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ABSTRACT

Algal samples were collected from a diverse range of aquatic
habitats in thé Durham area, with pH values r#nging from 3.2 - 9.2,
and their acid tolerance in oulture was investigated. The pH ranges
of occurrence of species in the field were tabulated and their ability
to survive in culture at pE 3.3 recorded. The results reveal that
some species are restricted to low pH environments among the samples
taken, whereas other acid tolerant species can also be found at
normal or high pH sites.

Acid tolerance was found not to be specific to any particular'
algal division, the only common division not represented among.

lacid tolerant species being the Cyanophyta. This is in agreement
with results of investigations in America;

Comparison of species found to be acid tolerant from environments
other than minewater dralinages, with the flora of an acid minewater
drainage at Brandon, suggests that pH 1s probably the major factor
determining the flora of the latter, rather than pH-independent
factors characteristic of minewater.

Evidence was found showing that tolerance of low pH conditions
is a characteristic of particular species to a considerable extent,
and samples 6f these species taken from quite alkaline environments
were found to survive at low pH in:culture. However, there is also
some evidence for the occurrence of adaptation within a species and
this may be important.

No clear patterns emerged from & floral comparison of the Brandon
Acid Streams catchment area and the surrounding countryside.

Some experiments on transport of algae by air were qarrie& out,
but limited data were collected. It appears that the Aoid Stream
species are not common among the algae in the air a short distance

from the Stream.
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4  INTRODUCTION




The facters centrolling the distribution of algae are many
and complex and, although algal ecelogy has been studied for over
fifty years, the diffioculties involved in determining the relative
importance of each of these factors have greatly impeded advancement
of understanding in this field,

In an early paper, STRGE (1924) reports that many algae are
cosmopoliten in ocowrrence, although geographical leocalization is
noticeable in some oases, especially for some desmids, Sinoce then,
a great deal of research into the classification ef particular floral
communities tysical of particular envirenments has been carried out
(BUTCHER, 1933; BLUM, 1956), The field is reviewed by LUND (1965).
More recent work, based mainly on laboratery culture experiments, en
the effects of many enviromental facters including calcium
concentrations, nitrogen availability, pH and temperature, is
presented in a comprehensive review by MOSS (1972, 1973a, b, c).

He compares the effects of these factors on eutrophic and oligetrophic
algae, Eluscidation of the rdles of these diverse enviremmental
facters is, and will be, of ever<increasing importance in the field

of water management.

Although great steps forward have been made in the above field,
very little research has been carried out inte the factors influencing
and controlling the dispersal of algae., These dispérsal mechanisms
may well be of great importance in explaining their distribution
patterns, but often no obvious patterns emerge from studies of the
oolonisation of new water bodies (TALLING, 1951). Only over the
last fifteen years has mrogress been made in this field.

A maper on the topic in general was published by MAGUIRE
(1963) but most of the available data are oconcerned with the roles



of specific animals in the dispersal of algae. Studies en
waterfowl have shomn these to be capable of carrying viable algne

internally for considerable meriods (FROCTOR, 1959; SCHLICHTING,

1960) although ATKINSON (1970), in a specific study of a planktenio

diatom Asterionells formoss, finds no evidence for internal transmort

of viable ocells of this species.

A oensiderable amount of work dene in Texas and Nerth
Carelina has: shown that certain insects are ocapable of carrying
viable algal oells for censidereble distances (REVILL et al, 1967),
and MILLICER & SCHLICHTING (1968) demonstrate that transport of
algae in the gut of an aquatic beetle may be exceedingly important,
Little research appears to have been carried out on the dispersal
of algae solely by wind currents, SCHLICHTING (196L) reviews the

problem and JAWORSKI & LUND (41970) studied Astericnella formese

to try to gain some infermatioen on dispersal of planktonioc algse
which have been notably absent from maeny of the studies, The

field is still very young and many problems await selution.

102 Extreme aquatic envirenments.
BROCK (1969) defines an extreme envirorment as one from

which whole taxonomic groups of organisms are absent. It is
important to remember that enviromments which might be considered
extreme by man are not necessarily extreme in this sense,; e.g, the
Arotio, In studying many natureal emvirenments flerally,the
camplexity of envirommental faocters mentioned above, and the
diversity of the flora, make development of a scientific medel of
the system extremesly difficult. Extreme environments oan of'ten
be florally described completely without too much difficulty, amd
their study can give information of use in elficidating the complex
interaction patterns in more normal ecosystems. In addition, an

extreme aquatic enviramment provides a habitat in the field vastly



different frem swrrounding waters but usually similar to other such
extreme habitats in other parts of the world., Comparison of such
systems can give valuable infeormatien on factors determining algsl
colenisation, The fisld is reviewed By WHITTON (1972).

In addition to investigatiens of a general nature, extreme
envirenments often justify study where they cause particular pollution
problems, This is espscially true in the cage of acid streams caused
by strip mining in America {PARSONS, 1952). This thesis is
particularly oencerned with extreme acid envirenments of this type,
Detailed studies of the flera of such streams in America have been
carried out (LACKEY, 41938, 1939; BEENNETT, 1969), although no data
have as yet been published cencerning similar streams in Britain,
Other socurces of acid water include peat mires where the pH oan
approach a value of 2,0 ei less, and voloanic sources such as
acid thermal springs (which are often dominated by Cyenidium
caldarium), and voloanic lakes, little data are available on the
- flora of the latter, although seme work has beem done in Japan
(VENO, 1938) where lakes of acidity of Woth velcanic and humic
origin ooour (UENO, 1958).

Problems associated with studies of acid envirorments are
that these are often asgociatoﬁ with high heavy metal levels,
espacially iren and aluminium in the oase of minewater,

About 12 phetosynthetic erganisms are cemmonly found
growing at »H = 3,0 or below, as well as a large number of bacteria
and fungl, seme of which will survive at pH valuesas low as sere.
1s3  Aims of Study.

The main aim of this study is to investigate some aspects
of the telerance of algae in the Durham area to low »H cenditions,
and to relate the results to the flora ef a very acid stream at
Branden, tlms perhaps elucidating the major facters governing its



flera. Acid tolerances of algae in culture are compared with
their observed distributien over the sampling sites used, in
order to determine whether the results show any evidence for the
formation of ecotypes adapted to low »H conditions. Comparisens
are made between the flora of the Acid Stream and that of its
catchment.

Finally, the results of some investigations carried out
into the aerial transport of acid tolerant algae are considered
in an attempt to olarify further any patterns that emerge from
the study.
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2 DESCRIFTION OF THE AREA AND STTE SELECTION

2,14 Durham Area Study.

The area studied fer this part of the project was a msart ef the
River Wear ocatchment detween Wittem=leeWear and Durham, and centimaing
nerth te Waldridge Fell,near Chester«le«Street.

The River Wear is a relatively fast<«flewing river subjeot te rapid
rises and falls at any time of the year, and is mederately hard and
entrephic by the time it reaches Durham., The area is mainly arable
farmland er urban en a substratum of ceal measures, sandstenes and shales,
with seme peaty meerland areas, The umsper part of the River Wesr flews
threugh eld lead mining areas and thus receives a small lead of heavy
metals which may have seme slight effects on the flera., Drainage frem
eld ceal werkings alse affects many ef the wateroceurses in the area,
Several studies qf the algal flera ef the area have been made in the
wast (GRIFFITHS, 1936; DEWDNEY (Ed,) 1970) especially ef the River Wear
(BUTCHER, 1932; PEABODY & WHITTON, 1968; WHITTON & BUCKMASTER, 1970).

For the initiel experiment te study the effects ef pH en the
escourrence of algae in the area and their acid telerance, samples were
cellected from sites with a wide range of pH, 32 sites were selected,
the main criterien being te achieve as wide a pH range as pessible
whilst alse including a wide range of cenditions with respect te eutrephy,
physical cenditions, substrate tyse, hardness etc,, te reduce the
influence of these parameters on the everall results, Sites chesen
ranged frem a poel on bare peat at pH = 3.2 te a lake eutflew stream in
an old gravel pit area at pH = 9.2; frem peols and small streams te the
River Wear; and frem wnpelluted meerland waters te sewage werks effluent,
Aweut half of the sites were flewing, and half standing water. The
sites were numbered DY - D32, Tesitiens are shown en Mep 1.

The number of sites that ceuld be studied was limited by

available time and oculture space. For this reasen 21 sites were
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selected from the eriginal 32 after sreliminary micrescepical
examination te give the widest range ef fleral types. Samples were
then put inte culture as described in seotien 3.2 at lew aH and

site pH, and the acld tolerances eof the varieus apecies investigated,
Results frem the acid stream eéto}ment survey (see next section) and
fleral 1lists fer the Branden Acid Streams (pers. comm. HARGREAVES,
1973) were also included in the general results.

2.2 Branden Acgid Streams,

(1) In the seocend wart of the experimental werk a series ef fleral
samples were taken in the catchment of two very acid streams near the
site of Branden Pithouse Celliery (see Map 1 for mpesitien in relatien

te Durham area), The valley of the acid streams leads dewn to Red

Burn and ultimately te the River Deerness. The whole area has been

. extensively mined feor several centuries by means ef small adit mines
into the various seams outcrepping dewn the valley sides, Shaft mining
in the area has Ween oarried eut since at least as long age as1838
{DURHAM DIOCESAN RECORDS, 1838) se it is likely that mest ef these drifts
have been disused, except for drainage purpeses, fer ever a century, ard
mest are net traceable en the greund,

The main shaft of the medern Pitheuse Celliery was sunk in 1926
down te Tilley Seam level, and the medern warkings weuld intercennect
with the eld drifts in the Five Quarter and Main seams., The celliery
was finally clesed in 1966 leaving a speil heap 800 m. acress
(ROBINSON, 1971)s The acdd streams Weth spring frem near the base of
this tip and beth apmpear to run frem eld drifts in the Main seam eutcrep
‘= pec Map 2, Aocid Stream 1 flews frem an earthenware pipe near the
site of one of these drirts whereas icid Stream 2 seeps frem the base
of ths tip as shemm. Hewever, the latter appears te originate frem

the eld drift new cevered by the tip, rather than frem sespage threugh



it, sinoce the tip has been shown te have no water table of its ewn,
and creep movements consistent with seepage aleng its base have
boen recordeds Acid Stream 41 has been shown on appreximately its
sresent osurse on maps since 1897,

Acid Stream 1 leaves its source with a pH of 2,6 and & remarkebly
oenstant flow of around 0.3 1.;1, altheugh this is drastically
incressed during reiny weather a few mqtrea downstream by drainage
frem the tip. Flewing aleng the yresent hase of the tip, the stream
passes through & reserveir (built early this century fer an unknewn
‘p\;lrpoae) te its confluence with Acid Stream 2. It then centimes
towards the site of LIsh Weed, & plantatien of seme antiquity, at
whese boundary the pH is raised to 6.4 due to dilutien by ether
atreams, In 1970 contracters started levelling the tip and in 1974
dredged eut the stream te prevent fleeding of farmland, thms the present
flera of the stream is the result of 2 years' colonization and grewth,
Since Octeber 1972 regular sampling ef the stream, Both chemiocal and
fleral, has been carried cut at Durham (pers, cemm, HARGREAVES, 1973)
and the sites used have been marked on lMap 2. pH values cerrespending
te these sites are shown in Table T (rmumbered S1 - S13),

Acld Stream 2 has a seurce »H of around 3.0 and retains this
until its éonfluenoe with a surface water stream, as shown, where the
®»H rises and hydrated iren (III) exides are precipitated. It then
passes threugh a pipe te join Stream 1. Two of the sampling sites
listed are on Stream 2,

The cause ef the acid contamination ef the water is the eoxidatiem
of iren myrites (FeS,) leading to preduction ef seoluble acidic cempeunds
- mainly sulphuric acid, Acid mine-water appears to he specifically

asseciated with coal seams centaining or adjacent to deposits of pyrites,
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especially in cases where there has ween a fire in the mkingn.i
At Pithouse the Main seam has very leow sulphur centent se the
Pyrites is presumably present in adjacent strata, TFormatien ef acid
ocan arise either by atmessheric exidation of pyrites or the actien
of sulplur oxidizing and iren exidizing baoteria. Idttle is knewn
oconcerning the relative impertanoce ef these two mechanisms,
Atmespherio exidation can basically be considered as ocourring
by the fellewing steps (JOSEFH, 1953):
2F'082 + 3% + 2850 > 2%e 3.-‘30& + 2?1'230,_*
elso L4FeSO, + 2H;80, +  2FefS0,)s + 2Hp0
and  Fe, (50,)3 + &H,0 » 2Fe (0H); + 3H 80,
although the aoctual mechanisms of feaatien under the conditiens may
be complex and are little understoed, The seocend two steps are
dependent on oconoentratiens and pH values, Mest of the iren in the
upper few metres of the acid streams will be in the iron (II) state.
At higher‘,}H the iren is precipitated - at pH values greater than
about 3,3 in mest stream waters, |

Bacterial oxidation appears to be mainly due te three eorganismsa:

Ferrobacillus ferreexidans, Thie bacillus thicexidans and Ferrobacillus
sulfooxidens (BAKER & WILSHIRE, 41970). 'l‘hesebare believed to be respons-
ible foxr a considerable prowertion of the acld mreduction.

(1i) In erder te try teo determine whether any impertant pattemms

exist in the relation ef the flora of the acid sireams with that ef

their catclment, a detailed study of other flowing water in the

caetclment was ocarried out., Algal samples were taken froem 20 sites in
the area including all flowing water in the area as well as one or twe
standing water and intermittently flewing sites, These sites were

mmbered W1 -« #1416 and are fully desoribed in Tables I and II, Their



locations are shown on Map 3., Where several sites were chosen on
the same stream all were given the same number with suffixes a, b,
Casess @to, starting frem the lower end., Samples were put inte
culture as described later and examined after 3 weeks, The whole
survey was repeated 7 weeks later,
2,3 Air-flera study.,

In studying faocteors contrelling the distribution and épreaﬁ of

algae in an ‘area it is obviously relevant to investigate the
mechanisms of dispersal of species, Altheugh & certain amount ef
work has been done (see Introduction), this field is still little
understood. In an attempt to obtain seme information as to the

acid telerant algae preseﬁt in the air aroumd the catolment, sets

of plastic beakers oontaining acidified growth medium were left

out at selected sites, 4 directly abeve the Acid Stream, and 4 ¢lsewhere
in the area, The sites were numbered A1 -~ A8 and are marked en Map 3,
Thus it was hoped that observation of growth in th&a‘ne beakers would
give some information as to the mebility of species in the area,

It would have been preferable to repeat the experiment at a large

number of sites, but this was not possible due to lack of time,
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2 METHODS
3«4 Cellectisn ef Samples.

(1) Algsl samples were cellected using 20 ml. sterile plastic bleed-sample
tubes., For recky substrates grewth frem an area ef 4 amz wais soraped up
and cellected aleng with samples ef any visible filamenteus grewth in the

vicinity and 410 ml. of water frem the site. Fer mud and clay substrates

the top few millimetres of mud were celleoted ever the same area., In any
cases whare a large diversity in substrate or grewth was apmarent at a site,
samples from all types were taken. In repeating samples at a later date
oare was taken te repeat the eriginal sample in as much detall as pessible,
Samples were briefly examined and then cultured within 24 heurs ef
celleotien.

(ii) Adreflera samples were celleoted by leaving eut acid-~washed plastic
250 ml, beakers oach centaining about 30 ml. ef medified Chu 10 D mediws
for two-week perieds. Six beakers were left at each site (site nes, A4

te 48). Two of each set centained grewth medium at pH=2,6, twe at pH=5.5
(adjustment of »H being carried eut by additien of 2.5 M sulphuric acid),
as well as twe centaining nutrient agar at p»H=5.5 ., One of each pair of
beakers was covered by 4 mm2 mesh black muslin., Where dilutien ecourred
due to the heavy rain experienced during the sampling peried, mutrients
and acid were added immediately after cellectien of the beakers teo restere

Chu 10 D mutrient cencentratiens and sriginal »H values befere incubatien

in a 12°C culture reem for three weeks.

The culture medium used tiwreugheut the msreject was a medificatien ef
Chu's 10 D medium (CHD, 1942)°. This was chosen as experience ef ether
werkers has shewn it te be a very suitable medium fer mixed cultures, being
high enough in mutrient levels feor mest asmpecies to survive hut net se high
as to encourage ever-rapid develemment of deminance by eutreshic erganisma.
Seil extract was added te facilitate grewth of metile organisms having been
first rendered free of viable algae by repeated beiling and oceeling. Cultures

» See Appendix I.
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ef 'D* and 'W' samples were carried eut in 20 ml, of medium in 25 mm, beiling
tubes in a shake-tank at 15% with a light intensity at the base of the tubes
of 50 klux, Air-flera samples were cultured in 4100 ml, cenical flasks in a
12°C reem en a white tray in a light intensity ef 3.0 klux., All culture
vessels, sterage bottles and pipettes were washed with detergent felleowed

by 2 M hydrechleric acid, then rinsed in distilled water and dried at 110%C
befere use on every eccasien, Culture tubes were sealed with Merten Clesures,
Fer each batch of medium made up, samples were kept in tubes, under the
cenditions described, as blanks te cenfirm the algal sterility ef the medium
and glassware, Examination after twe weeks showed only bacterial and a little
fungal grewth,

The 'D' semples were cultured at »H=3,0 ; pH=3,5 and »H of the site eof
origin measured at the time of sampling. In additien, a mixed ineoulum was
»repared frem all the samples and cultured at a range of pH values frem 2,6 - 4.0.
The '%' samples were cultured in three series:-

Series X - pH=3.0,

Series Y - pH= that of the acid stream 4) belew cenfluence fer 'W' samples
en tributaries, 2) at the nearest point fer ether 'W' samples.

Series Z -« pH= that of the site ef erigin at the time ef sampling.
'A' samples were cultured as already desoribed,

Samples were shaken and allewed to settle and filaments breken up where
necessary, The inoculum was then taken by saterile drepper frem the surface
of the sediment and the surfaoe of the liquid, care being taken te include
fragments eof any filamentous species mresent, The ameunt ef liquid included
in each inoculum was insufficient significantly to alter the »H ef the
srepared culture medium., Cultures were grown for a peried of twe te three
weeks in each case, after whioh time they were examined micrescepically and
the pH measured. During the twe or three days taken te examine a set of
cultures, the tubes were stored in a 5%C culture roem which appeared te be
effective at slowing dewn any changes in »H or fleral cempesitien which were
ecourring, One o the major problems encountered in culturing the samples
wag the change in pH brought about By growth of the erganisms. OCultures at

an initial pH eof 3.5 and abeve were found to be fairly unstable with respect
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to »H which usually rese to 6 er 7. Cultures at pH=3.0 and pH=2,.6 were
found to be very stable, This is further disuvussed in later sectioens,
3.3 pi measwrement,

Measurenents ef site pH were carried eut in the field using a Pye
Model 293 pertable pH meter, with an Eg7 electrede. This was alse used
for measurement of pH of cultures. The latter were carried out by
withdrawing 2 ml, of medium fer the measurement using a sterile pipette
thus aveiding any ocarry-ever of organisms. In making up culture media
an EIL ledel 23A direot reading »H meter was used after oareful cleaning
of the electredes. lack of algal growth in the blanks cenfirmed that ne

algal centamination had been intreduced frem this seurce.

3.4 Micrescepioal examinatien.

Examinatian ¢f the cultures was carried cut by preparing six 22 x 50 mm.
slides frem each culture using a sterile drepping pipette, Care was taken
to include material frem the tube walls and liquid surface, as well as from
centre and bottem of the tube. Each slide was them scanned three times
longitudinally under & X 10 objective, follewed by five scans using a X40
ebjective, Lack ef time avallable limited the ameunt ef detailed
investigatien en difficult species that could e ocarried eut using higher
magnificatien and eil immersien techniques. Each living species mresent
was recerded,as well as its cenditien, if this was particularly unheal thy.
Froblems arese in seme cases in deciding whether an alga was living er net,
especially in the case of diatems. These were recerded as living if any
significant amount of cellular matter was present.

Iack ef time mrecluded any groewing up of unialgal cultures fer
identification murposes, thus it was not pessible to identify seme of the
palmelleid green cells present., Some ether small species were net
identified, especially small diatems, Taxenomic problems are further

discussed in Appendix II,
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4 RESULTS

The data cellected f8°set sut in the fellewing pages in tabulated
form. Firstly seme detalls of the sites used are summerized te give an
indicatien ef the range of enviremments encempassed by the s tudy. The
results ef the fleral analyses ef the cultures are then given and seme
cemparisens drawn, Finally results ef the aireflera study are mentiened.
L1 Details ef sites.

Table I summarizes details of the varieus sites used in the m»reject.
Of the 'D' sites, only the 21 selected fer the study have been included,
The exact lecatiens ef the sites are shewn in maps 1 = 3,

Netes te Table I.

Dats:= Fer 'D' samples this is the date of cellectien ef the sample.
‘W' samples were cellected en 2 eccasiens - 30.5.73 and 20.7.73.
Samples frem 'S' sites have been cellected at regular intervals
sinoe Octeber 1972 (pers. cemm. HARGREAVES),
'A' samples A1 -« Al were cellected en 2 ecoasiens ~ 26.6.73

and 3.8.73.

A5 = A8 were cellected en 13.8.73.

PH 1= For 'D' samples value is pH at time of cellectien.
Fer 'W' samples value is mean ef values frem 2 samplings,
For 'S' samples value given is mean ef all readings taken under
nermal cenditiens (i.e. net fleed er freezing cenditiens).
Except fer W9 and W10, »H values feor 'W' and 'S' sites shew
a2 high degree of censtanay.

Flewing/ F = represents water always flewing,

Still :=
IF = represents water intermittently flewing.
S « represents standing water,



Flow:-

Shaded/
Open:-

17

0 = represents no flew,

1 = represents an estimated nermal flew ef less than 0.01 cumec )
(10 1.5 .

2 = resresents an estimated nermal flew frem 0.01 - 2,5 cumec.

3 =« represents an estimsted nermal flew greater than 2.5 cumec.

S = represents heavy shade,
L « represents light shade,
0 « represents unshaded, epen,

*Yes® in the colurm marked ‘*heavy algal grewth'® represents

readily visible algal grewth,
'W'Samples »» the fellewing are tributaries ef acid stream 1 (i.,e, water

'AYSites:-

flews directly frem the site inte the acid stream) ~

Wia, Wik, W5a, W5, W50, W10, W12, W13, Wi4, W15,

The fellewing are tributaries eof acid atream 2 - W/a, Wb,
The fellewing were abandened due te excessive grewth ef
bracken by the secend sampling - W2, Wi,

Site A1 is directly abeve site 52,

Site A2 . ae. s3.

Site A3 do. reserveir,

Site AL is directly abeve cenfluence ef acid streams.

Sites A5 - A8 are net direotly abeve the acid stream.
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Table 1 Site descriptions.

5| & B 53 S8 1. o

SRR @ = 2 5;\ L O |5 2

Lo Ly 1TIEE 2| |8850. L FE O

7B S e Q 2 2 a8~ CH 'S

D1 _[NZ297472 [11/5/7318.3| F 3 |sandstone L | open woods|Yes | R.Wear, Finchale.
D3 w7 289,57 1/4/7517.61 S | 0 | ma 0 lrouph prass| No | Ditch at Brasside.
D5 N7 270.021145/7%.16.,91 F 1 leoncrete | L |decid.woods|Yea {F.E, from S.D.¥.
D7 NZ 270402 11/5/73 | 7.2 | F 1 mud L " " Yes | 20m. below D6, stream
D8 [NZ 271403 '11_/5/7_5 6.4 |IF- | O=1 | peaty S lconifcrvieod| No [Slow v.shaded stream
D10 N2 274403 /5/7% | = | = 0O | soil 'L lrrass,road |Yes |By stream below 3DV,
D11 _NZ 274403 n/5/73 | = | = O | stone L " " R oo
D12 NZ 270k 11/5/75 18,01 S | O knamel | O jrrassland |No |01d bath in field,
D1 NZ 159345 M/5/73 19,2 | ¥ | 4 | gravel | O lgrass,bush |Yes |Outflow from lake,
15 " v " " " " " " " " " "
D416 NZ 16331314/5/73 18,91 S 0 | gravel 0. ngass,bush Yes | Pool in old road.
D17 NZ 163343 il 1 1" 1 " n 1 " 1 noon ]

D23 WZ 255492 12/5/73 |L.8 |ITF | 01| grass S lgrass,bush | No | Pool on Waldridge Fell
D24 N7 254493 42/5/75 | 3.9 O peat bog |0 lgrass,sedge| No | " " “ "
D25 NZ 253484 12/5/73 3.2 | S | O Ibare peat]0 " W | No |Peat pool, "
D6 Nz 27541512 /5/7%6.2 | S O_rood tub |0° | none near |Yes |Tub near laboratory.
D2 7 1" s 6, 3 " " 1 ] 1 n 1 1 4] n
I R R HEEEEE
D30 " t16.6 1 " " old sink | " " " Sink " "
D31 Nz 243354 1%5/73 6.8 | F 2 |pebbles | O | grassland |Yes |0ld House Beck
D32 Nz 230355 1%5/75 [7.3 | P | 2 [PePPLeS | .0 | graggland |Yes |01d Ho. Beck,Pege Bl

s

dia NZ 240405 Lo7 |TF | 01 clay L | grasgland | No | Gragsy ditch, ahow cor
fiah N2 241405 L6 |TF |0~ clay S | bushes No | Same ditch 7C0nuwsfe's
W5 WNZ 242405 7.0 |IF | 0~ clay 0 lgrass,sedge. No | Stream at bhase of iy
Wa NZ 243405 7.5 | F 1 clay | L | .grass No | Slow moving siream
W5b INZ 213405 7.5 F 1 clay 0 none No | Fast sé¢ction on tiwn.
WS¢ [WZ 243005 7.5 |IF 01 clay 0 none Yes | *Souxget of V5 _atrcam,
W6 INZ 245,06 7.7 |IF | 01 clay L | woodland |Yes | Ruts in 0ld track.
W7a NZ 246406 8,0 | F 1 stony 0 jrough grass|Yes | Trib, of acid str. Z,
7o BZ 246405 8.1 | 72 clay o | =» * |Yes | Backwater of W/a,

W8 WZ 246406 8k [ S. ] O clay 0 |rough grass| No | Pool near W7,

W9 . N2 247406 7.7 [IF | 0-1|  olay L |grass,badcy| No |Ditch along field.
V10 INZ 246409 6.7 | F 1 | concrete| L | grassland |Yes | Pive 4 outfall,

W11 NZ 246410 7.2 |8 O | sandstmeg O | grassland |Yes | Stone trough.

W2 NZ 248,40 7.2 1P 1 f,eaty L |clearedwood No | New Cut above con®.
W43 NZ 246,10 6.7 {IF [0-11 concrete| L | grassland | No | Lined ditch.
WAl [Z 246440 7.0 | 7 1 rud. 0 | gragsy bog| No | Pive 2 outfall.
VM5 NZ 216409 6.9 IF |0~ clay "L ipragg,sedge, No | Boggy stream,

W46 NZ 243403 6.5 18 0 clay 0 gréssland ’WNO Pools im subsidence,




e
¥

\Q/ ~ (Q/ (\/ %
(,\@«Q\‘ 2 %@ -@ é)-' o> \\@@@ = \Q’Q 19
O ¢ G 2y ErlsoN|Es &
: a = 7 B L 7NN P o=
7252405 2.6 1 clay L prass, bush| Yes |Source of acid stream
212405 2.6 clay L erass, bush| Yes {Beclow Wia
243005 2.6 1 nebbles | S wood -
21006 2.6 1 liron rire| O barley Reservoir in flow
215106 2,6 1 concrete| O barley Reservoir outflow
7% 214406 2.7 1 pebbles| L grass ihove canf,cfacid shreem
L 214406 5.2 1 Jclay | L pTRss Acid stream 2
240005 "3 1 clay 0 |roughgrass Acid stream 2
214406 3.8 nebbles | L wood Below corf. of acid stcan
245408 3.8 4 roclky L few trees At road bridge
2245409 3.3 1 1 md few trees MNear dead trec
7, 216410 3.8 1 | mud 0 |boggy grass Esh Wood houndary
216440 6.7 1 | mud O |bogpygrass Pipe 3 outfall
. 216414 16 L mud dleared wood Below New Cut
% 242405 grass, bush 5. m, above stream
213505 S wood do.
214406 0 none near L m. above reservoir
241106 wood * m, above stream.
\5 Z 212104 0 grass near North Weod BYary
AS 212405 0 |roughgrass 3 m., east of S4
A7 243001 L bushes 10 m., south of S2
48 242405 0 none 3 m, south of W5bH




Table II shews sites in erder of pH., Samples D10 and D11, D14 and
D15, D16 and D17, D26 and D27, D29 and D30, were cultured tegether, se
giving 16 sets of 'D' cultures in additien te the mixed cultures at
pH 2,6 = 4,0, 'S' sites 1 = 5 have been grouped tegether as flara,

pH and mest ether chemical facters are fairly censtant.
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TABLE IT

Table eof Sites in erder eof »H

Site Ne.

$4-5
56
S7e
D25
810
S8w9
S11
W1b
Wia
D23
S7a
D26/27
D8

543
w16
D29/30
W13
542
W10
D34

D6

W15

w3

Wik
D10/
D7

W14
w12
D32
Wa, b & o
D3

w6

w9

D12
Wia
W7

oy

w8
™M6/17
D14/ 15

rees

Acid stream 1 dewn te reserveir

Acid stream 1 abeve cenfluence ef Acid Streams
Acid stream 2 abeve main tributary
Waldridge Fell

Acid Streanm 4

Acid Streanm 4

Aalid Stream 1 Esh Woed beundary

Ditch, tributary ef Acid Stream 4

Ditch, tributary eof Acid Stream 4

Waldridge Fell

Acid Stream 2 abeve oenfluence ef Acid Streams
Tubs near laberatery

Cenifer woed stream

Acdd Stream 1 below New Cut

Poels in field near Nerth Weed

Tubs near laberatery

Iined ditch near Esh Weed

Pipe 3 eutfall

Pipe 4 eutfall

014 House Beck (A.690 read bridge)

High Scheel Sewage Werks final effluent
Beggy stream, tributary of Acid Stream 1
Stream at base of tip

Pipe 2 eutfall

Edge ef stream belew Hellingside Lane S,D.W.
Stream belew D6 effluent

Stene trough near pipe 3

Rew Cut abeve cenfluence

01d Heuse Beck, Page Bank

Stream frem tip

Ditch, Brasside

Futs near weed

Ditch aleng field

014 bath in field »

Main tridutary ef Acid Stream 2

Backwater of main tributary ef Acid Stream 2
River Wear, Finchale

Peol mear W7

Poels in eld gravel read, Witten-lewWear
Outflew stream frem small lake, Wittem-le<Wear

pH values given are mean values as in Table 1

W9 and W10 were found te have very variable »H values,

2,6
247
Set
3.2
3¢5
3.8
3.8
Leb
L7
4.8

643
6ol
6ok
6.5
6.6
297
o7
6.7 #
6.8
6.9
6.9
7.0
7.0
7.2
7s2
7.2
Te3
75
7.6
7e7
7.7 8
8.0
8.0
8e4
8.3
8.4
8.9
9e2

21



4.2 OCulture dates and »H values,

'D' oultures were set up individually at sH values ef »H = 3,0,
pH = 5,5 arnd 3 = site pH as listed in Table II, in additien te cultures
of a mixed ineculum at pH values of BH = 2,6, 2.8, 3.0, 3¢2, 3ely 346,
348, 4e0u These were incubated froem 13.,5.75 to 2.6473.

'W' cultures were set up as described in 3 series. Initial pH

values of series Y and Z are given in Table III belew,

22

Site ne. rH value i value Serieﬁ PpH value Series
series Y Ze 314573 Ze 29.7.73
sample, sample,
Wa 2.6 4.8 4e6
Wb 2.6 L.8 Loy
W3 2.6 6.9 T4
wWHa 2.6 7.2 7.8
W5 2.6 742 7.8
w50 2.6 7.2 7.8
W6 2.6 75 749
Wia 5.2 8.0 8.0
W7o 52 8.0 8.2
W8 3.8 843 8.5
w9 3.8 7.2 8.3
W10 3.8 71 6.2
w11 3.8 745 6.9
w42 3.8 71 73
Lk 348 N 7.0
LETY 3.8 6.8 6.9
W15 3.8 649 6.9
W16 2.6 6.3 647

Cultures were examined after apmreximately 3 weeks incubatien
starting en 21.6.73 and 12,8,73 respectively,



It was feund that cultures at an initial »H of 3.5 er greater
tended tewards a pH value of areund 7.0, whereas pH values of cultures
at pH = 2,6 remained oenstant, and values fer cultures at initial

2H = 3,0 oenly rese te a maximum of »H = 3.3.
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4,3 Fleral analysis eof cultures,

(1) Algse feund alive on exsminatien ef cultures are tabulated in
Tab:le IV. Results frem beth sets ef 'W' samples have been cembined,
as have results frem sites WSa, Wob, Whec., Algae surviving in any ef the
culturés are listed, as this indicates préseme of the alga at the site
in seme feim, even if net actively grewing., These surviving enly in
cultures at pH = 3.0 or less are distinguished by marking their sresence
with & aircle rather than a oress.

Results fer 'S' sites are a combination of results frem all fleral
samples taken since Octeber, 1972 (pers. cemm, HARGREAVES), All these
species have been shewn te be cepable of survivael in the medium used.

Notes te Table IV,

Chlerephyoceae,

Many of the palmelleid green ferms present could net be identified,
as well as seme of the smaller metile &nd nen-motile forms., Therefere it
is quite pessible that seme cells listed as nen-metile greens may be of
the seme species as sems of the motile ferms. (Ik = metile, NM = non=-motile),
Measurements given fer filamenteus species a;m the mean widths ef the
filaments, For mn-filaﬁ_wntmus species, either measurements in twe
directiens are given or, fer spherical species, the diameter is listed,

For Oedegeonium spp the diameter of the oegenia is given mrefixed by e~ (inum),

The algae listed under Hemmim&/mwmggsfznmy beleng te ene er
several species. |

Meugeotia has been ldi.ated under 3 different sizes but this may net
correspend te 3 species. Lack ef time mrevented study ef the repreductive
stages for ldentificatien.

Chryseshyceas.

The Chryseshyte feund in acid water en Waldridge Fell was previsionally

identified as Chrysecapsa sp (pers. cemm, HIBBERD) and is very similar te



the organism feund in Branden Acid Stream, se these have been listed
togéther altheugh they may not be the same species,

Bacillarioshyoeae,

Meagsurements given are mean ocell lengths aleng the largest axis,
Musci,

At least two different species of mess protonema were observed,

(41) Mixed ineculum cultures.

Results eof the fleral analysis of these cultures are given in
Teble V., The same notes apply as fer Teble IV, and the results are

seen te cerrelate well with these in the latter Table, The—increass—in

(144) ‘'Asseciatien Table'.

From Tablcl IV it can be seen that some species were only found
in enltures from low pH sites, whereas ether species, although feund
at low pH, appeared to eccur ubiquitously. A few apecies are
confined te the upper half ef the pH scsle. Representative species
of these types have been selected from the results arnd arranged in

the form of an 'Asseciation Table' ( SHIMWELL, 1971 )s Wat=with
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_Table WM.

Floral results for survival in culiures of mixed incculum,

—

Initial pH
pH after 3 weeks

°

© L]

N
°
e

2.813
2.8 3.
X
X

.0 .8 14.0
1 0]

3
5.0 1 5.7

EaN. O
N [ON

~Eno o
©
N Oy
e AU GV
©
U1 H

Chrysocapsa sp./BAS sp.
Bunotia exigua

ol b SR = AUV IR O]
> e
S

4

>
>

Fupslena mutabilis X

=

>4
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(iv) Survivel at low »H.
Algae which survived in individual site cultures at initial sH

of 3.0 or less are tabulated in Table VII. Since the maximum pH reached
by any of these cultures was 3.3 these organisms oan survive in oculture
at or below this value, Certain'Ss'sites are emitted as incudatien eof
cultures of samples from these sites at lew pH was not omrried ocut.
The erganisms are listed in basiocally the same order as in Table VI,
The follewing were alse found but are net listed in the Table:
Whake Pimularia sp. h5}m. W7a Cosmarium sp. 50um.
51-5  Pinnularia aceriocela 15m. D7  Cylindrecystis sp.
W16 Fuglena (viridis?)

In order to dlscover whether acid teleranoce of a species was
related te the pH of the site at which it wes found, the variances of
the distributions of pH values of sites at which the species had heen
shown te ecour (Takle IV), and of those from which the species survived
at low »H (Table VII), were cempared. The variance ef the distribution

of »H values was caloulated in each oese from:
2 gl ———
s° = %L_L%an. - (3,2

where N = mmber of sites
plg,x = pH value of site n,.
For each species the larger variance was then divided by the smaller te
give 'F*', the varianoe ratie.
The caloulation was ocarried out fer all species found to ccour in
at least 6 cultures in both ocases, and results are givem belew., Algae

of doubtful taxensmic pesitien er unidentified have heen emitted.
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TABLE VIII

Species N, N, 3,2 8,2 F
'_; 10 1.525 o;;;; 10401
27 28 34323 3354 1,009
21 23 2.965 2,745 1,080
15 17 0.768 0,704 1,091
Chrysecepss sp/BAS Chrysshyte 7 7 1.565 1.565 1.000
BEumetia exigua 6 7 0,717  0.824 1146
Hitzachis palea | 6 12 3.903 2,943 1326
Buglena mutabilis 7 10 3.728  3.807 1.024

N = rumber of sites frem which species survived in onlture at pH 3,3
(emitting 88/9, 511, S7a, S13, S42)

N, = mumber of sites from which species survived in oulture at any »H
(omitting S8/9, S11, S7a, $13, 512)

312 = variance of distribution of pH values eof sites frem which species
survived in oculture at »H 3e3
(omitting 38/9, 511, S7&, S13, 512)

322 = variance of distribution of pH values of sites frem which species

survived in culture at any pH
(omitting S8/9, 511, S7a, S13, $12)

The values of F obtained fram the data were compared with values
fran & table of 25% points ef the 'F' distribution (MERRINGTON & THOMPSON,
19:3). . This correszcids te a probability level in this case of 50%
since by dividing the larger variance by the smaller, differences in both
directions have been considered (BAILEY, 1959). The results from the
data were compared with the tebulated values of F corresmonding te
f1 = N1 = 4 degrees of freedem in the mumerator and f2 = Nz « 1 degrees
of freedem in the denocminator, Variances were compared, rather than
means, since wost sites have pH values arcund the centre of the runge.

Using this method, any significant differences in the acid telerance
of samples dependent on eriginal site pH should show up as a difference in

the variances of the distributiens of the pH values. At the 50% level
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none ef the 'F' values obtained exceed the tabulated values, se
showing no significant difference in the twe éiif:‘t::‘ibultiam &t this
level. Thus, from the results obtained, there‘ is no evidence eof
alaplition of particular algal cells within a spef:iea to telerate

low pH cenditions.

(v) TFleral Comparisen ef Agid Streem {1 and its Catchment.

No species were found te survive in onltures of 'W' samples at
pH = 2,6 (¥Wia, Wib, W3, W5a, W5b, WSo, W6 oultures ef series Y) that
did net alse oocour in Acid Stream 1 nearby. (Series Y cultures fer
other 'W' sites could not be used for this comparisen due to changes
of culture pH,) Moat of the Acid Stream species were found in these
oultures although the Chrysoshyte and Cryptomonas sp. were notable by

their absence.

(vi) Fleral Cemparisen of the Acid Stream Catohment and the 'Duyha:

The ocourrence of seme of the species cemprising the flere of
Aoid Stream 1 in the catclment was cempared with their eccurrence in
the 'D' samples from Table IV, Few of the acid stream species were
found to ecour in more than a small number of 'W' or 'D' sites.

Homidium rivulare was found to cocur in 14 ocut of 15 'D' sites and

13 out of 16 W' msites listed, showing no apparent difference in
distribution with respect to pH in the 2 areas. Similarly Stichocooous
bacillaris and Chlamydomonas sp.(»?) 6}3; were present in mest sites of
both series although absent from 'D' sites at »H = 3,2 and 4.8, However,

these differences can hardly be regarded as significant., —This—is

disoussed—in Seetion5+3.



(vii) Florsl amlysis of 'Air-Flers' study Oultures.
Speaies found alive in the fleral analysis of the

‘aireflare’ cultures are show in Table IX,

Sexples from sites A1 « Al were cellected on two
ecoasions, 29,6.73 and 13,8.73, and the results have been
cembined, Samples from sites A5 - A8 were collected on
13.8.73 enly, and results fer A5 at pH = 5.5, and A7, are missing,
as the colleocting vessels were damaged by animals or vandals in
these cases,

Results for open beakers and those covered with
muslin, were not significantly different, so these have been:

combined in each case,



TABLE TX

Floral Malysis of Cultures

from Air-Flora Experiment.

s Site AEIE I PRI EIEICIC NI Bk
Chlamydomonzs sp.(p) G | X | x| |X X

green NI 6 pm X |X | XX X| X
Chlamydomonas sp.bxﬁm X X2 X XX X XXX

green Niibx3 ym Xy x| XXX o XX
Chlamydommas - gp. OxBam XL £ X
green MENM 1015 pm x[xfx [x] [xlx]x XX
green N 15-30 jm X1 XIx X

green M 3 pm X X

green I 3 ypm ®X | XX X X X
Tighy colenizl XX XX XX X
Characium sp. L1 X

Ulothrix sp. 7-8 pm X X

U. moniliformis XIX|X XX XX

Hormidium rivulare XIXIX X | XIXiX

Stidhococous becillaris | X | X |X |X |X | X| X|X

S. minutus XX X XX x| x|
Protococous viridis X | |X 1% |X|X| X|x [x]x X
Mougeotia sp. 10 pm XX

BAS Chrysovohyte X

Funotia exigua XX XXX X

MNitzschia ‘ovalis X X

Pinmularia sp. 20 pm £ K

Pinmularia sp. 35 pm L] X X

P, acoricola X

Euglena mutabilis X ix X X IX X X

Euglena sp. 10 pm X

Moss protonema XXX X XX |X X £
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5 DISCUSSION

Firstly the limitations of the experimental methods used
are discussed and within the restrictions imposed by these limitetions,

the results are then considered and cenclusiome drawn,

54 Discussion of Experimental Methods.

All the foregeing data are based on examination of organisms
in culture, so care must be taken in applying the results to algae in
the field, In examination of cultures various facters prevented
identification of all species sresent, Some smaller diatoms and green
algre were disregarded, and many green species could not be identified
although these are mostly listed descriptively. Purther disocussion of
taxonomic problems is given in Appendix IT.

All samples were cultured at "ield pH values under the same
conditions as the acid aaltures. Thus compariacns carried out
between survival of a species at low »H and at field pH were based on
the same conditions except for presence of sulphuric acid, and
differences in composition of the algal population. Few organisms
were found which did net survive in the medium used.

The mejor problem encountered in culturing erganisms at low
PH was the change in pH brought about by their growth in cultures at
initial »H values above pH = 3,0, Other workers have used buffers
to stabilize pH but it was thought that this would introduce other
factors affecting growth, and for a comparison with the Brandon Acid
Streams it was considered best to use only sulphuric acid., OCultures
at lower pH were extremely stable. FPracticel difficulties
precluded regular adjustment of pH, Therefore, results from
cultures at pH = 3.5 or above were combined with field pH results.

Competition may alse have cccurred in cultures to some extent
- evidence for this being that e few species were only recorded in

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



although ether evidence indicates that these species are not
obligate acidotrophs. (These are marked with a circle on Table IV),
However,; this will be noticed not to be widesmread excest in tie
case of some unidentified greem algae where the forms recorded at
low »H may be non-motile stages of other species recerded at

higher pH. Ulothrix/Hoxmidium sp. and Stichococous minutus appeared

to fare particularly badly, especially where large growths of

blue-green algae or Stigeoclenium temue occurred. Okservations

from all cultures have therefore béen included in Table IV to
ninimise erreors. Formation of microhabitats at different pH from
the main body of a oculture is another possible source of error
(YONGUE & CAIRNS, 1971), and this was minimised by growth in a
shake~tank,

Iimitations are imposed on all the results in that the
data were collected only at one time of one year, and site »H
values were only measured ance or twice, The experiments need
to be repeated over several years to obtain relisble data., Also
the data were based on presence and absenoce of living cells only.

5.2 Acid toleramnoe ef algae.

The results set out in Tables IV and VI indicate the pH
ranges of ocourrence of species frem the sampling sites used., It
is interesting to note that few appear to be obligate acidotrophs
on the basis of these data, Those that do appear to be limited
to low »H sites only include Chryseocapsa sp./ BAS Chrysophyte,
Crystomonas sp., Funotia exigua and Roye obtusa , the latter
showing a very rarrow range of ecgurrence, Other species ocour
over a larger range of pH but are less common at higher pH., e.g.

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

in occurrence, e.g. Hormidium rivulare, Stichocoocus bacilleris, and

Chlamydomonas ep.(p), Bud sble to tolerate very low pH conditiens,
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However, it must be remembered that these data are based entirely
on survival in culture and give nc indication of cever in the field,
or of growth and cempetitive ability. For instance, although in

the results Euglena mutabilis does not appear to be specific to acid

flowing waters, it is in fact one of the most reliable indicater
organisms for this type of environment, often growing profusely and
forming a green coating obscuring the stream bed. It has been
found in all acid streams so far studied in Britain (pers. comm,
HARGREAVES, 1973) and is reported to ocour similarly in the U,S.A.
(LACKEY, 1938).

In general, studies oarried out in the U.3.4, show similar
results (LACKEY, 19393 BENNETT, 1969) for acid tolerant species.
M0SS (1973) investigating the effects of »H on verious species in
culture gives results whichocorrelate well with those given above
for most species appearing in most cases, He reports Iunotia sp.

and Euglena g‘acilig as being the most tolerant of acid cenditions

of the species he has studied. Under his classification, most
acid tolerant species would be regarded as oligotrephs,

Fram the results it is obvious that a high degree of acid
tolerance does not secem tobe specific to any particular division of
algae. Members of the Chlorophyte, Chryseoshyte, Bacillariophyta,
Cryptophyta and Euglenophyte have been found in the field at sites
of pH below 3,0, Divisions not resresented are in general fairly
rare or have relatively few freshwater representatives. The only
common freshwater division not reported from acid waters is the

division Cyanophyta. In these results, Oscillateria sp»., Lyngbya spp.,

Pseudsnabaena catenata and Nestoc spp. are all absent from sites

of pH below 6.3, and Anabaena spyp. are absent from sites below pH = 6,6,

A1l ocour widely at all pH values above these up to pH = 8,3,



This absencs is discussed by BROCK (1973) who asaribes
the inability of members of this division to survive in acid waters,
to the fact of their belng procaryotic algee and suggests that
acid environments were possibly of great immortance in allowing
the evolution of euocaryotic organisms. It is interesting to
éona.ider why procaryotic algae are unable to survive while many
species of baocteria are able to thrive in acid waters (JOSEFH,
4953). Brock suggests the possibility of using mild artifioial
acidifioation of reservoirs in order to prevent Cysnophycean
blooms, and improvement of nitrogen fixatioen by liming to inorease
s0il water s in the cultivatien of certain crops. MOSS (1973)
reports minimum pH valuea for growth of between 6,2 and 6,9 for
a Gloeotrichia sp. and a_Cloeccapsa sp. which is in agreement with
the above observations.

From the results a very high degree of correlation is
apmarent between species surviving at pi = 2,6 in the cultures of
a mixed inooulation mrepared from the 'D' samples (Table V) and
the flora of the Brandon Aoid Stream for sites S1 - 5 as represented
in Table IV, DNone of the samples used in preparation of the mixed
inooculum were from minewater drainages, Most of the peositively
identified species listed in Table VII as surviving at low pH ococur
in the Acid Streams at the same »H, and several of the unidentified
organisms may also occur. Taking into account the result (Seotion
L3 (v)) that all algae frem the catchment of the Stream which
survived in culture at sH = 2,6 are found in the upper part of the
Stream, these results throughout suggest that »H and associated
factors are the main contrelling influences in déemiiing the flors
of andon Acid Streams, as opposed to non~pH-linked factors

characteristic of minewater.
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5e3 Relation between acid tolerance and field »H.

If Table VII is examined it will be seen that many algae
surviving in culture at »H < 3.5 were found in samples from environments
of normal »H in the field, although the number may fall off slightly
towards the extreme upper end of the »H raxigo. . From 'F* vvaluea, listed
in Takle VIII, ne significant differences betwesn the two distributions
oompared are apparent even at 50% probability level, for the eight
species considered. The only species surviving at low »H seclely when
takenn frem low pH environments in the field are those whese occurrenoce

is confined to these acid sites, i.e. Functia exigua, Cryptomonas sp.,

‘C_k_z_r_z- socapsa 8p./BAS Chrysophyte, and Roya obtusa. INo cultures of these
organisms at higher sH were attempted. Thus there is no evidence here
for the fermatien within a species of ecotyees adapted to telerate acid
conditions. However, these data are based sl mply on survival in culture,
and may not be remesentative of belavieuwr in the field,

If such adaptation did occur then it would be expected,
assuming that the organisms are readily transported short distances,
that members of an acid tolerant species within the vicinity of an acid
stream, i.e. in its catchment, woeuld be more acid tolerant than the
same species from elsewhere., Comparison of the number of 'W' sites
from which algal spp. fourd in the Acid Stream survived, with the
mumber of such 'D' sites, shows in meost cases that the number of such
'W' sites is the larger, altheugh in ne cases is the difference

significant, However, it is worth noting that Euglena mutabilis from

the twe 'D' sites at which it was found, did not survive low pH, whereas
cells of the same species did survive when taken from all L catohment
sites at which it ocourred., Thus, altheough no significant evidence
for ecotype formation was obtained, further study is necessary.

The evidence presented above suggests that acid tolerance is

typiocal of a species to a great extent, although the behaviour of Euglena



mutabilis suggests that adaptation to acdid envircrments may also be
a controlling factar.

St Air-Flera Ixperiment,

Little can be cencluded from the aireflora experiments
conducted since only a limited number ef cellecting veasels could be
get out, ard of these, a considershle proportion at sites away from
the Acid Streams were damaged by animals or vandals, Froem the
results cellected it is seen that no algae were found in the cultures
that did not ococur in the catchment, except one Ulotl;rix a8p.
ﬁewever, this is not surprising as the catchment does not ampear to
bavend adstantially different flora frem that of the surrourding area,
Very few Acid Stream species were found in the cultures at short
distancesaway ifroem the Stream, although many of these swpecies appeared
in the beakers 0,5 m. above the Stream -~ some possi;aly due te
splashing during flood periodls in the case of Site A1.

(ne can concljpde frem these data that the Acid Stream smecies

are not very abundant in the air a "few metres away from the Stream.
Remarkably little diffsrence was observed between collections

at pH = 2,6 and those at i = 5,5, but no blue=green 'élgae were found

in any samples, (&B expected result). The absence of difference between

results for beakers covered with muslin and those left open suggests

that contact between insects and the growth med.{um was not an important

facter lin_t*he colenisation of the cultwes. TFurther investigations

would prove most interesting,

5.5 Recompendations far further research.

Further work of the type described above but on a quantitative
basis is needed to elucidate the occurrence and extent of formation

within a species of ecotypes especially tolerant to low pH environments.,



L5

Hepeating the experiments carried out but using oultures at a
range of pH values below pH = 3,0 might show ecotypic variation
in the lower pH limit for survival within species.

A great deal more work using a large number of sampling
sites to investigate fully the aireflara ef the Acld Stream

catchment, might yleld some very enlightening results.



SUMMARY
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STMMARY

Algal samples were collected from habitats with a wide
range of pH values and their tolerance to low pH was investigated,
The observed pH ranges of ccourrence of species in the field are
tabulated, and the ability of the species to survive at low pH,

recoried,

The results indicate that some species are apparently
confined to sites of low pH environments, whereas other
telerant species also ocour in normal or high pH enviromments,
It apwears from the results that pH is probably the major facter
determining the flora of the Branden Acid Streams. IEvidence
found suggests that tolerance of low pH conditions is to some
extent characteristic of the apecies oconcerned, irrespective of
the envirerment from which it has been taken., However, there
is also evidence suggesting the oogcurrence of adaptation within

a species.

Some experiments eon transport of algre by air were carried

out, but limited data were ceollected,
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APPENDIX 4

The medium used threughout for cultures was basically Chm's
10D medium modified by the addition of micreelements and seil

extract. The medium contained the following in a litre of distilled

water:
KHZPOA 7+80 mg. H32303 715 P&
MgS0, .7TH,0  25.0 mg. MnClz.l.HzO 45,0 ng.
Ca(10;), 40.0 mg. ZnS0, . 7H,0 5546 pge
N&HCOB 15.8 mg. 0\130,4_-5320 2040 R&.
Na25103 10.9 mg. 09804.7320 205 pg.
E.D.T,A, Na salt L4.20 mg. Na Mo0, .2H,0 68.5 pg.

This gives concentrations ef the various elements of:

(Po, )P 1,80 mg.I'. Pe 250 )m.‘l""

Mg 2.56 mg.l’ﬁ. B 127 }18.1-1.
Ca 950 pg. 171, Mn 12,7 pga2~t,
(105 )N 6.85 mg.1™ ", Zn 12.5 pe.1”,
c 2.25 mg.1”. Cu 51.2 pgol ™.
51 2.46 ng.1”". Co 43.0 pg.1”",

27.2 Pg.l.q.
1 ml. of seil extraot was alse added to every litre of medium, This
was prepared by repeated boiling and cooling of 25 cm3 « of seil with

100 ml, of water, fellowed by centrifuging te clear the liquid.
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AFPENDIX 2

Taxonomic problems.

As mentioned, the detailed study of unialgal cultures in
order to investigate reproductive procasaeé was not possible, so
many species could not be identified, e,g. Mougeotia spp., Zygnema
spp., Spirogyra spp., Oedogonium s®p., Vaucheria spp.

However, the major area of difficulty was the identification

of some green algae, Only motile forms of Chlamydomonas observed

are listed under this generic name although many of the palmelloid
green algae with pyrenocids may be of this germus, Eye spots were
not apparent but often the adverse environment in the cultures
caused excessive accumulation of storage »roducts, masking many
morphological characteristics, Thus it was not mossible to assign
such algae a generic name with any certainty. The 6 Jim non-motile

greens listed may be (Bamydomonas sp.(p) or Chlerella sp.(p) and

the larger nan-motile greens may also include Chlorococcoum spp.
The smaller green algae observed may in some cases be foms of

Stichocoocus sp. affected by the adverse conditions, and the smaller

motile biflagellate greens, perheaps including some algae listed as

Chlamydomonas sp. may be Zoospores of Hormidium sp. Thereforé it

should be bemme in mind that some of the desaxriptive classifications
may encempagss meore than one species, and oonveraeiy that several of
these organisms may be of the same speocies in some cases,

An especially interesting problem arises in the identification
of Ulotrichales found, particularly in acid oultures., This is
complicated by the morphologicel changes ocaused by the acid
environment,added to. which the generic classification of this order
is under a certain amount of dismute, The minor nature of‘ readily

observable differences between the genera Hormidium and Ulothrix and




the wide range of morphelogy within each gems, makes assignment to

a gemus diffioult, RAMANATHAN (4196l) distinguishes them on the
basis of differentiation of the base and alae;c of a filament which is
present in Ulothrix but absent in Hormidium, as well as Hormidium
having, in general, shorter filaments., BOURELLY (41966) also points
out that Hormidium produces mainly biflagellate zoospores in & nirast
to Ulothrix. A certain amount of confusion alse exists in
distinguishing Hormidium and Stichooocgus and FOREST (1954) includes

Ulothrix, Hormidium and Stichococous in the same germs Uldkhrix,

Most workers seem to distinguish between Hormidium and StichGooocus by
including all spp. with a pyrencid and motile spores in the genus

Hormidium, Alse Stichococcus is not ususlly found in the form of

filaments of more than a few cells, although in the cultures observed
here, Tilaments of up te 4O cells have been noted,
The omfusion is also added to by the fact that Hommidium Lindley

is an orchid gemus and Fott proposes the name Chlorh

; éimn whichis
used By Bourelly.
The species listed in these remlfs have been identified using

Ramanathan's keys, giving the acid tolerant Hormidium species found as

Hormidium rivulere Xftz. (Syn. Ulethrix rivulare Kitz; Stichecoccus
rivalare (Khtz.) Gay). The species is very similar to Hermidium
fluitans but does not break up so easily,

The cemmon Stichocooous species observed was listed as

Stichocooous bacillaris Naegli, although the long filaments fit the

description for Hormidium mseudostichococcus Heering. Stishococcus

minutus listed is distinguished from the very similar Stidheccoous

chlorelloides by its slightly terminally shifted chloreoplest,
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