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ABSTRACT. 

A l g a l samples were c o l l e c t e d from a d iverse range of aquat ic 

h a b i t a t s i n the Durham a r e a , wi th pH va lues ranging from 3 .2 - 9 » 2 , 

and t h e i r a c i d to lerance i n c u l t u r e was i n v e s t i g a t e d . The pH ranges 

of occurrence of spec:les i n the f i e l d were tabulated and t h e i r a b i l i t y 

to s u r v i v e i n c u l t u r e at pH 3-.5 recorded. The r e s u l t s r e v e a l that 

some spec ies are r e s t r i c t e d to low pH environments among the samples 

taken , whereas other a c i d t o l e r a n t spec ies can a l s o be found at 

normal or high pH s i t e s . 

Ac id t o l e r a n c e ws'.s found not to be s p e c i f i c to any p a r t i c u l a r 

a l g a l d i v i s i o n , the only common d i v i s i o n not represented among 

a c i d t o l e r a n t spec i e s being the Cyanophyta. T h i s i s i n agreement 

w i t h r e s u l t s of i n v e s t i g a t i o n s i n America. 

Comparison of spec ies found to be a c i d t o l e r a n t from environments 

other than minewater drainages,, wi th the f l o r a of an a c i d minewater 

drainage at Brandon, suggests that pH i s probably the major f a c t o r 

determining the f l o r a of the l a t t e r , r a t h e r than pH-independent 

f a c t o r s c h a r a c t e r i s t i c of minewater. 

Evidence was found showing that to l erance of low pH condi t ions 

i s a c h a r a c t e r i s t i c of p a r t i c u l a r spec ies to a cons iderable extent , 

and samples of these spec i e s taken from qui te a l k a l i n e environments 

were found to s u r v i v e at low pH I n c u l t u r e . However, there i s a l s o 

some evidence f o r the occurrence of adaptat ion w i t h i n a spec i e s and 

t h i s may be important. 

No c l e a r pa t t erns emerged from a f l o r a l comparison of the Brandon 

A c i d Streams catchment a r e a and the surrounding countrys ide . 

Some experiments on t ranspor t of algae by a i r were c a r r i e d out, 

but l i m i t e d data were c o l l e c t e d . I t appears that the Ac id Stream 

spec i e s are not common among the algae i n the a i r a short d i s tance 

from the Stream. 
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INEtODUCTION 



I IMCROIIDCaiON 

1.1 D i s t r i b u t i o n and d i s p e r s a l of a lgae . 

The fac tors c o n t r o l l i n g the d i s t r i b u t i o n of algae are many 

and complex and, although a l g a l ecology has been studied f o r over 

f i f t y y e a r s , the d i f f i c u l t i e s involved i n determining the r e l a t i v e 

importance of each c f these f a c t o r s have great ly impeded advancement 

of understanding i n t h i s f i e l d . , 

I n an e a r l y paper, STROM (1924) reports that many algae are 

cosmopolitan i n occurrence, although geographical l o c a l i z a t i o n i s 

noticeable i n some caE.es, e s p e c i a l l y f o r some desmids. Since then, 

a great deal of research into the c l a s s i f i c a t i o n of p a r t i c u l a r f l o r a l 

communities t y p i c a l of p a r t i c u l a r environments has been c a r r i e d out 

(3UTCHER, 1933; BLUM, 1956). The f i e W i s reviewed by LUND (1965)-

More recent work, base:d mainly on laboratory culture experiments, on 

the e f f e c t s of many environmental fac tors inc luding calcium 

concentrations, nitrogen a v a i l a b i l i t y , pH and temperature, i s 

presented i n a comprehensive review by MOSS (1972, 1973&, b, c ) . 

He compares the e f f e c t s of these factor's on eutrophic and ol igotrophic 

a lgae. E luc idat ion of the ro les of these diverse environmental 

fac tors i s , and w i l l be, of ever- increas ing importance i n the f i e l d 

of mater management. 

Although great steps forward have been made i n the above f i e l d , 

very l i t t l e research has been carr i ed out into the f a c t o r s inf luenc ing 

and contro l l ing the d i s p e r s a l of a lgae . These d i s p e r s a l mechanisms 

may w e l l be of great importance in explaining t h e i r d i s t r i b u t i o n 

pat terns , but of ten nc obvious patterns emerge from studies of the 

co lonisat ion of new water bodies (TAILING, 1951 ) . Only over the 

l a s t f i f t e e n years has progress seen made i n t h i s f i e l d . 

A paper on the top ic i n general was published by MAGUIRE 

(1963) but most of the ava i lable data are concerned with the r o l e s 

http://caE.es
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of s p e c i f i c animals :Ln the d i s p e r s a l of a lgae . Studies on 

waterfowl have shown these to te capable of carry ing v i a b l e algae 

i n t e r n a l l y f o r considerable periods (irROCTOR, 1959; 3CHLICETING-, 

1960) although ATKINSON (1970), i n a s p e c i f i c study of a plank tonic 

diatom Aster ione l la formo sa , f inds no evidence f o r i n t e r n a l transport 

of v iab le c e l l s of t h i s spec ies . 

A considerable: amount of work done i n Texas and North 

Carol ina ha.s: shown that c e r t a i n insec t s are capable of carrying 

v iab le a l g a l c e l l s f o r considerable distances (REVHL e t a l , 1967), 

and MELLIGER & SGBLIGHTING (1963) demonstrate that transport of 

algae i n the gut of an aquatic beetle may be exceedingly important. 

L i t t l e r e search appears to have been c a r r i e d out on the d i s p e r s a l 

of algae s o l e l y by wind current is. SCHLICHTING (196k) reviews the 

problem and JAWORSKI •& LUND (1?70) studied Aster ione l la formosa 

to t r y to gain some information on d i s p e r s a l of planktonic algae 

which have been notabily absent iTom many of the s tudies . The 

f i e l d i s s t i l l very y«?ung and irejiy problems await so lut ion . 

1.2 Extreme aquatic environments. 

3R0CK (19^9) dofines an extreme environment as one from 

which whole taxonomic groups of organisms are absent., I t i s 

important to remember that environments which might be considered 

extreme by man are not n e c e s s a r i l y extreme i n t h i s sense, e .g . the 

A r c t i c . I n studying many natura l environments f l o r a l l y , the 

complexity of environmental fac tors men.ti.oned above, and the 

d i v e r s i t y of the f l o r a , make development of a s c i e n t i f i c model of 

the system extremely d i f f i c u l t . Extreme environments can often 

be f l o r a l l y described completely without too much d i f f i c u l t y , and 

t h e i r study can give information of use i n e luc idat ing the complex 

i n t e r a c t i o n patterns i a more nornal ecosystems. I n add i t ion , an 

extreme aquatic environment provides a habi ta t i n the f i e l d v a s t l y 

http://men.ti.oned
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d i f f eren t from surrouixLing water's but u s u a l l y s i m i l a r to other such 

extreme habitats i n other parts of the world. Comparison of such 

systems can give valuable information on fac tors determining a l g a l 

co lonisat ion . The f i e l d i s reviewed by WHTTTON (1972). 

I n addit ion to inves t igat ions of a general nature , extreme 

environments often j u s t i f y study where they cause p a r t i c u l a r po l lut ion 

problems. This i s e spec ia l l y true i n the case of a c i d streams caused 

by s t r i p mining i n America (PARSONS, 1952). This t h e s i s i s 

p a r t i c u l a r l y concerned, with extreme a c i d environments of t h i s type. 

Deta i led studies of the f l o r a of such streams i n America have been 

c a r r i e d out (LACKEY, 1938, 1939j BENNETT, 1969) 3 although no data 

have as yet been published concerning s i m i l a r streams i n B r i t a i n . 

Other sources of a c i d water include peat mires where the pH can 

approach a value of 2.D or l e s s , and vo lcan ic sources such as 

a c i d thermal springs (which are often dominated by Cyanidium 

caldarium), and vo lcanic l a k e s . L i t t l e data are a v a i l a b l e on the 

f l o r a of the l a t t e r , a l t hough some work has been done i n Japan 

(UENO, 1938) where lakes of a c i d i t y of both vo lcanic and humic 

o r i g i n occur (UENO, 1958). 

Problems associated with studies of a c i d environments are 

that these are often associated with high heavy metal l e v e l s , 

e s p e c i a l l y i ron and aluminium i n the case of minewater. 

About 12 photosynthetic organisms are commonly found 

growing at pH = 3 .0 or below, as iirell as a large number of bac ter ia 

and f u n g i , some of which w i l l survive at pH values as low as zero . 

1.3 Aims of Study. 

The main aim of t h i s study i s to invest igate some aspects 

of the tolerance of algae i n the Durham area to low pH condit ions , 

and to r e l a t e the r e s u l t s to the f l o r a of a very a c i d stream a t 

Brandon, thus perhaps e luc idat ing the major fac tors governing i t s 



f l o r a . Acid to lerances of algae i n cul ture are compared with 

t h e i r observed d i s t r i b u t i o n ove:r the sampling s i t e s used, i n 

order to determine whether the :results show any evidence f o r the 

forma.tion of ecotypes adapted to low pH condit ions. Comparisons 

are made between the f l o r a of the Acid Stream and that of i t s 

catchment. 

F i n a l l y , the r e s u l t s of :;ome invest igat ions c a r r i e d out 

into the a e r i a l transport of ac id to lerant algae are considered 

i n an attempt to c l a r i f y f u r t h e r any patterns that emerge from 

the study. 
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2 DESCRIPTION OF THE AHEA AM) SITE SELECTION 

2.1 Durham Area Study. 

The area studied f o r t h i s part of the project was a part of the 

R i v e r Wear catchment between Witten-le-Wear and Durham, and continuing 

north to Waldridge Fell ,3iear C h e s t e r - l e - S t r e e t . 

The R i v e r Wear i s a r e l a t i v e l y fa s t - f l owing r i v e r subject to rap id 

r i s e s and f a l l s at any t:tme of the year , and i s moderately hard and 

eutrophic by the time i t reaches Durham. The area i s mainly arable 

farmland or urban on a substratum of coa l measures, sandstones and s h a l e s , 

with some peaty moorland a r e a s . The upper part of the River Wear flows 

through old l ead mining areas and thus rece ives a smal l load of heavy 

metals which may have soii.e s l i g h t e f f e c t s on the f l o r a . Drainage from 

old c o a l workings a l so a f f e c t s many of the watercourses i n the a r e a . 

Severa l studies of the a l g a l f l o r a of the area have been made i n the 

past (GRIFFITHS, 1936; DEWDNEY (Ed.,) 1970) e s p e c i a l l y of the River Wear 

(BUTCHER, 1932; PEABODY & 7fiHTT0N, ':968; W.EITTON & BUCKMASTER, 1970). 

F o r the i n i t i a l experiment to £;tudy the e f f e c t s of pH on the 

occurrence of algae i n this area and. t h e i r a d d to lerance , samples were 

co l l ec ted from s i t e s wi th a wide rarge of pH. 32 s i t e s were se lec ted , 

the main c r i t e r i o n being to achieve as wide a pH range as poss ib le 

whi l s t a l s o including a wide range of conditions wi th respect to eutrophy, 

p h y s i c a l condit ions, substrate type, hardness e t c . , to reduce the 

inf luence of these parameters on the o v e r a l l r e s u l t s . S i t e s chosen 

ranged from a pool on bare peat a t pH = 3.2 to a lake outflow stream i n 

an old grave l p i t area a t pH = 9.2; from pools and smal l streams to the 

R i v e r Wear; and from unpolluted moorland waters to sewage works e f f l u e n t . 

About h a l f of the s i t e s were flowing., and h a l f standing water. The 

s i t e s were numbered D1 - D32. Pos i t ions are shown on Map 1. 

The number of s i t e s that could be studied was l imi t ed by 

a v a i l a b l e time and cul ture space. I'or t h i s reason 21 s i t e s were 
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se lected from the o r i g i n a l 32 a f t e r pre;Liminary microscopical 

examination to give the widest rajige of f l o r a l types . Samples were 

then put into cul ture as described i n sect ion 3.2 at low pH and 

s i t e pH, and the a c i d tolerances of the various species inves t igated . 

Resul ts from the a c i d sitream catchment survey (see next sect ion) and 

f l o r a l l i s t s f o r the Brandon Acid Streams (pers . coram. HARGREAVBS, 

1973) were a l so included i n the general r e s u l t s . 

2.2 Brandon Acid Streams. 

( i ) I n the second part of the experimental work a ser i e s of f l o r a l 

samples were taken i n tiie catchment of two very ac id streams near the 

s i t e of Brandon Pithouse C o l l i e r y (see Map 1 f o r pos i t ion i n r e l a t i o n 

to Durham a r e a ) . The v a l l e y of the a c i d streams leads down to Red 

Burn and u l t imate ly to the River Eeerness . The whole area has been 

extensively mined f o r s e v e r a l centuries by means of s n a i l a d i t mines 

into the various seams outcropping down the v a l l e y s ides . Shaft mining 

i n the area has been c a r r i e d out s ince a t l e a s t as long ago asl838 

(DURHAM DIOCESAN RECORDS, 1838) so i t i s l i k e l y that most of these d r i f t s 

have been disused, except f o r drainage purposes, f o r over a century, and 

most are not traceable on the ground. 

The main shaft of the modem Pithouse C o l l i e r y was sunk i n 1 926 

down to T i l l e y Seam levelL, and the modern workings would interconnect 

with the old d r i f t s i n the F i v e Qxiarter and Main seams. The c o l l i e r y 

was f i n a l l y c losed i n 1966 leaving a s p o i l heap 800 m. across 

(ROBINSON, 1971). The a c i d streams both spring from near the base of 

t h i s t i p and both appear to run from old d r i f t s i n the Main seam outcrop 

- see Map 2 . Acid Stream 1 f lows from an earthenware pipe near the 

s i t e of one of these d r i f t s whereas Acid Stream 2 seeps from the base 

of the t i p as shown. However, the l a t t e r appears to or ig inate from 

the old d r i f t now covered by the t i p , ra ther than from seepage through 
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i t , s ince the t i p has been shown to have no water table of i t s own, 

and creep movements consistent wi th seepage along i t s base have 

been recorded. Acid Stream 1 has been shown on approximately i t s 

present course on maps s ince 1897. 

Acid Stream 1 leaves i t s source with a pH of 2.6 and a remarkably 

-1 

constant flow ©f arouncl 0.3 l . s , although t h i s i s d r a s t i c a l l y 

increased during r a i n y weather a few metres, downstream by drainage 

from the t i p . Plowing along the present base of the t i p , the stream 

passes through a r e s e r v o i r ( b u i l t e a r l y th i s century f o r an unknown 

purpose) to i t s confluence with Acid Stream 2 . I t then continues 

towards the s i t e of E s h Wood, a p lantat ion of some ant iqu i ty , a t 

whose boundary the pH i;3 r a i s e d tt 6.4 due to d i l u t i o n by other 

streams. I n 1970 contractors s tar ted l e v e l l i n g the t i p and i n 1971 

dredged out the stream m'zo prevent; f looding of farmland, thus the present 

f l o r a of the stream i s the r e s u l t of 2 years' co lonizat ion and growth. 

Since October 1972 regular sampling of the stream, both chemical and 

f l o r a l , has been carried, out at Durham (pers . comm. HARGREAVES, 1973) 

and the s i t e s used have been marked on Map 2 . pH values corresponding 

to these s i t e s are shown, i n Table I (numbered S1 - S13 ) . 

Acid Stream 2 has a source pH of around 3.0 and re ta ins t h i s 

u n t i l i t s confluence with a surface water stream, as shown, where the 

pH r i s e s and hydrated i r o n ( I I I ) oadLdes are p r e c i p i t a t e d . I t then 

passes through a pipe to j o i n Stream 1. Two of the sampling s i t e s 

l i s t e d are on Stream 2 . 

The cause of tiie a c i d contamination of the water i s the oxidation 

of i ron p y r i t e s (Fe^) leading to production of soluble a c i d i c compounds 

- mainly su lphur ic a c i d . Acid mins-water appears to be s p e c i f i c a l l y 

associated with c o a l searts containing or adjacent to deposits of p y r i t e s , 
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espec ia l l y i n cases where there has been a f i r e i n the workings. 

At Pithouse the Main seam has very low sulphur content so the 

p y r i t e s i s presumably present in. adjacent s t r a t a . Formation of a c i d 

can ari.se e i ther by atmospheric oxidation of pyr i t e s or the ac t ion 

of sulphur ox id i s ing and iron oxi<3izing b a c t e r i a . L i t t l e i s known 

concerning the r e l a t i v e importance of these two mechanisms. 

Atmospheric oxidation can b a s i c a l l y be considered as occurring 

by the fol lowing steps (JOSEPH, 1953): 

2PeS 2 + 3 0 ^ + 2 1 ^ 0 -> 2 F e S 0 £ + ^2$% 

a l s o LFe SO^ + 2H 2 SC^ 2Fe^&0^)^ + 2 H 2 0 

and F e ^ S O ^ + A-HgO 2 F e (OH)-j + 3 H 2 SO^ 

although the a c t u a l mechanisms of r e a c t i o n under the conditions may 

be complex and are l i t t l e understood. The second two steps are 

dependent on concentrati'Lons and pB! va lues . Most of the i r o n i n the 

upper few metres of the a c i d streams w i l l be i n the i ron ( I I ) s t a t e . 

At higher pH the i r o n la prec ip i ta ted - a t pH values greater than 

about 3.3 i n most stream waters . 

B a c t e r i a l oxidation appears to be mainly due to three organisms: 

Ferrobao i l lus f e r r o o x i d £ , n s , Thiobs.ci"l"lus thiooxidans and F e r r o b a c i l l u s 

sulfooxidans (BAKER & W1LSHIRE, 1970). These are bel ieved to be respons

i b l e f o r a considerable proportion of the a c i d production, 

( i i ) I n order to t r y to determine whether any important patterns 

e x i s t i n the r e l a t i o n of the f l o r a of the acid streams with that of 

t h e i r catchment, a de ta i l ed study of other f lowing water i n the 

catchment was c a r r i e d out. A lga l samples were taken from 20 s i t e s i n 

the area inc luding a l l f lowing wat«r i n the area as we l l as one or two 

standing water and in termit tent ly f lowing s i t e s . These s i t e s were 

numbered W1 - W16 and ars f u l l y de;icribed i n Tables I and I I . T h e i r 

http://ari.se


11 

locat ions are shown on Map 3 . Wh<sre severa l s i t e s were chosen on 

the same stream a l l were given the same number with s u f f i x e s a , b , 

c e t c . s t a r t i n g from the lower end. Samples were put into 

cul ture a s described l a t e r and exaiiiined a f t e r 3 weeks. The whole 

survey was repeated 7 weeks l a t e r . 

2.3 A i r - f l o r a study. 

I n studying factor;} c o n t r o l l i n g the d i s t r i b u t i o n and spread of 

algae i n an area i t i s obviously re levant to invest igate the 

mechanisms of d i s p e r s a l of spec ies . Although a c e r t a i n amount of 

work has been done (see iLntroducticn), th i s f i e l d i s s t i l l l i t t l e 

understood. I n an atteiiipt to obtain some information as to the 

a c i d to lerant algae presesnt i n the a i r around the catchment, sets 

of p l a s t i c beakers containing a c i d i f i e d growth medium were l e f t 

out at se lected s i t e s , 4 d i r e c t l y above the Acid Stream, and 4 elsewhere 

i n the a r e a . The s i t e s were numbered A1 - A8 and are marked on Map 3 . 

Thus i t was hoped that observation of growth i n these beakers would 

give some information as to the mobi l i ty of species i n the a r e a . 

I t would have been preferable to repeat the experiment at a large 

number of s i t e s , but this was not poss ible due to lack of t ime. 



MAP 3 
showing Brandon Acid 
Streams and'Wand 'A' 
sampling sites 

8Y Scale 1=2500 

5^ • ' \ hj.s'iz-'Z 

. Ol-d t> 

ff/":. " 
Old; "S-rif.tl. 
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2 METHODS 

3.1 C o l l e c t i o n of Samples. 

( i ) A lga l samples were co l l e c t ed U!>ing 20 ml . s t e r i l e p l a s t i c blood-sample 
2 

tubes. F o r rocky substrates growth from an area of 1 cm wsa/Si scraped up 

and co l l ec ted along with samples of any v i s i b l e filamentous growth i n the 

v i c i n i t y and 10 ml . of water from tlie s i t e . For mud and c l a y substrates 

the top few mi l l imetres of mud wens co l lec ted over the same a r e a . I n any 

cases where a large d i v e r s i t y i n substrate or growth was apparent a t a s i t e , 

samples from a l l types were taken. I n repeating samples a t a l a t e r date 

care was taken to repeat the o r i g i n s ! sample i n a3 much d e t a i l as pos s ib l e . 

Samples were b r i e f l y exam:Lned and then cultured within 24 hours of 

c o l l e c t i o n . 

( i i ) A i r - f l o r a samples were co l l ec ted by leaving out acid-washed p l a s t i c 

250 ml . beakers each containing about 30 ml . of modified Chu 10 D medium 

f o r two-week per iods . S:oc beakers were l e f t a t each s i t e ( s i t e nos. A1 

to A8) . Two of each se t contained growth medium at pH=2.6, two a t pH=5.5 

(adjusiment of pH being c a r r i e d out by addit ion of 2.5 M sulphuric a c i d ) , 

as w e l l as two containing nutr ient a.gar at pID=5.5 . One of each p a i r of 
p 

beakers was covered by 1 am mesh b l i c k musl in . Where d i l u t i o n ocourred 

due to the-' heavy r a i n experienced during the sampling per iod , nutr ients 

and a c i d were added immediately a f t e r c o l l e c t i o n of the beakers to restore 

Ghu 10 D nutr ient concentrations and o r i g i n a l pH values before incubation 

i n a 12°G cul ture room for three weeks. 

3 .2 Culture Methods. 

The cu l ture medium used throughout the project was a modif icat ion of 

Chu's 10 D medium (CHU, 1942) . Thisi was chosen as experience of other 

workers has shown i t to be a very suij.table medium for mixed c u l t u r e s , being 

high enough i n nutr ient l e v e l s f o r most species to survive but not so high 

as to encourage over-rapid development of dominance by eutrophic organisms. 

S o i l ex trac t was added to f a c i l i t a t e growth of motile organisms having been 

f i r s t rendered f r e e of v iable algae fry repeated b o i l i n g and cool ing. Cultures 
* See Appendix I . 
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of 'D' and 'W* samples were c a r r i e d out i n 20 ml . of medium i n 25 mm. bo i l ing 
tubes i n a shake-tank at 15°C with a l i g h t i n t e n s i t y at the base of the tubes 
of 5.0 kiux. A i r - f l o r a samples were <iultured i n 100 ml. con ica l f l a s k s i n a 
12°C room on a white t ray i n a l i g h t :Lntensity of S o k lux . A l l cul ture 
ves se l s , storage bott les a n i pipettes were washed with detergent followed 
by 2 M hydrochloric a c i d , then r insed i n d i s t i l l e d water and dried at 110°C 
before use on every occasion. Culture; tubes were sealed with Morton Closures . 
For each batch of medium made up, samples were kept i n tubes, under the 
conditions described, as blanks to confirm the a l g a l s t e r i l i t y of the medium 
and glassware. Examination a f t e r two weeks showed only b a c t e r i a l and a l i t t l e 
fungal growth. 

The 'D 1 samples were cultured at pH=3.0 ; pH=3.5 and pH of the s i t e of 

o r i g i n measured at the time of samplir.ig. I n addi t ion , a mixed inoculum was 

prepared from a l l the samples and cultured at a range of pH values from 2.6 - 4 . 0 . 

The 'W samples were culturod i n three s e r i e s :•-

Ser ies X - pH=3.0. 
Ser ies Y - pH= that of the; a c i d stream 1) below confluence for 'W samples 

on tr ibutar ies . , 2 ) at the nearest point for other 'W samples. 

Ser ies Z - pH= that o f the; s i t e of o r i g i n a t the time of sampling. 

'A' samples were cultured a» already described., 

Samples were shaken and allowed to s e t t l e and f i laments broken up where 

necessary. The inoculum ma then taken by s t e r i l e dropper from the surface 

of the sediment and the surface of the l i q u i d , care being taken to include 

fragments of any filamentouji species present. The amount of l i q u i d included 

i n each inoculum was i n s u f f i c i e n t s i g n i f i c a n t l y to a l t e r the pE of the 

prepared cul ture medium. Cultures wers grown f o r a period of two to three 

weeks in. each case, a f t e r which time they were examined microscopical ly and 

the pH measured. During the- two or three days taken to examine a set of 

cu l tures , the tubes were stored i n a 5°C culture room which appeared to be 

e f f e c t i v e at slowing down any changes :Ln pH or f l o r a l composition which were 

occurr ing . One cf the major problems .aicountered i n cu l tur ing the samples 

was the change i n pH brought about by growth of the organisms. Cultures at 

an i n i t i a l pH of 3.5 and above were found to be f a i r l y unstable with respect 
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to pH which usua l ly rose to 6 or 7 . Cultures a t pH=3.0 and pH=2.6 were 

found to be very s table . This i s fur ther dismissed i n l a t e r sec t ions . 

3.3 pH measurement. 

Measurements of s i t e pH were c a r r i e d out i n -the f i e l d using a !Pye 

Model 293 portable pH meter, with a:a E Q 7 e lectrode. This was a l s © used 

f o r measurement of pH of c u l t u r e s . The l a t t e r were carr i ed out by 

withdrawing 2 ml . of medium f o r tine measurement using a s t e r i l e pipette 

thus avoiding any c a r r y - e v e r of organisms. I n making up culture media 

an E H Model 23A d i r e c t reading pH meter was used a f t e r c a r e f u l c leaning 

of the e lectrodes . Lack of a l g a l growth i n the blanks confirmed that no 

a l g a l contamination had been introduced from th i s source. 

3 .4 Microscopical examination. 

Exaiaination of the cul tures wa» c a r r i e d out by preparing s i x 22 x 50 mm 

s l i d e s from each cu l ture us ing a s t e r i l e dropping p ipe t te . Gare was taken 

to include mater ia l from the tube wal ls and l i q u i d surface , as w e l l as from 

centre and bottom of the tube. Each s l i d e was then scanned three times 

long i tud ina l ly under a X 10 object ive , followed by f i v e scans using a X40 

objec t ive . Lack of time a v a i l a b l e l imi ted the amount of de ta i l ed 

inves t igat ion on d i f f i c u l t species that could be c a r r i e d out us ing higher 

magnif icat ion and o i l immersion techniques.. Each l i v i n g species present 

was recorded,as w e l l as ii;s condit ion, i f th i s was p a r t i c u l a r l y unhealthy. 

Problems arose i n some casies i n deciding whether an alga was l i v i n g or not, 

e s p e c i a l l y i n the case of diatoms. These were recorded as l i v i n g i f any 

s i g n i f i c a n t amount of c e l l u l a r matter was present . 

Lack of time precluded any growing up of u n i a l g a l cul tures f o r 

i d e n t i f i c a t i o n purposes, thus i t was not poss ib le to i d e n t i f y some of the 

palmelloid green c e l l s present . So-ne other small species were not 

i d e n t i f i e d , e s p e c i a l l y smal l diatoms. Taxonomic problems are fur ther 

discussed i n Appendix I I . 



RESULTS 



1b 

4 RESULTS 

The data co l l ec ted fb'& set out :ln the fol lowing pages i n tabulated 

form. F i r s t l y some d e t a i l s of ths s i t e s used are summarized to give an 

i n d i c a t i o n of the range of environ-nfsnts encompassed by the s tudy. The 

r e s u l t s of the f l o r a l analyses of the cu l tures are then given and some 

comparisons drawn. F i n a l l y r e s u l t s of the a i r - f l o r a study are mentioned. 

4.1 D e t a i l s of s i t e s . 

Table I summarizes d e t a i l s of the various s i t e s used i n the p r o j e c t . 

Of the 'D' s i t e s , only the! 21 se lected f o r the study have been included. 

The exact locat ions of the s i t e s are shown i n maps 1 - 3 . 

Notes to Table I . 

Date: - For , D ' samples t h i s i s the date of c o l l e c t i o n of the sample. 

•W* samples were co l l ec ted on 2 occasions - 30.5.73 and 20.7 .73-

Samples from ' S ' s i t e s havi; been co l l ec ted a t regular i n t e r v a l s 

s ince October 1972 (pers . comm. HARGREAVES). 

•A 1 samples A1 - A4 were c o l l e c t e d on 2 occasions - 26.6.73 

and 3 .8 .73 . 

A5 - A8 were colLected on 13.8 .73 . 

p H : - F o r 'D* samples , /a lue i s pit a t time of c o l l e c t i o n . 

F o r *W* samples ^/alue i s mean of values from 2 samplings. 

For ' S ' samples value given i s mean of a l l readings taken under 

normal conditions', ( i . e . not f l o o d or freez ing condi t ions ) . 

Except f o r W9 and W10, pH values for- *W* and ' S ' s i t e s show 

a high degree of constancy. 

Flowing/ F - represents water always f lowing. 
S t i l l : -

I F - represents water in termit tent ly f lowing. 

S - represents standing watur. 
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0 - represents no f low. 

1 - represents an estimated normal flow of l e s s than 0.01 cumec. 
(10 l . s " 

2 - represents an estimated normal f low from 0.01 - 2.5 cumec. 

3 - represents an estimated normal f low greater than 2.5 cumec. 

S - represents heavy shade. 

L - represents l i g h t shadie. 

0 - represents unshaded, open. 

•Yes 1 i n the column marked 'heavy a l g a l growth' represents 

r e a d i l y vi3i"ble a l g a l growiih. 

'W* Samples:- the fo l lowing are trofcmtaries of a c i d stream 1 ( i . e . water 

f lows d i r e c t l y from the s i t e into the a c i d stream) -

Wla, Wlb, 15a, 15b, W5c3, ¥ 1 0 , W12, W13, W14, W15. 

The fo l lowing s.re t r i b u t a r i e s of a c i d | stream 2 - W7a, « 7 b . 

The fol lowing were abandoned due to excessive growth of 

bracken by the second sampling - 12 , W4. 

•A* S i t e s : - S i t e A1 i s d i r e c t l y above s i t e S2. 

S i t e A2 do. S3. 

S i t e A3 do. r e s e r v o i r . 

S i t e A4 i s d i r e c t l y above confluence of a c i d streams. 

S i tes A5 - A8 are not d i r e c t l y above the ac id stream. 

Plow:-

Shaded/ 
Open:-



Table 1. S i t e d e s c r i p t i o n s . 
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Dl NZ297472 11/5/73 8.3 F 3 sandston e L open woods Tes R.Wear, F i n c h a l e . 

D^ NZ 289457 11/V73 7.6 S 0 mud 0 rough grass No D i t c h a t Brass ide . 

D6 NZ 270402 11^/7? 6.9 F 1 concrete L decid.woods Yes F . E . from S.D.W. 

P7 NZ 270402 1/5/73 7.2 F 1 mud L 11 it Yes 2Qn. below D6,stream. 

D8 NZ 271403 ti/5/73 6,4 I F 0-1 peaty S conif ervrood No Slow v.shaded stream. 

D10 9Z 274403 11/5/73 0 s o i l 1 Erass , road Yes By stream below SDiY. 
D11 NZ 274403 11/5/73 •? _ 0 stone L it 11 11 •t 11 « 

D12 NZ 27L40L 11/5/73 8 , 0 S 0 enamel 0 grassland No Old bath i n f i e l d . 

D14 SZ 159315 11/5/73 ? .2 F 1 grave l 0 grass,bush Yes Outflow from l a k e . 

D15 n II 11 n II n it n it 11 it 11 

D16 : *Z 163313 11/5/73 8.9 S G gravel 0 grass ,bush Yes Fool i n old road . 

D17 NZ 163313 I I 11 11 II it It n IV it it n n 

D23 NZ 255492 12/5/73 4 .8 I F 0-1 grass S grass,bush No Fool on Waldrid&e Fell. 

D24 SZ 254493 12/5/73 3.9 S 0 peat bo.5 0 grass,sedge No n it tt « 

D25 NZ 253494 12/5/73 3.2 S 0 bare -peat 0 n i t No Peat pool , " " 
D26 SZ 275415 « / 5 / 7 3 6.2 S 0 wood tub 0 none near Yes Tub near laboratory . 
D27 it n 6.3 it It 11 11 It 11 n 11 it n 

D29 H 11 6.5 it It 11 n It 11 11 n n 11 

D30 n 11 6.6 it It old s ink II it n Sink " " 
D31 NZ 213354 i y 5 / 7 3 6.8 F 2 pebblesi 0 grassland Yes Old House Beck 
D32 ^ 230355 3/5/73 7.3 F 2 pebble:: •0 grass land Yes Old Ho. Beck,Page Baik 

* 
Wla NZ 210405 W I F 0-1 c l a y L grass land No Grassy d i t c h r a h n u » nrnP. 

NZ 211405 4 ,6 IP 0-1 c l a y s bushes No Same d i t c h TQnjapsfifc'ni 
W3 NZ 212405 7 . 0 I F 0-1 c l a y 0 grass,sed^e No S-hrftam A t bas« of - H p 

7T5a NZ 213405 7.5 F •I c lay L tfrass No Slow moving stream 
W5b NZ 213405 7.5 F '\ c lay 0 none No F a s t sect ion on t i p . 
W5c HZ 213405 7.5 I F 0-1 c l a y 0 none Yes •Source' of W i s t r e a m . 

W6 NZ 214406 7.7 I F <M c l a y L woodland Yes Ruts i n old t r a c k . 
W7a NZ 216406 8 . 0 F 1 stony 0 rough grass Yes T r i b . of a c i d s t r . 2 . 

W7b NZ 216406 8.1 F ? c lay 0 ii ' n Yes Backwater of W7a. 
W8 NZ 216406 8.4 S 0 c l a y 0 rough grass No Pool near W7. 
W9 NZ 217406 7 . 7 I F 0-1 ' olay L grass,barley No Di tch along f i e l d . 
W10 NZ 216409 6.7 F 1 concrete L grassland Yes Pipe 1 o u t f a l l . 
W11 NZ 216410 7.2 S 0 sandstone 0 grassland Yes Stone trough. 

W12 NZ 216410 7.2 F 1 peaty L c leared woo c No New Out above conf. 

W13 NZ 216410 6.7 I F 0-1 concrete L grassland No Lined d i t c h . 

W14 NZ 216410 7 . 0 F 1 mud 0 grassy bog No Pipe 2 o u t f a l l . 
W15 ẑ 216409 6.9 I F O-l c l a y L Erossisedge No Boggy stream. 
W16 NZ 213403 6.5 S 0 olay 0 grassland No Pools i n subsidence. 
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S1 NZ212405 2.6 p c lay L grass, bush Yes Source of ac id stream 

S2 NZ 212405 2.6 p 1 c lay L grass, bush Yes Below Wla 

s? NZ 213405 2.6 p pebbles S wood No 

NZ 214406 2.6 p ! i r o n piî e 0 bar ley Yes Reservoir i n flow 

S5 NZ 214406 2,6 p 1 concrete 0 barley Yes Reservoir outflow 
S6 NZ 214406 2 .7 p 1 pebbles L grass Yes Above canf.of acid streams 

S7a NZ 214406 5.2 p 1 c lay L grass No Acid stream 2 
S7b NZ 214405 3.1 p 1 c lay 0 rough grass Yes Acid stream 2 

S8 NZ 214406 3.8 p 1 Tsebbiles L wood Yes Balow corf*, of acid streams 

S9 NZ 215408 3.8 p 1 rocky L few trees No At road bridge 

310 3.3 p mod L few trees Yes Near dead tree 

S11 NZ 216410 3.8 p mud 0 boggy grass No E s h Wood boundary 

S12 NZ 216410 6.7 p i mud 0 boggy grass No Pipe 3 o u t f a l l 

S13 NZ 216411 6.4 p i mud 0 cleared wood Yes Below New Cut 

A1 NZ 212405 L grass, bush jf-nii above stream 
A2 NZ 213405 S wood do. 

A3 NZ 214406 0 none near i m. above r e s e r v o i r 

A4 NZ 214406 L wood •5- m. above stream 
A5 NZ 212404 0 grass near North WcodBEary 

A6 NZ 212405 0 rough grass 3 m. east of S1 
A7 NZ 213404 L bushes 10 m. south of S2 
A8 NZ 213405 0 none 3 m. south of W5b 

L 



Table H shows s i t e s i n order of pH. Samples D10 and D11, D14 and 

D15, D16 and D17, D26 and D27, D29 and D30, were cul tured together, so 

giving 16 sets of 'D* cul tures i n addit ion to the mixed cu l tures a t 

pH 2.6 - 4 . 0 . *S' s i t e s 1 - 5 have been grouped together as f l o r a , 

pH and most other chemiciil f ac tor s are f a i r l y constant. 
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TABLE I I 

Table of S i t e s i n pjrder of pH 

S i t e No. pH 

S1-5 Acid stream 1 down to r e s e r v o i r 2.6 
S6 Acid stream 1 above confluence of Acid Streams 2 .7 
S7b Acid stream 2 above main t r i b u t a r y 3.1 
D25 Waldridge P e l l 3 .2 
S10 Acid S tire am 1 3.3 
S8-9 Acid Stream 1 3.8 
S11 A c i d Stream 1 Esh Wood boundary 3.8 
W1b D i t c h , t r i b u t a r y of Ac id Stream 1 4.6 
Wla D i t c h , t r i b u t a r y of Ac id Stream 1 4 .7 
D23 Waldrid^e F e l l 4 .8 
S7a Acid Stieam 2 abovs confluence of Acid Streams 5.2 
L26/27 Tubs near laborato:ty 6.3 
D8 Conifer wood stream 6.4 
313 Acid Stream 1 below New Cut: 6.4 
W16 Pools i n f i e l d near North Wood 6.5 
D29/30 Tubs near laboratory 6.6 
W13 Lined d i t c h near Ei3h Wood 6.7 
S12 Pipe 3 o u t f a l l 6.7 
W10 Pipe 1 o u t f a l l 6 . 7 / 
D31 Old Ebus3 Beck (A.69O road bridge) 6.8 
D6 High School Sewage Works f i n a l e f f l u e n t 6.9 
¥15 Boggy stream, t r i b u t a r y of Acid Stream 1 6.9 
W3 Stream at base of t i p 7 .0 
W14 Pipe 2 o u t f a l l 7.0 
D10/11 Edge of stream below Hol l ingside Lane S.D.W. -
D7 Stream below D6 e f f luent 7.2 
W11 Stone trough near pipe 3 7.2 
W12 New Cut above confluence 7.2 
D32 Old Hou.se Beck, Page Bank 7.3 
W5a, b & c Stream fix>m t i p 7.5 
D3 D i t c h , Brasside 7.6 
W6 Ruts near wood 7.7 
W9 Di tch along f i e l d 7.7 4 
D12 Old bath i n f i e l d 8.0 
W7a Main t r ibutary of As id Stream 2 8.0 
W7b Backwater1 of main t r ibutary of Acid Stream 2 8.1 
D1 River Wear, F inchale 8.3 
W8 Pool near W7 8.4 
D16/17 Pools i n old gravel road, Witton-le-Wear 8.9 
D1V15 Outflow stream from small l ake , Witton-le-Wear 

pH values given are mean values as i n Table 1 

9.2 

fi W9 and W10 were found to have very ^rariable pH values . 

http://Hou.se
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4.2 Culture dates and pE va lues . 

•D* cul tures were set up i n d i v i d u a l l y a t pH values of pH = 3 .0 , 

pH = 3«5 and pH = s i t e pH as l i s t e d i n Table I I , i n addi t ion to cu l tures 

of a mixed inoculum a t pH values of pH = 2 .6 , 2 .8 , 3 .0 , 3 . 2 , 3 .4» 3 .6 , 

3 .8 , 4 . 0 . These were incubated from. 13.5.-73 to 2 .6 .73 . 

'W cultures were sei; up as described i n 3 s e r i e s . I n i t i a l pH 

values of s e r i e s Y and Z are given i n Table I I I below. 

TABLE I I I . 

S i t e no. pH value pH value Ser ies pH value Ser ies 
ser ies Y Z . 31.5.73 Z . 21.7.73 

sample. sample. 

W1a 2.6 4 .8 4.6 

Wlb 2.6 4.8 4.4 

W3 2.6 6.9 7.1 

W5a 2.6 7 .2 7.8 

W5b 2.6 7 .2 7.8 

W5c 2.6 7 .2 7.8 

W6 2.6 7 .5 7.9 

\77a 5.2 8.0 8.0 

¥7b 5.2 8.0 8.2 

¥ 8 3 .8 8.3 8.5 

W9 3 .8 7.2 8.3 

W10 3.8 7.1 6.2 

W11 3.8 7.5 6.9 

W12 3.8 7.1 7.3 

W13 3 .8 6.,4 7.0 

W14 3.8 6..8 6.9 

W15 3.8 6.9 6.9 

W16 2.6 6.3 6.7 

Cultures were examined a f t e r approximately 3 weeks incubation 

s t a r t i n g on 21.6.73 and 12.8.73 r e s p e c t i v e l y . 
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I t was found that cul tures a t an i n i t i a l pH of 3.5 or greater 
tended towards a pH value of around 7 « 0 , whereas pH values of cul tures 
a t pH = 2.6 remained constant, and values f o r cul tures a t i n i t i a l 
pH = 3.0 only rose to a maximum of pH = 3 . 3 . 
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4.3 F l o r a l a n a l y s i s of cu l tures . 

( i ) Algae found a l i v e on examination of cul tures are tabulated i n 

Table I V . Resul ts from both sets ©f 'W samples have been combined, 

as have r e s u l t s from s i t e s W5a, Yf5b, '35c Algae surviving i n any of the 

cu l tures are l i s t e d , as t h i s ind icate* presence of the alga a t the s i t e 

i n some form, even i f not a c t i v e l y growing. Those surv iv ing only i n 

cu l tures a t pH = 3 .0 or l e s s are diBtiaiguished by marking t h e i r presence 

with a c i r c l e r a t h e r than a c r o s s . 

Resul ts f o r ' S ' s i t e s are a com'bjjiation of r e s u l t s from a l l f l o r a l 

samples taken s ince October, 1972 (pers . comm. HARGREAVES). A l l these 

species have been shown to be capable of s u r v i v a l i n the medium used. 

Notes to Table I V . 

Chlorophycea e. 

Many of the palc ie l lo id green forms present could not be i d e n t i f i e d , 

as w e l l as some of the smaller motile ;ind non-motile forms. Therefore i t 

i s quite possible that some c e l l s l i s t e d as non-motile greens may be of 

the same species as some of the motile forms. (M = moti le , NM = non-rnotile). 

Measurements given f o r filamentous species are the mean widths of the 

f i l aments . F o r non-filamentous speciess, e i ther measurements i n two 

d irec t ions are given or , f o r spher ica l spec ies , the diameter i s l i s t e d . 

For Oedogonium spp the diameter of the oogonia i s given pre f ixed by o- ( i n / a n ) . 

The algae l i s t e d under iiormidiuny^l'lothrix 9pm may belong to one or 

several species . 

Mougeotia has been l i s t e d under 3 d i f f e r e n t s i z e s but t h i s may not 

correspond to 3 spec ies . Lacik of time prevented study of the reproductive 

stages f o r i d e n t i f i c a t i o n . 

Ohrysophyceae. 

The Ghrysophyte found i n a c i d water on Waldridge F e l l was p r o v i s i o n a l l y 

i d e n t i f i e d as Chrysocapsa sp (pers . comm. EIBBERD) and i s very s i m i l a r to 
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the organism found i n Brandon Acid Stream, so these have been l i s t e d 

together although they may not be the same spec ies . 

Bac i l lar iophyceae . 

Measurements given are mean c e l l lengths along the l arges t a x i s . 

Musci. 

At l e a s t two d i f f e r e n t species of moss protoneraa were observed. 

( i i ) Mixed inoculum c u l t u r e s . 

Results of the f l o r a l ana lys i s of these cul tures are given i n 

Table V. The same notes apply as f a r Table I V , and the re su l t s are 

seen to corre la te w e l l with those i n the l a t t e r Table . She iuj iuabb i n 

the number af ogecica l i s t e d n i t h irass a a a ing -p-IS-a^—stoim in. the graph 

( i i i ) 'Associat ion T a b l e 1 . 

Prom Table IV i t can b'3 seen thai; some species were only found 

i n cul tures from low pH s i t u s , whereas, other species , although found 

a t low pH, appeared to occur ubiquitous ly . A few species are 

confined to the upper h a l f of the pH s c a l e . Representative species 

of these types have been selected from, the r e s u l t s and arranged i n 

the form of an 'Associat ion Table' ( I3HIMWELL,. 1971. ) , bul , ; i l h 
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W15 6,9 X 0 X 
D6 6.9 X X 0 X X 

D31 6.8 X X 0 0 X 
JQO 6.7 X X X X X 
Si 2 6.7 X 
W13 6.7 X X 
D2930 5.6 X X 
W16 5.5 X X 0 X 
S13 5.4 X 
D8 , 5.4 X 
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Via 4.7 0 X X X X 
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F l o r a l r e s x i l t s f o r s u r v i v a l i n c u l t u r e s of mixed inoculum. 

I n i t i a l pH 2.6 2.8 3 .0 3-2 3 V 3 .6 3 .8 4.0 
pH a f t e r 3 weeks 2.6 2.8 3.1 3 .3 3 . ! 4 .2 5.0 5.7 
Chrysocapsa sp./BAS sp. X X X X X X X X 
Eunotia exigua X X X X X X X X 
Eufflena mutabilis X X X X X X X . X 
Hormidium r i v u l a r e X X X X X X X 
10-15^jtmfireens. M & NM X X X X X X X X 
Stichococcus b a c i l l a r i s X X X X X X X 
o^ongreen - tight colony X X X X X X X 
6/fismon-motile green X X X X X X X 
6^tnChlamydomon;is sp.(p) X X X X X 
U l o t h r i x moniliformis X X X X X 
6x3/tagreen M X X X 
15-30/tmgreen spores X X X 
6x3/tttChlamydomonas sp. X X X X X 
P i n n u l a r i a sp. 20/aa. X X X X 
Ulothrix/Hormidium sp. X X X X 
Microthamnion studctLaamui 1 X X X X 
C y l i n d r o c y s t i s sp. X X X 
Mougeotia sp. lJfln X X X X X 
N i t z s c h i a palest X X X X 
Characium sp. 'I'/W / X X 
Stiffeoclonium t.enue X X X 
Closterium acerosum X X X 
Oedogonium sp.^-5yMni(ol5 1 X X X 
Oedogonium sp. 45><m X X 
Mouffeotia sp. «!l/*m X X 
N i t z s c h i a sigmcldiae X 
Trachelomonas sp. X X 
Cosmarium sp. 30ywn X X 

/ 
Closterium sp. X X 
Protococcus v i r i d i s X X 
Oedoffonium sp. lOtdo 4! ) X X 
Microspora sp. 12 fia. X X 
Scenedesmus quadricaude X X 
Vaucheria sp. X 
O s c i l l a t o r i a spp. X 
Lyngbya spp. X 
Anabaena sp. X 
Pseudanabaena catenata X 
Nostoc sp. X 
C a l o t h r i x sp. X 
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( i v ) S u rvival a t low TZE. 

Algae which survivecl i n individual s i t e cultures at i n i t i a l pH 

of 3 .0 or l e s s are tabulated i n Table V I I . Since the maximum pH reached 

by any of these cultures ?ias 3.3 these organisms can survive i n culture 

at or below t h i s value. Certain ' s 1 .sites are omitted as incubation of 

cultures of samples from these s i t e s a t low pH was not c a r r i e d out. 

The organisms are l i s t e d i n b a s i c a l l y the same order as i n Table V I . 

The following were also found, but are not l i s t e d i n the Table: 

W5abc Finnularia sp. 45ura. W7a Oosmarium sp. 30um. 

S1-5 Finnularia acoricola 'i5pm. D7 Oylindrocystis sp. 

W16 Euglem ( v i r i d i s ? ) 

I n order to discover whether a c i d tolerance of a speoies was 

re l a t e d to the pH of the s i t e at which i t was found, the variances of 

the d i s t r i b u t i o n s of pH values of s i t e s a t which the species had been 

shown to occur (Table I V ) , and of those from which the species survived 

at low pH (Table V I I ) , were compared. The variance of the d i s t r i b u t i o n 

of pH values was calculated i n each case from: 

N 

where N = number of s i t e s 

pli^ = pH value of s i t e n. 

For each species the larger variance uras then divided by ths smaller to 

give 'F*, the variance r a t i o . 

The calculation was c a r r i e d out f o r a l l species found to occur i n 

a t l e a s t 6 cultures i n both cases, anil r e s u l t s are given below. Algae 

of doubtful taxonomic position or unidentified have been omitted. 
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TABLE V I I I 

Species F 

Ulothrix moniliformis 7 10 1.029 0.734 1.401 

Hormidium r i v u l a r e 27 28 3.323 3.354 1.009 

Stichococcus b a c i l l a r i s 21 23 2.965 2.745 1.080 

S. minutus 15 17 0.768 0.704 1.091 

Chrysocapsa sp/BAS Ghrysoi±y'be 7 7 1.565 1.565 1.000 

Eunotia exigua 6 
— i 
/ 0.717 0.821 1.146 

Nitzschia palea 6 12 3.903 2.943 1.326 

Euglena mutabilis 7 10 3.725 3.807 1.021 

W. = number of s i t e s from which, species survived i n culture a t pH 3.3 
(omitting S8 /9 , S11, S7a, S13, S12) 

Ng = number of s i t e s from which ispecies survived i n culture a t any pH 
(omitting S8 /9 , S11, S7a, S13, S12) 

2 
= variance of d i s t r i b u t i o n of pH values of s i t e s from which species 

survived : J I culture a t pH 3.3 
(omitting S8 /9 , S11, S7a, S13, S12) 

2 
Sg = variance of di s t r i b u t i o n of pH values of s i t e s from which species 

survived i n culture at any pH 
(omitting 38 / 9 , 311, S7a, 313, S12) 

The values of ? obtained from the d a t a were compared with values 

from a table of 25$ points of the 'F 1 d i s t r i b u t i o n (MEERIMJTOW & THOMPSON, 

1943). This corresponds to a probability l e v e l i n t h i s case of 50$ 

since by dividing "the l a r g e r variance by the smaller, differences i n both 

directions have been considered (BAILEY, 1959).. The r e s u l t s from the 

data were compared with the tabulated values of F corresponding to 

f = - 1 degrees of freedom i n the :numerator and f g = Ng - 1 degrees 

of freedom i n the denominator. Variances were compared, rather than 

means, since most s i t e s have pH values around the centre of the range. 

Using t h i s method, any s i g n i f i c a n t differences i n the a c i d tolerance 

of samples dependent on o r i g i n a l s i t e ]?H should show up as a difference i n 

the variances of the di s t r i b u t i o n s of iiie pH values. At the 5QM l e v e l 
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none of the 'F' values obtained exceed the tabulated values, so 

showing no s i g n i f i c a n t dilfference i n the two distributions a t t h i s 

l e v e l . Thus, from the results obtained, there i s no evidence of 

aaapttrSon of p a r t i c u l a r a l g a l c e l l s within a species to tole r a t e 

low pH conditions. 

( v ) F l o r a l Comparison of Acid Stream 1 and i t s Catchment. 

No species were foind to survive i n cultures of 'W samples at 

pH = 2 .6 (Wla, Wlb, ¥ 3 , "fi'5a, 15b, W;?c, 7/6 cultures of se r i e s Y) that 

did not also occur i n Acid Stream 1 nearby. (Series Y cultures for 

other 'W si t e s could, not be used f o r t h i s comparison due to changes 

of culture pH.) Most of the Acid Stream species were found i n these 

cultures although the Chrysophyte and Cryptomonas sp. were notable by 

t h e i r absence. 

( v i ) F l o r a l Comparison o:? the Acid Stream Catchment and the 'Durham a r e a 1 . 

The occurrence of some of the species comprising the f l o r a of 

Acid Stream 1 i n the oatcliment was compared with t h e i r occurrence i n 

the 'D* samples from Tabl« IV. Few of the acid stream species were 

found to occur i n more thEm a small number of 'W or 'D' s i t e s . 

Homidium r i v u l a r e was found to occur i n 11 out of 15 'D* s i t e s and 

13 out of 16 'W s i t e s l i s t e d , showing no apparent difference i n 

d i s t r i b u t i o n with respect to pH i n t i e 2 areas. S i m i l a r l y Stichococcus 

b a c i l l a r i s and Chlamydomoras sp.(p?) 6um were present i n most s i t e s of 

both ser i e s although absent from 'D* s i t e s at pH = 3-2 and 4 . 8 . However, 

these differences can hardly be regarded as s i g n i f i c a n t . This in 

dijouoacd i n Section 5«3-
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( v i i ) F l o r a l analysis of lAir-]j llora' study Cultures. 

Species found a l i v e i n the f l o r a l a n a l y sis of the 

• a i r - f l o r a 1 cultures are shown i n Table IX. 

Samples from s i t e s A1 - Ji4 were collected on two 

occasions, 29.6.73 and 13.8.73, s.nd the r s s u l t s have been 

combined. Samples f:"om s i t e s L5 - AS were collected on 

13.8.73 only, and r e s u l t s for A]j> a t pH == 5.5, and A7, are missing, 

as the c o l l e c t i n g vessels were damaged by animals or vandals i n 

these cases. 

Results f or open beakers and those covered with 

muslin., were not s i g n i f i c a n t l y d i f f e r e n t , so these have been 

combined i n each case. 



TABLE IX. 

F l o r a l Analysis of Cultures from A i r - F l o r a Experiment. 
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• = / 
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Euglena sp..10 pa X 
Mo3S protonema X X X X X X X X 
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5 DISCUSSION 

F i r s t l y the li m i t a t i o n s of the experimental methods used 

are discussed and within the r e s t r i c t i o n s imposed by these l i m i t a t i o n s , 

the r e s u l t s are then considered and conclusions drawn. 

5.1 Discussion of Experimental Methods. 

A l l the foregoing data s.re based on examination of organisms 

i n culture, so care must be taks:n i n applying the r e s u l t s to algae i n 

the f i e l d . I n examination of cultures various factors prevented 

i d e n t i f i c a t i o n of a l l species present. Some smaller diatoms and green 

algae were disregarded., and many green species could not be i d e n t i f i e d 

although these are mostly l i s t e d d e s c r i p t i v e l y . Further discussion of 

taxonomic problems i s given i n Appendix I I . 

A l l samples were cultureel at f i e l d pH values under the same 

conditions as the a c i d cultures . Thus comparisons carried out 

between survival of a. species at low pE and at f i e l d pH were based on 

the same conditions except for presence of sulphuric acid, and 

differences i n composition of the a l g a l population. Few organisms 

were found which did net survive i n the medium used. 

The major problem encountered i n culturing organisms at low 

pH was the change i n pH brought a'dout by t h e i r growth i n cultures at 

i n i t i a l pH values above pH = 3.0. Other workers have used buffers 

to s t a b i l i z e pH but i t was thought: that t h i s would introduce other 

factors affecting growth, and for a comparison with the Brandon Acid 

Streams i t was considered best to use only sulphuric a c i d . Cultures 

at lower pH were extremely stable. P r a c t i c a l d i f f i c u l t i e s 

precluded regular adjustment of pH„ Therefore, r e s u l t s from 

cultures at pH = 3-5 or above were combined with f i e l d pE r e s u l t s . 

Competition may also have occurred i n cultures to some extent 

- evidence for t h i s being that a few species were only recorded i n 

culture at pH = 3.0 or below, but not i n cultures at higher pH, 



although other evidence indicates that these species are not 

obligate acidotropha. (These iire marked with a c i r c l e on Table I V ) . 

However, t h i s w i l l be noticed not to be widespread except i n the 

case of some unidentified green algae where the forms recorded at 

low pH may be non-motile stageji of other species recorded a t 

higher pH. tilothrix/Harmidiuni sp. and Stichococcua minutus appeared 

to fa r e p a r t i c u l a r l y badly, e s p e c i a l l y where large growths of 

blue-green algae or iStigeoclonium tenue occurred. Observations 

from a l l cultures have therefore been included i n Table IV to 

minimise e r r o r s . Formation of microhabitats at d i f f e r e n t pH from 

the main body of a culture i s another possible source of error 

(YONffOE & CAIENS, 1571 ) , and t h i s was nujiimised by growth i n a 

shake-tank. 

Limitations are imposed on a l l the r e s u l t s i n that the 

data were collected cnly at one time of one year, and s i t e pH 

values were only measured once or twice. The experiments need 

to be repeated over several years to obtain r e l i a b l e data. Also 

the data were based on presence and absence of l i v i n g c e l l s only. 

5.2 Acid tolerancs of algae.. 

The results 5'3t out i n Tables IV and VI indicate the pH 

ranges of occurrence of species from the sampling s i t e s used. I t 

i s i n t e r e s t i n g to notu that few appear to be obligate acidotrophs 

on the b a s i s of these data. Those that do appear to be limited 

to low pH s i t e s only -jiclude Chrysocapsa sp./ 3AS Ohrysophyte, 

Cryptomonas sp., Sunotia exigua and Roya obtusa , the l a t t e r 

showing a very narrow range of occurrence. Other species occur 

over a l a r g e r range of pH but ars l e s s common a t higher pH., e.g. 

Euglena mutabilis. Many species, however, appear to be ubiquitous 

i n occurrence, e.g. Hcrmidium r i v u l a r e , Stichococcus b a c i l l a r i s , and 

Ghlamydomonas sp.(p), and able to tolerate very low pH conditions. 
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However, i t must be :remembere& that these data are based e n t i r e l y 

on surv iva l i n cul ture and give no ind i ca t i on of cover i n the f i e l d , 

or of growth and competitive a b i l i t y . For instance, although i n 

the resu l t s Euglena ismtabilis cloes not appear to be spec i f i c to ac id 

f l o w i n g waters, i t i ;3 i n f a c t one of the most r e l i a b l e indica tor 

organisms f o r t h i s type of environment, o f t e n growing profusely and 

forming a green coat:-ng obscuring the stream bed. I t has been 

found i n a l l acid streams so f a r studied i n B r i t a i n (pers. comm. 

HARGHSAVES, 1973) and i s reported to occur s i m i l a r l y i n the U.S.A. 

(LACKEY, 1938). 

I n general, studies carr ied out i n the U.S.A. show s imi la r 

resul t s (LACKEY, 1935 i BENNETT, 1969) f o r ac id to le ran t species. 

MOSS (1973) inves t iga t ing the e f f ec t s of pH on various species i n 

cul ture gives resul t s whLchcorrolate w e l l w i th those given above 

f o r most species appearing i n most cases. He reports Eunotia sp. 

and Euglena g r a c i l i s as being the most tolerant of acid conditions 

of the species he has studied. Under his c l a s s i f i c a t i o n , most 

acid to lerant species would be regarded as ol igotrophs. 

From the resul t s i t i s obvious that a high degree of ac id 

tolerance does not seism tobe spec i f ic to any p a r t i c u l a r d i v i s i o n of 

algae. Members of the Chlorophyta, Chrysophyta, Bac i l l a r iophyta , 

Cryptophyta and Euglenophyta have been found i n the f i e l d a t s i tes 

of pH below 3.0. Divisions not represented are i n general f a i r l y 

rare or have r e l a t i v e l y few freshwater representatives. The only 

common freshwater d i v i s i o n not reported from acid waters i s the 

d i v i s i o n Cyanophyta. I n these resu l t s , Osc i l l a to r i a spp., lyngbya spp., 

Pseudanabaena catenata. and Nostoc spp. are a l l absent f rom si tes 

of pH below 6.3 5

 a n d inabaena spp. are absent f rom sites below pH = 6.6. 

A H occur widely at a l l pH value.3 above these up to pH = 8.3-
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This absence i s discussed by BROCK (1573) who ascribes 

the i n a b i l i t y of me:.nbers of t h i s d i v i s i o n to survive i n acid waters, 

to the f a c t of t h e i r being procaryotic algae and suggests that 

acid environments wore possibly o f great importance i n allowing 

the evolut ion of eu<jaryotic organisms. I t i s i n t e r e s t i ng to 

consider why procaryotic algae are unable to survive 7/hile many 

species of bacter ia are able to t h r i v e i n acid waters (JOSEPH, 

1553). Brock suggests the p o s s i b i l i t y of using m i l d a r t i f i c i a l 

a c i d i f i c a t i o n o f reservoirs i n order to prevent Cyanophycean 

blooms, and improvement of ni trogen f i x a t i o n by l iming to increase 

s o i l water pH i n the c u l t i v a t i o n of cer ta in crops. MOSS (1973) 

reports minimum pH values f o r growth of between 6.2 and 6.9 f o r 

a Gloeotrichia sp. and a G-loeocapsa sp. which i s i n agreement w i t h 

the above observations. 

Prom the resul ts a very high degree of co r re l a t ion i s 

apparent between species surviving at pH. = 2.6 i n the cultures of 

a mixed inocula t ion prepared from the 'D ' samples (Table V) and 

the f l o r a of the Brandon Acid Stream f o r si tes S1 - 5 as represented 

i n Table IV . ITone o:? the samples used i n preparation of the mixed 

inoculum were f rom minewater drainages,, Most o f the p o s i t i v e l y 

i d e n t i f i e d species l i f t e d i n Table V I I as surviving at low pH occur 

i n the Acid Streams a t the same pK, and several of the u n i d e n t i f i e d 

organisms may also occur. Takiiig i n to account the r e su l t (Section 

4.3 ( v ) ) tha t a l l algae from the catchment of the Stream which 

survived i n cul ture at pH = 2.6 aire found i n the upper part of the 

Stream., these resu l t s throughout suggest that pH and associated 

f ac to r s are the main c o n t r o l l i n g influences i n determining the f l o r a 

of Brandon Acid Streams, as opposed to non-pH-linlced fac to rs 

charac ter i s t ic of minewater. 
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5.3 Relat ion betwe'ai ac id tolerance and f i e l d pH. 

I f Table V I I ii> examined i t w i l l be seen that many algae 

surviving i n cul ture a t pH-^.3.3 were found i n samples from environments 

of normal pK i n the f i e l d , although tiie number may f a l l o f f s l i g h t l y 

towards the extreme upjer end of the pE range. From 'P' values l i s t e d 

i n Table V I I I , no s i g n i f i c a n t differences between the two d i s t r i bu t i ons 

compared are apparent e/en at 5Q& p r o b a b i l i t y l e v e l , f o r the eight-

species considered. The only species s u r / i v i n g a t low pH solely when 

taken from low pH environments i n the f i e l d are those whose occurrence 

i s confined to these ac id s i t e s , i . e . Eunotia exigua, Cryptomonas sp., 

Ghrysocapsa sp./BAS Chrysophyte, aiad Roya obtusa. Kb cultures of these 

organisms at higher pH Trere attempted. Thus there i s no evidence here 

f o r the formation w i t h i n a species of ecotypes adapted to to le ra te ac id 

condi t ions. However, these data are based simply on survival i n cu l tu re , 

and may not be representative of behaviour i n the f i e l d . 

I f such adaptation d id occur then i t would be expected, 

assuming that the organisms are r ead i ly transported short distances, 

that members of an acid tolerant spscies w i t h i n the v i c i n i t y of an acid 

stream, i . e . i n i t s catchment, would be more ac id to le ran t than the 

same species f rom elsewhere. Comparison of the number of 'W si tes 

from which a lga l spp. found i n the Acid Stream survived, w i t h the 

number of such 'D ' s i t e s , shows i n most cases tha t the number of such 

'W1 s i tes i s the l a rge r , although in. no cases i s the d i f f e rence 

s i g n i f i c a n t . However, i t i s worth noting tha t Euglsna mutabi l i s from 

the two 'D* sites at which i t was founds d id not survive low pH, whereas 

ce l l s of the same species d id survive when taken from a l l 4 catchment 

si tes at which i t occurred. Thus, c-»l though no s i g n i f i c a n t evidence 

f o r ecotype formation was obtained, f u r t h e r study i s necessary. 

The evidence presented above suggests tha t a c i d tolerance i s 

t y p i c a l o f a species to a i-preat exter.t, although the behaviour of Euglena 



nmtabi l i s suggests ths.t adaptation to ac id environments may also be 

a c o n t r o l l i n g f a c t o r . 

5.4 Ai r -F lo ra Experiment. 

L i t t l e can be concluded from the a i r - f l o r a experiments 

conducted since only a l i m i t e d number of c o l l e c t i n g vessels could be 

set out , ani of these, a considerable proport ion at s i tes away f r o m 

the Acid Streams were 'iamaged by animals or vandals. Prom the 

resul t s co l lec ted i t i s seen thai; no algas were found i n the cultures 

tha t d i d not occur i n the catchm€:nt, except one U l o t h r i x sp. 

However, t h i s is not surpr is ing a.s the catchment doe3 not appear to 

haye^rsubS'tsntially d i f f e r e n t f l o r a from that of the surrounding area. 

Very few Acid Stream species were found i n the cultures a t short 

distances away from the Stream, although many of these species appeared 

i n the beakers 0.5 m. e.bove the Stream - some possibly due to 

splashing during f l o o d periods i n the case of Si te A1. 

One can conclude from the,3e data that the Acid Stream species 

are not very abundant i n the a i r a few metres away from the Stream. 

Remarkably l i t t l e d i f ference was observed between col lect ions 

a t pH = 2.6 and those a t pH = 5.5 :, but no blue-green algae were found 

i n any samples, (an expeoted r e s u l t ) . The absence of d i f fe rence between 

resul t s f o r beakers covered w i t h muslin and those l e f t open suggests 

that contact between irmects and 1he growth medium was not an important 

f a c t o r i n the colonisat ion o f the cultures.. Further invest igat ions 

would prove most i n t e r e s t ing . 

5.5 Recommendations f o r f u r t h e r research. 

Further work of the "type described above but on a quant i ta t ive 

basis ia needed to elucidate the occurrence; and extent of formation 

w i t h i n a species of ecotypes especial ly tolerant to low pH environments. 



Repeating the experiments car r ied out "but using cultures a t a 

range of pH values below pH = 3.0 might show ecotypic v a r i a t i o n 

i n the lower pH l i m i t f o r survival w i t h i n species. 

A great deal more work using a large number of sampling 

s i tes to invest igate f u l l y the a i r - f l o r a of the Acid Stream 

catchment, might yield, some very enlightening r e s u l t s . 



SUMMARY 
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6 SUMMARY 

Algal samples were col lected f rom habitats w i t h a wide 

range of pH values a:ad t he i r tolerance to low pH was invest igated. 

The observed pH ranges o f occurrence of species i n the f i e l d are 

tabulated, and the a b i l i t y of the species to survive at low pH, 

recorded. 

The resu l t s indicate tha t some species are apparently 

confined to s i tes of low pH environments, whereas other 

to le ran t species also occur in. :normal or high pH environments. 

I t appears f rom the resul ts tha t pH i s probably the major f a c t o r 

determining the f l o r a of the Briindon Acid Streams. Evidence 

found suggests that tolerance of low pH conditions i s to some 

extent charac te r i s t i c of the speicies concerned, i r respect ive of 

the environment f rom which i t has been taken. However, there 

i s also evidence suggesting the occurrence of adaptation w i t h i n 

a species. 

Some experiments on transport of algae by a i r were carr ied 

out , but l i m i t e d data were co l lec ted . 
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iPPEHPLX 1 

The medium used thrciughout f o r cultures was bas ica l ly Chu's 

1QD medium modif ied by the addi t ion of microelements and s o i l 

ex t rac t . The medium contained 1he f o l l o w i n g i n a l i t r e of d i s t i l l e d 

water: 

^ 4 7.80 ng. H^BOj 715 ug. 

MgSO^HgO 25.0 mg. MnClg.ltHgO 45.0 ug. 

Ca(N0 3 ) 2 40.0 mg. ZnSO .̂yHgO 55.6 ug. 

NaHCO^ 15.8 mg. CuSO^HgO 20.0 ug. 

Na 2 3 i0 5 10.9 nig. CoSO^HgO 20.5 ug. 

E.D.T.A. Na sa l t 4*20 mg. Na^fioO^^HgO 68.5 ug. 

FeCl .6H 0 
3 2 

1.21 mg. 

gives concentrations of the v£'.rious elements o f : 

(PO^)P 1.80 i n g . l 1 . Fe 250 ug3."3 

Mg 2.56 : .ng.l~ 1 . B 127 u g . l " 

Ca 950 ug. 1~ 1. Mn 12.7 u g . l 

(N0 3)N 6.85 :aig.l Zn 12.5 u g . l 

C 2.25 :mg. l~ 1 . Cu 51.2 u g . l 

S i 2.46 rag.l . Co 43.0 u g . l 

JSb 27.2 u g . l ' . 

1 m l . of s o i l extract was also addrsd to every l i t r e of medium. This 

was prepared by repeated, b o i l i n g a;3d cool ing of 25 cm^. of s o i l with 

100 m l . of water, fo l lowed by cen t r i fug ing to c lear the l i q u i d . 
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APPENDIX 2 

Taxonomic problems. 

As mentioned, the de t a i l ed study of un i a lga l cultures i n 

order to invest igate reproductive processes was not possible, so 

many species could not be i d e n t i f i e d , e „ g . Mougeotia spp., Zygnema 

spp.., Spjrogyra spp., Oedogoniuia spp.., Vaucheria spp. 

However, tlie major area of d i f f i c u l t y was the i d e n t i f i c a t i o n 

of some green algae. Only mot i le forms of Chlamydomonas observed 

are l i s t e d under thisi generic name although many of the palmel loid 

green algae w i t h pyrenoids may be of t h i s genus. Eye spots were 

not apparent but oft«;n the adverse environment i n the cultures 

caused excessive acciimulation cf storage products, masking many 

morphological c h a r a c t e r i s t i c s „ Thus i t was not possible to assign 

such algae a generic name with any ce r t a in ty . The 6 non-motile 

greens l i s t e d may be Cagamydomonas sp.(p) or Chlorel la sp.(p) and 

the l a rger non-motile greens may also include Chlorococcum spp. 

The smaller green algae observed may i n some cases be forms of 

Stichococcus sp. a f f ec t ed by the adverse* condit ions, and the smaller 

mot i le b i f l a g e l l a t e jjreens, perhaps inc luding some algae l i s t e d as 

Chlamydomonas sp. may be Zoospores of Eormidium sp. Therefore i t 

should be borne i n iKJid that same of the descript ive c l a s s i f i ca t i ons 

may encompass more tiian one species, and conversely that several of 

these organisms may be of the same species i n some cases. 

An especial ly i n t e r e s t i ng problem arises i n the i d e n t i f i c a t i o n 

of Ulotr ichales found, p a r t i c u l a r l y i n ac id cul tures . This i s 

complicated by the morphological changes caused by the a c i d 

environment,added to which ihe generic c l a s s i f i c a t i o n of t h i s order 

i s under a ce r t a in anount of dispute . The minor nature of r ead i ly 

observable differences between the genera Hbrmidiura and. U l o t h r i x and 
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the wide range of morphology w i t h i n each genus, makes assignment to 

a genus d i f f i c u l t . RAMANATHiN (1964) distinguishes them on the 

basis of d i f f e r e n t i a t i o n of this base and apex of a f i l ament which i s 

present i n U l o t h r i x but absent i n Hormidium, as w e l l as Hormidium 

having, i n general, shorter f i l amen t s . BOURELLY (19^6) also points 

out that Hormidium produces maiinly b i f l a g e l l a t e zoospores i n Qontrast 

to U l o t h r i x . A cer ta in amount of confusion also exists i n 

d i s t inguish ing Hormidium and S bichococcus and FOREST (1954) includes 

U l o t h r i x , Hormidium and Stichoisoccus in. the same genu.3 U l o t h r i x . 

Most workers seem to d i s t i ngu i sh between Hormidium and Stichdcoccus by 

including a l l spp. w i t h a pyre;ooid and mot i le spores i n the genus 

Hormidium. Also Stichococcus i s not usually found i n the form of 

f i laments of more than a few c e l l s , although i n tiie cultures observed 

here, f i laments of up to 40 c e l l s have been noted. 

The confusion i s also added to by the f a c t that Hormidium Lindley 

i s an orchid genus and Fo t t proposes the name Chlorhormidium which i s 

used by Bourel ly . 

The species l i s t e d i n theue resul t s have been i d e n t i f i e d using 

Ramanathan, s keys, g iv ing the acid to le ran t Hormidium species found as 

Hormidium r i v u l a r e Ki i tz . (Syn. Ulo th r ix r i v u l a r e Kutz; Stichococcus 

r iva l a re ( S A z . ) Gay). The upecies i s very s imi la r to Hormidium 

f l u i t a n s but does not break up so eas i ly . 

The common Stichococcus species observed was l i s t e d as 

Stichococcus b a c i l l a r i s Naegl i , although the long f i laments f i t the 

descr ip t ion f o r Hormidium pseudostichococcus Heering. Stichococcus 

minutus l i s t e d i s distinguished from the very s imi la r Stichococcus 

ch lore l lo ides by i t s s l i g h t l y •terminally s h i f t e d chloroplas t . 


