a constant 

hormogonial c o n d i t i o n . Presumably t h i s i n d i c a t e s t h a t there was no 

a t t e n u a t i o n of the trichome, and that the h a i r was absent. 

P o l j a n s k y ( i n D a r l e y 1968) a l s o reported v a r i a t i o n s and the 

disappearance of the h a i r when C. e l e n k i n i i was c u l t u r e d on agar 

w i t h Knops-Fe medium. 

A f u r t h e r s i t u a t i o n i n which v a r i a t i o n i n the presence of a 

h a i r o c c u r s , i s a s s o c i a t e d w i t h symbiosis ( s e e a l s o S e c t i o n 1.23). 

G e i t l e r (1934) n o t i c e d t h a t when D i c h o t h r i x o r s i n i a n a formed the 

a l g a l symbiont of the l i c h e n Placynthium nigrum, the development of 

h a i r s was completely suppressed. Furthermore the p o l a r i t y of the 

f i l a m e n t s was l o s t and the growth g r e a t l y reduced. When the 

a l g a was c u l t u r e d the growth form which developed depended on the 

medium used ( 1 . 5 % or 3% s o i l agar, a l k a l i n e Knop's agar or s o i l 
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s o l u t i o n ) . On s o f t agar hormogonia were formed, w h i l e on f i r m e r 

agar and i n s o i l s o l u t i o n long f i l a m e n t s w i t h h a i r s developed. 

1.33 Meristerns and development 

I t i s n e c e s s a r y to mention b r i e f l y s e v e r a l a s p e c t s of the 

growth and development of trichomes of the R i v u l a r i a c e a e , which may 

a i d i n understanding the development of t a p e r i n g and the h a i r . 

Schwendener (1894) and G e i t l e r (1936) d e s c r i b e d how i n many 

R i v u l a r i a c e a e , growth was t r i c h o t h a l l i c , the meristem being 

s i t u a t e d a t the base of the h a i r . However De Bary (1836), P a l l a (1893) 

and Weber (1933) d e s c r i b e d d i v i s i o n o c c u r r i n g i n the b a s a l c e l l s . 

C e l l s i n the m e r i s t e m a t i c a l l y a c t i v e r e g i o n ( s ) of the trichome g i v e 

r i s e to y e t another form of morphological v a r i a t i o n w i t h i n f i l a m e n t s 

( S e c t i o n 1.22). Fay, Stewart, Walsby and Fogg (1968) have a l s o 

d e s c r i b e d growth i n the b a s a l region of f i l a m e n t s of C a l o t h r i x and 

G l o e o t r i c h i a . 

F r i t s c h (1945) d e s c r i b e d how the hormogonia were normally 

produced from the p a r t of the trichome beneath the t e r m i n a l h a i r , 

which was shed as they developed. During the development of a 

tapered trichome from a hormogonium, the h e t e r o c y s t and taper 

appeared a t approximately the same time. I n some c a s e s however, 

F r i t s c h (1945) d e s c r i b e d the formation of t a p e r i n g as secondary; 

two new h e t e r o c y s t s d i f f e r e n t i a t e d near the c e n t r e of a trichome, 

which then broke between these two h e t e r o c y s t s , r e s u l t i n g i n two 

tapered trichomes. Although l i t t l e i s known about the formation 

of a tapered trichome from a p a r a l l e l hormogonium, the above f a c t s 

must be borne i n mind when d e s c r i b i n g changes i n trichome shape. 
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1.4 The ecology of R i v u l a r i a c e a e 

1.41 I n t r o d u c t i o n 

Members of the R i v u l a r i a c e a e are found p r i m a r i l y i n mountainous 

d i s t r i c t s of the B r i t i s h I s l e s , p a r t i c u l a r l y i n streams and on 

d r i p p i n g rocks i n limestone r e g i o n s , but they occur s p a r i n g l y i n 

lower regions (West and F r i t s c h , 1 9 2 7 ) . They a l s o form a 

d e f i n i t e narrow zone on rocks i n the l i t t o r a l regions of l a k e s 

( F r i t s c h 1931, 1945), and are important i n the l i t t o r a l zone of 

marine h a b i t a t s ( F r i t s c h , 1 9 4 5 ) . The three works quoted above 

provide a u s e f u l summary of e a r l y e c o l o g i c a l l i t e r a t u r e of the group, 

and give r e f e r e n c e s to s e v e r a l B r i t i s h l o c a l i t i e s . 

F or completeness and to b r i n g together as much of the 

background information as p o s s i b l e , reviews of e p i l i t h i c f r e s h w a t e r 

R i v u l a r i a c e a e , marine s p e c i e s and 'bloom-forming' s p e c i e s are given 

below. Records of the occurrence of R i v u l a r i a c e a e are a v a i l a b l e 

from many a r e a s , these being l i B t e d as a b i b l i o g r a p h y i n Appendix III . 

1.42 E p i l i t h i c freshwater forms 

Of the few reported s i t e s of R i v u l a r i a c e a e i n B r i t a i n , most 

concern upland regions. R i v u l a r i a c e a e from Malham were d e s c r i b e d 

b r i e f l y by Lund (1961). Godward (1937) recorded the presence of 

Homoeothrix i n Windermere and West and F r i t s c h (1927) reported 

the f o l l o w i n g : 

Amphithrix j a n t h i n a from wet rocks i n W. Y o r k s h i r e 

C a l o t h r i x p a r i e t i n a from A r n c l i f f e , W. Y o r k s h i r e 

D i c h o t h r i x i n t e r r u p t s from S l i e v e , Donard, I r e l a n d 

Hammatoidea normanii from Dartmoor, Devon 

R i v u l a r i a b i a s o l e t t i a n a from A r n c l i f f e , W. Y o r k s h i r e 

R. minutula, Chippenham Fen, Cambridge 
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From these few r e p o r t s there i s some i n d i c a t i o n t h a t the genus 

R i v u l a r i a i s r a r e . The s i t u a t i o n i n d i c a t e d f o r the c o n t i n e n t i s 

d i f f e r e n t i n t h a t there are many r e c o r d s of R i v u l a r i a a s s o c i a t e d 

w i t h f a s t f l o w i n g upland streams ( J a a g 1945, Kann 1966, Golu b i c 1967). 

I n many i n s t a n c e s the group was a s s o c i a t e d w i t h the d e p o s i t i o n of 

c a l c i u m carbonate. Golubic (1967) quoted s e v e r a l o f the e a r l y works 

on the d e p o s i t i o n of carbonate and gave d e t a i l e d p h y t o s o c i o l o g i c a l 

accounts o f the occurrence of the f a m i l y . I n a r e c e n t review, 

G o l u b i c (1973) d e s c r i b e d many a s p e c t s of c a l c i u m carbonate d e p o s i t i o n , 

i n c l u d i n g the r o l e of c e r t a i n members of the R i v u l a r i a c e a e , i n p a r t i c u l a r 

R. haematites. The algae o f c a l c a r e o u s rocks of B r i t a i n have been 

d e s c r i b e d by F r i t s c h ( 1 9 5 0 ) . 

R e c e n t l y Hughes and Whitton (1972) s t u d i e d s e v e r a l c a l c a r e o u s 

streams i n the north of England and found t h a t R i v u l a r i a was abundant 

i i p a r t s of t h i s a r e a . The p r e s e n t author r e c e i v e d a number of 

r e p o r t s which suggested t h a t R i v u l a r i a was a l s o abundant i n othe r 

• streams i n t h i s a r e a and i n other p a r t s of B r i t a i n . T h i s i n f o r m a t i o n 
4 

provided the background data f o r a more d e t a i l e d e c o l o g i c a l survey of 

the d i s t r i b u t i o n of R i v u l a r i a . 

1.43 Marine forms 

I n s p i t e of the r e l a t i v e l y l a r g e amount o f l i t e r a t u r e 

c o ncerning marine R i v u l a r i a c e a e , a r e l a t i v e l y s h o r t review r e l a t e d 

to t h e i r ecology i s given here. C a l o t h r i x i s the dominant i n t e r t i d a l , 

e p i l i t h i c blue-green a l g a on temperate shores ( F r i t s c h , 

1945). The importance of R i v u l a r i a c e a e i n marine h a b i t a t s 
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was d e s c r i b e d by Anand (1937) i n a d e t a i l e d account of the 

communities of B r i t i s h c h a l k c l i f f s . C. p u l v i n a t a var. p r o s t r a t a 

and R i v u l a r i a a t r a were present on the chrysophyte b e l t on exposed 

c l i f f s , which were sprayed by the s e a , but which were never submerged. 

The C a l o t h r i x community was e s s e n t i a l l y endophytic, the blue-green algae 

i n h a b i t i n g the chrysophyte mat and c a u s i n g a b l a c k colouration. The 

C a l o t h r i x was found a l l the year round, but was more obvious i n the summer. 

C a l o t h r i x was seldom found i n tunnels and caves and seemed to p r e f e r 

exposed s i t u a t i o n s . A f u r t h e r example of i t s preference f o r good 

i l l u m i n a t i o n was f u r n i s h e d by the f a c t t h a t the f i l a m e n t s were only found 

i n the upper p a r t s of the chrysophyte mat. The mucilagenous c h a r a c t e r 

of the mat was thought to p r o t e c t the C a l o t h r i x from d e s i c c a t i o n . 

The R i v u l a r i a community was always found w e l l above high water 

mark (sometimes extending i n t o the chrysophyte zone) and the dominant 

R i v u l a r i a was apparently i n t o l e r a n t of frequent submersion. The 

community showed a maximum development i n w i n t e r , when abundant hormogonia 

production took p l a c e , w h i l e i n the summer the p l a n t s became s h r i v e l l e d 

and l e s s conspicuous. C o l o n i e s u s u a l l y appeared on f r e s h l y exposed 

s u r f a c e s , w i t h only a t h i n chrysophyte covering. D i c h o t h r i x gypsophila 

sometimes occurred i n the chrysophyte mats between the R i v u l a r i a 

c o l o n i e s . 

Anand a l s o recorded e x t e n s i v e growths of C a l o t h r i x l i t t o r a l i s 

j u s t above the high water mark, a s s o c i a t e d with Pleurocapsa and 

Plectonema. T h i s c o n s t i t u t e d a d i s t i n c t community, so f a r 

d e s c r i b e d only by S e t c h e l l and Gardner (1903), from the P a c i f i c . 

C a l o t h r i x p u l v i n a t a was recorded i n the chrysophyte community, but on a 

p a r t l y shaded s u r f a c e . Grizbergen (1925) d e s c r i b e d a s i m i l a r community 
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but w i t h C. scopulorum i n the upper zone. C a r t e r (1932, 1933a, 

1933b) d e s c r i b e d the occurrence of R i v u l a r i a i n a s a l t marsh 

i n E s s e x . The c o l o n i e s were conspicuous f o r most of the year but 

were more so during wet w i n t e r months. The c o l o n i e s adhered v e r y 

c l o s e l y to the s u r f a c e of the s o i l so t h a t i n general they gave 

p r o t e c t i o n a g a i n s t e r o s i o n . C. scopulorum, one of the organisms 

used f o r t h i s work, was i s o l a t e d by Stewart from a rocky shore i n 

W. K i l b r i d e ( S t e w a r t 1962). 

1.44 P l a n k t o n i c forms 

A few of the R i v u l a r i a c e a e are p l a n k t o n i c , p a r t i c u l a r l y the 

members of the genus G l o e o t r i c h i a . Some of these such as G . e c h i n u l a t a are 

tru£ly p l a n k t o n i c , w h i l e o t h e r s a r e found i n the plankton only during 

p a r t of t h e i r l i f e c y c l e . There i s only one t r u l y p l a n k t o n i c 

R i v u l a r i a , R. p l a n c t o n i c a and no members of the other genera a r e 

normally found f r e e f l o a t i n g . 

S e v e r a l e a r l y r e p o r t s on the occurrence of the R i v u l a r i a c e a e 

d e s c r i b e those which form water-blooms. Bornet and F l a h a u t (1884) 

gave the f i r s t r e c ord of a f l o a t i n g R i v u l a r i a , which was d i s c o v e r e d 

i n 1804 by Rev. Davis, i n a lak e on the I s l e of Anglesey. Such 

e a r l y o b s e r v a t i o n s i l l u s t r a t e d the d i f f i c u l t i e s i n naming R i v u l a r i a c e a e 

e.g. D i k i e observed some p l a n t s i n a region near Aberdeen, which he 

named R i v u l a r i a e c h i n u l a t a . However once spores began to develop 

D i k i e suggested the name G l o e o t r i c h i a pisum f o r the m a t e r i a l . 

Bornet and F l a h a u l t suggested t h a t R i v u l a r i a c e a e a s s o c i a t e d w i t h water-

blooms should be assigned to the genus G l o e o t r i c h i a . 
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More r e c e n t records of bloom-forming R i v u l a r i a c e a e , mainly 

a s s o c i a t e d w i t h the breaking of the Meres, have been d e s c r i b e d by 

S i n k e r (1962), Wilson (1966) and Reynolds (1971). The ecology of 

G l o e o t r i c h i a e c h i n u l a t a was d e s c r i b e d by Roelofs and Oglesby (1970). 

There have been frequent r e p o r t s of G l o e o t r i c h i a from warmer 

environments (Appendix I I I ) . These i n c l u d e a r e p o r t of G. natans 

from a thermal s p r i n g i n Japan (Yoneda 1952), where i t was found a t 

47°C, which i s apparently the h i g h e s t recorded temperature f o r a 

G l o e o t r i c h i a . 

1.5 Aims of r e s e a r c h 

As s t a t e d i n S e c t i o n 1.1, t a p e r i n g and frequent development of 

a c o l o u r l e s s h a i r , i n the R i v u l a r i a c e a e , have not been s t u d i e d i n 

d e t a i l . Very l i t t l e i s known about these c h a r a c t e r s i n response to 

environmental c o n d i t i o n s and ageing, y e t t a p e r i n g i s an important 

c h a r a c t e r i n the taxonomy of the R i v u l a r i a c e a e . The aims of the 

p r e s e n t r e s e a r c h were t h e r e f o r e , to study these c h a r a c t e r s i n more 

d e t a i l . Before any comparative work was p o s s i b l e , i t was n e c e s s a r y to 
i-he. 

d e f i n e t a p e r i n g and^hair, and to d e v i s e a q u a n t i t a t i v e method of 

d e s c r i b i n g t a p e r i n g (Chapter 3 ) . 

T h i s n e c e s s i t a t e d a broad approach to the problem i n order t h a t 

the author could become aware of the p o s s i b l e range of v a r i a t i o n i n 

these c h a r a c t e r s . T h i s knowledge was obtained by r e a d i n g the 

d e s c r i p t i o n s i n the f l o r a s and observing and measuring m a t e r i a l i n 

the l a b o r a t o r y . 

Experimental s t u d i e s were undertaken w i t h the aim of f i n d i n g 

s p e c i f i c causes f o r t a p e r i n g and h a i r development. The experimental 
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work was designed mainly to e l a b o r a t e the comments of Fay, Stewart, 

Walsby and Fogg ( 1 9 6 8 ) , concerning the l o s s of t a p e r i n g i n the 

presence of combined n i t r o g e n (Chapter 4 ) . 

Observations of l a b o r a t o r y c u l t u r e s and f i e l d organisms 

i l l u s t r a t e d the wide v a r i a t i o n w i t h i n the R i v u l a r i a c e a e . While 

st u d y i n g f i e l d m a t e r i a l , many problems were encountered i n keying-

down the organisms, u s i n g conventional f l o r a s . The main reasons f o r 

t h i s were the v a r i a t i o n shown by the f i l a m e n t s i n any one colony and 

the l a r g e element of s u b j e c t i v e judgement i n v o l v e d i n i d e n t i f i c a t i o n . 

I t was considered u s e f u l t h e r e f o r e , to develop an a l t e r n a t i v e , 

o b j e c t i v e technique f o r i d e n t i f y i n g organisms (Chapter S ) . 

Developing a standard r e c o r d i n g procedure i s i n i t s e l f l i k e l y to be 

u s e f u l i f the p r e s e n t trend i n the use of the numerical taxonomic 

approach i s continued. 

A c o n s i d e r a b l e number of personal r e p o r t s , concerning the 

d i s t r i b u t i o n of R i v u l a r i a were given to the author. I t was hoped 

tha t by v i s i t i n g these areas and a n a l y s i n g the water, a more d e t a i l e d 

account of the d i s t r i b u t i o n of R i v u l a r i a . i n r e l a t i o n to water chemistry, 

would emerge from these s t u d i e s . 

The study was r e s t r i c t e d to two genera, C a l o t h r i x and R i v u l a r i a . 

As only s p e c i e s of C a l o t h r i x were a v a i l a b l e i n a x e n i c c u l t u r e , most 

of the experimental work was confined to r e p r e s e n t a t i v e s of t h i s 

genus. Furthermore i t was r e l a t i v e l y easy to c u l t u r e members of 

t h i s genus i n the l a b o r a t o r y and they do not have the colony s t r u c t u r e 

of the R i v u l a r i a ' . ..c which adds many c o m p l i c a t i o n s to the experimental 

work. However, i n the e c o l o g i c a l work, members of the genus R i v u l a r i a 
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were the main study organisms. The macroscopic growth form of 

t h i s group meant th a t i t was easy to f i n d i n the f i e l d ; a process 

which would have been d i f f i c u l t i f C a l o t h r i x had been s t u d i e d i n 

the f i e l d . 

Although i t was i m p r a c t i c a l to study more than two genera, t h i s 

w i l l i n e v i t a b l y cause d i f f i c u l t i e s when drawing g e n e r a l c o n c l u s i o n s , 

and t h i s f a c t should be borne i n mind throughout t h i s work. 
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2 MATERIALS AND METHODS 

2.1 L i s t of a b b r e v i a t i o n s i n t e x t . 

°C = degrees C e l s i u s 

EDTA = e t h y l e n e d i a m i n e t e t r a - a c e t i c a c i d 

g = gram 

h = hour 

1 = l i t r e 

ug = microgram 

um = micrometre 

mg = m i l l i g r a m 

ml = m i l l i l i t r e 

mm = m i l l i m e t r e 

min = minute 

M = molar 

nm = nanometre 

OD = o p t i c a l d e n s i t y 

u.v. = u l t r a - v i o l e t 

w/v = weight per volume 

2.2 A l g a l m a t e r i a l s 

Three types of m a t e r i a l were used during the p r e s e n t study, 

a x e n i c c u l t u r e s , u n i a l g a l c u l t u r e s and f i e l d m a t e r i a l . The m a j o r i t y 

of the experimental work made use of a x e n i c c u l t u r e s ( S e c t i o n s 4.2 

and 4.3). The Durham c u l t u r e numbers are employed i n the t e x t to 
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i d e n t i f y each s t r a i n , which does not have a s p e c i f i c name. 

Axenic and u n i a l g a l c u l t u r e s 

A l g a l c u l t u r e s were obtained from s e v e r a l C u l t u r e C o l l e c t i o n s 

and from i n d i v i d u a l people. D e t a i l s of the c u l t u r e s and t h e i r 

o r i g i n s are given i n Table 2.1. 

T e s t s were made on the p u r i t y of a l l axenic c u l t u r e s p r i o r to 

t h e i r use f o r experimental purposes. These t e s t s were c a r r i e d out 

usin g beef peptone agar, malt e x t r a c t agar and y e a s t agar, as 

de s c r i b e d by Khoja (1973). A l l m a t e r i a l was examined 

m i c r o s c o p i c a l l y . As a f u r t h e r check, a 1% sucrose s o l u t i o n was 

added to an o l d f l a s k of the m a t e r i a l and a f t e r s e v e r a l days the 

c u l t u r e checked f o r b a c t e r i a l growth. 

F i e l d m a t e r i a l 

F i e l d m a t e r i a l was c o l l e c t e d by the author and brought back 

to the l a b o r a t o r y i n polythene b o t t l e s or bags. M a t e r i a l to be 

used f o r experiments was s t o r e d a t 4°C and used w i t h i n 24 h. 

Observations d e s c r i b e d i n Chapter 3 were made u s i n g samples of 

R i v u l a r i a from four s i t e s : 

( 1 ) Gordale Beck (SD 912656) 

( 2 ) Slapestone S i k e (NY 815304) 

( 3 ) Sunbiggin f l u s h (NY 671077) 

( 4 ) T ulach H i l l (NN 869644) 

I n a d d i t i o n samples of G l o e o t r i c h i a from B r a s s i d e (NZ 292454), 

L l a n g o r s e (SD 127270) and Sunbiggin (NY 670075) were a l s o used. 
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Each f i e l d sample c o l l e c t e d was given a code number for 

computational purposes (Appendix IV). 

2.3 Apparatus 

( i ) Glassware 

A l l glassware used was of Pyrex brand. 

( i i ) Apparatus used f o r growing c u l t u r e s 

M a t e r i a l was c u l t u r e d i n c o n i c a l f l a s k s , stoppered 

w i t h non-absorbent cotton wool plugs ( B e s t q u a l i t y C249, Robinson 

and Sons, L t d . , C h e s t e r f i e l d ) . The f l a s k s were kept on s h e l v e s i n 

growth rooms or i n shake tanks, both with constant l i g h t and 

temperature regimes. L i g h t was s u p p l i e d c o n t i n u o u s l y through 

24 h, by warm white f l u o r e s c e n t tubes. For the m a j o r i t y of the 

experimental work the f l a s k s were kept i n the shake tanks and were 

moved through a h o r i z o n t a l d i s t a n c e of 20 mm, 72 times m i n . - 1 

( i i i ) Measurement of p h y s i c a l f e a t u r e s 

The l i g h t i n t e n s i t y was measured w i t h an EEL Lightmaster 

photometer, a t the s u r f a c e of the water i n the shake tanks, or a t 

the plane of the middle of the medium i n the growth f l a s k s and 

o r i e n t a t e d a t r i g h t angles to the source of l i g h t . L i g h t i n t e n s i t y 

was expressed i n lux. 

Temperature was c o n t r o l l e d t h e r m o s t a t i c a l l y and was 

expressed i n degrees C e l s i u s . 

( i v ) pH measurements 

Measurements of pH were made i n the l a b o r a t o r y u s i n g a 

PYE Dynacap pH meter (Model 291), and i n the f i e l d u s i n g a PYE 

Unicam pH meter (Model 293). 
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2.4 Chemicals 

A l l of the chemicals used f o r making i n o r g a n i c media were of 

Analar grade w i t h the exception of Ca(N0 3> 2. Chemicals were s u p p l i e d 

by the B r i t i s h Drug House Ltd. Non-analar sodium-B-glycerophosphate 

was used as a source of organic phosphate. 

2.5 Media 

During the e a r l y experimental work, media were prepared u s i n g 

d i s t i l l e d water, however during the l a t e r s t a g e s , d e i o n i s e d d i s t i l l e d 

water was used. F r e s h media were prepared every time the algae were 

subcultured. Stock s o l u t i o n s were added to approximately 900 ml of 

water, the c h e l a t i n g agent, e t h y l e n e d i a m i n e t e t r a - a c e t i c a c i d (EDTA) 

and the micro-elements being added l a s t . I n order to minimise the 

p r e c i p i t a t i o n of phosphate i n AD medium, the phosphate was made up 

and autoclaved s e p a r a t e l y . T h i s was then added to s t e r i l i s e d media 

which had cooled f o r s e v e r a l hours. S o l i d media were prepared by 

b o i l i n g the l i q u i d media ( w i t h phosphate added) and then adding I o n 

Agar a t a c o n c e n t r a t i o n of 1.5% (w/v). 

S e v e r a l growth media were used during t h i s study, the chemical 

compositions of which are given i n Table 2.2. For most of the 

experimental work, a medium l a c k i n g combined n i t r o g e n , modified 

from A l l e n and Arnon (1955), was used. I n the remainder of the 

t e x t , media l a c k i n g combined n i t r o g e n w i l l be designated N media' 

and media c o n t a i n i n g combined n i t r o g e n , ' + N media 1. The 

experimental medium modified from A l l e n and Arnon (1955) w i l l be 

designated 'AD1, and may be compared w i t h the o r i g i n a l medium i n 

Table 2.2. 
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Most of the experimental work was concerned w i t h the e f f e c t 

of combined n i t r o g e n on growth and morphology ( S e c t i o n 4.2 and 4.3). 

D e t a i l s of the n i t r o g e n sources and media used, are given below. 

( i ) Ammonium-nitrogen 

NH^Cl was used as the source of NH^-N. As a pre c a u t i o n a g a i n s t 

evaporation of ammonia during a u t o c l a v i n g and r e a b s o r p t i o n on c o o l i n g , 

s t o c k s o l u t i o n s f o r each of the NH.-N l e v e l s were autoclaved 
4 

s e p a r a t e l y . A check was made on the l e v e l of ni t r o g e n i n the medium, 

before and a f t e r a u t o c l a v i n g ( F i g . 2.1). The o r i g i n a l media 

contained 0-100 mg l " 1 NH^Cl, which i s e q u i v a l e n t to 0-26 mg l " 1 

NH^C1-N. The l e v e l of NH^-N i n the media changed during a u t o c l a v i n g , 

and hence the v a l u e s obtained a f t e r a u t o c l a v i n g have been used. 

( S e c t i o n s 5.21, 5.22). 

D i f f i c u l t i e s were found i n b u f f e r i n g the media w i t h high l e v e l s 

of NH^C1-N. As a r e s u l t of these d i f f i c u l t i e s NO^-N was used f o r 

most of the experimental work. 

( i i ) N i t r a t e - n i t r o g e n 

Sodium n i t r a t e was used as a source of NO^-N. T h i s was used 

i n p r e f e r e n c e to the potassium s a l t , as C a l o t h r i x scopulorum, one of 

the s t r a i n s used, was a marine s t r a i n . The maximum l e v e l of n i t r o g e n 

i n the medium was designed to be g r e a t e r than that of the a l g a , 

as f o l l o w s : assuming t h a t the dry weight of the algae was not 

l i k e l y to exceed 2 g 1 * and that 7% of the dry weight was n i t r o g e n 

(Fay 1969), the algae would c o n t a i n a maximum of 140 mg 1 For 

experiments u s i n g N0^-N ( S e c t i o n 5.3), the + N medium contained 

140 mg 1 ~ V 
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As a check t h a t changes i n the growth and morphology of the 

algae were not due to changes i n the i o n i c c o n c e n t r a t i o n , the 

s t r a i n s of C a l o t h r i x were a l s o c u l t u r e d i n AD w i t h a d d i t i o n a l 

sodium c h l o r i d e . The l e v e l of sodium i n t h i s c o n t r o l was equal 

to the l e v e l of sodium i n the n i t r a t e s a l t (0.23 g l _ 1 N a ) . 

2.6 C u l t u r e techniques 

2.61 Cl e a n i n g of glassware 

C o n i c a l f l a s k s used f o r c u l t u r i n g the algae were washed by 

soaking i n a hot s o l u t i o n of 'Quadralene' l a b o r a t o r y detergent. 

A f t e r soaking, the f l a s k s were scrubbed to remove any a l g a l m a t e r i a l , 

r i n s e d thoroughly i n d i s t i l l e d water and d r i e d i n an oven a t 105°C. 

I f the a l g a l m a t e r i a l was attached too f i r m l y to be removed 

by t h i s method, the f l a s k s were soaked overnight i n an a c i d mixture 

of one volume of s a t u r a t e d sodium n i t r i t e to s i x volumes of 

concentrated s u l p h u r i c a c i d . The f l a s k s were then r i n s e d and d r i e d 

as d e s c r i b e d . I n order to keep the c u l t u r e f l a s k s f r e e from n i t r o g e n 

c o n t a i n i n g chemicals, t h i s technique was used as l i t t l e as p o s s i b l e . 

P i p e t t e s used f o r making up the growth media were cleaned by 

soaking thoroughly and washing w i t h d i s t i l l e d water. Those which 

had been used f o r i n s o l u b l e compounds were cleaned by soaking i n HC1 

and then thoroughly r i n s i n g i n d i s t i l l e d water. P i p e t t e s which had 

been i n c o n t a c t w i t h organic matter were a c i d washed i n the same 

way as the f l a s k s . 
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2.62 S t e r i l i s a t i o n 
_2 A l l l i q u i d media are s t e r i l i s e d by a u t o e l a v i n g a t 15 l b i n c h 

(103.35 Nm ) f o r 15 min. A l l s o l i d media were s t e r i l i s e d by 
-2 -2 

a u t o c l a v i n g a t 10 l b i n c h (68.95 Nra ) f o r 10 min. P i p e t t e s were 

plugged with non-absorbent cotton wool and s t e r i l i s e d i n the same 

way as l i q u i d media. Organic phosphate was s t e r i l i s e d by membrane 

f i l t r a t i o n (0.22 um M i l l i p o r e f i l t e r ) . The p a r t s of the f i l t r a t i o n 

apparatus were wrapped i n aluminium f o i l and s t e r i l i s e d i n the same 

way as the l i q u i d media. 

I n o c u l a t i o n was c a r r i e d out i n a room which was p a r t i a l l y 

s t e r i l i s e d p r i o r to use. The room was prepared by s p r a y i n g with 

absolute e t h a n o l , to remove suspended m a t e r i a l from the atmosphere 

and by i r r a d i a t i n g w i t h u l t r a - v i o l e t l i g h t f o r 20 min. Immediately 

before and a f t e r any i n o c u l a t i o n , the bench s u r f a c e was flamed. 

During i n o c u l a t i o n , the necks of the f l a s k s were heated i n a Bunsen 

flame, i n order t h a t upward convection c u r r e n t s would reduce the r i s k 

of a i r - b o r n e contaminants f a l l i n g i n t o the c u l t u r e v e s s e l s . 

2.63 Standard growth c o n d i t i o n s 

When the algae were f i r s t r e c e i v e d from the C u l t u r e C o l l e c t i o n s , 

they were kept a t a low l i g h t i n t e n s i t y of approximately 1000 lux. 

A f t e r s e v e r a l days the m a t e r i a l was t r a n s f e r r e d to AD and ASM -1 - N 

(Gorham, McLachlan, Hammer and Kim 1964). The m a t e r i a l was grown 

at 2000 l ux and a t 20°, 25° and 35°C. The optimum growth c o n d i t i o n s 

were determined by i n s p e c t i n g three f l a s k s of inoculum, and 

subsequently each s t r a i n was sub c u l t u r e d under these c o n d i t i o n s 

( T a b l e 2.3). 
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2.64 Inoculum m a t e r i a l 

Inoculum m a t e r i a l f o r experiments was taken from c u l t u r e s 

which were between 21-28 days o l d , and which had been grown i n 

50 ml of medium under the standard growth c o n d i t i o n s (Table 2.3). 

As many of the experimental organisms grew as a continuous 

mat on the s u r f a c e of the l i q u i d media, some d i f f i c u l t y was found 

i n o b t a i n i n g a uniform inoculum. Using a 'Whirlimix' to break up 

the m a t e r i a l p r i o r to i n o c u l a t i o n was p a r t i a l l y s u c c e s s f u l , but the 

p i e c e s of mat were not of uniform s i z e . Using m a t e r i a l i n the 

c u l t u r e medium beneath the mat produced a more uniform inoculum, 

but the r e l a t i v e l y s m a l l s i z e of the inoculum r e s u l t e d i n v e r y slow 

growth. 

For experimental purposes, 1 ml of c u l t u r e w i t h p i e c e s of a l g a l 

mat of approximately the same s i z e , was i n o c u l a t e d i n t o 25 ml of 

media. I t was n e c e s s a r y to use a l a r g e number of f l a s k s as sources 

of inoculum, i n order to be able to s e l e c t p i e c e s of approximately 

the same s i z e . Furthermore, as many r e p l i c a t e f l a s k s as p o s s i b l e 

were used f o r each experiment. 

2.7 Measurement of growth and morphological v a r i a t i o n 

2.71 Dry weight 

The c u l t u r e was removed from the growth f l a s k , t r a n s f e r r e d to a 

v o l u m e t r i c c y l i n d e r and the volume recorded. The c u l t u r e was 

c e n t r i f u g e d a t 4000 x g f o r 10 min. The l i q u i d was decanted o f f 

and kept f o r f u r t h e r a n a l y s i s or d i s c a r d e d . The a l g a l m a t e r i a l was 

then washed w i t h d i s t i l l e d water and r e - c e n t r i f u g e d a t 4000 x g f o r 

10 min. Washing and c e n t r i f u g i n g was repeated twice. The d i s t i l l e d 
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water was decanted o f f and the a l g a l m a t e r i a l t r a n s f e r r e d to a 

v i t r e o s i l c r u c i b l e ( p r e v i o u s l y d r i e d a t 105°C). The m a t e r i a l was 

d r i e d f o r 36 h a t 105°C. 

2.72 Trichome dimensions and morphological v a r i a t i o n 

Measurements ( i ) and ( i i ) were made on trichomes from c u l t u r e s 

which were 21 days o l d and had been grown under standard growth 

c o n d i t i o n s ( T a b l e 2.3). 

( i ) The mean width and length of b a s a l and a p i c a l c e l l s were 

based on measurements of 30 trichomes. 10 trichomes were measured 

at random, from each o f three f l a s k s . The trichome length of each 

of the 30 trichomes was a l s o recorded. 

( i i ) Measurements of every c e l l of i n d i v i d u a l trichomes were 

made on three trichomes only. The three trichomes of each s t r a i n 

were chosen a t random, w i t h the p r o v i s o t h a t the trichomes were tapered 

and that every c e l l could be seen c l e a r l y . 

( i i i ) The percentage of trichomes which tapered ( S e c t i o n s 4.21, 

4.31, 4.32) was estimated by counting the number of f i l a m e n t s which 

tapered and the number which d i d not taper, i n three f i e l d s o f view, 

s e l e c t e d a t random from each of three samples of algae. Three samples 

were taken from each of three r e p l i c a t e f l a s k s . The percentage of 

trichomes w i t h h e t e r o c y s t s was estimated i n a s i m i l a r way. 

( i v ) E s t i m a t e s of trichome length and h a i r length, of trichomes 

c u l t u r e d a t d i f f e r e n t l e v e l s of phosphate, were based on 30 measurements 

taken a t random from each of two a l g a l c o l o n i e s ( S e c t i o n 4.4). 
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( v ) Volume and e x t e r n a l s u r f a c e a r e a were c a l c u l a t e d u s i n g 

the formulae: 

V = n r 2 h 

SA = 2itrh 

where 

V = c e l l volume 

SA = e x t e r n a l s u r f a c e a r e a of c e l l 

r = iy c e l l width, measured a t mid-point of c e l l 

h = c e l l length 

2.8 Chemical a n a l y s e s 

The l e v e l of NH^-N i n the experimental media ( S e c t i o n 4.2) 

was determined u s i n g the d i r e c t N e s s l e r i s a t i o n technique (American 

P u b l i c Health A s s o c i a t i o n , 19 71). 

Water samples c o l l e c t e d i n the f i e l d were immediately f i l t e r e d 

through a number 1 ' S i n t a ' g l a s s funnel and l a t e r through a number 4 

funnel. Samples were s t o r e d i n Fyrex b o t t l e s and analysed as soon 

as p o s s i b l e a f t e r c o l l e c t i o n . The methods recommended by the 

American P u b l i c H e a l t h A s s o c i a t i o n (1971) were used f o r a l l a n a l y s e s 

of S i ( h e t e r o p o l y blue method) and of C I (argentometric t i t r a t i o n ) . 

A l l c a t i o n s of samples c o l l e c t e d s i n c e 19 72 were determined by u s i n g 

a PERKIN EIMER atomic a b s o r p t i o n spectrophotometer (Model 403). 

The l e v e l s of Na, K, Mg and Ca, i n samples c o l l e c t e d p r i o r to t h i s 

were determined by u s i n g flame photometric methods ( f o r Na and K) 

and the EDTA t i t r i m e t r i c method ( f o r Ca and Mg) (American P u b l i c 
Health A s s o c i a t i o n 1965). 
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2.9 Acetylene r e d u c t i o n 

Experimental procedures concerning the use of a c e t y l e n e 

r e d u c t i o n technique as an a s s a y of n i t r o g e n f i x a t i o n have been 

d i s c u s s e d by Stewart, F i t z g e r a l d and B u r r i s (1968). More 

r e c e n t l y the a p p l i c a t i o n of the a c e t y l e n e r e d u c t i o n a s s a y f o r 

measurement of n i t r o g e n f i x a t i o n has been d i s c u s s e d by Hardy, B u r r i s 

and Holsten (1973). 

7 ml serum b o t t l e s c o n t a i n i n g 1 ml of c u l t u r e were used. 

1.4 ml of a c e t y l e n e was i n j e c t e d i n t o each serum b o t t l e . The algae 

were incubated f o r c e r t a i n lengths of time and the amount of ethylene 

produced by a c e t y l e n e r e d u c t i o n determined. ( S e c t i o n s 4.22, 4.31, 

4.32). The gas was analysed u s i n g a gas chromatograph (VARIAN 1200 

model), a t an i n j e c t i o n temperature of 70°C and a flame temperature 

of 100°C. 

2.10 C o l l e c t i o n of f i e l d data 

Water samples and a l g a l m a t e r i a l were c o l l e c t e d from s e v e r a l 

areas of B r i t a i n ( S e c t i o n 6.3). Each stream s t u d i e d was d i v i d e d 

i n t o a number of reaches, as suggested by Whitton, Diaz and Hughes (1974). 

Each reach was approximately 10 m long but t h i s could be reduced 

to a l l o w f o r any changes i n water chemistry or flow of water p a s s i n g 

a t h e o r e t i c a l t r a n s e c t . The number of samples c o l l e c t e d from each 

reach depended on the range of m i c r o h a b i t a t s w i t h i n t h a t p a r t i c u l a r 

reach. A sample c o n s i s t e d of 3-6 c o l o n i e s , which were c o l l e c t e d 

f o r m i c r o s c o p i c examination. 
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The physiognomic form of each a l g a l sample and a d e s c r i p t i o n 

of the m i c r o h a b i t a t was recorded according to a standard procedure 

being used i n the Botany Department a t Durham ( s e e below). Each 

of the three c o l o n i e s was examined m i c r o s c o p i c a l l y to o b t a i n an 

o v e r a l l impression of the m a t e r i a l e.g. the frequency of tapered 

f i l a m e n t s and p a r a l l e l f i l a m e n t s . 10 trichomes from each 

p r e p a r a t i o n were taken a t random and scored. However as i t was 

n e c e s s a r y to make every o b s e r v a t i o n on a s i n g l e f i l a m e n t , i t was 

o f t e n n e c e s s a r y to discount some of the f i l a m e n t s f o r coding purposes. 

Information about each f i l a m e n t was recorded u s i n g a standard procedure 

developed by the author ( S e c t i o n 5.2). Each f i l a m e n t was then 

i d e n t i f i e d u s i n g a program 1 IDENTIFY 1, as d e s c r i b e d i n S e c t i o n 5.412. 

The r e c o r d i n g procedure used f o r physiognomic and environmental 

data i n c o r p o r a t e d the f o l l o w i n g i n f o r m a t i o n : sampling date, g r i d 

r e f e r e n c e , sample number, h a b i t a t category, physiognomic category, 

proportion of stream bed mosaic c o n t r i b u t e d by t h a t physiognomic 

category, t h i c k n e s s s c a l e , s u b s t r a t e , s u b s t r a t e s i z e , s u b s t r a t e 

microtopography, s u r f a c e i n c l i n a t i o n , s u r f a c e a s p e c t , water depth a t 

p o s i t i o n of sample, veiooKjof flow a t time and p o s i t i o n of sample and 

exposure to l i g h t a t sample point. T h i s data weft recorded as p a r t 

of the program 'FIELD' and a d e s c r i p t i o n of the input format i s given 

w i t h a d e s c r i p t i o n of t h i s program ( S e c t i o n 2.11). The coding 

scheme used f o r physiognomic and environmental f a c t o r s was as 

f o l l o w s : 

H a b i t a t category 

0. Not known 
1. Flowing water 
2. Pond or lake 

3. T e r r e s t i a l 
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Physiognomic c a t e g o r i e s 

0. Not known 
1. F i l m 
2. F i l a m e n t s or filamentous f l o e , + h o r i z o n t a l 
3. F i l a m e n t s , predominantly v e r t i c a l 
4. T o t a l l y e n c r u s t i n g 
5. P a r t i a l l y e n c r u s t i n g 
6. " F e l t " : interwoven f i l a m e n t s or other s m a l l t h a l l i (+ p r o s t r a t e , 

without s o f t mucilage, of t e n l i f t i n g as s h e e t ) 
7. Attached s u b s p h e r i c a l or h e m i s p h e r i c a l c o l o n i e s , without obvious 

s u r f a c e f i l m 
8. Attached s u b s p h e r i c a l or h e m i s p h e r i c a l c o l o n i e s , w i t h obvious s u r f a c e 

f i l m or other c l o s e l y a s s o c i a t e d s u r f a c e growth 
9. (Not a p p l i c a b l e ) 

10. L a r g e r g e l a t i n o u s c o l o n i e s , + o r i e n t a t e d i n d i r e c t i o n of flow 
11. V a r i o u s l a r g e r p l a n t growths, + o r i e n t a t e d i n d i r e c t i o n of flow 
12. Various l a r g e r p l a n t growths, + v e r t i c a l 
13. "Loose" c o l o n i e s , g r e a t e r than 4 mm diameter 
14. Algae d i s p e r s e d among n o n - l i v i n g p a r t i c l e s 
15. P l a n k t o n i c , whole "standing crop" 
16. Unattached, o b v i o u s l y deposited by stream 

41. Not "standing crop", only subsample of data recorded elsewhere: 
42. Not "standing crop", f l o a t i n g a t or near s u r f a c e , data not 

recorded elsewhere 
43. Not "standing crop", plankton sampled c. 20 mm below s u r f a c e , 

data not recorded elsewhere 

61. "Aufwuchs" on l a r g e r p l a n t : f i l m 
62. "Aufwuchs" on l a r g e r p l a n t : f i l a m e n t s or filamentous f l o e 
63. "Aufwuchs 1 1 on l a r g e r p l a n t : f i l a m e n t s , predominantly v e r t i c a l 
64. "Aufwuchs 1 1 on l a r g e r p l a n t : p a r t i a l l y e n c r u s t i n g 
65. "Aufwuchs" on l a r g e r p l a n t : " f e l t " 
66. "Aufwuchs" on l a r g e r p l a n t : attached s u b s p h e r i c a l or h e m i s p h e r i c a l 

c o l o n i e s , without obvious s u r f a c e f i l m 
6 7. "Aufwuchs" on l a r g e r p l a n t : attached s u b s p h e r i c a l or h e m i s p h e r i c a l 

c o l o n i e s , w i t h obvious s u r f a c e f i l m 
68. "Aufwuchs 1 1 on l a r g e r p l a n t : l a r g e r g e l a t i n o u s c o l o n i e s , + o r i e n t a t e d 

i n d i r e c t i o n of flow 

C a t e g o r i e s 7 and 8 are p a r t i c u l a r l y r e l e v a n t to R i v u l a r i a c o l o n i e s 

B. Proportion of stream bed mosaic ( l i v i n g + n o n - l i v i n g ) c o n t r i b u t e d by 
same physiognomic forms as the sample u n i t 

0. Not known 
1. 0 - 0.1% 
2. 0.1 - 1% 
3. 1 - 10% 
4. 10 - 100% 
5. 
6. 
7. 
8. 
9. (Not a p p l i c a b l e ) 
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C. T h i c k n e s s s c a l e 

0. Not known 
1. Very t h i n 
2. T h i n 
3. Moderate + 

9. Not a p p l i c a b l e 

D. S u b s t r a t e 

0. Not known 
1. Metamorphosed limestone 
2. Magnesian limestone 
3. Other limestone 
4. Chalk 
5. Sandstone ( c o a r s e or medium), without lime 
6. Igneous rocks, or compacted sandstone, without lime 
7. Sandstone ( c o a r s e or medium), w i t h d e t e c t a b l e lime 
8. Igneous r o c k s , or compacted sandstone, w i t h d e t e c t a b l e lime 
9. Not a p p l i c a b l e , i n c l u d i n g 'obviously mixed 1 

10. Shale 
11. Cement 
12. B r i c k 
13. Wood 
14. Peat 
15. P l a s t i c 

E. S u b s t r a t e s i z e 

0. Not known 
1. Sheet 
2. Large boulder 
3. Medium boulder 
4. Large pebble or sm a l l boulder 
5. Small pebble 
6. Sa n d - s i z e p a r t i c l e s 
7. Coarse or medium s i l t 
8. Very f i n e s i l t 
9. Not a p p l i c a b l e 

F. S u b s t r a t e microtopography 

0. Not known 
1. Emergent above average l e v e l 
2. Plane 
3. Hollows (+ round) 
4. Crack a c r o s s flow 
5. Crack w i t h flow 
6. Channel ( l e s s than 50 mm wide, and a t l e a s t 30 mm deep) 
7. 
8. 
9. Not a p p l i c a b l e 



-59-

G. Surface i n c l i n a t i o n 

0. Not known 
1. None d e t e c t a b l e v i s u a l l y 
2. J u s t d e t e c t a b l e v i s u a l l y 10° 
3. 10-45° 
4. 45-85° 
5. Approximately v e r t i c a l 
6. More than v e r t i c a l 
7. L i p 
8. 
9. Not a p p l i c a b l e 

H. Su r f a c e a s p e c t 

0. Not known 
I . Upstream 
2. Downstream 
3. Side 
4. Underneath, or n e a r l y so 
5. 

9. Not a p p l i c a b l e 

I . Water depth at p o s i t i o n of sample 

0. Not known 
1. Dry 
2. Moist, or v e r y t h i n f i l m ( < 2 mm) 
3. 2 - 20 mm 
4. 20 - 100 mm 
5. Over 100 mm 

9. Not a p p l i c a b l e 

J . Rate of flow a t time and point of sampling 
( i n r e l a t i o n to t h a t of main c u r r e n t on t h a t p a r t i c u l a r time) 

0. Not known 
1. None 
2. Slow 
3. Medium 
4. F a s t 
5. Very f a s t 

9. Not a p p l i c a b l e 
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K. Exposure to l i g h t a t a c t u a l sample p o i n t 

0. Not known 
1. More or l e s s open through year 
2. Moderate cover through year 
3. Heavy shade through year 
4. Moderate shade i n summer 
5. Heavy shade i n summer 
6. 
7. 
8. 

9. Not a p p l i c a b l e 

2.11 Computing 

A l l computing was done u s i n g the Durham l i n k to the IBM 360 

a t Newcastle. Three programs were w r i t t e n f o r t h i s work. D e s c r i p t i o n s 

of t h e i r use and i n s t r u c t i o n s concerning data input are given below. 

( i ) FIELD 

T h i s program was designed to record d e t a i l s of m i c r o h a b i t a t , 

physiognamy and trichome morphology. M i c r o h a b i t a t and physiognomic 

data were coded as d e s c r i b e d above, trichome data was coded according 

to a scheme o u t l i n e d i n S e c t i o n 5.2. The program was designed to 

record data i n a t a b l e form, f o r ease of p r e s e n t a t i o n and i n a form 

i n which i t could be used w i t h two o t h e r programs 'IDENTIFY' and 

1 QUESTION 1. The program i s l i s t e d i n Table 2.4. The data was 

punched i n the f o l l o w i n g format: 

Card 1, h a b i t a t data which i s punched a s : 

Col . 1-6, a s i x d i g i t i n t e g e r r e p r e s e n t i n g the date e.g. 

161071 r e p r e s e n t s a 16th. October 1971 

C o l . 8-15, an alphanumeric of 2 l e t t e r s and 6 i n t e g e r s 

r e p r e s e n t i n g the g r i d r e f e r e n c e 

C o l . 17-21, a f i v e d i g i t i n t e g e r r e p r e s e n t i n g the sample 

number 
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C o l . 23-24, a two d i g i t i n t e g e r r e p r e s e n t i n g the h a b i t a t 
category 

C o l . 26-27, a two d i g i t i n t e g e r r e p r e s e n t i n g the 

physiognomic category 

C o l . 29, 31, 33, 35, 37, 39, 40, 41, 43, 45, 47, e l e v e n 

s e p a r a t e i n t e g e r s r e p r e s e n t i n g the codes f o r h a b i t a t 

c a t e g o r i e s B-K, as d e s c r i b e d i n the r e c o r d i n g scheme (p. 57 ) 

Card 2, macrocharacter data which i s punched a s : 

C o l . 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, twelve 

s e p a r a t e i n t e g e r s r e p r e s e n t i n g the macrocharacters 1-12, 

as d e s c r i b e d i n S e c t i o n 5.23 ( f o r computational purposes 

these were designated A l - L l ) 

Subsequent c a r d s , trichome data. The data f o r one trichome i s 

punched on one c a r d a s : 

C o l . 1-2, trichome number 

Co l . 4, an i n t e g e r r e p r e s e n t i n g trichome c h a r a c t e r A2 

( C h a r a c t e r s A2 - V2 are d e s c r i b e d i n S e c t i o n 5.23) 

C o l . 6, an i n t e g e r r e p r e s e n t i n g trichome c h a r a c t e r B2 

C o l . 8-11, and 13-16, two, four d i g i t i n t e g e r s r e p r e s e n t i n g 

the trichome c h a r a c t e r s C2 and D2 

C o l . 18-21, a r e a l number r e p r e s e n t i n g trichome c h a r a c t e r E2 

C o l . 23, 24, 27, 29, 31, 33, 35, seven s e p a r a t e i n t e g e r s 

r e p r e s e n t i n g trichome c h a r a c t e r s F2 - L2 

C o l . 37-40 and 42-45, two r e a l numbers r e p r e s e n t i n g trichome 

c h a r a c t e r s M2 and N2 

C o l . 47 and 49, two i n t e g e r s r e p r e s e n t i n g trichome c h a r a c t e r s 

02 and P2 
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C o l . 51-54, a r e a l number r e p r e s e n t i n g trichome c h a r a c t e r Q2 

Col. 56, 58, 60, 62, 64, f i v e i n t e g e r s r e p r e s e n t i n g trichomes 

c h a r a c t e r s R2 - V2 

Samples a re separated by a c a r d w i t h 00 punched i n columns 1 and 2. 

The end of the data i s i n d i c a t e d by a card punched as 000-1 i n the 

f i r s t f i v e columns. 

( i i ) 'IDENTIFY' 

T h i s program was designed to i d e n t i f y unknown s p e c i e s by 

comparing the unknown i n turn w i t h each known s p e c i e s ( S e c t i o n 5.411). 

The s p e c i e s showing the c l o s e s t agreement w i t h the unknown i s taken 

as the c o r r e c t i d e n t i f i c a t i o n . The c o e f f i c i e n t s o f resemblance used 

w i t h t h i s program a re d e s c r i b e d i n S e c t i o n 5.41. Data were coded 

accor d i n g to the scheme given i n S e c t i o n 5.2 and input 

i n F2 format i . e . an i n t e g e r up to two d i g i t s long. ( I f there i s 

only one d i g i t i t i s r i g h t j u s t i f i e d ) . A l i s t i n g of the program i s 

given i n Table 2.5. 

( i i i ) 'QUESTION' 

T h i s program was designed to answer data q u e r i e s , u s i n g the 

inf o r m a t i o n c o l l e c t e d from the f l o r a s , p a r t i c u l a r l y from G e i t l e r (1932). 

Data (Appendix I I ) were coded i n the way d e s c r i b e d f o r 'IDENTIFY' 

(above). A l i s t i n g of the program i s given i n Table 2.6. 

2.12 S t a t i s t i c s 

Means and standard e r r o r s were c a l c u l a t e d u s i n g a computer 

program produced by Durham U n i v e r s i t y Computer Department. 

Comparisons of r e s u l t s u s i n g the standard e r r o r of the d i f f e r e n c e 
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between the means and the t - t e s t were based on Morony (1951). 

Water chemistry data ( S e c t i o n 6.3) was compared u s i n g the 

non-parametric Mann-Whitney U - t e s t ( S i e g e l 1956, E l l i o t t 1971). 
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3 TAPERING AND THE HAIR 

3.1 I n t r o d u c t i o n 

The background l i t e r a t u r e concerning t a p e r i n g and the h a i r 

has been d e s c r i b e d i n S e c t i o n 1.3. As t h i s i nformation was l a r g e l y 

q u a l i t a t i v e , an attempt was made to develop a more q u a n t i t a t i v e 

approach. I t i s only i n t h i s way t h a t comparisons can be made 

which might provide some evidence f o r the f a c t o r s which i n f l u e n c e 

the development of t a p e r i n g and h a i r formation. 

The p r e l i m i n a r y d e f i n i t i o n of t a p e r i n g ( 1 . 3 ) i m p l i e s a gradual 

r e d u c t i o n i n the diameter of a trichome. T h i s concept has a l i m i t e d 

use, not only because of i t s q u a l i t a t i v e nature, but a l s o because i t 

i s an o v e r s i m p l i f i c a t i o n of the a c t u a l shape of a tapered trichome. 

The h a i r has been defined as a s e r i e s of elongated, c o l o u r l e s s c e l l s 

(1.32) however f o r comparative work a q u a n t i t a t i v e measurement i s 

again e s s e n t i a l . 

For s i m p l i c i t y , and because no a p r i o r i r e l a t i o n s h i p between 

t a p e r i n g and h a i r development should be i m p l i e d , these two c h a r a c t e r s 

are considered s e p a r a t e l y . The concept of t a p e r i n g has been 

considered f i r s t , w i t h the aim of f i n d i n g a numerical way of e x p r e s s i n g 

the change i n shape t h a t occurs i n tapered trichomes. 

During l a t e r p a r t s of t h i s study, work on t a p e r i n g and the h a i r 

was undertaken w i t h s e v e r a l other people (Whitton, Kirkby, Fe a t and 

S i n c l a i r 1973). The r e s u l t s of t h i s work have c o n s i d e r a b l e 

s i g n i f i c a n c e to the r e s u l t s of t h i s t h e s i s , and are mentioned b r i e f l y 

i n S e c t i o n 3.5 and i n more d e t a i l i n S e c t i o n 7.6. 
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3. ?. The concept, of t a p e r i n g 

As pointed out i n S e c t i o n 3.1, the p r e l i m i n a r y d e f i n i t i o n of 

t a p e r i n g has a r e l a t i v e l y l i m i t e d use. I t only a l l o w s a simple 

yes/no answer to the quest i o n of whether a trichome t a p e r s or not, 

and t h i s i n turn imposes three problems: 

( i ) I t cannot be used i n a s s e s s i n g any of the d i f f e r i n g e x t e n t s 

to which t a p e r i n g i s e x h i b i t e d , under v a r i o u s environmental c o n d i t i o n s . 

( i i ) I t does not d e s c r i b e whether t a p e r i n g of a trichoma changes 

i n any way during development, and i f so how. 

( i i i ) The term can not be used f o r comparing d i f f e r e n t organisms 

and t h e i r responses, except i n simple p o s i t i v e and ne g a t i v e terms. 

For p r a c t i c a l reasons i t would be ver y u s e f u l to devi3fe a 

q u a n t i t a t i v e index of t a p e r i n g which would a l l o w comparisons of 

ta p e r i n g to be made. No attempt has been made to d e s c r i b e the change 

i n shape of- a trichome, from the hormogonial stage, to a tapered 

form, i n q u a n t i t a t i v e terms. 

3.21 I n d i c e s of t a p e r i n g 

I n i t s - s i m p l e s t form a tapered trichome may be considered as 

a cone. S e v e r a l i n d i c e s of t a p e r i n g were d e r i v e d from t h i s shape 

(below). The n o t a t i o n used i n derivi.ng these i n d i c e s a r e shown i n 

F i g . 3.1. 

F i g . 3.1 Notations used to d e r i v e i n d i c e s o f t a p e r i n g 

B c 
L 

B = maximum triehome diameLer 
A ~ minimum trichome diameter 



Based on the p r e l i m i n a r y d e f i n i t i o n of t a p e r i n g ( S e c t i o n 3.1), 

the change i n the diameter of a trichome can be represented by a 

t a p e r i n g index T. as f o l l o w s : 

= B - A 

I f i n s t e a d of c o n s i d e r i n g a b s o l u t e d i f f e r e n c e s , the d i f f e r e n c e i s 

expressed as a percentage of maximum width, then a second index of 

ta p e r i n g , T. can be represented by 

Using or T ^ i a p a r a l l e l hormogonium would produce a tapered 

trichome under the f o l l o w i n g c o n d i t i o n s : 

( i ) The base of the trichome became swollen, but the a p i c a l width 

remained the same as shown i n F i g . 3.2 ( a ) and ( b ) . 

( i i ) The b a s a l width remained the same but the a p i c a l width became 

narrower, as shown i n F i g . 3.2 ( c ) and ( d ) . 

( i i i ) The base became wider and the a p i c a l end of the trichome narrowed, 

as shown i n F i g . 3.2 ( e ) and ( f ) . 

The range i n the b a s a l and a p i c a l widths of 30 trichomes of 11 s p e c i e s 

of C a l o t h r i x and 4 other R i v u l a r i a c e a e were p l o t t e d a g a i n s t T^ 

( F i g . 3.3). These r e s u l t s i n d i c a t e t h a t i n most c a s e s , the b a s a l 

width i n c r e a s e s and the a p i c a l width de c r e a s e s , as T^ i n c r e a s e s . 

T h i s suggests that changes i n both the b a s a l and a p i c a l widths are 

r e s p o n s i b l e f o r changes i n the taper of the trichomes. I n some 

c a s e s , the change i n b a s a l width was n u m e r i c a l l y g r e a t e r , as i n 

C. d e s e r t i c a , C. e l e n k i n i i , C. f u s c a , C. scopulorum, C. v i g u i e r i . 

T, 2 
B - A 

B x 100 



-74-

(a) (b) 

or 

basal width apical width 

(c) (d 

(e) (f) 

F i g . 3.2 Changes i n trichome shape which produce tapering 
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F i g . 3.3 V a r i a t i o n of maximum and minimum trichome 
widths with tapering index 

R e s u l t s are shown for 11 s p e c i e s of C a l o t h r i x 
and 4 R i v u l a r i a c e a e . ( E r r o r s of + 1 urn 
were p o s s i b l e during measuring, e r r o r bars 
being i n d i c a t e d on the f i r s t graph only.) 
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Calothrix sp. D 267 and two f i e l d Rivularia samples. Changes 

due to a decrease i n width at the apical end, as increases were 

r e l a t i v e l y greater i n Calothrix g r a c i l i s , Calothrix sp. D 255 

and two Gloeotrichia samples. 

Having considered simply the change i n the diameter of a 

trichome, i t i s now necessary to take into consideration the length 

of the trichome as well. I f two trichomes have the same maximum 

and minimum diameters, but are of d i f f e r e n t lengths, then the 

shorter trichome i s more tapered. This i s because the rate of 

change i n the diameter of the trichome i s greater. Two further 

indices of tapering which include a l l three parameters, may be 

expressed as follows: 

T 

B-A . „ 
— x 100 T 

T 4 = L = r x 100 

The tapered appearance of 11 species of Calothrix and 4 other 

Rivulariaceae was studied using the four indices of tapering which 

have been described. The dimensions of the basal and apical c e l l s 

of these species are given i n Table 3.1. Based on these measurements, 

values for each of the four indices of tapering were calculated 

(Table 3.2). The species were arranged i n order, beginning with 

the most tapered i.e. the highest value for each tapering index 

(Table 3.3). As might be expected the four orders are similar but 

not i d e n t i c a l . 
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The majority of cultures examined showed considerable v a r i a t i o n 

i n the values obtained for T̂ , and i n trichome length (Fig. 3.4). 

I t seems l i k e l y that t h i s v a r i a t i o n may be due to the fact that 

trichome length (which i s always numerically greater than trichome 

width) i s incorporated i n t o the expression: 

T 4 - ¥ " 1 0 ° 

The influence of length on can be examined by p l o t t i n g curves 
B-A 

o-f constant — r — x 100. These theoretical curves were obtained by 
B-A 

substituting t h e o r e t i c a l , constant values of — r — i n the expression 
for T 4 e.g. 

I f i s given a value of 30 
D 

then at trichome length of 100 urn T, = * 1 0 0 = 30 
4 100 

at a trichome length of 200 urn T^ - ^ Q
x 1 0 0 = 15 

at a trichome length of 300 ujn T^ = 300* 1 0 ° = 1 0 

These theoretical curves were superimposed on the data i i Fig. 3.4. 

As can be seen from Fig. 3.4 the data obtained showed similar trends 

to the theoretical curves and i t seems l i k e l y that trichome length 

has considerable influence on the value obtained f o r the tapering 

index T̂ . Great care w i l l be needed when subculturing material 

to eliminate this and to obtain cultures i n which the trichomes 

are of a similar age. 
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F i g . 3.4 V a r i a t i o n i n trichome length and T 4 i n 
11 s p e c i e s of C a l o t h r i x and 4 R i v u l a r i a c e a e . 
( S o l i d l i n e s i n d i c a t e t h e o r e t i c a l curves 
of constant B-A values.) 

B 
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3.22 Detailed measurements of individual trichomes 

For s i m p l i c i t y and speed of measuring, i t i s useful to 

assume that tapering between the base and the apex i s gradual 

i.e. the change i n diameter occurs at a uniform rate. For a more 

detailed investigation of tapering i t i s necessary to record changes 

i n the dimensions of individual c e l l s i n a single trichome. The 

c e l l dimensions of 10 species of Calothrix were measured. I t 

seemed possible that t h i s data could be summarised and/or made 

easier to co l l e c t by considering measurements at 10% intervals 

along the length of the trichomes. Information i n th i s reduced 

form i s shown graphically i n Fig. 3.5. These figures give a 

rapid but approximate guide to the changes i n shape of the trichomes. 

By indicating the t o t a l length of each trichome on the graph, a l l 

four indices of tapering can be calculated. 

I t may be of interest to indicate other features of the 

trichomes, such as where the hair begins to form. I t may also be 

useful to indicate the position of the shortest c e l l s i n the 

trichome, as t h i s i s l i k e l y to include the meristematic zone. As 

described i n Section 1.33, growth has been reported from a region 

at the base of the hair and near the base of the trichome. Short 

c e l l s were observed i n both regions (Fig. 3.5), the majority being 

beneath the narrowest region of the trichome. 

Although i t i s d i f f i c u l t to make generalisations based on such 

a small number of trichomes, the results serve to i l l u s t r a t e the 

complexity of any comparative work on tapering. I n the majority of 

the cases i l l u s t r a t e d , the change i n the diameter of the trichome 
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F i g . 3.5 C e l l widths a t 10% i n t e r v a l s along 
i n d i v i d u a l trichomes. (Data given for 
10 s p e c i e s of C a l o t h r i x . ) 

( s h o r t e s l c e l l s f ) 
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appears to be more pronounced i n the basal region. Tapering 

values for in d i v i d u a l trichomes are given i n Table 3.4 the 

trichomes being arranged i n order of tapering i n Table 3.5. Although 

very few trichomes were measured and the actual figures were variable, 

the results i n Table 3.5 i l l u s t r a t e the difference arisin g from 

using t o t a l trichome length and using the length between the 

regions of maximum width and minimum width. 

Having considered changes associated with c e l l width, changes 

i n external surface area and volume of c e l l s of individual trichomes, 

were studied. The mean external surface area and volume of the 

basal and apical c e l l s of 9 species of Calothrix and 2 Gloeotrichia 

species are given i n Table 3.6. Changes i n the external surface 

area and volume of c e l l s i n single filaments of these species are 

shown i n Fig. 3.6. 

I n most cases the actual surface area and volume of the basal 

c e l l were greater than those of the apical c e l l , the exception being 

the Gloeotrichia from Sunbiggin. I n every case the r a t i o of surface 

area:volume was greater for the apical c e l l , as shown i n Table 3.7 

(see also Section 3.3). 

3.3 The hair 

The hair of members of the Rivulariaceae was described i n 

Section 1.23 as a long series of narrow c e l l s which are colourless 

or vacuolate. I n the l i t e r a t u r e , the hair has been described 

q u a l i t a t i v e l y , i n terms of being present or absent and long or short 

(Geitler 1932), but no quantitative measurements have been given. 
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Table 3.4 Tapering values (calculations based on Fig. 3.5) 

species T, T T T, * 
T 

* 
T species 1 2 3 4 5 6 

Calothrix brevissima 1.5 25 1 .33 38- 385 
C. desertica 3 .0 43 5.6 53 103 

C. fusca (1) 4.5 43 1. 7 17 17,5 166 
(2) 3.0 30 3.4 34 34.0 3 76 

C. g r a c i l i s (1) 1.5 30 2.6 51 26.0 575 
(2) 3.0 50 3.1 52 3.5 58 
(3) 1.5 30 5.9 1.30 60.0 IBO0 
(4) 1.5 30 0.3 6 3.0 68 

C. scopulorum (1) 5.5 70 5.5 70 13.8 183 
(2) 3.0 SO 8.fi 13 1 U; V 2.0 \ 
(3) 6.0 70 l l . 4 134 Z\o 

C.thermalia (1) 6.0 67 2. 7 30 2.0 13 
(2) 6.0 67 8.4 94 9.5 105 
(3) 7.5 75 4.3 41 4.1 39 
(4) 6.0 60 3.4 34 7.2 68 

C. v i g u i e r i (1) 4.5 SQ 1.2 13 1.6 18 
(2) ~l.s 1\- X\ .Irk 70. 
(3) KS SO l-q 21 7."3" 

Calothrix sp.D255 (1) 4.0 60 4.1 62 fc.«a 
(2) 3.0 50 1.8 30 3.6 61 

Calothrix sp.D258 1 0 7S kb 3« 46.0 39 
Calothrix sp.D267 (1) 1.0 25 0.9 22 . 1Z 

(2) 3.0 50 3. 7 60 7.9 153 
(3) 2.5 Sb <h.9 II 8.2 .193 

* T 5 • T 3 and Tfi = but calculated with L - length between region 

of trichome with maximum and minimum width. 

V 
l>f H> r-

LI 
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F i g . 3.6 Changes i n the e x t e r n a l s u r f a c e area and 
volume of c e l l s i n i n d i v i d u a l triehomes 
(Data given f o r 10 s p e c i e s of C a l o t h r i x . ) 

e x t e r n a l s u r f a c e area 
volume 
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Table 3.7 E x t e r n a l s u r f a c e area:volume r e l a t i o n s h i p s 

s p e c i e s b a s a l c e l l a p i c a l c e l l 

C a l o t h r i x b r e v i s s i m a 0.60 : 1 0.69 : 1 

C. e l e n k i n i i 0.53 : 1 1.05 : 1 

C. f u s c a 0.40 : 1 0.78 : 1 

C. g r a c i l i s 0.85 : 1 0.99 : 1 

C. scopulorum 0.63 : 1 1.64 : 1 

C. t h e r m a l i s 0.39 : 1 0.77 : 1 

C. v i g u i e r i 0.37 : 1 0.73 : 1 

C a l o t h r i x sp. D255 0.64 : 1 0.71 : 1 

C a l o t h r i x sp. D 258 0.73 : 1 1.05 : 1 

C a l o t h r i x sp. D 267 0.89 : 1 1.46 : 1 

G l o e o t r i c h i a ( B r a s s i d e ) 0.53 : 1 1.06 : 1 

G l o e o t r i c h i a (Sunbiggin) 0.39 : 1 0.88 : 1 
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For any d e t a i l e d i n v e s t i g a t i o n s concerning the i n f l u e n c e of 

environmental f a c t o r s on h a i r length, q u a n t i t a t i v e or a t l e a s t 

s e m i - q u a n t i t a t i v e e s t i m a t e s w i l l be e s s e n t i a l . H a i r length i s 

probably the s i m p l e s t q u a n t i t a t i v e measure. I n the m a j o r i t y of 

specimens examined by the author, the l o s s of c o l o u r occurred over 

a v e r y s h o r t p o r t i o n of the trichome and the beginning of the 

h a i r could be d i s t i n g u i s h e d e a s i l y . At the l i g h t microscope l e v e l 

the l o s s i n c o l o u r appears to be a s s o c i a t e d w i t h a l o s s i n pigment 

or w i t h the development of a v a c u o l a t e appearance. ( F i g . 3.7). 

I n the l a t t e r c ase, pigment may s t i l l be v i s i b l e , but may be 

confined to the w a l l s of the c e l l s . ( D i f f i c u l t i e s i n measuring 

h a i r length can a r i s e i f there i s no such ' t r a n s i t i o n zone 1 and 

pigment i s l o s t g r a d u a l l y ) . 

H a i r s were observed i n l a b o r a t o r y c u l t u r e (C. scopulorum) on 

one o c c a s i o n ( S e c t i o n 3.4). Changes i n the dimensions of normal 

v e g e t a t i v e c e l l s and h a i r c e l l s of t h i s s p e c i e s and s e v e r a l f i e l d 

R i v u l a r i a c e a e , are shown i n F i g . 3.8. 

I t i s evident that there i s a marked elongation of the a p i c a l 

h a i r c e l l s , the e x t e r n a l s u r f a c e a r e a being g r e a t e r than t h a t of 

the other c e l l s i n the trichome i n s e v e r a l c a s e s . P l o t t i n g h a i r 

l e n g t h a g a i n s t t o t a l trichome length ( F i g . 3.9) shows some tendency 

for the length of the h a i r to i n c r e a s e as the trichome length i n c r e a s e s . 

3.4 H a i r s i n l a b o r a t o r y c u l t u r e 

During t h i s work, 11 s p e c i e s of C a l o t h r i x were observed i n 
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F i g . 3.8 Changes i n c e l l dimensions of trichomes 
with h a i r s 
(a ) C a l o t h r i x scopulorum 
(b) G l o e o t r i c h i a ( B r a s s i d e ) 
( c ) G l o e o t r i c h i a (Llangorse) 
(d) G l o e o t r i c h i a (Sunbiggin) 
(e) R i v u l a r i a (Slapestone) 
( f ) R i v u l a r i a (Tulach h i l l ) 
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(a) Gloeotrichia (Brasside) 
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F i g . 3.9 a-c V a r i a t i o n i n h a i r length and trichome length 
( l e n g t h s measured i n um) 
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(b) Rivularig (Slapestone) 
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c u l t u r e , however, h a i r s were observed on one o c c a s i o n only, i n C. 

seopulorum (Table--3.8). T h i s c h a r a c t e r was present when the 

c u l t u r e was r e c e i v e d from the C u l t u r e C o l l e c t i o n of Algae and Protozoa, 

Cambridge, but was l o s t a f t e r s e v e r a l s u b c u l t u r e s . H a i r s re-appeared 

only once, when a b a c t e r i s e d c u l t u r e was grown i n \Mnedium. A f t e r 21 

days growth a t 5%. s a l i n i t y , the m a t e r i a l developed h a i r s . Both 

f l o a t i n g and a t t a c h e d trichomes had f a i r l y t h i c k sheaths and long 

c o l o u r l e s s h a i r s ( F i g . 3.10a and b ) . The sheaths were e i t h e r 

c o l o u r l e s s or dark brown i n the b a s a l region. At 20%. s a l i n i t y , 

the attached m a t e r i a l possessed h a i r s and a brown sheath, w h i l e the 

f l o a t i n g trichomes had a c o l o u r l e s s sheath and v e r y few possessed 

h a i r s ( F i g . 3.10c and d r e s p e c t i v e l y ) . Very l i t t l e growth occurred 

i n the m a t e r i a l grown a t 50%. and no h a i r s were observed. 

A l a t e r study c a r r i e d out w i t h s e v e r a l other workers (Whitton, 

Kirkby, Peat and S i n c l a i r 1973) r e s u l t e d i n the o b s e r v a t i o n of 

h a i r s i n 3 out of 30 s t r a i n s of R i v u l a r i a c e a e , c u l t u r e d i n AD - N medium. 

27 s t r a i n s of C a l o t h r i x d i d not form h a i r s , 1 s t r a i n , C a l o t h r i x 

sp. D. 251 possessed s h o r t h a i r s on some f i l a m e n t s and the 2 

G l o e o t r i c h i a s t r a i n s possessed h a i r s ( p e r s . com. C. S i n c l a i r ) . 

T h i s work i s d i s c u s s e d f u r t h e r i n S e c t i o n 7.6. 

F i e l d samples of R i v u l a r i a and G l o e o t r i c h i a were d i f f i c u l t to 

c u l t u r e and even u n i - a l g a l c u l t u r e s could not be obtained. 

S e v e r a l o b s e r v a t i o n s were made of h a i r length, under v a r i o u s c u l t u r e 

c o n d i t i o n s and these are d e s c r i b e d here as the r e s u l t s may be of 

use to f u t u r e workers. 

file:///Mnedium
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Table 3.8 Occurrence of h a i r s i n c u l t u r e s of C a l o t h r i x 
( a l l s p e c i e s observed i n AD and ASM-1 + N) 

s p e c i e s h a i r p resent or absent a c c o r d i n g to 

l i t e r a t u r e 
(Appendix 11) 

l a b o r a t o r y 
o b s e r v a t i o n 

C a l o t h r i x b r e v i s s i m a absent 

C. d e s e r t i c a absent 

C. e l e n k i n i i p r e s e n t 

C. f u s c a absent 

C. g r a c i l i s present 

C. scopulorum p r e s e n t 

C. t h e r m a l i s present 

C. v i g u i e r i 

C a l o t h r i x sp. D255 

C a l o t h r i x sp. D258 

C a l o t h r i x sp. D267 

absent 

absent 

absent 

absent 

absent 

p r e s e n t 

absent 

absent 

absent 

absent 

absent 
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(b ) 

(a ) 

(c) 

(d) 

Fig.3.10 Morphology of C a l o t h r i x scopulorum c u l t u r e d at 
d i f f e r e n t s a l i n i t i e s (see p . i i q ) 
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C o l o n i e s of R i v u l a r i a ( T u l a c h ) were c u l t u r e d i n two - N media, 

AD and ZD. The l a t t e r medium" was" a f a i r l y d i l u t e medium i n which 

a u n i - a l g a l c u l t u r e of R. haematites was obtained ( p e r s . com. Zehnder). 

25 ml of the 2 media were used, both c o n t a i n i n g l i t t l e a c t i d i o n e . 

A f t e r being c u l t u r e d f o r 2 months a t 15°C and 1500 lux, the c o l o n i e s 

i n ZD were h e a l t h e r . I n AD the trichomes were broken up and the 

c e l l s contained many h i g h l y r e f r a c t i v e g r a n u l e s . I n ZD the 

trichomes were tapered, but there were v e r y few h a i r s . I f h a i r s 

were p r e s e n t they were v e r y s h o r t and there was a marked c o n s t r i c t i o n 

between the v e g e t a t i v e c e l l s and the h a i r c e l l s . 

The e f f e c t of reducing the l e v e l of Fe from 4 mg l " 1 to 

1 mg 1 ^ was s t u d i e d . I n AD, a t the lower l e v e l s of Fe, the 

trichomes contained many r e f r a c t i v e g r a n u l e s , but they possessed 

long c o l o u r l e s s h a i r s ( F i g . 3.11). At the higher c o n c e n t r a t i o n , the 

m a t e r i a l was unhealthy and h a i r s , i f p r e s e n t , showed c o n s i d e r a b l e 

v a r i a t i o n i n length. I n c o n t r a s t , i n ZD, the h a i r s were s h o r t 

( F i g . 3.11). The longest h a i r s formed i n ZD were formed a t the 

higher l e v e l s of Fe. 

A second s e t of r e s u l t s r e l a t e d to the h a i r s of R i v u l a r i a 

was obtained w h i l e attempting to grow R i v u l a r i a i n c u l t u r e . 

About 20 attempts were made and although i t was p o s s i b l e to keep 

R i v u l a r i a a l i v e f o r s e v e r a l months, the attempts on the whole were 

not s u c c e s s f u l ; and i t was not p o s s i b l e to c u l t u r e the a l g a i n a 

way s u i t a b l e f o r experimental purposes. On one oc c a s i o n , c o l o n i e s 

were c u l t u r e d a t i n i t i a l c o n c e n t r a t i o n s of i n o r g a n i c phosphate of 

between 1.55-31.0 mg l - 1 P (25-500 uM K 9 P 0 A ) . The r e s u l t s obtained 
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( a ) AD 

( b ) ZD 

F i g . 3.11 Morphology of R i v u l a r i a (Tulach) c u l t u r e d i n 
AD and ZD media 
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( F i g . 3.12) i n d i c a t e t h a t a t lower l e v e l s of PO^, a g r e a t e r 

percentage of the trichoma was h a i r . R i v u l a r i a from Malham, 

used f o r these experiments and c u l t u r e d a t 3.1 and 15.5 mg l " 1 P, 

produced new c o l o n i e s . These were at t a c h e d to the bottom of the 

c u l t u r e f l a s k and grew to 1-2 mm diameter. 

Fogg (1969) reported that G l o e o t r i c h i a could p o s s i b l y use 

o r g a n i c phosphates and t h a t even low c o n c e n t r a t i o n s of i n o r g a n i c 

phosphate were i n h i b i t o r y . The e f f e c t of organic phosphate 

(sodium-p-glycerophosphate) on the growth of the two R i v u l a r i a 

samples (from Malham and S l a p e s t o n e ) and C a l o t h r i x b r e v i s s i m a was 

s t u d i e d . A l l three c u l t u r e s were unhealthy i n media w i t h o r g a n i c 

phosphate and h e a l t h y i n i n o r g a n i c phosphate. The i n f l u e n c e of the 

i n i t i a l i n o r g a n i c phosphate c o n c e n t r a t i o n on C. b r e v i s s i m a i s shown 

i n F i g . 3.13. H a i r s d i d not develop a t the lower l e v e l s of 

i n o r g a n i c phosphate. 

3.5 D i s c u s s i o n 

I t i s c l e a r from m i c r o s c o p i c examination of R i v u l a r i a c e a e 

that there i s no simple d e s c r i p t i o n of t a p e r i n g . I t i s e v i d e n t 

from F i g . 3.6 t h a t some trichomes have a gradual taper w h i l e o t h e r s 

show a r a p i d change i n diameter over a s m a l l p o r t i o n of the trichome. 

Recent work (Whitton, Kirkby, Peat and S i n c l a i r 1973) has suggested 

t h a t there may be a l i n k between trichome shape i n - N medium and the 

appearance of the trichomes i n + N medium. These f i n d i n g s are 

d i s c u s s e d f u r t h e r i n S e c t i o n 7.6. 
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F i g . 3.13 Growth of C a l o t h r i x brevissima i n inorganic PO 
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I n s p i t e of the d i f f i c u l t i e s d e s c r i b e d above, i t was u s e f u l 

to be a b l e to- compare- tri-c-homes—in f a i r l y simple quant-i-t-ative terms. 

Four i n d i c e s of t a p e r i n g have been devised ( S e c t i o n 3.2), a 

d i s c u s s i o n of the use of the v a r i o u s i n d i c e s being given i n 

S e c t i o n 7.2. 

Observations of h a i r c e l l s are i n agreement w i t h previous 

f i n d i n g s ( S e c t i o n 1.32). The c e l l s appear c o l o u r l e s s and are 

r e l a t i v e l y narrow and elongated. The l i m i t e d evidence a v a i l a b l e 

concerning f a c t o r s which i n f l u e n c e h a i r development ( S e c t i o n 3.4) 

suggests t h a t low l e v e l s of c e r t a i n n u t r i e n t s tend to promote h a i r 

formation. 
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4 PHYSIOLOGICAL ASPECTS OF TAPERING 

4.1 I n t r o d u c t i o n 

As d e s c r i b e d i n S e c t i o n 1.36, there have been r e l a t i v e l y 

few i n v e s t i g a t i o n s r e l a t e d to the p h y s i o l o g i c a l a s p e c t s of 

tapering. Fay, Stewart, Walsby and Fogg (1968) reported t h a t i n 

the presence of NH^-N, trichomes of C a l o t h r i x and G l o e o t r i c h i a 

l o s t t h e i r taper. The pr e s e n t s t u d i e s are concerned w i t h the 

e f f e c t of combined n i t r o g e n on the growth and morphology of 

s e v e r a l s t r a i n s of C a l o t h r i x , i n p a r t i c u l a r the taper. 

4.2 The e f f e c t of NH^-N on the growth and morphology of two s t r a i n s 
of C a l o t h r i x 

4.21 C a l o t h r i x b r e v i s s i m a 

The e f f e c t o f the l e v e l of NH^-N i n the growth medium, on the 

growth, t a p e r i n g frequency and frequency of trichomes w i t h h e t e r o c y s t 

i s shown i n F i g . 4.1. The r e s u l t s i n d i c a t e a gradual decrease i n dry 

weight and a more marked decrease i n ta p e r i n g and h e t e r o c y s t 

f r e q u e n c i e s , when high i n i t i a l l e v e l s of NH^-N were p r e s e n t i n the 

growth medium. 

The trichomes were examined w i t h the l i g h t microscope and those 

growing a t the lower l e v e l s of NH^-N (0-60 mg l " 1 NH^Cl, 0-14.5 mg 1 _ 1N) 

were h e a l t h y i n appearance and blue-green i n colour. At the two 

hi g h e s t l e v e l s of NH^-N, the c u l t u r e s appeared orange i n c o l o u r 

when viewed m a c r o s c o p i c a l l y . Under the microscope, most of the 

trichomes were orange-yellow; however, those grown a t 19.25 mg 1~*N 
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and I n Che middle of a clump of trichomes, were s t i l l blue-green. 

At the t-wo hi g h e s t l e v e l s of NH^-N, there was a decrease i n the 

percentage of trichomes which tapered and which possessed h e t e r o c y s t s . 

These marked changes ( F i g . 4.2) are probably due p a r t l y to the 

c u l t u r e s being unhealthy a t the higher l e v e l s of NH^-N. 

The r e s u l t s were checked by s u b c u l c u r i n g C. b r e v i s s i m a 

f o r a second time, to the same c o n c e n t r a t i o n of NH^-N (e.g. 

1.25 mg 1 - 1N to 1.25 mg 1 "Ho. T o t a l growth was g r e a t e r a f t e r the 

second s u b c u l t u r e a t a l l l e v e l s of NH^-N, except the h i g h e s t 

( F i g . 4.3). There was a gradual decrease i n the frequency of 

tap e r i n g and the frequency of trichomes w i t h h e t e r o c y s t s , w i t h 

i n c r e a s i n g NH^-N co n c e n t r a t i o n . These r e s u l t s were s i m i l a r to 

those observed during the f i r s t s u b c u l t u r e . 

A l g a l m a t e r i a l from each NH^-N c o n c e n t r a t i o n was a l s o 

s u b c u l t u r e d to - N medium, i n order to d i s c o v e r whether or not the 

percentage of tapered trichomes and the percentage of trichomes 

w i t h h e t e r o c y s t s would i n c r e a s e again. The r e s u l t s , given i n 

F i g . 4.4, show t h a t i n most ca s e s there was a co n s i d e r a b l e i n c r e a s e 

when the a l g a was su b c u l t u r e d to - N medium. 

4.22 C a l o t h r i x v i g u i e r i 

A s i m i l a r s e t of experiments was c a r r i e d out u s i n g C . v i g u i e r i . 

The r e s u l t s of dry weight determinations, when the a l g a was grown 

a t d i f f e r e n t i n i t i a l l e v e l s of NH^-N, are shown i n Table 4.1. 

C. v i g u i e r i grew w e l l a t the lower c o n c e n t r a t i o n s of NH.-N, but 
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(a) C a l o t h r i x brevissima i n N medium 

(b) C a l o t h r i x brevissima i n + N medium 

F i g - 4 - 2 Morphology of C a l o t h r i x brevissima 
+ NH4-N media and NH4- N 
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Table 4.1 The e f f e c t of i n i t i a l NH^-N on the subsequent 

growth and morphology of C a l o t h r i x v i g u i e r i ; s e m i q u a n t i t a t i v e 

e s t i m a t e s used i n a s s e s s i n g t a p e r i n g and h e t e r o c y s t f r e q u e n c i e s . 

i n i t i a l 
NH4-N(mR l " 1 ) 

dry weight 
(m B l " 1 ) 

t a p e r i n g 
frequency 

h e t e r o c y s t 
frequency 

0 299 - 12.3 > 80% > 80% 

3.5 550 - 14.9 > 807. > 80% 

7.0 536 - 3.6 > 80% > 80% 

14.5 185 - 9.4 60-80% 60-80% 

29.2 (Unhealthy) 10-30% 10-30% 
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showed only s l i g h t growth a t co n c e n t r a t i o n s above 14.5 mg 1 NH^-N. 

Tapering and heterocyBt f r e q u e n c i e s were recorded i n a s e m i - q u a n t i t a t i v e 

way (Table 4.1). The r e s u l t s show a gradual decrease i n the 

f r e q u e n c i e s of h e t e r o c y s t s and tap e r i n g , w i t h i n c r e a s e s i n the 

i n i t i a l c o n c e n t r a t i o n of NH^-N. T y p i c a l f i l a m e n t s of C. v i g u i e r i 

c u l t u r e d a t d i f f e r e n t l e v e l s of NH^-N are i l l u s t r a t e d i n F i g . 4.5. 

The diagrams show d i f f e r e n c e s i n the 'tapered appearance 1 and a l s o 

d i f f e r e n c e s i n the c e l l shape i n v a r i o u s p a r t s of the trichomes. 

I t i s obvious t h a t t a p e r i n g has been l o s t a t the h i g h e s t l e v e l 

of NH^-N, but i t i s d i f f i c u l t to compare 't a p e r i n g ' a t the other 

l e v e l s . Furthermore, a t 14.5 mg l " 1 NH^-N, the trichomes were 

developing a d i f f e r e n t morphology, c h a r a c t e r i s t i c of Hammatoidea. 

The need f o r a s e m i - q u a n t i t a t i v e estimate of t a p e r i n g i s e v i d e n t 

from F i g . 4. 5. 

An i n d i c a t i o n of n i t r o g e n - f i x i n g a b i l i t y of C. v i g u i e r i 

was obtained by means of the a c e t y l e n e r e d u c t i o n a s s a y technique. 

A comparison of the mean a c e t y l e n e r e d u c t i o n r e s u l t s , of c u l t u r e s 

grown a t d i f f e r e n t i n i t i a l l e v e l s of NH^-N i s given i n F i g . 4.6. 

There was a decrease i n a c e t y l e n e r e d u c t i o n w i t h an i n c r e a s e i n 

the i n i t i a l l e v e l o f NH^-N i n the growth medium. T h i s decrease 

was very marked a t the h i g h e s t l e v e l of 14.5 mg l " 1 NH^-N, although 

there was s t i l l a r e l a t i v e l y high percentage of trichomes w i t h 

h e t e r o c y s t s . 
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(a ) o (b) 

F i g . 4.5a-e Morphology of C a l o t h r i x v i g u i e r i c u l t u r e d a t 
d i f f e r e n t i n i t i a l l e v e l s of NH.-N 
(con c e n t r a t i o n s i n mg 1"' ) 
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1 

Omg H N t y - N 

x- - -x 3-5 mg l"1 NH^-N 

• • 7-Omgl' 1 NH^-N 

140 m g l ' 1 NH A -N 

3 U 
t i m e (h) 

F i g - 4 6 T h e e f f e c t of i n i t i a l NH^-N on acetylene 
reduction of C a l o t h r i x v i g u i e r i 
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4.3 The e f f e c t of NO^-N on the growth and morphology of two s t r a i n s 
of C a l o t h r i x 

T h i s s e r i e s of experiments, using NÔ -N, were c a r r i e d out i n 

order to study changes i n t a p e r i n g and n i t r o g e n - f i x i n g a b i l i t y i n 

more d e t a i l . The two s t r a i n s used f o r these experiments were 

C. v i g u i e r i and C. scopulorum. (The l a t t e r s t r a i n was used in p l a c e 

of C. b r e v i s s i m a , which had u n f o r t u n a t e l y become contaminated and 

subsequently proved d i f f i c u l t to r e - o b t a i n i n an axen i c s t a t e ) . 

4.31 C a l o t h r i x v i g u i e r i 

C. v i g u i e r i was c u l t u r e d f o r 32 days i n + N and - N media. 

During t h i s time, changes i n dry weight, t a p e r i n g frequency and 

h e t e r o c y s t frequency were recorded. The r e s u l t s are shown i n 

F i g . 4.7 and 4.8. The i n c r e a s e i n dry weight was g r e a t e r i n + N 

medium. The percentage of trichomes which tapered and the percentage 

which possessed h e t e r o c y s t s remained f a i r l y constant i n the - N 

medium, w h i l e i n the + N medium, there was a marked' decrease i n 

both t a p e r i n g and h e t e r o c y s t s f r e q u e n c i e s . The decrease i n 

h e t e r o c y s t frequency was v e r y n o t i c e a b l e a t an e a r l y stage of growth, 

compared to the decrease i n t a p e r i n g frequency, which occurred 

g r a d u a l l y . The frequency of h e t e r o c y s t s was reduced by 90% compared 

w i t h the frequency of t a p e r i n g which was reduced by 40%. 

Changes i n the morphology of C. v i g u i e r i a r e shown i n F i g . 4.9. 

The c u l t u r e s i n the + N and - N media showed a s i m i l a r 'tapered 

appearance 1 up to day 12, but t h i s time there were marked d i f f e r e n c e s 

i n the shapes of the c e l l s . A f t e r 23 days i n + N medium, the 

trichomes became Hammatoidea-like and tapered a t both ends. The 

trichomes i n the + N medium f o r 32 days, d i d not become p a r a l l e l . 
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x K dry weight 

» • 7o taper ing 

% heterocysts 

100T 

T600 

500 

WOO 

300 

30 35 
days 

F i 8 - 4 7 Growth and morphology of C a l o t h r i x v i g u i e r i 
i n - N medium 
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flOO 

600 

+400 
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30 35 
d a y s 

F i B - 4 - 8 Growth and morphology of C a l o t h r i x v i g u i e r i 
i n + N medium 
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( a ) N, 12 days (b) + N, 12 days 

fc) 

+ N, 23 days 

F i g . 4.9 Morphology of 
C a l o t h r i x v i g u i e r i c u l t u r e d 
i n + NO -N media and - NO,-N 
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The mean b a s a l and a p i c a l widths of the trichomes c u l t u r e d i n the 

+ N and - N -medium are given-i-n Table 4.2. The changes in-

ta p e r i n g of the trichomes were measured i n terms of the four i n d i c e s 

of t a p e r i n g d e s c r i b e d i n S e c t i o n 3.21, the r e s u l t s being given i n 

Table 4.3. 

The e s t i m a t e s o f t a p e r i n g i n d i c a t e t h a t i n - N media t a p e r i n g 

remains f a i r l y constant. I n + N media there was a marked decrease 

i n t a p e r i n g on and a f t e r 18 days of growth. M a t e r i a l c u l t u r e d i n 

AD medium w i t h NaCl-Na a t the same l e v e l as NaNO^-Na, had a s i m i l a r 

appearance to m a t e r i a l c u l t u r e d i n the - N medium. 

Some i n d i c a t i o n of the n i t r o g e n - f i x i n g a b i l i t y of C. v i g u i e r i 

i n - N and + N media was obtained u s i n g the a c e t y l e n e r e d u c t i o n 

assay. The r e s u l t s obtained u s i n g m a t e r i a l c u l t u r a l i n - N medium 

are shown i n F i g . 4.10 and Table 4.4. The r e s u l t s i n d i c a t e a high 

r a t e of a c e t y l e n e r e d u c t i o n during the e a r l y stages of growth i n - N 

medium, followed by a gradual decrease i n the r a t e of a c e t y l e n e 

r e d u c t i o n . I n + N medium, a c e t y l e n e r e d u c t i o n was low throughout 

the growth p e r i o d , the r e s u l t s being given i n Table 4.5. 

4.32 C a l o t h r i x scopulorum 

C. 8copulorum was c u l t u r e d f o r 31 days i n + N and - N media. 

The changes i n dry weight, t a p e r i n g frequency and the percentage of 

trichomes w i t h h e t e r o c y s t s are shown i n F i g . 4.11 and 4.12. I n the 

- N medium, the percentage of trichomes which tapered and the 

percentage which possessed h e t e r o c y s t s remained a t a f a i r l y high 

l e v e l throughout the p e r i o d of growth. I n the + N medium there was 
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F i g 4.10 Acetylene reduction assay of C a l o t h r i x v i g u i e r i 
c u l t u r e d i n - N medium 
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F i 8 - 4 - 1 1 Growth and morphology of C a l o t h r i x scopulorum 

i n - N medium 
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F i g . 4.12 Growth and morphology of C a l o t h r i x scopulorum 
i n + NO -N medium 
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a marked decrease i n the h e t e r o c y s t frequency a t an e a r l y stage 

of growth, w h i l e a-decrease i n the frequency o f tapered-trichomes 

occurred a t a l a t e r stage. As i n the case of C. v i g u i e r i , the 

absolute decrease i n the frequency of h e t e r o c y s t s was g r e a t e r than 

the decrease i n the frequency of tap e r i n g . 

F i g . 4.13 i l l u s t r a t e s changes i n the morphology of C. scopulorum 

i n + N and - N media. T h i s s p e c i e s d i d not develop a taper a t both 

ends during any stage of growth. The mean b a s a l and a p i c a l widths 

of C. scopulorum a t v a r i o u s stages of growth a re given i n Table 4.6. 

Values of t a p e r i n g , c a l c u l a t e d u s i n g the four t a p e r i n g i n d i c e s , 

are given i n Table 4.7. On and before day 15 a l l of the 30 trichomes 

measured were tapered. Tapering i n d i c e s T^ and T^ suggested that 

the absolute d i f f e r e n c e and the % d i f f e r e n c e between the c e l l s w i t h 

maximum width and those w i t h minimum width, were g r e a t e r i n the + N 

medium. However, u s i n g T^, which takes trichome length i n t o 

c o n s i d e r a t i o n , the trichomes i n the + N medium appear to be l e s s 

tapered. T h i s may be a t t r i b u t e d to the i n f l u e n c e of length on 

t h i s index of t a p e r i n g . 

On and a f t e r 21 days growth, a l l of the i n d i c e s of t a p e r i n g 

i n d i c a t e d t h a t trichomes c u l t u r e d i n + N medium were l e s s tapered. 

As a check t h a t morphological changes were not brought about by 

changes i n i o n i c c o n c e n t r a t i o n , m a t e r i a l was c u l t u r e d i n - N medium 

with NaCl-Na a t the same c o n c e n t r a t i o n as NaNO^ i n the + N medium. 

The trichomes c u l t u r e d i n the presence of NaCl were s i m i l a r i n 

appearance to those c u l t u r e d i n - N medium. 

R e s u l t s of a c e t y l e n e r e d u c t i o n a s s a y s of C. scopulorum i n 

+ N and - N media a re given i n F i g . 4.14 and Ta b l e s 4.8, 4.9. 
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(a) 

N, 21 days 
growth 

(b 
f N. 21 days growth 

FIR. 4.13 Morphology o.f C a l o t h r i x scopuloruiu i n 
HO,.,-N and f NO„-N modi 
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F i g . 4.14 Acetylene reduction assay of C a l o t h r i x scopulorum 

c u l t u r e d i n -NO„-N medium ~~ 
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A f t e r 5 days of growth i n - N medium, there was a high r a t e of 

ac e t y l e n e r e d u c t i o n , but t h i s decreased r a p i d l y and remained a t a 

constant low l e v e l throughout the r e s t of the growth period. The 

m a t e r i a l c u l t u r e d i n the + N medium had a low r a t e o f a c e t y l e n e 

r e d u c t i o n , which was however s l i g h t l y h i g h e r than the r a t e recorded 

f o r C. v i g u i e r i , i n + N medium. 

4.4 D i s c u s s i o n 

The r e s u l t s obtained when C. b r e v i s s i m a and C. v i g u i e r i were 

c u l t u r e d i n the presence o f NH^-N are i n agreement w i t h those 

of Fay, Stewart, Walsby and Fogg (1968), i n t h a t a t r e l a t i v e l y high 

i n i t i a l c o n c e n t r a t i o n s of NH^-N, t a p e r i n g and h e t e r o c y s t s d i d not 

develop. At the h i g h e s t l e v e l s o f NH^-N used, a high proportion of 

the trichomes of both s t r a i n s were p a r a l l e l and f a i r l y long. At 

these h i g h l e v e l s o f NH^-N, some of the f i l a m e n t s of C. v i g u i e r i 

a l s o developed a Hammatoldea-like appearance. I n s t e a d of t a p e r i n g 

towards one end, the trichomes tapered towards both ends, being 

w i d e s t i n the c e n t r a l region. The sheath a l s o tapered towards 

both ends. T h i s type of morphological v a r i a t i o n was not observed 

i n trichomes of C. b r e v i s s i m a . ( B e f o r e the i n f l u e n c e of the hi g h e r 

l e v e l s of NH^-N can be s t u d i e d i n more d e t a i l , problems of b u f f e r i n g 

must be overcome). 

As a r e s u l t of c u l t u r i n g C. v i g u i e r i and C. scopulorum i n the 

presence of NO^-N the proportion of trichomes w i t h h e t e r o c y s t s 

and which tapered a l s o decreased. I n the case of C. v i g u i e r i there 
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was a n o t i c e a b l e decrease i n the percentage of trichomes w i t h 

he.terocy.sts after-1-2 days growths i n contrast-t-he percentage of 

trichomes which tapered decreased g r a d u a l l y throughout the growth 

period. T h i s response may be compared w i t h that shown i n the 

presence of NH^-N, i n which d e c r e a s e s i n both the percentage of 

trichomes which had h e t e r o c y s t s and the percentage which tapered, 

followed more s i m i l a r trends. I n q u a n t i t a t i v e terms there was 

a g r e a t e r r e d u c t i o n of t a p e r i n g frequency i n NH^-N medium than i n 

N03~N medium. At the higher l e v e l of NO.J-N, C . v i g u i e r i developed 

the Hammatoidea-like appearance which had been observed i n medium 

w i t h NH^-N. Some of the f i l a m e n t s were p a r a l l e l , but were not as 

long as those i n medium + NH^-N. 

I n the case of C. scopulorum c u l t u r e d i n the presence of NO^-N, 

there were s i m i l a r decreases i n the percentages of trichomes which 

tapered and possessed h e t e r o c y s t s . The decrease i n h e t e r o c y s t s 

occurred f a i r l y r a p i d l y a f t e r 15 days growth. However, although 

the decrease i n t a p e r i n g a l s o o c curred r a p i d l y (compared to t h a t 

i n C. v i g u i e r i ) i t d i d not occur u n t i l a f t e r 24 days growth. 

Trichomes of C. scopulorum i n medium + NO^-N remained f a i r l y s h o r t , 

some became p a r a l l e l but o t h e r s possessed a s l i g h t taper. No 

trichomes w i t h a Hammatoidea-like appearance were observed. 

The n i t r o g e n - f i x i n g a b i l i t i e s of C. v i g u i e r i and C. scopulorum 

i n + N and - N media have been s t u d i e d u s i n g the a c e t y l e n e r e d u c t i o n 

assay. Values obtained a r e quoted here as nmoles C^H^ produced 

mg alga~*h~*. For an i n d i c a t i o n of the absolute v a l u e of n i t r o g e n 

f i x a t i o n the t h e o r e t i c a l c o n v e r s i o n f a c t o r of 3 (^H^ produced: 

f i x e d ) , suggested by Stewart, F i t z g e r a l d and B u r r i s (1968) may be 

used. 

http://he.terocy.sts


-170-

I n NH^-N C. v i g u i e r i had a lower r a t e of n i t r o g e n - f i x a t i o n 

a t the higher l e v e l s of combined n i t r o g e n , the r a t e s measured being 

20 nmoles produced mg a l g a - 1 h - 1 a t 0 mg l " 1 NH^-N and 

0.67 nmoles produced mg a l g a " 1 h " 1 a t 14.0 mg l " 1 NH^-N. A 

comparison of the n i t r o g e n - f i x a t i o n i n + NO^-N showed that i n + N 

medium, the r a t e of f i x a t i o n was low throughout the growth period. 

I n - N medium,the r a t e of f i x a t i o n i n c r e a s e d from 10.1 to 24.7 

nmoles C^H^ produced mg a l g a - 1 h - 1 , between 5 and 12 days a f t e r 

i n o c u l a t i o n , and f o l l o w i n g t h i s decreased g r a d u a l l y . I n the case of 

C. scopulorum, the r a t e of nit r o g e n f i x a t i o n was i n i t i a l l y high 

(20.5 nmoles C^H^ produced mg a l g a - 1 h - 1 ) , but a f t e r 15 days growth 

i t had f a l l e n to a f a i r l y c o n s i s t e n t low l e v e l (3.0 - 5.4 nmoles (^H^ 

produced mg a l g a - 1 h ' 1 ) . Jones and Stewart (1969a) reported high 

i n i t i a l r a t e s of n i t r o g e n f i x a t i o n when t r a n s f e r i n g C. scopulorum 

to d i f f e r e n t environmental c o n d i t i o n s . I n medium + NO^-N, the 

val u e s of n i t r o g e n f i x a t i o n were low, but were s l i g h t l y higher than 

those recorded f o r C. v i g u i e r i under s i m i l a r c o n d i t i o n s . 

The changes i n n i t r o g e n f i x a t i o n observed i n the presence of 

NH^-N may be i n t e r p r e t e d i n terms of a decrease i n the percentage 

of trichomes w i t h h e t e r o c y s t s . I n NO^-N the decrease i n n i t r o g e n 

f i x a t i o n of C. scopulorum occurred a t a s i m i l a r time to the 

red u c t i o n i n the percentage of trichomes w i t h h e t e r o c y s t s . However, 

i n C. v i g u i e r i the two trends were not s i m i l a r , there being a f a i r l y 

marked decrease i n the percentage of f i l a m e n t s w i t h h e t e r o c y s t s 

but a gradual d e c l i n e i n the amount of ni t r o g e n f i x e d . 
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The t a p e r i n g I n d i c e s , d e s c r i b e d i n S e c t i o n 3.21, were used 

to provide a q u a n t i t a t i v e - record of changes- in-morphol-ogy i-n 

NO^-N media. I n a l l c u l t u r e s of C. v i g u i e r i which were more than 

18 days o l d , the r e s u l t s i n d i c a t e d a decrease i n t a p e r i n g i n + 

N media. I n C. scopulorum there i s an o v e r a l l i n d i c a t i o n of a decrease 

i n t a p e r i n g i n + N medium, however the s i t u a t i o n i s complicated by 

the f a c t t h a t w i t h i n any 30 trichomes taken a t random, a c o n s i d e r a b l e 

range o f developmental stages and hence lengths, may be pr e s e n t 

( S e c t i o n 3.21). I n r e t r o s p e c t t h i s appears to be one of the major 

problems i n the study of t a p e r i n g i n q u a n t i t a t i v e terms. I t 

seems n e c e s s a r y to take such v a r i a t i o n i n t o account or to proceed 

to a d e t a i l e d q u a n t i t a t i v e examination of each stage. 
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5 THE DEVELOPMENT OF AN OBJECTIVE, SIMULTANEOUS 
KEY FOR THE IDENTIFICATION OF CALOTHRIX AND RIVULARIA 

5.1 I n t r o d u c t i o n 

The f a c t t h a t the wide range of morphological v a r i a t i o n shown 

by the blue-green algae produces many taxonomic problems has been 

pointed out i n S e c t i o n 1.2. When i t was n e c e s s a r y f o r the present 

author to a s s i g n a name to members of the genera C a l o t h r i x and 

R i v u l a r i a , many d i f f i c u l t i e s were encountered. The main reasons 

f o r t h i s were f i r s t l y , the great range i n morphological v a r i a t i o n even 

of the c h a r a c t e r s used i n the f l o r a s and secondly, the unknown 

i n f l u e n c e of the environment on that v a r i a t i o n . 

The three main f l o r a s used during the p r e s e n t work, were those 

of T i l d e n (1910), G e i t l e r (1932) and Desikachary (1959). The 

work used mainly by western European workers i s t h a t of G e i t l e r ( 1 9 3 2 ) ; 

although E l e n k i n ' s R u s s i a n f l o r a (1936) may c o n t a i n even more 

information. D e s c r i p t i o n s from the three f l o r a s used during the 

p r e s e n t work agreed on most p o i n t s , although there were s e v e r a l 

d i s c r e p a n c i e s concerning the c a l c i f i c a t i o n of the c o l o n i e s . 

G e i t l e r (1932) d e s c r i b e d R. minutula as being encrusted, w h i l e T i l d e n 

(1910) s t a t e d t h a t i t was not c a l c i f i e d . Furthermore, d e s p i t e 

d e s c r i b i n g the d i f f i c u l t i e s of u s i n g c a l c i f i c a t i o n as a c h a r a c t e r 

on which to base i d e n t i f i c a t i o n of R i v u l a r i a , G e i t l e r (1932) used 

i t i n h i s f l o r a . I n the s e c t i o n of h i s f l o r a d e a l i n g w i t h C a l o t h r i x 

only 28 of the 69 s p e c i e s d e s c r i b e d are i n c l u d e d i n the key. 

The short-comings of a s s i g n i n g s p e c i f i c names based on morphological 

c h a r a c t e r s alone, are o f t e n a p p r e c i a t e d , although i t i s e s s e n t i a l 

to do t h i s i n order to compare r e s u l t s with other workers. 



-173-

In an attempt to overcome some of the problems described above, 

an. objective, .simultaneous key (S.ne.a.th and. Sokal 1974.) was 

devised (Section 5.41). In order to do this i t was necessary to 

develop a standard procedure for recording the data i n a form which 

could be processed by computer (Section 5.2, 5.3). Once the 

information for the key had been collected i t was possible to use i t 

with a computer program 'QUESTION', to obtain information about the 

relationships between morphological characters (Section 5.42). 

5.2 Development of a standard recording procedure 

The author translated the descriptions from G e i t l e r (1932) and 

by c o l l e c t i n g this and other information together, i t was possible 

to become acquainted with the range of characters shown by R i v u l a r i a 

and Calothrix. These data were then used to devise a standard 

recording procedure, which could be used for i d e n t i f i c a t i o n purposes 

and for answering questions about morphological characters of the group. 

I t was also hoped that t h i s scheme would encourage future workers to 

record f u l l descriptions, in a uniform manner and in a semi-quantitative 

way at least. 

The information collected from the l i t e r a t u r e i s given i n 

Appendix I I and the authorities for each species in Appendix I . 

The main sources of data were the floras quoted in Section 5.1. 

The following papers, some of which contain o r i g i n a l descriptions and 

some which describe p a r t i c u l a r species in d e t a i l , were also used: 

Bornet and Flahault (1886-1888), Fremy (1929-1933), Fremy (1931), 

Gomont (1895), Gonslaves and Kamat (1960), Faplik (1946), Rao (1937), 

Set c h e l l (1895), Swellengrebel (1910), Webber (1967) and Womersley 

(1946). When data were ambiguous or missing, attempts were made to 

obtain o r i g i n a l descriptions; however this was not always possible. 
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Based on the information available and the author's observations 

•on f i e l d material, a l i s t - o f characters and t h e i r subdivisions were 

drawn up (Section 5.21). The term "character" has been used here i n 

the sense of being a property of an organism which can be expressed 

in a number of different ways or 'character categories' (Lockhart 

and Liston 1970). Character categories are equivalent to the 

character states of Sneath and Sokal (1974). 

Sokal and Sneath (1964) gave a detailed discussion of the choice 

of characters and groups of "inadmissible characters". The l a t t e r 

include meaningless characters such as specimen code numbers and 

correlated characters. They also stressed that each character 

category should be mutually exclusive. One of the major problems i n 

devising a standard recording scheme, was deUniting each of the 

character categories. Where possible this was based on formal 

definitions. Although some of the character categories used by 

the author, can be arranged i n a s e r i e s , in which the two extreme 

categories are l e s s s i m i l a r than two neighbouring categories, no 

attempt has been made to force characters into such a s e r i e s . For 

instance in the case of heterocyst shape i t i s impossible to arrange 

the categories i n a s e r i e s . This i s an important fact which must be 

borne i n mind when choosing a c o e f f i c i e n t of resemblance, as discussed 

in Section 5.41. Unfortunately coding, p a r t i c u l a r l y of f i e l d material, 

i s complicated by the frequent presence, in one colony, of material 

displaying several d i s t i n c t states of a single character. I n 

such cases i t i s suggested that a record be kept of the fact, however, 

for coding purposes i t i s necessary to choose a single category for 

each character. This 'choice' of character categories i s outlined 
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i n a guide Co coding characters (Section 5.22). As far as possible 

the.most 'advanced-condition' is-coded. For example the 

hormogonia have a pale sheath which may become pigmented l a t e r , and 

in these cases the deepest colour of the sheath i s recorded. As i t 

was possible to record some additional information i n quantitative 

terms when f i e l d material was collected, s l i g h t modifications were 

made to this recording scheme (Section 5.23). 

Characters which are used for i d e n t i f i c a t i o n purposes should be 

(a) e a s i l y observable (b) show r e l a t i v e l y l i t t l e v ariation and ( c ) 

change i n a f a i r l y e a s i l y definable way with changes in the 

environment or with age. With reference to the recording scheme 

used here, most of the characters are e a s i l y observable, although i t 

may be d i f f i c u l t to determine the arrangement of trichomes i n the 

genus Calothrix. Characters 12 and 18, the shape of the basal 

c e l l and the shape of the heterocyst respectively, show considerable 

variation. Characters 5, 7 and 20, c a l c i f i c a t i o n , the texture of 

the colony and texture of the sheath respectively, also show variation 

with environmental factors. The omission of these characters, when 

identifying species, i s considered i n Section 5.411. 

5.21 Standard recording procedure for describing the genera Calothrix 
and R i v u l a r i a (guide to recording procedure given i n Section 5.22) 

(1) Physiognomic form 

0. Not known 

1. Colony spherical 

2. Colony hemispherical or caespitose 

3. Colony expanded or lobed 
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4. Thallus fasciculate or p e n i c i l l a t e 

5-. -Crust-or film — 

9. Not applicable 

(£) Colony height or filament length 

0. Not known 

1. s 0. 5 mm 

2. > 0. 5 s 1 mm 

3. > 1 s 2 mm 

4. > 2 £ 4 mm 

5. >4 ^ 8 mm 

6. >8 s 16 mm 

7. > 16 mm 

(3) Colonies confluent or not 

0. Not known 

1. Colonies confluent 

2. Colonies not confluent 

9. Not applicable 

(4) Colony or thallus hollow or s o l i d 

0. Not known 

1. Colony or thallus s o l i d 

2. Colony or thallus hollow 

(5) C a l c i f i c a t i o n 

0. Not known 

1. Abundant 

2. Moderate or s l i g h t 

3. Absent 
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(6) Distribution of calcium carbonate 

0. Not known 

1. Crystals in definite zones 

2. Crystals i n central region of colony or 

close to sheath 

3. Crystals scattered 

9. Not applicable 

(7) Texture 

0. Not known 

1. Hard or firm 

2. Dry 

3. Soft or gelatinous 

(8) Arrangement of trichomes 

0. Not known 

1. Radial, closely appressed 

2. P a r a l l e l and/or erect, closely appressed 

3. I n bundles, closely appressed 

4. P a r a l l e l and close to the ground, cl o s e l y appressed 

5. Radial and loosely appressed 

6. P a r a l l e l and erect, loosely appressed 

7. Bundles and loosely appressed 

8. Irreg u l a r and intertwined, often close to ground 

(9) Tapering 

0. Not known 

1. Trichome tapers gradually from base to apex 

2. Trichome narrower towards base, widening and then 

tapering towards apex 

3. Abrupt taper, often near apex 

4. Only s l i g h t tapering, possibly i n end c e l l only 
9. Not applicable 
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(10) Hair 

0. Not known 

1. Hair long 

2. Hair short 

3. Hair present but no d e t a i l s recorded 

4. Hair absent 

(11) C e l l width at base of trichome 

0. Not known 

1. C e l l width £ 4 um 

2. > 4 s; 8 um 

3. > 8 s 16 um 

4. > 16 urn 

(12) Shape of basal c e l l 

0. Not known 

1. C e l l s at base shorter than broad 

2. C e l l s at base as broad as long 

3. C e l l s at base longer than broad 

(13) Base of trichome swollen or not 

0. Not known 

1. Base swollen 

2. Base not swollen 

(14) C e l l indentations 

1. A l l c e l l s indented at crosswalls 

2. Some c e l l s indented at crosswalls 

3. C e l l s not indented 
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(15) Width of basal c e l l compared to heterocyst 

0. Not known -

1. Basal c e l l wider 

2. Basal c e l l and heterocyst width the same 

3. Heterocyst wider 

(16) Number of heterocysts 

0. Not known 

1. Single 

2. More than one 

9. Not applicable 

(17) Position of heterocysts 

0. Not known 

1. Basal only 

2. Basal plus > 2 inte r c a l a r y heterocysts 

3. Without basal heterocyst(s), but >2 intercalary 

4. Basal plus < 2 intercalary 

5. Without basal, < 2 in t e r c a l a r y heterocysts 

(18) Shape of basal heterocyst 

0. Not known 

1. Width = length 

2. Width > length 

3. Width < length 

4. Any combination of 1, 2 and 3 
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(19) Shape of sheath 

0. - No t known 

1. D i s t i n c t l y diverging or funnel-shaped 

2. D i s t i n c t l y attenuated and sometimes extending 
beyond trichome 

3. P a r a l l e l and/or close to trichome throughout 

(20) Texture of sheath 

0. Not known 

1. Firm or hard 

2. Gelatinous 

(21) Width of sheath 

0. Not known 

1. £ 2 um 

2. >2 ^ 4 |im 

3. >4 s 8 nm 
4. > 8 nm 

(22) Colour of sheath 

0. Not known 

1. Yellow-brown 

2. Yellow i n parts 

3. Pale 

4. Colourless 

5. Other 
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(23) Sheath lamellations 

0. Not -known- - ... 

1. Conspicuous 

2. I n d i s t i n c t 

3. Absent 

(24) Sheath lacerations 

0. Not known 

1. Present 

2. Absent 

(25) Spores 

0. Not known 

1. Present 

2. Absent 

(26) Habitat 

0. Not known 

1. Marine 

2. Freshwater 

3. Marine and freshwater 

5.22 Guide to the standard recording procedure 

A detailed guide to the use and application of each character 

category has been provided, to reduce as much as possible the 

subjective element i n describing organisms. In the allocation of any 

character category, conditions which represent the most advanced stage 

of growth take precedence. 
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(1) Physiognomic form 

Category 1.2 includes a considerable range i n si~z~es, from" colonies 

which are e a s i l y v i s i b l e to those which are only j u s t v i s i b l e 

macroscopically. 

Category 1.5 has the appearance of a definite crust or film, but 

other algae may be intermingled with the Rivulariaceae. This category 

i s used for any macroscopic growth form which i s not included i n 

categories 1.1-1.4. 

Category 1.9 implies that the algal filaments are scattered i n 

the mucilage of other algae, or that the filaments are sparsly distributed 

or scattered, possibly because an area has only recently been colonised. 

(2) Colony height or filament length 

As the growth form may be variable, measurements of colony height 

are taken from the thickest point of growth i . e . the radius of a 

spherical colony and the maximum thickness of other growth forms. I f 

the colony i s not macroscopic, and/or only filament lengths are 

available, these are coded. 

(3) Colonies confluent or not 

This character i s applicable to categories 1.1-1.3. 

Category 3.1 i s recorded i f colonies are sometimes confluent. 

Category 3.2 i s recordedif no information i s given for growth 

forms in the categories 1.1-1.3. 
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(4) Colony of thallus hollow or s o l i d 

This, character-applies to-character, .categories 1.-1-1.5. 

Category 4.2 applies to growth forms which are hollow at some 

stage i n the l i f e cycle. 

(5) C a l c i f i c a t i o n 
2 

Category 5.1 applies i f at least — of the material i s 

c a l c i f i e d and/or t h i s character i s d e f i n i t e l y noticeable when 

mounting material for microscopic examination. 

Category 5.2 applies i f c a l c i f i c a t i o n i s not noticeable u n t i l 

the material i s examined microscopically, or the character i s not 

stressed i n the flo r a s . 

This character must be used with caution, bearing i n mind that 

c a l c i f i c a t i o n may vary with age and s i z e of colony, substrate and 

water chemistry. 

(6) Distribution of calcium carbonate 

Category 6.1 i s only used i f zones are present. This character 

may be related to colony age or to some rhythm of growth. 

Category 6.3 applies i f there are no d e t a i l s of the dist r i b u t i o n 

of the calcium carbonate and i f the growth form i s a calcareous crust. 

(7) Texture 

Although this character may provide a p r a c t i c a l guide to 

distinguishing certain s t r a i n s , the term i t s e l f covers several concepts. 

A hard texture may r e s u l t from the growth form being c a l c i f i e d and 

therefore "hard or stony", or properties of the mucilage may produce a 

firm exterior to the colony. Alternatively a colony may be described 

as soft i f the mucilage i s soft, or i f the material i s not c a l c i f i e d . 
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Category 7.1 applies to a l l material which i s d i f f i c u l t to 

squash under- a cover-slip. 

Category 7.3 applies to a l l material which i s e a s i l y squashed 

and i f no information i s given. 

(8) Arrangement of trichomes 

Trichomes are assumed to be loosely appressed unless described 

otherwise. 

Trichomes from spherical or hemispherical colonies are assumed 

to be arranged r a d i a l l y . G e i t l e r (1932), reported that i n 

Riv u l a r i a biasolettiana, the trichomes became more p a r a l l e l i n older 

colonies, and i t i s possible that this could happen i n other s t r a i n s . 

(9) Tapering 

Unless stated otherwise, i t i s assumed that trichomes taper 

gradually from the base to the apex. 

Category 9.9 applies to hormogonia. 

(10) The hair 

Category 10.1 applies i f > 507. of the trichome i s hair. 

(11) Width at base of trichome 

I f the maximum width i s j u s t above the base, measurement of the 

maximum width i s recorded. 

(12) Shape of basal c e l l 

This character may show considerable variation. 

I f c e l l s are described as being as long as or longer than wide, 

then longer than wide takes precedence, as i t implies growth. 

I f c e l l s are described as being as long as wide or shorter than 

wide, then shorter than wide takes precedence. This decision has 
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been based on observations which suggest that some trichomes 

swell at the base as they mature^ The short length of the basal 

c e l l does not seem to be related to a basal meristem. 

(13) Base of trichome swollen or not 

Category 13.2 applies i f no information i s given. 

(14) C e l l indentations 

This character describes indentations at the cross-walls of 

adjacent c e l l s , i n regions other than the meristem. 

I f not recorded assume absent. 

(15) Width of basal c e l l compared to heterocyst 

The maximum width of the basal c e l l i s compared with the maximum 

width of the heterocyst. 

Category 15.2 i s used i f the widths are described as almost equal. 

(16) Number of heterocysts 

This character refers to the number of basal and in t e r c a l a r y 

heterocysts. 

Category 16.1 i s used i f only one heterocyst i s obviously healthy. 

(17) Position of heterocysts 

'Abundant' refers to more than two. 

I f no information i s given, the heterocyst i s assumed to be basal. 

(18) Shape of heterocyst 

The heterocyst shape may be extremely variable within one species. 

As the factors which influence heterocysts shape are not known, the 

shape has been simplified to a relationship between the maximum width and 

the length. 
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(19) Shape of sheath 

(20) Texture of sheath 

(21) Width of sheath 

Category 21.1 i s used i f the sheath i s described as 'thin'. 

(22) Colour of sheath 

The darkest colour reported i s recorded. 

(23) Sheath lamellations 

I f not recorded assume absent. 

(24) Sheath lacerations 

I f not recorded assume absent. 

(25) Spores 

I f not recorded assume absent. 

(26) Habitat 

Category 26.3 i s used for s o i l habitats. 

5.23 Standard recording procedure applied to f i e l d material 

Material collected i n the f i e l d was coded i n a similar way to 

the information from the l i t e r a t u r e . However as several additional 

aspects of trichome morphology could be recorded from the l i v i n g 

material, s l i g h t modifications were made to the scheme outlined above. 

The f i r s t eight character categories were the same as those given 

in Section 5.21. Following this are records of the abundance of 

different filament types within one colony i . e . character categories 

9-12 for the f i e l d data were: 
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(9) Abundance of hormogonia (short p a r a l l e l trichomes with an 
inconspicuous, sheath and no heterocy.s.t). 

(10) Abundance of parallel, trichomes (long p a r a l l e l trichomes 
with an obvious sheath, with or without a heterocyst). 

(11) Abundance of tapered trichomes. 

(12) Abundance of dead and unhealthy trichomes. 

Abundances were recorded on a subjective 1-5 scale. For computational 

purposes these 12 categories were designated A l - L l (Section 2.11). 

22 characters, designated A2-V2 (Section 2.11), were used for 

recording trichome data of f i e l d material. As mentioned above, 

several additional characters, which were not recorded for data from 

the l i t e r a t u r e , were recorded for the f i e l d data, namely characters 

B2, C2, D2 and F2. Apart from these, characters correspond to those 

given in Section 5.21. The 22 characters are as follows: 

A2 Tapering - an additional category (5) has been added. This 

i s coded when long p a r a l l e l trichomes are present. 

B2 Appearance of c e l l s at apex of trichome - This i s a new 

character, introduced to record additional information. This 

information has not been incorporated into the key. The 

categories are as follows: 

(0) Not known 

(1) Similar to those throughout the trichome 

(2) With intrathylakoidal v e s i c l e s 

(3) Colourless and forming a hair 

The next three characters were designed to record useful 

information about the f i e l d material i n quantitative terms. 

C2 Length of hai r - recorded i n urn 
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D2 Length of trichome - recorded i n um 

E2 Maximum width of trichome - recorded i n um 

F2 Shape of basal c e l l 

G2 Basal c e l l swollen or not 

H2 C e l l indentations 

12 Width of basal c e l l compared to heterocyst - category 9 was 
added to indicate 'not applicable' 

J2 Number of heterocysts 

K2 Position of heterocysts 

L2 Shape of basal c e l l 

M2 Heterocysts width-recorded i n um 

N2 Heterocyst length - recorded i n um 

02 Shape of sheath 

P2 Texture of sheath 

Q2 Width of sheath - recorded i n um 

R2 Sheath colour 

S2 Sheath lamellations 

T2 Sheath lacerations 

U2 Spores 

V2 Habitat 

The information collected was stored as part of the program 

'FIELD' (Section 2.11). The relevant characters were readily 

extracted and used with the 'IDENTIFY' and 'QUESTION' programs (Section 

2.11). 

As the author's f a m i l i a r i t y with the Rivulariaceae i s r e s t r i c t e d 

to r e l a t i v e l y few genera, the l i s t of characters and their categories 

i s not assumed to be comprehensive. I t i s to be hoped that other 

genera could be incorporated into this scheme and furthermore, that 



-189-

the c h a r a c t e r c a t e g o r i e s could be assigned as a r e s u l t of 

experimental i n v e s t i g a t i o n s - . -In t h i s - way the s u b j e c t i v e element 

i n a s s i g n i n g -character c a t e g o r i e s would be reduced f u r t h e r . 

5.3 Coding the data 

Data have been recorded as q u a l i t a t i v e m u l t i s t a t e c h a r a c t e r s . 

The code numbers used f o r the c h a r a c t e r c a t e g o r i e s a r e between 0 

and 9. I n agreement w i t h other a l g a l r e c o r d i n g schemes used a t the 

Department of Botany, Durham, category 0 i s kept f o r data which are 

'not known' and category 9, f o r data which a r e 'not a p p l i c a b l e * . 

I t i s important to bear i n mind the d i f f e r e n c e between the two 

responses. Data may be m i s s i n g because they are not known' as i n 

the f o l l o w i n g two examples: 

( a ) I n c o n s i d e r i n g the question of presence or absence of a spore, 

there may be i n s u f f i c i e n t information to determine whether, under 

s p e c i f i c ( but p o s s i b l y unknown) ci r c u m s t a n c e s , the spore could be 

present; and such data would be coded as 'not known'. 

(b) C h a r a c t e r s may be obscured or m i s s i n g because the specimen has 

been damaged; and the data would be coded as 'not known'. 

Data may a l s o be m i s s i n g bectuse.they are ' i n a p p l i c a b l e ' , f o r example, 

questions concerning morphological c h a r a c t e r s of spores are 

i n a p p l i c a b l e i f the spores are absent. 

Once the data were coded they were s t o r e d on punch c a r d s . 

The data were punched i n F2 format ( i . e . blank, number, blank, 

number, e t c . ) , d e t a i l s being given i n S e c t i o n 2.11. 
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5.4 Computer a n a l y s i s of the data 

-As d e s c r i b e d p r e v i o u s l y y - t h e data were used f o r i d e n t i f i c a t i o n 

purposes and f o r answering questions about the morphological 

c h a r a c t e r s of the s p e c i e s . The techniques used and r e s u l t s obtained 

are d e s c r i b e d i-n S e c t i o n s 5.41 and 5.42 r e s p e c t i v e l y . 

5.41 I d e n t i f i c a t i o n 

The main reason f o r c o l l e c t i n g the data was to use a l l of the 

information about each s p e c i e s of C a l o t h r i x and R i v u l a r i a , i n an 

o b j e c t i v e i d e n t i f i c a t i o n . T h i s type of key has been c a l l e d a 

'simultaneous key 1 (Sneath and Sokal 1974). The technique i n v o l v e s 

comparing each unknown s p e c i e s i n t u r n , w i t h each known s p e c i e s , i n 

the hope of o b t a i n i n g an o b j e c t i v e (but not n e c e s s a r i l y unique) 

i d e n t i f i c a t i o n . The s p e c i e s showing the c l o s e s t agreement w i t h the 

unknown was taken as the c o r r e c t i d e n t i f i c a t i o n . 

Any resemblance measure can be used to assesB the b e s t match 

(Sneath and S o k a l 1974). Of the many c o e f f i c i e n t s of resemblance 

d i s c u s s e d by them, a s s o c i a t i o n c o e f f i c i e n t s appear to be the most 

s u i t a b l e f o r q u a l i t a t i v e m u l t i s t a t e data. The fundamental formula 

f o r a c o e f f i c i e n t of a s s o c i a t i o n c o n s i s t s of a number of matches 

d i v i d e d by a term imply i n g the p o s s i b l e number of comparisons, but 

v a r y i n g i n d e t a i l e d composition ( S o k a l and Sneath 1964). The formulae 

quoted by Sokal and Sneath (1964) recognise only two types of 

comparisons, which r e s u l t i n ( i ) matches between data, designated "m" 

and ( i i ) mismatches between data, designated "u". These formulae 

do not take i n t o account the p o s s i b i l i t y of an 'unknown' or 'not 

recorded' r e s u l t being i n c l u d e d . I n the data c o l l e c t e d by the author 
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the f o l l o w i n g four types of comparisons were recog n i s e d : 

( i ) genuine matches e.g. 3-3, designated m 

( i i ) f a l s e matches e.g. 0-0 or 9-9, designated m' 

( i i i ) genuine mismatches e.g. 3-2, designated u 

( i v ) f a l s e mismatches e.g. 0-3 or 9-3, designated u 1 

The s i m p l e s t a s s o c i a t i o n c o e f f i c i e n t i s the simple matching 

c o e f f i c i e n t ( S g M ) of Sokal and Michener (1958). T h i s was 

d e s c r i b e d by Soka l and Sneath (1964) a s : 

S e = — = - 7 — (where n • number of p o s s i b l e matches) an n nri-u 

For p r e s e n t purposes, i t was f e l t t hat f a l s e matches and f a l s e 

mismatches should not be i n c l u d e d i n the estimate of resemblance. 

The c o e f f i c i e n t S_„ was t h e r e f o r e c a l c u l a t e d as - 7 — , u s i n g the SM m+u 

author's n o t a t i o n , given above. I n two other c o e f f i c i e n t s quoted 

by Sokal and Sneath (1964), m1 and u* a re not in c l u d e d . These 

c o e f f i c i e n t s a r e : 

( a ) an unnamed c o e f f i c i e n t ( S ) , which g i v e s matches twice the weight 
2m of mismatches S = 2m+u 

(b) The c o e f f i c i e n t of Rogers and Tanimoto (1 9 6 0 ) , S which may 
R T 

be w r i t t e n S = — ^ — 
RT m+ 2u 

Th i s g i v e s unmatched p a i r s twice the weight of matched p a i r s . A 

c o e f f i c i e n t , designated here as S was a l s o used. T h i s estimated the 

val u e of the number of t r u e matches d i v i d e d by the t o t a l number of 
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v a r i a b l e s and can be represented by S„ = — — : — • • — r 
r K m+m' + u+u' 

These c o e f f i c i e n t s were used i n the program 'IDENTIFY 1, a copy 

of which i s given i n S e c t i o n 2.11. The program was used f i r s t to 

check whether any of the known s p e c i e s would "key down" to any of 

the other known s p e c i e s , u s i n g a simultaneous key. At the same time 

i t was a l s o p o s s i b l e , u s i n g t h i s o b j e c t i v e technique, to make an 

a p p r a i s a l of comments from the l i t e r a t u r e , t h a t a c e r t a i n s p e c i e s 

c l o s e l y resembled one another ( S e c t i o n 5.411). Secondly, the 

program was used to ' i d e n t i f y ' unknown s p e c i e s . The m a j o r i t y of 

these were s p e c i e s c o l l e c t e d i n the f i e l d however, the three s t r a i n s 

of C a l o t h r i x used f o r experimental work and s e v e r a l new s t r a i n s and 

v a r i e t i e s were a l s o keyed-down ( S e c t i o n 5.412). 

I t i s important to bear i n mind th a t when us i n g data of the type 

used here, a measure of agreement can be based on one of two 

c o n s i d e r a t i o n s ( S o k a l and Sneath 1964). F i r s t l y , a match between two 

c h a r a c t e r s t a t e s of a m u l t i s t a t e c h a r a c t e r may be considered equal to 

that of two-stage c h a r a c t e r s . I n such a case the simple matching 

c o e f f i c i e n t S g M > i s extended to m u l t i s t a t e c h a r a c t e r s . Such an 

estimate of resemblance however, makes no allowance f o r the p o s s i b i l i t y 

t h a t a match i n a f i v e - s t a t e c h a r a c t e r may be l e s s l i k e l y than a match 

i n a two-state c h a r a c t e r . The second approach c o n s i d e r s the 

p r o b a b i l i t y of a given match t a k i n g p l a c e , reasoning t h a t matches i n 

r a r e c h a r a c t e r s t a t e s should count more h e a v i l y than those of common 

c h a r a c t e r s t a t e s . The l a t t e r approach immediately encounters the 

problem of determining which c h a r a c t e r s t a t e s a re r a r e , and hence the 

former approach has been adopted here. 



-195-

5.411 Keying-down known s p e c i e s 

Every s p e c i e s l i s t e d i n Appendix I I was used i n turn as the 

unknown s p e c i e s , and i d e n t i f i e d u s i n g the c o e f f i c i e n t s S. and S„. 
SM K 

As s t a t e d i n S e c t i o n 5.41, t h e r e are s e v e r a l comments i n the 

l i t e r a t u r e implying that a c e r t a i n s p e c i e s c l o s e l y resembles another 

s p e c i e s . A l i s t of the s p e c i e s concerned i s given i n Table 5.1, the 

data being taken from Fremy (1931), G e i t l e r (1932), Malmestrom (1972), 

S e t c h e l l (1896) and S e t c h e l l and Gardner (1903). The information 

from the above l i t e r a t u r e can be compared w i t h the r e s u l t s obtained 

u s i n g 'IDENTIFY' (Table 5.2). 

The r e s u l t s i n d i c a t e that u s i n g S_„, two p a i r s of s p e c i e s were 

i d e n t i c a l ( 1 ) C. a t r i c h a and C. acytonemicola and ( 2 ) C. evanescens 

and C. membranacea. Using S , o n l y C. evanescens and C. membranacea 

were i d e n t i c a l . ( I t should be pointed out t h a t u s i n g the three 

c o e f f i c i e n t s S__, S, and S__ gave the same r e s u l t s f o r the n e a r e s t 
on RE 

neighbours, although the a c t u a l v a l u e s of the c o e f f i c i e n t s d i f f e r e d . 

For t h i s reason, only the r e s u l t s obtained u s i n g the s i m p l e s t c o e f f i c i e n t 

S_„ and S„ w i l l be considered f u r t h e r ) . 
on K. 

A comparison of Tables 5.1 and 5.2 shows t h a t f i v e of the n e a r e s t 

neighbours obtained u s i n g S ^ and the simultaneous key were the same 

as those d e s c r i b e d i n the l i t e r a t u r e . These were: 

1. C. aeruginea and C. c o n f e r v i c o l a 

2. C. c o n i c a and C. marchica 

3. C. bharadwaja and C. g r a c i l i s 

4. C. scopulorum and C. c o n f e r v i c o l a 

5. C. p i l o s a and C. v i v i p a r a 
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Table 5.1 L i s t of s p e c i e s d e s c r i b e d i n the l i t e r a t u r e 
as ' c l o s e l y resembling each o t h e r 1 

C a l o t h r i x adscendens 
C. aeruginea 
C. a f r i c a n a 
C. a n t a r c t i c a 
C. a t r i c h a 

and 

C. a t r i c h a 
C. bharadwaja 
C. bharadwaja 
C. b o s s e i 
C. c a l i d a 
C. c a s t e l l i i 
C. c a s t e l l i i 
C. consociata 
C. consociata 
C. c o n t a r e n i i 
C. Crustacea 
C. f a s c i c u l a t a 
C. f a s c i c u l a t a 
C. fus c a 
C. gardneri 
C. j u l i a n a 
C. membranacea 
C. p a r i e t i n a 
C. parva 
C. p r o l i f e r a 
C. p u l v i n a t a 
C. v i g u i e r i 
C. v i v i p a r a 
C. v i v i p a r a 
R i v u l a r i a bornetiana 
R. mamillata 
R. n i t i d a 

C. 
Q_. 

C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 

C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
C. 
c . 

R. 
R. 
R. 

c o n f e r v i c o l a 
c o n f e r v i c o l a 
p a r i e t i n a 
s a n d v i e n c i s 
conica 
marchica 
f r i t s c h i i 
g r a c i l i s 
adscendens 
k u n t z e i 
c o n f e r v i c o l a 
p u l v i n a t a 
c o n f e r v i c o l a 
scopulorum 
scopulorum 
aeruginea ( when young) 
c o n t a r e n i i 
scopulorum 
p a r a s i t i c a 
g r a c i l i s 
c o n f e r v i c o l a 
i n t r i c a t a 
t h e r m a l i s 
fu s c a 
Crustacea 
scopulorum 
o r e v i a r t i c u l a t a 
p i l o s a 
scopulorum 
b i a s o l e t t i a n a 
n i t i d a 
a t r a 
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Table 5.2 Nearest neighbours for aacb known 

apaelea ualng tha e o a f f l c l a n t a of 
raaaaiblanca 8 and 8^ 

nairaat neighbour 
ualng S M 

nuaibar of 
aatchea (•) 

nuaber of 
•laaatchaa (u) 

nearaat neighbour 
ualng 8 k 

nuaber of 
•atchea (•) 

C. acytonaalcola 
C. evanaacana 

C. aubaarchica 
C. a n t a r c t l c a 

t o idea 
blana 

C. a f r l e a n a 
C. violacea 

C. scytonealcoln 
C. g r a c i l l a 
C. aubaarehica 

clavatoidea 
gelatinoaa 
•archlea 
f u l l e b o r n l 
acytonealcola 
J u l i a n a 
a l u l a e 

C. autaaarchlca 
C. a i n l B i 

C. aarchica 
C. aeruglnea 
C. acopulorua 
C. poi'vo 
C. p a r a a l t l c a 
C. f a a c i c u l a t a 

C. floccoaa 
C. gardnerl 
C. pi loan 
C. geltonoa 
C. aphaeroapora 
C. aarchlca 
C. ainuacula 
C. to n a l l a 

C. naBbranacea 
C. p r o l i f e r a 
C. avaneacena 

C. c y l l n d r i c a 
C. bharadwaja 
C. aubaarchlca 

a n g l n i i 

C. c l a v a t a 
C. c l a v a t a 
C. f u a c o - v l o l a c c a 

C. do1lochoaerea 
C. b r e v i a r l l c u l a i a 
C. coluBblana 
R. planctonlca 

C. kawralskyi 
C. bharadaaja 
C. aarchica 
C. alaulana 
C. c a a t e l l i l 
C. kawraiskyl 
C. a i a p l e z 
C. c l a v a t a 
C. c y l i n d r i c a 
C. p a r i e t i n a 
C. f u l l e b o r n l 
C. i n t r l c a t a 

C. evaaaacanB 
C. evaneacens 
C. a l e n k l n i i 
8. a a a g l B i l 

C. kuntaei 
.C. conaoclata 

14 

13 

14 
13 
13 
13 

18 
12 
18 
10 
18 
8 
9 
14 
16 

15 
18 

16 
15 
15 
12 

13 
18 

17 
10 
10 
20 
12 
15 
10 
14 

18 
16 
13 

17 
11 
11 

13 

14 
12 
12 

20 
13 
16 
14 

10 
18 
16 
14 
14 
14 
16 
17 
15 
15 
10 
16 

18 
16 
10 
10 

15 
12 

C. acopulorua 
C. acytonealeola 
C. c o n f e r v i c o l a 
C. floccoaa 
C. Baabranacea 
C. BubaaxshlcB 
C. an ta r e t lea 
C. gelatinoaa 
C. a f r l c a n a 
C. c y l l n d r i c a 
C. doliochoaerea 
C. floccoaa 
C. violacea 
C. bharadwaja 
C. o l e n k l n l l 
C. g r a c i l l a 
C. c l a v a t a 
C. c l a v a t o l d e s 
C. clavatoldaa 
C. gelatinoaa 
C. conica 
C. bharadwaja 

C. braunli 
C. clavatoidea 
C. koaalnakajao 
C. aeBbranacea 
C. braunii 
C. d a v a t o i d e a 
C. o l e n k l n l l 
C. ghoaei 
C. BeBbranacaa 
C. a i n i a a 
C. bravlaaiaa 
C. aeruginoii 
C. acopulorua 
C. e l e n k l n l i 
C. cruatacea 
C. c o n t a r e n l l 
C. f a a c i c u l a t a 
C. acopulorua 
C. floccoaa 
C. aoruglnea 

C. geltonoa 
C. J u l i a n a 
C. g r a c i l l a 

C. evanaacana 

C. aeabranecea 
C. a l u l a e 
C. l a n e l l e 
C. Beabranecaa 
C. Crustacea 
C. p r o l l f e r a 
C. coluablana 
C. e l e n k e n l l 
C. ghoaal 
C. koaalnakajae 
C. aeBbranacna 
C. c y l i n d r i c a 
C. a t r l c h a 
C. bharadwaja 
C. clavatoidea 
C. d o n n e l l l l 
C. g r a c l l i a 
C. I n t r l c a t a 
C. aubaarchica 
C. doliochoaeroa 
C. gelatinoBB 
C. p a r a a i t i c a 
C. a t e l l a r l a 
R. aloblcepa 
R. a a n g l n l i 
C. braunii 
C. c l a v a t a 
C. fuaco-violacea 
C. l i n o a r i a 
C. dollochoaeres 
C. boaael 
C. c y l l n d r i c a 
C. coluabiana 
C. do1lochoaerea 
C. e l a n k i n l l 
R. planctonlca 
C. kawralakyi 
C. bharedwaja 
C. •••branacea 
C. a a r c h i c a 
C. alaulana 
C. c a a t e l l l i 
C. kawralakyl 
C. a l a p l e i 
C. c l a v a t a 
C. c y l l a d r l c a 
C. p a r i a t l n a 
C. c l a v a t a 
C. breviaalaa 
C. coaica 
C. l o i r l c a t a 
C. evaneacena 
C. aeBbranacea 
C. e l e a k l n l l 
C. c o n t a r e n l l 
C. cruatacea 
C. fuaca 
C. acopulorua 
C. kuataei 
C. a a t a r c t l c a 

14 
14 
15 
15 
15 
14 
13 
13 
13 
13 
13 
13 
13 
16 
16 
IB 
15 
15 
18 
10 
17 
13 

IS 
17 
17 
17 
18 
16 
18 
16 
16 
18 
17 
15 
15 
14 

16 
16 
16 
16 
17 
13 

20 
13 
17 

14 

14 
14 
14 
18 
16 
16 
14 
14 
14 
14 
14 
17 
11 
11 
11 
11 
11 
11 
11 
13 
13 
13 
13 
13 
13 
15 
12 
12 
12 
20 
14 
14 
16 
14 
14 
14 
10 
18 
17 
14 
14 
14 
14 
16 
17 
15 
15 
13 
16 
16 
16 
IB 
17 
10 
13 
13 
13 
13 
15 
12 
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lloaa 

baeroapora 
k g n a l l a 

C. p r o l l f e r a 
C. d e a a r t i c a 
C. v l v l p a r a 
C. f a s c l c u l a t a 
C. s a n t a p a u l 
C. r o b u a t a 
C. r a n e n a k i l 

R. paguana 
C. a f r l c a n a 

C. a c y t o n e a l c o l a 
C. a t r l c h a 

C. Basra laky 1 
C. Javanlea 

C. d o n n e l l l l 
C. a c y t o n a a l c o l a 
C. weabaeranals 
R. aquatica 
C. c l a v a t a 
C. fuaca 
C. c l a v a t o l d e s 
C. n l n i a a 
C. e p i p h y t i c * 

C. evanaacena 
C. • a r c h l e a 
C. boasel 

C. e p l p h y t l c a 

C. apbaerospora 
C. MBbranacaa 
C. a c y t o n a a l c o l a 

R. a a a l l l a t a 
C. a a v r a l a k y l 

R. a t r a 

R. h a e a a t l t a a 

R. n l n u t u l a 
R. rufaacana 

14 
10 
10 
18 
11 
B 
9 

3 
11 

12 
14 

16 
14 

12 
12 
12 
12 
13 
13 
15 
19 
14 

13 
13 
14 

13 

11 
18 
12 

18 
12 

13 

15 

16 
18 

C. c o n a o c l a t a 
C. koBalOBkaJae-
C. p r o l l f e r a 
C. d a a e r t i c a 
C. v l v l p a r a 
C. f a s c l c u l a t a 
C. s c o p u l o r u a 
C. f l o c c o a a 
C. c o n i e r v l c o l a 
C. c o n t a r e n l l 
C. dollochoaereB 
C. f l o c c o a a 
C. adacaodana 
C. d o l l o c h o a e r e a 
C. a f r l e a n a 
C. coluablana 
C. dolloctaoMrea 
C. p u l v l n a t a 
C. cruatacea 
C. adacendenB 
C. a t r l c h a 
C. k a a r a l a k y l 
C. b r e v l a a l a a 
C. c o l u a b l a n a 
C. Javanlea 
C. a a r c h l c a 
C. d o a u e l l l l 
C. c l a v a t o l d e a 
C. g r a c i l i s 

C. c l a v a t a 
C. fusca 
C. c l a v a t o l d a a 
C. a l n l a a 
C. MBbraaacea 
C. B l n l a a 
C. BMBbranacaa 

C. boaael 
C. p a r l e t l n a 
R. dura 
C. dollochoBnras 
C. e l a n k l n l l 
C. s t a p l e s 
C. acopuloruB 
C. •aabranaeaa 
C. dollocbcaeres 
R. aloblcapa 
R. a a a l l l a t a 
R. E l o b l c s p a 
R. p l a n c t o a l c a 
R. a t r a 
R. B l t l d a 
R. h a e a a t l t a a 
R. B a a l l l a t a 
R. a l n u t u l a 
R. p o l y o t l a 
R. rufaacena 

12 
12 
14 
10 
10 
IB 
I S 
13 
10 
10 
10 
10 
11 
11 
11 
11 
11 
11 
16 
14 
14 
16 
14 
14 
14 
14 
12 
15 
14 

13 
13 
15 
15 
13 
15 
15 

14 
14 
14 
13 
13 
13 
14 
16 
14 
14 

18 
14 
14 
13 
13 
15 
13 
16 
16 
18 

U U t * 

k l n l l 
p n t a r l c a 
iitula 

C. e p i p h y t l c a 9 

R. a a a l l l a t a 14 
R. n i t Ida 14 
R. a e a a n t e r l e a 15 
C. aubaarchic* 13 
C. weBbaerenala 14 
R. rufascena 17 
R. nequana 4 
C. geltonoa 15 
R. a t r a IB 
C. fuaca 13 
R. b u l l a t a 15 
R. rufeBcens 18 
R. peauana 4 
C. aandviencis 3 
C. a c y t o n e a l c o l a 3 
C. a e b e r l 3 
C. Rloaocola 14 
R. a l n u t u l a 15 
R. n l t l d a 15 
R. rufaacens 15 
R. b a a a a t l l e a 17 
C. p r o l i f a r a 12 

8 
8 
6 
5 
3 
4 
2 

5 
6 
3 
6 
3 
2 
1 
1 
1 
2 

7 
7 
7 
4 
4 

C. aaabranacea 
R. dura 
R. a l m i t u l a 
R. a a a l l l a t a 
R. n l t i d a 
R. a n a a o t e r l c a 
C. b r a u n l l 
R. planetenlca 
R. rufeacena 
C. BtagaallB 
R. aeaanterlca 
R. a t r a 

g l o b l c a p B 
b u l l a t a 
rufeacana 
p o l y o t i a 
( l o b l c a p a 
• a o g l n i i 
n l t l d a 

C. b r a u n l l 
R. ( l o b l c e p a 
R. b l a a o l e t t l a n 

R. n l n u t u l a 
C. p r o l i f e r a 

11 
11 
11 

13 
18 
15 
9 
9 

18 

14 
15 
18 
15 
3 
3 
5 
13 
IS 
16 

17 
12 

F o r o l a r i t y o f r e p r e s e n t a t i o n s p e c i f i c names have not been u n d e r l i n e d 
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Using the c o e f f i c i e n t S R , nine n e a r e s t neighbours were i n agreement 

w i t h the - l i t e r a t u r e . These were 1-5 given above and - -

6. C. f u s c a and C. p a r a s i t i c a 

7. C. i n t r i c a t a and C. membranacea 

8. C. scopulorum and C. p u l v i n a t a 

9. C. v i v i p a r a and C. scopulorum 

Both e s t i m a t e s of resemblance used w i t h 'IDENTIFY' a l s o suggested 

t h a t R i v u l a r i a mamillata and R. a t r a were more c l o s e l y r e l a t e d to each 

ot h e r than as was suggested by G e i t l e r (1932), to R. n i t i d a . 

The number of matches, out of a maximum of 26 ( T a b l e 5.2) i n d i c a t e s 

t h a t most 'nearest neighbours' to each C a l o t h r i x s t r a i n have between 

12-16 matches and i n the case of R i v u l a r i a 13-15 matches. The f o l l o w i n g 

'nearest neighbours' of C a l o t h r i x s t r a i n s had more than 16 matching 

c h a r a c t e r s : 

C. c y l i n d r i c a and C. f l o c c o s a (17 matches) 

C. k o s s i n s k a j a e and C. c l a v a t a (17 matches) 

C. bharadwaja and C. g r a c i l i s (18 matches) 

C. b r a u n i i and C. c l a v a t a (18 matches) 

C. evanescens and C. membranacea (18 matches) 

C. doliochomeres and C. geitonoa (20 matches) 

The f o l l o w i n g 'nearest neighbours' of R i v u l a r i a had more than 15 

matching c h a r a c t e r s : 

R. b i a s o l e t t i a n a and R. minutula (16 matches) 
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R. b i a s o l e t t i a n a and R. r u f e s c e n s (16 matches) 

_ R. haematites- and R. rufescens—(-17 matches) 

R. mamlllata and R. a t r a (18 matches) 

R. minutula and R. r u f e s c e n s (18 matches) 

I n comparison w i t h t h i s , s e v e r a l n e a r e s t neighbours had v e r y few 

matching c h a r a c t e r s e.g. 

C. s a n d v i e n c i s and R. peguana (3 matches) 

R. peguana and C. s a n d v i e n c i s , C. scytonemicola or C. weberi 
( 3 matches) 

R. n i t i d a and R. peguana (4 matches) 

However, r e l a t i v e l y l i t t l e i nformation was recorded about any of the 

above p a i r s and the im p r e s s i o n t h a t they form f a i r l y d i s t i n c t s p e c i e s 

should be t r e a t e d w i t h c a u t i o n ( s e e below). 

Examination of 'nearest neighbours' u s i n g the s i m i l a r i t y 

c o e f f i c i e n t S • was a l s o made. can range from 0, when no 

c h a r a c t e r s a re i d e n t i c a l , to 1.0 when a l l c h a r a c t e r s a r e i d e n t i c a l . 

A l l o f the p a i r s of s p e c i e s , l i s t e d above, w i t h r e l a t i v e l y h i gh numbers 

of matches have r e l a t i v e l y high v a l u e s of S ( > 0.74). However, a l l 
SM 

of the p a i r s of s p e c i e s w i t h low numbers of matches a l s o have high 

v a l u e s f o r S g M ( > 0 . 74), w i t h the exception of R. n i t i d a and R. peguana. 

Such f i n d i n g s emphasise the need f o r o b t a i n i n g as much information as 

p o s s i b l e about each s p e c i e s , and the problems of r e l y i n g on too few 

c h a r a c t e r s . 
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The 10 p a i r s of s p e c i e s w i t h the lowest v a l u e s of S_„ a r e : 
SM 

c. d e s e r t i c a and C. g a r d n e r i 
SSM 0.59 (10 matches) 

c. d e s e r t i c a and C. p i l o s a 
SSM 0.59 (10 matches) 

c. p i l o s a and C. v i v i p a r a 
SSM 0.59 (10 matches) 

c. p a r i e t i n a v a r . a f r i c a n a and 
C. p r o l i f e r a 

SSM 0.64 (14 matches) 

R. a u s t r a l i s and R. a t r a 
SSM 0.65 (13 matches) 

C. c o n f e r v i c o l a and C. aeruginea 
SSM 0.66 (15 matches) 

c. c o n f e r v i c o l a and C.scopulorum 
SSM 0.66 (15 matches) 

c. Crustacea and C . f a s c i c u l a t a 
SSM 0.67 (16 matches) 

C. f u s c o - v i o l a c e a and C . c l a v a t a 
SSM 0.67 (14 matches) 

R. n i t i d a and R. peguana 
SSM 0.67 (4 matches) 

I t i s evi d e n t that even i f one s p e c i e s i s f a i r l y d i s t i n c t , i n t h a t 

i t has a low c o e f f i c i e n t of s i m i l a r i t y w i t h i t s n e a r e s t neighbour, 

there i s not always a s i n g l e n e a r e s t neighbour. 

5.412 Keying-down unknown m a t e r i a l 

The m a t e r i a l c o l l e c t e d from the streams v i s i t e d during the 

e c o l o g i c a l survey was i d e n t i f i e d u s i n g the c o e f f i c i e n t S_ w, w i t h 
SM 

both the complete s e t of c h a r a c t e r s and with the v a r i a b l e c h a r a c t e r s 

( S e c t i o n 5.2) omitted. I n order to keep the i d e n t i f i c a t i o n as 

o b j e c t i v e as p o s s i b l e , every tapered trichome which had a d i f f e r e n t 

combination of c h a r a c t e r s was coded and i d e n t i f i e d . Each of these 

trichomes was a l s o i d e n t i f i e d u s i n g the f l o r a of G e i t l e r (1932), the 

r e s u l t s obtained are shown i n Table 5.3. 
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T a b l ° 5 3 Identification of f i e l d material (showing „ U B b B r o f 

trichomas keying down to each name) tapered 

sample number 
10001 

'10002 

110003 

•10011 

10012 

.0042 

Ceit l e r (1932) 
Rlvularla b i a B o l e t t l a n a (6) 
H. dura {61 ' 
]f. mlnutula (6) 
R. biasolettiana (8) 
I . dura (B> 
5- ilnutula (3) 
R. biaBolettlana (6) 
5- minutuia (3) 

R. blaaolett-lana (4) 
K. dura (4) 
ff. minutuia (4) 
R. biaBolettlana (S) 
If. aura (5} 
R. mlnutula (S) 
R. biasolettiana (2) 
If. dura (4) 
W. mlnutula (4) 
R. biaaoiettiana (7) 
If. dura (7) — 
5- minutuia (4) 
R. dura (2) 

R. dura (4) 

R. aquatlea (9) 

H. aquatica (7) 
H. globlcepa (1) 

R. dura (5) 

R. dura (6) 

R. dura (8) 

R. dura (8) 

R. diira (7) 

R. dura (5) 

R. b i a B o l e t t l a n a (9) 
F. minutuia (7) 

R. dura (8) 

R. dura (9) 

IDENTIFICATION USING 
'IDENTIFY• with 

f u l l l i s t of characters 
R. beccariana (6) 

R. beccariana (6) 
ff. dura ( 2 ) — 

R. aquatlea (3) 
If. beccariana (1) 
R. borealis 7 2 ) 
If. dura ( l ) 

—Rv-aqua't ica- -04')-

R. aquatica (3) 

R. aqua tlea C4) 

R.. beccariana (6) 
5- ylellard£~(l) 

R. dura (1) 
S- Haematites (1) 
R. rufeacene (1> 
R. beccarlana (4) 

Ui aquatica (8) 
J . glpblcepB (1) 

R. aquatica (6) 
J . globlcepa (2) 

R. a q u a t i c a (1) 
R\ beccaria'na (3) 
V. planetonTca (3) 

R. beccariana (6) 
R. planetonlea (3) 

R. beccariana (8) 
It. pianctonTca (3) 

R. aquatica (1) 
E. beccaria'na (1) 
5- pianctonTca (7) 
R. aquatica (1) 
If. neccarlana (3) 
If. pianctonTca (2) 
V. rureacens (a) 
R. aquatica (1') 
If. pianctonica (2) 
H. rmeacenB~T2) 
R. aquatica (9) 
R. pianctonica (1) 
R. aquatica (3) 
K. beccariana (4) 
B. dura (1) 
R. aquatica (1) 
If. beccariana ( 2 ) 
If. naematltes (1) 
R. ruleacehi~(5) 

1 IDENTIFY' with 
reduced l i s t of characters 

R. beccariana (6) 

R. aquatica (2) 
If. beccaria'na (9) 
1. dura (g) 

R. beccariana (2) 
If. aura ( 3 j 
j . p lanctpnlca (1) 

R. aqua flea (2) 
H. aura (39 
5- rufeacena (1) 
R. aquatica (1) 
If. aura (4) 

R. aquatica (2) 
If. aura ( 8 / 
ff. ruleacena (1) 
R. beccariana (7) 
If. haematites (1) 
If. rufescena~(2) 
H. riifeacena (2) 

R. aquatica (2) 
If. oeccariana (1) 
R. dura ( 1 ) — 

•R. aquatica (6) 
If. dura (Z) 
If. globlcepa- (1) 
•ff. pianctonTca (1) 

R. aquatica (4) 
R". beccaria'na (3) 
E. naematltei (3) 
If. rufeBcenH (2) 
R. aquatica (1) 
R". dura (1) 
H". planctoriica (2) 
5-. r u i e a c e r i I " T l ) 

R. aquatica (1) 
R. beccaria'na (1) 
S. haematites (1) 
E. pianctoriTca (5) 
E. ruiescen"s~T2) 

R. aquatlea (3) 
If. pianctonica (3) 
E. rurescens~T2) 

R. aquatica (1) 
R. beccariana ( 1) 
J , pianctonTSa (7) 

R. aquatica (3) 
R. p i a n c t o n i c a (4) 
E. r,uioscen5~Tl) 

R. aquatica (3) 
E. pianctonica (2) 

R. aquatica (9) 
If. p i a n c t o n l c a (1) 

R. a q u a t i c a (8) 

R. beccarlana (3) 
If. rufescens~C5') 
If. v l e l l a r d f (2.) 
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R. blasolettlana (4) 
R. •Inutulm (5) 

R. dura (10) 

R. dura (10) 
R. dura (9) 

R. dura (8) 
R. dura (9) 
R. dura (8) 
R. dura (9) 
R. dura (9) 
H. dura (9) 
R. haematites (10) 

R. dura (8) 

R. blasolettlana (2) 
R. dura (4) 
R. mlnutula (4) 
R. blasolettlana (4) 
R. dura (6) 
R. mlnutula (5) 

R- beccarlana (2) 
J . blasoiettTana ( l ) 
R. rufescena (g) 
«• v i e i l a r d l (2) 
H. beccarlana (10) 

R. beccarlana (10) 
R. beccarlana (9) 

R. blasolettlana (8) 
R. blasolettlana (9) 
R. blasolettlana (8) 
R. beccarlana (9) 
R. beccarlana (9) 
R. beccarlana (9) 
R. aquatlea (2) 
R. beccarlana (4) 
R. haematites (4) 
R. beccarlana (1) 
R. naematltis (1) 
If. ruiescens~~(4) 
R. v i e l l a r d f (2) 
H. aquatlea (2) 
R. beccarlana (1) 
5- aura ( l ) 
R. aquatlea (7) 
R. beccarlana ( I ) 

R. beccarlana (5) 
J . blasolettlana (1) 
»• glopiceps (1) 
5- ruiescens (6) 
R. beccarlana (9) 
H. 'dura ( 2 ) — 
V. giottlceps (2) 
R. pianctonlca (4) 
R. beccarlana (10) 
R. beccarlana (9) 
ff. dura (Zj 
H- planctonlca (1) 
R. beccarlana (8) 
R. beccarlana (9) 
R. beccarlana (8) 
R. beccarlana (9) 
R. beccarlana (9) 
R. beccarlana (9) 
R. globlcepB (lo) 
V. haematites (1) 
H. planctonlca (3) 
R. beccarlana (1) 
R". haematites (1) 
W. rmescens~(4) 
5- v l e l l a r d l (2) 
R. aquatlea ( l ) 
H. oeccanana (3) 
ff. dura (1) 
R. aquatlea (7) 
R. beccarla'na (1) 

R. mlnutula (10) 

R. du ra (10) 

R. dura (S) 

R. blasolettlana (3) 
R. dura (7) 
ff. mlnutula (5) 

R. dura (10) 
R. blasolettlana (8) 
If. dura (10) 
ff. mlnutula (2) 
R. blasolettlana (2) 
I . dura (B) 
R. mlnutula (8) 

R. dura (10) 
R. dura (8) 

R. haematites (6) 
R. ruxesceni~(3) 

R. aquatlea ( I ) 
R• beccarlana (3) 
R. dura ( 6 ) — 
R. aquatlea (1) 
R. beccarlana (7) 
H. dura ( l j 
R. naematltes (1) 
R. aquatlca (2) 
R. neccarla'na (6) 
R. aura ( l j 
R. aquatlca (5) 
R. beccarla'na (1) 
R. m a n g i n l l T l ) 
R. rurescens (2) 
R • beccar la na (10) 
R. beccarlana (10) 

R- beccarlana (5) 
R- DiasoletTTana (1) 
R. dura CD 

R. beccarlana (10) 
R. beccarlana (7) 
R. rurescena~(l) 

R. haematites (9) 

R. aquatlca (1) 
R. oeccarlana (9) 

R. aquatlca (2) 
R. peccarla'na (7) 
R. haematites (1) 

R. aquatlca (4) 
R. oeccarlana (S) 

R. aquatlca (4) 
R. peccarla'na (2) 
R. dura ( l ) 
R. rutescens (3) 
R. beccarlana (10) 
R. beccarlana (lo) 

R. aquatlca (4) 
R. oeccarlaha (3) 
R. Diasoletflana (1) 
R. mlnutula (2) 
R. beccarlana (10) 
R. beccarlana (8) 
R- blaaoletfTana (1) 
R. rurescens ( 3 ) 
R. haematites (8) 
R. ruieacens~(4) 
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I n the m a j o r i t y of ca s e s trichomes from one colony keyed-down 

to s e v e r a l of the e s t a b l i s h e d s p e c i e s and because of t h i s i t i s 

extremely d i f f i c u l t to a s s i g n a s p e c i f i c name. The d i f f e r e n c e i n 

names a s s i g n e d , u s i n g G e i t l e r and 'IDENTIFY' a r e to be expected 

when u s i n g such d i f f e r e n t t e c h n i q u e s ( s e e a l s o S e c t i o n 7.7). I n 

p r a c t i c e i t i s imp e r a t i v e t h a t workers s t a t e which technique and/or 

f l o r a they have used to i d e n t i f y s p e c i e s . 

The r e s u l t s obtained u s i n g 'IDENTIFY' ( w i t h the complete s e t 

of c h a r a c t e r s ) to key down f i e l d m a t e r i a l can be arranged i n seven 

groups: 

( 1 ) C o l o n i e s w i t h R i v u l a r i a a q u a t i c a as the dominant name 

( 2 ) C o l o n i e s w i t h R. b e c c a r i a n a as the dominant name 

(3 ) C o l o n i e s w i t h R. b i a s o l e t t i a n a as the dominant name 

(4 ) C o l o n i e s w i t h R. dura as the dominant name 

( 5 ) C o l o n i e s w i t h R. haematites as the dominant name 

(6 ) C o l o n i e s w i t h R. p l a n c t o n i c a as the dominant name 

( 7 ) • C o l o n i e s w i t h no obvious dominant name 

Most of the c o l o n i e s c o l l e c t e d were i n c l u d e d under c a t e g o r i e s 

( 1 ) , ( 2 ) and ( 7 ) . The m a j o r i t y (18 out of 44 c o l o n i e s ) had 

R. b e c c a r i a n a as the dominant name, although the c o l o n i e s themselves 

were c o l l e c t e d from a wide range of a r e a s . 9 of the 44 c o l o n i e s had 

R. a q u a t i c a as the dominant name, of these, 5 were a s s o c i a t e d w i t h 

t u f a d e p o s i t s and 3 were from pond s i t e s . 11 c o l o n i e s d i d not have a 

dominant name. From the point of view of f u t u r e workers, the m a t e r i a l 

from Malham (SD 912656) was the most uniform. M a t e r i a l from t h i s a r e a 
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was a l s o r e l a t i v e l y f r e e of the trichomes of S c h i z o t h r i x , which had 

proved- i m p o s s i b l e — t o e l i m i n a t e in- culture-.- - C o l o n i e s - f-rom Malham -have 

a l s o been observed to form new c o l o n i e s i n c u l t u r e ( S e c t i o n 3.4). 

Coding the three s t r a i n s of C a l o t h r i x used f o r experimental 

purposes (Chapter 4 ) , and naming them u s i n g 'IDENTIFY* produced the 

fo1lowing re s u i t s : 

( 1 ) C. b r e v i s s i m a keyed down to C. b r e v i s s i m a (17 matches, 3 mismatches) 

( 2 ) C. scopulorum keyed down to C. c o n s o c i a t a (13 matches, 5 mismatches) 

( 3 ) C. v i g u i e r i keyed down to C. c l a v a t a (17 matches, 4 mismatches) 

F o r i n t e r e s t , one new s t r a i n and 3 new v a r i e t i e s of C a l o t h r i x , 

d e s c r i b e d by V a s i s h t a (1962) were keyed down a g a i n s t the s t r a i n s given 

i n Appendix I I I . The r e s u l t s a r e as f o l l o w s : 

( 1 ) C. i n t r a c e l l u l a r s sp. nov. keyed down to C. e p i p h y t i c a 

(11 matches, 3 mismatches) 

( 2 ) C. e p i p h y t i c a v a r . major keyed down to C. stagnaliB 

(14 matches, 4 mismatches) 

( 3 ) C. gl o e o c o l a v a r . t e n u i s keyed down to C. a t a g n a l i s 

(14 matches, 4 mismatches) 

( 4 ) C. scytonemicola v a r . major keyed down to C. e p i p h y t i c a 

(12 matches, 3 mismatches) 

As mentioned above, the d i f f e r e n t names obtained are p a r t l y 

a r e s u l t of us i n g a d i f f e r e n t technique f o r i d e n t i f i c a t i o n . C . scopulorum 

and C. c o n s o c i a t a a r e however among those s t r a i n s d e s c r i b e d as c l o s e l y 
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resembling each other ( T a b l e 5.1) and I t seems p o s s i b l e t h a t a f t e r 

__ i n t e n s i v e study.,- the-names-of-members-of t h i s genus-may- be r e v i s e d . 

5.42 Answering data q u e r i e s 

The data (Appendix I I ) were used w i t h a computer program 

•QUESTION', a copy of which was given i n S e c t i o n 2.11. The program 

was designed to l i s t s p e c i e s of C a l o t h r i x and R i v u l a r i a , which 

possessed c e r t a i n c h a r a c t e r s or combinations of c h a r a c t e r s . Some 

examples of how to s e t the questions are given w i t h the copy of the 

program. 'QUESTION' has been used to summarise r a p i d l y , c e r t a i n 

a s p e c t s of the morphology of C a l o t h r i x and R i v u l a r i a . As l i t t l e 

i n formation concerning the h a i r was obtained from l a b o r a t o r y c u l t u r e s 

( S e c t i o n 3.4) the program was used i n p a r t i c u l a r , to study a s p e c t s 

of morphology which might be a s s o c i a t e d w i t h the presence or absence 

of a h a i r . 

5.421 Tapering and the h a i r 

The presence or absence of h a i r s i n the 78 s p e c i e s of C a l o t h r i x 

and 22 s p e c i e s of R i v u l a r i a (Appendix I I ) i s shown i n Table 5.4. Of the 

78 s p e c i e s of C a l o t h r i x , 21 were d e s c r i b e d as having a long h a i r and 6 

as having a s h o r t h a i r . 21 s p e c i e s of R i v u l a r i a were reported to 

possess a h a i r , the h a i r being long i n 12 s p e c i e s and s h o r t i n 1 s p e c i e s . 

The m a j o r i t y of s p e c i e s s t u d i e d possessed trichomes w i t h a gradual 

taper i . e . 67 s p e c i e s of C a l o t h r i x and 19 s p e c i e s of R i v u l a r i a . 5 

s p e c i e s of C a l o t h r i x and 1 of R i v u l a r i a had trichomes which tapered 

a b r u p t l y , w h i l e 6 s p e c i e s of C a l o t h r i x were reported to have trichomes 

w i t h a v e r y s l i g h t taper. The h a i r length i n r e l a t i o n to the taper 

of each s p e c i e s i s shown i n Table 5.5. 
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The d i s t r i b u t i o n of h a i r s i n r e l a t i o n to t a p e r i n g may be 

summarised a s - f o l l o w s : 

C a l o t h r i x R i v u l a r i a 

+ h a i r - h a i r + h a i r - h a i r 

gradual taper 48 19 18 1 

abrupt taper 4 1 1 0 

s l i g h t taper 0 6 0 0 

These f i g u r e s i n d i c a t e t h a t i n general h a i r s are found more 

f r e q u e n t l y i n R i v u l a r i a than C a l o t h r i x . One i n t e r e s t i n g p o i n t 

however i s the high percentage of s p e c i e s of C a l o t h r i x which'.have a 

trichome w i t h an abrupt taper and a l s o possess a h a i r . 

5.422 Physiognomic form and the h a i r 

Members of the genus R i v u l a r i a f r e q u e n t l y possess 

macroscopic c o l o n i e s which a re s p h e r i c a l or h e m i s p h e r i c a l i n shape. 

A l l of the s p e c i e s d e s c r i b e d i n the l i t e r a t u r e , w i t h the exception of 

R. p l a n e t o n i c a , p o s s e s s a h a i r , t h i s being near the outer edge of the 

colony. As s e v e r a l members of the genus C a l o t h r i x have c o l o n i e s of 

a s i m i l a r form, although s m a l l e r , the presence of h a i r s i n these 

s p e c i e s was st u d i e d . The r e s u l t s are summarised below, l i s t s i n c l u d i n g 

s p e c i f i c names being given i n Table 5.6. 

S p h e r i c a l or h e m i s p h e r i c a l Other growth 
colony form 

C a l o t h r i x R i v u l a r i a C a l o t h r i x R i v u l a r i a 

number having each 
growth form 12 17 37 0 

% w i t h h a i r s 75% 100% 57% 

% w i t h long h a i r s 58% 71% 22% 
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The r e s u l t s i n d i c a t e d t h a t a r e l a t i v e l y g r e a t e r percentage 

of s p e c i e s of C a l o t h r i x w i t h j i a i r s have a s p h e r i c a l or 

h e m i s p h e r i c a l growth form t h a t i s s i m i l a r to t h a t found i n the 

genus R i v u l a r i a . T h i s may p o s s i b l y be a s s o c i a t e d w i t h a p o l a r i t y 

w i t h i n the colony which i n f l u e n c e s the development of a p i c a l h a i r s 

e.g. g r a d i e n t s of l i g h t , c o n c e n t r a t i o n s of n u t r i e n t s and gases. 

At present however there i s no published work d e s c r i b i n g such g r a d i e n t s . 

5.423 Swollen base and the h a i r 

The r e s u l t s d i s c u s s e d i n S e c t i o n 3.21 seemed to i n d i c a t e t h a t 

i n a high proportion of the s p e c i e s of C a l o t h r i x s t u d i e d i n the 

l a b o r a t o r y , t a p e r i n g was due to r e l a t i v e l y g r e a t e r i n c r e a s e s i n the 

b a s a l width of the trichome i . e . t h a t they had a swollen base. Few 

of the s p e c i e s i n the l a b o r a t o r y possessed h a i r s and so the 

d i s t r i b u t i o n of h a i r s among s p e c i e s w i t h and without s w o l l e n bases i n nature 

was s t u d i e d , ( T a b l e 5.7). 35 s p e c i e s of C a l o t h r i x and 1 s p e c i e s of 

R i v u l a r i a d e s c r i b e d i n Appendix I I were reported to have s w o l l e n bases. 

Of these, the one s p e c i e s of R i v u l a r i a and 25 (72%) of the C a l o t h r i x 

s p e c i e s possessed h a i r s . However a s i m i l a r number of s p e c i e s of 

C a l o t h r i x 24 ( 6 3 % ) , a l s o possessed h a i r s , but had no s w o l l e n base and 

there appears to be no r e l a t i o n s h i p between the presence of h a i r s and 

a s w o l l e n trichome base. The l a c k of h a i r s i n c u l t u r e seems l i k e l y 

to be due i n p a r t to the c u l t u r e c o n d i t i o n s (see a l s o S e c t i o n 3.4). 

5.424 Sheath co l o u r and the h a i r 

The d e s c r i p t i o n of C. scopulorum c u l t u r e d i n V__, ( S e c t i o n 3.4) 
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was one i n s t a n c e of the formation of h a i r s i n trichomas w i t h a 

ye-l-low-brown sheath-; As the-author -orice~'—observed- h a i r s i n -

c u l t u r e , r e p o r t s of these c h a r a c t e r s o c c u r r i n g together i n the 

l i t e r a t u r e were s t u d i e d . 75% of the s p e c i e s of C a l o t h r i x w i t h a 

yellow-brown sheath possessed h a i r s , w h i l e 61% of those w i t h a 

c o l o u r l e s s sheath a l s o possessed hairs.(Table 5.8) There appears to be a 

s l i g h t tendency f o r s p e c i e s w i t h yellow-brown sheaths to possess 

h a i r s . T h i s may be r e l a t e d to the f a c t t h a t the h a i r and y e l l o w -

brown sheath appear during the l a t e r s t a ges of development of the 

trichome or t h a t they are i n f l u e n c e d by s i m i l a r environmental f a c t o r s . 

At present however there i s no evidence concerning the l a t t e r p oint. 

5.5 D i s c u s s i o n 

An attempt has been made to overcome some of the problems 

encountered when us i n g the t r a d i t i o n a l f l o r a s to i d e n t i f y C a l o t h r i x 

and R i v u l a r i a . An a l t e r n a t i v e , o b j e c t i v e scheme f o r i d e n t i f y i n g 

m a t e r i a l has been de v i s e d ( S e c t i o n 5.2). T h i s technique was used 

w i t h each known s p e c i e s , i n t u r n , r e p r e s e n t i n g the unknown s p e c i e s . 

The r e s u l t s show th a t u s i n g the c o e f f i c i e n t of resemblance S _ w 

the v a l u e s f o r each of the two p a i r s of s p e c i e s ( i ) C a l o t h r i x a t r i c h a 

and C. scytonemicola and ( i i ) C. evanescens and C. membranacea, were 

i d e n t i c a l ( S c u
s 1 ) . These p a i r s of s p e c i e s had 14 and 16 i d e n t i c a l 

c h a r a c t e r s r e s p e c t i v e l y , and 0 c h a r a c t e r s which were d i f f e r e n t . 

Using S g K as the c o e f f i c i e n t of resemblance, C. evanescens and 

C. membranacea were i d e n t i c a l i . e . every c h a r a c t e r which scored other 
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than 0 or 9 was i d e n t i c a l . The n e a r e s t neighbours of C. a t r i c h a 

were C. bharadwa-ja and- G— -e-lenk-in-i-i and these were not i d e n t i c a l 

when u s i n g S g K . D e s c r i p t i o n s of these p a i r s of s p e c i e s , from 

G e i t l e r (1932) are v e r y s i m i l a r , except f o r s l i g h t d i f f e r e n c e s i n the 

trichome diameter. When such confusion i s p o s s i b l e , i t seems 

p r e f e r a b l e to use an o b j e c t i v e scheme of i d e n t i f i c a t i o n . 

The i d e n t i f i c a t i o n scheme developed has a l s o been used to 

a s s i g n names to 'unknowns'. I t was used p r i m a r i l y to name m a t e r i a l 

which was c o l l e c t e d from the f i e l d ( S e c t i o n 5.412). On the m a j o r i t y 

of o c c a s i o n s , c o l o n i e s contained trichomes which keyed-down to s e v e r a l 

d i f f e r e n t names and i t was not p o s s i b l e to g i v e 'one name1 to the 

colony. T h i s appears to be a r e f l e c t i o n of the v a r i a t i o n shown by 

trichomes of one colony i n terms of age and p o s s i b l y response to the 

environment. The advantage of the scheme which has been de v i s e d 

l i e s i n i t s o b j e c t i v e nature. Although data c o l l e c t i o n f o r such a 

scheme i s time consuming i n i t i a l l y i t can be j u s t i f i e d f o r two reasons. 

F i r s t l y , that i t h i g h l i g h t s the inadequecies i n the known data and so 

should promote more rigo r o u s data c o l l e c t i n g i n the f u t u r e , p r e f e r a b l y 

i n a standard format. Secondly, once the data haue been c o l l e c t e d 

i t can be r e a d i l y processed by computer. T h i s has been made use of 

( S e c t i o n 5.42) by u s i n g the program 'QUESTION' to i n v e s t i g a t e the 

r e l a t i o n s h i p between the presence of h a i r s and four a s p e c t s of 

morphology. 

Observations of C a l o t h r i x and R i v u l a r i a suggested that h a i r s 

were p r e s e n t more f r e q u e n t l y i n R i v u l a r i a than C a l o t h r i x , and t h i s 

a l s o seemed to be the caBe when c o n s i d e r i n g r e p o r t s from the l i t e r a t u r e 
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( S e c t i o n 5.421). The p o s s e s s i o n of a h a i r appears to be r e l a t e d to 

— t h e — d e v e l o p m e n t — o f — a — s p h e r i x a l - o r - h e m t s p h e r i i c a l - g r o w t h - f o ' r i h - ^ 

a l s o be a s s o c i a t e d w i t h a p o l a r i t y w i t h i n such a colony ( S e c t i o n 5.423). 

There appears to be some tendancy f o r s p e c i e s of C a l o t h r i x and R i v u l a r i a , 

which possess a brown-yellow sheath to possess h a i r s j however, there 

does not seem to be any r e l a t i o n s h i p between the p o s s e s s i o n of h a i r s 

and the presence of a swollen trichome base. 
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6 AN ECOLOGICAL STUDY OF RIVULARIA 

6.1 I n t r o d u c t i o n 

The p r e s e n t study was r e s t r i c t e d to the genus R i v u l a r i a 

( S e c t i o n 1.5) and was designed p r i m a r i l y to f i n d p o s s i b l e 

r e l a t i o n s h i p s between water chemistry and the d i s t r i b u t i o n of 

R i v u l a r i a . I t was hoped that the r e s u l t s obtained would suggest 

f a c t o r s which might p o s s i b l y a f f e c t the development of the h a i r . 

The author r e c e i v e d a number of p e r s o n a l r e p o r t s concerning the 

occurrence of R i v u l a r i a , (D.J. Bellamy, K. Benson-Evans, 

M.E. Bradshaw, B.A. Whitton and P.F. W i l l i a m s ) , which helped 

c o n s i d e r a b l y during t h i s survey. 

As mentioned i n S e c t i o n 1.42, West and F r i t s c h (1927) d e s c r i b e d 

the occurrence of members of the R i v u l a r i a c e a e i n upland streams, 

p a r t i c u l a r l y i n limestone regions. As the m a j o r i t y of p e r s o n a l 

r e p o r t s (above) were r e l a t e d a l s o to s i t e s i n limestone r e g i o n s , the 

present study was c e n t r e d around these a r e a s . The regions from which 

samples were c o l l e c t e d a re shown i n F i g . 6.1, where they are superimposed 

on a map showing the d i s t r i b u t i o n of c a l c a r e o u s rocks of B r i t a i n . 

As samples were c o l l e c t e d i t became evi d e n t t h a t some streams 

w i t h i n a p a r t i c u l a r a r e a contained R i v u l a r i a and t h a t o t h e r s d i d not. 

I n the m a j o r i t y of 1 + R i v u l a r i a streams', the c o l o n i e s formed a 

conspicuous p a r t of the a l g a l f l o r a , although i n some, a few 

s c a t t e r e d c o l o n i e s were observed. The l o c a t i o n s of these l a t t e r 

streams are given f o r the sake of i n t e r e s t , but f o r comparisons of 

water chemistry, only streams of the former type have been considered 

to be '+ R i v u l a r i a s i t e s ! Negative (-) R i v u l a r i a s i t e s were streams 

which ( a ) d r a i n e d through or o r i g i n a t e d from the same limestone outcrop 
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as the '+ streams' or ( b ) were i n very c l o s e proximity to '+ streams' 

- and-s'0""were"±n"~t'he"-s"ame" watershed ana-presumab"ly~"h"ad " s i m i l a r -

c o n d i t i o n s of temperature and r a i n f a l l . 

6.2 S i t e d e s c r i p t i o n s 

6.21 Sampling s i t e s near Inchnadamph, Sutherland 

The stream lengths s t u d i e d i n t h i s a r e a were between 91.5-218 m 

above sea l e v e l . They were l o c a t e d i n the a r e a to the south west of 
2 

Quinag and to the e a s t of Loch Assynt, w i t h i n a s m a l l a r e a of 15 km . 

The reaches of the streams which were sampled are shown i n F i g . 6.2, 

where they are superimposed on a map showing the geology of the 

a r e a (Powell 1970). The a r e a i s one of complex geology, Assynt 

limestone being exposed i n s e v e r a l p l a c e s , p a r t i c u l a r l y i n the a r e a 

to the n o r t h e a s t of Inchnadamph. The streams w i t h i n t h i s region 

flowed over a range of rock types which would t h e r e f o r e i n f l u e n c e 

t h e i r water chemistry. The i n f l u e n c e of t h i s on the presence or 

absence of R i v u l a r i a was s t u d i e d . I n some streams-there were 

obvious changes i n the abundance of R i v u l a r i a downstreams and hence 

s e v e r a l reaches w i t h i n one stream were compared. 

6.22 A d d i t i o n a l S c o t t i s h sampling s i t e s 

I n a d d i t i o n to a d e t a i l e d study of the Inchnadamph reg i o n , 

a b r i e f survey was made i n s e v e r a l s e p a r a t e limestone regions of 

S c o t l a n d . I n two of the r e g i o n s , a t K i s h o r n and on Skye, the limestone 

outcrops were- d i f f i c u l t to l o c a t e as they were v e r y narrow. The two 

other s i t e s sampled were a t Knockan ( S u t h e r l a n d ) and B l a i r A t h o l l 

( P e r t h s h i r e ) . Most of these s i t e s were v i s i t e d during the e a r l y 
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p a r t of the survey and were i n c l u d e d because they a l l drained over 

and/-or from limestone-; -however, they are w i d e l y d i s t r i b u t e d 

g e o g r a p h i c a l l y . The abundance of R i v u l a r i a decreased n o t i c e a b l y a t 

s u c c e s s i v e downstream s i t e s i n the B l a i r A t h o l l stream and s e v e r a l 

reaches w i t h i n t h i s one stream were sampled. 

6.23 North Pennines and Upper Teesdale 

One of the main a r e a s from which R i v u l a r i a was c o l l e c t e d was 

Upper Teesdale. T h i s r e g i o n i s famous f o r i t s h i g h e r p l a n t 

r a r i t i e s which were d e s c r i b e d by P i g g o t t (1956). More r e c e n t l y , 

Hughes and Whitton (1972) have d e s c r i b e d the algae of Slapestone 

S i k e , a s m a l l stream d r a i n i n g Widdybank F e l l . 

Manley (1942) emphasised the s u b - a r c t i c nature of the environment, 

although the a r e a i s only 840 m above sea l e v e l . The stream reaches 

which were sampled are shown i n F i g . 6.3. The geology of the a r e a 

has been d e s c r i b e d by P i g g o t t (1956) and by Johnson, Robinson and 

Hornung (1971). The streams flow over exposed metamorphosed limestone 

('sugar l i m e s t o n e 1 ) . R i v u l a r i a was attached to many of the s l a b s of 

t h i s rock and to loose Whin S i l l pebbles i n the streams. 

R i v u l a r i a has been c o l l e c t e d from s e v e r a l p a r t s of Teesdale by 

Dr M.E. Bradshaw, v i z . from Bowlees quarry, a Whin S i l l quarry near 

Middleton and from Cronkley F e l l . M a t e r i a l from the f i r s t two of 

these s i t e s has been coded (AppendixIV), but water a n a l y s e s were not 

a v a i l a b l e . 

6.24 Westmorland 

The main a r e a of study i n Westmorland was a r e g i o n of wet f l u s h e s 

near Sunbiggin Tarn. The a r e a , d e s c r i b e d by Holdgate (1955) l i e s 

i n the north west Pennines a t an a l t i t u d e of 250 m. The a r e a i s 
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raainly Carboniferous limestone, with bands of sandstone and d r i f t . 

— T-he-dra-i-nage of the-area i s complex and there are- numerous springs-

and swallow holes. Below the springs, Holdgate described the area 

as having shallow peat with a high mineral content and stony calcareous 

clays. He made several references to the wet flushes described by 

Pearsall (1950) and also to similar areas i n Swedish soligenous fens, 

known as 'Flarks' (Sjors 1948, 1950). A stream at Barras (NY 847122) 

also contained Rivularia. 

6.25 Malham region, West Yorkshire 

The geology of Malham Tarn and surrounding regions has been 

described by O'Connor (1964). I t i s mainly a large area of exposed 

Carboniferous limestone, although there are areas where the older 

rock i s exposed. I n the north west Fountains F e l l rises to a height 

of 669 m (O'Connor 1964), while i n the north east a high limestone 

escarpment rises to about 457 m. South of t h i s the land drops to 

an extensive platform around the Tarn (approximately 381 m). Continuing 

southwards there i s a steep drop across the Mid-Craven f a u l t to 185 m 

at Malham. 

Several reaches along Gordale Beck and i t s t r i b u t a r y streams 

were studied (Fig. 6.4). The streams drain the eastern side of the 

Aire-Ribble watershed and flow i n t o the River Aire. One s i t e on the 

northern shore of Malham Tarn was also sampled. 

A few streams i n nearby areas were also examined fo r the presence 

or absence of Rivularia. A few colonies were found i n two streams 

( i ) associated with the tufa deposits i n a flush opposite the entrance 

to Ingleborough cave (SD 756712) and ( i i ) i n Austwick Head stream 
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(SD 776718). Rlvularia was not found i n the stream emerging i n 

Malham-Cove. .(-SD .89-7.6-41).._ _ 

6.26 South Wales 

A small area of the South Wales limestone was included i n th i s 

survey. Pringle and Neville George (1948) described the Carboniferous 

outcrop around the South Wales c o a l f i e l d . I t extends i n a narrow 

s t r i p running east from Kidwelly i n Carmarthenshire to near Abergavenny, 

where i t runs south near Pontypool. Behind Cardiff the limestone runs 

westwards beyond Porthcawl. Several streams associated with the band 

of limestone behind Cardiff were studied. Only one of the streams, 

that at Cwm Nofydd, was found to contain Rivularia. 

6.3 Water chemistry data 

Water samples were collected from the sites l i s t e d i n Table 6.1. 

The samples were collected and analysed as described i n Section 2.8, 

the results being given i n Table 6.2. Upper and lower l i m i t s f o r 

each component of water chemistry and the range over which Rivularia 

occurred, are given i n Table 6.3. Changes i n the water chemistry w i t h i n 

individual streams i n which the abundance of Rivularia decreased 

downstream, are given i n Tables 6.4 and 6.5. The levels of each 

component of water chemistry, from sites with and without Rivularia, 

were compared using the Mann-Whitney U-test (Section 2.12). Comparisons 

were made between + and - streams i n individual regions and between 

a l l '+ Rivularia s i t e s ' and a l l '- Rivularia s i t e s ' . I n cases where 

the number of + and - sites was small, comparisons were made by 

inspecting Table 6.2. 
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Table 6.1 Sites sampled during Rivularia survey 

Site 
number 

+ or -
Rivularia 

location Grid 
reference 

Date 

lTWvScot-1-and — _ -
2 + A l l t Skiathaig NC 237251 24.9.72 
3 + ii ii NC 238256 II 

8 + side flush of A l l t NC 246236 n 
a Chalda Mor 

10 + 
II II NC 247235 II 

17 + A l l t na Glaic Moire NC 267213 25.9. 72 
18 + 

II II NC 262210 II 

19 + 
II II NC 260216 II 

20 + spring near InchnadamphNC 255217 II 

Hotel 
1 — A l l t Skiathaig NC 236250 24.9.72 
4 - A l l t a Chalda Beag NC 242245 II 

5 - Btream flowing into 
A l l t nam Breac NC 247250 II 

6 - II II NC 252245 II 

7 - A l l t a Chalda Mor NC 245235 n 
9 - side flush of A l l t a 

Chalda Mor NC 246236 n 
11 - Btream flowing into 

A l l t P o l l an 
Droighinn NC 260221 25.9. 72 

12 - A l l t P o l l an 
Droighinn NC 261220 II 

13 - T r a l i g i l l River NC 272210 it 

14 - stream flowing into 
T r a l i g i l l NC 279213 II 

15 - n II NC 277205 II 

16 - A l l t na Glaic Moire NC 267213 II 

:her Scottish sites 

25 + Kishorn, stream NG 842432 24.8.71 
26 + 

II II II 

21 + Tulach hill,stream NN 869643 23.9.72 
22 + 

II NN 869644 n 
23 + 

II NN 869645 II 

24 Tulach hill,stream NN 868642 23.9.72 
27 - Skye, Torrin NG 589205 24.8.71 
28 - stream near Knockan NC 101199 24.9.72 

North Pennines and Upper TeeBdale 

29 
30 
31 
32 

33 

+ 
+ 
+ 
+ 

Slapestone Sike 
Red Sike 
Sand Sike 
Nameless Sike 

Peghorn Sike 

NY 814304 
NY 816294 
NY 828308 
NY 817296 

NY 828312 

10.9. 72 
II 

II 

14.4.72 

10.9.72 
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Table 6.1 continued 

Site 
number 

+ or -
Rivularia location 

Grid 
reference Date 

Westmorland 

3 4 + Sunbiggin flush NY 6 7 2 0 7 7 1 0 . 9 . 7 2 
3 5 + ii II it 

3 6 + it II it 

3 7 _ Tarn Sike NY 6 7 2 0 7 6 1 6 . 4 . 7 2 
3 8 - Rais Beck NY 6 4 8 0 7 4 1 0 . 9 . 7 2 

Malham region, West Yorkshire 

4 0 + Gordale Beck, ford SD 9 1 2 6 5 6 5 . 1 0 . 72 
4 1 + Gordale Beck,side 

flush SD 9 0 9 6 5 5 it 

4 2 + II SD 9 0 9 6 5 6 ii 

4 4 + Gordale Beck SD 9 1 2 6 5 4 II 

4 5 + II SD 9 1 2 6 5 1 II 

4 3 - side stream flowing 
into Gordale Beck SD 9 1 3 6 5 7 5 . 1 0 . 7 2 

4 6 - Gordale Beck, below 
w a t e r f a l l SD 9 1 4 6 3 7 n 

4 7 - Janet's Cove, above 
wa t e r f a l l SD 9 1 2 6 6 3 1 6 . 1 0 . 7 1 

South Wales 

4 8 + Cwm Nofydd ST 1 4 7 8 3 5 1 0 . 9 . 7 1 

4 9 _ Coed-y-Bedw ST 1 1 8 8 4 3 II 

5 0 - Draethen ST 2 0 5 8 6 5 II 
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Table 6.3 Upper and lower l i m i t s f o r each component of water 
chemistry and for the occurrence of Rivularia 
(concentrations i n mg 1 ) 

Water chemistry l i m i t s Rivularia l i m i t s 

upper lower upper lower 

0 D420 0.069 0.001 0.022 0.001 

p H f i e l d 8.5 6.7 8.5 7.1 

cond, , x Cumhos) 394 36.3 394 172 

Na 12.0 2.3 11.8 2.3 

K 2.94 0.26 1. 72 0.26 

Mg 37.00 0.88 37.0 0.88 

Ca 86.0 1.2 86.0 29.9 

Zn 0.082 <0.002 0.082 <0.002 

Cu 0.028 < 0.002 0.028 < 0.002 

Mn 0.061 < 0.002 0.032 <0.002 

Fe 0.65 <0.01 0.19 <0.01 

Al 0.24 <0.03 0.07 <0.03 

Pb 0.026 < 0.001 0.026 < 0.001 

CI 23.2 12.3 22.6 12.3 

Si 6.60 0.35 6.60 0.35 
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Table 6.4 Change i n water chemistry of two streams near 
Inchnadamph (concentrations i n mg 1 

tr-i-butary of A-l-fr A l l t na Glare Moire 
Skiathaig 

reach 3 2 1 18 17 19 16 
+ Rivularia + + - + + + -
O D420 0.0025 0.0067 0.0055 0.0050 0.0110 0.0070 o.oo4; 
pH 7.6 7.1 6.8 7.9 8.2 8.0 8.5 

conductivity 320 290 285 255 255 220 260 
(ujnhos) 

Na 8.5 8.4 7.9 7.7 8. 7 7.0 7.6 

K 0.64 0,70 0. 56 0. 72 1.72 0.54 0.58 

Mg 27.5 27.0 26.0 20.9 21.0 18.6 21.0 
Ca 46.9 44.3 44.1 32.8 33.4 29.9 34.0 
Zn 0.002 0.002 0.010 0.002 0.009 0.007 0.006 

Cu 0.014 0.007 0.016 0.003 0.016 0.006 0.016 
Mn 0.002 0.002 0.002 0.002 0.002 0.004 0.003 
Fe 0.01 0.03 0.01 0.03 0.01 0.04 0.01 
Al 0.03 0.03 0.03 0.03 0.03 0.03 0.03 
Pb 0.002 0.002 0.003 0.002 0.002 0.002 0.001 
CI 21.0 20.5 22.0 20.0 22.0 18. 7 19.2 
Si 1.55 1.20 1.15 1.30 1.20 1.10 1.20 
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Table 6.5 Change i n water chemiBtry i n streams near B l a i r 
A t h o l l and Malham (concentrations i n mg 1 

si t e Tulach h i l l stream 
( B l a i r A t h o l l ) 

Gordale Beck 
(Malham) 

reach 21 22 23 24 41 42 40 44 45 46 
+ Rivularia J. • + + - + + + + + -
0 D420 0.0030 0.0010 0.0030 0.0045 
PH 7.4 7.7 8.4 8.1 8.5 8.4 8.3 8.4 -
conductivity 
((imhos) 255 255 255 235 

Na 5.3 4.3 4.8 4.6 3.7 3.5 3.5 3.6 4.5 4.5 

K 0.34 0. 74 0. 74 0. 72 1.14 0. 52 0.56 0.84 1.14 0.24 

Mg 1.3 1.3 1.2 1.23 2.02 2.03 1.53 2.10 0.93 0.92 

Ca 79.0 73.5 71.9 66.0 75.6 73.9 86.0 64.5 57.1 40.0 

Zn 0.009 0.013 0.005 0.010 0.007 0.007 < 0.002 0.006 0.008 -
Cu 0.012 0.016 0.012 0.012 0.011 0.011 0.009 0.012 0.015 -
Mn 0.002 0.002 0.002 0.002 0.003 0.005 0.003 <0.002 0.006 -
Fe 0.01 0.03 0.03 0.01 0.02 0.02 0.01 0.01 0.02 -
Al 0.03 0.03 0.03 0.03 <0.03 <J0.03 <0.03 <0.03<P.03 -
Pb 0.010 0.005 0.004 0.002 0.002 0.002 0.002 0.002 0.001 -
CI 14.6 16.0 15.0 15.2 - - - - 13.5 

Si 3.20 3.20 3.00 3.45 0.80 0.55 1.30 0.70 0.35 0.92 
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6.31 Comparison of water chemistries from + and - Rivularia sites 

The results given below indicate the cases i n which the probability" 

of the n u l l hypothesis being true ( i . e . that there was no s i g n i f i c a n t 

difference i n the water chemistry between + and - s i t e s ) , was £0.1. 

Inchnadamph region 

OD 
i 

Mg 

Ca 

Zn 

Mn 

Fe 

Pb 

420 
lower i n sites with Rivularia (p s 0.01) 

higher 11 " (p s 0.01) 

higher " 11 (p s 0.025) 

lower " " (p £ 0.01) 

lower " " (p s 0.025) 

lower " " (p £ 0.05) 

lower 11 " (p s 0.05) 

Other Scottish sites 

OD̂ gQ lower i n sites with Rivularia 

Ca 

Pb 

higher i n sites with Rivularia 

higher 11 11 

(p s 0.10) 

(p <: 0.07) 

(p s 0.10) 

North Pennines and Upper Teesdale 

Inspection of Table 6.2 suggested the following tendancies: 

pH lower i n sites with Rivularia 

Zn s l i g h t l y lower i n sites with Rivularia 

Cu lower i n sites with Rivularia 

Mn lower " " 
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Westmorland 

Inspection of Table 6-. 2 sugges ted- -the f ollowing tendencies: 

Conductivity higher i n sites with Rivularia 

K higher " 11 

Zn higher " " 

Malham region, West Yorkshire 

pH 

Na 

Mg 

Zn 

Cu 

Fe 

higher i n sites with Rivularia (inspection Table 6.2) 

lower i n sites with Rivularia (p £ 0.04) 

lower " " (p «: 0.07) 

s l i g h t l y lower i n sites with Rivularia (inspection of Table 6.2) 

Comparison of a l l + and - sites 
0 D420 l o w e r a t 8 i t e s with Rivularia (p s 0.025) 

pH higher at " " (p <; 0.05) 

conductivity higher at sites with Rivularia (p e. 0.025) 

Na lower at sites with Rivularia (p £ 0.057) 

Ca higher " " (p «; 0.005) 

Zn higher " " (p «; 0.039) 

Cu lower " " (p j j 0.081) 

Fe lower " " (p <: 0.097) 

Al lower " " (p s. 0.015) 

6.4 Di s t r i b u t i o n of Rivularia i n terms of BubBtratum and water depth 

Although Rivularia was found i n streams which were associated 

with limestone bedrock, colonies were not r e s t r i c t e d i n their 
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d i s t r i b u t i o n to limestone, as a substratum. I n the majority of 

streams- i n -which--RivuTari-a.—occurred-; limestone pebbles and" boul'ders" 

formed the main substratum e.g. i n Gordale Beck. In regions of 

Upper Teesdale however, colonies were attached to Whin S i l l blocks 

as well as the slabs of metamorphosed limestone. In some streams 

near Incnadamph colonies were found attached to quartzite pebbles. 

Although not d i r e c t l y related to the present survey of streams, 

i t i s interesting to note that i n a lowland pond i n County Durham, 

described by Hudson, Crompton and Whitton (1971), Rivularia 

( i n c o r r e c t l y termed Gloeotrichia i n the paper), has been found 

attached to wood and polythene. The s i t e i s of pa r t i c u l a r i n t e r e s t , 

being the only example of a'karst 1 or subsidence lake described 

for Magnesia™ Limestone, i n B r i t a i n (Wheeler and Whitton 1971). 

At several of the sites where springs emerged, Rivularia was 

associated with tufa deposits e.g. Gordale Beck ( s i t e 42), Tulach 

h i l l stream ( s i t e 21) and Sunbiggin (sites 34-36). 

A l l of the sites were v i s i t e d when the water level of the 

streams was low. Colonies were found above the water l e v e l , but the 

best growth were submerged. In general the colonies occurred at 

depths of 10-50 mm, however i n Gordale Beck samples were found at 

250 mm depth. 

6.5 Discussion 

During a survey of upland limestone regions i n B r i t a i n , i t 

has been found that although not widespread, Rivularia i s abundant 

and occasionally dominant i n certain streams. The most well documented 

aspect of the d i s t r i b u t i o n of the genus, i.e. i t s abundance i n 
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mountain streams i n limestone d i s t r i c t s (Fritsch 1945, Fritsch and 

West 1927, Hughes and Whit ton 197-2), has been confirmed-. The 

location of Rivularia sites on the basis of geological information 

i l l u s t r a t e s the usefulness of such a generalisation (see below). 

A consideration of the data available concerning water chemistry 

(a) on the basis of individual streams (b) on a regional basis and 

(c) o v e r a l l , provided the following generalisations. Rivularia 

tended to occur at sites with r e l a t i v e l y low O D ^ Q a n c* r e l a t i v e l y 

high pH, although the l a t t e r was not obvious from data concerning 

individual streams. Colonies were found over the complete range of 

Na levels which were sampled. I n general, neighbouring streams both 

with and without Rivularia had similar levels of Na. Compared to 

other areas, Na levels i n the Teesdale region were low. I n the 

majority of areas, K levels were similar i n both + and - Rivularia 

streams. At Sunbiggin however, K levels i n the + Rivularia streams 

were r e l a t i v e l y high, and i n South Wales the levels i n both the + 

and - Rivularia streams were high. In contrast, Mg levels at 

sites with Rivularia were generally high, the exceptions being 

at Teesdale and Malham, where both + and - Rivularia streams had 

r e l a t i v e l y low levels of Mg. 

I n areas where there were a variety of rock types (such as 

Inchnadamph) some of which were calcareous and others which were not, 

a l l of the + Rivularia sites had r e l a t i v e l y high levels of Ca. 

In areas where both + and - Rivularia streams drained through 

limestone, Ca levels were a l l f a i r l y high. The Ca levels from 
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individual streams decreased at successive 'downstream' reaches, 

t h i s feature-probab-l-y re-f-l-ecfe-i-ng-changes-in the-source-of water, and 

the inflow of water which had drained through the surrounding land. 

Exceptions to these generalisations were found i n two streams with 

f a i r l y high Ca. levels, but no Rivularia (sites 11 and IS, Inchnadamph). 

In very general terms the levels of microelements were lower 

i n + Rivularia streams that i n neighbouring - Rivularia streams. 

An overall comparison suggested that Rivularia occurred at 

r e l a t i v e l y high levels of Zn, however considering the results from 

individual streams, th i s tendency was only evident at Sunbiggin. I n 

other areas (Inchnadamph, Teesdale and Malham) the Zn levels were 

lower i n + Rivularia streams. 

Cu and Mn levels were both r e l a t i v e l y low i n streams with 

Rivularia however, . . . Mn and Cu was r e l a t i v e l y high at a + Rivularia 

s i t e at Sunbiggin and Mn was higher at one of the + sites at TeeBdale. 

Fe levels were s l i g h t l y lower i n streams with Rivularia, however the 

highest Fe level recorded during the survey was from a s i t e with 

Rivularia \ s i t e 29, Teesdale.,. 

Considering the range of values obtained for A l , Pb, CI and Si 

(Table 6.3), Rivularia was found at r e l a t i v e l y low levels of Al and 

over the complete range of concentrations of the other ions. Compared 

to neighbouring non-Rivularia s i t e s , Pb was r e l a t i v e l y high at some 

sites i n Teesdale and Scotland and Si was r e l a t i v e l y high i n one 

+ Rivularia s i t e i n Teesdale and one i n Westmorland. 
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I n a l l of the streams studied, Rivularia was more abundant 

•near—to—at—least-one- of—the- -sources—o-f—the—streamr" -However-- where- - — 

there were several sources, i t was sometimes absent from some side 

flushes e.g. s i t e 9, Inchnadamph and side streams flowing into 

Slapestone Sifce (Hughes and Whitton 1972). In the case of the 

A l l t Skiathaig, the lower parts of the stream flowed through peat 

and then into a larger, more rapidly flowing stream. The lower 

reaches of both Tulach h i l l stream and Gordale Beck flowed through 

pasture and i n the former, the stream probably received run-off from 

a farm. I t seems probable that the source of water i s l i k e l y to 

be of considerable importance i n determining the presence or absence 

of Rivularia. To r e f l e c t such changes i n water chemistry the anions 

should be analysed as w e l l , however t h i s was not possible during 

the present study. 

A further generalisation concerning the d i s t r i b u t i o n of 

Rivularia i s that i t tends to occur i n r e l a t i v e l y small streams, which 

are usually f a i r l y shallow and do not dry out completely i n dry weather 

The majority of colonies occurred i n water which was s 50 mm deep, 

however the growths observed i n Gordale Beck were present i n water 

up to 250 mm deep. I n the few pond sites known to the author, 

colonies were attached to rocks or pebbles close to the shore and 

were submerged. I n the two Scottish lochs (NC 096181 and 

NC 105178) and Malham Tarn (SD 897672) there was s l i g h t wave action 

i n areas where colonies were found and water drained away from the 

sites by outflow streams. At Croft (NZ 102108), water flowed i n t o 
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the pond from an underground source (Hudson, Crompton and Whitton 1971) 

and therefore i n a l l four, situations.,, the water was .no.t s.t.a.t.i.c. 

R i v u l a r i a was never found i n large streams with fa s t flow rates. 

I n summary, Riv u l a r i a , seems to be the dominant alga of certain 

upland streams i n limestone regions. A comparison of the areas 

from which Riv u l a r i a has been recorded with a l i s t of 20 locations of 

higher plants, known to have a discontinuous d i s t r i b u t i o n (Piggott 

and Walters 1954) i s given in Table 6.6. I t seems possible, 

as suggested by Hughes and Whitton (1972), that R i v u l a r i a was once 

more widespread. 

The distribution of Rivularia,although linked to water chemistry 

seems to be dependent on the source of water as well. Water l i k e l y 

to contain f e r t i l i s e r s may be a factor l i k e l y to r e s t r i c t the 

distribution. The best pavers of R i v u l a r i a seen during this survey 

were those in Gordale Beck and i n Red Sike, Teesdale. I t i s 

suggested that these areas may be useful sources of material for 

future research and for more detailed ecological studies within 

individual streams. 
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Table 6.6 Comparison of the distribution of Riv u l a r i a with 20 
l o c a l i t i e s of plant communities known to have a discontinuous 
distribution - (+ indicates presence of Ri v u l a r i a ) 

Presence of 
Rivu l a r i a Location 

+ Serpentine of the Lizard peninsula, Cornwall 

Devonian limestone, Berry Head, South Devon 

Chalk, Beer Head, South Devon 

Carboniferous limestone, Braen Down and Mendip H i l l s , North 

Somerset 

Carboniferous limestone, Avon Gorge, B r i s t o l 

Chalk, I s l e of Wight, Hampshire and Dorset 

Chalk, Surrey and Sussex 

Chalk, Kent 

Chalk, East Anglia and Herts 

Carboniferous limestone, Gower Peninsula, South Wales 

Carboniferous limestone, North Wales, Anglesey 

+ Carboniferous limestone, Derbyshire 

Basic igneous, Crag Breiddon, Montgomery and Stanner Rocks,Radnor 

+ Carboniferous limestone, Ingleborough and Craven d i s t r i c t , etc. 

Yorkshire and Westmorland 

+ Carboniferous limestone ( l o c a l l y metamorphosed) Teesdale 

Carboniferous limestone, Humphrey Head 

Basic igneous, North Queensferry and Arthur's Seat, Edinburgh 

+ Dalradian limestone, Rannoch and Perthshire 

+ Durness limestone, Inchnadamph, Cnochan and Bettyhill,Sutherland 

+ Carboniferous limestone, Burren, Co. Clare, Ireland. 

Record for (1) from Bold (1966), record for (12) pers. comm. Prof. Chesters 

record for (20) pers. comm. M. Potts. 
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7 DISCUSSION 

7.1 Introductory comments 

The r e s u l t s obtained during this thesis have i l l u s t r a t e d the 

d i f f i c u l t i e s l i k e l y to be encountered when using morphological 

characters for i d e n t i f i c a t i o n purposes. During the present work, 

tapering (Section 1.31) and h a i r formation (Section 1.32) in two 

genera, Calothrix and R i v u l a r i a , were studied. Both characters 

showed considerable variation and prior to the present study have 

been described only i n q u a l i t a t i v e or semi-quantitative terms. 

As a prerequisite to further studies the author has suggested ways 

of describing the taper (Section 3.2) and the hair (Section 3.3) 

quantitatively. These methods were used to study the e f f e c t of 

certain factors on tapering (Section 4.2 and 4.3) and on hair 

formation (Section 3.4). Most of the experimental work was concerned 

with the effect of combined nitrogen on tapering; however as the 

production of heterocysts and the nitrogen f i x i n g a b i l i t y were also 

l i k e l y to change, these were studied as well. The r e s u l t s of this 

part of the work have several implications to the taxonomy of the 

Rivulariaceae (Section 7.5). The problems associated with the 

need to assign a name i n order to pass on information, led the 

author to devise an objective method of naming members of the genera 

Calothrix and R i v u l a r i a (Chapter 5). The results of an ecological 

survey which was designed to find possible links between the 

d i s t r i b u t i o n of R i v u l a r i a and water chemistry (Section 6.3) are 

discussed i n Section 7.8. The significance of the gross morphology 

to the distribution of the genus i s also considered (Section 7.8). 
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7.2 Tapering 

T-apering-has been described- i n quantitative terms for the 

f i r s t time (Section 3.21). Four indices of tapering, designated T^, 

Tg, T.j and (p, 73,80 ) have been derived from the simple tapered 

shape of a cone. The simplest shape i s that of a cone in which the 

rate of change i n diameter i s uniform per unit length (Fig. 3.1, p. 72 ). 

Associated with t h i s shape are the three parameters: maximum width, 

minimum width and length. Values for or T2 are calculated using 

the f i r s t two of these parameters, while or are calculated using 

a l l three parameters. 

These indices of tapering have been used to quantify differences 

in tapering due to the presence of combined nitrogen (Sections 4.2 

and 4.3). S t a t i s t i c a l tests have shown that there i s no s i g n i f i c a n t 

difference in the values obtained for and Tg from cultures of 

C. v i g u i e r i grown i n - N medium for up to 32 days. Values obtained 

for and T^, for the same culture, are s i g n i f i c a n t l y different. 

This difference was brought about by lower values of and 

during the l a t e r stages of growth and t h i s in turn r e f l e c t s growth 

in length of the trichomes. 

A different situation exiBted for C. scopulorum grown i n - N 

medium for 31 days. The extreme values obtained for and T^ 

are s i g n i f i c a n t l y different, while the extreme values of both 

T^ and T^ are not s i g n i f i c a n t l y different. This implied that there 

were changes i n the trichome diameter as the culture aged but that 

the rate of change of diameter was f a i r l y constant. 

Having examined the change i n the values obtained for the 
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indices of tapering during growth in - N medium, a comparison was 

made with cu-lt-u-res grown i n + N medium-. -The-four J T J values 

obtained for C. v i g u i e r i at certain stages of growth in - N and + N 

were compared. The values obtained for showed a s i g n i f i c a n t 

difference between - N and + N cultures af t e r 12-18 days growth, 

and the values obtained for showed a s i g n i f i c a n t difference between 

- N and + N cultures after 18 days. The values obtained for T^ 

from the two cultures did not d i f f e r s i g n i f i c a n t l y u n t i l a f t e r 32 days, 

while T^ values were not s i g n i f i c a n t l y different. 

Cultures of C. scopulorum from - N and + N media were 

s i g n i f i c a n t l y different after 21 days, using the values obtained for 

T^ and T^. Using the T^ and values, the cultures were s i g n i f i c a n t l y 

different a f t e r 15 days. These r e s u l t s are discussed further in 

Section 7.4. 

As different indices of tapering give different r e s u l t s , several 

points must be considered when selecting the most useful index for a 

particular purpose. The two indices T^ and T^, which do not involve 

percentages (p.73,80) may be used to compare tapering of one s t r a i n 

cultured under different conditions; while the two indices T„ and T,, 
2 4 

which take percentage change in diameter into account, can be used 

for comparing the response of one or several s t r a i n s to different 

conditions. The l a t t e r therefore are the most v e r s a t i l e . 

Using and T^ (which involve only two parameters) could produce 

the same value of tapering for trichomes of different lengths and a 

certain amount of information i s l o s t . Using or overcomes this 

problem, but imposes others associated with a possible relationship 
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between trichome length and tapering. Such a relationship has important 

implications on the present work, as the" org'ahisms" which "were "meaYured", 

even within one batch culture flask, showed a considerable range of 

trichome lengths (and presumably ages). I f tapering i s found to be 

dependent on trichome length, then great care would be needed i n obtaining 

cultures of a more uniform age (Section 3.21). 

A further problem which became apparent when making detailed 

measurements of individual c e l l s i n single filaments was that the 

concept of tapering based on a cone i s an over-simplification 

(Section 3.22). In spite of these d i f f i c u l t i e s the indices discussed 

above provide a r e l a t i v e l y quick method for obtaining a quantitative 

value of tapering and a useful way of comparing the influence of 

environmental factors on tapering. The e f f e c t of combined nitrogen 

on tapering i s discussed in Section 7.4 and the influence of certain 

factors on hair development i n Section 7.6. 

7.3 The hair 

The c h a r a c t e r i s t i c s of the hair of members of the Rivulariaceae 

have been described i n Section 1.32. Hairs have frequently been 

described in qualitative or semi-quantitative terms (Sections 3.3,5.42) 

yet for comparative work a measurement of hair length would be more 

useful. I n order to quantify information related to the hair, i t 

has been suggested (Section 3.3) that an actual measurement of the 

length of the colourless region of the hair be made. 

7.4 The effect of combined nitrogen on tapered filaments 

In - N medium, C. brevissima has been shown to taper from 
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6.0 to 4.5 um, the trichomes being approximately 100 urn long. In 

the-presence-of-NH-^—N-,- the t r i e homes -became -long-and-parallel, having 

a diameter of 4.5 urn. A sim i l a r response to the presence of NĤ -N 

has been described for Calothrix and Gloeotrichia (Fay, Stewart, 

Walsby and Fogg 1968). A different response however, was observed in 

Calothrix v i g u i e r i . This species had the c h a r a c t e r i s t i c tapered 

appearance of the Rivulariaceae i n - N medium; while in the presence 

of NĤ -N, some trichomes became p a r a l l e l and others were tapered 

towards both ends. 

C.viguieri showed a si m i l a r response in medium containing NÔ -N 

(Section 4.32). Tapering was reduced from 59.2 to 21.8 using the 

tapering index T^9 and from 35.7 to 16.9, using the index T^. C. scopulorum 

remained tapered when cultured i n the presence of NÔ -N but the 

difference between the diameter of the basal and apic a l c e l l s was 

reduced. After growth in medium + NÔ -N, the value of w a a 

reduced from 60.0 to 22.2, and the value of from 58.7 to 27.8. 

The change in the value of for both C. v i g u i e r i and 

C. scopulorum indicates a decrease i n the percentage difference i n 

diameter between the basal and apic a l regions of trichomes of 

approximately 40%. The values for both strain s were reduced to 

half their o r i g i n a l values. I t would be interesting to find out 

whether other s t r a i n s showed similar numerical changes under these 

conditions. Apart from causing changes in the tapering of trichomes, 

the presence of combined nitrogen (NH^-N or NO^-N) resulted i n a 

decrease i n the percentage of trichomes with heterocysts. The 

percentage of trichomes with heterocysts was reduced to less than 5% 
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i n C. b r e v i s a i m a ( a t an i n i t i a l NH^-N l e v e l of 24 mg 1 ) and to between 

10 - 3 0 % — i n C. viguTeri,""cultured "un<Je"r-s_im"iTaf c o n d i t i o n s . I n the 

presence of NO^-N, the percentage of trichomes w i t h h e t e r o c y s t s i n 

c u l t u r e s of C . v i g u i e r i and C. acopulorum was reduced to 5-10% i n 

12-15 days. 

I n c o n j u n c t i o n w i t h these changes i n morphology, i n the 

presence of combined ni t r o g e n , changes i n the r a t e of n i t r o g e n 

f i x a t i o n i n + N and - N media were s t u d i e d . ( S e c t i o n s 4.2, 4.3). 

I n a l l c u l t u r e s grown i n + N media, there was a c o n s i d e r a b l e decrease 

i n the r a t e of n i t r o g e n f i x a t i o n . The r a t e of n i t r o g e n f i x a t i o n i n 

C. v i g u i e r i c u l t u r e d f o r 21 days i n medium i n which the i n i t i a l 

l e v e l of NH^-N was 14 mg l " 1 was 2 nmoles h - 1mg a l g a " * . T h i s 

v a l u e was approximately a tenth of the r a t e i n - N medium (21.5 nmoles 

C 2 H 4 h " 1 mg a l g a " 1 ) . 

I n the presence of NO^-N the r a t e of n i t r o g e n f i x a t i o n of both 

C. v i g u i e r i and C. scopulorum was v e r y low; v a r y i n g between 0.4-1.5 

nmoles h - 1mg a l g a " 1 and 1.28- 1.3-3.8 nmoles C^H^ h - 1mg a l g a , 

f o r the two s t r a i n s r e s p e c t i v e l y . I n - N medium, the n i t r o g e n 

f i x a t i o n r a t e s v a r i e d c o n s i d e r a b l y during the growth of the s t r a i n s . 

The r a t e of f i x a t i o n i n C. v i g u i e r i was r e l a t i v e l y high f o r the f i r s t 

18 days of growth, r e a c h i n g a maximum of 24 nmoles C^H^ produced 

h 1 mg a l g a \ a f t e r 15 days. F o l l o w i n g t h i s there was a gradual 

decrease i n the r a t e of f i x a t i o n . I n C. scopulorum the r a t e of 

n i t r o g e n f i x a t i o n was r e l a t i v e l y high f o r the f i r s t f i v e days of growth 

(21 nmoles C^H^ produced h " 1 mg a l g a " 1 ) , a f t e r which i t decreased 

rapid.ly to a f a i r l y constant, low l e v e l . Jones and Stewart (1969a) 
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suggested that this response in C. scopulorum could be attributed 

to fche-li-ber-at-i-on of ex-trace-l-lu-l-ar--ni-t-rogen- into- the growth medium. 

I t would seem therefore that the presence of combined nitrogen 

suppresses tapering in one of the three species of Calothrix studied 

and causes changes in the tapering of the other two species. In 

batch cultures of a l l three s t r a i n s , the presence of combined nitrogen 

reduced the percentage of trichomes with heterocysts and reduced 

the rate of nitrogen fixation. 

Changes i n tapering and the absence of heterocysts from some 

trichomes have resulted in trichomes which possess morphological 

characters of genera other than the Rivulariaceae. C. v i g i u e r i 

developed a Hammatoidea-like appearance i n + N medium (Sections 4.2, 

4.3) and trichomes of Calothrix scopulorum resembled Homoeothrix. 

Calothrix brevissima l o s t i t s taper and heterocysts, and i f i d e n t i f i e d 

on the basis of i t s appearance in + N medium would not key-down to 

a member of the Rivulariaceae. The relevance of these observations 

i s discussed further in Section 7.5. 

7.5 Morphological variation and i t s implications on taxonomy 

The problems involved i n assigning s p e c i f i c names within a 

particular genus are evident from Section 7.4 and were encountered 

frequently during the ecological investigations. The r e s u l t s of 

experimental work on the effect of combined nitrogen on morphology 

(Sections 4.2, 4.3) i l l u s t r a t e s the complexity of a taxonomy based 

primarily on morphology. 
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The material used for the experimental work (Chapter 4) 

-was -represenfca-t-i-ve-o-f- the- genus Ga-l-o-fch-r-i-x-, —the trichomes having a 

basal heterocyst and tapering towards the apex. When three strain s 

of Calothrix were cultured in the presence of combined nitrogen 

several morphological changes were observed. As described above 

and i n Section 4.2, in + N media, a high proportion of the trichomes 

of C. brevissima had the appearance of p a r a l l e l trichomes without 

heterocysts and morphologically were no longer representatives of 

the Rivulariaceae. Although trichomes of C. v i g u i e r i developed 

without heterocysts when cultured in + N medium, tapering was not 

lo s t . However trichomes of t h i s s t r a i n became tapered towards both 

ends and resembled the genus Hammatoidea in appearance. Trichomes 

of Calothrix scopulorum developed without heterocysts but retained 

their taper"and so resembled the genus Homoeothrix i n appearance. 

Based on these r e s u l t s there appear to be several ways i n which the 

presence of combined nitrogen in the growth medium can influence 

the development of tapering. Trichomes either loose their taper 

and become p a r a l l e l or remain tapered. In the l a t t e r case the 

trichomes may become tapered towards one or both ends and/or the 

quantitative values assigned to the taper may decrease. Research 

carried out primarily by C. S i n c l a i r during the l a t e r stages of this 

work, has suggested the generalisation that trichomes which possess 

a swollen base i n - N medium tend to taper towards one or both ends 

in + N medium, and that those without a swollen base loose their 

taper. 



-247-

There are several reports i n the l i t e r a t u r e which indicate 

that v a r i a t i o n i n morphology can lead to confusion at the. generic 

le v e l of c l a s s i f i c a t i o n . Fogg, Stewart, Fay and Walsby (1973) 

stressed the d i f f i c u l t i e s involved in using the presence or absence 

of a heterocyst for taxonomic purposes. They described the 

in h i b i t i o n of the development of heterocysts when Gloeotrichia 

filaments were grown on high levels of nitrogen. Under such 

circumstances, the filaments would probably be put into the non-

heterocystous genera Homoeothrix or Leptochaete. 

Separation of the genera Gloeotrichia and RivularLa on the 

basis of presence or absence of spores has been questioned by 

Singh and Tiwari (19 70). They obtained a non-sporulating mutant 

s t r a i n of Gloeotrichia ghosei,*which they observed frequent heterocyst 

germination. The clone seemed to be a spontaneous mutant, and the 

loss of the spore appeared to be stable. On t h i s basis, they questioned 

the v a l i d i t y of the genus R i v u l a r i a and suggested that species 

included under Ri v u l a r i a were non-sporulating forms of Gloeotrichia. 

I t i s evident therefore that the morphological characters used 

to distinguish not only species, but also genera show considerable 

va r i a t i o n and so lead to taxonomic confusion. As morphological 

characters are the only ones l i k e l y to be used at present, for 

taxonomic purposes, there i s an urgent need for a closer study of 

the characters of Rivulariaceae and the factors which a f f e c t them. 

7.6 The e f f e c t of certain factors on the development of the hair 

Hairs were observed only once i n a culture of Calothrix. On 
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t h i s o c c a s i o n , the ob s e r v a t i o n s were i n agreement w i t h those of Jones 

(-1-968-)—and- i n d i c a t e d - t h a t hairs- of C. scopulorum formed-at low 

l e v e l s of s a l i n i t y ( S e c t i o n 3.4). I n comparison h a i r s were always 

present i n a t l e a s t some of the trichomes of every colony of R i v u l a r i a 

c o l l e c t e d from the f i e l d . T h i s m a t e r i a l could not be c u l t u r e d 

s u c c e s s f u l l y and r e l a t i v e l y l i t t l e information about f a c t o r s 

a f f e c t i n g the development of the h a i r has been obtained. 

I t was found that the % of the trichome which was c o l o u r l e s s 

was g r e a t e r when the l e v e l of PO^ i n the growth medium was low 

( S e c t i o n 3.4). The h a i r s were a l s o longer when R i v u l a r i a was 

kept i n AD medium w i t h a reduced l e v e l of i r o n as shown i n F i g . 3.11, 

S e c t i o n 3.4. Data of other workers, but inc l u d e d i n a j o i n t paper 

(Whit ton, Kirkby, Peat and S i n c l a i r 1973) have now shoun th a t when c u l t u r e d 

i n AD medium, 3 out of 30 s t r a i n s of C a l o t h r i x formed h a i r s ( S e c t i o n 

3.4). F u r t h e r experiments with C. v i g u i e r i , which did not produce 

h a i r s i n AD medium, r e s u l t e d i n the formation of h a i r s under 

F e - d e f i c i e n t c o n d i t i o n s , i n both + N and - N medium. H a i r s were not 

produced i n media d e f i c i e n t i n Mo or Mn. The F e - d e f i c i e n t c u l t u r e s 

produced sheaths with a deep brown c o l o u r a t i o n . A s i m i l a r f e a t u r e 

was observed i n the c u l t u r e s of C. scopulorum which produced h a i r s 

( S e c t i o n 3.4). 

These few r e s u l t s suggest t h a t h a i r formation may be promoted 

by low l e v e l s of c e r t a i n n u t r i e n t s . Reports on the h a i r s of 

c e r t a i n green a l g a e , although m o r p h o l o g i c a l l y d i f f e r e n t to those 

of blue-green a l g a e , suggest a s i m i l a r f u n c t i o n . Tupa (1974) has 

r e c e n t l y reported t h a t h a i r s developed i n Aphanochaete as the 

c u l t u r e s aged and the medium became depleted, and a l s o when the i n i t i a l 

medium was n i t r o g e n d e f i c i e n t . Promotion of h a i r development under 



-249-

conditions of low nitrogen has been described in StigeocIonium 

amoenum- and Drapa^ia-ld-i-a- (-Abbas -and- Godwar-d—19 73), and in — 

StigeocIonium fareturn (Reynolds 1951). 

Data from the literature (5.42) suggested that there was a 

greater tendency for s t r a i n s of Calothrix and R i v u l a r i a , with 

spherical or hemispherical colonies, to produce ha i r s . Without 

exception i n a l l such colonies described in the l i t e r a t u r e and 

observed by the author, the hair i f present was near the outer 

surface of the colony. Colonies of this type have a r e l a t i v e l y 

small surface area compared to volume and the development of hairs 

(with a large surface area) in such forms i s l i k e l y to aid in 

absorption. 

7. 7 Problems associated with identifying Calothrix and R i v u l a r i a 

As i l l u s t r a t e d in Chapters 3 and 4, and stressed above 

(Sections 7.2, 7.3), two characters of the Rivulariaceae, the hair 

and the taper, show considerable morphological variation. During 

observations of trichomes of Rivularia,individual trichomes within 

a colony differed from each other i n a number of ways. Using 

standard floras (Tilden 1910, G e i t l e r 1932 and Desikachary 1959), 

i t was rarely possible to arrive at a s a t i s f a c t o r y binomial. An 

alternative i d e n t i f i c a t i o n scheme was developed in order to reduce 

the subjective element i n i d e n t i f i c a t i o n and to increase the l i k e l i 

hood of different workers giving one colony the same binomial. 

The method devised has been described in Sections 5.2 and 5.3 and 

the key produced has used information from a l l of the characters 
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described i n Section 5.2. Such an approach has been advocated 

- by Womers-l-ey (-1-946-)-who -described spee-i-es—of R-i-vular-ia as- being- f a r 

from s a t i s f a c t o r y taxonomically. He stressed that considerable 

v a r i a t i o n could be shown in different habitats and that in placing 

any p a r t i c u l a r specimen, attention should be focused on a l l the 

features used i n separating the species rather than any single 

one. 

The information used for i d e n t i f i c a t i o n purposes has been 

recorded i n a standard way and used with the program 'IDENTIFY' 

(Section 5.4). Whitton (1969) suggested that considerable 

information has already been l o s t because workers have frequently 

used different media and growth conditions in laboratory experiments. 

I t i s hoped that by adopting standard recording procedures and 

laboratory techniques, that data w i l l be collected in a way which 

stimulates discussion and comparison of r e s u l t s . 

The r e s u l t s obtained using the 'simultaneous key 1 

(Section 5.4) d i f f e r considerably from those obtained using the 

conventional fl o r a s . This i s to be expected when using two such 

d i f f e r i n g systems, and as pointed out in Section 5.4, one of the 

main reasons for these differences i s l i k e l y to be the weighting of 

characters i n the conventional f l o r a s . I t was f e l t that a more 

intensive study of the individual characters used in taxonomy i s 

required, before the subjective element of weighting i s introduced 

into numerical keys. Once more information i s available i t i s hoped 

that descriptions of characters w i l l be extended to include biochemical, 

physiological and u l t r a - s t r u c t u r a l , as well as morphological ones. 



-251-

The r e s u l t s of using 'IDENTIFY' to key down each known species 

in turn (Section 5.-4-H-) give -support to the- claim- that several 

members of the Rivulariaceae are d i f f i c u l t to distinguish. Using 

'IDENTIFY' to give a name to each of the tapered trichomes collected 

and coded (Section 5.412) i t was found that within one colony, several 

'named species' were represented. Although i t seems possible 

that the 'species' of Rivu l a r i a and Calothrix may need to be revised 

to help overcome the present confusion, there i s l i t t l e reason to 

change s p e c i f i c names u n t i l more i s known about the cause and extent 

of v a r i a t i o n . 

7.8 The ecological significance of R i v u l a r i a 

One of the interesting facts to emerge from this work i s that 

in c e r t a i n streams or parts of streams the c h a r a c t e r i s t i c 

hemispherical colonies of R i v u l a r i a form a conspicuous and sometimes 

dominant part of the flo r a . In nearby or downstream s i t e s , the 

colonies were frequently absent. Within the colony, individual 

trichomes were arranged r a d i a l l y and the majority of trichomes 

possessed long colourless h a i r s . Attempts to culture such colonies 

were largely unsuccessful and new colonies were observed on only one 

occasion. As described i n Section 3.4, r e l a t i v e l y long hai r s were 

present i n colonies from Gordale Beck which were cultured i n AD 

medium with low phosphate (1.55 mg 1~^P and 31.0 mg 1 * P). 

The d i f f i c u l t i e s encountered in culturing these organisms may possibly 

be due to (1) the presence, i n or on the colonies, of other blue-green 

algae which grew quickly under the laboratory conditions used, 
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(2) the wrong choice of media (3) the physical conditions imposed 

- in-batch, culture. —In—thi-s—respect i t - i s interesting-to notice that 

the majority of the axenic and uni-algal cultures of Rivulariaceae 

present i n the Culture Collections belong to the genus Calothrix. 

This genus does not grow as a conspicuous hemispherical colony 

and although the trichomes of many species have been reported to 

form hairs i n the f i e l d (Section 5.42), hairs were observed once 

i n culture. 

R i v u l a r i a has a rather discontinuous distribution, being present 

in certain streams which drain limestone areas but absent from 

neighbouring streams. In parti c u l a r , R i v u l a r i a was abundant in the 

upper reaches of streams and i n many, but not a l l cases, where side 

flushes emerged from the ground. The re s u l t s of the water analyses 

(Section 6.3) indicate that considering a l l of the s i t e s at which 

Ri v u l a r i a occurred there were r e l a t i v e l y high levels of pH, Ca 

and Zn and r e l a t i v e l y low levels of 0D^ 2 Q, Na, Cu, Fe and Al (Section 

6.31). However these trends varied i n different areas. The Zn 

re s u l t i n part i c u l a r should be treated with caution as th i s 

was only observed in one stream and may r e f l e c t a sampling bias. 

I t seems probable that two features of R i v u l a r i a which have been 

studied here may bear considerable relevance to the ecology of the 

genus. F i r B t l y , the colony form of R i v u l a r i a has a r e l a t i v e l y small 

surface area : volume ratio. This may help withstand desiccation 

or may be a growth form suited to the flow conditions (Ficken 1936). 
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The presence of a long colourless h a i r at the apex of the individual 

trichomes offers a large_ surf ace area_ to the surroundings. I t has 

been suggested (Section 7.6) that this feature may compensate for 

the small surface area: volume r a t i o of the colony. Culture work 

(Section 3.4) has shown that hairs are r e l a t i v e l y long i n the 

presence of low level s of certain nutrients i . e . PO^ and Fe - . At 

such times the large surface area.: volume r a t i o of the hairs would 

be advantageous. 

Secondly there i s evidence that R i v u l a r i a from Teesdale, one 

of the areas included i n this study, fixes atmospheric nitrogen 

(unpublished data M.K. Hughes). Information available to the 

author also suggests that the l e v e l s of combined nitrogen i n the 

streams i n this area i n which R i v u l a r i a occurred were low 

(pers. comm. B.A. Whitton). Under such circumstances the a b i l i t y 

to f i x atmospheric nitrogen would be advantageous to the alga. 

Nitrogen fix a t i o n has been reported for a number of Rivulariaceae 

(Section 1.26). Jones and Stewart (1969a) stressed the importance 

of the contribution of marine Calothrix species to the nitrogen 

budget of rocky shores and i t seems possible that R i v u l a r i a may have 

a s i m i l a r l y important role i n upland streams. 

7.9 Concluding remarks 

I t i s evident from this work that i f morphological characters 

are to form the basis of the i d e n t i f i c a t i o n of the blue-green algae, 

they must be studied i n much greater d e t a i l . This i s necessary i n 

order to define the range of variation for each character and to show 
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how the characters vary in response to changes i n external 

conditionsT ~ -- -

The present study has i l l u s t r a t e d that two characters of 

members of the Rivulariaceae, the taper and the hair, both show 

considerable morphological variation. The author has suggested 

ways of quantifying changes i n these characters. The tapering 

indices developed were based on the simple shape of a cone and 

therefore assume that changes in diameter of a trichome occur 

at a uniform rate. This r e l a t i v e l y simple concept has been used 

successfully to quantify the descriptions of the shapes of 

individual trichomes. The st r a i n s used during t h i s work showed 

a considerable range i n values of tapering indices. The range of 

values which would be obtained during the development of tapered 

trichomes from p a r a l l e l hormogonia was not studied. I f such studies 

are carried out in the future, i t w i l l be necessary to take into 

account the fact that the indices developed here give a simplified 

description of tapering. In many cases tapering does not occur 

gradually along the trichome, and detailed measurements of the 

c e l l s i n one trichome w i l l be needed. 

The tapering indices were also used with material i n batch 

culture, to describe changes which occured i n response to changes 

in environmental conditions. A value of tapering was obtained by 

measuring 30 trichomes at random and then finding the mean value. 

Ide a l l y future workers should aim to use continuous cultures i n 

which the trichomes are a l l of the same age. I f batch cultures 

are used i t w i l l be necessary to measure selected trichomes which 

are a l l at the same stage of development. 
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A quantitative value for hair length was obtained by direct 

measurement, .and. this was-expressed as a- percentage--of - t o t a l 

trichome length for comparative purposes. The problems 

encountered during this part of the work were associated with 

d i f f i c u l t i e s of observing hairs in culture. Future workers w i l l 

need either to culture f i e l d material successfully or to discover 

the conditions under which the trichomes of cultured material 

produce hairs. I f the f i r s t of these i s attempted, i t i s suggested 

that material from either Red Sike of Gordale Beck may be r e l a t i v e l y 

easy to culture. In view of more recent work, undertaken primarily 

by C. S i n c l a i r , i t seems l i k e l y that the second approach might 

prove the more informative p a r t i c u l a r l y i n terms of discovering 

which factors a f f e c t the development of a hair. I t may then be 

possible to find out whether similar factors a f f e c t hair formation 

in the f i e l d situation. 

The r e s u l t s of this work have emphasised the fact that the 

Rivulariaceae are d i f f i c u l t to identify at the generic as well as 

the s p e c i f i c l e v e l , using information from morphological characters. 

However, i n practice, as these characters are the ones l i k e l y to be 

used by the majority of workers there i s considerable scope for 

future research. I t i s to be hoped that workers studying 

morphological characters w i l l adopt standard recording procedures 

and experimental procedure practices which w i l l encourage discussion 

and comparison of data. 



SUMMARY 

A study has been carried-out-on--the biology of tape-ring and the 
ha i r in two genera of the Rivulariacea* Calothrix and Rivularia. 
A broad approach was adopted which involved four separate f i e l d s of 
study. These were an attempt to quantify the two characters, 
experimental studies to find s p e c i f i c causes for tapering and h a i r 
development, a computer study of characters i n the l i t e r a t u r e and a 
f i e l d study to find any correlations between water chemistry and 
the occurrence of one of the genera ( R i v u l a r i a ) . 

As the de f i n i t i o n of tapering and the h a i r was vague i n the 

l i t e r a t u r e a prerequisite to experimental work was devising 

quantitative ways of describing these characters. Tapering, a 

gradual reduction in trichome diameter was f a i r l y d i f f i c u l t to express 

i n such a manner, however four indices of tapering have been suggested. 

These are: 

T x = B-A 

T 2 = ^ x 100 

T - ^ x 100 
3 L 

T, = ^ x 100 
4 __B 

L 

where B = basal width, A • apical width and L = trichome length. 

Hair c e l l s are colourless and frequently elongated and an actual 

measure of the length of the trichome which i s composed of colourless 

c e l l s has been used as a means of recording hair length quantitatively. 
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The experimental work has been concerned mainly with the effect 

of combined nitrogen oil tapering. The -results have - shown that - at 

r e l a t i v e l y high i n i t i a l l e v e l s of NĤ -N (29.2 mg l - 1 ) tapering did not 

develop in Calothrix brevissima or C. v i g u i e r i . I n the case of 

C. v i g u i e r i , at a lower i n i t i a l concentration of NĤ -N (14 mg 1" Ehe 

trichomes were tapered towards both ends and developed a Hammatoidea-like 

appearance. In both species, at the highest i n i t i a l concentrations 

of NĤ -N, heterocysts did not develop, and the rate of acetylene 

reduction (which was measured i n C. v i g u i e r i ) decreased considerably. 

I n medium + NÔ -N (n#-»mg 1~*) the percentage of trichomes of 

C. v i g u i e r i which tapered decreased gradually during 30 days growth. 

At the higher l e v e l s of NÔ -N C. v i g u i e r i developed the Hammatoidea-like 

appearance which had also been observed in medium with NĤ -N. 

C. scopulorum showed a similar decrease i n the percentage of trichomes 

which tapered, however th i s species did not become Hammatoidea-like 

and some of the trichomes were s l i g h t l y tapered. I n both s t r a i n s the 

percentage of trichomes with heterocysts and the rate of acetylene 

reduction both decreased i n the presence of combined nitrogen. More 

recent r e s u l t s obtained i n conjunction with other works has now 

suggested that there may be a lin k between the appearance of the basal 

region of the trichome i n - N medium and the appearance of the 

trichome i n + N medium. 

Hairs were observed once i n laboratory culture, i n C. scopulorum 

cultured i n V^ynedium at 5-20%.salinity. R i v u l a r i a collected from the 

f i e l d frequently possessed hairs but was d i f f i c u l t to culture. The 
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r e s u l t s obtained suggested that the hairs of Ri v u l a r i a were r e l a t i v e l y 

long when i t .was. cul.tur.ed_in_a. modified-Allen, and Arnon.'.8_medium'with _ 

f a i r l y low phosphate(initially 1.55-15.5 mg l - 1 ) . The hairs were 

also r e l a t i v e l y long when i n i t i a l l e v e l s of Fe i n the medium were 

reduced from 4 mg 1 * to 1 mg 1~*. 

Information from the l i t e r a t u r e and summarised using a 

computer program, suggested that the possession of hairs appeared to 

be associated with the development of a spherical or hemispherical 

growth form. There was also a tendency for species of Calothrix 

and R i v u l a r i a which possessed a yellow-brown sheath to possess h a i r s . 

The p r a c t i c a l necessity of assigning names to material was 

p a r t i c u l a r l y evident while c o l l e c t i n g f i e l d material. Use of 

standard floras resulted i n considerable ambiguity and therefore an 

alternative objective technique was devised. This employed the concept 

of a simultaneous key i n which a l l of the characters of an organism are 

used i n i t s i d e n t i f i c a t i o n . 

A b r i e f ecological survey was undertaken i n order to find 

possible correlations between the presence of R i v u l a r i a and cer t a i n 

aspects of water chemistry. The areas studied were predominantly 

limestone regions and although not widespread, R i v u l a r i a was abundant 

and occasionally dominant i n cer t a i n of these streams. A comparison 

of the water chemistry of streams with R i v u l a r i a and neighbouring 

streams without R i v u l a r i a showed that i n general, R i v u l a r i a occurred 

at s i t e s with r e l a t i v e l y low O D^ 2o a n d r e l a t i v e l y high Ca and Mg. 

The l e v e l s of Zn, Cu, Mn, Fe, Al, and Fb tended to be lower i n streams 

with R i v u l a r i a , but i n some cases colonies were found i n streams with 

f a i r l y high leve l s of Zn and Fe. Colonies were found mainly i n the 



upper reaches of streams and often where springs emerged from the 

limestone. A microscopic examination-of -R-i-vu-l-a-E-i-a- -f-rom- a -number—o-f-

s i t e s has lead to the suggestion that, material from two streams i n 

northern England (Red Sike, Upper Teesdale and Gordale Beck, Malham) 

may be suitable for future laboratory work. 
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APPENDIX I 

A u t h o r i t i e s f o r R i v u l a r i a c e a e 
included i n t h i s work 



- 2 6 7 -

s p e c i e s a u t h o r i t y d a t e r e f e r e n c e 

C a l o t h r i x a d g c e n d e n s B o r n e t E . & 
F l a h a u l t C . 

_ C , a e r u g i n e a 

C . a e r u g i n o s a 

£ , a f r i c a n a 

C . a n t a r c t i c a 

C . a t r i c h a 

C . T a h a r a d y / a j a 

C , b o s s e i 

C . b r a u n i i 

C . b r e v i a r t i c u l a t a 

C . b r e v i s s i m a 

C_. c a l i d a 

£ . c a s t e l l i i 

£ . c l a v a t a 

£ . c l a v a t o i d e s 

C . co l u m i a n a 

C . c o n f e r v i c o l a 

C_. c o n i c a 

C . c o n so c i a t a 

( K u t z i n g ' F . T . ) 
T h u r e t G. 

W o r o n i c h i n H . N . 

S c h m i d l e W. 

F r i t s c h F . E . 

F r g m y P . 

D e T o n i J . B . 

F r e m y P . 

B o r n e t E . & 
F l a h a u l t C . 

W e s t W. & W e s t G . S . 

W e s t G . S . 

R i c h t e r P . 

( l . ! a s s a l o n g o ) 
B o r n e t E . & 
F l a h a u l t C . 

W e s t G . S . 

G h o s e S . L . 

W e s t G . S . 

( R o t h ) 
A g a r d h C . A . 

G a r d n e r N . L . 

( K u t z i n g F . T . ) 
B o r n e t E . & 
F l a h a u l t C . 

1 6 8 6 A n n . S c i . s a t . . B o t . , 
V I I , 3 , 3 6 5 

1 8 7 5 A n n . S c i . n a t . B o t . , 
V I , 1, 10 

1923 N o t . s y s t . I n s t , c r y p t . 
H o r t i . B o i ; P e t r o p o l . 
2 , 115 

1901 E n g l e r ' S j B o t . J b . 3 0 , 2 4 1 

1912 N a t n . A n t . E x p e d . n a t . 
H i s t . 6, 36 

19 30 A r c h . B o t . 3 , 261 

1 9 0 7 S y l l . A l g . M y x o p h y c e a e Ji 

19 30 A r c h . B o t . 3 , 255 

1 8 8 6 A n n . S c i . n a t . B o t . 
V I I , 5, 368 

1 8 9 7 J . B o t . 35, 2 4 0 

1 9 0 7 J . L i n n . S o c . B o t . L o n d , 
3 8 , 1 8 0 

1 6 9 8 G e n . P l a n t . I l l , 2 , 3 8 8 

1 6 8 6 A n n . s c i . n a t . B o t . 
V I I , 3, 369 

1914 I n » F u h r m a n n & K a y o r , 
V o y a g e d 1 e x p l o r . 
C o l o n b i e , 1019 

1927 J . B u r m a R e s . S o c . 
17, 253 

1914 M e n . s o c . N e u c h a t e l . 
S c i . n a t . 5, 1019 

1 3 2 4 S y s t . A l g . 7 0 

1927 M e m . H e w Y o r k b o t . 
G d n 7 , 66 

1 8 8 6 A n n . S c i . n a t . B o t . 
V I I , 3,315 
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c r u s t a c e a 

c.y l i n d r i c a 

d e s e r t i c a 

d o l i o c h o m e r e s 

d o n e l l i i 

e l e n k i n i i 

e p i p h y t i c a 

e v a n e s c e n s 

f a s c i c u l a t a 

f l a l i a u l t i i 

f l o c c o s a 

f u l l e b o r n i i 

f u s e a 

g a r d n e r i 

g e i t o n o s 

( Z a n a r d i n i G . ) 
B o r n e t E . & 
F l a h a u l t C . 

( s c h o u b . ) 
T h u r e t G . 

F r e m y P . 

S c h w a b e G . H . 

1 8 8 6 A n n . S c i . n a t . B o t . 
V I I , 5, 555 

1 6 7 8 

1924 

1960 

S k u j a H . 

( W o l l e F . ) 
D e T o n i J . B . 1907 

K o s s i n s k a j a K . E . 1924 

W e s t W. & W e s t C-. S . 1 8 9 7 

G a r d n e r N . L . 1927 

A g a r d h C . A . 

F r e m y P . 

( W o r o n i c h i n N . N . ) 
C - e i t l e r L . 

S c h i n i d l e W. 

( K u t z i n g F . T . ) 
B o r n e t E . & 
F l a h a u l t C . 

f u s c o - v i o l a c e a C r o u a n 

1 8 2 4 

1927 

1925 

1902 

1 8 8 6 

1 8 5 9 

D e T o n i J . B . 

S k u j a H . 

I n » B o r n e t & T h u e r t , 
N o t e s A l g o l . 1,31 

R e v u e a l g o l . 1, 37 

O s t . B o t . Z e i t . 
107, 281 -309 

S y l l . A l g . . K y x o p h y c e a e 
V , 629 

N o t . s y s t . I n s t . C r y p t , 
H o r t i B o t . P e t r o p l o . 
3, 1 1 

J . B o t . 3_5, 290 

K e r n . N e w Y o r k b o t . 
G d n 7, 69 

S y s t . A l g . 71 

A r c h . B o t . 5 

S u ^ w . - P I . , 12, 220 

E n g l e r « s ; B o t J b . 32,62 

A n n . S c i . n a t . B o t . 
V I I , 3 , 364 

A n n . S c i . n a t . B o t . 
V I I , 4, 891 

1 9 0 7 S y l l . A l g . H y x o p h y c e a e 

g e l a t i n o s a F r i t s c h F . E , 1923 T r a n s . E . S o c . s. A f r . 
i i , 3 7 5 

g h o s e i B h a r a d w a j a 
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g l o e o c o l e 

g o e t z e i 

g r a c i l i s 

i n t i i c & t a 

j a v a n i c a 

J u l i a n a 

k a v / r a i s k y i 

k o s s i n s k a j a e 

h u n t g e i 

l i n e a r i s 

m a r c h i c a 

m i n i m a 

m i n u s c u l a 

p a r a s i t i c a 

p a r i e t i n a 

p a r i e t i n a v a r . 
a f r i c a n a 

p a r v a 

p i l o s a 

p r o l i f e r a 

p u l v i n a t a 

S k u j a E . 

S c h m i d l e W. 1 9 0 1 

F r i t s e n F . E . 1 9 1 2 

F r i t s c h F . E . 1 5 1 2 

d e T Y i l d e 

( L T e n e g h i n i G . ) 

3 o r n e t E . & 1 8 8 6 
F l e . h a u l t C . 

S c h m i l e W. I 8 9 7 

P o l j a n s k y V . I . 1 9 2 7 

E i c h t e r P . I 8 9 8 

G a r d n e r IT. L . 1 9 2 6 

L e m m e r n i a n n E . 1 9 1 4 

F r e m y . P . 1 5 2 4 

Y f e b b e r v a n B o s s e A . 1 9 1 3 

( C h a u v i n ) 

T h u r e t G. 1 8 7 5 

T h u r e t G . 1 8 7 5 

F r i t s c h F . E . 1 9 2 3 

E r c e g o v i c A . 15 25 

H a r v e y W . H . I B 5 8 

F l a h a u l t C . 1 8 0 6 

( L l e r t e n s ) 
A g a r d h C . A . 1 8 2 4 

E n g l e r ' s , B o t J b . 3 0 , ' 
2 4 8 

N a t n . A n t a r c t i c E x p e d . 
n a t . H i " s t . 6 , 57 

N a t n . A n t a r c t i c E x p e d , 
n a t . H i s t . 6 , 36 

A n n S c i . n a t . B o t . 
Y l l , 3 , 3 4 8 

A l g . H o c h s e e n K a u k a s u s 
o J 

A r c h . E u & s s e s P r o t . 6 , 
70 

I n : K u n t z e R e v . G e n . 
P l a n t . 1 1 1 , 2 , 3 8 8 

R h o d o r a 2 8 , 3 

A b h . IT a t . 7 e r B r e m e n 
2 3 , 2 4 5 - 2 6 1 

R e v u e a l g o l . 1 , 3 7 

S i b o g a . E x p e d . 5 9 a , 4 2 

A n n . s c i . n a t . B o t . 
V I , 1 , 3 6 1 

A n n . S c i . n a t . B o t . 
V I , 1 , 3 6 1 

T r a n s . R . S o c . S . 
A f r . 1 1 , 3 7 5 

A c t a b o t . I n s t . B o t . 
Z a g r e b . 1 , 9 4 

N e r e i s B o r . A m . j 5 , 106 

A n n . S c i . n a t . B o t . 
V I I , 3 , 3 6 1 

S y s t . A l g . , 7 1 
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C . r a m e n s k i i 

C_. r o b u s t a 

C .̂ s a n d v i e n c i s 

s a n t a p a u i 

s c o p u l o r u m 

3 c y t o n e i r . i c o l a 

s i m p l e x 

s i m u l a n s 

s jphaeo s p o r a 

C_. s t a g n a l i s 

C.' s t e l l a r i s 

C . s u b m c r c h i c a 

C . t e n e i l a 

C . t h e r m a l i s 

C . v i g u i e r i 

C . v i o l a c e a 

C . v i v i p a r a 

C_. \ 7 e b e r i 

C . ^ e m b a e r e n s i s 

R i v u l a r i a a q u a t i c a 

R . a t r a 

C . 

C . 

C . 

C . 

C . 

C . 

E l e n k i n A . A . 19 2 2 

S e t c h e l l W . A . & 1 9 1 6 
G a r d n e r IT. L . 

( l T o r d s t e d t C . F . ) 
S c h r n i d l e W. 1 8 3 7 

G o n s a l v e s A . & I 9 6 O 
K a m a t K . D . 

( Y / e b e r & L l o h r ) 

A g a r d h C . A . 1 8 2 4 

T i l d e n J . E . 1 9 1 0 

G a r d n e r N . L . 1 9 2 7 

11 11 

P r a s a d B . K . & 1 9 6 5 
S r i v a s t a v a P , N . 

Goraont L I . 1 8 9 5 

B o r n e t E . & 1 8 8 6 
F l a h a u l t C . 

A r c h i b a l d C . G . I . : . I 9 6 7 

G a r d n e r N . L . 1 9 2 7 

( s c h w a b e ) 

H a n s g i r g A . 1 8 6 4 

F r e m y p . 1 9 2 9 

( W o l l e F . > 
B e T o n i j ' . B . 1 9 0 7 

H a r v e y W . H . 1 8 5 C 

S c h r a i d l e W. 1G99 

H i e r o n y m u s G. & 1 8 9 8 
S c h r a i d l e W. 

d e V / i d e 1G97 

R o t h A . W . 100 6 

N o t . s y s t . I n s t . C r y p t . 
H o r t i . B o t . P e t r o p o l . 
I . 9 

New P a c i f i c C o a s t A l g . 
U n i v . C a l i f . P u b l . B o t . 
40 , - 47 3 

F l o r a 8_4, 170 

J . B o m b a y n a t . H i s t . 
S o c . 5 7 , 4 5 4 - 4 5 6 

S y s t . A l g . 7 0 

K i n n e s o t a A l g a e 1 , 2 6 5 

h e m . New Y o r k b o b . 
G d n 7 , 68 

P h y k o s 4. ( 2 ) , 8 3 - 3 5 

J . B o t . 9 , 1 9 7 - 2 0 2 

A n n . S c i . n a t . B o t . 
V I I , 3 , 3 6 5 

N o v a Hedvr . 1 3 , 5 6 9 - 3 9 5 

LI em . H err Y o r k b o t . 
C-dn 7 

L, 

O s t . b o t . Z . 34, 2 7 6 - 2 8 4 -

A r c h . B o t . 3, 2 5 2 

S y l l A l g . K y x o p h y c e a e 
V , 619 

K e r e i s B o r - A m . J , 1 0 6 

K e d w i g i a 1 7 3 

i n K i r c h n e r ' s E n g l e r -
P r a n t l N a t P f l . F a m . 
1 , 87 

A l g . r a p p . J . I . : a s . A n n . 
B u i t e n z . S u p p l . 1 , 40 

C a t a l e c t , ? , b o t . 3 , 340 
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R_. a u s t r a l i s 

R_. b e c c a r i a n a 

R_. b i a s o l e t t i a n a 

R_. b o r e a l i s 

R . b o r n e t i a n a 

R . b u l l a t a 

R . d u r a 

R . g l o b i c e p s 

R . h a n s g i r g i 

R . haemg. t i t e s 

R . m a m i H a t a 

R . m a n g i n i i 

R . m e s e n t e r i c a 

R . m i n u t u l a 

R . n i t i d a 

R . p e g u a n a 

R . - p l a n c t o n i c a 

R . p o l y o t i s 

R . r u f e s c e n s 

R . v i e l l a r d i 

H a r v e y W . H . I G 6 4 

B o r n e t E . & 1 8 6 6 
P l a h a u l t C . 

I l e n e g h i n i G . IG4I 

R i c h t e r ? . 1897 

S e t c h e l l W . A . I895 

B e r k e l e y I ' . . J . 18 53 

R o t h A . W . 1 6 0 2 

W e s t G . S . 1 9 0 7 

S c h m i d l e " . W. 1 9 0 0 

A g a r d h C . A . 1 8 2 4 

S e t c h e l l W . A . & 1 9 1 6 
G a r d n e r K . L . 

F r e m y P . 19 31 

T h u r e t G. 107 5 

( K u t z i n g F . T . ) 

B o r n e t E . & 1 8 8 6 
P l a h a u l t C . 

A g a r d h C . A . 1 8 1 7 

Z e l l e r G . H . 

B l a n k i n A . A . 1921 

( A g a r d h ^ 

B o r n e t E . 1 8 8 6 
P l a h a u l t C . 

I T a e g e l i C . I649 

( K u t z i n g ) 

B o r n e . t E . & 1 8 8 6 
P l a h a u l t C . 

Some A c c . 1 ' a r . L o t . 
A u s t r . 566 

A n n S c i . n a t B o t . 
V I I , 3, 356 

I n : Z a n a r d i n i S y n o p s . 
A l g . . _ i n _ m a r i . A d r i a t . 
c o l l e c t . R . A c a d . S c i . 
T o r i n o 4, 42 

B i b l . B o t . 7 ,4 

B u l l T o r r e y b o t . C l u b 
22, 426 

G l e a n 3 r i t . A l g . 8 

ITeue 3 r e t r , B o t . 273 

J . L i n n . S o c . S o t , L o n d 
3 S , 1 C 2 

H e d v r i g i a 173 

S y s t . A l g . 26 

F e w P a c i f i c C o a s t A l g . 
U n i v . C a l i f . P u b l . B o t . 
475 

' T r a v a u : : c r y p t , d e d i e s 
a L o u i s I . ' e n t ~ i n ' 10 3 -8 

A n n . S c i . n a t . B o t . 
I , 6, 3 7 2 - 5 8 2 

A n n . S c i . n a t . B o t . 
V I I , 4 , 343 

B i s p . A l g . S u e c . 41 

I T a c h r . P e t e r s b . b o t . 
Gdn 16 

A n n . S c i . n a t . B o t . 
V I I , 4 , 360 

I n : K u t z . , S ^ e c . A l g . 
342 

A n n . S c i . n a t . B o t . 
V I I , 4 , 343-373 
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APPENDIX I I 

Information on the morphology of C a l o t h r i x 

and R i v u l a r i a (from T i l d e n 1910, G e i t l e r 1932 

and Desikachary 1959). 
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Number Organism 

1. C.adscendens 

2. - -G.aerugi-nea-

3. C.aeruginosa 

4. C . a f r i c a n a 

5. C . a n t a r c t i c a 

6. C . a t r i c h a 

7. C.bharadwaja 

C.bossei 

C . b r a u n i i 

C . b r e v i a r t i c u l a t a 

C . b r e v i s s i m a 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

C . c a l i d a 

C . c a s t e l l i i 

C . c l a v a t a 

C . c l a v a t o i d e s 

C.columbiana 

C.conica 

C . c o n f e r v i c o l a 

Physiognomic 
form 

Fila m e n t s s c a t t e r e d 
or gregarious 

-fcayer, on—other - algae 

Few f i l a m e n t s 
i n t e r t w i n e d ( 2 - 3 ) 

Few f i l a m e n t s 
together 

F i l a m e n t s s o l i t a r y or 
few together 

Fi l a m e n t s s o l i t a r y 
or i n groups of 2-6 

Fila m e n t s u s u a l l y i n 
groups of 3-7 

Fila m e n t s c l u s t e r e d and 
forming t h a l l u s 

F i l a m e n t s c a e s p i t o s e 

Filaments s o l i t a r y or 
gregarious 

F i l a m e n t s together 

T h a l l u s f l a t t e n e d and 
expanded 

Cushion-shaped and 
wi d e l y expanded 
Fila m e n t s s o l i t a r y or 
few together 

Trichomes s o l i t a r y or 
i n s m a l l groups 

Fila m e n t s c l u s t e r e d 

Not recorded 

Fi l a m e n t s g r e g a r i o u s , 
s t e l l a t e l y f a s c i c u l a t e 

Colony height 
or f i l a m e n t 

length 
1 mm 

( f i l a m e n t ) 

0. 5' mm"" 
( f i l a m e n t ) 

150 urn 
( f i l a m e n t ) 

C a l c i f i c a t i o n 

£ 300 um 
( f i l a m e n t ) 

100 um 
( f i l a m e n t ) 

420 um 
( f i l a m e n t ) 

1 mm 
( f i l a m e n t ) 

0. 5 mm 
( f i l a m e n t ) 
380 um 

( f i l a m e n t ) 

53-94 um 
( f i l a m e n t ) 

6 mm t h i c k 
( T h a l l u s ) 

4 - 8 mm 

100 um 
( f i l a m e n t ) 

£ 200 um 
( f i l a m e n t ) 

350 um 
( f i l a m e n t ) 

125 um,mostly 
45-65 um 

2-3 mm 
( f i l a m e n t s ) 

Sometimes 
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Number Texture 

1. 

2. 

3. 

4. 

5. 

6. 

Arrangement of 
trlchomes 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

v e l v e t y 

F i l a m e n t s i n t e r t w i n e d 
a t bases 

F i l a m e n t s contorted 

Filaments s o l i t a r y or 
l o o s e l y appressed 

F i l a m e n t s e r e c t and 
curved to some ex t e n t 

F i l a m e n t s s t r a i g h t or 
S l i g h t l y bent 

Fil a m e n t s interwoven 

F i l a m e n t s densely 
crowded, p a r a l l e l or 
8 l i g h t l y curved 

Many occur together 

Dry and Fila m e n t s aggreagated 
c r u s t a c e o u s and interwoven, 

flexuous 

Spongy Fila m e n t s densely 
crowded, flexuous 
and curved 

F i l a m e n t s s t r a i g h t 
or s l i g h t l y bent 

Filaments s t r a i g h t 
or curved 

F i l a m e n t s e r e c t or 
curved 

. Fil a m e n t s s t r a i g h t or 
curved 

F i l a m e n t s i n s m a l l 
t u f t s 

Tapering H a i r 

P r e s e n t , gradual Present 

Abrupt a t base of Present 
h"air~ 

End c e l l tapered Absent 

Pr e s e n t , gradual Present 

Present Absent 

Gradual taper, end 
c e l l pointed 

Present 

Absent, but 
may be chance 

Long 

Pre s e n t , gradual Absent 

Present Long 

Pr e s e n t , gradual 

None or very l i t t l e Absent 

Present Long 

Pre s e n t , gradual Very long 

P r e s e n t P r e s e n t 

Present P r e s e n t 

Present 

P r e s e n t , Absent 
near apex 

P r e s e n t , P r e s e n t 
abrupt near h a i r 
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Number Shape of b a s a l c e l l 

1. Longer Chan broad 

2. S h o r t e r than -broad 

3. S h o r t e r than broad 

4. Almost as long as 
broad 

5. Always broader than 
long 

6. ^-2 times as long as 
broad 

7. As long as broad 

8. S q u a r i s h or ^ as long 
as broad 

9. S h o r t e r than broad 

10. 4-5 times s h o r t e r than 
broad ( d i s c - s h a p e d ) 

11. N e a r l y as long as 
broad 

12. As. long as broad 

13. 2-4 times s h o r t e r 
than broad 

14. D i s c o i d 

15. D i s c o i d 

16. As long as broad 
or almost as long 

17. C y l i n d r i c a l , as long 
as broad 

18. 4-5 times s h o r t e r 
than broad 

C e l l Base of trichome 
width swollen or not 

12 urn No 
( i n c e n t r e ) 

7-9 pir Hardly 

8.S |im 

5 |jm No 

6-8 urn 

6-7 um 

6.3 |in 

>10 um Yes 

6-7 um Yes 

8. 5 urn 

3.8-5 urn No 

3-6 um 

12-13 um Yes 
( f i l a m e n t ) 

5-5.5 um Yes 

10-13 um Yes 

6-8 um No 

4.8-5.6 uin F i l a m e n t s swollen 
a t base 

10-18 um Sometimes 

C e l l 
i n d e n t a t i o n s 

S l i g h t l y 

Yes"'("some) 

Yes 

At base 

S l i g h t l y i n 
upper p a r t s 

Yes 

Yes 
S l i g h t l y i n 
upper regions 

Yes 

Hardly 

Yes 

S l i g h t l y 

Yes 

No 

I n upper 
p a r t s 

Sometimes 
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Number Width of base compared 
to h e t e r o c y s t 

6. 

7. 

10. 

11. 

12. 

13. 

14. 

E q u a l 

E q u a l 

H e t e r o c y s t s l i g h t l y 
wider (8-9 urn) 

HeterocyBt wider 
(8.5 um) 

Het e r o c y s t wider 
(10 urn) 

Eq u a l or h e t e r o c y s t 
narrower (4.2-6.3 urn) 

Eq u a l or h e t e r o c y s t 
narrower 

H e t e r o c y s t wider 

Equal or h e t e r o c y s t 
wider 

Number of 
h e t e r o c y s t s 

S i n g l e 

1-2 b a s a l , few 
or none 
i n t e r c a l a r y 

Presumed 
s i n g l e 

S i n g l e 

S i n g l e , seldom 

1-2 

B a s a l s i n g l e 
I n t e r c a l a r y , 
s i n g l e or i n 
p a i r s 

S i n g l e 

Presumed 
s i n g l e 

S i n g l e 

P o s i t i o n of 
he t e r o c y s t s 

B a s a l 

B a s a l and 
i n t e r c a l a r y 

Presumed 
b a s a l 

B a s a l 

E q u a l 

S e v e r a l 

S i n g l e 

S i n g l e 

B a s a l 

B a s a l and 
i n t e r c a l a r y 

B a s a l 

B a s a l 

B a s a l 

S i n g l e , seldom B a s a l 
two 

B a s a l and 
i n t e r c a l a r y 

B a s a l 

B a s a l 

Shape of b a s a l 
h e t e r o c y s t 

S p h e r i c a l 

Rounded 

S p h e r i c a l 

Hemi-spherical 

E l l i p t i c a l 
or f l a t t e n e d 

S p h e r i c a l 

S p h e r i c a l or 
s u b - s p h e r i c a l 

F l a t t e n e d or 
h e m i s p h e r i c a l 

S u b s p h e r i c a l 

H emispherical 

N e a r l y 
s p h e r i c a l 

S p h e r i c a l or 
Quadrate 

S u b s p h e r i c a l 

Hemispherical 

15. Trichome s l i g h t l y 
wider 

S i n g l e B a s a l Globose 

16. 

17. 

18. 

Equal or h e t e r o c y s t 
narrower 

E q u a l 

E q u a l 

S i n g l e 

S i n g l e 

1-2 

B a s a l 

B a s a l 

B a s a l 

S p h e r i c a l 

S p h e r i c a l or 
s u b - s p h e r i c a l 

Rounded 
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Number Shape of sheath Texture of 
sheath 

Width of 
sheath 

Colour of 
sheath 

Sheath 
l a m e l l a t i o n s 

Wide i n middle, 
tapers beyond h a i r 

P a r a l l e l 

3. 

4. 

6. 

7. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

Frayed a t top 

D i f f l u e n t a t 
apex 
Open a t apex 

Close to trichome, 
open a t apex 
Close to trichome 

Close to trichome 

Tapered above t i p of 
trichome 

C l o s e to trichome 

C l o s e to trichome, 
sometimes d i l a t e d 

C l o s e to trichome 

Close to trichome 

Close to trichome 

Close to trichome 

Close to trichome 

P a r a l l e l and c l o s e 
to trichome 

G e l a t i n o u s 3-6 um 

Gel a t i n o u s 1-1.5 um 

< 1.5 um 

6 um 

2-4 um 

Thin 

Thin 

Thin 

Narrow, 
1. 5 um 

Thick 
8 urn 

Thin 
< 2 um 

Thick 
2-2.5 um 

Thin 

Very t h i n 
s i . 5 um 

Thin 
s2.0 um 

Thin 

Thin 
1 um 

3. 5 um 

Firm 

F i r m 

G e l a t i n o u s 

C o l o u r l e s s P r e s e n t 

C o l o u r l e s s , Absent 
yellow i n 
lower p a r t s 

C o l o u r l e s s 

Red-brown 
at base, 
becoming 
c o l o u r l e s s 
Yellow 

Absent 

P r e s e n t 

Present 

G e l a t i n o u s 
i n upper 
p a r t s 

C o l o u r l e s s Absent 

C o l o u r l e s s 

C o l o u r l e s s S c a r c e l y 
lame11ated 

C o l o u r l e s s Absent 

Brownish- P r e s e n t 
black i n 

o l d e r p a r t s 
C o l o u r l e s s Absent 

Yellow-brown, 
c o l o u r l e s s 
when young 

Absent 

C o l o u r l e s s Absent 

C o l o u r l e s s Absent 

C o l o u r l e s s Absent 

C o l o u r l e s s Absent 

C o l o u r l e s s Sometimes 
or y e l l o w -
brown i n 
lower p a r t s 
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Number Sheath Spores H a b i t a t 
l a c e r a t i o n s 

~ 1 . - Absent Freshwater 

2. - Marine, on algae, i r o n p i l i n g s 

and wood 

3. - - I n marine marsh, on l a r g e r algae 

4. - Absent Hot s p r i n g s 

5. I n stan d i n g water i n A n t a r c t i c , 

i n t h a l l u s of Phormidium f r a g i l e 

6. - - I n stan d i n g water 

7. Absent Spores I n stagnant pond, on dead l e a v e s 
s i n g l e 

8. - Absent I n s p r i n g , on quartz rock 

9. Absent - On stones and p l a n t s i n 
streams 

10. Present - Freshwater, on Vaucheria 

11. Absent - E p i p h y t i c on p l a n t s i n A f r i c a n 

lake 8 

12. - - I n warm water from g e y s i r 

13. - On s h e l v e s i n greenhouse 

14. 
15. - - I n pond, Burma 

16. - Spore 
s i n g l e 

17. - - On t r e e trunks near Coame 
Springs 

18. - - Freshwater or i n s a l t m a r s h , 
or other a l g a 
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Number 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 
32. 

33. 

34. 

35. 

36. 

37. 

Organism 

C. c o n s o c i a t a 

C . c o n t a r e n i i 

C.Crustacea 

C . c y l i n d r i c a 

C. d e B e r t i c a 

C.dolichomereS 

C . d o n n e l l i i 

C . e l e n k i n i i 

C . e p i p h y t i c a 

C.evanescens 

C . f a s c i c u l a t a 

C . f l a h a u l t i i 

C . f l o c c o s a 
C . f u l l e b o r n i i 

C . f u s c a 

C.fuso-
v i o l a c e a 

C.gardneri 

C.geitonos 

C . g e l a t i n o s a 

Physiognomic 
form 

F i l a m e n t s 
-gr-egar-i-ous 
S t e l l a t e l y 
f a s c i c u l a t e 

Compact l a y e r , 
o r b i c u l a r 

C a e s p i t o s e , 
w i d e l y expanded 

Layer 

H e m i s p h e r i c a l 
t h a l l u s 
C a e s p i t o s e 
c o l o n i e s 

C a e s p i t o s e 

F i l a m e n t s u n i t e d 
i n t u f t s 
S o l i t a r y or 
g r e g a r i o u s 

C a e s p i t o s e , 
expanded 

F i l a m e n t s i n 
groups of 3-9 
T h a l l u s 
F i l a m e n t s s i n g l e 
or i n groups,10-12 

F i l a m e n t s s c a t t e r e d 
or gregarious 

Gregarious and 
forming t h a l l u s 

F i l a m e n t s i n g l e 

C a e s p i t o s e colony 

T h a l l u s 

Colony height 
or f i l a m e n t 
length 

0. 5 mm 
(f-i-l-aments) 

F i l a m e n t s 1 mm 
long 

1-2 mm long 
( f i l a m e n t ) 

C a l c i f i c a t i o n 

0.5-4 mm 

1 mm long 
( f i l a m e n t ) 

80-250 um long 

250-350 um long 
( f i l a m e n t s ) 

200-300 um long 
( f i l a m e n t s ) 

2-3 mm long 
( f i l a m e n t s ) 

400 um long 

2-3 mm 
( f i l a m e n t s ) 

0.5 mm long 
( f i l a m e n t s ) 

350-500 
(-1000) um 

1 mm long 
( f i l a m e n t s ) 

Absent 
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Number Texture 

19. 

20. Crustaceous 

21. V e l v e t y 

22. Slimey 

Arrangement of 
trichomes 

Densely crowded, 
p a r a l l e l , e r e c t , 
flexuous 

Densely, crowded, 
e r e c t 

S c a t t e r e d , p r o s t r a t e 

Tapering 

Presumed present 

P r e s e n t 

P r e s e n t 

P r e s e n t 

H a i r 

Long and 
s l e n d e r 

Long 

Curved h a i r 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

S o f t 

G e l a t i n o u s 

V e l v e t y 

G e l a t i n o u s 

V e l v e t y 

E r e c t , flexuous 

Densely i n t e r t w i n e d 

I n t e r t w i n e d 

S o l i t a r y or 
gregarious 

E r e c t or bent 

E r e c t , somewhat 
flexuous 

E r e c t and s t r a i g h t 

F i l a m e n t s r a m i f y i n g 

E r e c t 

R a r e l y s o l i t a r y , 
e r e c t or flexuous 
i n c a e s p i t o s e colony 

A p i c a l c e l l 
c o n i c a l 

Gradual 

Gradual 

P r e s e n t 

Gradual 

P r e s e n t 

P r e s e n t 

Present 

P r e s e n t 

Gradual 

Present 

Present 

Tapered a t apex 

Pr e s e n t 

Absent 

Long 

Long 

Absent 
(not formed) 

Thin 

P r e s e n t 

P r e s e n t 

Short 

P r e s e n t 

Long 

Short 

Short 

Long 

37. G e l a t i n o u s I n t e r t w i n e d P r e s e n t Absent 
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Nuinber Shape of basal c e l l 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 
28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

Shorter than broad 

Equal to or sh o r t e r 
than w i d t h 

Shorter than broad 

Shorter than broad 
1 1 
— - as long as 
broad 
1-2^ times as long 
as broad 
4-5 times s h o r t e r 
than broad 
Quadrate or sometimes 
sh o r t e r than long 

Shorter than broad 
-| as long as broad 

2-3 times sh o r t e r 
than broad 

l j times as long as 
broad 
Longer than broad 

Quadrate or - ^ 
as long as broad 

Shorter than broad * 

Shorter than broad 

Quadrate or ̂  as 
long as broad 

1-1^ times as long 
as broad 

As long as broad 

C e l l w i d t h 

12 urn 

6-8 um 

8-15 urn 

10-15 urn 

6- 14 |j.m 

7- 8 nm 

Filament 6-
12-(20) urn 
5- 7 um 

3. 5-4 jim 
Filament 
7- 8 urn 

8- 12 um 

5. 5-6.5 urn 

4. 7-9 um 

6- 10(14) um 

7- 8 um 

7-8 urn 

5-7 um 

7-8 um 

16 jam 

Base o f trichome 
swollen or not 

Filament swollen 
a t base 

Filament swollen 
a t base 

Filament s l i g h t l y 
thickened 

Sometimes 

Yes 

Filament swollen 
at base 

S l i g h t l y when 
young 

No 

C e l l 
i n d e n t a t i o n s 

Some 

Sometimes i n 
lower c e l l s 

Sometimes 

Yes 

Some 

No 

No 

Yes 

Yes 

Filament "bulbous" No 

Filament swollen Yes 

Filament swollen At base 

No Yes 

No 

* Longer than broad (Swellengrebel 1910) 
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Number Width o f base compared 
to heterocyst 

Number of P o s i t i o n of 
heterocysts heterocysts 

Shape of 
heterocyBtB 

19. 

267 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Equal 

Trichome wider than 
heterocyst 

Equal or heterocyst 
s l i g h t l y wider 

Heterocyst s l i g h t l y 
wider 

Heterocyst wider 
(8-9.5 um) 

Equal,or heterocyst 
s l i g h t l y narrower 

Equal 

Equal 

Equal or heterocyst 
s l i g h t l y narrower 

Single 

1-2 

Several 

Single 

Single or 
several 

1-3 

Basal 

Basal 

1-3,basal, 
many 

i n t e r c a l a r y 

Basal 

I n t e r c a l a r y 
( r a r e ) 

Basal 

Bas a l , r a r e l y Basal and 
i n t e r c a l a r y i n t e r c a l a r y 

Single 

Single 

Single 

Several 

Single 

Single or 
o f t e n i n 
twos 

Basal 

Basal 

Basal 

Basal 

Basal 

Basal 

Basal,spherical 

Hemispherical 
kidney-shaped 
Hemispherical 

Round, hemi
s p h e r i c a l , b a r r e l -
shaped 

Sub-spherical 

Hemispherical 
or s p h e r i c a l 

Rounded c y l i n d e r 

Squarish or 
longer than broad 

32. 

33. 

34. 

35. 
36. 

37. 

Equal or heterocyst 
wider 

Heterocyst wider 
(8-9.5 um) 

Heterocyst wider 

Several 

1-2 

Single 

Single 
1-3 

Single 

Basal and 
i n t e r c a l a r y i n 

ser i e s 
Basal 

Basal 

Basal 
Basal 

Basal 

Widest i n centre, 
f l a t t e n e d 

Hemispherical 
Rounded, hemi
s p h e r i c a l , 
barrel-shaped 
Broader than 
long 
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Number Shape of sheath 

19. Closed, funnel-shaped 
- - at-apex—-

20. Funnel-shaped 

21. D i l a t e d and expanded 
at apex 

22. Close 

23. Close 

24. Wider at base 

25. Tapered, or open 

26. Close, open at apex 

Texture of 
sheath 

membranous 

Gelatinous 

Gelatinous 

Width of 
sheath 

4.5-8.5 urn 

Thick 
(3.5 urn) 

Thick 
(2-12 urn) 

2-3 um 

Colour o f 
sheath 

Brownish, outer 
laye r B~~colour l e s s 

Colourless or 
yellow 

Colourless or 
yellow-brown 

Colourless or 
yellow 

Thick or t h i n Golden at base 

3 um 

Very t h i n 

Thin 

Colourless 

Colourless 

Colourless 

27. Thick Colourless 

28. 

29. 

30. 

31. 

32. 

Close 

D i l a t e d 

Diverging 

Firm 

Gelatinous 

Thin 

Thick 
(2-6 um) 

Thin 

Thick 
(9-12 um) 

Thin 
(1.5-2.0 um) 

Colourless, 
becoming yellow-
brown 

Colourless, base 
yellow-brown 

Colourless 

33. 

34. 

35. 

36. 

D i f f l u e n t a t apex 

Close 

Gelatinous 

D i f f l u e n t a l apex 

Gelatinous 

Mucilagenous 

Thick 
(1.5-2 urn) 

Thin 
(1-2 um) 

2-2.5 um 

3 um 

Colourless 

Colourless 

Colourless 

Colourless 

37. Gelatinous 5 um Colourless, 
l a t e r coloured 
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Number Sheath l a m e l l a t i o n s 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

Sheath 
l a c e r a t i o n s 

Spores Hab i t a t 

Present 

I n o l d e r filaments 

Two layers 

Absent 

P a r t l y lame Ha t e d 

Absent 

Absent 

On grass i n s a l t 
marsh 

On stones and wood, 
i n sand 

I n s e r i e s Marine, upper l i m i t 
of water 

Absent On moist rocks 

Marine and 
freshwater 

On wood i n s a l t 
water 

Submerged rocks 

Freshwater, on 
T o l y p o t h r i x 

Standing water 

29. Present 

30. Absent 

31. Present 

32. Absent 

33. I n d i s t i n c t 
34. Absent 

35. Absent 

36. P a r t l y lame11ated 

37. I n d i s t i n c t l y lamellated 

On rocks, between 
t i d e marks 

I n Sphagnum humps 

On P o t e n t i l l a p a l u s t r 
i n stagnant lake 

I n standing or 
f l o w i n g water 

Freshwater 

Marine, o r b i c u l a r 
patches on 
Punctaria 

On b u i l d i n g p l i n t h 

On grass, i n lake 

Absent Between moss, i n 
t r o p i c a l waters 



-305-

Number 

38. 

39. 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

Organism Physiognomic 
form 

C. ghosei 

C. gloeocola 

C. goetzei 

C. g r a c i l i s 

C. j n t r i c a t a 

C. javanica 

C. j u l i a n a 

C. kawraiskyi 

C. koBsinskajae 

C.kuntzei 

C. l i n e a r i s 

C. marchica S o l i t a r y 

C. membranacea S k i n - l i k e t h a l l u s 

Filaments i n groups 

Filaments s o l i t a r y 

Filaments forming 
c r u s t 

Filaments i n small 
bundles 

Filaments forming 
t h a l l u s 

Filaments s i n g l e i n 
a l g a l mucilage 

Filaments s c a t t e r e d 
or i n t h a l l u s 

Forming mat 

Sometimes hemi
s p h e r i c a l colony 

Crust 

C. minima 

C. minuscula 

C. p a r a s i t i c a 

C. p a r i e t t o f t 

Many fila m e n t s 
together 

Filaments i n groups 

Gregarious 

Filaments scattered 
or forming a c r u s t 

Colony 
height 

or f i l a m e n t 
l e n g t h 

250 |im long 

650 |am long 

400 urn long 

300 urn long 
( f i l a m e n t s ) 

C a l c i f i c a t i o n 

2 mm long 
( f i l a m e n t ) 

200-340 \sm 
long 

5 mm t h i c k 

350-500 
(1000 urn) 

300 um long 

100 |im 

0.5 mm long 

1 mm long 

Present 

Present 

Present 

Sometimes 



306-

Number Texture Arrangement of trichomes Tapering Hair 

3_8_. _- Filaments i n groups, s t r a i g h t Apical._c.e.l.l_ . .. - . _ 
or bent pointed or 

rounded 

39. - Filaments s o l i t a r y Present, gradual Long 

40. - Filaments densely crowded Sudden taper Long 

41. - Filaments i n small bundles A p i c a l c e l l No 

pointed 

42. - Filaments densely entangled Present, gradual Absent 

43. - Single Gradual Thin 
44. - Scattered or densely crowded Present Long and 

f r a g i l e 

45. - Filaments densely crowded Present Long 

46. - Filaments bent or p a r a l l e l Present (may Long and 
be abrupt) slender 

47. Crustaceous I r r e g u l a r l y f a s c i c u l a t e Present 

p a r a l l e l or flexuous 

48. - E r e c t , mostly s t r a i g h t Present Short 

49. - Filaments s o l i t a r y Gradual Absent 

50. Papery Curved, i r r e g u l a r l y Gradual Present 

floccose 

51. - Many fi l a m e n t s together Present 

52. C a l c i f i e d Filaments i n groups Present 

53. - Gregarious Present Long and 
flexuous 

54. Scattered or aggregated Present Thin 
Long 
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Number Shape of BaBal c e l l C e l l w i d t h Base of trichome 

swollen or not 
C e l l 

Indentations 

38. Quadrate, s l i g h t l y 6.3-8.4 um 
longer or s h o r t e r than 
broad _ 

39. - 5-6.5 um 

40. ^-3 times as long as 8 um 
broad (5-9 um) 

41. Shorter than broad 5 um 
or squarish 

42. Quadrate or s h o r t e r 5-6 um 
than broad 

43. S l i g h t l y broader than 4-6 um 
long 

44. 3 times s h o r t e r than 9-12.5 um 
broad 

Filament base 
d i l a t e d 

Base f i l a m e n t 
swollen 

No 

No 

Filament o f t e n 
thickened a t 
base 

S l i g h t l y 
c o n s t r i c t e d a t 
cross w a l l s 

Indented at 
base 

S l i g h t 

Sometimes 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

Rectangular, quadrate > 10 um 
or ^ as long as broad 

Quadrate or longer 3-6 um 
than broad 

Hemispherical, d i s c - (10-11 um) 
shaped, s p h e r i c a l 
Squarish or j j as long 5-7 um 
as broad 
Squarish or ^ - i as 4-5.5 um 
long as broad 
£ as long as broad 

j * as long as broad 

Squarish or s h o r t e r 
than broad 
C e l l s s h o r t e r than 
broad 

2-3 times s h o r t e r 
than broad 

5-6 um 

8 um 

3. 6-4.5 um 

7-8 um 

5-10 um 

Filament thickened -
at base 

Filament swollen S l i g h t or not 

Yes 

Yes At base 

S l i g h t 

Filament sometimes 
swollen 

No 

Filament 
d i s t i n c t l y swollen 
Filament bulbous S l i g h t 
at base 

Filament somewhat Sometimes 
thickened 



-308-

Number Width of base compared 
to heterocyst 

38. Trichome broader 
-4.-2-6.3 am-

39. Heterocyst broader 
6-7 um 

40. 

41. 

42. 

43. 

44. 

45. 

46. 

47. 

48. 

49. 

50. 

51. 

Heterocyst equal or 
s l i g h t l y wider 

Equal 

Trichome equal or 
j u s t s l i g h t l y broader 

Heterocysts absent 

Equal 

Heterocyst wider 

Basal c e l l wider 

Equal 

Equal 

Basal c e l l wider 

Number o f 
heterocystB 

Single 

Single 

Several 

Single,or 
several 

Not s t a t e d 

Absent 

Single 

Single 

Several 

Single 

Single 

Single 

Single 

P o s i t i o n of 
heterocystB 

Basal 

Basal 

I n t e r c a l a r y 

Basal,some 
i n t e r c a l a r y 

Basal 

Basal 

Absent 

Basal 

Basal 

Basal and 
i n t e r c a l a r y 

Basal 

Basal 

Basal 

Basal and 
i n t e r c a l a r y 

Shape of basal 
heterocyst 

Longer than 
bro'a'd" 

Hemispherical 
or globose, sub-
ovoid, truncate 

(2-3 times as 
long as broad) 

Subspherical 

Spherical 

Absent 

Hemispherical 
or longer than 
broad 

Broader than 
long 

Spherical or 
e l l i p t i c a l 

Hemi-spherical 

Spherical or 
hemispherical 

As long as wide 

Hemispherical 

52. 

53. Equal or basal c e l l 
s l i g h t l y wider 

Single or 
2-3 

Basal Spherical or 
hemispherical 

54. Heterocyst s l i g h t l y 
wider 

Several Basal, 
r a r e l y 
i n t e r c a l a r y 

Wider a t base 
or s p h e r i c a l 



-309-

Number Shape o f sheath Texture of Width of Colour of 
sheath sheath sheath 

38. - - Thin Colourless 

< 2.5 urn 

39. Sometimes d i f f l u e n t - 1 um Colourless 

40. - - Very t h i n 

41. Close t o trichome - Very t h i n Colourless 
2 um 

42. D i f f u s e - Thin Colourless 

43. Tapered - Wide Colourless 

44. Close - Thin Colourless 

1. 5 um 

45. Close - Thin Colourless 

46. Close and o f t e n - Thin Colourless 
closed 

47. Close - Thick Colourless or 

yellow 

48. - Gelatinous 2-2.5 urn Colourless 

49. Surrounding - Thin Colourless 

trichome 

50. Close - Thin Colourless 

51. Close - Thin Colourless 

52. - - 1.5-2 jim Colourless 

53. Funnel-shaped - Thin Colourless 
2-3 um 

54. Close ocreate - Thick Yellow-brown 



-310-

Number Sheath l a m e l l a t i o n s Sheath Spores 
l a c e r a t i o n s 

H a b i t a t 

38. 

39. 

40. 

No 

Stagnant pool on 
Chara 

Lake, i n t h a l l u s of 
Nostocopsis 

I n hot springs 

41. 

42. 

43. 

44. 

45. 

46. 

No 

No 

1-2 

I n standing water, 
i n t h a l l u s o f 
Phormidium 

Single or I n hot springs 
2 together 

On wood and stones 
i n shallow water 

Stagnant water 

S l i g h t l y 
lame11ated 

On Cladophora 

47. 

48. 

49. 

Present 

No 

I n running water from 
hot s p r i n g 

I n water pump 

I n sheath of 
Nostoc l i n e a r i s 

50. 

51. 

No 

On D i c h o t h r i x sp. 

52. I n standing water 

53. New lay e r forms 
at base of h a i r 

On Nemalion 

54. Present ocreate On damp rocks 



-311-

Number Organism 

-55T -C-par r e t i n a 
var. a f r i c a n a 

56. C. parva 

57. C. p i l o s a 

58. C. p r o l i f e r a 

59. C. p u l v i n a t a 

60. C. ramenskii 

Colony height 
or f i l a m e n t 
l e n g t h 

"2" mm"'high 

60-80 um long 

61. C. robusta 

Physiognomic 
form 

Spreading t h a l l u s 

Filaments s o l i t a r y 
or mixed w i t h other 
algae 

Caespitose 

Expanded t h a l l u s 

Sponge l i k e t h a l l u s , 
t u f t s 

Single or groups of 
fila m e n t s 

Filaments i n t u f t s 1-2 mm long 

C a l c i f i c a t i o n 

2 mm long 
(Filament) 

2-3 mm long 

62. C. sandviencis Single or i n groups 

63. C. santapaui Single Filaments 

64. C. scopulorum Filaments caespitose 1 mm long 

65. C. scytonemicola 

66. C. simplex 

67. C. simulans 

68. C.sphaerospora 

69. C. s t a g n a l i s 

70. C. s t e l l a r i s 

71. C. submarchica 

72. C. t e n e l l a 

Single f i l a m e n t s or 
small groups 

Layer 

Few together 

Sub-circular patches 
on agar 
Filaments gregarious 

Filaments s i n g l e or 
i n groups 

Filaments s i n g l e or 
i n groups 

200-250 um 
long 

200-250 (400) um 
long 

1 mm long 

250-350 um long 

60-90 um long 



-312-

Number Texture Arrangement of 
Trichomes 

Tapering Hair 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

- -F-i-r-m 

Velvety 

-F-ilaments i n t e r t w i n e d 

I n t e r t w i n e d at base, 
erect at apex 

Flexuous and curved 

Porous, Erect and flexuous 
sponge-like aggregated, f a s c i c u l a t e 

Erect or s l i g h t l y bent 

F i r m l y appressed at 
base 

Curved, s i n g l e or i n 
groups 

S t r a i g h t or curved 

Present 

Present 

A p i c a l c e l l 
hemispherical 

Present 

Present 

Present 

Abrupt taper 

Present 

Present 

Absent 

Short 

No 

Present 

Short 

Present 

Long 

Long 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

Velvety Twisted 

Erect 

Papery Sickle-shaped, 
gregarious, r a d i a l 

S t r a i g h t or bent 

Curved 

Twisted 

Present 

Present 

S t r a i g h t and curved a t Gradual 
base 

Present 

Present 

Gradual 

Present 

Gradual 

Present 

Present 

Present 

Present, 
long 

Short 

Present, 
long 

Present 

Present, 
t h i n 

Absent 

Present 
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Number Shape of Basal 

c e l l 
C e l l 
w i d t h 

Base of trichome 
swollen or not 

C e l l 
i n d e n t a t i o n s 

55. Shorter than broad 6.5-9 um 
or squarish 

56. - 7-8 um 

57. Quadrate or 2-4 10-20 um 
times as long as broad 

58. 3-4 times s h o r t e r 8-12 um 
than broad 

59. 2-3 times s h o r t e r 8-12 um 
than broad or 
squarish 

60. Shorter than broad 17-24 um 

61. - 16-20 um 

62. 3-4 times longer 3.5-5.5 um 
than broad 

63. Squarish or s h o r t e r 5.1-5.4 um 
than broad 

64. Squarish or s h o r t e r 8-15 um 
than broad 

65. Longer than broad 7-8 um 

66. Shorter than broad 10-14 um 

6 7. Squarish or 3 times 6-7 um 
sho r t e r than broad 

68. Spherical or sub- 8-9.5 um 
s p h e r i c a l 

69. Subquadrate or 6-9 um 
longer than broad 

70. \ as long as broad 6-7 um 

71. Broader than long 8-10 um 

72. Squarish or times 4.8-6.2 um 
as long as broad or 
sh o r t e r than broad 

S l i g h t l y 

S l i g h t l y 

Mostly 

No, or 
s l i g h t l y 

Filament thickened I n parts 
at base 

No 

Yes 

Hardly 

No 

Filament thickened Some 

Thick layer of 
mucilage at base 

No 

Filament thickened I n narrow 
regions 

Yes, i n older 
f i l a m e n t s 

Yes,in regions 

No 

Basal c e l l s 
s l i g h t l y 

Filament thickened YeB i n 
at base regions 

Filament swollen S l i g h t l y 

Yes 

Filament s l i g h t l y 
swollen 
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Number 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

Width of Base 
Compared t o 
Heterocyst 

Basal cel-1- wider i n 
mature f i l a m e n t s 

Heterocyst narrower 
or broader, 6-9 urn 

Equal 

Broader than 
trichome 

Heterocyst wider 

Heterocyst wider 
5.8-6.4 um 

Equal 

Heterocyst 8 um 
i n diameter 

Equal 

Equal 6.8-7.2 um 

Heterocyst narrower 
5. 5-6.5 um 

Heterocyst wider 

Equal 

Heterocyst narrower 
7.5-8 um 

Heterocyst narrower 

Number of 
Heterocysts 

Single -or-
several 

Single 

Several 

Several or 
many 

Single 

Single or 
several 

1-4 

Single 

Single 

1-3 

Usually 2 

Single 

Single 

Single or 
several 

I n p a i r s 

P o s i t i o n of 
heterocyst 

Basal, seldom 
i n t e r c a l a r y 

Basal 

Basal and 
i n t e r c a l a r y 

1-2 basal, 
i n t e r c a l a r y 
s c a t t e r e d 

Basal 

Basal, sometimes 
i n t e r c a l a r y 

Basal 

Basal 

Basal 

Basal 

Basal 

Basal 

Basal 

Basal, sometimes 
i n t e r c a l a r y 

Basal 

Single or 2-3 Basal 
together 

Shape of 
heterocysts 

Spherical 

Spherical or 
hemispherical 

Single 

Single 

Basal 

Basal 

Subspherical 

Bullet-shaped 

Subspherical 

Spherical or 
e l l i p s o i d a l 

S p h e r i c a l , 
subspherical 

Globose 

Hemispherical 
or elongated 

Spherical or 
hemispherical 

Longer than 
broad 

Spherical or 
quadrate 

Hemispherical 

Broader than 
long 

Spherical or 
hemispherical 
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Number Shape of 
Sheath 

Texture of 
Sheath 

Width of 
Sheath 

Colour of 
Sheath 

. _ 55. ia.ral.le.l_o.r_. 
d i v e r g i n g 

_= Thick—5-\m -

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

D i l a t e d 

P a r a l l e l 

Sometimes funnel 
shaped 

D i l a t e d i n upper 
parts 

Not d i s t i n c t 

Close and tapered 

Envelopes whole 
trichome 

Close 

P a r a l l e l w i t h 
trichome 

Firm 

Firm 

Firm 

Firm 

Firm 

Firm 

Smooth 

Papery 

< 2. 5 |im 

Thick 5 urn 

Thick 3.5 |am 

Thick 

Thick 

Approx.8 urn 

Thick 7-8 \an 

Thick 

Thick 

Firm, smooth 2-4 \an 

Firm 

Tapered 

Very t h i n 

Thin 

3 |am 

Thin 

2.5-3 |im 

-Ye-l-l-ow-brown—and 

colo u r l e s s 

Ye How-brown 

Orange or yellow-brown 
Upper regions 
c o l o u r l e s s , lower ones 
yellow " 

Colourless or 
brown 

Colourless and 
brown at base 

Colourless or 
yellow 

Colourless 

Colourless or 
yellow-brown 

Colourless or 
ye1low-brown 

Colourless 

Colourless 

Colourless 

Colourless 

Colourless 

Colourless 

Colourless 

http://ia.ral.le.l_o.r_
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Number Sheath lame H a t ions Sheath 
l a c e r a t i o n s 

Spores Habitat 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

68. 

69. 

70. 

71. 

72. 

S l i g h t 

S l i g h t l y 

Absent 

Present 

Present 

Present 

Present 

Present 

D i s t i n c t 

Present 

S l i g h t 

Absent 

Absent 

Absent 

Present 

Ocreate 
frayed 

Present 

On rocks 

Damp rocks 

On rocks, marine 
pools 

On boards, wet 
w i t h s a l t water 

On wood, marine 

I n lake 

Marine 

Single, Freshwater 
or p a i r s 

1-3 i n I n mucilage of 
rows other algae 

On rocks, near high 
water mark 

Freshwater 

On stones, i n 
stream 

1-3 I n standing water 
on Oedogonium 

Si n g l y I n c u l t u r e o f s o i l 
or i n series 

Present Marine and 
freshwater 

Stagnant tub water 
on Chara 

Absent River Kowie, 
South A f r i c a 

On rocks, amongst 
l i v e r w o r t s 
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Number Organism Physiognomic 
form 

Colony height 
or f i l a m e n t 
length 

C a l c i f i c a t i o n 

73. C_j_ thermalis 

74. C. v i g u i e r i 

75. C. v i o l a c e a 

76. C. v i v i p a r a 

77. C. weberi 

Expanded t h a l l u s 

F l a k e - l i k e t h a l l u s 

Clusters of 10-12 

Expanded t h a l l u s 

Filaments f r e e -
f l o a t i n g or 
attached 

3 mm long 

150-200 
(-300) urn long 

3-5 u.m long 

Present 

78. C. wembaerensis Caespitose 1 mm long 



-318-

Number Texture Arrangement of trichomes Tapering Hair 

73. Mucus-like Interwoven and densely 
crowded 

74. - Interwoven, s t r a i g h t or 

bent 

75. - I n c l u s t e r s of 10-12 

76. Velvety Interwoven, e r e c t or 

flexuous 

77. - I r r e g u l a r l y c o i l e d 

78. Gelatinous I n caespitose colony 

Present 

Gradual 

Present 

Gradual 

Present 

Present 

Long 

Absent 

Present 

Present 
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Shape o f Basal c e l l C e l l w i d t h Base of C e l l 
trichome swollen i n d e n t a t i o n s 
or not 

"("Sqoar i'S'h")-or""3 t i'me s 
short e r than broad 

Shorter than broad 

2-4 times s h o r t e r 
than broad 

Squarish or shor t e r 
than broad 

A l i t t l e longer than 
broad 

\ - l£ times as long 
as broad 

5-8 urn 

10-(15) um Yes 

7-9 urn 

9-15 |im 

5.1 |im 

8 |im 

I n some 
regions 

Rarely 

S l i g h t 



-320-

Number Width of Base compared Number o f P o s i t i o n o f Shape o f Basal 
to heterocyBt heterocysts heterocysts heterocyst 

73. 

74. 

75. 

76. 

77. 

78. 

Equal 

Equal or heterocyst 
narrower 

Equal or heterocyst 
wider 

Single, r.are.ly_Basa_l.,. r a r e l y 
several i n t e r c a l a r y 

Single 

Equal 

Equal 

Several 

Basal 

Usually 2 

Basal and 

few i n t e r c a l a r y 

Basal 

Basal 

Spherical or 
f l a t t e n e d 

Hemispherical 
compressed 

Compressed 

Varied 
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Number Shape of 
Sheath 

Texture of 
Sheath 

Width of 
Sheath 

Colour of 
Sheath 

73. 

74. 

75. 

76. 

77. 

Truncate 

Close, 
d i f f l u e n t 

Papery and 
f i r m 

Gelatinous 

•Thick 1-i 5 -|im- Go-lour-less -and -ye-l-l-ow 
a t base 

Thin 2.5 urn Colourless 

Wide < 4. 5 urn Colour-less 

Thick 4.5 urn Yellow-brown 

Thin Colourless 

78. Gelatinous Thick Colourless 
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Number Sheath Sheath 
l a m e l l a t i o n s l a c e r a t i o n s 

73. 

74. Present S l i g h t l y , on 

outside 

75. 

76. Absent 

77. 

78. 

Spores Hab i t a t 

Geysir 

Mollusc s h e l l s and 
l a t e r , ponds 

Shallow r i v e r water 

Upper t i d a l pools, on 
rocks and lagae 

I n water tank 

1-4, Pond 
separated 

by heterocysts 



-523-

Number Organism 

79. aquatica 

80. R̂  a t r a 

81. R^ a u s t r a l i s 

82. R_. beccariana 

83. R. b i a s o l e t t i a n a 

84. R_. b o r e a l i s 

85. R. bornetiana 

86. R_. b u l l a t a 

87. R_. dura 

88. R. globiceps 

89. R. haematites 

90. R. h a n s g i r i 

91. R_. mamillata 

92. R̂  mang i n i i 

93. R_. mesenterica 

94. R. minutula 

95. R. n i t i d a 

Physiognomic 
Form 

Spherical 

Spherical or 
hemispherical 

Hemispherical, 
glob u l a r l a t e r 

Hemispherical 
cushion 

Hemispherical 
or expanded 
cushion 

Spherical or 
hemispherical 

Spherical or 
hemispherical 

Expanded, lobed 
and hollow 

Hemispherical 

Spherical or 
hemispherical 

Hemispherical, 
l a t e r extending 
to form c r u s t 

Expanded, f l a t 
and hollow. 
Nostocoid 

Extensive 
cushion 

Spherical or 
sub-spherical 

Expanded, lobed 
and hollow 

Spherical or 
hemispherical 

S p h e r i c a l , 
expanded and 
hollow 

Colony 
Height 

2 mm high 

4 mm high 

20 mm 

1- 3.5 mm 

2- 8 mm 

0.5 mm 

1-10 mm 

60 mm 

0.5-5 mm 

1.5-3 mm 

30 mm 

0.5-1 mm 

0.5-6 mm 

40 mm 

5 mm 

30 mm 

Colonies 
Confluent or not 

I s o l a t e d or 
confluent 

Confluent 

Sometimes 
confluent 

Sometimes 
confluent 

Sometimes 

Confluent 

Confluent 

Not confluent 

Not confluent 

Confluent 

Confluent 

Not confluent 

Confluent 

Confluent 

Confluent 



-324-
K „ Colony Hollow _ . ... D i s t r i b u t i o n of _ mber • -. . C a l c i f i c a t i o n s „—;—- — Texture or S o l i d Calcium Carbonate 

79. - Absent Not ap p l i c a b l e Soft 

80. S o l i d Present Scattered Firm 

81. - Absent Not a p p l i c a b l e Soft 

82. - Sometimes - Firm 
present 

83. - Present - Soft or 

f i r m 

84. - Present - Soft 

85. S o l i d Sometimes - Soft or 

present f i r m 

86. Hollow Absent Not a p p l i c a b l e 

87. - Sometimes - Hard 

88. - Absent Not ap p l i c a b l e Soft or 

f i r m 

89. - Present Zoned Firm 

90. Hollow - - Gelatinous 

91. - Present Scattered Firm 

92. - Absent Not ap p l i c a b l e Soft 

93. Hollow Absent Not a p p l i c a b l e Firm 

94. - Sometimes C e n t r a l l y Soft 
arranged 

95. - Absent Not a p p l i c a b l e Soft 



Number Arrangement 
of Trichomes Tapering Hair Shape of Basal 

C e l l 

79. 

80. 

81. 

82. 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial 

Radial, 
becoming 
p a r e l l e l 
when older 

H o r i z o n t a l , 
i n t r i c a t e , 
curved 

Radial 

Radial 

P a r e l l e l 

Radial 

Radial 

Yes 

Assumed 

Narrow near 
base, widening 
and then 
t a p e r i n g 

Present 

Present 

Present 

Assumed 

Abrupt taper 

Present 

Present 

Assumed 

Tapered at 
both ends 

Present 

Present 

Abrupt taper 

Present 

Assumed 

Long and t h i n 

Thin 

Present 

Long and bent 

Long and bent 

Present 

Long when 
present 

Present 

Long and 
narrow 

Present 

Long 

Present 

Long 

Long and t h i n 

Present 

Thick, w i t h 
short c e l l s 

Long 3-4 

Longer than broad 

As long as broad 
barrel-shaped 

As long as broad 
or longer 

Longer than broad 

Shorter than broad 
or squarish 

Shorter than broad 

%-5 times longer 
than broad 

As long as broad 

Squarish 

1^-4 times longer 
than broad 

Twice as long as 
broad 

Rectangual or 
sub-quadrate 

Shorter than broad 
or squarish 

S l i g h t l y longer than 
broad 

As long as broad 

As long as broad 

3-4 times longer 
than broad 



Number C e l l Width Base of Trichome C e l l 
Swollen or Not Indentations 

79. 7-9 

80. 2.5-8 |j.m 

81 • 3 JJLHI widening 
to 5-7.5 urn 

82. 3-7 Mm 

Width of Basal 
Compared to 
Heterocyst 

Heterocyst wider 

Heterocyst wider 

Heterocyst much 
wider 

Equal 

83. 

84. 

85. 

86 

87. 

5-9 am 

4 . urn 

4- (16) ium 

5- 8-(10) 

4-9 r|>j,m 

No 

No No 

Equal 

Equal 

Heterocyst u s u a l l y 
wider, 6-8 jwm 

Equal 

Basal c e l l s l i g h t l y 
wider 

88. 4.8-6 urn 

89. 4-7 njam 

Heterocyst wider 

Heterocyst narrower 
or equal 

90. 6 jam at centre 
2-4 |Luro at ends 

Equal or heterocyst 
s l i g h t l y wider 

91. 4-5 |iim 

92. 3-5 |!un 

Heterocyst wider 

Equal 

93. 7-12 um Heterocyst s l i g h t l y 
wider 

94. 9-12.5 um 

95. 2-5 um 

Equal 

Heterocyst wider (may 
be narrower or equal) 
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Number Number of P o s i t i o n of 
Heterocysts Heterocysts 

Shape of 
Basal Heterocyst Shape of Sheath 

79. S i n g l e , basal Basal Spherical 

80. Single Basal Spherical Diverging 

81. Usually s i n g l e Basal, r a r e l y Broader than long 
i n t e r c a l a r y 

82. Single Basal Longer than broad, 
c o n i c a l 

83. 1-3 Basal, r a r e l y Globular, longer Funnel-shaped 
i n t e r c a l a r y or shor t e r than 

broad 

84. 

85. 

86. 

87. 

Single 

Single 

Single 

Basal 

Basal 

Basal 

Basal 

Spherical Tapered 

Depressed sphere Funnel-shaped 
or e l l i p s o i d a l 

Globose Diverging i n 
upper parts 

Shorter than broad Close 
broad 

88. 

89. 

1-2 Basal 

Basal 

Spherical 

Spherical or Funnel-shaped or 
longer than broad narrow 

90. 1-2 basal 
Seldom 
i n t e r c a l a r y 

Basal and 
seldom 
i n t e r c a l a r y 

Close 

91. 

92. Single or 
2-4 together 

Shorter than 
broad 

Funnel-shaped 

Funnel-shaped 

93. Single Basal Longer than 
broad 

Diverging i n 
upper p a r t s 

94. Single Basal Longer than 
broad, c o n i c a l 

Funnel-shaped 

95. 1-2 Basal Spherical or Diverging i n 
longer than upper p a r t s 
broad 
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Number Texture of 
Sheath 

Width of 
Sheath 

Colour of 
Sheath 

Sheath 
Lamellations 

79. 

80. 

81. 

82. 

83. 

Thin 

I n d i s t i n c t 

Thin 

5-20 pin 

Colourless 

Colourless or 
pale yellow 

Colourless or 
pale 

Colourless, 
yellow or brown 

Colourless or 
yellow-brown 

Absent 

Present 

Present 

I n d i s t i n c t 

Present 

84. 

85. 2-20 Him 

Colourless 

Colourless or 
yellow 

Absent 

86. 

87. 

88. 

89. 

Thin 

Thin 

Thick 

Colourless or 
yellow 

Hyaline 

Colourless 

Colourless or 
brown 

Absent 

Absent 

Absent 

Present 

90. 

91. 

92. 

Thin Colourless or 
pale 

Colourless or 
pale 

H y a l i n 
Hyaline or 
brownish 

Present 

D e l i c a t e l y 
l a m e l l a t e d 

93. 

94. 

I n d i s t i n c t 

Wide 
(15 urn) 

Colourless or 
pale 

Colourless or 
brown 

Present 

95. I n d i s t i n c t Colourless or 
yellow 

Present 
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Number , Sheath Spores Habi t a t 
Lacerations 

79. - Presumed Freshwater 
absent 

8_°_- Outer p a r t " Marine, high 
l a c e r a t e d water zone 

81. Present " Marine 

82. Lacerated at top " Freshwater 

83. Present " Freshwater or 
marine 

84. Lacerated when " Freshwater 
o l d 

85. - 11 Marine 

86. Absent " Marine 

87. Lacerated at top " Freshwater 

88. - " Freshwater 

89. - " Freshwater 

90. - " Freshwater 

91. - " Marine 

92. - " Freshwater 

93. Lacerated at top " Marine 

94. Present " Freshwater 

95. Often lacerated " Marine 
at top 
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Number Organism Physiognomic g o i o p Colonies 
— a Form Height Confluent or Not 

96. R_. peguana Expanded 

97. R_. plan c t o n i c a Small colonies 0.5 mm 

98. R_. p o l y o t i s Spherical or 2-30 mm Confluent 
hemispherical 

99. rufescens Crust or 15 mm Confluent 
hemispherical 

100. v i e l l a r d i I r r e g u l a r 10 mm 
deposits 
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. „ Colony Hollow _ . D i s t r i b u t i o n of _ k imber * - . . C a l c i f i c a t i o n —;—: — Texture or S o l i d Calcium Carbonate 

96. - - Not a p p l i c a b l e Gelatinous 

97. - Absent Not a p p l i c a b l e Soft 

98. Hollow Absent Not a p p l i c a b l e Soft 

99. - Present Central Hard 

100 - - Not a p p l i c a b l e Gelatinous 
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„ , Arrangement Number , _ ? . of Trichomes Tapering Hair Shape o f Basal 
C e l l 

96. Accuminate Twice as long as broad 

97. Radial Assumed Long Squarish 

98. Radial Present Thick Twice as long as broad, 
or squarish 

99. Radial Assumed Small and Squarish 
t h i c k 

100. Assumed Present Shorter than broad or 
barrel-shaped. 
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Base of Trichome Ce l l Width of Basal 
Number C e l l Width - 5 — T Z = — - _ . — — . C e l l Compared Swollen or Not Indentations - — z — — — c 

to Heterocyst 

9.6... 7 .5 -M-m 

97. 4.6-5.8 um Heterocyst wider 

98. 4.5-13.5 iim 

99. 8-12 M,m 

No Some Equal 

Equal 

100. 7-9 |im 
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Number Number of Position of 
Heterocysts Heterocysts 

Shape of 
Basal Heterocyst Shape of Sheath 

96. 

97. Single Basal Spherical or 
longer than broad 

Close 

98. Single Basal Sphericalj longer 
or shorter than 
broad 

Funnel-shaped 

99. Single Basal Spherical or 
longer than broad 

Funnel-shaped 

100. Funnel-shaped 
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Number Texture of Width of 
Sheath Sheath 

Colour of 
Sheath 

Sheath 
Lamellations 

96. 

97. 

98. 

99. 

Narrow 

Wide 

Wide 

Colourless 

Colourless or 
yellow-brown 

Colourless or 
brown 

Present 

Present 

100. Thick Colourless or 
yellow 

Present 
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*2&£L T . a ^ l T n n R Snores Habitat 

96. 

97, 

98. Present - Marine 

99. - - Freshwater 

100. Present - S o i l 
(Freshwater) 
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APPENDIX I I I 

L i t e r a t u r e r e l a t e d t o t h e d i s t r i b u t i o n 

o f R i v u l a r i a c e a e 



- 5 3 8 -

organism author dat e h a b i t at 

A m p h i t l i r i x j a n t h i n a Almodovar L . R . 1963 Puerto Rico 

Drouet F. 1938 B r a z i l , l a k e o u t l e t 

Premy P. 1924 France 

H i r s c h A. & Palmer 
C.M. 

19 58 Ohio r i v e r , 
t r e a t m e n t f i l t e r s 

P a t r i c k E . I 9 6 I East U.S.A. r i v e r 

C a l o t h r i x adscendens Almodovar L . R . 1963 Puerto Rico 

C. a e r u g i n e a D u t e i n F. 1962 B a s i n d'Arcachon 

Rathsack-Kunzenbach R. 1 9 6 1 Ost see 

C. anomala I i l i t r a A.K. 19 5 1 I n d i a n s o i l 

C. b r a u n i i Agarkar D.S. 1967 Pradesh, d r i p p i n g -
r o c k s 

Borge 0 . 1 9 2 1 T akernsees 

Cedercreutz C. 1933 Aland 

Drouet F. 19 38 B r a z i l 

Renaut J , & Sasson A. 1970 IJaroc 

S e t c h e l l W.A. & 
Gardner H . L . 

190 3 N.W. America 

Yoneda Y. 1952 Japan, t h e r m a l 

C. b r e v i a r t i c u l a t a Neel J.K. 1968 Headwaters o f 
l i m e s t o n e stream 

C. b r e v i s s i m a Bhashy altar l a R.C. 1937 O r i s s a , I n d i a , on 
o t h e r algae 

ii 19 38 L'.adras, e p i p h y t e 

F j e r d i n g s t a d E. 1965 French A l p s 

Rana B.C. et a l . 1 9 7 1 

West G.S. 1907 

Yoneda Y. 1952 Japan, t h e r m a l 

C. c l a v a t o i d e s Kamat K.D. 1968 Bombay, embedded i i 
G l o e o t r i c h i a 
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C. conf e r v i c o l a D u t e i n P. I 9 6 2 

N o r t o n T .A. 1970 

Webber E.E. 1967 

C_. cont a r e n i i D u t e i n P. 1962 
Pankow H. , F e s t e r l i n g 1971 
E.& Pest e r l i n g H. 

C_. c r u s t acea Cr i b b A.B. 1966 

D i a z - F i f e r r e r K. I962 

Dut e i n P. 1962 

Lavson G.W. 1960 

S e t c h e l l W.A. 1903 

Webber E.E. 1967 

V/hitton B.A. 1968 

C. con s o c i a t a S e t c h e l l W.A. & 190 3 

Gardner IT. L. 

C_. d e s e r t i c a Schwabe G.E. 1960 

C.. e l e n k i n i i B h a s h y a k a r l a R.C. 1958 

C. e p i p h y t i c a Claus G. 1962 

Howland L.J. 1931 

C. f asciculg.t a Pankow H. , F e s t e r l i n g 1971 

E. & F e s t e r l i n g I I . 

C. f u s c a B h a s h y a k a r l a R.C. 19 38 

Borge 0 . 1921, 
1923 

& 1930 
Cedercreutz C. IS33 

F j e r d i n g s t a d E. I 9 6 4 

Golubic S. 1967 

Kavrecka B. 1971 

Prasad B.N. & I 9 6 5 
S r i v a s t a v a P.N. 

S e t c h e l l W.A. & 1903 
Gardner N. L. 

.basin d'Arcachon 
Co. Wexford, I r e l a n d , 
e u l i t t o r a l 
Massachusetts s a l t -
marsh 

B a s i n d'Arcachon 
•1 

0 st see 

Great B a r r i e r P.eef 

P u e r t o R i c o , marine 

B a s i n d'Arcachon 

Ghanian coast 

B r a c k i s h lagoon 

Massachusetts s a l t 
u a r s h 

S i e r r a Leone 

Washingt on s a l t ir.arsh 

A r i d ground 

Madras, on f l o a t i n g 
l o g at edge of pond 

Eo h l e , s t a n d i n g 
uat er 

H e r e f o r d s h i r e pond 

Ost see 

O r i s s a , I n d i a 

Sireden 

Aland 

T i t i sees 

T a t r a mountains 
Himalayan hot s p r i n g 
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C_. f u s c a con. Starmach K. 1958 

Wade Y/.E. 1949 

Yoneda Y. 1952 

C. f u s c o - v i o l a c e a s e r p e t t e_ K_. 19 58 

C. g a l p i n i i Cholonky K. & 1968 
Pfarekuche K. 

C. i b i t i n o e n s i s Yoneda Y. 19 52 

C. i n d i c a Agarkar D.S. 1967 

C_. ; i u l i a n a Almodovar L.R. 19 6 3 

Borge 0 . 1 9 2 1 

P a t r i c k R. 1961 

_C. k a r n a t a k e n s i s Kamat N.D. 1968 

C. k o s s i n s k a j a e K u l l b e r g R.G. 1 9 7 1 

C. k u n t z e i Yoneda Y. 19 52 

C. l i n e a r i s B h a s y a k a r l a R.C. 1937 

C_, marchica 11 " 

C. membranacea I v l i t r a A.K. 19 51 

C. p a r a s i t i c a Rat hsack-Kunsenbach R. 1 J 6 1 

C_. p a r i e t i n a Almodovar L.R. 1963 

Borge 0 . 19 30 

Cedercreutz C. 1933 

Drouet F. 19 30 

D u t e i n F. 1962 

F j e r d i n g s t a d E. 1964 

» I 9 6 5 

F r i t s c h F.E. 1931 

Godv/ard M. 19 37 

G o l u b i c S. 1967 

Heywood R.B. 1972 

H i r s c h A. 1-. 19 58 
Palmer C.l.:. 

T a t r a mountains 

M i c h i g a n Lake 

Japan, t h e r m a l 

M e d i t e r r a n e a n 

Sudaf r i k a 

Japan, t h e r m a l 

Pradesh, on 
submerged p l a n t s . 

Puerto Rico 

T akernsee 3 

East U.S.A. 

Bombay 

V/. Montana, t h e r m a l 

Japan,thermal 

O r i s s a , I n d i a 
it 11 

I n d i a n s o i l 

6st see 
Pue r t o B i c o 

Sweden 

Aland 

B r a z i l 

B a s i n d 'Arcachon 

French Alps 

C e n t r a l European l a k e 

E n g l i s h l a k e , spray 
zone 

T i t i sees 

A n a r c t i c , s a l i n e 

Eamit on Co, 0 h i o 
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_C_. p a r i e t i n a con 

6. p i l o s a 

C. p u l v i n a t a 

C. scopulorum 

C. scytonemi c o l a 

C. sp h aero snora 

C_. st a g n a l i s 

C. t h e n n a l i s 

C. t u r f ace a 

v i g u i e r i 

J i c h o t h r i x b a u e r i a n a 

K i n g L.J. 

Lawson G.W. 

I'.archesoni V. 

P a t r i c k R. 

S e t c h e l l W.A. & 
Gardner IT. L. 

Yoneda T. 

Cribb A.B. 

Drouet P. 

Khan K.R. 

P r i o u I.I.L. & 
Serpent e M. 

S e t c h e l l W.A. & 
Gardner N. L. 

Khan K.R. 

Rat hsack-Kunzenbach R, 

Set che 11 W.A. & 
Gardner N. L. 

Stewart 7/.E.F. 

Agarkar D . s . 

L o u i s A., Be Baeck W. 
& Fodoor K. 

Pradesh B.N. & 
S r i v a c t a v a P.II. 

Cedercreuta C. 

K u l i b e r g R.G. 

Ilann J.E. & 
S c h l i c h t l i n g H.E.Jr. 

Yoneda Y. 

3 h a s y a k a r l a R.C. 

Almodovar L.R. 

Borge 0 . 

1S43 

1960 

19 39 

19 6 1 

1903 

15 52 

I 9 6 6 

1938 

1969 

19 54 

1903 

I 9 6 9 

. 1 9 6 1 

1903 

1962 

1967 

1967 

1965 

1971 

1967 

19 56 

196 

Wayne Co. I n d i a n a 

Ghanian coast 

I t a l y 

East U.S.A. r i v e r 

M i c h i g a n Lake 

Japan, t h e r m a l 

Great B a r r i e r Reef 

B r a z i l 

0 ahu 

B r i t t any 

Oa.hu 

6 st see 

S c o t t i s h coast 

Pradesh 

H y l e 

Luck no \7 

11 

Aland 
YI. Kontana, t h e r m a l 

Yellov/stone U.S.A. 
t h e r m a l 

19 52 Japan t h e r m a l 

1 9 2 1 
1930 

Madras 

Puerto Rico 

T akernsees 

http://Oa.hu
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5.- b a u e r i a n a con. Gupt a R. S. 1972 R a j a s t han 

ITauwerck A. 1966 S\7edish Lapland 

Schumacher G.J., B e l l i 
V.J. &• VThitford L.A. 

s 1963 11. C a r o l i n a 

f.~ b a u e r i a n a v a r . 
c r a s s a 

Brook A.J. 

God ward I.:. 
1557 

IS 37 

S c o t t i s h l o c h 

E n g l i s h l a k e 

v_. c a l a e r i a Yoned a Y. 1952 Japan, t h e r m a l 

D. compact a Borge 0. 19 30 Sweden 

Cedercreutz C. IS 33 Aland 

G o l u b i c S« 1967 T i t i sees 

f u sea Agarkar D.S. 1S67 Pradesh 

5_. h o r s f o r d i i F j e r d i n g s t a d E. 1964 

D. g y p s o p h i l a Agar];ar D.S. 1567 Pradesh 

Almodovar L.R. 1S63 Puerto Rico 

Cedercreutz C. 1933 
11 

Aland 

Dor I . 1970 Lake T i b e r i a s 

F j e r d i n g s t a d E. IS 64 

D. raont ana K u l l b e r g R.G. 1971 W. L'ontana, t h e r m a l 

D . 0 l i v a c e c D i a z - P i f e r r e r L.I. 1962 Puerto R i c o , i n t e r -
t i d a l p o o l s 

D. or s i n i a n a Bendre A.K. & 
Agarkar K. 8. 

1965 Bhopal, wet s o i l 

God ward 1,1. 1957 Edge of c a l c a r e o u s 
l a k e 

G l o e o t r i c h i a e c h i n u l a t a Benson-Evans K. ,Fisk 
D. , Pickup G.& Ba v i e s 

1971 
P. 

Siapt on Ley 

Bhashy alt a r i a R.C. 19 58 O r i s s a , pond 

Cedercreutz C. 1955 A l and 

G r i f f i t h s B.H. 1926 Angelsey 

Lund J.W.G. 1965 

P i e c z y n s k a E. 1965 Lake M i k o l j k i 

Reynolds C.S. 

R o e l o f s T,D. & 

1S71 
1970 

White Kere, S h r o p s h i r e 
Green Lake S e a t t l e 

Oglesby R.T . 
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G. e c h i n u l a t a con. S i n k e r C.A. 1962 

Spondniewsk I . IS67 

S t e i n J.R. 1960 

Trond G.C. J r . I 9 6 I 

W i l l an T. 19 61 

G. gbosei Agarkar D.S. 1967 

Singh S.B. 1572 

G_. i n t ermedia B h a s h y a k a r l a R.Ci 1536 

Cedercreutz C. 19 33 

G. k a r n a t a k e n s i s Kamat N.D. I 5 6 G 

G. natans Agarkar D.S. 1967 

B h a s h y a k a r l a R.C. 1936 

» 19 38 

Cedercreutz C. 1933 

Kamat N.D. 1968 

Singh S.B. . 1972 

Sbornik & CeophMk 19 63 

Trond G.S. 1 9 6 1 

Yoneda Y. 1952 

G. p i sum C e d e r c r e t z C. 1933 

Gibbons D.S. & I 9 6 6 
W h i t t o n B.A. 

Leen t u a r u r P. 1963 

Singh S.B. 1972 

Wade W.E. IS49 

Young O.W. 1945 

G. p i l g e r i Bendre A.LI. 1965 
& Agarftar M. s. 

Kamat N.D. 1966 

Prasad B.N. 1962 

F. Sh r o p s h i r e Meres; 

Poland, l a k e 

Eubbel Pond 

U.S.A. pad i y f i e l d s 

S. S\7eden, l a k e 

Pond 

Gorakhpur, pond 

Rainwater p o o l s 
11 

Aland 

Paddy f i e l d s 

Pradesh, l a k e 

U n i t e d p r o v i n c e , I n d i 

Madras 
Aland 

Bombay 
Gorakhpur 

Prague, l a k e 

Araneta Campus U.S.A. 

J ap an, t h erm a 1 
•1 

Aland 
Co. Durham 

Lake, on Char a 

Gorakhpur, pond 

M i c h i g a n , l a k e 

M i c h i g a n , l a k e 

Bhopal 

Bombay 

U t t a r Prs.de sh 

http://Prs.de
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G. r a c i b o r s k i i B h a s h y a k a r l a R.C, 

Eammatoidca normani 

E. m u l t i s p o r a 

H_. o l i v a c e a 

Homoeothrix c r u g t a c e a 

E. f u s c a 

E. j ant h i n a 

E. j u l i a n a 

H. t hernial i s 

E. v a r i a n s 

B_@.ndre_ .A. LI. & 
Agarkar K.S. 

Kamat H.D. 

hiuna^7ar 1'.. 

Prasad B.N. 

Go l u b i c S. 

Kawecka B. 

Starmach K. 

K u l l b e r g E.G. 
11 

Yoneda Y. 

Kann E. 

Starmach K. 

Gol u b i c S. 

Starmach K. 

Eackhaus D. 

Go l u b i c S. 

St armach K. 

Kann E. 
ii 

Yonedo Y, 

Kann E. 

Lept ochaet e c r u s t acea starmach K. 

L_. st a g n a l i s Borge 0. 

P o l y t h r i x sp. Friedmann I , 

19 37 I n d i a 

19 38 O r i s s a , i n puddle 

" Eadras, i n puddle 

.15.6.5 -B-hopal — --

1961 

1970 

1962 

1967 

1971 

19 27 

1971 
11 

1952 

1966 

1966 

1967 

1968 

1967, 
1968 

& 1969 

1967 

19 59 

1966 

1969 

1952 

1966 
& 1969 

1927 

1923 

1956 

Bombay, paddy f i e l d s 

Eyderbad 

U t t ar Pradesh 

T i t i sees 

T at r a mount a i n s 

T a t r a mountains: 

W. I'.'.ontana, t h e r m a l 
n 

Japan, t h e r m a l 

A u s t r i a 

R i v e r Raba 

T i t i s e e s 

Poland 

Eea.dwaters of Donau 
and Danube 

T i t i s e e s 

A u s t r i a 

Japan, t h e r m a l 

Au st r i a 

T a t r a mountains 

Sweden 
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R i v u l a r i a a t r a 

R. aqu at i c a 

R_. b e c c a r i a n a 

R. b i a s o l e t t i a n a 

R. " b o r e a l i 3 

R. b o r n e t i a n a 

R. bu 11 at a 

R. d u r a 

Cribb A.B. 

D u t e i n P. 

Gamulin-Brida H., 
Gioccone G. & Goluhic 

N o r t o n T. A." 

P r i o u I.:. L. & 
Se r p e t t e LI. 

Rathsack R. 

Webber E.E. 

Agaric ar D.S. 

Bendre A.M. & 
Agarkar I , : . s . 

West W. 

Cedercreutz C. 

P r i t sen P.E. 

Hansen K. 

Hughes fc'.K. & 
W h i t t o n B.A. 

Kann E. 

S e t c h e l l W.A. & 
Gardner N.L. 

Yoneda Y. 

P o r s t er' J . w. J r . & 
S c h l i c h t i n g H.E. J r . 

Hansen K. 

S e t c h e l l W.A. 

N o r t o n T . A. 

Q u i l l e t M. & 
Lestang-Laisne G. 

1966 

1962 

1967 
S. 

1970 

19 54 

1966 

19 67 

1967 

1965 

1912 

1953 

1 9 3 1 

1967 

1972 

Great B a r r i e r Reef 

B a s i n d'Arcachon 

H e l i g o l a n d 

I r e l a n d 

B r i t t any 

Massachusetts s a l t -
marsh 

Pradesh 

Bhopal 

C l a r e I s . , I r e l a n d 

A.1 and 

European l a k e 

Greenland, l a k e 

IT.E. England 

I 9 6 I Lake 

1903 

1952 Japan, t h e r m a l 

1565 Lake Operongo 

I 9 6 7 Greenland, l a k e 

1895 ¥.e\i England 

1970 I r e l a n d 

1967 L i c h e n 

R_. g l o b i c e p s 

Rees T.K. 

Young O.W. 

B h a s h y a k a r l a R.C. 

Mat t i c k P. & G e r l o f f J. 19 65 S.W. A f r i c a 

19 39 

1945 

1938 

Kennack sands-

H i c h i g a n , l a k e 

Liadras 
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R_. haematit es C a r t e r IT. 1922 

F r i t s c h F.E. 1931 

P i c k e n L.E.R. 1936 

St e i n J .~R. 19 60 

West W. 1912 

R. mi nut u l a Benson-Evans K. , F i s k 1971 

D., Pickup G. & Davies P. 

Borge 0. 1921 

S t e i n J.R. I96O 

R. n i t i d a D u t e i n F. I962 
P r i o u K.L. & 1954 
S e r p e t t e K. 
Rath sack R. 1966 

Rathsack-Kunsenbach R. I961 

S e t c h e l l W.A." & 190 3 
Gardner IT. L. 

Webber E.E. 1967 

West W. 1912 

R_. p o l y o t i s D u t e i n F. 1962 

Starmach K. 19 27 

R_. r u f e s c e n s F ^ e r d i n g s t ad E. 1964 

T a p i n o t h r i a m u c i c o l a Borge 0. 1923 

ITew Caledonia 

Lak e 

Y u g o s l a v i a , l i m e s t o n e 
s p r i n g 

Hubb~el pond 

Clar e I s . I r e l a n d 

Slept on Ley 

T akernsee s 

Hubbel Pond 

B a s i n d'Arcachon 

B r i t aimy 

0st see 

IJassachusett s s a l t -
marsh 

C l a r e I s . I r e l a n d 

B a s i n d'Arcachon 

Poland 

Sweden 
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F i e l d data and trichome descriptions 
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348. 

Guide to computer records of 
Ri v u l a r i a samples 

code 
number 

10001 
10002 
10003 
10011 
10012 
10013 
10014 
10015 
10016 
10020 
10021 
10040 
10041 
10042 
10043 
10044 
10045 
10053 
10056 
10071 
10085 
10086 
10087 
10088 
10089 
10090 
10091 
10092 
10093 
10094 
10099 

stream 
and reach location 

Slapestone Sike 
Slapestone Sike 
Slapestone Sike 
Sunbiggin flush 

Sunbiggin flush 

Loch a' Chapuill 

Cwm Nofydd 

Croft 
Nameless Sike 
Kishorn 
Red Sike 
Malham Tarn, north shore 

Gordale Beck, ford 

Gordale Beck, side flush 

grid 
reference 

NY 816304 
NY 815304 
NY 814304 
NY 6 72077 

ii 
ii 

NY 672078 
NY 671077 

I I 

NC 096181 
NC 105178 
ST 14783 7 

NZ 102108 
NY 817296 
NG 842432 
NY 816294 
SD 897672 

SD 

SD 

912656 

910655 

Bowlees NY 907284 

col l e c t i o n 
date 

1.4.71 
1.4. 7-1 
1.4.71 

17.4. 71 

17.4.71 

21.4. 71 
21.4. 71 
6.5. 72 

ii 
n 
I I 

n 
I I 

7.6. 71 
11.6.71 
24.8.71 
28.9.71 
16.10.71 

I I 

I I 

16.10.71 
I I 

I I 

16.10.71 
I I 

I I 

2.11.71 
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code 
number 

stream 
and reach location 

grid 
reference 

c o l l e c t i o n 
date 

10100 
10101 
10102 
10104 
10105 
10106 
10112 

10113 
10115 

10116 
10120 
10125 

10150 

Tul a c h - h i l l 

Skiag Bridge 

Bide flush, A l l t a 
Chalda Mor 

stream flowing into 
A l l t a Chalda Mor 

A l l t a Glaic Moire 
stream behind 
Inchnadamph Hotel 
Barras 

Nff 869643 
NN 869644 
NN 869645 
NC 236250 
NC 237251 
NC 238256 
NC 246237 

NC 247235 

NC 263214 

NC 255217 
NY 847122 

23.9. 72 
ii 

i i 

24.9.72 
ii 

24.9. 72 

19.6.73 
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PLEUROCLAD1A LACUSTRIS A. BRAUN (PHAEOPHYTA) — 
A NEW BRITISH RECORD. 

S. M. K1RKBY1, D . J. HIBBERD 2 and B. A. W H I T T O N 1 

1. Department of Botany. University of Durham, Durham City. 
2. Culture Centre of Algae and Protozoa, 36. Storey's Way, Cambridge, 

The great majority of species of brown algae are found either in marine or 
brackish habitats. Nevertheless, there are a few freshwater forms, and in view of 
their apparent rarity, these have always been of considerable interest to algologists. 
The present note describes what we believe to be the first record of Pkttrocladia 
laciutris A. Braun in Britain. 

Bourrelly's (1968) flora lists four genera of brown algae represented in fresh-
waters : Bodanella, Pleurocladia, Heribaudiella, Lithoderma, Among these the 
forms included by various authors under either HeribaudieUa or Lithoderma are 
certainly very similar, if not identical (see Hamel, 1931-9). Bodanella is mono
specific (Bourrelly, 1968), while the various forms of Pleuroctadia have also some
times been regarded as a single species (Wilce, 1966). The known species of 
freshwater brown algae therefore fall into three distinct groups, including very 
few (possibly only three) species. In Britain, Lithoderma ftuviatile Aresch. 
(= Heribaudiella (Aresch.) Svedelius) has been recorded from several rivers in 
North Devon (Fritsch, 1929), but there are apparently no records for either 
Bodunella or, prior to this, for Pleurocladia. 

Description of site 
The alga was found (by S. M. K.) in the larger of the two main ponds at 

Brasside, County Durham (National Grid reference NZ 292454, altitude 60m). 
The ponds at Brasside have arisen as the result of extensive excavations into 

the laminated clavs of the old submerged valley of the River Wear (Maling, 1955). 
There has probably been some open water in the area for fifty years, with fish 
stocking having been carried out for at least half that time. Part of the area neat 
the large pond was used in the 1950's by British Rail and the War Department 
as a dump, while until recently many old bottles and tins were evident on the floor 
of the small pond. The ponds have reached their present general form on l v within 
the last twenty years, the final major change taking place in 1966 when the 
smaller pond became connected with the larger one, thus slightly raising the level 
of the water, in thee latter. There is a small outlet stream from the large pond 
running into the River Wear. 

Water Chemistry 
Analysis of water collected from the vicinity of the Pleurocladia on 11 Sept

ember 1972, and treated by the methods given in Holmes et al. (1972), gave the 
following results: 

CB3 ODT. 

HABITAT 

Na 
K 
Mg 
Ca 
Zn 
Cu 
Mn 
Fe 

28.3 mg/1 
13.5 mg/l 
82.0 mg/1 
51.7 mg/1 

A l <0.03 mg/1 
Pb 0.002 mg/1 
CI 41.0 mg/1 
Si 0.90 mg/1 
pH 7.8 0.002 mg/1 

0.05 mg/1 
0.13 mg/1 
0.17 mg/l 

conductivity; 784 micro-mhos 
optical density at 420 nm ; 0.021 

The mud at the edge and bottom of the site with Pleurocladia consisted of 
easily disturbed black silt. Such disturbance caused a moderate smell of H2S. 
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Associated species 

Thalli of Pleurocladia were found to be frequently attached to rotting leaves 
of Typha latlfolia L. at one site during September and early October 1972. Other 
algal epiphytes with conspicuous thalli on such leaves were: Chaetophora pisi-
formis (Roth) C. A. Ag. (abundant), Coleochaete scutata dc Breb. (occasional), 
Gloeotrichia pisum (C. A. Ag.) Thuret (rare). Leaves which were dead, but not 
yet rotting, did not show any obvious Pleurocladia thalli, although colonies of 
Chaetophora were usually evident. Inspection of rotting leaves of Typha from 
other parts of this and the adjacent pond did not reveal any other sites with 
Pleurocladia. This particular site is also the only one for which Gloeotrichia 
has so far been recorded from this pond. 

Typha iMifolla grows at this site in shallow water overlying the black mud, 
together with Myriophyllmn spicatum L. and Polainogeton pectinatus L. and with 
Entermorpha flexuosa (Wulfen ex Rdh.) J. Ag. frequent in summer and autumn 
at the surface of the pond. Colonies of Gloeotrichia pisum and Chaetophora 
pisiform'm have been recorded here in late summer as epiphytes on the fine-leaved 
flowering plants since 1965. However leaves of Typha have not been inspected 
previously, so it is not known whether Pleurocladia was also present. 

m 1 

• i9H 

Hi 
mm 

• » .4* 

P 

Fig. 1. Two thalli of Pleurocladia on a rotting Typha leaf. Magnification x 140. 

DESCRIPTION OF A L G A 

The material from Brasside pond corresponded well with descriptions in the 
literature such as those given by Pascher (1925). Waern (1952) and Wilce (1966). 
The excellent series of diagrams shown by Wilce would in general be equally 
applicable to the Brasside material. However, unlike the marine populations of 
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Wilce or the brackish one of Waern, but like the majority of previous freshwater 
records, ihe Brasside inulaial showed marked calcification in old thalli. Associated 
with this calcification, old thalli appeared a pale golden brown to the naked eye. 
in contrast to the rather deeper brown shown by young thalli. 

The alga formed thalli up to 3 mm diameter on the rotting leaves (Fig. I) 
though they were usually somewhat smaller. The thickness of old thalli, excluding 
any hairs, was 200-300 /xm. The hairs however, which were most evident on thalli 
of intermediate age, often exceeded twice this length. Although thalli were scattered 
over most of the surfaces of rotting leaves, some tendency to aggregation was 
usually apparent, suggesting that secondary colonization may nlay a role in its 
spread on the leaf. 

I 

i 7 

• I -

%4 

Fig. 2. Part of a young thallus, including base of a hair. Magnification x 400 

The filaments of Brasside material were mostly 10-16 um wide, while ripe 
sporangia were 18-24 /urn and 28-38 fim long (Fig. 2, 3). The dimensions of both 
filaments and sporangia thus lie in about the middle of the ranges given by other 
authors and summarized by Wilce (1966). Filaments of old calcified thalli were 
markedly wider than those of young ones (means of 15 and 11 /am, respectively). 
One slight difference from the material described by Wilce is that the Brasside 
alga never showed such marked indentation at the cross-walls of the filaments. 
The hairs (Fig. 3C) in particular, never showed the articulated appearance illus
trated by Wilce, 
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Fig . 3 Pleurocladia lacustris 

A . Part o f a very young thallus. 
B. Appearance o f the pseudoparenchymatous basal filaments in vertical view. 
C Part o f a relatively young thallus showing the development o f vacuoles in the 

cells o f the basal regions o f long hairs (H) . 
D . Detached vertical filaments showing the mode of branching, a sporangium 

(S) and the proximal part of a hair (H) . 
E. Branched vertical f i lament bearing a sporangium sheathed by a "husk." the 

wall of an o ld discharged sporangium. 
F. Part of a very old thallus. The outer l imi t of calcification ( X - X ) approximately 

corresponds wi th distal ends of the second tier of cells; the basal tier is much 
more heavily calcified than the second one, and the cell outlines are therefore 
distinguishable only wi th d i f f icul ty . 

The pattern of calcification shown by the Pleurocladia tha l l i f r o m Brasside 
was striking. Young thal l i quite lacked any calcification, while in o ld ones the 
parts of the filaments furthest f r o m the leaf surface were also quite free (Fig.2). 
The calcification in the lower parts of the thallus occurred in distinct layers 
parallel to the surface. Old thal l i typically showed two such layers, but 
occasionally three were present. Each layer corresponded approximately (but not 
exactly) wi th a layer of cells. The innermost layer was much more heavily calcified 
than the outer one(s). 

D I S C U S S I O N 

The known world wide distr ibution of Pleurocladia lacustris hau been sum
marized by Wilce (1966). There are about two dozen sites f o r which i t is known, 
and about ha l f o f these are freshwater. However, as Wilce points out, the plants 
are small and easily overlooked, so it! is uncertain just how rare i t really is. O f 
the freshwater forms, i t would seem l ikely to prove the most useful f o r culture 
and general research purposes, so i t is hoped that botanists w i l l be on the look
out fo r this plant at other l ikely sites. Several features of its occurrence at Bras-
side resemble features described f o r other sites, so we can start to bui ld up a 
picture of the type of site where i t would seem part icularly promising to look 
f o r this plant. 

Like the Brasside pond, the Baltic sites described by Waem (1962) are asso
ciated wi th shallow eutrophic lakes in clay districts. On the other hand, there 
seems to be no marked tendency f o r the plant to grow as an epiphyte on particular 
species, as a range of host plants have been quoted. Most , however, are mono
cotyledons wi th wide leaves, Phragmites being quoted most frequently. Most, i f 
not a l l , the freshwater records are f r o m calcareous waters. There are obvious 
floristic similarities between the other plants present at the Brasside pond and 
those reported f r o m the other sites. One minor one is the association wi th 
Rivulariaceae at Brasside (Gloeoirichiu pisum) and at least f o u r other sites in the 
literature. J. B. Petersen in Wesenberg-Lund (1917) described a freshwater popu
lation f r o m Lake Fures0 on stones together wi th Rivularia. Both Israelsson (1938, 
in Lake Erken, Sweden) and Pankow et al. (1971, in Saaler Bodden, D.D.R. ) re
port Pleurocladia, Rivularia and Gloeotrichia pisuin as all occurring on Phrag
mites, while, Wilce mentioned that in the marine populat ion growing on a lime
stone shore the belt o f Pleurocladia sometimes merged wi th the Calothrix belt. 
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A C K N O W L E D G M E N T S 

We are most grateful to M r . G . Whi t f i e ld , the owner of the pond, for per
mission to visit the site, to Dr . J. C. Coulson, M r . M . J. Hudson and M r . J. 
Richardson f o r historical in format ion concerning Brasside ponds, and t 0 Mrs . J. 
A . Moore fo r conf i rming that no material of this alga (freshwater or marine) 
f r o m Britain has been previously deposited at the British Museum (Natural 
History). 

A V A I L A B I L I T Y O F M A T E R I A L 

It is suggested that anyone wishing to visit the large pond at Brasside f o r 
research purposes should first contact one of the authors at the Department of 
Botany, Durham Universi ty. Material f r o m this site w i l l be deposited in the 
Herbarium of the British Museum (Natural History). 

P L A N T S O K T H E R I V E R T Y N E A N D E U T U R E W A T E R T R A N S F E R 

S C H E M E 

N . T . H . H O L M E S , E. J. H . L L O Y D , M . POTTS and B. A . W H I T T O N 

Department of Botany, Universi ty o f Durham, D u r h a m Ci ty 

Eew rivers In Bri ta in have been studied in sufficient detail fo r the effects on 
their vegetation of any fu tu re changes in management either to be forecast or 
monitored as they occur. Nevertheless inspection by the authors of various rivers 
in SOiith-East Scotland and North-East England has shown that there are some
times considerable florist ic differences when passing f r o m one river to the next. 
So any fu ture changes in management, such as the mix ing of different river 
waters, may well be expected 1 to bring about florist ic changes in the rivers con
cerned. 

I t is at present far f r o m clear to what extent these floristic differences occurr
ing between rivers in the region, or on passing down individual ones, are asso
ciated wi th differences in physical, chemical or historical factors. The changes in 
maerophyte f lora on passing down the Wear (Whi t ton & Buckmaster, 1970) are 
certainly in part due to decreased f l o w rates and associated changes in the sub
stratum. Nevertheless the entry of the Skerne into the Tees, which causes a 
marked chemical, but lit t le physical, change in the latter river, brings about a 


