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Species composiÈion and biomass (expressed as ce11

volume and chlorophyll 0,) of the epÍphytíc, epípe1ic and

planktonic a1ga1 communíties of the 1íttoral zorLes ín two

shallow prairie lakes ürere examined and the periphytic

'communitíes on T qytlta- LatidoLia and cel1ulose acerate

ürere compared.

SpecÍes diversity was considerably Lower ín all

communíties studíed than previousJ-y reported values. The

Bacíllariophyceae contributed large volumes, often 90-1007.

of the total community in the epíphytic communíties on

Tqpha and ín the epÍpe1-on in both Lakes 255 and 623. The

epiphyton on the artifícía1 subsËrates (smooth and roughened)

in L255 !r'as domínated by Èhe Cyanophyta v¡hich often

contributed more than 45% of the total communítv. In L623

AB S TRACT

the communÍties on the smooth and roughened aceÈaÈe T^rere

almost completely doninated by the green aLga Stigeoc.Lonium

nz"nun r¿hích frequently comprised 90-1007. of the total

community. SeasonaL mean biomass estimaËes expressed as

ce11 volume and chlorophyll a in both lakes hrere lor¿est

among the epiphyton and hÍghest ín the epipelon. Generally

the epiphytíc and epipel-íc biomass estimates hrere lor¡er

ín L255 than Ln L623 but the phytopLankton biomass expressed

as ceIl voLume and chLorophyll a rÀras much higher in L255

tlran L623. However in only 3 of the 10 communíÈies ínves-

tígated durÍng LgTg did the seasonaL cell- volume and

íi



chlorophyll 4 bíomass estimates correlate signíficantly.

cell volume was considered to be a much better method of

bÍomass determination than chlorophyll d rrrhen comparisons

rüere made wÍth the actual specíes present. The epiphytic
algaL communíties on smooth and roughened ce11u1ose acetate
compared to those on Tqylha dísplayed comparable seasonal

mean cel-1 volume estimaÈes on1y. communÍty composítion

differed signíficantly and in all cases the values obtaíned

as eíther species composítion or bíomass demonsÈrated

great similaríty bethTeen the populations on the tvro

arÈifícíal substrates but never between the artifícial
and natural substrate.

l- l_ l_
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Purposes of this study rrrere fírst1y to describe the

seasonal succession of the epiphytic, epÍpe1íc and 1íttoral
p,lanktonic algal communítÍes within trÀro shallow prairíe

lakes; to quantífy successíonal events by the use of ce11

volume and chlorophyll a bíomass estímates; Èo assess the

va1ídity of these estimatíons; and to evaluate the use of

smooth and roughened cel1ulose acetate artifícial substrates
as a meâns of studyíng epiphytíc communitÍes.

INTRODUCT I ON

Examinatíon of these three aLgal communitíes vras

undertaken ín Èhe liÈtoral zones of Lake s 255 and 623 of

an aquacurture project Ín the Erickson-Elphinstone area of

southwestern Manítoba frorn May Èo october of 197B and rg7g.

rn L978 the epiphyton aÈtached Èo smooth cel1u1ose acetate

artif icial subst.rates \^ras investigated. rn 197g the study

r^ras extended to the epiphyton attached to smooth and

roughened aceÈate artíficíal substraÈes and to the emergenÈ

macrophyte Tt¡yt[ta" I-atí(oLict (L.). The algae of rhe epípe1on

and phytoplankton ürere also examined during Èhe rg79 season.



Termino logy

There ís much confusíon and disagreement as to the

definitions of three wÍdeLy used Èerms pertaíníng to the

algal communÍties attached to substrates or tfree-1ívingr in

aquatíc sedíments. They are rbenthos t , tAtfwuchs I and

tperíphytonr.

The definítion of the rbenthosr or rbenthic organísmsr

should by the' very nature of the word, indicaÈe botËom-

dwelling organísms but very few, S1ádeðková(1962) perhaps

beÍng the only notable exceptíon, have recognLzed the

benthos as only those organisms I free-living | ín the

sedíment.

LITERATURE REVIEI,I

Most others (Cooke 1956, Hutchinson 1967 and

I'Ioerkerling L97 6> , have def íned the benthos broadly as

those organísms attached to substrates or living freely

withín the sedíment.

Moss(1968) and Moore(I974c) ín the orígína1 termínology

of Round(1964) referred to the benthic algae as Èhose algae

associated r¿íth either the sedíment-water or attachment

surface-water ínterface. Round(1964) defined three benthic

aLgal communíties: epipelíc(on sediments), epilÍthic(on

rocks and stones) and epiphytíc (on plant surfaces).

Moss(1968) recognízed the benthic algae as consísting of

äp ipe J-ic , at tached ( epíphytic , epí 1i thic , êp ipsannrníc ) and

mat-formíng groups.
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The truly benthic component has been labe11ed

through the years by such Ëerms as'oozer(Cooke 1956),

t herpobenthos t (HutchÍnson L967 ) and I pelos I (trrToerkerling

I976). Most !'rorkers notr refer to ít as theIepipelont

regardless of theír definíÈíon of the benthos.

The adnaÈe portion of Èhe benthos as defíned

by Cooke(1956), IIuÈchínson(L967) and trIoerkerling(L976) ís

often confused bv other terms such as tAufwuchst and

I periphyton | .

The European term Aufwuchs, reported by Cooke(1956)

and others ís synonomous with the periphyton of Young(1945)

in S1ádeðková (1962) , S1ádeë.ková (1962) , Hut,chinson (1967 ) and

f haptobenthos Íntroduced by Ialarmíng (I923) in Hutchinson

(1967 ) and revísed by Hutchinson(1967).

i{hichever term is used (Aufwuchs, períphyton,hapto-

benÈhos) the communíty ís limíted to all those organisms,

except macrophytes, that are attached

peneÈrate the substratum. Subsequently,

used to more thoroughly describe the

host (eg. epiphyton, epílithon,

Stockner and Armstrong(I97L) described the epílithon as

the 'epílithophyton' . Foerster and Schlíchtíng ( 1965)

used ah1 term tphyco-periphyt,onr to desribe the epiphytic

algae on both natural and artíficial substrates. Neither

of these latter terms has been used extensively by others.
- l^Ioerkerling(L976) more specífical1y restrÍcted

that comoonent of the benthos attached to solid substrata

to but do noÈ

rnodÍfiers have been

association wíth the

epízoon, epixylon etc.) .



as Aufrsuchs íf the organísms ürere aÈtached to biological

subsÈrates and ? lithos t (=Bewuchs , lasion) for those

organisms associated wíth non-biological substrata.

HutchÍnson(1967) and Woerkerling (1976) lirnited rheir

definítíon of Aufwuchs to ínclude only Èhose organisms

associated wíth biologíca1 substrates. Hutchinson(1967>

equated thís definition of Aufwuchs to the epiphyton which

ís confusíng since 'bíological substrater does not

necessarí1y Ímply a plant host.

lJetzel ( 1964) and Tai and

prevíous def íniÈion of tñetzel r s)

of periphyton to ínclude those organísms attached to solid

surfaces, íncluding the epipsammon and epípe1on.

S ládeðková' s (I962) def initíon of Auf wuchs (=períphy ton)

and benthos appear the most logical- to date. She subdivided

the Aufwuchsr. that gro{rp of organisms attached to afly

kínd of substrate inËo: a)true-períphyton- attached

organísms that are írnmobile and adjusted to the sessile 1ífe

by gelatÍnous stal-ks, pads etc. and b) pseudo-periphyton-

Hodgkís s ( 197 5) (us ing a

expanded the definítíon

free-1-iving, creeping and grazing organísms among the

former group. The benthos remaíns restricted to a partícular

group of organisms

sedÍments.

An associatíon that is íntermediaÈe between the

períphyton and the phytoplankton is the tmetaphytonl

descríbed by Wetzel(1975) as a group of algae "rggtegated

Ín the Littor.al zone whÍch are neither strictlv attached

1ivíng freely ín the upper layer of



nor strictly planktonic rr.

The planktonic matter ín a body of water is referred

Èo as the sest,on. The seston consisÈs of the bíoseston

(plankton) and the abioseston (partícles of allochthonous

and autochthonous nature). The plankton consists of the

net plankton and the nannoplankËon, depending upon the

size of the organísm. The nannoplankton was origína11y

defined to include everything not enclosed by a tovü net

and remaíns approxímated as such.

There are 
.several 

groups of planktonic communítíes:

l"pfankton(pernanent 
plankton community), meroplankton

(organisms with temporary planktonic stages), pseudoplankton

(accidental plankters=tychoplankton), 1ímnoplankËon(plankton

of l-arge lakes) and heleoplankton(plankton of ponds)

(Hutchinson I967). The tychoplankton and heleoplankton are

frequently equated but are not synonyms and therefore

canno t b e us ed interchangeab 1y .

Methodology

The collectíon of aquatics for analysis of their

attached epiphyton has been reported by many. Godr¿ard(1937)

collected macroDhvtes ín sha1lo¡,r water from a boat r¿hí1e

aquatics of deeper r,rater \,üere obtained with the help of a

line bearing a hreíght with three hooks on the end.

Siver (1977 ) harvested Potamo g¿ton from 0.5-1.0m depths

hrith a garden hoe. These meÈhods r^/ere not satisf actory

because many loosely attached forms !ìIere undoubtedly lost
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in the rather rough retrfeval process. Moore(1974c) collected

samples of Mougeotia under\rater in a plastic container

and Ímnedíately preserved in 4% for¡na1in. Sheldon and

Boylen(L975) collected Polamog¿t0n at 3ur depths. Leaves

hrere placed ín empty, ínverted Erlenmeyer flasks allowíng

f or mínína1 l-oss of epiphytes underrnrater.

The use of artÍficía1 substrates to sample the

epiphytÍc algaL communíty has been employed sínce the turn

of the century. Hentschel(1916) Ín Cooke(1956) was among

the first to use glass s1ídes as an artífícia1 substrate.

He exposed known surface areas of glass mounted vertically

on pontoons. Glass remains the most popular arÈificía1

substrate(Godward, L937 , CasËenholz 1960, S1ádeéková I962,

Hansmann and Phinney I973, Brettum L974, Hooper and

Robinson L976, Síver I977, Rosemarín and Ge1ín 1978).

Numerous other artíficía1 substrates have been tried r,rith

varying resulÈs (such as wood , slate, c1ay, concrete, asbes tos ,

sheet me ta1s, ce1lu1oid, plas t ics, s tyrof oam r'gelatine, paraf f in,

plexiglass, cellu1ose acetate) (S1ádeÉková 1962, F1ín t e.Í. aL

L977). Varíous mechanisms for suspendíng the substrates has

been used but they have generally involved a frame

connect.ed to the bottom by vreíghted ropes and to the surface

by a flotatíon devíce.

The oríentation of the artificial substrates hTas

shown to be important. Three positíons are possÍbIe:

v*ertical-, ínclined and horizontal. S1ádeðková(I962) found

that comparatíve analysis of Ëhe epÍphyÈes attached to



hor i z ontal

differences

showed that

but also a

and vertíca1ly situated s1ídes produced

l-ower surfaces of the slide dÍffered ín composítion,

possÍb1-y because of the 1-íght regime dif f erence. The

periphyton" on vertical slides developed more s1owly and

generally l-ess luxurÍantly than on those positioned

horízontaLly. The vertical orientation is most used ín

conparative studies rrith macrophyte hosts and horÍzontaL

oríentation ís used Ín studíes of the epiliÈhon.

Inherent problems exist ín the use of artífÍcÍa1

substraÈes (Hansmann and Phínney I973, Brown I976, Hooper

and Robínson L976, Siver I977) several of which tìIere

pointed out by hletzeL(L964). The spatíal orÍentatíon of the

substrate has been mentÍoned. The ínfluence of hrater move-

ment and substrate retrieval may cause loss of maËerials.

Cooke(I956) and Hansmann and Phinney(1973) greatly reduced

thís loss by orÍenting the glass slide substrate wíth the

edge facíng the current. The loss of materÍal upon reËrieval

has been studied more intensively in examínations of

macrophytes and their epiphytic populatíons.

The problem of exposure tíme for naËural and artificíal

substratss has received little attention. Brown(1976)

attempted to partially correct thís problen by exposíng

c:lean EL¿ocl,LarLí^ p1-ants and vertícaJ-1y posÍtíoned glass

s1ídes for the same tíne interval. Hooper and RobÍnson(1976,

dependant upon the environment. Generally resul-ts

horizontal substrata col-lected true periphyton

large amount of settl-íng seston. The upper and



L978a,b) e1íminated the exposure períod problem by

inserting artificíal- substrates withín sÈands of natural

macrophyte Populatíons at spríng emergence tímes.

Linitations to

communities found uPon

have been noted often.

to depend upon whether or not

biological (Castenholz 1960) ,

Hooper and Robínson 1976)

compositíon (Foerster and

Tippett ( 1970) stated that

artificial substrate use)

the comparaËÍve analysis of the

natural and arËíficial substrates

Results

relatÍve changes ín the florar. Foerster and Schlichting

(1965) deËermÍned tÈhat an artíficial barren surface gives

a false indicatÍon of the true productivíty Ërends and

indícaËed only some of the significant genera presentr.

There are basíca11y three accepted nethods of

sampling the epípe1ic community in shallow water: aspiration

alone, corer and aspíratíon and corer alone.

The aspírator \^7as developed by Round ( 1953) and used

by others (Round and Eaton L966, Brown Q-t A.I- I97 2) . Round

(1953) studíed two sítes in Malham Tarn, Yorkshire wíÈh

calcareous and sil_t sediments. one end of a glass tube

(0.5cu ínternal bore x lrn long) was lowered Ínto the

sediment urhÍle the upper end was held above the water

ðurface and closed by the thunb. The tube was then opened

and slor¡lv drawn across the sediment and allowed to fill-

of such comparisons seem

Ehe natural substraÈe ttas

exposure times (Brown L97 6 ,

artifícial substraÈeand

Schlichting 1965, Típpett 1970).

t at íts best the meËhod (of

can only be compatatíve, showíng



hrÍth a mixture of mud and water ttrhích was then run into

a bottle. This r¡as repeated until- suf f icienÈ quantities

of the sedíment I¡íere col-l-ected.

A modifícatíon of the method uras developed when

ít rnlas decíded that.quantítatíve results could only be

obÈaíned if a known depth and surface area of sedímenÈ r^rere

sampled.

Eaton and Moss (1966 ) rnodifíed Round I s ( 1953)

procedure to solve thís problem. Àn acrylic p1-astíc

cylínder (9cm díameter x 35cm length) rnras pushed ínto the

sediment to de1ímit an area. A glass tube of 0.4-0.5cm

bore was connected by polyethylene tubing to a sËoppered

bot.tle. The bottle was squeezed to expel the air and the

glass tube was moved over the surface withín the cylinder

such that ít picked up surface matería1. Only the upper

2cm was retaíned for anaLysís. This modified aspiraÈÍon

techníque has been used by Hickman and Round(1970),

Moore(1974a,b), Tai and Hodgkiss(1975) and Hickman(1978).

The thlrd general meÈhod enployed ín sampling the

epipelon ís to obËain a sediment core(Hundíng L971,

Gruendlíng L97L, Sullivan I975, Stanley I976). The core

sampler may consíst of a plexiglass tube either conically

poÍnted (Hunding L97 l) or not (Gruendling I97 I) . Sma1l s1Íts

are often calíbrated up the corer so that dístínct depth

zones of the sediment may be delimíted for various analyses.
- The study of the phytoplankton is perhaps the oldest

in Limnology. Sampl-ing techniques have varied 1ítt1e from
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the initial experiments on the community. The Van Dorn

sampler ís widely used in f reshwater systerns (e. g.trIet'zel-

1964, Kowalczewskí and Lack L97L, Hickman and Jenkerson 1978,

SchwarËzkopf and Hergenrader L978, Rosemarin and Ge1ín L978,

Hickman I979 etc. ) .

Plankton tow nets have also been used when Èhe desíre

is eÍther to concentrate the sample or to restrict the

study to a specífÍc síze range of organisms e.g. 20pm

(Rosemarin and Hart I978). A combinatíon of net and rnrater

sampler has been devísed by Schindler (1969).

One of the earlíer rnethods of studyíng periphyÈon

h/as by dírect examinatíon of the community. This \¡ras

conducted on very thin-leaved plants 1íke ELodea. By

observing the leaf through a ruled s1ide, quantitaÈíve

esÈímates of each population could be made (Cooke 1956,

Sládeðková 1962). tr{here chloroplast ínterference occurred

bleaching in chloral hydrate \^ras utilized. Glass s1ídes

have been examíned directly by removÍng the períphyton

from one síde of the slide and viewing of the other.

QuantíËatíve analysis of the epiphytic community

most often, however, involves removal of the communíty

from the host. The most common method has been to scrape

Èhe epíphyton from the macrophyte(Godward 1937 , Síver 1977,

Hooper-Reíd and Robínson L978a). Others though have used

swirling or agiÈation(Knudson 1957, Sheldon and Boylen L975).

- Methodology ín estínatíon of epipelon biomass

is 1ímíted and therefore quíte uníversal although the ínitial



procedures may affect the outcome of the estimates'

wetzel(1964) , Gruendlíng (I97L) , Moore(1974a,b), Tett e.t a"L

(L975) and SÈanley(I976) did not attempt to separate the

epipelic floral- communíty from the sediment iÈse1f before

conducting theír analyses. AÈtempÈs at separaÈíng the

epípe1íc organisms from the sediment \dere ÍnÍtÍated by

Round(1953) who took advantage of the natural dÍurna1

vertíca1 mígratíÊn patterns in most epípe1ic a1gae. By

placíng a coverslip on top of a shallow dish containing

sediment for 24}:. he \^7as able to eapture a large proportíon

of Ëhe eípe1íc f1ora. The coverslíps could then be removed

and observed mícroscopically. Errors in this procedure

occurred when the population contaíned blue-green fílaments

or large numbers of desnÍds and f1agellates. Eaton and Moss

(L966) utÍ-l-ízed 2x2cm tíssues ínstead of coverslíps and

found the accuracy of the retrleval of all phototactic

members of the epipelon increased.

The Ëissue-trapping rnethod has also been used in

the estimatíon of chlorophyll content(Eaton and Moss Ig66,

Brown e.Í. 0,L L97 2, Taí and Hodgkíss 197 5 , Sullivan 197 5 ,

IIíckman 1978). The procedures for chlorophyll determínation

11

fol1ow those outlined by Stríckland and Parsons (1968)

r¿ith Èhe acídífícation procedures of either Lorenzen(1967>

or Moss (I967) .

The mosË

Þopulatíons are

conËenÈ.

common parameters

ce11 numbers, ce11

of the bíomass of a1ga1

volume and chlorophyll
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Lund øt aL (1958) presenred a method for esrímatÍng

argal numbers on a statistícal basís. The meÈhod is wídely

accepted today as the príncipal counting procedure.

olsen (1950) devised a procedure to quantítatively evaluate
f ilamenËous f orms whether they r^rere staíght, curved or

spiral. unfortunately this authorrs work remaíns 1íttle used

today for communíty studies.

cel-1 volume determinations have generarly been made

on the major specíes in a community study. castenholz (1g60)

compared volumes on a per unít basis assígning a varue of

one to organisms wíth approximate volumes of 3O¡¡rn3. Evans

and stockner (L972) used the same procedure ín theíï studv

on Lake Idinnípeg. ce11 volumes of most recorded specíes

differed between authors. For example, castenholz ( 1960)

gave cocconQ.í^ yt!-ace,ntuLcL and s Un¿dlLa acu^ comparatÍve

values of B and Cqnb¿I,La ci¿tuLa 79. rn Evans and stocknerrs
(L972) study comparatíve volumes of c.ytLaee.ntuI-a and s.a_cu^

r¡rere r2 and 1i8 f or c.cí¿t.uLa. This Ís an apparent dif f erence

of abou t L20 rp3 f.or c.ytLacøntuLa and s.clcul and rrTo m¡r3

for c.eí¿tuLa.. The value of calculating ce11 volumes in
each separate study is noted since the same species may

differ consíderably in síze from one envíronment to another.

chlorophyll a deÈerminatíons appear to be the most

wídespread biomass index because of their símp1ícíty and

speed of accomplishment. There has been much work in the

pást 15 years on ímprovemenÈs in methodology related to

chlorophyl-l analysis. rt hras f irst re arj-zed that there musr



13

be some means of accountírg for the degradation products
f ormed as a result of chlorophylr breakdor¡rn. ruf oss (rg67)
and Lorenzen (r967) developed methods based on the principle
that upon acidífication a molecule of chlorophyll a loses a Mg

atom and Ís converted to pheophytin a". rn go"/" acetone this
change is accompanÍed by a shift ín the absorption maximum

of 430 nn, characterístíc of chlorophyll a to one at 410 Dfl¡
characteristic of pheophytin a. They separately deveroped
methods thar díscrimínated beÈween the chlorophyllous
compounds contaÍning Mg aÈoms ( chlorophyll a and chloro-
phyllide 0" ) and those which were Mg free ( pheophytin and

pheophorbíde ). The extracting medium has been given
considerable attentíon. NÍnety per cent acetone has been
routinely used in the spectrophotometríc nethod in the determination
of chlorophyl-1. The arcohols, primarí1y rnethanol, have been
suggested as alternates for acetone (Johnson and watson rg56,
tr'Iintermans and DeMots L965, sestak et a-L rg7r, Marker r972,
Daley ¿t. aL rg73, Tett et. ax- rg7s, Holm-tlansen and Ríemann

197B) - Although methanol Ís a more powerful extractíng
agent' it has not replaced acetone prinarily because the
spectral characÈerísËÍcs of the photosynthetic pigments
in methanol are not as well known. hlhile allometization
of chlorophyll may occur wÍth considerable changes Ín the
spectral characteristics of chlorophyll a. and 6 in
methanol, it does not affect the ab.sorptíon spectra of
these chlorophylls Ín acetone (Johnson and r^Iatson rg56,
Marker 1972). On the other hand acetoners extraction



effíciency is much less than that of methanol when algal

populatíons consíst of Cyanophyta and some Chlorophyceae.

Holm-Hansen and Ríemann (1978) have recommended that

methanol be used because of Èhe advantages of shorter

exÈraction time and the elimínatíon of the homogenízatíon

step necessary partícu1ari1y when cerÈaín thick-celled

filaments are being extracted in acetone.

The fluorometrÍc technique may be used as an

alternaÈive to spectrophotonetric determínatíons. It has

several advantages over 1íght absorption methods. The fírst

ís that ít is more sensítive. Secondly íÈ ís quicker than

deËerrnÍning extínction values at several r^ravelengths. The

thírd advantage is that the insËrument measuríng fluorescence

does not depend upon critical \^ravelength alignment as does

the spectrcphotometer (Holm-Hansen ¿t aL 1965). The meÈhod

may result however in variatíons of chlorophyll a being

!20% of the value determined spectrophotometrically.

Community successíona1 studies have been híndered

by the lack of consístency in biomass estimate methodology.

In t\.ro ínvestigations by Hobro and I^Ii11en (L97 5,1977)

ce11 numbers, ce11 volume and communit.y composition

distríbuËíon of a single sample was conducted ín five

separate laboratoríes. rt was found that the largest errors

resulted in counting Èhe ChrysophyÈa and Pyrrophyta. They

found thaÈ the lowest variatíon beÈr¡een maximum and mínímum

values of the total number of all counted species üras over

5007". Chl-orophylJ- a correlates wel-1 with ce11 volume or

T4
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cel1 numbers in some instances (Híckman and Round 1970,

Hickman and Jenkerson I978, Tolstoy L979) buÈ in others may

not (Jones L977a, Rott L978, Hooper-Reid and Robinson 197Ba,

Tolstoy I979).

There are Ínherent dísadvantages to all three methods.

Biomass as ce11 numbers tends to overestímate the signifícance

of smal1- specíes and underestimate the larger ones whí1e

ce11 volume does the opposÍte. Chlorophyll a is a mass

neÈhod that does not lend iÈse1f to the identíficatíon

of the a1ga1 population. In chlorophyll analysis an ínitial

assumptíon that Èhe concentration of chlorophyll per ce11

is constant ís requíred.0f course this ís not. so. Different

groups of aLgae and índeed ce11s of the same specíes may

contain varyíng amounts of chlorophyll which could result

in eíther overestímatíon or underestímation of total biomass.

Community Composítíon

Almost all truly epíphytii.c organísms possess some

posítive means of attachment. Several common mechanisms are

mucilagenous pads (Cocconøi|) or stalks (GonfJLLonema,

Cqmb¿LI-a) and termína1 holdf as t cells (ULoÍ.hnix) . Many

oÈhers possess mucilagenous sheaths that aíd ín the initíal

colonizatíon of a host plant (eg. GLo¿otníchia, Aphanocap,sa,

LAngbUa).

Allen (I97L) found that the attachmenÈ of epÍphytes

r^ras greatly facilitated by cal-cÍum carbonate crystals and

chlorotic díatoms ínterwoven ín a mucílagenous matrÍx on



the plant surface. Allanson (1975) confirmed Allanrs

(L97L) findings using SEM. He found that the epiphytíc

diatoms on C[+ana !ìrere held ín place by a matrix formed

largely of gelatínous stalks above calcpreous deposit.s on

the host ce11 wal1.

There rE,some evÍdence that epiphytes display

substraËe specif ícíty (Har1ín L973, Sieburth 8f.-a.L I974, Bror,øn

I976, Siver '1,977, Mason and Bryant 1975). Harlin (I973)

stated thatrmany epiphytic algae are restricted in their

habÍtat to surfaces of one or a few organismsr. The highly

specífíc assocíaËion of GonírnoythqLLun aboÍÍ.¿bengií on the

red alga ßotnqo gX-o^^um ,LufJrL¿chtía.na was compared with the

f ree assocíatíons of the brown a1-ga S a,nga,Slum nut.ícufft and

numerous epiphytes. Harlin (I973) proposed that few algae

would gror¡r upon any host that secretes growth inhibitors.

The grol4rth raÈe of the host, physical means of attachment

and the surface tension of the host r^rere all consídered

to be valid consideratíons ín epíphyte-macrophyte specífícíty

relationshíps.

T6

The compositíon of the epÍphytic communíty on natural

and artifÍcial hosËs generally shor¿s a rather characteristic

pattern of bíomass succession Ín sha11ow, temperate lakes

(Godward 
.1937, Castenholz 1960, Stockner and Armstrong

L97L, Klarer and Hickman I975, Siver L977). Hutchinson

(L967) reported similar successional patterns ín the

Þhytoplankton of temperate 1akes. The scheme is generally

one of spríng and autumn biomass maxíma and summer minímum.
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rn the spring díatoms generally predomínate due to their
adaptatíon to 1ow 1-íght and temperature regirnes. The green

algae may íncrease to domination in the early summer

followed by predomínance of blue-greens ín Èhe rnid-1ate

summer. This is followed by an auÈumnal biomass maxímum by

díatoms. The epilíÈhic community is very sÍmí1ar to the

epíphyton in specÍes composÍtion and successíona1 pattern
(Godward 1937) .

Although coecctnQ-í^ yt!-acentu.La was orígína11y defined
as a winter species it occurs in large numbers either
ínÈermíttently throughout the season (Híckman and Klarer
1973, Hooper-Reíd and Robinson 197Ba) or in large blooms

in the summer (Hansmann and phinney r973, Klarer and

Hicknan 1975). several other species of diatoms appear tobe
practically ubiquíÈous ín temperate, shallow water systems.

These ar e Go ttytltonenn rJqJLvuLun and, G.oI-ívac¿un; (A1len rg7 r,
Mason and Bryant r975, F1ínt øL a.L rg77 , Emínson rgTg) and

Aeltnanthe,s tnLnutí,s¿ínc, and A. ¡wLcnocephel-t. (Godward rg37 ,

Klarer and Híckman L975, Mason and Bryant r975, Siver r977,

Moore L97L, Emínson lgTB). specíes of Eunotía (Hansmann and

Phínney 197 3) , Eytitlnemia (Godward 1937) and tnaqiLania and

T abeLLa¡tía (A1Ien Ig7 L) are als o common .

Comparíson of the three major groups of epiphytíc
algae, the Bacillariophyceae, chlorophyta and cyanophyra;

generally results in the Bacillaríophyceae exhíbiting the
greatest species dÍversíty and contribution to the total
biomass. The chlorophyta is generally second showíng more



dístínct seasonal patÈerns and the cyanophyta most often

dísp1ay the lowest díversity although theír biomass may

be quite hígh at. certaín tímes of the year. sÈockner and

Armstrong (197L) Ín an epílithic study nored thar dÍatoms

consistently eomposed more that 60-707" of the total a1ga1

volume. Evans and stockner (r972) reported simí1ar results
on their study of the periphyton on navigational buoys.

Klarer and Hickman (r975) related thís lack of seasonal

change in domínation to rnutrientr effects in their study

of the effect of Èhermal effluent on the epiphytic

community on S eín-ytu,s. They equated the ef f ect of heat to

nutrient excess. rn the non-heated sÍtes studíed there was

no species ÈhaÈ ever constituted more that 502 of the

populatíon. At the heated stations diatoms especially often

accounted for more Èhan 507. of the total population volume.

They concluded that an Íncrease in nutrient concentration

resulted in a decrease in specÍes diversity and an increase

in Èhe Írnportance of a few species. The studíes ínvolving

the epipelíc flora of shallow water systems are mainly

restrícted to temperate and arctic condítíons.
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It has generally been assumed that diatoms

predomínate in the temperate epipelíc envíronment (Gruendling

Lg7L, Híckman Ig78) and that members of the Chlorophyta

doninate in arctíc epipelic communítíes. Moore (r974arb)

deterníned, -ín a study involving níne rivers and Ëen

temporary ponds on Baffín rsland, Èhat diatoms consÈítuted

63-837" of the total species diversity and hrere the most



prevalent group. Mougeotía did however become dominant ín

the few rívers where it occurred.

In temperate ponds and l-akes few exceptions can

be found. trIríght and PfÍester (1978), ín a comparative

study of Èhe epipelon in ponds with clay and sandstone

bottoms found a higher díversíty of taxa on the sandsÈone.

Round (1953) found a greater diversíty on calcareous

sedíments than on peat. In temperate !ìraters, while

Chlorophyta do contribute a great deal to the total

communiÈy,. they do noË generally dominate the population

for Èhe entire season.

The phytoplankÈon of sma11 temperat.e lakes and ponds

generally dísp1ay dÍstínct seasonal pulses (Hutchínson 1967).

The domínation by Cyanophyta in the míd-1ate summer,

particularíly by bloom-forming algae 1íke Mícnoctj^ti^ and

Apl,tanizo n¿noh lnas been noÈed previously (Kling Ig7 5 , Jones

L977a, Coveney ¿t. aI- I977, Hickman and Jenkerson Ig7B,

Hickman I979). The spring and fa11 dominatíon of diatoms

and the early and late summer prevalence of the Chlorophyta

has often been observed.

T9

In his study of the tributary streams of Lake

Ontarío, Moore (1972) determíned that the phytoplankton

had been. derived from the epípe1on and that Chlorophyta,

Euglenophyta and ChrysophyÈa reached theÍr maximum relatíve

abundance during the summer v¡hi1e the Cyanophyta populatíon

þeaked in the fa1l and wínter.

Hickman (1978) in an investigation of five praírie-
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parkland lakes obsefved thaË four of thêm exhibíted

1-arge mixed summer populatíons of chlorophyta and cyanophy-

ceae. stanley (1976) found the phytoplankton of a tundra

pond to consist of the Chrysophyceae and CryptophyÈa,

especía11y RI+odo nona"^ and Ctt14ytto nona"^. Díatoms and green

algae lrrere much less important.



Srudy Sire

Lakes 255 and 623, the thro lakes under consideratíon

are part of an aquaculÈure experimental lakes project ín

Southwestern Manítobar approxÍmately 16km south of Ríding

Mountain NatÍona1 Park at 50o30 I N and 100o10 t I^t. The entire

study area Ís approximately 800kur2.

MATERIALS AND METHODS

The study area lies near the edge of the Manitoba

EscarpmenÈ on the second prairie steppe. The elevation ranges

from 500 to 650m above sea level and generally slopes to the

south. It ís sítuated on undulating glacial ti11 plaín of the

RÍdÍng Mountaín Formation. In and between numerous hummocks

exist many marshes, sloughs and pothole lakes, many of whích

originated as kettle lakes. The area is drained mosÈly by the

Minnedosa and Ro11íng Rívers. There are very few oËher perm-
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anenÈ s treams .

The lakes are generally saucer-shaped wíth approxim-

aÈely flat boËÈoms. Shoreline development indices of lakes

less than 40ha are usually less than L.2. Bottoms and shore-

lines are composed of soft organic muck. L255 is typíca1 of

most of the lakes ín the region ín that it Ís landlocked.

L623 has a rather íntermíttent surface outfl-ow. This discharge

may not occur annually (Sunde and Barica 7975).

Accordíng to the data accumulated by these hTorkers the

nean July temperature Ís 18oC and the mean January temper-

ature ís -l-8oC. Mean annual precípitatíon as raín is 450-



22

48Omur and as snoÌ^7 1140-1270mrn. rce thickness ín late winter
averages 70cm. snow cover averages 15-30cm. The snow remaíns

quíte soft and evenly dístributed over the lakes due to their
relatively sma11 size and protectíon províded them by the

hills and trees.

Fígure la illustrates L255. ThÍs lake has a mean

depth of 1.7m, maxÍmum depth of 2.7m and, an area of 3.2ha.
L623 (Fig.lb) has a mean depth of 0.7n, maximum depÈh of

1.5m and an area of 2.4ha.

submergent and emergent vegetation of the türo lakes

as found by sunde and Barica(1975) is presenred in Table 1.

Mqttíoytl,tq,L'Lum. cøna.t.oythq,Ll-um, chana, Lemna tÌLi^ux-cu^ , seinytur

va.X-idu¿, T qytha X-a"tido.(-ia,Catte-x and f ilamenrous algae are

f ound in both lakes. Pota"mog¿ton pectina.tu¿ is specif ic ro

L255.

Sampling Procedures

a) Epíphyton

Cel1ulose acetate artifícia1 substraÈes r^7ere utilized

in part of the study to simulate naËural emergent macro-

phytíc host plants. Forty x 1.5r' stripscof 0.005" ce1lu1ose

acetate r¡¡ere cut wÍth a razot blade. Half of the sÈrips

ürere roughened in a longiÈudÍna1 fashion by runníng coarse

alumide sandpaper over the surface of the aceËate three to

five times on both sídes to make the strÍations approx-

inate those natural ridges of a T. Latido,(-.ta reed stem.

One hundred stríps r^rere inserted in each lake (50 smooth and



Figure 1: BaÈhymetríc maps of a) Lake 255 and b) Lake 623
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Table 1: Emergent and
255 and 623
occupied by
P (present) ,
(From Sunde

VEGETATION

I'llqnío pl,tqLLu m

C¿natoytl+qLLum
L¿nna- tní¿uLca"
P ota-mo g¿ton frectinatu^
Chøtta" sp .
Fílamentous algae
S cinytut vaLLdu¿
Ca.tt¿ x sp.
T qytha" La"f.ído,Lia*

submergent vegetation of Lakes
recorded as 7. of the shorelíne
3 of the most common emergents,
C(common) and A(abundant) .

and Barica I975)

* Observatíons in the
índícate this value

25

L255

c
c
c
P
P
A

207"
1o07.

LO7"*

L623

P

A
å

;-
A

I0%
roo7"
t00%

1978 and I979 growing seasons
ís underesÈimated.



50 roughened) as soon as the sedíment was sufficienÈ1y

f ree of Íce to pernit Pl-acement.

The f rames r¡rere 2t square by 5 t in length. Two f rames

rrere Ínserted in each lake ín the event of breakage of a

frame. The frames srere ínsta1led May L6/L978 and May 24/L979.

Each frame was const.ructed of 1t'x4" boards for the horízontals

and 2"x2'r posÈs for the vertÍca1s.

The ends of the acetaËe strips lrere bound by electrí-

cíants Ëape to prevent tearing when stapled to the frame

and also to prevent the chance of mineral elemen.ts (Fe,Al)

in the staples affectíng the natural assemblage of species

on the acetate. The stríps I¡Iere attached vertíca11y to the

frames as illustrated (Fíe.2).

Each f rame wíth stríPS I¡7as placed in the T ttrytha bed

ín both lakes to approximat,e the natural physíco-cheuríca1

environment of the emergent zorl^e. The frames hTere also

ínserted withín one to t\.Io days of the emergence of the

macrophyte s.

At weekly Íntervals thereafter a strip each of srnooth

and roughened cellulose acetate and a T ttryll'ta" reed stem

(submergent portíon) \ras removed and taken back Ëo the lab-

oratory for the removal of the epiphytic populatÍons ín the

LgTg season. In Lg78 smooth acetaËe only was sampled.

To sample the T r¡ytl+a, the stem was pul1ed gently and

smoothly out of the sediment and cut wíth a sharp knife at

ihe r¿ater-sediment and water-air interfaces.

Samples hlere generaJ.ly taken between 0900 and 1100h

26
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Fígure 2: The posiÈioníng of

substrates on the

the cel1u1ose aceÈate

frames ín the 1íttoral zone.
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as recommended by Round and EaÈon (Lg66) and Brown e-t aL(L972)

to maintaín a consístency ín the sampling procedure of

algae with díurnal vertical migration Patterns.

Upon return Ëo the laboratory, t,he ce11u1ose acetate

strips and the T qyll,ta reed stems hlere gently scraped r^rith a

tazot blade to remove epíphytes. The scraped substrates hTere

blotted dry and the col-onizable surface area rtlas calculated

by tracing them onto graPh PaPer.

The epîphytes r^7ere suspended in bidisÈí11ed \,ùater

and made to exactly LX-. A small vial was fílled with some of

the epiphytic suspension and 5% Lugolrs íodide I{as added for

sample preservatíon. The remainder was used for chlorophyll

determinat ions ,

b) Epípe1on

A modificatíon of samPl-ing devices prevÍously used

(Round 1953,Eaton and Moss L966) was successfully employed.

The sampler consisted of a clear plexíglass tube (Fig.3)

wíth one end bevelled and Ëhe other sealed urith a removable 
'

snugly fittíng rubber ba11.

The rubber ball was removed and the sedíment sampler

was slowly lor¿ered into the sedíment of the emergenÈ macro-

phyte zone, great care being taken to avoÍd disturbance of

the sedínent. The tube was pushed in as far as possible

and then the ball r¡as replaced on the top to create a vacuum.

I^fith a slow and smooth twisting motion the samPler was

raised contaÍning íts core until the bottom of the tube hras

just below the surface of the nater. A smooth plate tsas Èhen
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Fígure 3: Scale diagram

the epípe1íc

of the device

communíty.

used in samplíng



snugly f illing boll

elostics to hold boll
f irmly in p loce

hondle (seoled ¡
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15 cm
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bevelled end
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quickly placed over the bottom of the tube to prevent sudden

r.elease of the vacuum upon release ínto the atmosphere.

once the sediment had settled and the surface 1íne

rdas clearly evident, the muck was very carefully eluted

through the bottom of the tube by brief removar of the plate.

I,{hen the upper 2cm of sediment remaíned a corlectíng bottle

retreíved this and the sample was returned to the laboratorv.

Each sedíment core r^ras made to exaetly 12 with

bÍdísti11ed waËer and, after vigorous shaking to homogenize

the eample, a small amounÈ was taken for a1ga1 identificatíon

and enumeratíon and the remainder used for chlorophyll

analysís.

c) Phytoplankton

The epipelic samprer r¿as ut íLízed for phytoplankÈon

sampling as a column of vüater from surface to sedíment could

be easily and quickly obtained. The \.rater sample \.ras poured

into a sampling bottle and immediately returned to the

laboratory. A sma11 portíon was preserved for enumeration

and Ëhe remaínder used for chlorophyll determínations.

32

Chlorophyll Analysís

a) Epiphyton and Phytoplankton

Th" procedure for chlorophyll analysis as outlined
by sÈrickland and Parsons (196g), wíÈh some rnodÍfications,
\^ras utí1ízed on the epiphytic and phytoplanktonic populatíons.
" Knor^rn volumes of the samples were fíltered using
4.5crn üIhatman GF/c fítters. ExtracÈíons qrere tríplicated.
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Approxímately lml of L% magnesium carbonate I^7as added to the

suspensíon as it fíltered through the aPparaÈus. The filters

were draíned thoroughly under gentle suction and the

perípheral excess of unstained f ilter was cut al^tay.

The pígmenÈs r^rere immediately extracted by adding

approximately 5ml- of 907 acetone to a tíssue grinder in

whích the filter had been placed. The filter hTas completely

macerated and the chlorophyll extracÈ raTas placed in complete

darkness for z}h at 4oC. Extracts !üere refÍ1Èered through

paper fÍ1ters and the filtrate made to exactly 1Oml vrith

90i¿ acetone. The extinction values rTere determíned at 750,

665,645,630 and 480nm ín an SP6-500 UV Pye Unicam Ltd.

specËrophotometer. The samples hrere acidified wiÈh 2-3

drops of 6M HCl and reread ât 750 arid 665nm för phêephylin

determínatÍons (Strickland and Parsons 1968).

Phytoplankton samples rüere treated in the same rnlay as

the epiphytes and in both pigment concentrations rtrere

determined using the equatíons of Stríckland and Parsons(1968).

For epiphytes these concentratíons r^tere expressed as

pg pigment/cm2 of subsËrate surface and for phytoplankton as

ttg pígment /.L.

b) Epípelon

The nethod of chlorophyll determínaËion was essentially

Èhat of Stanley(L976) with some modíficatíons. Knornrn volumes

(in tríplicate) \dere poured into 500rn1 centrifuge Èubes and

tentrifuged at 10oC for 20 minutes at 70O0rpm. The super-

natant was decanted off and the pel-let rttas suspended in 907"



aceÈone (30-40m1-) and then stored in complete darkness for

20 hours at 4oC.

Extracted sampLes were then filtered through paper

filters and Èhe clear chlorophyll extracts made to known

volumes with 907" aceLone. Extinctíon values and pigment

concentrations vtere determined as above.

Ce11 Counts

Since most benthic samples contaíned dense a1ga1

populations a Palmer ce11 (0.lm1 capacíty) in conjunctíon

wíth a NÍkon phase contrast nicroscope r^7as employed. For

sparser populations such as phytoplankton and some epiphytes,

a sedimentatÍon chamber and a llild Leítz ínverted mi.croscope

\,sas util ízed. Identíf ícaÈíon r¡as made at 400-1000x wiËh

the phase contrast mÍcroscope and 200-400x wíth the inverted

microscope.

Standard techniques Ì¡rere adopted to assure compaÈability

and consisËency. They differ from those used by most other

workers who predetermíne the number of organísms they will

count Èo represent a populatÍon(Lund e.t a-X- 1958;Hobro and

trdi1l-en L975,L977). PreseÈ statístics rrere utilízed Èo more

efficíently count the algae and calcul-ate theír volumes. An

acceptable standard error of the mean r^ras set at 20% for the

number of microscope fÍel-ds and 5% for the ce11 volumes it

BTaS neces sary to record .

- A sample size of ttüenty rÀras ínitÍally eval_uated to

obtain the population estímates of standard deviation (d),

34



mean (i) and standard error (3). Due to the smaLl

srrze Ëhe Students ttt representation of the normal

r^ras used. The tt/2n-L value was left as 1.0 índicating a

at Èhe 857" level of confídence.

A summary of the general procedure for counting

accuracy and ce11 volume determinations ís as follows:

l.Pretest: 20 f ields (or organisms),n1, \¡rere evaluated to

determine sample síze. The fo1lowíng values can be

approximated:

i) sample mean (i)

ii)standard devíarion (d)

iií) varíance (dl)

ív) standard error of the mean at td/2 rD-l=1.00 (6)

v)nr=number of fíelds necessary to count for population
representation

ví)n2=number of ce11 volumes to calculate for population
representation

2.From the pretest s i_s evalulated at either 0.20 or 0.05

1eve1 of confidence from the formula ê=(ç) (Z deviation).

3.tl or n2 determined from n=&/A2

35

sample

population

precísion

The confidence limíts could be adjusted to suít the purposes

of the experimenter. Lund et. a[.(L958) have stated that a

total st.andard deviatíon of lsoz ís quite accurate for most

studies.

The tíme spent íncreasing the 1eve1 of significance

is largely wasted ín such a heterogeneous system. These

workers also stated: ttAs the accuracy of a count varies
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indirectly as the square root of the number counted, toobtain any degree of Íncrease ín accuracy it is necessary
Èo make very much larger counts. Thus to obtaín twíce theaccuracy four tÍmes the number of organisms must be counted.For example, a count of 100 has an accuracy of 20"Å, and acount of 400 an accuracy of lo%, for the same confídencecoefficíent. rt is thus rarely worth while countíng more
Èhan the mínimum number necessary to provide the rãqrríred
degree of accuracy.tt

Ce11 Volume Estímates

The ce11 volumes hrere calculated by approximatíng the
shape of the algae to a geometric shape or a combínatÍon of
geometríc shapes. All volumes qTere calculated during the

study and no values from Èhe líterature hTere employed due

to variation that nighË exist d.ue to: 1. lack of statistíca1
comparÍsons to assess accuracies of nethodology ; 2. diff.erences

in the approxímaÈion of geometríc shapes among workers;

3. uniqueness of each envíronment may arter the morphologíca1

shape and síze of many a1gae.

A 1íst of the most common species ancountered and

theÍr volume estimates, calculated at g5% confídence limits
is found Ín Appendix 1.

A1gal Taxonomy and Diatom preparatíon

A1gal taxa r¡rere ídentífied with the aíd of the keys

of Prescott (1962,L970) , u. s. Dept. of the rnrerior ( 1966) ,

Thienemann (r962), Tilden (lglo) and patrick and Rêimer (rg66
r97 5) .

* In order to identify díatoms it
remove their organíc contents so Èhat

was necessary to

t.he sÍ1íca frustules
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could be observed c1early. rn ord.er to accomplish thi-s,
the fol1or¿ing procedure of racíd-c1eaníngr was adopted.

An appropriate aliquor (90-100 m1) of each sample
hTas centríf uged ínto a pe11et. The supernaÈant Ì¡ras decanted
off and 75-20 m1 of concentrated sulfuric acíd was carefulry
added. Tubes contaíning the perlet and sulfuric acid hTere

loosely covered and praced in an oven (r00oc) overnight.
The Èubes r^rere removed f rom the oven and the acid diluted.
sauples vrere seríarLy centrifuged with íncreasing amounts
of water untí1 the cleaned frustules hrere suspended in
\¡7ater a10ne - To dehydrate the samples f or semi-permanent
mountingr êérch was suspended sería11y in s0,70,90 y. arcohol,
centrifuging betr¿een each change. Folrowing two changes in
absolute alcoho1, samples ü7ere cleared ín xylene overnight.
The xylene r¡ras decanted of f and more added. The f rusures
\4rere mounted on s1ídes with a mounting medíum such as

"Pro-texxtt (Lerner LaboraÈories) (r=r.496) and sealed
when dry with naí1po1ish.



The community composítíon and bíomass as ce11 volume

and chlorophyll a !,rere determined f or the epíphytic, epipelic

and planktoníc alga1 populaÈions of the littoral zorres of

Lakes 255 and 623. Species 1Ísts are found in Appendix 2.

All standard error values for biomass estimaÈes are calc-

ulated aË the 957( level of sÍgnificance.

RE SULTS

1.
À

i)

CO},IMUNITY COMPOS ITION
Lake 255

Ep iphy t on

The díversity of Ëhe epiphyton rnrÍthín each of the
'seven major groups (Cyanophyta, Chlorophyta, EuglenophyËa,

Pyrrophyta, cryptophyta, chrysophyceae and Bacillaríophyceae)

f ound on T qytha L-a,tidoX-ia and the ce11ulose acetate sub srrates
ürere símilar (Tab.2) (Llílcoxon Rank sum p(0.05) although

theír contrÍbuËions to the ce11 volumes differed greatly.

The cyanophyta hTas a minor contributor on T qylha" becomong

sígnificant sporadically in Ju1y, AugusË and September.

However, this group r^ras important throughout much of the

season on Èhe arÈificial substrates (rig.4a). The chloro-
phyceae someÈimes comprised ro0"/. of the ce11 volume ín

June and July on all subs Èrates but r^rere generally larger
on the ârtif icÍal substrates (Fig.4b). Ttlytha" supported rhe

greatest populatíons of diatours of al1 substrates (Fig.4c).

lgal taxa that accounted for more than llir of the

total ce11 volurne r¡rere simil-ar among the three substrates.

Aythanocap^a" d¿Licatit¿ína., S ti gQ-o cX.onium nanun and
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Table 2: the species
communÍties

IIAB ITAT

Tgpha. srem

Smooth acetate
(ie79)

Suooth acetate
( 19 78)

Roughened acetate

Ep ip e lon

Phy top Iank t on

distríbutíon of
of the 1l-ttoral

TOTAL

44

37

aLgae contributing to the
zone in L255.

CYANO-
PHYTA

L2

T4

3l

43

49

38

CHLORO-
PIIYTA

I

9

EIJGLENO- PYRRO-
PHYTA PHYTA

4L

31

15

5

8

epiphytíc, epipelíc and

9

9

CRYPTO-
PHYTA

0

0

0

J

5

3

phy top 1 ank t oni c

1

1

t

CHRYS O-
PHYCEAE

3

3

0

I

I

BACILLARIO-
PHYCEAE

13

8

9

5

3

5

ln

25

13

\o



40

Coeeoneí¿ ytLaeøntuLt var. LLnøata r,rere the most predominant.

T qytha al-so supported sígnif icant populations of Anhittnoders nu,a

da"I-eatu,s and Tnacl+eLo nona^ nobutta. The seasonal occurrence

of these algae ís íllustrated in Fíg.5a-c. Courplete

donination of a single taxon díd not occur on Tqpha" but
r¡ras Èhe norm on Èhe artif ícial subsÈraÈes.

ií) Epipelon

The epípelic algal communíty of L255 supported the

greatest specíes diversíty in that lake I s littoral zone.

A total of 49 taxa vrere identÍfied of which more than 5or.

rúere members of the Bacillariophyceae, (Tab.2). Díatoms

often represented go-loo"/" of the total communíty although

the cyanophyta and Euglenophyta vrere períodíca1ly evídent

ín the 1atÈer half of the season (Fig.6).

Speefes constiÈutíng more than 10"Å of the total
volume hrere Ap|tanizo rne-non [Lod-a"qua.e., TttaeheLo nona¿ nobutto,,

Go n¡thon¿rm, pa"tLvu.Lun var. rJl"tLvuL-um, coccone.i^ ytI-a-e¿ntuLa var.
Líneata, S qnødna uLna var. u.(.na. and S u¡ti¡tøLLa ova,Li¿ (Fie.7) .

c. pLaeentuLa var . x-ínea,ta. Íías consistent throughout

the season from early June to the end of the study period.

s. ovaX-it contribuËed enormous volumes sporadically from

June to August.

Íii) Phytoplankton

The phytoplankton of the littoral zone in L255

consísted of the Cyanophyta, Pyrrophyta and Cryptophyta.

The Cryptophyta domínated from Iafè l,Iay to míd-June.

Members of the Pyrrophyta appeared briefly in July after
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Fí gur e Per cent contribution on a ce11 volume

of the bpíphytíc algae on T r¡ytha, smooth

roughened acetate by the a) CyanoPhyta

b) Chlorophyta and c) Bacillaríophyceae

basis

and

ín L255.
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Fígure 5: ContribuËion bY the ePiPhYtíc

Ëhat represented more than I0%

popul-atíon volume on a) T tlYtha,

and c) roughened acetate.

flora of L255

of the Èot,a1

b) smooth acetate
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Fígure 6: Per cent conËríbution on a cell- volume basís

of the Cyanophyta, Euglenophyta and

Bací1larÍophyceae ín the epipelon in L255.
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Figure 7: Contríbution by the epiPelic taxa

Èhat represented more Èhan L07. of

population volume.

of L255

the total
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which Èime the Cyanophyta completely domínated to the

end of the season (Fig.B).

species constítuting more Èhan L0% of the phytoplankton

rüere A. dLo,s-aqua"¿, Mienocuátit a"e-ÌLugíno,sa, s chnoed¿nía-

Judaqi, chnomuLina obconíca, cøza,tíun hinundín¿LLa and

Cn-rLytÍ.0 mona"^ erLo^0. (Fíg.9) . A. (Lo,s-aqua-ø and C . hinund.in¿Ln-a

ürere by far the greatest communÍty contributors due to theír
large sizes.

B. Lake 623

i) Epíphyton

The species diversity of the thråe substrates üras

f ound to be sirní1ar (P 0.05) as shown ín Table 3. Ttreir

conÈributíon to the total bíomass differed however as in
L255

The CyanophyËa remaíned relaÈíve1y insigníficant
on all three substrates (Fig.10a), rarely contrÍbuting
more than 25"/" of the populatíon volume. t'Ihi1e the artif icial
substrates supported the largest proportion of their blue-
green populaÈíons in June and Ju1y, this group only became

apparent on Tqpha bríef1y ín August.

The chlorophyceae r¡rere Ëhe ma j or contríbutors to the

epiphyton of the artifÍcial substrates through most of

the growíng season (Fig.10b). The green algae became

ímportant on T q,¡tha ín the late summer-earIy autumn.

The epiphyton on Tt¡ytha was dominated by díaÈoms from

early June to the onset of the Chlorophyceae ín late
August (Fig.10c). Diatoms could not outcompete the green



lab1e 3:

HABITAT

T q¡tha" sten

Smooth acetate
(1e7e)

Snooth acetate
(1978)

Roughened acetate

Ep I pe lon

Phy t op J-ank ton

The specfes
communltles

dístrlbutlo n of
of the littoral

TOTAL

43

55

36

4)

67

47

algae contrfbutlng to the
zone fn L623.

CYANO-
PHYTA

9

I5

IO

11

11

t5

CHLORO-
PHYTA

-tJ

9

l2

EUGLENO- PYRRO-
PHYTA PHYTA

10

50

epiphytlc, eplpelfc and

10

13

a

3

9

2

CRYPTO-
PHYTA

0

0

0

phytoplanktonic

I

0

I

CHRYSO-
PHYCEAE

6

9

4

BAC ILLARIO-
PHYCEAE

T4

L7

6

0

0

1 f

13

27

L6
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FÍgure 8: Per

of

the

cent contribution on a ce11 volume basis

the phytoplankÈon in L255 represented by

Cyanophyta, Pyrrophyta and Cryptophyta'
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Figure 9: contríbutíon by the phytoplankton

constítutíng more than 10% of the

population volume Ín L255.

species

to ta1
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Figure 10: Per cent contributÍon on a cell volume basís

of the epÍphytíc algae on Tr¡ytha, smooth

acetaÈe and roughened acetate by the

a) Cyanophyta, b) Chlorophyta and

c) Bacillaríophyceae in L623.
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algae on the artíficial sub.straÈes after their inítia1

spring growth períod. The occurrence of major taxa ís

íllustrated in Fígures 11a-c. Nitz¿chia, hoI-¿atíca and

Go nython¿nw fJarLvuLum var. ylanvuLum represented large June

populatíons. S tígeoclctníun nl.nun \das presenÈ brief 1y in

August. On the artifícía1 substrates S , na"nun had little

competiËion from other epiphytes although small populations

of N. l+oLaatica and S LlnedrLa uL-no, var. uLna. conËribured

to the biomass on the smooth acetate while the roughened

substrate supporÈed isolated occurrences of 0'sciLl-aÍ.orLil,

ninnø¿ ot¿n,sír and T nach¿X-o ntona"L nobu¿ta-.

ií) Epípelon

specíes, the greatest díversíty found in eíther 1ake. By

far the Largest contribution r¿as by the Bacíllariophyceae

The epípe1on of L6231 s 1iÈtora1 zone supported 67

t¿ith lesser participation from

Euglenophyta and Chrysophyceae

57

accounted for 9O-I007" of Èhe total community volume.

Species consídered major vrere 0. mLnn¿¿ot¿n^i^,

Ant¿i¿tttod¿¿ mt,s convoLutu¿, 0phíocqtiun caytítatum var .

ízn¿ guLl"n¿, T . nobu,sta, Go nythonernl" fJa-rLvulufü var . ytattvuLum,

Nitztel,¿ia fJz"LQ.a", Coecone-i^ ytLacøntula var. Linøa.ta and

An¡tltorta ovz"Li^ var. a((íní,s (Fig.13).

íii) Phytoplankton

The 1iÈtora1 phytoplankton riras represented by members

of the Cyanophyta, Chlorophyta, Chrysophyceae and Bacillario-

the Cyanophyta, ChlorophyËa,

(Fíg.12) . Díatoms frequently





Fígure 1 I : ContríbuÈion bY the ePíPhYtic

that represented more than L07"

populaËion volume on a) TqPha

and c) roughened acetate.

flora of L623

of the total

b) smooth acetate
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Figure 722 Contribution on a per cent vol-ume basis of the

Cyanophyta, Chlorophyta, Euglenophyta,

Chrysophyceae and Bacill-arÍophyceae in the

epípelic communíÈy of L623.
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Fígure L 3 : Contribution by Ëhe ePíPe1íc taxa

that represented more than L0"/. of

population volume.

of L623

the total
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phyceae. Diatoms predominated throughout Èhe season excepË

for a bríef period in June when the chlorophyceae atËained

dominance (Fíg.14). The Cyanophyta, Chlorophyta and

chrysophyceae occurred inÈermitËently throughout the studv

period.

The major raxa hrere 0¿cir-x-atotLícL sp. , S chnoød.¿nia

Judagí, ctrLno muLína obconíca", ccsceon¿i¿ ytLaeentuTa var .

'Líneata, A,rp[+ona. ova"Li^ var . qó()iní^ and Go nphonQ-n,a ytanvul-um

var. yta"nvuL-um (Fie. 15) .

It hras noted that in the epiphytíc and epípe1ic

communitíes, Nitz,sc\tia" hoL¿atíca appeared in the spring whí1e

in the phytoplankton ít became a major contribuËor in l-ate

summer and autumn. A. ova|i,s var. a$(iní,s !,/as the only

díatom that predominated ín the early parÈ of the season,

íts fírst bloom ceasíng at the same time it became evident

in the epípe1íc communíty.

2.

A.

í)

BÏOMASS-CELL VOLUME

Lake 255

Epi phy t on

The seasonal bíomass estimates expressed as ce11

volume díf f ered greatly between the epíphyton on Tqytl,La and

the artif icía1 substrates. This \¡ras verif ied by the üüilcoxon

Rank sum.Test. ce11 volume estimates on the two cellulose
acetate substrates r^rere similar at p< 0.01 (ríg .16) . Despite

this dÍscrepancy, seasonal means of the three communÍties

ü7ere very sími1ar. These hTere 1.04x108 (11.06x108), 1.ggx1o8
1 7 -7 ? -2 -(¿9.r0x10') and 1.84x10/ (!7.g7xLOt') mpr cm on ,UfJnt",
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FÍgure 14'. ContributÍon on a per cenÈ volume basis of

the Cyanophyta, ChlorophyÈa, Chrysophyceae

and Bacil-lariophyceae of the phytoplankton

ín L623.
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Figure 15: Contribution by the phytoplankton

consËítuting more Ëhan L0% of Èhe

popula tíon volume in L623.

species

total
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Figure L6z Comparíson of ce11 volurne biomass estímates

(r=0.640) of the epíphyton on the smooth

(- ) and roughened (-) aceÈate in L255 '
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and the smooth and roughened acetate respectively. The

epíphytic ce11 volume on T t4ytlna peaked one month ín advance

of the populatíons on the artlficía1 substrates(Fíg.i-7).
The maxímum ce11 volumes on T qpl+a, smooth and roughened

acetate were 8.52x108, 6.27x108and 4.92xhot ,U3"r-2
respectively.

íí) EpÍpelon

Ce11 volume biomass estimates for the epipelíc
communíty exhíbited four maxíma; rnid-June,tr,,ro ín July and

the f ourth in mid-August. All maxima úrere f o11or,¡ed by

sharp declínes 
- 
in volume. The maxíma r¡7ere always a

consequence of very large populations of s uninøLLa ovaLí¿

(Fig.18). The seasonal maximum occurríng in June hras
lô 1 -2 ^^^, q ? _21.08x10'" mp"cm The seasonal mean was 3.g9xl0v *pr"rn

.o(t1.69x10') .

íii) PhyÈoplankton

The phytoplankton was characterízed by a mid_Ju1y

maxírnum volume of 1.03x1012 ^rt3L-l A mixe ð. c¿t-q.tíun

hí¡tundineìLa- AythawLzofienon (Lo,s -a.qu'cLebloom exisred at rhis
tine. A lesser peak occurred in the latter part of August

with complete domÍnation of the blue-green, a. (Lol-t.qua,e-

(Fig. 1g) . Although Cttqpto mon0"^ erLo^a. r{as rhe ma j or

plankter .ín June íÈs relaÈive1y smal1 size prevented ít from

attainíng sígnificanÈ populaÈion volumes. The seasonal mean

biomass as ce11 volume was g .47xr010 *u3L-l (tL.2o*t01 1) 
.

77
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Figur e 17 z Cel-1 volume estímates of the epíphyton on

Tqpha (l-I)' smooth (A-A) and

roughened (O- O) acetate substrates ín L255.



d 3 ! tr - o

C
E

LL
 V

O
LU

H
E

c,
2 l! m r 

O
-e

- O
 I

E
€

{ o2

- 
t 

-2
 

I
(m

rt
 c

n 
,X

lO
-

2l
|' t 18
-

2'
lO

-_
-.

--
r-

--
--

-o
'

I
a'

r tu (¡ (¡

\¡



-ft\



Figure 18: Ce11 volume estimates (tr-!) of Lhe epípelíc

flora ín L255.
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Fígure 19: Ce11 volume biomass estimates (n-tr)

the phytoplankton in L255.

of
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B.Lake 623

Í) Epíphyton
Línear regression analysís of ce11 volumes on the

three substrates resul-ted in excellent correl-aËion between

the trüo artíficial substrates (P< 0.01) (Fig.20) . Neither

artifícíal- substrate compared well Èo the natural hosÈ.

Ce11 volume attaÍned a maximum on Tqytha in nid-June.

The epiphytes on the artíficial substrates reached their

maxima about a month later(Fig.2I). Seasonal mean cell

vol-umes on T ttrylLta, smooth and roughened aceËate r,rere
SgoQg7.35x10"(¿1.43x10'), 3.03x10"(¿1 .27xLj"), and 2.56x10'

(t7 .5lx ro 7 ) *u3 "r- 
2 

^nd. 
maxíma r^rere 1 . 0lx10 L0 

,7 .6 8x1o 8

83-2and 4.58x10" mp'cm - respectively.

ii) Epipelon

distÍnct maxima; rníd-Junerrníd-July and uríd-September(Fí5.22) .

AmytLtotta" ovr"I-i^ var. a$dínía hlas Èhe predomÍnant alga in all

cases.

The ce11 volumes ín the epipel-on displ-ayed three

78

The uríd-July peak resulted Ín a

of I.42xr0tt*u3"r-2. The seasonal mean

(tL.7 3xto t0) . This mean volume was t!üo

greater than ÈhaÈ of any of Èhe epÍphytÍc populatÍons ín

L623.

iii) Phytoplankton

The phytoplankton of L623 exhÍbÍted a bimodal volume

d_ístríbutíon. Cel-1 volume maxima occurred at the end of Mav

and the begÍnnÍng of October(Fig.23). Mid-summer values

\rere comparatively low. The spring peak was made of

seasonal maximum

r¡ras I . 28x1otoru3"r-2

orders of magnítude
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Figure 20: Comparíson of ce11 volume biomass

(r=0.634) of the ePíPhYton on Èhe

and roughened ( ) acetate in

estimates

smoorh (----)

L623.
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Figur e 2I z Ce11 volume biomass

on Tqytha (O-O),

roughened (¡-A)

estimates of the epiPhyton

smooth (A-A) and

substrates ín L623.
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Figure 222 Ce11 volume bíomass estimates

epipelíc flora Ín L623.
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Fígure 23: Cel-1 volume biomass estimates (O 

- 
O)

of the phytoplankÈon in L623.
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Cnqytt.o nfln0".5 etLo^a and various Cyanophyta while the

autumnal maxímum consísted of a mixed díatom population of

c .ytLaezntuLa var . I-in¿a-ta,Nízachia I'toL,saÍ.ica and ¿,. ovaLí¿

var. addinit. The maximum ce11 volume of 4.gI*1O9rp32-1

occurred in the spríng bloom. The seasonal mean v¡as
g ?--1 R1.02x10-mp'L - (t0.89x10") .

BIOMASS_. CHLOROPHYLL

A.Lake 255

í) Epíphyton

Biomass, estimated by ¡rg chlorophyll a (pheophytín

corrected) per "^2 substrate íncreased erratÍcarry through-

out the season in all three epiphytie communíties(Fíg.24).

Linear regressíon analysis revealed that seasonal chlorophyll
4 values \,rere very similar for the two artífícia1 subsErates

(Pr0.01) bur neiÈher relaÈed well to chlorophyll a esrimares

on the natural hosÈ. Mean seasonal bíomass values of Èhe

epíphyton on Tqpha, smooth and roughened acetate urere

O.2jg(!0.065), 0.780(t0.205) and L.074(tO.3O3) pscm-2

respectívely.

Chlorophyll a and the corresponding ce11 volume

measures of biomass !sere compared. R values for the epiphyton

of Tttryll'ta, smooth and roughened acetaÈe r^rere 0.252r 0.414 and

-t0.29 1 pgbm ' respectively. This lack of a 1ínear relationship
ís íllustated in Fig.25,26 and 27.

1i) npípe1on

Biomass as ehlorophyll a. \^7as generally very hígh
-2(x=28.9Opgcm't6.536) bur erratic throughout the season (Fig.2g).

87





Figure 24 z Chlorophyll a biomass estímates of the epÍphyton

on Tttrytl,ta (O-O), smooth (l-f) and

roughened ( I-tr ) aceËate in L255 .
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Fígur e 25 z Comparíson of ce11

chlorophyll a (O

(r=0.252) of Ëhe

volume (A-A) and

epiphyËon on T tlYthct in L255 .

| ) biomass estimates
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Figure 26: Comparison of cell volume (O-a) and

chlorophyl-1 a ( a

of the epiphyton

acetate in L255.

on the smooth ce11u1ose

The r value \¡Ias 0.29L.

a) bíomass estímates
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Fígure 27 z Comparíson of cel1 volume (O 

- 
O) and

chlorophyll a (A-A) bÍomass estímates

of the epiphyton on roughened ce11u1ose aceËate

in L255. The r value was 0.29I.
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Fígur e 28: Chlorophyl1- a

the epípe1íc

(tr-¡) bíomass estímates

algae in L255.

of
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9B

The highest chlorophyll a value \¡/as 43.53pg.^-2 aÈ Èhe end

of July. Hígh chlorophyll and ce11 volume estímaÈes

coíncided very ínfrequently, regardless of the composition

of the population(Fig.29). The correlation coefficíenÈ r

relatíng the tr^ro measures r^ras only 0.175 indíeating a lack

of a 1ínear relationship.

iíi) PhyÈoplankton

Chlorophyll a. val-ues hrere comparatíve1y low untí1

mid-July when they increased dramatically to the end of the

season(Fig.30). The subsequent peaks coíncíded with large

blue-green populatíons, primarí1y A. óLo¿-cLqua"Q. and

MienocU^ti^ a-Q-tLugino^a". The seasonal mean was 7I .6ZtgL-l
(tZl .078) and the highesË va1ue, 234pe.(--1 o"curred ín rhe

early part of Septernber when a large amount of M,aenugino^a

predomínated.

Bíomass as ce11 volume and chlorophyll a displayed

a total lack of correlation (r=0 .070) , surmísable from Fig.3 I .

B.Lake 623

i) Epíphyton

Chlorop}:yLL a" estimates of bíomass correlated

hÍghly between the trnro artificía1 substrates (r=0.920) (Fig.32).

Neíther artíficial substrate supported bíomass values

approximatíng those on the natural surface.

The seasonal mean chlorophyll a for the epíphyton

on Tqytha, smooth and roughened acetate r^rere 0.238(r0.135),

2.O28(¿0.935) and 1.956(tL.005) pg 
"^-2 wirh maxima of

O.542, 5.50 and 4.gI pg "r-2 respectÍvely.

ïhe relatíonship between ce11 volume and chlorophyll
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Figur e 29 z Comparíson of

chlorophyll a.

(r=0.175) ín

of L255.

cell volume ( A- A) and

( 
^ 

--- A) biomass estimates

the epipelic a1ga1 communítY
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Figure 30: Chlorophyll a ( Ú- !) biomass estímates of

Ëhe phytoPlankton ín L255.
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FÍgure 31: Comparison of

chlorophyll 4

(r=0.070) of

ce11 volume (O---O) and

(f-¡) bíomass estimates

the phytoplankton in L255.
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Fígure 322 Chlorophyll a. bi-omass estimates of Èhe epiphyton

on Tgytha ( A-A ) , suooth (O ---- O ) and

roughened (O 

-O 
) acetaÈe in L623.
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a üras tested by linear regressíon anarysis. correlations
ü7ere signíficant (p<0.05) for the communitíes on Èhe

artificial substrates bur noÈ on Tq¡tr'ta (Fig.33, 34,35).
íi) Epipel-on

Biomass estimates as chl0rophy1l a- wete erratÍc
throughout the season (FÍg . 36 ) . The seasonar average \¡ras

^^ -2z¿ ' J ) t¡g cm - (!6.570) and the July maximum r¿as 43.24 yg "*-2
Línear regression analysÍs of ce11 volume versus

chlorophyll a" resulted in an r value of only o.zhg. This lack
of a 1Ínear relatíonship is evÍdent in Figur e 37 .

íÍÍ) Phyroplankron

chlorophyll a estímates r.rrere character ízed by earry
and late summer maxíma and a míd-summer mÍnimum (Fíg.3g).
The seasonal mean lüas 30.5 2 pg L-I (¿33. g02) while Èhe

october maxímum was 2Bo ¡rg L-r. The maximum at the season,s
end coíncíded r+rith íncreasíng1y larger populations of
An¡thona" ovali¿ var. a"((1ínia, coeeon¿i¿ yt.(-acenÍ.u.La var .

I-in¿a-t.a. anð, NíÍ.2¿ chía" l+oL¿a"tica.

Linear regressÍon analysis revealed that ce11 vorume
and chlorophyll a correlate well wíth r=0.676 (p<0.01) .

They are Íllustrated ín Figure 39.
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Figure 33: Comparison of

chlorophyll cL

(r=0.4I4) of

cel-l volume (O-O) and

(A---A) bíomass estímates

the epíphyËon on T tlytl+a- in L623.
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Figure 342 Comparison of celL volume

chl-orophy11 a ( O----O)
(a=0.842) of the epiphyton on the smooËh

acetate Ín L623.

(t 
-t) 

and

bi-omass estimates
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Figure 35: Comparíson of cell volume (O-O) and

chlorophyll a (I---f) bíomass estímates

(r=0.518) of rhe epiphyton on the roughened

ce1lu1ose acetate in L623.
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FÍgure 362 Chlorophyll a (O-O) bíomass estimates

of the epipel-ic a1ga1 community ín L623 '
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Figur e 37 z Courparison of

chlorophyll a-

(r=0.249) of

cell volume (O-O) and

( A----A) biomass estimates

the epÍpelon in L623.
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Fígure 38: Chlorophyll 0" (!-Ú) bíomass esËimates

of the phytoplankton in L623.
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Fígure 39: Comparíson of cell volume (A-A) and

chlorophyl L .a.r ( A A) biomass estimates

(r=0.676) of the phyËoplankton ín L623.
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3. SEASONAL SUCCESSION

A.Lake 255

In L255 there appeared to be three distinct
communities with 1itt1e overlap in specíes(Fig.40). The

epiphytic communities on the natural- and artífícíal substrates

had Ëhe majorÍty of thètr taxa ín common. The epipelon
had onry tr,ío major species ín common with the epiphyton;
cocconQ-iL pla,eentula whích was ubiquirous on the epíphytes

and Tnaú,t¿Lo mona^ nobu,sta whích was common only on T qytha.

The phytoplankton communíty r.ras Èhe mosÈ íso1ated.

A. -ó'Lot-a.qua"e. þtas present on the sedírnent as well as ín the
plankton but it has not been decided yet r,Thether or not

this blue-green germínates from overwíntering akínetes on

Ëhe sedíment or is an artifacÈ on the bottom settling from

the plankton.

rn the epiphytic communities seasonal mean ce11

volumes Ì^rere very simí1ar(Tab.4) but neÍther the maxima,

peak date nor dominant specíes coÍncíded. The epÍphyton

on TtLytha attained a maximum celr vor-ume of g.52xloBmp3"^-2

on July 2 when stígeocLoníum ncLnum predominated. The cell
volume did not reach maximum levels untÍ1 August 6-13 on

the artif ícía1 substrates. Here Aphanoca.p,50, døLíca"tí,s,sína

predomínaÈed.

On September 3, chlorophyll a concentrations on

T qyll'ta and the roughened ace tate r^rere at a maxÍmum.

A.-døLícatí¿rima dominated the popularion on T qytha, and

s. nanun and px-a"centuLa vat.Lineata. composed much of the
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Figure 40 z A composite í1lustratíon of all taxa found

on Tt1ytl,ta (T), SmooÈh acetate (S), Roughened

acetate (R) , the Epipelon (E) and rhe

Phytoplankton (P) diagrammíng their similaríty

of habitaÈs ín L255.



A. dellcatfssin
L. lfnnetica
S.nanr¡m
A. falcatus
T. robus ta
C. placentula

T
A. dellcatlssfu
S.nanr¡u
C.placentula

s

A. delicatfsslu
O.minneeotensl
S.nanum
C. placentula

L. lfnnetlca
A. delfcatlesin
S.nanun
C . placentula

R

724

A. deLfcatissfn
S.nanu¡r
C . placentula

T. robusta
C.placentula

E

L. llunetfca
A.dellcatlssiu
S.nanun
C. placentula

C. placentula

P

C . placentula

T

A. flos-aquae
T. robus Ëa
G.parvulun
C. placentula
S.ulna
S. ovalfs

s

A. flos-aquae

R

A. flos-aquae
M. aeruglnosa
S . Judayi
C . obconica
C.hlrundinella
l. erosa

E

P



lable 4: A summary of the

t

Mean ce11 volume
(rp3.r-2; mp3¿-t¡

Peak ce11 volume
(m¡¡3s*-2; mp3¿-1¡

Date of Peak volume

Peak doninated by-

Mean chlorophyll a (pe)

Peak chlorophyll a (lae)

DaËe of Peak

Peak domlnated by-

CorrelatLon coef f l-clent
Chl. 4 vs. cell volume

Most predomlnant group

MaJ or specles

blomass and communitv

lYPHA

1.04 x 108

8.52 x 108

July 2

Stlgeoclonium
nanum

o.239

o .442

September 3

Aphanocap sa
delícatissima

0.252

composltfon flndfngs of the

SMOOTH

a
1.88 x 10"

R6.27 x lO"

August 6

Aphanocap sa
delicatísslma

0.780

1 .409

OcËober I0

Stígeoclonlum
nanum

o.414

ROUGH

1.84 x 108

4.92 x L08

August 13

Aphanocaps a
delicatíssima

t.o74

2.3I3

September 3

S. nanum
C. placentula

0.29L

BacillarLophyceae CyanophyÈa Cyanophyta Bacll-l"arl,ophyceae Cyanophyta

A. deLicatlssima A. del-lcatísslma A. dellcatlssfma A. flos-aquae A. flos-aquae
L. llmnetfca O. mlnnesotensís L. lfnnetlca T. robusta M. aeruglnosa
S. nanum S. nanum S. nanum G. parvulum S. Judayf
T. robusta C. placentula C. placentula C. placentula C. obconlca
C. placentula S. ulna C. hirundínel1a
A. falcatus S. ovalls C. erosa

five communitfes

EPIPELON

3.89 x 109

1.08 x 1o1o

June 18

SurLre11a
oval í s

28.90

43.s3

July 30

A. f J-os-aquae
C. placentula

0.175

ln Lake 255

PHYToPLANKTON

9 .47 x LOLO

1.03 x 1012

July L6

A. flos-aquae
C. hLrundinella

7 r.62

234.96

September 3

M. aerugínosa
A. flos-aquae

0.070

f.J
(,¡l



i

populatíon on the roughened

chlorophyll 4 maxÍmum on the

October 10 coincídíng wíth

the artifíciaI subsÈrates

domínants whíl-e on TApha the Bacíllariophyceae predomínated.

The epípe1ic community showed a ce11 volume maximum

on June 18 and a chlorophyll a peak at the end of July.

The Iarge cell volume was a dírect result of a populaÈíon

of S unin¿LLa ova-I-í^. The chlorophyll a maxímum coíncided

wíth large populatíons of A. (sLot-a"qua,Q. and C. pLacent.uL-a

var.Líneata. The most significant group overall was

the Bací1laríophyceae however

ce11u1ose acetate. The

smooth acetaÈe occurred on

large S. no.nun population. On

Ehe Cyanophyta vrere the seasonal

In the phytoplankton the seasonal maximum as ce11

volume on July I6 üras a result of large populations of

A. $Lot-a"qua"Q- and C¿na.tiun lqinundin¿,L!.ct. The bíomass as

chlorophyll ø peaked at the begínning of September vrhen

A. (Lot-0.qu0"Q- and MicnocUSÍí^ a"Q-tLugíno^cL predomínated.

The Cyanophyta was the mosÈ ínfluentía1 group ín the

phytoplankton.

B.Lake 623

L26

The littoral communitíes of L623 were not as well

def ined as Èhose in L255 (Fig.4L). tN. hoLtatica and S.,nanum

r^rere common to all three epÍphytic communitíes. There r^ras

also overlap of G.panvuLum var.fJa-rLvulut?t and C. pLaeøntu.La

var.Lin¿ata from the epiphyton to the epipelon and

Þhytoplankton.

The seasonal peak in volume biomass of the epiphyton
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Fígur e 47 z A cgmposite íllustration of the taxa found

on Tt¡pl+a, (T), Smooth acetate (S) ' Roughened

acetate (R), the Epipel-on (E) and the Phyto-

plankton' (P) diagramming their similarity

of habitats ín L623.



O.r¡lnneaotensl
L.lfmtetlca
S.nanr¡u
Chlanydononas
C. Pringshefnfl
G.parvulun
G.aubclavet'ñ

T s
S.nanu¡
N.holsatfca
G.parvulum

R

S.nanum
N.holsatfca
G.parvuluu
S . ulna
C. placentula

O.Efnneaotensf
S. nanum
N.hosatfca

E

S.nanum
N.boleatfca

o.Dinnesotensl
G.parvuLun

r28

O.uinnesotensl
S.nanum
C.Klebsil
N.holsatica
S . ulna
T. robusta

N.holsatica
G. parvulurn

P

G.parvuluo
C . placentula

i0.nfnnesotensi
T. robusta

N. holsatica
C.placentula
G. parvulurn

T

v .4¡¿¡r¡cÞ9 ttI¡Þl
Â. convolutus
O. capftetuE
T . robus ta
G. parvuluur
N. palea
C.placentula
Â-nv¡1{c

N.holsatfca

s

R

rv. P¡éuËItLufa
G.parvulum
A. ovalls

OsclllatorÍa
S.JudayÍ
C . obconíca
C. placentula
N.holsetfca
A. ovalfs
G.parvuluur

E

P



Table 5: A summarY of

I

Mean cell
(*lr3"t-2;

Peak ce11 volumç
(n¡r3sn-2; mp3t-r)

Date of Peak

Peak dominated bY-

Mean chloroPhyll a (Pe)

Peak chlorophyll a (Ve)

Date of Peak

volume
m¡3¿-r¡

the bíomass and commrrnity composítlon findlngs of the

TYPHA

I
1.04 x 10-

1.01 x 1010

June 18

Nitzschia
holsatlca

0.238

0.865

June I I

G. parvulurnPeak doninated bY-

Correl-at1on coef f lcient
Ch1 4 vs cell volume

Most predominant grouP

Major specles

SMOOTH

Â3.16 x 10-

R7.68 x 10'

July 9

Stigeocloníum
nanum

2.O28

5.495

June 25

Mixed díatoms
S. nanum

o.842

ROUGH

R2.56 x LO-

R
4.58 x 10-

August 6

Stigeoclonium
nanum

L.956

6.015

June 25

S. nanum
S. ulna

0.5180.4r4

3aclllarlophyceae

O. mlnnesotensis
L. lfmnetlce
S. nanum
Chlamydomonas sp.
C. Príngsheímli
G. parvulurn
G. subclavatum
N. holsatica

flv(r communitles

EP IPELON

1.28 x 1010

1.42 x 1011

July l6

Amphora
ovalis

22.35

43.24

July 9

ít, Lake 623

Chlorophyta

S. nanum
N. holsatíca
G. parvulum
S. ulna
C. placentula

PHYTOPLANKTON
q

1.02 x l0-

o
4.91 x 10'

May 31

Cry p t omonas
erosa

30 .52

280.35

. October 2

N. holsatlca
C. placentula
A. ovalis
C. obconíca

o.676

Chlorophyte

O. mlnnesotensis
S. nanum
C. Klebsil
T. robusta
N. holsatlca
S. ulna

parvulum
ovalis

o.249

Bacíllariophyceae

O. mlnnesotensis
A. convolutus
O. capltatum
T. robusta
6. parvulum
N. Palea
C. placenEula

A. ovalis

Bacillaríophyceae

Oscl,llatorf a sp.
S. Judayl
C. obconica
C. placentula
N. holsatica
A. ovalis
G. parvulum
Unknown díatom

t!
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occurred aÈ three díf f erent times:míd-June(on Tqytha),ear1y

July (smooth acetate) and early August (roughened acetate)
(Tab.5) . The peak on T qytha was t\^ro orders of magnitude

greater than on the artif icial substrates. 
^/. 

LrcIrSa.tica

caused the volume maxímum on T ttrplta. s, nanun predominated on

artífícia1 substrates.

The maximum chlorophyll 4. values ürere over síx times
greater on the artíffcial than naÈura1 substrates. chlorophyll
a peaks coincided on June 25 wíth a míxed diatom- S , nt"nurn

populatíon on Èhe ce11u1ose acetate. on June l1 a large
population of. G. ytanvuX-um var .ytattvul-urr on T qpha. resulted in
the chlorophyll d. maximum. chr-orophy11 a. and ce11 volume

biomass correlated well on the arti.fícial substrates but
not on the natural host. The dominanË group on the ce11u1ose

acetate \nras the chlorophyta and T qytha supported coDsiderable
populations of diatoms.

The ce11 volumes ín Ëhe epipelic communíty were the

highest of all communitíes studied. The peak on July r6

by A . ovaLi^ var. ad(ínia \das preceded by a chlorophylr a

peak on July 9 when A. ovax-íó var.a([inia and G, ytanvuLun

var. panvul-um predominated. There r¡ras no linear relationship
beÈween chlorophyll and ce11 volume

The phytoplankton community displayed a cnqyttomona^

Q-lLo^0" domínated cell- vorume maximum on May 31 and a

chlorophylr A maximum on october 2 consísting of mixed

díatoms. chlorophyll and cell volume biomass estimates ú/ere

linearly related to p< 0. O 1 .



In no communitv in either lake

r,rere the predominant group díd

4 biomass estimates correlate

occurred when communiËíes hrere

4. EPIPHYTON ON SMOOTH CELLULOSE ACETATE IN THE I978 AND

T979 .SEASONS

A.Lake 255

The 1978 epÍphytíc communíties revealed a succession-

aI pattern involving the Cyanophyta, Chlorophyta and

Bacillaríophyceae. Díatoms prevailed in the spring,

blue-greens in rnid-summer and green algae ín Ël're f all.
The diatoms did maíntain reasonable populations throughout

the season however.

In LgTg Èhe CyanophyÈa \^rere maj or contributors
f rom rnid-July to the end of Èhe season. Chlorophyta r¡rere

evident in the early and late summer. Diatoms \^rere

generally ínsígnificanr (Fi g. 42) .

In L978 taxa consÈituting more than IO"/. of Èhe

population volume hrere Lqngbqa Lagønl'tøíníi (Moebius) Gomont,

Apha"nocr"fJ^a" deLicati'r¿ima,CoLeoel,taeLø innøguI-a-tti,s pringsheim,

s t.ígeocLonium na-num and c,p.LaeentuLa var. I-ineata. rn rgTg

the only change r^ras that Lqngbqa and CoLeoehaet¿ rárere mínor

contribu'tors and 0,5 cíLlatotLía- mLnne¿ot¿n¿i¿ became

signÍficant.

easonal ce11 volume comparísons in the tr,ro years

resulted in t=0.204. The average ce11 volumes Írere however

very close t z.07xl-0t (rr.sgxl-07) and l.ggxlOt(rr.loxtoT)

where the blue-greens

ce11 volume and chlorophyll

linearly. The same phenomenon

completely díatom-domínated.
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Figure 42: Comparison of the per cent cel1 volume

dístríbution patterns among the Cyanophyta'

Chlorophyta and the Bacillariophyceae of

the epíphyton on Ëhe smooth cel1u1ose

aceÈaÈe in L255 duríng the 1978 (----) and

197 9 (-) s tudY seasons .
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?. -t )ctive1y. In boÈh seasons the mid-summerm¡¡ cm resPecEl-very. rrl . D

bloom was the result of large populations of Aytl,LanocafJ^a"

deLicatíEâinn

Chlorophyll a, concentrations Ín the thro seasons

rrrere 1ínear1-y reLated at P(0.01 (r=0.707>. The average

seasonal values rrere 0.371 ¡rg .^-2 (¿0.161) ín Ig78 and

-,0.780 ps cm ' (!0.205) in 7979.

In neíther season díd ce11 volume correlate r¿e11 wíÈh

chlorophylL 0" bíomass estimates (Fig.43). R values for

Lg7 B and lgTg vrere 0 . 1 19 and 0.4 1 4 respectively.

B. Lake 623

In I978 the communíty vras generally dominated by

the Chlorophyta although diatoms became íntermittently

sígníficant during the courseof the eummer. The Cyanophyta

conËributed between 1 and L0i¿ of Èhe total community.

In the I979 season the Chlorophyta remaíned predomi-nant

and the total diversíty of najor díatoms increased (Tab.2).

It was determíned statística11v that the communitíes \^7ere

134

of the same specíes díversity duing the two seasons

(Pt0 .0s) .

Domínant taxa in L97B on the smooËh acetate r^rere

ChLamqdomona^ sp . , CoLe.ocha¿te í¡t¡tø guLcL)Li,s , Stig¿ocX.oniun

nl-nun and Cocconeí^ ytLacentuLa" var. Lín¿ata. In the 7979

study season the dominanË species revealed an increase

in the diatoms. S. nanun, Nitacl+ia l+ol¿o"tíca, Sqnedn-a u.Lna

J¡ar. uLna", C, pLacøntu.La var, Linøat.a, and G. pr,tLvuLun var.
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Figure 432 Comparíson of ce11 volume ( A-A ) and

chlorophyll (L ( I

on the smooth cellu1ose acetate subst.rates

demonstrating seasonal PatÈerns in L255

during the L978 and 1979 study seasons.

  ) of the epiphyton
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pa"rLvuLum predomínated here.

Biomass as cell volume had seasonal means of
R?-27ß?-t2.3x10" mp"cm '(!6.64x10') in Lg78 and 3.16x10"mp'cm-'

R(tL.27x10-) ín 1979. The seasonaL patterns r^rere very

dif f erent however r,rith an r value of only 0.110 correlating

the tno seasons (Fíg.44) .

Chlorophyll a concentratíons coincided well with

the correspondíng ce11 volume esÈimaËes in both seasons

(P<0.05) . Successíona1 patterns varied consíderably

from 1978 to IgTg(fíg.45). The seasonal mean chlorophyll a

concentraÈions correlated well with one another ín both

years. The Ig78 correlation coefficienÈ lvas r=0.7L7 and

in 1979 r=0.842.
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Ffgur e 44 z Comparison of Èhe per cenÈ total volume

distribution Patterns among the Cyanophyta'

Chlorophyta and the BacÍllariophyceae of the

epiphyton on the smooth ce1lulose acetate

in L623 during the 1978 and 1979 (

study seasons.
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Fígure 45 z Comparison of cell volume ( O 

-O 
) and

chlorophyll a ( I---- l) of the epíphyton

on smooth ce1lu1ose acetate demonst.rating

seasonal patterns in L623 during the L97B

and I979 study seasons.
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Me th od o1o gy

The reliabilíty

ís a dírecË function of

reason the majority of this

ysís of the methodologíes of

straËes; biomass estímatÍon;

of samples.

DISCUSSION

Artificial substrates for the evaluation of períphyton

has been routinely used since at least 1916 (cooke r956).

Many materials have been used but glass has remained the

most popular (s1ádeðková 1962). Although there have been

some comparable results between epiphytíc communiÈies on

glass and aquaÈic pJ"ants, evidence suggests that a posítive

correlatíon f.ar more often exísts if the natural substraEe

ís non-biologíca1 (Castenholz 1960, Stockner and Armstrong

I97L, Evans and Stockner I972).

of results of any successional study

the methods employed. For this

d i s cus s ion r¿i 11 invo lve an anal-

sampling wíth artificía1 sub-

and the statístical evaluatíon

742

ce11u1ose acetate as an appropríate artifícía1 substrate
for epiphytíc a1ga1 communitíes. This material províded

a chemically inert surface. one of the rnajor problems of

glass ha.s been that ít provides a source of silica to

epíphytic flora whÍch might favour diatom colonizati-on.

I,ühi1e the procedures undertaken for insertion and

positioning of the artificía1 subsËrates followed closel-v

those of Hooper-Reid and Robínson (1978a) conclusíons as

Hooper-Reíd and Robinson (L976,1978a,b) inrroduced



r4s

to the valídity of artificial substrate use differed

significantly. rn theír study no signíficant dífference

$ras det.ected among epiphytíc communíties on natural and

ce11ulose acetate substrates. rn the present investígation

the Bacíllariophyceae contributed more than any other
group to the epiphyton on T qytha ín both l-akes while on the

average the ce1lulose aceÈate substrates rarely supported

significant populations of díatoms. on the acetate.in Lz55

the cyanophyta domínated whí1e in L623 rhe chlorophyta

f ormed the rna j or f rac t ion .

Further comparison of the foregoing results wíth

others ís liuríted due to the frequent inproper use of

artifícial substrates wíth regards to exposure tÍme. Most

Ínvestigations have ínvolved the Ínsertíon of the artificía1
substrates ínto a system for several r,¡eeks or a month and

the results obtained are then directly compared to a

natural communíty that had been developíng for an extended

perÍod of tíme.

rn Lakes 255 and 623 the communíties on cellulose
acetate demonstrated a decrease in the number of important

species in comparison to Èhose on Tqpl+a. The acetate appeared

to have the effect of decreasing Èhe rerative írnportance

of the diatoms and conversely íncreasÍng Èhe sígnificance
of the green and blue-green algae. prescott (Lg62) has

noÈed an increase of chlorophycean and cyanophycean flora
Ín hard-vrater seepage lakes. K1íng (1975) reported a shíft
to predominance by the cyanophyta or chlorophyta hrith



íncreased eutrophÍcation in her study of the lakes in the

Eríckson-Elphinstone regíon.

The dif f erences betwe en T lplna and the artif ícia1
substrates hrere sígnificant. One reason for such differences
may lie ín the physíological state of the host p1ant.

Artificial substrates can generally be expected to change

litt1e chemíca1ly from the time of ínítia1 insertion to

sampling tÍme while a macrophyte may constantly be undergoing

physío1ogical change.

Dissolved nutrients in the !üater flowing past

a substraÈe are 1íke1y sources for the epíphyton. cellulose
acetate stríps provide little resistance to current and so

nutrients may be assumed to be ín constant supply. The

ridged epídermis of a Tr¡ytha" stem and íts protected location
wiÈhín a macrophyte stand could contríbute to a decrease

Ín r^rater f 1ow and nutríent supply. courpetítion f or nutríents
míght theref ore be more íntense on the T t¡ytha and the estab-
lishrnent of microniches could occur.

It is evident that there ís a complex biochemical

relationshíp that exísts bet!,reen host and epÍphyte. Harlín
(1973) determíned that a penetrating rhizoíd ís not required
for exchange of products. By their proxímíty a1one, epíphytíc
flora are capable of exchanging products before these are

diluted by the surrounding water.

Physical factors such as líght and temperature have

bêen found to be more significantly l-inked to algal communíty

structure than nutrients fn several investígations (Haertel

144
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L976, Jones r977ã¡c¡ Rosemarín and Hart rg7g, schwartzkopf
and Hergenrader 1978). rt ís possible that the water
surroundíng the macrophyte stands ís somewhat cooler and

the light intensity lower than the envíronment of the
artificial substrates due to shading effects of the
emergent portíons of Tqylha. For obvious reasons artificial
substrates must be inserted at the edge of the macrophyte

stands and not withín. Thus the ce11ulose acetate strips
may have been exposed to higher light íntensities, incídent
heat radíatíon and wínd-índuced currents than the T qpl,ta

in Íts protectíve stand.

The paucíty of diatoms may have been a direcË
consequence of these hígher light and temperaEure regimes.
Further controlled studíes would be necessary to confírm
such speculatíon.

BÍomass estímaËes made usíng ce11 volumes are one

of three widely used methods. comparísons with other
1íterature is difficult when studíes have been conducted

with varyÍng degrees of accuracy and methodological
parameters. Reported volume estimates for a sÍng1e species
appear to vary from one author to another (castenholz Lg60,

Evans and stockner r972). such varíaÈÍon may be genetic,
it may be the result of seasonal varíation or it may have

resulted from the use of different stereometrical formurae.
ce11 volumes accurate Èo the 95"/" confidence level were

calculated during this study, arthough it must be stressed
that such estímates are not necessarily applicable to
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other lnvestígations.

The seasonal- mean ce11 volumes on ce1lu1ose acetate

rnrere about twíce as high in L623 as ín L255 although

seasonal maxima uTere similar. The mean ce11 volume estimate

on T t¡ytha in L623 was seven times greater than ín L255 and

the peak was almost tr.ro orders of magníÈude greater.

The T qytha host consistently supported a maxirnum

populatíon that dÍffered entíre1y from the epiphytíc

communÍties on ce1lu1ose acetaËe substrates in the same lake

although communítíes of the tr^ro types of artífícial substrates

in both ü/ere alwavs simí1ar.

Peak values were higher than those found by Moore

(1974a) and Hooper-Reíd and Robinson (1978a) ín epiplithic

and epiphytic studíes respecËive1y. The maxíma rnrere withÍn

the rnid-range of the resulËs of Evans and SÈockner (L972)

who studíed the epil-ithon of navigational buoys in Lake

ülinnÍpeg.

The seasonal mean ce11 volumes of the epipelon in

both Lakes 255 and 623 were ín the range determined by Moore

(I974a). The value found ín Moore's (1974a) arctíc ríver

ínvestigation was 1.85x1010 *¡r3"r-2 ,inich was mídway

between the txto10 and 1.42x1011 rnp3"*-2 t"*itt of L255 and

L623 respectíve1y. Peaks occurred Ín mid-June (L255 ) and

nid-July (L623). Moore (L974a) and Gruendling (1971) both

found a signíficant relatÍonship to exÍst bethTeen high ce11

ïolurne and high temperature although the epipelic crop does

fluctuate considerably, both seasonally and from year to
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year (Hickman and Round 197O).

Ce11 volume estímates obtained from the littoral
phytoplankton communitíes \^rere generally higher than

recorded values of pelagíal phytoplankton and fit closely
ínto the range determíned by lnloore (r974a) in hie study

of arctic ríver epÍpelon. Peak ce11 volume estimates

determined by Jones (1977a) were intermedíaÈe bet¡¿een those

found for the türo lakes in this study.

The major advantages of the use of ce11 volume as an

algal communíty bÍomass estímator are thaÈ it provides

both an indícation of population size and a common comparable

volume base. on Èhe other hand, ce11 volume does tend to

overestimaËe the signifícance of larger taxa and underestimate

the importance of smaller ones. I^Ihen large numbers of large
or sma1l taxa contribute to the total community Èhe problem

of the use of ce11 volume can present Ítse1f. For thÍs
reason possibly, but more 1ike1y because iÈ is quicker,
most determine populations on a cell number basis. ce11

numbers províde an indicatíon of the absolute number of

cells ín a particular volume of \.rater or on a substrate

surface area. The base value of r1 cellt has 1ítt1e

assocíatíon with community biomass. For example, a sample

containing 1000 ce11s/rr of Nítz¿chia l+0.(.aatíea (vo1. = 43ryr3)

and 1000 cells/ml of cqmbø.Lla ei¿tuLa var cí¿Í.uLa (volume=
?45r4 rnp") may not demonstrate dífferences as clearly as

urhen expressed as 4.3 x 104 r¡r3r1-L ,N. hoL,satica" and
Á 'L -r4.5L4 x 10" urp"ml ' c.ci¿tul-a var ci¿tur-a. The reader



unfamí1íar with the taxonomy of such populations can Ëhus

assess possible physiological and ecologíca1 dífferences

more ef f ectively. Ce11 numbers should hornrever be used ín

community studies to assure that sma11, abundant algae are

considered as signifÍcant members of Ëhe community.

Paasche ( 1960) , Hooper-Reid and Robinson ( 1978a)

proposed that ce11 surface area be used instead of either

ce11 numbers or ce11 vol-ume since it rnras found that a

better relatíonshíp exisÈed between surface area and

producÈion.

Chlorophyll a as a bíomass est.ímator of a1ga1 commun-

ítíes is perhaps more widely used than any other method

despíte the fact that seasonal chlorophyll trends rarely

coincide wíth ce11 volume or ce11 number estimates

(Kowalczewskí and Lack L97 L , Haertel I97 6 , Jone s 1977 a,

Rott 1978, Tolstoy 1979). The results of this study supported

such fíndíngs. Only three communíties in L623 exhibíted

linear correlatioa between ce11 volume and chlorophyll &

concentration. These hTere the epíphytÍc communities on the

smooth and roughened ce11u1ose acetat.e and the phytoplanktonic
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communíty. The relationships did not reveal any common

factor. In fact Rott (1978) has suggested that the relarion-

ship between ce11 volume and chlorophyll 0" is not 1ínear

at all but a complex asymmetríc one.

The inherent problems of the spectrophotometríc

urethod are important if one ís Èo f airly assess the rnethod r s

validity. The obvious advantage is thaÈ the method ís
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sÍmple, fast and relaÈively ínexpensive. Problems lie not

only Ín the procedural analysis but also in the assumptíons

necessary to accept the uethod at all. The most crucía1

of these is that al-1 a1ga1 ce11s regardless of volume,

size or group associatíon contain the same concentraÈion

of chlorophyll a whereas, in facÈ, the chlorophyll 0"

contenÈ of a síngle species may fluctuaÈe quite notíceably

dependíng upon physÍol-ogíca1 status and the environment.

The commonly used method of Strickland and Parsons

(1968) íncLudÍng the acÍdífícaÈíon nodífícations of Lorenzen

(1967) was empl-oyed in thís study and results compared to

the literature. üIhí1e the chlorophyll a estÍmates of the

epÍphyton on Tt¡ytha" ín L255 and L623 ürere very low generally

they díd fa11 into the upper range of those ín Allen's (L97I)

ínvestigatíon of glass s1ídes in a Scinytuó bed. However

the chlorophyll a, maximum on the art,ifíeial substrates in

L623 $rere sirní1ar to those maxima found by Hooper-Reid and

Robinson (1978a) and by A11en (1971).

The seasonal means and peaks of the epipelon in both

lakes hrere very similar. The means corrosponded well to

values obtaíned by HÍckman and Round (1970) and by Moss

( 1968) . Maxíma r^rere much Lower than almost alL other

reported literature.

The seasonal- mean chlorophyll a. estÍmates of the

phytoplankton values rúere hígher than those determined ín

Ge1ínrs (1975) investigation but consíderably lower than

those Ín Cooking Lake (Hickman L979). Peak values r^rere higher



than those of both Ge1ín (1975) and Kling (L975) on a

previous study of the pelagial phytoplankton of L255.

Values for both lakes r^Iere in the same range as the

chlorophyll 0" estímates determined by Kowalczewski and Lack

(1971), Jones (1977a), Hickman and Jenkerson (1978),

S chwartzkoPf and Hergenrader ( i97B) . I'lhí1e the average

chlorophyll values for the phyÈoplankton of L255 was twice

thaÈ ínL623r peaks úrere sírnilar in nagnitude. This \iras

undoubtedly a consequence of the dífferent community

composit,ions in the t!'ro lakes.

Methods used ín chlorophyll analysis of the epipelic

community díffered from Èhe most commonly used technique

of Eaton and Moss (1966), in whích the algae exhibiting

diurnal vertic¿1 mígration rhythms rÀrere separated from the

mud and r,üater before acetone extraction. In the Dresent

study the technique vTas a modífícation of Tett et cLL (1975)

and Stanley (1976). I4Ihí1e Ëhe epipelon in Ëhe sedimenË was

separated from the \^rater before extraction, no attempE r^7as
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made to separate the algal comnunÍty from the sediment

Ítse1f . It \^7as assumed that degradation producÈs in the

sediment dÍd not interfere extensíve1y in the analysís but

as no comparísons \¡rere made betr¿een the methods the accuracy

of such an assumptíon is unknown. Extreme seasonal fluctuations

of epípelon chlorophyll a has also been observed by Hickman

and Round (1970) who used the method outlined by Eaton and

Moss (I966).

The determination of the number of organísms Èhat ít



lyas necessary to count to achieve a given level of

statistíca1 confídence ¡nras ínitía1ly proposed by such

workers as Lund ¿t a-L (1958), who stated that sÍnce studíes

generally Ínvolve changes in generatíons these are, in fact

changes of. r0o%. Therefore one need only ensure that the

probable range wíthin which the true number líes Ís within
t50%. In this invesÈigation the total standard error
acceptable, includíng that of the ce11 volume calculation
htas set at 357". rt rdas then possible to calcuLate the

nu¡nber of microscope fields necessary for the enumeration

of a statístíca11y accurate representation of sample. The

specíes recorded on any one sampling day depended upon theír
observed díversity in the first 20 sample fíe1ds. This set

an arbitrary limit on the díversity. It has been shown

by ÉIobro and trrIiLlen (197 5) that varíabi1Íty is reduced

sígnificantly once some limits are set on the number of

species to be evaluated. The method vras consistent and it
is believed to have been much more efficÍent Èhan pre-

determining the number of algae that ít would be necessary to

count (castenholz 1960, Brown L976, síver rg77 ) which does

not take into account the population size or structure.

151

Seasonal- Succession

The rel-atively low specíes dÍversity determíned for
all communítÍes could be the result of any of a number of

factors.The samplíng nethod may have affected the retríeval

of organisms. Due to the heterogeneíty of the communíty
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structure it is possible that some taxa rlTere overlooked

ín random sampling. The increase ín effícíency of identifying

species depended to a large extent on the time spent

lookíng for them. Lund Q-t a"I- (1958) have discussed rhe

disadvant,ages of spendíng dísproporÈionately large periods

of time in an effort to Íncrease accuracy. The time spenÈ

on the system greatly affects the number of species found

(K1ing I975). A study of 5 monrhs cannor be consídered

equivalent to one of several years as far as characterízation

of Ëhe communíËy. The Èíme of year can affecË the number

of taxa found. K1íng (L975) has remarked that spring and

fa11 samples generally contain more species than summer and

r¿inter samples.

hÌhen ít vras originally proposed thaË artificía1

substrates be ernployed a hypothesis üras formulated that

a roughened surface would simulate a plant stem more

closely than a smooth one. For this reason both smooth and

roughened cel1u1ose aceÈate (vertically stríated) were used.

The use of roughened substrates has been attempted prevíous1y

(F1int Q-t a-L rg77, s1ádeÉková rg6z) wírh varying resulrs.

The biomass estímaÈe as either cell volume or

chlorophyll a and community composition correlated closelv
(P<0.05) beÈween smooth and roughened aceÈate substrates ín

both lakes. rn neíther lake however, did Ëhe communiÈy

structure on the natural substrate correlate with the

populatíons on the artífícial hosts. Although almost

wíthout exceptiên major specÍes found on the artifícía1



subsÈrates r^rere present on TUfJLLa", n,ever did a species

or group completely dominate the natural hostrs community

as occurred on the acetate substrates.

The comrnunities on Tq,¡tha stems ín L255 and L623 had

few major specíes in common but in both cases diatoms v¿ere

the predominant group accounting for mean per cent

volumes of 37i( and 56% in Lakes 255 and 623 respectively.

rn both lakes the epÍphytíc flora of the natural substrares

appeared Èo show more dístínct seasonal changes in communíty

sÊructure than the algae attached to the artifícia1 substrates.

The effect of Ëhe naÈura1 substrate on Èhe epÍphytíc

communíties appeared to be one of retarding the trends that
might be expected to accompany eutrophication; such as a

decrease in the number of important species. Klarer and

ÉIíckman (1975) studied rhe effecrs of hear on the epiphyton

attached to S cinytut. They found that during the míd-summer

in unheated stations no one specÍes accounted for more

than 507. of Ëhe total populaÈion. The present study supported

these f indings when Ëhe T t¡ytl,ta stem is likened to the

unheated statíons and cellu1ose acetate subsÈrates
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consídered representative of heated staËions . The T ttrytlta

plant perhaps provided exudates or as previously mentíoned

provided more favourable 1íght and temperature ïegi.mes

to a1low for íncreased competitíon among the epíphytíc

flora and fauna. Evans and stockner (1972) determined that

t¿here the water rnras more o1Ígotrophic in their Lake l,rrinnipeg

study the epílithon was dourínated by diatoms (as on Tr¡,¡tl+a)
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but in the more eutrophíc areas the cornmuníty eras pre-

dominated by Chlorophyceae and Cyanophyceae.

Lake 623 Ís less deep Ëhan L255; is smaller and

possíbly receíves greater agticultural run-off. chemical

data (BarÍca r978) suggests that L623 is more eurrophíc
than L255. The influence of eutrophícatíon is not particularíly
obvíous ín the epiphyÈíc communíty on T qytha but ürâs ref lected
ín the epiphytíc popul-aÈÍons on the artifícÍal substrates
where S tigeoeLonium nl"nunì comprised an average of 6L%

of the total populatíon duríng Èhe course of the season.

Dominatíon by s.na,nun t,as been noted on numerous occasíons

and has generally been regarded as an índícator of orqanic
pollution (McLean and Benson-Evans I974).

rncreased euËrophícatÍon may lead to íncreased a1ga1

biomass. The ce11 volume bÍomass of L623 rÂTas always greater
than in L255. one would expect the bÍomass on the artificial
substrates to exceed that on Tgytl'ta" in both lakes íf índeed

eutrophication effects are more advanced on the former.
However ,ce11 volume peaks of the epiphyton on the artÍficial
substrates never exceeded that on T14ytl+a.

The epípelic communíty r^ras characterístícal1y
domínated by diatoms and diversíty values rdere consÍderably
lower than reported ín the literature (Moore rg72rrg74a,b).

The tr^ro lakes supported quite dífferent communíties

despite the fact that the Bacillaríophyceae predominated.

The contrÍbutíons of the Bacillaríophyceae, EugJ-enophyta

and cyanophyta in L2s5 were 75%, 97" and 5% respectívery.
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In L623 the Bacillaríophyceae contríbuted 70i¿, the Cyanophyta

L37"; Euglenophyta, 77"i Chlorophyta, 57" and the Chrysophyceae

47". Such conÈributions are of the range reporÈed by Moore

(797 4a,b) .

Despite the fact that L623 ís more eutrophíc than

L255 the epípel-íc community r^ras generally much sma11er.

ïncreased grazíng effects and decreased light íntensitíes

due to constant. deposítíon of organíc matter are possíb1e

causal agents.

The littoral phytoplankton communíties of the t\,üo

lakes r¡rere quíte dif f erent, beíng composed of dif f erent

a1gal species and groups. The community in L255 eonsisËed of

Cyanophyta, Pyrrophyta and Cryptophyta r¡íth mean seasonal

contribuËions of 56"/., 9i4 and 267. respectívely. L623 r^7as

dominated by Èhe Cyanophyta, Chlorophyta, Chrysophyceae

and Bacil-l-ariophyceae with respectíve seasonal mean

conÈributions of LB%, I87., 57" and 56%.

The much lower phytoplankÈon biomass in L623 may

be a result of more dense macrophytic gror^rÈh. Macrophytes

may produce substances capable of suppressíng the phyto-

plankton buÈ the absence of phyÈoplankton could be a

dírect result of competition by epiphytic and filaurentous

algae for nutrÍents (Emínson and Phillips 1978).

The seasonal succession of 1íttoral phytoplankton

in L255 qras very sinilar to that found by Kling (1975) in

her examínation of the pel-agia1 plankton. Maxima of

Aplta"nízo nønon 6Lo,s-a"qul"e and Cenat.ium hinundineLla
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Vere evídent and are characteristic of mí1dly eutrophic 1akes.

DomínatÍon by A. (I-ot-z"qu.,r.Q. and MicnocA^Í.í^ in rhe mid-1are

summer has been found frequently (K1ing 1975, Haertel 1976,

Coveney øt a"L 1977 , Híckrnan L979) .

The dominatíon by the Bacíllariophyceae in the

littoral phytoplankÈon of L623 r^7as unusual as thís group

j-s not generally abundant ín such systems (Híckrnan 197g).

Upon closer examÍnation of the phytoplanktonÍc community

íÈ appeared that the majoríty of major specíes vrere not

true plankters at all but 'metaphyton' represented by such

attached forms as CocconQ.i^ ytlacentuLa, Go mphonQ-na" rJarLvu.Lun,

Anp!,tona ova-Li^ and 0tciLLato,Lía".Tine larger díversiry ín

L623 may indeed be more of a reflection of attached forms

in suspension rather than an índicatíon of Èrophic status.



The epiphytic, epipelic and planktoníc a1ga1

communÍtíes of the littoral zone ín Lake s 255 and 623 of
an aquaculture project ín southwestern Manítoba InTere

investigated frorn May to october ín rgTg and rg7g. rn rgTg
the epiphyton adnate to smooth cellu1ose acetate artífícía1
substrates onry was examined. rn LgTg the epiphytic commun-

ities studíed were those attached to smooth and roughened
cellulose acetate and T qytha La.ti(oLia. Examínatíon of the
epípe1Íc and planktoníc argal communÍties hras included
during the 7g7g sÈudy.

Species composition and proportional group repre_
sentation of epÍphyton on T.qytl,La and the ce11u10se acetate
differed. smooÈh and roughened ce1lulose aceËate supported
very símí1ar communiÈíes in alr- respects:in both lakes
and no sígníficant difference vras detected between the use

of textured or smooth artifÍcíal- substrate surfaces. The

community structure of epiphytes on Trtrytha in both lakes
wa's more defined than on the artífÍcial substrates and

índividual- taxa did not domínate the communíty for long
periods of tÍme as riras the case on the cellulose acetate.

The epiperon in both lakes hras dorninated by raph-
idinate diatoms for much of the season, thís group often
aceountíng f or over 70% of the populatÍon volume. I^Ihile
the phytoplankton in L255 demonstrated typÍcar seasonal
successíon patterns for a s¡íJ-dJ-y eutrophÍc lake this

SUMMARY

r57
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communíty ín L623 did not and was derived for the most

part f rorn the epípelon.

Biomass estÍmaÈes of the communÍties rrere made using

ce11 volume and chlorophyll 0. analysis. Generally the

seasonal mean values of both cel-l- volume and chlorophyll a

bíomass es timates r¡rere of the order of recorded estímaËes

for símí1ar studíes. Peak ce11 volumes for índivídua1

communitíes occurred at dífferent tÍmes duríng the season,

even when the epiphytic communities hrere compared wíth
one another. Chlorophyll a displayed more consístency

as tar as peak períods but, these maxíma did not reflect

the acÈual magnitude of thè community. comparatíve resulÈs

of specÍes composition suggested thaË ce11 volume üras a

much better Índicator of the community structure than

chlorophyl 1 .



1. Artífícía1 substrates such

should not be used for the

epiphyÈíc communítíes .

2. The use of the artificía1 substrates in thís study
appeared to have the same effect as increased

eutrophícatÍon: the number of predomínant taxa decreased

with a relative Íncrease in Ëhe importance of a few

specíes.

The relationship between epiphyte and host appeared

to be more than physíca1 as no qualitative or quant-

itatíve difference r^ras noted between the epiphyton on

the smooth and roughened acetate substrates.
ce11 volume determínation as a bíomass estimation
nethod was superíor to that of chlorophyll a analysis
but corrections must be made for the overemphasis

of larger taxa in relation to numerous smal1 ones.

The addítional deÈermination of ce11 numbers seemed

advantageous.

The use of a sÈatístíca1 basÍs for the evaluatíon of the

communities by volume and numbers ís necessary Ëo

maíntaín consístency and accuracy Ín seasonal measurFments.

Species díversity was much lonrer than prevíous reports
for simí1ar communitíes. The epipelic communities in
both lakes had the greatest specÍes diversÍÈy.

CONCLUSIONS

J.

as cellul-ose acetate

evaluation of the structure of

4.

r59

6.
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7. Both publ-ished nutrient data and the composition of
the communíties examíned suggest L623 to be at a more

advanced trophic status than L255.

8. Physical factors such as 1íghÈ and temperature may

have dífferentía11y affected the ímmediaÈe environmenÈs

of the artif ícía1 substrates and the T r¡ytha stands .
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Species List and calculated ce11 volumes resuLtlng from the study in Lakes
255 and 623.

Anabaena cincína.!.í¿ Rabenhorsr
A. apinoide,s Lemmerman
A. .tonuLo¿d (Carnichael) Lagerheírn
Aphanízomenon (Lor-a.qua.a. L. Ralfs (/ ce11)
Apltanocapta d.elíca.ti^,sína. Llesr and West (colony)
Ca.Lotltzíx e¡ciphqtic4 Wesr and I,Iesr
C,óu^ca (Kuetz) Born and F1ah.
Chnoococcut m,Lnutu^ (Kuetz) NaeseLi
Lgn gbqo- aøttu gínøo - ca.erLuLe.a (fueãz) comont
t. OíguettZ comonr
t. {øttnugine.a. c.S. I^tesr
L. Lage.,LhQ.iníi (t"toebius) Gomonr
L, .Límnetica. LemmernanÌr
Meni,snopedia- eLega.u v. ra jon c.M. smlrh
M. tenuí^Á¿na. Lemmermann
MLettocqc'SÍ.í'S aenugíno,5o- ll11¿¡2 emend Elenkin ( / cell)
0¿ cíLlato¡tia amytltíbLa. c. A. Agardh
0. a.ngu^tí^^Lnd ÍIesr and trIesr
0. Lífimetíca Lemrnermann
0. mLnnetotønÁí^ Ii-Ld,en (original)
0. t.Q.nuL^ C.A. Agardh
P ¿ ¿udo a,na-baena sp .
S pLnu!-ína rM. j o rL Kuexzj-r.g
A'nl¿í¿ tno de¿ nù.d co nv o Luti¿ C o r d a
A. (a.Leatu,s (Corda) Ralfs
Ca,ztøtía KLøbtii (Dang) Dttl
C ha.naeíun ? ttín g,s h¿í níí A . B r aun
ChX-a.mqdo rrcna.r globoaa snow
Co X-.eo cha.¿te í)LrLe guLanit pr tngsheim
0edo goníun sp.
0 o cqa ti,s,s o Lítanía. wlrrrock
S cl,t¡to edenia. J udaqí G . M. Srní rh
Sc¿ned.e¿.mta qua_dnicaud.a" (chod) G.M. Srnlrh (/ ce11)
S eLenaat¡tun mLnulurn (Naeg) Collins
S ti geoLconiun na"nufi Kuerzlns
ULothníx va.nLabíLL,s Kuetzinã
CltLanqdo trona",s aphagnícoLa Frltsch and Takeda
E u gLena gtta"cíLLr Kleb s
P lLo,cut a.cumLna.tu^ srokes
T na.cheLo no na.Á tto buÁ¿a Snirenko
T.. voLvocina- Ehrenberg
Cltno mtLina" dtteíb ungentTt
C. obconíca. Scherff
c.. llJ otto níniano, Físch

TAXA

t70

CELL
VOLUME (n¡rr)

L92
180

7,
r36

6505
38
32

9
2L

J

4
6
2

48
r9
I

10
B

55

77
94
62

248
97

248
725
255
248
7l
30
56

258
295

rtot
tJo
432
600

t7 67
1150

IÞ)

248
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Bo.tzgdío¡tti¿ anthíza Borzí (/ celt)
Ðinobn-qon ¿ ocía.I_ø (Imh) Bachrn.
Cezo.tíun hinundineX.Lq (O.F. Mue11) Dujardfn
Cttqytto no na",5 e.rLo,s4 Ehr enb e rsAchnanthel mínutí¿¿inø v. nZnuti¿¿inw x.ti,tzA,nphotta .ova.Lí¿ v. addiníÀ ii,ii,i-r,l,"
Co cconeía pL.acentuLä- 

" . f.ià¿ãiã' <nn..l
!U nbeLLa cí¿tu!.a, v. ci¿tuLa_-inn..ì-ri,"t r,.E*tf?ya! q)Lgu,s. ,v. p)LottLacta. A. r"r"y",
Ë ptrnemLa. tuLqida v. tuzgida. (Ehr.) KürzFtta.gíLa.zía coi.¿tttuen¿ (rfr'r.) ciun-"F. c¡totonen^iá v. c,LotonÁíá Kirron
G^o trytlto nema. a_n gu^ t.a.t un 

" . ¿itä *áïo 
"runG. íntnícatun v. ¿nÐLicat;;--ii;;"'

G, ol-ívaceun v. oLívaceun <i.r"Ë¡. ) KùtzG. po"tt-vuLun. v. pa_ttvulun <I(,jtzl "v. 
^ubc{.a,va.tun 

v. co.mmttatun ),;(c:-vr-.) A. Mayer
.T. l¡unca"tun v. ca-pít.atum
N.a.uicuLa, cutpidata. v. cua¡tid.a-ta (Kutz) Kirtz
N ítz,s chíl" de.ntícuta
N. hoLtd.tíca

P Leuno^tigma" delLcatuLun. v. delícatuX.un I¡I . snirhRhoytoLodía gíbba v. gíbba <Ër,ii-o-. 
""i1.S uníneL!.a ola-Lit

Sgnødna. ulna v. uLna. (Nirz) Ehr.

77.7

8
944

1tt273
19 99

58
2338

570
45r4

889
57 46

¿t)
316

98r
478
247
204
640

2286 4
JJI

¿+5

5309
t7 86

130 47
17 5I
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Epiphytic species presenr on Tqpha Latí(oLia in Lake 255.

CYANOPHYTA

A,ytLtanízo ne.non (X-oa -a"c¡uaø (L. ) Ralf s
Aytl,tano ca"fr^0" deLieati^^in0" hres r and üte s r
Chamaetíphon sp.
Chnoococcu^ nLnutu¿ (Kuerz) Naegeli
G Lo e.o ca"fJ^ a" punct a-ta- Naege 1i
Lqngbqa" La.gøn"høíníi (Moebius) Gomonr
L. Linnetied Lemmermanh
Møni¿ wt p Q.diz" tønui¿ ¿ íma, Lemmermann
0,s cLX-LatorLiz" amo e.na- (Kuetz) Gomonr
0. .Linn¿tica Lemmermann
0. wLnne¿ot.¿n¿í,s Tilden (orígínal)
0. tønui's c .4. Agardh

CHLOROPHYTA

Anhi¿tnodø¿ nt¿ daX-eaÍua (Corda) Ratfs
C ha¿to,s yt ho.enídiu n
CLtattacíun P ningtheimíi A. Braun
ChLamqdo wne,s ø,¡tiytl+qtíea c . t'I. Smi rh
c. sp.
0edo gonium sp.
S tígeocLonium na"nun

A¿ co g.Lena s p .

T na"chelo w na^ cl,ta-nl¿owie,n^ i^
T. nobutta" SwÍrenko
T. volvoeína Ehrenberg

r73

PYRROPHYTA

P ¿nidíníun ineo nt yticuun Lemmermann

CüRYSOPHYCEAE

Botnqdiofr,si^ aLtthiza Borz]-
Ch¡to nuLína dnøíbun gQ.n^í^ Do f 1 .
C. obconiea" Scherff
C. 0lottonínia.na Fisch
CI+nqt o clttto nuLína pl"tLv 0" Lackey
Dinobngon div øtt gen,s Imhof
0 ytl+io cqtiun ca"ytítatun trrro11e

Kue t zíng

EUGLENOPHYTA

Swírenko ex Deflandre

. . continued



BAC ILLARI OPHYCEAE

Ac[+nanthe¿ rinuti¿,síma v . nínuti,stina Kütz
Cctccon¿i^ ytLaeøntuLa" v. Linøata (Ehr. )
C q eLo t.øLLa l,lene ghinia"na
Go nphonenl" 0"ngu^t.a-t.um v. int¿nnødia (Grun. )
G. ínÍ.nicatum v. intnícatun Kürz
G. oLivae¿un v. oX.iva"e¿un (Lyngb.) Kürz
G. yta"nvuL.um v. ,¡tanvuLum (Kütz)
G. tubcLavatun v. comrw¿nat.a-Í.un (Grun) A. Mayer
G. sp.
N itz,s chía dent icul-z,

^/. 
hoX.¿ a-tica

S unízeL-La ovaLi¿
S qnødna o"cu^ v . a-cut Kri È z

174



Epíphytic species present
substrates ín L255 during

CYANOPHYTA

Aytha-no ca"fJ^0" døLieatí^^itra t{esr and trrlesr
Chamaeliytlton sp.
Lqn gbqa La- gøttheirrii (Moebius) Gomonr
0 t cíLLa"to rLia" Línn¿tiea Lemmermann
0. rinnetotensí^ Títden (Original)
P ¿¿udoa-naba"ena" sp.

CHLOROPHYTA

Cl,Lla"mqdo ffo na-^ øytiytl+qtica, c .t4. S¡ní rh
C. dphagnieoX-a" FríÈsch and Takeda

on the smooth cel1u1ose acetate
the L978 sËudy season.

c. sp.
ChLonopl,LA^e.na" sp.
CoLøo ehaøt¿ itne auLani,s
Mononapltidíuff sp.
0ocq'sti,s Bon gøí snow
S tí geocLoniun na.num
T¿tna¿tnurr; sp.
ALo t|tn-i x v a"tLil"b iLi¿ Kue r zíng

EUGLENOP}IYTA

A¿eo gLeno. sp.
T naehe.Lo w na-^ ¡to bulLa sr¿irenko
T . sP.

PYRROPHYTA

G q nno díniu rn sp .

CHRYS OPHYCEAE

CLtq,s o chtto ntLina, sp .
Heridiniun sp.

BAC ILLARIOPHYCEAE

Aehnanthø¿ wLnutí¿¿ína v . nLnutiy^iffû" (Kürz)
C^o ceo ry9i^ .ytla.eentuLa. v . X.ineat o. ( Eh r . )
Cqmbe.L.La sp.
Epit.hønía" ,sone x v. 

^orLe.x 
Kürz

Go n¡thonens. oLivaceum v. oLivac¿um (Lyngb. ) Kütz
NavieuLa eo n(erLv o.cea"e (Kür z)
¡1. , sp.
N it z¿ el,tia, s p .
Sqnedna uLna v. uLna (Nítz) Ehr.

r75

PringsheÍm

Kue Ë zing



Epiphytíc species present on the smooth ce1lu1ose acetacesubsÈraÈes in L255 durÍng the 1979 study season.

CYANOPHYTA

Apha-no ca"p^0" deL-íeati^^iffo. Wes È and Ifes r(.aX.otl+ttix øytíythqtica- Wesr and I.lesr
C^.. duaea (Kuetz) Born. and F1ah. (After Teodoresco)
Chama-ø¿iython sp.
Chnoocoecu^ rnLnutu¿ (Kuerz) NaegeJ_í
Lqn gbqa Dí guQ.tii Gomonr
L. Lagettheímíi (t"f oeb íus) Gomonr
L. .!i nvlQ-tico" L emme rmann
Menit moytødia a"e-rLu gíneun Breb
M.øLegan,s v. rajon c.M. Snírh
l\n. t.¿nui,s¿ínw Lemmermann
0¿ciLlatltLíz. a-ngu^ti^,sinn lJesr and trresr0. gønínat.a Meneghiní
0, Limnetica Lemmermann
0. rinne-,sot.øn¿i¿ Tilden (orígínal)
CHLOROPHYTA

Ca"¡tte¡tía" KLeb¿íi (Dang) DÍ11
Cha"naeium P ning,sl+eimiÍ t. Braun
ChLanqdononat an guLo,sa Dí11
c. sp.
pt,o.eocA^tí,s. gíga,s (Kuerz) Lagerheím
SLLgQ-ocLlnLum na-nufi Kuet zing
UI-o th¡tix ¿ ubt iL-i¿,s i ffa- Rabenhors r
S cene-dø,s mt,s qua,dníea"uda" (chod . ) c .M. Smí rh

176

EUGLENOPHYTA

Aaco gLena sp.
T nacl+¿Lo nþ na,s
T. voLvocina

PYRROPHYTA

P enidiníum ínco nt ytieuun Lemmermann

CHRYSOPHYGEAE

Botnqdíofr^i^ aznhí2t Borzí
Ch¡to mtLína" obeonica Scherf f
C. 

_tilozoniniana FÍsch

ytul-eheLLa- Dr e zep o1 ski
Ehrenberg

. conÈínued



BAC ILLARIOPHYCEAE

Achnanfh¿¿ m,Lnut.í¿¿inn v . mLnuti¿¿i.nn Kürz
Cocconeí,s ytLacentuLa v. I-in¿a"ta (Ehr.)
Cqmb¿X-La. sp.
G-ct nythone-ma- oLivac¿um v . oLívo"e¿un (Lyngb . ) Kürz
G. yta.nvuLum v. yta"tvuLun (Kiirz)
G. sp.
N ítz^ ehia- dentieu.La.
N. sp.

177



Epíphytic species
acetate substrate

CYANOPHYTA

A,¡tl,tanízo re.no n {Lo,s -
Ayt l+anct cafr^ a. d¿Lica"t
C a.Lo tl,tni x ep iyt l,t q t i c
C. {1utea" (Kuetz) Bo
CLtamaø¿Lytho n sp .

Cl,ttto o co ccu^ mLnutut
GLo ¿o ca-fr^ a ytunct at a
L qn gb U a" o"Q-rLu gíno d a-
L. Diguøt.tí Gomont
L. $ønnugínøa c. s.
L. La.genhøiwvLí (Moe
L. Linnetíca Lemmer
0 t cillat o rLio" Límn¿t.
0. twLnnø,sotQ-n^i^ TÍ
SytinuLina" rw"!on xue

CHLOROPHYTA

Dresent on the
ín L255 during

a
í
a
r

qua"Q- (L. ) Ralf s
Ã,Sina lüest and l{est
Vlest and I,Iest

n. and F1ah. (Af ter Teodores co)

(Kuetz) Naegelí
Naegelí
aenuløa (Kuetz) Gomont

est
ius) Gomont
ann
C4 Lemmermann
den (0ríginal-)
zing

roughened cel1ulose
the 1979 studv season

Ca"nt¿zia KLeb¿ii (Dang. ) Di11.
Cl,tLamqdo mo na's epíythqtíca c . M . smi Èh
C. Snowii Príntz
c, sp.
Cnucí gønía" qua"drLa-tcL Morren
0 o cq,stit ¿ o Litattia r'Ii r rrock
Mømtniehia sp.
S ¿Lana"ttnun nLnutun (Naeg. ) Collins
S tí geo c.Loníum nanun l(uet zing

EUGLENOPHYTA

TnacLt¿Lo nona^ ytul-el,te.LLd Dre zepolski
T. ytulehønnínn Playf air
T. sp.

PYRROPHYTA

? enidinium inco n¿ nicuur¡ Lemmermann

CHRYSOPHYCEAE

B otttqdíop8i^ anttl,tiza Bor zL
Ctnno mt.Lina nLl¿no ytLanlzto n Pas ch
C, obconica Scherff
c. sp.
Chnq's o eo ccu^ punet.i(o nnLd Pasch

c

I,¡

b
m

i
1
t
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BAC ILLARIOPHYCEAE

A,cl+na"ntl+ø¿ nLnutí¿'sima v . trinutir¿ína (Kütz)
Coceoneit ytI-acøntua.L v. Linea"ta (Ehr. )
EytíÍ.|'terio" adnata v. adnat.a (Kütz) Breb
E. a-n gu,s v . ytnof.na,eta A.Mayer
Go nyt4tonetM" angu^Í.a"tun v . ínt¿nnedia" Grun
G. oLíva"ceun v. oLíva"cøun (Lyngb. ) Kütz
G^. panvuLum v. ytattvuLum (Kütz)
G, sp.
NíÍzehia l+oL¿atíca
Rl+oytoLodia gibba v. gibba. (Ehr. ) o. Mul1.
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Epípe1íc specíes present in
sediment ín L255 during the

CYANOPHYTA

Aytha"nizo we-nln 6Lo¿-aqua"e. (L. ) Ralf s
Chnoococcuá mínutu¿ (Kuetz) Naegeli
0¿ciLLatorLil" a"mp[tLbía" c.A. Agardh
0. Limn¿tic¿r Lemmermann
0. rwLnn¿totQ-n^i^ Tilden (origínal)

CHLOROPHYTA

A,nl¿i¿tnodet mu¿ (aL-ca-tu,s (Corda) Ralf s
Cl'tanacium P nín g,sl+øinLi a. Braun
Cl+Lamudo wna"^ gLobo,sa" snow
c. sp.
C ct Løo cha¿t¿ ínne guL-anía príngsheim
H a.¿ nato cc) ccu^ s p .
0oeq,sti,s Bongøi snow
0.,soX-ita"nia" !üírrrock
S t.ígøoclonium nanun Kuer zing

EUGLENOPHYTA

Èhe upper 2 cm of the
1979 study season.

At co g.Lena s p .

Tn-ach¿Lo nþncL6 l,tíaytída. (Perry) Sreín
T. ttobu,sta SwÍrenko
T. 

^ca-b,La, 
v.LongícoLLit playf aír

T. vo.Lvoeína" Ehrberg

180

PYRROPHYTA

P enídiniun inconaytieuun Lemmermann

CHRYS OPHYCEAE

ß o tngdio fr^ i^ a.nnLtízct Borz i
Chno nuLína (tte.íbungøn^i,s Dof 1.
0chnct nwna^ ( ChLottochno ïr)na^) nLnuta (Lewís)

BAC ILLARIOPHYCEAE

Aehna"nth-e¿ mínutí¿¿inn" v . rnLnutí,s¿ina Küxz
Amythona ovaX-í¿ v. ova.Lí¿ (Ktirz) Knrz
CoeeonQ.i^ ytLa"eentul-a v. Línøa-tn (Ehr. )
C g eLo teLLa Mene ghLníana
c. sp.
GqmbøLLa sp.
Eytithenía tuttgida (Ehr. ) Kütz
E. sP.
FnagiLa"nía. conEtnuøn¿ (Ehr. ) Grun. . con t ínued



F.- crLote-n^í.ó v. crLote.n^iÁ Kitton
Go mytl+onøfiw acuninatum Et'r .

G. a"ngu'st.at.wm v, ínt¿nn¿dia" Grun
G. íntnica"tu"m v. íntnicat.un Kürz
G. patvulum v. ytanvuLun (Kütz)
G. Í.nuneatum v . eaytíta,tun (Ehr. ) Patr. nom. nov.
G. sp.
Nitzl cl+ia døntícuLa
/V. l,toL¿a"tica,

^/. 
Laeuno,nun

/V. rraLeo.N. sp.
P X-øuno,sí gna de.Lica"tu,Lun v . deL-íco,t.ulum t,v. Srn.
RhoytoLodía gibbo" v. gibba, (Ehr. ) o. t"ru11
S uníneLLa ova"Li¿
S qnødn-a. uLna v . u,Lna (Nitz. ) Ehr.

CRYPTOPHYCEAE

Cnqytto mo ncl,s e-tLo 
^ 

0- Ehrenb er g

181



The phytoplankton specíes present ín Èhe littoral zoîe
of L255 duríng the L979 study season.

CYANOPHYTA

A,naba¿na, a{(íní,s Lemmerman
Anabaøna cíncinaLi¿ Rabenhorst
Aytlnanizo mønon óLot-0.qu0"Ø (L. ) Ralfs
Chnoo coccu^ rnLnutut (Kuetz . ) NaegelÍ
Díelnothnix mQ.nøghiníanct (Kuetz. ) De Toni (af ter lJo11e)
l¡lienocA^Í.í^ a-e.rLugino,sa Kvetz. emend Elenkin
0¿ cíLX-atotLia" anrphíbia" c . A. Agardh
0. trinnø¿ot¿n^í^ Tilden (origína1)

CHLOROPHYTA

Anlzí¿tnod¿,s mut dnl-ca-tu,s (Corda) Ralf s
Chctna"eíum P nín g,s l,tøí nií t. B r aun
ChLa"mUdomona"^ 

^fJl,L(rgnícoLa 
Frirsch and Takeda

c, sp.
0 o eq,s tí,s .Lacutth-iá chodat
Sc¿n¿d¿¿mt¿ qua"dÌLic6"uda" (chod.) c.M. Smirh
S chno ¿de¡tia J udaaí c . M. smi rh

EUGLENOPHYTA

? ha"eut a"cuminaÍ.ut stokes
Tnachø.Lo fføn(L^ nobu¿ta Swirenko
T. ¿ca"bna v. LongicoLLit Playf air
PYRROPHYTA

CenaÍ.iun l,LínudíneLLa (0. F. Mue11. ) Duj ardin

CRYPTOPHYTA

r82

Cnqytto wncl^ ¿rLo^0" Ehrenberg

CHRYSOPHYCEAE

Chno mt.Lina niho ytLa.nhÍ.o n Pasch
C. riníns" Dof1.
C, obconíca Scherff
C. U)ononinía"na FÍsch
Cl+nq,S o chtto nuLina pcLrLv cL Lackey

BACILLARI OPHYCEAE

ñnytLtotta ovaLi¿ v. ovaLí¿ (Kürz)
Cocconøí^ ytLacøntuLa v. I-in¿ata.
CqnbøLLa sp.
E uno tía" sp .

Kütz
(Ehr. )

. . continued



F na gíI-anía co n¿ tnuøna ( Eh r . ) G r un
F. ãnotøn^i^ v. cnotøn¿i¿ Kitton
Go nytl+onQ.nv. yta"nvuLum v.panvuLun (Kütz)
Gct nytho n¿Íú- sp .
Ml¿!-o¿ina di¿tan¿
No"vicuLa- sp.
NLtzcl'tia- hoL¿atíca
fV. yta"Løa"
Sqnedna- acu^ v. &cu^ Kütz
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Epiphytíc species presenÈ on T qytha La"ti(1oL-ia in L623
during the 1979 study season.

CYANOPHYTA

Anaba"øna, sp.
Apl,ta-no ca-fJ^a- deLicat.irtima Wes r and ütes r
CaLo thni x eytiythqlica I.Ie s È and tr'te s r
Chann¿dLys[ton sp.
Chnoo coccu^ ninutu,s (Kuerz . ) Naegeli
Lqn gb qa Línnetiea- Lemmermann
Meni¿ rwpedia tenui¿¿iÍu. Lemmermann
0¿ ciLLat.orLíl" a.n gu^ti^¿irø !üesË and trrlesr
0. mLnnø¿ot¿n¿iÀ Tilden (OrigínaI)

CHLOROPHYTA

Ant¿it tnndu mus co nv o,Lutu¿ Corda
A. $a"X.caÍu,s (Corda) Ralfs
Ca"ttte¡tia KLeb¿íí (Dang) Dí11
Cl,Lana"cíum ? zing,sh¿íníí t. Braun
ChLamudo nona-^ a.ngulota. Di11
C. epiythqt.íca c.M. smírh
C. SnowíL Prj-ntz
c. sp.

S eønød¿,s nu^ clua"dnieaudo. (chod. ) c.M. Smirh
S ¿I-ena"tttum nvLnutun (Naeg. ) Co11íns
S ta"una¿tttum sp .
S tigeocLoníum no.nun Kuer zíng
ULothnix vaníabíI-i¿ Kuer zing

EUGLENOPHYTA

A¿co g.Løna sp.

CHRYSOPHYCEAE

ßo tnqdio fr^i^ a¡ttthíza Borzi
C l,tno nuLina o b eo nica" S che r f f
C, U)ottoninia-na Físch.
Cl+nqd o co ccu^ ytunetídonní,s Pasch .
Oínobnqon 

^oeiaL¿ 
(Imh.) Bachm.

S qnuna" sp .

BAC ILLARIOPHYCEAE

Achnanthe¿ nrLnutí¿¿ina v . nLnuti6^ír,0" Kürz
Amphono. ova"Lí¿ v. ova.Lít (Kürz) rütz
CgmbøLt-a" sp.
Eunotia yteet.ina,tit v. núnon (fütz) Rabh.
Go npLton¿ma, int.nica"tun v . íntnícatum Kurz
q. oLívaceun v.oLivaceun (lyngb.) KüÈz

184
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Go mpltct ne ma ytanv uLu n v . yta-nv u.Lun
G. tubclavatum v . eo nnunat.o'tum
G. sp.
NiÍz,s chíl" lno L's at ica

^/. 
ytaLea.

S ut'i¡t¿LLa ovaLí¿
Sqnødtta &cu^ v. aeu^ Kütz
S. uLna" v. ulna (Nitz.) Ehr.

(Kütz)
(Grun. ) A. Mayer
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Epiphytíc species presenË
substraËes ín L623 duríng

CYANOPHYTA

Lqn gbqa La"gønhøinLi (MoebÍus) GomonÈ
Meni¿ mo p ¿dil, t¿nui¿,s íno, Lemme rmann
0¿ciLX-a,Í.orLía" a-n gu^ti^¿irm trüesr and trtesr
0 . LimneÍ.ic4. Lemmermann
0. rnLnn¿^otQ-n^íÁ Tílden (Orígina1)
0 . t.ønui¿ c .4. Agardh
o, sp.

P t¿udoanaba,ena, sp.
SytinuLína Lax.o. c.M. SrnÍrh
S . maj on Kuer zíng

CHLOROPHYTA

Anlzi¿tod¿¿ nw¿ {a,Lea"t.ua (Corda) Ralf s
Cantenia KL¿btií (Dang) DiIl
CLtanaciun P nín gthøinLi A. Braun
ChX.afiAdo tro na"^ eytíythqtico" c . M . Smí rh
C. gL-obo,sa Snow
C .,¡to Lqytneno ídeur¡ Prescotr
C, Snowií prLntz

C o L¿o chaøt ø ínne guL-a,ní,s pringsheim
lrlougo¿tia nummtL-oídøt (Hass. ) DeToní
Scøn¿dø¿nu,s c¡uadnica.udn (Chod.) c.M. SmiÈh
S ytl,taøno cA^f.i^ sp .

S tig¿oeLonium no,nul¡ Kue tzíng

on the smooth ce1lu1ose acetate
the 7978 study season.
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EUGLENOP}IYTA

A,¿ co g.Løna s p .

T nacl+¿Lo ntt na,s
T. sp.

PYRROPiiYTA

P ¿nídínium sp.

CITRY S OPHYCEAE

Cl+nqaoehne mtLina sp.
Chttqt.ochnqtit sp.
H enídiníun sp.
S qnuna" sp.

nobu¿ta Swírenko

. . continued



BAC I LLARI OPHY C EAE

Acl+nantl+et nLnutí¿¿ima v . nLnutí¿¿ina,
Cocconøí¿ ytLaeønt.u.La, v. Lín¿ata (Ehr.)
C q mb ø,LLo" a( (ínit v . ad dínit Kii r z
Na-vicuLa eanaLi,s v. canali¿ Parr.
N. cnqyttocephaX-a Kürz
S qnedtta o,cu^ v. acut Kürz

((,ütz) Kütz
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EpíphyËíc species present on smooth ce11u1ose aceÈate
substrates in L623 during the L979 study season.

CYANOPHYTA

Anaba¿na,sytínoídøó Lemmermann
A. tonuX-o¿a (Carmíchael) Lagerheim
Aytho"no ca"fJ^a- deLiea"tiÁ¿ína trrres r and trIes r
Chama"e¿íytho n sp .
Chno0coecu^ wLnutu¿ (Kuerz) Naegeli
Lqngbqa a"erLugineo-eaenuL¿a. (Kueiz) GomonrL. La"gøntteímií (Moebius) Gomonr
0¿ ciLLo,torLía. a"n guátí¿,sira tlest and hresr
0. La"cu¿tLíá (Kleb) Geirler
0 . Limn¿t.íca Lenmerrnann
0. nLnne,sot.en¿í¿ Tí1den (oríginal)
0. tønui¿ c.A. Agardh
P [+onnLdium (nagilø (Menegh. ) Gom. (af ter Gomont)
S pínuLina" Laxn c . M. SmÍ Ëh

CHLOROPHYTA

Ca"nt.¿nia KL¿b,síi (Dang) Di11
Chattaeíum P nín g,sheímii ¡,. Braun
Cl,tI-a,nqdo wna^ gX-obo,sa, snow
C. Snowii Prinrz
Se¿n¿dø¿mt¿ clua"dnieauda (Chod.) c.M. Srnirh
S¿Lena¿tnunt nLnutun (xaeg. ) Collins
St.ígøocLonium na"nun Kue tzing
ULo tLtnix ¿ ubtiL-i¿ ¿ i na Rabenhors r
U. va"niabíLí¿ Kuer zing
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EUGLENOPHYTA

A¿co gLena sp.
T na-ch¿Lo no n&^ grLo"nulo 

^ 
a-

T . ytuX-eLte,LX.a" Dt ezep olskí
T. nobu,sta Swirenko
.T . vo,Lvo eintt Ehrenberg

CHRYSOPHYCEAE

B otttqdio,si,s annhíza Bor zí
Chnonulina obeonícct scherf f
C. pattvuLa" Conr .
C. fr^eudonebul-o^d pasch.
c. sp.
C^4nA+ o chttomul-ína- pl,tLv 0" Lackey
Ðinobnqctn,socía.Le (Imh. ) Bachrn.
0 chno røno.^,s o cíata pasch.
0phíoeqtíum eaytíta-tum v, -inn¿ guLane Heering

Playfair

. continued



BAC ILLARIOPHYCEAE

Am,¡thona ovaLí,s v. ovaLi¿ (Kütz) Kütz
Cocconøi¿ ytLacøntuLa v. Linøa-f.a. (Ehr.)
C q eL-o t.el,La í4¿nø gLtiniana
CqnbøLX-a cirtuLa v. cittuLa (Ehr.) Kírchn.
C. diLuviana v. diLuviana- (Krasske) Florin
Fna.giLania" cn-otone.ntiá v. cnot.onQ.n^i^ Kitton
Go nytl+one,ma a"n gu^Íatun v . intønnedia Grun.
G. gna"eL.Le v. gnaciLØ Ehr. emend v.H.
G. yta"nvuLum v. ytanvulun (xutz)
G. ,subcl-a.va"tumv. cofimunatatum (Grun) A. Mayer
G. tnuncatun (Ehr. )(). sp .

N it z,s ehtia a"cícuLaní¿
ÂJ. d¿ntícula
U . ho L,s o.tíca
ñ. paX-ea
Sqnødnct u.Lna v. uLna (Nítz) Ehr.
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EpÍphytic species
acetate substrate

CYANOPHYTA

Aytl,ta"no cr"fJ^a- de,Líeatit¿irø Wes t and !les t
Calotl+nix epiythtltíca tr{es t and }tes Ë

Cltanaø,siython sp.
Lqngbqa. Lagen\tøínvLi (Moebíus) Gomont
L. .Linnetíed Lemmermann
M¿ní,s mo fJ edíl" t¿nuLl ¿ ína Lemme rmann
0¿cíLLatotLíl" La"cu,stníÁ (K1eb. ) ceitler
0. .Línnøticd. Lemmermann
0. mLnnø¿oten^i^ Tílden (oríginal)
0. tenuid c.A. Agardh

S pín-uLina na"! on Kuet zing

CIILOROPHYTA

Anlr¿ittno dø¿ mut co nv o Lut.ut corda
Ca"ntønia KI-¿b¿ií (Dang. ) Di11
ÇhLa"mudo nwna^ øytipl,ttltíca" c.M. smith
v, S nowíí Printz
c. sp.
Co.Leo cha"¿t¿ ínt¿ guLanít Pringsheim
0 o cu¿tít ¿oLitaníd. tr{íttrock
S celned¿¿ mt¿ quadtc.ícauda (Chod. ) G.M. Srníth
S tígeo cLoníun nanun Kue tzíng
IJX-I t hníx ¿ ubtiLi¿ ¿ í ws Rab enh ors t

EUGLENOPHYTA

T na,cl'LøI-o ffa na6 ramrwLLLo¿a Prescott
T. nctbu,sla swirenko
T', voLvo eLna" Ehrenberg

PYhROPHYTA

P ¿nídíníum sp.

CHRY SOPHYCEAE

Cl+no mtLína obconíca scherf f
C. yta"nvuLa Conr .

Chnqro cl"fr^a" deneatnata P ase:n
Chnq's o ehno nt,Lína pa.rLv a- Lackey
Chnq,s o co ccu^ ytuneti(o n nLa Pasch
0Lnobnqon 

^oeiaL¿ 
(rmh.) Bachm.

0ytLtiocqtium sp.

presenÈ on the
ín L623 during

roughened cellulose
the L979 studv season.
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BAC ILLARTOPHYCEAE

Coeconei¿ ytLa"centul-a v. Lin¿ata (Ehr.)
CUnbeLLa ci¿tuLa v. cittuLa" (Ehr.) Kirchn.
C.di,Luvír.nq. v. diLuviøna (Krasske) Florin
c. sp.
FnagíLania cnotonQ-n^í^ v. enotonentia Kirton
Go nythonø n0" a"n gu^tatun v. intønnp.dia Grun.
G. gttaciL¿ v . gtta"ciLe. Ehr. emend V.H.
G.yta"nvulun v .,¡ta"nv uLun (Küt z)
G. sp.

N ít z¿ eLtíl. denÍ.icuLa"
N.l+o I-t atíea

S qnødna o,cu^ v . acu^ Kü t z
S. u.Lna v. uLna (NíËz) Ehr.
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792

Epípe1ic algal specíes present ín the upper 2 cm of sediment
in L623 during the L979 study season.

CYANOPHYTA

AytLto,no ca-p^a- delíeatiA¿ina ltesr and lJesr
Chamae¿iytLton sp.
Cqa,naneuÁ sp.
Lqn gb qa Línnetíea Lemmermann
0,s ciLLat,o,Liz. a.myt[tibia c.A. Agardh
0. X.a.cu,stniÁ (Kteb. ) Geirrler
0. Limnetic4 Lemmermann
0. nínne¿tot¿naí¿ Tilden (oríginal)
0. t¿nui¿ C.A. Agardh

P ¿eudoanaba"¿na sp.
SytizuLina fJrLínce.fJ^ (lJesr and [,Iesr) c.S. ]üesr

CHLOROPHYTA

Ant¿i¿ tno de¿ nw¿ co nv o Lut u^ C o r d a
.4. (aLeatu,s (Corda) Ral-f e
Ca-ntøttia KX-eb¿íi (Dang. ) DilI
Cl,tanaciun ? ¡tín gaheírwLi A. Braun
Chla"mudo nona-^ gLoboa a" Snow
C. S nowií príntz
C. sp.
Míeno r fJo rLo, t.unLdu.La" Hazen
0 o cqd ti,s,s oLitanía \trír rrock
S ¿Lena,stnum gnacilø Reínsch
S. rruLnutum (Naeg. ) ColtÍns

S een¿d¿Á nuá c¡uadnieauda ( Ch o d.) c . M . Smi rh
ULo tl,t¡ti x ¿ ubÍ.íLí,s,s ína" Rabenhor s r

EUGLENOPHYTA

A¿co gLena sp.
E u gløna po.l-A mo nytha Dangeard
E. sP.

T naú+¿Lo mo na"L ma n,nL.LLo,5 4 pr es c o t t
T. ytu.Lehertrtítra v . nínoz playf air
T , ytuLcLtøLL-a Drezepolski
T . nobu¿t.a Swirenko
T . ¿ea"btta" v. X-ongieoLlir playf air
T . vo.Lvo Cína Ehrenberg

....contínued



CHRYS OPHYCEAE

B otnqdíop,sía annhíza" Bor zí
C Ltno muLLna (neib un gQ.n^ i,s D o f 1 .
Cl+nq,saco"fr^i^ sp.
Chnqt o co ccu^ punetidottm.Lr Paasch
C . ttu{ef cQ.n^ KLeb s
E ytichnq,sit MeLo,sitto"e K. J. Meyer
0phtio cr¡tíum eapitatun v . inn¿ guL-anø Heering

BAC ILLARI OPHY CEAE

Acna"nthet nLnutít¿íma v. nínuti¿¿ina KüËz
Anytl,toza ovaLí,s v. a"[dinít (Kürz) V.H. ex DeT.
Coeconøi¿ ytLaeøntuLa v. LinøaÍ.a (Ehr. )
C q eLo teLLa Menø g[+iniana
Cqnbø.L.La" cittuLa v. ci¿tuL.a" (Ehr. ) Kirchn.
C. cqmbídonrwL¿ v. nonytunetata Font.
c. sp.
lnitl,temia o,rLgu^ v. ytn-otna,cta t, MayerE. tutgida" (Ehr. ) Kürz
E. sp.
E unotía ytøctínaL-ít v. trinon (Kürz) Rabh.
E. sp.
Fna"giLania con^Í.nu¿n¿ (Ehr. ) Grun.
Gøitrytho neïu. a"ngu^tatum v, ínÍ.¿nmødía.
G. pattvul-um v. pa-nvulum (Kürz)
G. ¿ubcLavatun v . co nmunata"tum
G. tnuneatun v . eaytíÍ.atum (Ehr.
G. sp.
NavícuX-a" a-urLo rLa v . a-urLo tLa" S ov .lJ. eu,sytida"ta v. cutytídata (Kürz) Kürz
,V. na"euLat.a- (J.I{. Bail)
N. sp.
Nít z¿ chia I'Lo L¿ atiea"
i\J. paLea"
S unítt¿LLa" a"n gu^ t o.t o"

S qnedna ÌLumpQ-n^ Grun.
S. u,Lna" v . uLna (Nírz) Ehr.
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(Grun. ) A. Mayer
) Patr. nom nov

(Grun.)



Phytoplankton specíes present in the 1íttoral zone of
L623 duríng the L979 study season.

CYANOPHYTA

Anabøana a"ddinít LemmermannA. cincina-Li¿ Rabenhors r
Aythanizo menon [I-o,s-ac¡uae (L. ) Ralfs
Aythano cafJ^a d¿Licati^^íno" I,Ies t and lres t
Chttoococcu^ minutu¿ (Kuerz) Naegeli
C qa"natLcu,s hamído nnír pascher
Lqn gb ga, Linnet.ice Lemmermann
Mezí¿mofr¿dia" eLQ.ga,n^ v. najott c.M. Srnirh
0,s cíLt-at o Ì1i0, Li nnøÍ.,íed Lemmermann
0. r'ínn¿¿ot¿n¿i¿ Tílden (Original)
0. t.¿nui,s c.A. Agardh
o. sP.
S ytittuLína Laxn" c .\1. SmÍ rh
S . ma" j orL Kuet zing

CHLOROPHYTA

Anl¿i¿ tno der mu¿ co nv o Lutu¿ Corda
A. da"Leatul (Corda) Ratfs
Cl+ana"eiun P nín g,shøíníí t. Braun
Cl,tLanqdo mona-í,spl'ta gnícoLa Fritsch and Takeda
Sel+to¿d¿nia Judaqi c.M. Smirh
S c¿nedø^ mua c¡uadniea-uda" (Chod . ) c .M. Smirh
S ¿X.ena,stnun mínutun (¡laeg. ) coltins
EUGLENOPHYTA

E u gX-ena gnacíLit Klebs
Tttael,t¿Lo fiûna-^ 

^cabrLz" 
v. Longicol-Lí,s play f.aír

PYRROPHYTA

P ettidíniun fJuAíLLum (Penard) Lemrnermann

CRYPTOPHYTA

Cnqyttomo na"^ erLo 
^a, 

Ehrenberg

CHRYSOPHYCEAE

Bo t.nqdío fr^i^ anz!+iza. Bor zí
Cl+no muL-ína dtteíbutt gøn^ í^ Do f 1 .
C. obeoniea Scherff
Cñnqaococcu^ mínut.u,s (Frirsch) Nyg.
C. punctidonnL,s paasch

....conÈínued

194



BAC ILLARI OPHY CEAE

An'ytl+ona ctvali¿ v. ad{ínit ('Íútz) v 'tt ' ex Det
Co cconeít ytI-a.eentuLa v.Lín¿ata (Ehr. )
CqmbøLLa sp.
E ytitt+ørwLa" sp .

Go nytl'ton¿na 0"ngu^ta"tun v. int¿nnødLa (Grun)
G. gna,cLLe v . gttaeilØ Et'r. emend V. H.
G, "oLiroe¿um l.oLivacqum (Lyneb.) Kíi.tz
G. ytanvuX-um v.fJatLvuLun (Kütz)
G. sP.
NavícuLa cutytida v.cu^ytida (Kütz) Kütz
,V. øLe ga-n,s v . øLø gan's I{. sm.
Nitzrcl+iz d¿nÍ.icula
N . lto L¿ at íea"
ru. pa-Le-a"
S qnødna acu^ v.Acu^ Kütz
S qnedtta sp.
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