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ABSTRACT' 

l' 
\ 

Netplankton specics' (>3S1Im) showed major seasonal shifts 

durlng th~ study peridd in Lake Memphrcmagog (Québec-Vcrmont)~ while 

nannopla,kton specleù «35~m, <lO~~) were ubiquitoU9. Data fron 

both Lakeo.l-Iemphremagog, which has a significnnt nutri<"nt gradient. and 

frOM a litcràture survey of n nurober of lakes of dlff~rent trophy 

showcd tl.at: wJ th increasing total biomass J there ls a sign1.ficant 

increase in nannoplankton biomass, but the relative proportion of 

nannoplankton (%) ShO,"18 a significant decrease (p<O.OOOl). A simtlar 

highly s1gnific811t relationship ,:ta5 founa for nannnpiankton «35\1.) and 

total chlorophyll. but not for production:. Phytoplankton b1omas8 in iake 

Mcwphremagog (1976-1977) was dominated by Bacillarlophyta. Cyanophyta 

and Cryptophyceae,. Short-term fluctuations in the biomass and relative 

1mportllncu of e~ch major taxonomie group vere frequent1y not aosoci.lI'ed 

wlth cbanges. in 

It;vel. and "Ii th 

(9-29lJgl-1 

phosphorus. This was also true at the speci(~s ... 
range of nutrient levels observed in this lakQ 

hosphorus), othèr factors appear· 'ta have a gt"ea!.ac 

. ...... 

influence on the relative abundance of dominant ~lgal groups and indics' .lr 

• species. SimiJarly, on a short-term basis~ the dominant morphology of , 
l'~ 

the netplankton fraction was not clearly related~o tOfal~hosphoru8. 

If the relative importance of individual species i,~~1asured using 

bio!llé!SS rather than numerical abundance, within Lake Mcn'; .... rl!mago~. 

there vas 3 significant decrease in the phyt(i)plnnkton cO".;'·lunlty 

divcrsity and evcnnesswith increasing total biomnss. 
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Ex:rRAIT 

t 
Le~ espèces de plancton de dimensions 8up~~icutcs 1 3S~ • o~t ~tT' 

d'importants changements saisoilniers durant }976 t!t 1917 au Lac 

Memphr~mago~ (Québec-Vermont) tandis que les e8p~ces appartenant 1. lA 

~raction du ilannoplanc~9n c( <35vm. < lOlJlD) ont Eté beaucoup plus .... 

omniprhen tes. Des donnies. recueilli· .• a aur te lac, qui pOI.ade ua 

gradient de mat1~TC8 nutritives d'imvortance,et suite l une revue de la 

I1ttlzoature- Bur dei lac. /je différents nlveaux trophiques, ont demont.ri! 

qu'une,Augmentation significative de la biomasse du nannoplancton 

accompagne une augmentation de la biomasse totale quoique la proportlo1l 

relative de nannoplançton C%) diminue de façon significative (p<O$Ol). De 
/ . , . 

mêJlle, uht: r~l~tl,on tra. daniUe.U.ve il' .ta trouv'a entre la 'fr.cticm <3~ 

eè la chlorophylle !. totale du Làc Memphr~mago&. Pourtant aucune re1atiOft 

. significative ne se retrouve lorsqu'~n utilise deo fvaluationa de prDd~tiGn 

primair~. Au cours des deux ann~s 1976 et 1977, la biomasse du 

phytoplancton au Lac Memphrémagog 'tait dOJilin~e par l~s Bac1l1ad9Pllytc8, 

CYflnophytes et Cryptophyc~e9. Les fluctuations à court t.~ cf. " la 
.... 

bio~88e et l'importance relative de chaque groupé taxonomique n'Itaient 

sln'r.lament pas aS80ci'es avec les changements 4u phosphore total. Cette .. 
observation s'applique aussi au niveaux de l'espèce. et à l'intérieur 

de la zone de niveaux dé matière nutritive obeervfa au lac Kellphr'-los 

au cours de cette ltude, des fa~tlurs autre q~e le phosphore total 

8c~blent avoir une importance supérieure sur la distribution et 1'-

abondance des principaux,groupes taxonoDdqu~s et de 1'e$pl~e indicatrice 

d'un certain niveau trophique. De même, ~ court terme la morphologie 
l' 

dominante du plancton de dimension sup'rieurc à 35~m n'~tnit pas 
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c1air ... ~ relile • cette .. tiare nutritive. Si l'~rtance de. eap~c •• 
,. 
ia4iY1duell •• e.t ... url •• partir de 'la ~!a.aa8e lU lieu de leur 

, "\, 
ab0a4aace nualrique, 1 .... aure. 4e la .tructure ae la comœunautl 

." 

.oDer. de. rllatiou. .ianifieatives avec le niv_au trophique. 
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This thesis is presented in the form of two major sectl~. in -

accofdance 'lfith thesis styJ.,! re8w..tious authorized by the Grad~te 

Training C~ttee ~f the nepartmént of Bio!ogy, McG!!! University. 

The tirst ~ection investisates the relationship betwéèn phytophnkton 

siEe distribution$ and tr6phic leve!, and 18 written as a manuacrlpt .... 

to be later submltted for publication. The second section, containlng 

four chdpters, further examines the relatlonship between phyt~p1ankton 

cb~lty structuré and lake trophy, and s~rises the results and 

conclusions of Sections.1 and 2. Phytoplankton data from Lake 

Memphremagog and ~ther lakes are presented in detail in a series of 

Appendices (A-D), together with an analysls of the error associated 
\ 

with different estimations of phytoplankton standing crop (Appendices 

E-G) • 
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Contribution of major~axonomic groups to 

b10mass <3~ pm st Station 3 (oligotrophic) 

in Lake Memphremagog, 19~6-1977 - • 

Contribution of major taxonomie groups ta 

biomass <10 pm at Station 3 (oligotrophic) 

in Lake Memphremagog, 1976-1977 

Contribution of major taxonomie groups to~ 

biomass <35 \1m at Station. 4 (oligotrophic) 

in Lake Memphremagog, 1976-1977, 

Contribution of major taxonomie groups to 

biomass <10 J.ltII at Station 4 (oligotrophic) 

in Lake Memphremagog, 1976-1977 

Relative contribution (i.) of nannoplankto-

fractions to total ch~ and production at 

2 m at ~tation 3 (Central) 1 Ln Lake 
1 

Memphremagog, .May-June 1978. Mesh sizes ' 

64 )itm (Fig. F-la), 35 pm (Fig. F-1b) , 20).lm 

(Fig. F-lc) and 10 J.ltII (Fig. F-ld) 

(. 

xiV 

113 

113 

114 

il4 

167 

m'!l""~/" .... ____ ..". ____ ... _~--,-----I,-.~ -,--- .- , 
,'-

- ... " ... , ........ --~""'_ ......... Ir ... r .. ~~~.f;~f.lf, . ' 



/ 

c 

" 

(, 

1 

" 
FOR.WARD 

Taxonomy bas traditionally been used to investigatè p~~lankton 

communities and. unlike measurements of st&ndint~crop or production, , 

provides some in$ight into' the nature of spatial and temporal sbifts in 

algal assemblages. Although emphaJlis has often been placed on larger. 

more easily identified species (see Section 1), seasonal pulses of these 

forDlS re~esent only part of a more complex pattern of species succession 

• invo1ving both large and numerically more aboodant forros (Hutchinson, 

1967) • Bowever, a competen t taxonomis t can produce an overwheludng 

amount of detailed information about phytoplankton commtmities vhlch can, 

and in fact often does, obscure the ~ore general speeies patterns 9ithin 

and between lakes. Moreover, unless sampling, enumeration and data 

analysis are designed around a specifie question, the application of 

sophisticated statistical analyses to such data sets is of limited ~alue 

(e.g. Devaux, 197.1). Neverth~less, Stoerm~r (1978) argues that detailed 

assessments of phytoplankton species assemblages provide the most 

appropria te measurements of "fater qual1ty, since environmental conditions' 

shoùld be most immediately reflected in the predominant a~gal species. 

Similarly, other authors have attempte4 to relate algal groups, apecies 

or species quotients to trbphic level (see Hutchinson, 1967). 

"'A ~econd, non taxonomie approach 1s to group speciea of a 

phytoplankton community lnt~ group8~ccording to morphologicsl 
~ 

charactèristics. The most cotmnon cri~eria used has been ceU size' 

(Section .1). However, other aspects of nell morphology also appear ta 

pJay a role in species succession, and Can s~ml1arly be uséd as criteria 

, 

... ", i IFI à Il 111 1 '.1111 • 1 1 it: & lit .",nOd"k 

;' 



o 

, . o ,> 

-... ----~ . 
, 2. 

. ' . . . 
for division of\spec{es into groUps; for -'example: moUli ty" 8urface-

to-volume ratio, and the morphology of colonies (Section 2). 

~tly, 'detailed information on.phytoplarikton species 
1 

aésembla8~~ pet'Dl1t the computation of measureme,!lts of community structure 

.uch as épecies riehness. diwrsity and e,qu1tibility (e.g. Margalef,1965; .. 
:farapc:bak and Stoermer, 1976; E1oranta, 1976; Devaux, 1977) (Section 2). 
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AI~STRAC'r 

(' 

Netplan1tton spccics (>35 \lDI) showcd tlVljor s~aso'nal shifts c1uri"3 
" 0 

19,76 and 1977 ln l.ake Hl"mphTl~~mé!go3 (Qufbec-V('rmont), "Jhilc spf"cle:", 

bclongf.u& to the mmnoplanktoll fractions «35 \lm, <10 !lm) werc t'n,tell t':Jl'e' 

ubi(juitous. Data from both LaKe J.!E'mph'n:magr;g, wh ic.h hns a sig l'; fÜi:l ,t 

nutricnt gradient, and from n litC!raturc survey of lakcs of dlrfcrln~ 

trophy, sbowed t.hat with increa51ng tutal lJiow8F:s, thcre i:; El f,lr.lllli(é~.,t 

increase in nannoplankton biol~R~.S, (p < .0001), but the relativE' 

proportion of nannoplankton (r.) sho'Ws.a sfsniflcant decrense (p <.0001). 
\ '11'-..> 

A sim:Uar hlgh1y sj r;nif:l.cant re1atj ollsh..i.p U8S founcl bettoWcn the <35 \1" 
• 

chlorophyll fraction and total chlorophyll within Lake Memphremagog, 

but no s1milar signiflcant relatlonshipè were found between nannoplankton 

aud total primary production. Altbough.relative propOTtions (t) of 

nannoplankton blomass and chlorophyll sbowed som~ slgnificant correlations 

vith total ptiosphorus, ligbt and temperature, tbe amount of unexplalned , , 

va~iance in % nannopla~ton was ~ery larg~. 8uggesting that nutrients play . , 

. l l~tgelY indirect role in size-selection. Fluctuà~ions ~n the contribution 
, ~i' 

/ ij. the nannoplankton are tberefore more likely to be attributable to 

" ïfferential gradna losses. 
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Les esp~es de plancton de cÎ.imensio~ BupêriéuresQ~ 35.- ... IIOntrf' 
" , 

, .d'importants changements 'saisonn:!ers clurant.1976 et 1911 au lac' 
t _ f _ ~,.4o ~ , ; 

*, , " '{' 

Mempbr&aagog ('èuE-Vt) tandis que le&l eBp~es appartenant t la -:traction 
~' . 

due nannoplancton « 35 l1lIl~ 0( 10 1J1OJ ont ~~ beaueoup plus onmipr&ert~es. 

Des' donn~es recueilliea et au ~a~. ~b.t:~;Og, qui possMe ~ Pa,ient 

de matières n~tritive8 d'impœ:tilnce ~ ,sUite A ~e r..ewe de la 
. ", - ':(, 

l1tt'rature sur les lacs de diff~rents niv~aux trophiques, <?nt 'demontr& 

qu'une augme~tation si~iri~atlve'de la biomasse du nènnoplancton 

CP <.0001) aocompagne une augmentt;rtion de la bi.sse, totalè quoique la . . 
1 

proportion relative du nannoplancton (~) dimi~ue de fa,~on significatiVe 
" ~ J , J. ~ , 

Cp <.OOOl)~ Une autre relation tr~s Significative a ~t~ trouv'e entre 
• . . 

la fraction :.e 35 lUIl et la çhl.orophylle!. totale du lac Memphr,&!agog. 

Pourtant aucune relation. significative ne se retrouve lorsqu t on, utilise 

des ~valuations de production primaire. Bien que quelques corr~lationB 

entre la proportion relative (%) de la chlorophylle '« et de 'la 
'It ' • ' 1-

biOmasse du nennoplencton et le phosphore, la lumière et la t.rature 

soient significatives, la quantit~ de variance inexpli.cabie daM le 

% du nann:::;>lancton est t:rè~ .g:z:an~, ce 'qui suggère un rÔle tr~s indir~ct 

Jou~ par les tnaiières nutritiyes clans la s~lectiCll de la' taille. Les 

rt:c~uatio~s dans 'la cont~i buti~ du nannop4n'cton 'sont donc P~U8 
probabJJymer:: a.ttribuables, a ~es pertes différentielles ca'üSfies .par la. 

" 

nutrition r!.~s ber1bivores. 

/' 
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INTRODUCtION , '. 

\.~ 
One of \ the sitnplést criteria for grouping "the component spe):ie,s of a 

~ 

phytoplan~ton co~urtlty'ls-oell size, an approach which is receiving more 
• ""> ' 

.. ' "1 
atteation by fie1dworkers (e.g. Lund, 1961; Pavoni, 1963; G1iwiez, 1967; 

Kristlansen, 1971; Gelin, 1911, 1975; Ma1o~,,_19?1a,b; Semina, 1972; " 

}{aHf, 1972; Gelin and Ri pl , ,1978). In~ thi~ 'stûdy ~ 100kéd for patterns 

ln the spatial and temporal distributions of' phytopla~kto(\ size fractions 
l ' 

in relation to different physical and chemical charaeterlstics bath within . ' 

Lake Memphremagog, and on a wider $ca1e, using literature data. Our 
~ 

" , 
hypothesis was that the proportion of nannoplankton, as measured by 

biomass, ch1orophyll ~, and primary prod~ction should decrease with 

increasing trophy. 

Ph1toplankton have traditionaI1y been divided into two main size-
.' 

l , 

categories: net-,and nannoplankton, b~sed on their.refention by plankton . . . 

net8 o~ a' range of mesh s1zes, rGl'ther, than on an'y .fune tional relationship 

to the ,cotnmunfty Ùself. 
l ' , 

,emphasis has been placed 
i " 

From a taxonomie point of view, a great deal of 
, ù 

on the 'netplarlkto'O 'frac t'ion ~ sinee nartnoplankton 
" , 

spec1.es are notoriously diffi'Cuit, to IdentHy".and enUlllerate weIl. ~ . ~ .. .. ." 

Hawever, more widedpread usé of better preser'vatives (e.g. Lugol's Iadine) . , 

and counting techniques (.notably the U·te.rmlShl "téchnique) ha~e greatly 
- t' ,. ~ i .. ..c 1 ".,,.... 'ot ~ ~, • 

" " 

facilitated the enumera,tion.,Of ;smél:1!l forms, and, 1t is 'betomiIl;g 
'< , ~ ~ ~ r ,,'" ~ 

i~~reasl'ngly evident t~at .theY freque'ntly make i'mpo<rtant éont-r ib~tions to ~ 
, .~ ~~ 1 v 

.both total community'biomass and produ'ction (e.g/K1).lff,~.197'~),., ~ 
"- ; . 

CeU size ha,A 'be:en shown to be rel':) ted t9' inany ·'of t~ fact:~p 0 

, ' -~~~ 

" 

.asso,ciated with phyt,op}ankton su:ccessien, ,and these !e~ationships have'· . '- " 

been u,sed by ~ever4 ~uthors to preditt the outcome,of s{ze selection fo.r" 
, , 

a ,given set' of env-1r.oomental cqnditions ·(e.g. ,Parson's & TakahqJ.shi, ),973; 

'. "'. 

. ' 
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Shuter, 1979; Laws, 1975). However, these models ~ve not been rigourous-

'. . 1y tested ln the field, probably partly because of disagreement amang 

authors on the appropriate size of natural phytoplankton commun1tles, and 

on the 'relative importance of each factor in aIze-selection. 

There are a number of prob1ems associated with the division of 

natural phytoplankton community into size fractions. Slze selection by 

Bcreens 18 not precise (Sheldon and Sutcl1ffe, .1969); fUamentous and 0 

erongate forms also pass through screens with a disporportlonate frequency 

as the mesh size is Increased (t~~tson, unpubl1shéd)" With direct 

microscope counts, error can be signlficant, particularly for th~ nanno­

plankton fractions (Appendix R; Watson, 1979). Furthermore, the criterion 

for division into size classes varies among authors: the nannoplankton 
.} 

fraction is nominaUy del1neated by a chosen màximum ceU dimension (e.e. 

Granberg, 1970; Kristiansen, 1971; Gelin, 1975; Gelin & Ri pl , 1978). but' 

some authors, e.g. Pavoni (1963), include elongate and fllamentous forms. 

If nannop1ankton are defined as that fraction which is potentially 

ingestible by grazers (Gelin, 1975), the upper size limit will to some 

extent depend on the predominant species of both the nannoplan~ton 

(Schindler, 1971) and gra;er populations (Burns, 1968). Zoo pl ankton 

Ingestion rates vary 'with!n the nanno fraction, and appear to be hig~est 

for exttemely smaH s!zed partic1es (1-2~m) (Nadin-Hurley and Duncan, 

1976; Gliwicz, 1977), w~th a maximum ingested partlcle diameter generally 

below 35-4~m (Burns, 1968), and most workers have used sizes be10w this 

limit to separate the nannoplankton fraction.' We used mesh slzes of 10 \1_ 

and 35 lIm to fractionate n8n,noplankton chlorophyll and primary- l'roduction, 

and maximum cell dimensionS of 10 and 3511m for estimating nannoplanktôn 

biomass in Lake ~~mphremagog. 
1 
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Factors which appear ta have a major influence on cell size 

distributions include nu;rients, l_ight; temperature, grazing and sinking. 

The' role of nutrients ln size 'selection remains unclear. While the 

literature 60 far suggests that there is a general decrease in the 

relative proportion of 8ma11 cella with increasing trophy (e.g. Pavoni, 

1963; Semina, 1972; Spodniewska, 1978;' Gelin and Ripl, 1978), a direct 

re1ationship between nutrient concentration and cel1 size has not been 

demonstrated. There ls ev'idence, that nutrient uptake rates are size-

dependent (e.g. Eppley et aL, 1969), but intraspeèific variation in 

kineUe constants indieate that,uptake rat'es may be more closely 1inked té> 

the local nutrient supw.y (Hecky and KilhaJ!1, 1974). In fact these latter 

authots suggest that' 'ciny apparent relationship' wit~ ceU size is gener8ted 

by adaptlon to the increased nutrien t diffusion associated wi th high 

sinking rates, and thus that nutrient uptake' rates in motile or buoyant 

forms should be independent of cell size. Shuter (19.79). however, argues 

that under most naturaI circumstances, ce1I movement relative to the 

Il).ediuril should he' insufficient to overcome nutrient diffusion limitation. 

In addition, ambient nutrient concentrations May not have an imrn~dtate 

influence on size distribution, since relative growth rate Is more closely 

r..e1ated to intraceIlu1ar nutl'ient concentration than uptake (Fcrg;---1'9'75). 

On the other hand, nutrient;s ma'y play a !Dore indirect role by interacting 

with other aize-selection factors. For example, under eutrophie 

'cortditions, a high a1ga1 bioma9~ will greatly reduce lig~t penetration 

(e .g. Garlson, 1977) 1 and May cause a sh~ft in grazing pressure towards 

.J 
smaller 'size fractions (\~elch et aL, 1975; Webster and Peters, 1978). 

/ 

Light and temperature should be expected to influence the selection 
~ 

of optimal cell size, since both production and respiration rates pet 

'i 
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unit biomass have been sh,owo ta decrease with increasing eel! si-ze (Banse, 

1976; Laws, 1975).. In addition, the interaet!l.on between these tt.lO factors 

may aIs? he important. Small cells appear to be particularly sens1tlv~ -to 

temperature-dependent respiration rates ,under 10"1 light levels (Shuter, 

1979), such as are often found under eutrophie conditions, whlle recent 

evidence suggests that nannoplankton suffer slgnifieantly hlgher nocturnal 

respiration ,1osseS' than netp1ankton .... (paerl and MaCKenzie, 1977). 

Slze-selettion grazing has been demonstrated for a number of 

zoop1ankton species (Buros, 1968; SChindler,'1971; G1iwicz, 1977 and 

others), and has been considered to be largely"iesponsible for the 

accumulation of the high standing crops of netplankton aS80eiated with 
, 

eutrophie conditions (Welch et al., 1975; Porter. 1977,; l<alff and 

Knoechel, 1978; Dillon et al., 1978). Howevér, ft Is likely that the role 
,p 

of size-selection grazing i8 quite comp1ex, sinee nutrierit regenéra.tion by 

zooplankton can make a slgnlflcant contribution ta the available nutrient 

pool (Peters~ 1975; We1ch et aL, 1975). 

Sinking lasses have heen considered by some as an important factor 
1\ 

influeneing cell size distributions (e.g. Parsons and Takakashi, 1973), 

sinee sinking rates inerease with c~ll size (e.g. Hutchinson, 1967; 

Smayda, 1970). However, bec~use many forms are motlIe or buoyancy 

regulating, slnking cannot be considered as strictly size-serective, 

al t'hough 1t may well play an important role in the succession between' , 

different taxa (e.g. Knoechel and Ka1ff, 1975). 

In this paper, we examine the relatlonship between cell size and 

trophy on two level s : 

1. Withln one lake, u8ing data colleeted from Lake Memphrernagog 
~ 

C durlng 1976-1917 (1ndividual observations). 

'-
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2. Betwe'f 1ake~. using 1iterature data from" a wide range of lakes 

(generally, seasonal aver'age values) •. 
. 'f 1 ( 

AI 3 measure of trophlc levél, we used total biomass, chlorophyll .!! (cUi) 

and production, Binee these have aIL been shown to increase wlth nutrlent 

loading (Kalff and Knoeche1, 1978; Sakamoto, 1966; Vol1enwe~dei, 1968), 

and becau8e data on the latter were largely unaval1able for the lakes 

s~udied. Using data from Lake Memph'remagog, we also expldred 'the 
1 

telatlonship betwen phytoplankton size distributions and phosphorus (total 
\ • phosphorus (TP) and alkallne phosphatase activity), light and temperature. 

LAKE MEMPHREM.~GOG· (Qu~. -Vt.) 

Lake Memphremago~ is a narrow glacial lake lyirig on the Québec 
J ~ 

(canada)-Vermont (U.S.A.) border at lat. 45°06"N, long. 72°17'W. 

It 18 appro:dmately 40km long, and i8 divlded 1D0rphomettically lnto 

three ~aslnst on the bas1s of me an depth (Fig. 1, Table 1).' The lake 

réceives an estimated "63% of its hydrologiea1 input and 84% oi"'ris 
\/,-

phosphorus .load'ns from three rivers enterlng at the sout.hem end of the 
, / 

lake at Newport, Vt. resuiting in· a st~ong North-South nutrient gradient 

(,:.trlMn et al •• 1979;,sée also Table 8), aisa t'eflected in productivlty 

and C:h1a'-(Ross and Kalff:, 1975). 
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Fig. 1. Locatio'D of four eampltng stations ~n Lake'Hemphremagog . 
(Qué.-Vt.) • 
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table 1. Genetal characteristics of Lake Memphremagog (Qué.-Vt.) 

-. 

, . 

( 

. . 

-Basin \ South ,Centtal 

Area' (m2) '4.4 x 10
7" 2.2 x' 107 

Volume' (ml) 3.'.2 x 108 1.0 x 109 

. \ 
Mean depth (m)·. ,7.0 51.0 

Depth of mixed iayet (m) 7.0 10.5 
\ 1 

\ 
Mean da!~y p~îduction* 1078 794 
(mg.G m day ) 

Maximum Ch1~rophyll-a* 28.5 11.2 
(mg .Chl.a m .... ) 

* Ross and Kalff,1975 

,ft 

ln r Il 7 tr 11 t 'B 111[1 n, '."SOIi nib 

North 

1.9 x 107 

2.8 x' 108 

\ 
1 
1 . 
1 

13.5 

9.5 ' 

. 796 

19.3 

. ' 

\ ' 

~' 
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METRons 

Sampling ~s done at four stations in Lake Memphremagog, 10cated 

along the phosphorus gradient such that stàtion 1 (South Basin) wàS 

closest to the major nuttient input (Fig. 1). Weekly or biweekly samples 

vere taken from May to Oc tober during 1976 and 1977. Average epilimnetic 

biomass vas est1mated from tube samples taken to the depth of the 
1 

thermocline (measured on each occasion) ot" ta 15m when there was no 

stratification. In the shallow South Basi.n, s3Mp1es were taken to O.5r.t 

above the sediments. Subsamples were fixe<! with Lug01' s lod ine, and later 

en~erated using the Ut~rmôhl technique (Vol1enweider,1969). Large species of 

làw abundance were counted under low power across diagonal transects dr over 

half the chamber area (minimum 26% total ~Iume settled), while smalt or 

common species were counted under high power across one or two diagonal 

tran,ects. Total, ~35~m and ~I~m biomass were, c~lculated using Mean ceII 

volumes estimated for each species and assuming a density of 1.0. The 

dls,tribution ,of organisms within the counting chamber was not always 

random, and transects were counted across Any observed density gradients 

(e_s- Wil1én, 1976). Rep~icate ~ounts showed A fairly low variance for 

total and nannaplankton biomass (±6%, ±16%, t22% ,fox total t <35pm and 
1 

<l~m respectively). Ch!.!., primary produ~tion and TP wece mea,sur.-d from 

aamples taken at Om, Im,'2m, 3m, ~, 7.5m and (where'posstble) 1Om, ustng 
\ , ~ 

a Van Dorne water sampler. Chla was determined'fom 500ml subsamp1es filtered 
, h ' -

thTOugh Gelman GF-A/~ filters, whic~ were 8ubsequently.ground, extracted 

in 90% Acetone, centrifuged» and the fluorescence read on a Turner mode1 

IIq fluorometer calibrated against a Spectronic 88 spectrophotometer at 665nm 
. , 

befo~e and after add~tion of aeid. Primary production was'measured uaing 

\(~ ) , ',the ,14c" Method (Volle~eider.,î969). Innoculat~d samples were incubated for 

, .lmarkins the beglnning of ~n inerease in Atemp ta approximately >loC over 
,lm depth. ' 
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appro~imately 4 houra from mid-morning to early afternoon; and SOml 

subsamples were filtered through Mll1ipor-e 0.45 m Ulters and their 

actlvity measured using a Nuc1ear-Chicago g~5-f1ow count~r. Selective 

filtration through NitelC screens of mesh sizes 1Ü}lm, and 3~m were done 

for nannoplankton ch1~ and primary production l\81ng separate aliquots from 

the 2m samples. During 1976, SOml subsamples were selectively filter"d 
. 

for bath nannoplankton chI,!!. and production whlle in 1977 the volume 

fil tered for ch~ was changed to SOOml and for production, ta 25ml. Total 
.... 

phosphorus was measured uslng a persulfate digestion technique (Johnson, 

1971), while alkaline phosphatase ac~ivlty W.1lS determined fluorometrlcally 1 

using methyl-fluorescein phosphate as a substrate (Sproule and Kalff, 

1979) • 

Insolation (Io) was monitored w1.th a YSI model 67 integrating 

pyranome ter located at the l-k:Gill field-sta tion near Georgevi11e, Quê'. 

Underwater light extincti~n was measured using a wes~on selenium 

photoce11. The average light (or Effective light climate, E.L.C.) was 
1 

calculatcd as in Riley (1957) from the equation: 

, l ' 

10 1 (l-e-~Z) 
E.L.C.(ly) .. 

EZ 

~here: 10 ' - PhotoSyntheàc~l1Y available light immediately below the 

surface (=0,.41(10 )";' Ramberg, 1976)(1y.) 

Z . "" depth of mixed ,layer (m). 

E = ,extinction coefficient. 

h Tt 
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RESULTS 

.a) Spatial and ~easonal patterns in phynoplankton biomass, chla and .., 

primaq prod'flction in Lake Memphremagog. 

'Out of a total of 203 taxa (Table C-l, appendix C), only 22 acootmted 

for 20% or 1IlOre of the totErl biomass on at least one occasion, (Table 2).' 

altbou8b 86 taxa occurred in at least 50% of the samples examined for each 

station and year. Fluctuations in tota1 biomass were mainly attrlbutable 

to the netplankton, fraction (>l5~m) (Flgs. 2A, B), and were generally more 

subdued at stations with lower concentrations of TP (3 and 4). ,The 
, 1 

standing crop was al$o lower at these stations, particuiarly ln 1976, wben 

there was a signifitant N-S gradient in both total and nantioplankton 

blomass (Table 4). 

Of aIl size fractions, the spec!es composit,ion of the netplanktoll was 

the IIfOst variable, both between stations, and particularly between years. 

During 1976, this fraction was dominated in spring by ~ high biomass of 

Diatoma ~ var. elongatum at a11 stations. This specles ~as rapld1y 

8ucceeded by a bloom of Osc1l1atoria Redekei, wich maintained a fair.ly 
-- < 

bigb standing crop throughout th~summet, accompanied mainly by Ceratlum 

. b1rundinella, Melosi1:'a italica subsp. subarçtica and Oscillatoria cfa . 
rubescens in the lIIore èutrophic South Basin; by c. hirundinella, and 

, 

l'ragiiaria crotonensis it;t Central Basin; and by F. ,crotonensis. 

Rhizoso1enia eriènsis and Botryococcus Brauni!1 in the North 'Basin. A late 
.: 

fall increase in!. italica subsp. subarctisa obaerved in the South Basin 
l ' 

occurrecLmuch Iater in the more oligotrophlc Central Basin. and vas more-

8ubdued (no late fall samples were taken at station 4 in North Basin). 
- " 
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Table 2. T8xa~contributing > 20% of tot~ bi0m4SS in one or more samples, Values I~ye :' of total 
auaber of saœPles .uumarate4,for a given station and year where the spec~e8 accounted for 
.> 20% of the total bfomas8. Kaitmùm % contribution to total biomass 1n.parentheses. - ~ , ~ ( , ~ . 

• 

--... - .... --.. -, ... - -- ---. _. '--. '1976 ' 1977 

'- . STAnON 

·cr~OPBYTA - Chrooeoçcaies 

CQelo..,phaeri.~ NilegHoUlUlll ."'uns, 
Mise. unice11s <5 llm 

'- Rormogonaleà , . 

. AnabIIena. :tl~s,,:a~ae (Lyng) Breb 

Osc:Lllatorïa .Re<fekej Van Goor 

.CHLOROPHITA - .Tetrasporales . 
, Gl~~ Shroet:.erJ. 

BAClI..LAlUOPHTrA - Centrales 
i 1 i - -

Cyelo~e~la bodaDica.Eu~enàt , . ' 

lfelo:SJ,la itaUcà subsp .... 
" ',subarctica O. ·WU. 

Rlii~o~en:l.a erieruri.s B.L.Smith 

l 

" 

.!2.(65) 

.§.c~9' 

. Ste,Photnod.!scus as'tÎ'aaa (Ehr.)Grun. 6(24) 

stepbanod1.~s bI1Ittucbii. Grun" .-

~~ellU&l~ 
, ~-~,. 

A~.erianella ~crmcSa Baaa. 

D.i.e-CIIIIII tenue "ar. e.longa'f:am 
.L~. 

. , ' 

.».(69) 

2 3 4 

'-. 

6(24) _. -; 

3~(68) j!(72) 20(26) -- . 

12<ZO) 
. -. 
,< 6(21) 

~ !(24) 
" 

.nCl0) - -U,t64) !Q(42) 

" ' 

1. 

1(21)' 

d 

'-- 5(25) -. , 

1&(43) 

1(21) 

5(31) ..... 

" 

·2 

S(23) - . 

~(24) 

9(22) ...... 
.!(S8). 

J!(36) .. 

'3 4 

14(35) 8(29) - ..... 
y.F 

4(34) , 
1 

.!(34) 0 !(34) 

i(22) .ll(32) 

2(29) 

!(33) , 

liCSl) _ 

..... 

i< ~,,~,;; ,. '''''h, d " 

>, .. \' 
" 

1 
1 • 

" ! ' , 

r­
I 

!' . 
' ' , . , 
" 

- ...... 
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~ . . STAnO~ " - 1 

" 
l'ragillÎria l;:rc;;tonensls IU,tton' . 

FragJ..larJ..a cf. vaucher.iae (Kutz)Petets 
~ ~'t -- ~ .. 

'~edra ulna. v~r.'· danl~ (Kùt.z) 'Grun. 

~o~ - é1U:omu1,49a1eS 

IlalJ:omonas elongata Reverdin 
, .' 

- :, - o~oll1onad~es ~ . 

Urogl,ena .. c,f •. vol vox Ehrnb. 
. , 

- PQ1!les.iales 
Chry'soc:1Ù-omu1.intt, parva Lackey . 

"- UnthoPhyceae . 

BotryOcoccUS Br~un1i Kutz. 

PYUOPHY'lA -. C;qptophyceae 

.'Cbr~pt~s :teflua Sku~ 
~ .. .. ~ 

~omonas minuta S,kuja 

'.' - Dinophyceae 
Cera tlum h:bnmdinèlla (0.7. MUll.) 

Sehrauk' . ." 
.:: ,,~ f .. 

" . 

• 

• 

• 
!.<2~>, 

.' 

~:.... ~ -----~--~--

1916 

2 

, '" 

" , 

,,' 

15(33)' 

... " '-

c 
1977 

:3 •. 4 1 2 3 .. ~ 4 

• 
" ..!Q.(22) ~ li(27)' _ ,2(37) lit=31) !(48) ,. 

,. 4(25) - , 
" 

1S(38) 
... 1.:: ~., 

" ' ! 

, 
. , \' " S(22) . 

" 

2(23) 

" '- 1(2.0) , 
. " . , 

• .1(20) 

1 ~ 
.2.(26} .i(27) 

c 

g(35) 
. . 

,,",' . 
\4) , .. 

'Î. 

... 
" 

" 

_1 
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Total and ~nnoplankton blômass at two st~tlons in L. 

Memphrem8g0..8 19.76-1977. 

Fig. 2A: 

Fig. 2B: 
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Table 3. Taxa contributing ~ 20% of nannoplankron biomass «35pm and <lO~m) in one or more samples. 
Values give % total number of samp1es e~erated for a given station and year_where thé 
speeies aeeounted for> 20% nannoplankton biomasse Maximum % contribution to nannoplankton 
biomasa in pareuthes.s~ , 

Bicnnass <35 \lm 

CYANOPHYTA 

Misc.'unice1ls < 5 pm 

BACILLAlUOPHYTA 

STATION 

Cyèlote1.1a bodanj~ Eulenst 

Stephanodiscus hantzschii-Grun. 

CHRYS OPRY rA 

Cf..rysochromulina parw. Lacltey 

Mise. flagellates < 5 ~m 

Mise. non-flagellates < 5 pm 

l'YRROPlIYl'A 
( 

Chrgptomonas Narssonii Skuj a 

Chryptomonas reflua. Skuj a 

Rhod~na.s minuta Skuj a 

1-

!(23) 

!(21) 

.!!(42) 

12(37) 

1976 

2 

'y(49) 

.!Q.(41) 

3 

,.2.(25) 

!(39) 

!(24) 

12(29) 

2S(27} 
50(34) 

, 

4 

10(22) - , 

1Q(30) 

~(28) 

o 

10(25) 

~(30) 

50(27) 

1 

1(40) 

1(42) 

11(26) 
l!(27) 

1(28) 

1(25) 

2.(22) 

42(50) 

1977 

v 

2 

27(31) 

1(66) 

-
H(51) 

,M(28) 

1(23) 

- 12.(52) 

~ 
~ 

3 

!(26) 

~(53) 

21(69) 

" 

l!(41) 

!(20) 

!(45) 

43(45) 

t -,. ., ... 
; -st Pl 7 ;' 7 li 77 

: , 

"", . ; 

r-f 

, 
~ 

4 

~(74) 

ll(47) 

1!(31) 

~ 
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1976 1977 

, 11 \ B1omaas,<l.O \UIl STAtION 1 / 2 3 4 1 2 3 4 

" ! 
CYANOPHYTA l' 

1 

Mise. uniee11a" < 5 'Pm 1(30) 15(55) ~(39) 20(38) M(26) !(28) !(42) 38(48) 
i 

1 -

'1 

CHLOBOPHYTA ~. f 
Chlamydom::mas sp. !(30) 

lIonoraphidiam minutum (Bag.) 
~ 

~(20) ~(27) 

BACILLARIOPHYTA 

Sf:epbanodisc:us hanf:acb:L:L Grun. ~(2l) ..ll.(52) .MC 83) .]&(79) 

CHRYSOPHYTA 

Chromul:Lna spp. 6-(59) 

ChrysochromulJ.na ,Parva Laekey ,g(23) ~(28) 28(21) 30(34) 32(43) ~(68) 64(53) .§!(6S) 

}~se. flagella tes < 5 ~m 11(31) 

Mise. n~n-flage1lates < 5 ~m .a(23) -!(23) 1l(54) . 10(41) 1(32) 

.P'i'RB.OPHYTA 

Rhodomonas ~Uf:a Skuj a ~(6S) 90(63) 89(69) 90(56) 12.(74) 82(83) 75(69) .... .21(56) _ 
j 

1 
1 
1 

( ~', 

r " 
, 

h)' 
N 

1 
1 

1_ : 

/ -

-
--
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Table 4. Menn seasonal total and nannoplankton biomas~ (mg m-3) 

and relative contribution (X) of nannoplankton fractions 

at the ~our statio~s in L~ Memphremagog, May-oct. 1976 

and 19771 (tube samp1es). 

Station 

1 

2 

3 

4 

Total biomass Biouss < 35 p. Biomass < 10 JI. • 
1976 1 1971 1976 (X) 11977 (X) 197,6 (X) 1 1977 (X) 

288'3<:6 16r·9 82f5 (32) 413 (36) :1415 (14) .. 218 (19) 

i 
3284.4 1664.6 82}"1 (35) 57 .9 (36) 318.6 (16) 31.5 (20) 

1 
llt.5 

1 
2120.5 425.4 (32) , 470.8 (47) 232.4 (18) 

,2r (25) 

14t.5 4J.6 (32) 23t1 1105.6 505,0 (49) (19) ~3 .1 (23) 

Significant differences (p < 0.05) between paired (individual) 
observations at different s~ations 8S determined using 
Wilcaxon matched-pairs sisned ranks tests are indicâted 
by arrows directed a19ng the increasing gradient. lt should 
be boted that these arrows do nOt indicate significant differencee 
bet1feen the sessonsl mean valuushown in the table. 

l' 

, 1 

~~~~"------------------------------~--~-------------:'~~"~;.~~~------------"~ 

1 1 
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F1g8. 3A-~C: Contribution of major taxonomie groups to total' blomass (Fig. 

'lA), Biomass < 351'1lt (Fig. 3B), Biomass < lO\lm (Fig. le) at , . 

, 

station 2 (me~ot~ophlc) 

Legend: 1 ~ Cyanophytaj 2 - Chlorophyta; 3 - Euglenophyta; 
, 

4 - Bac1l1ariophyta; 5 - ~rysophyta;1 6 - Cryptb-
1 

pyeèae (Pyrrophyt~); 7 - Dinophyceae (Pyrrophyta). 

'. 

------~----~-:--.- -- ----,-_._. 
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The Sptt\g dtatolll 'pulse ~B much briefer the second year, and 

l , 
dOlllinated less by.Q.. tQnue var elongatUIll. particularly towards the 

Northern end of the lake, Where this specles was Increasingly replaced by 

the large ~iatom Synedra uina var. danica. Oscillatoria Redekei did not 

appeat after the spring diatom population, but was replaced by a brief 

pulse of Anabaena flos-aquae. The mldsummer netplankton assemblage 

cotlsisted of a largar number of co-dominant species than was seen ln 1976, 

particulady in South Basin, where the major s~ecies were E... ~~nensrt;, 

Stephanodiscus astraea, !. erienais. Gleo'coccus Schroeteri and 

Coeloaphaeriuru spp • Simi1a1' species were fouM st the less eutropbie 

. stations 3 and 4, .although~. astraea di~ not make a si&nificant 

contribution to the total biomass st these stations. The fall pulse of ~f. 

italica subsp. subarctica was ag'8in smaller and observed later in Central 

Basin. 

WhUe the total ,phytoplankton community biomass was dominatt"d by 

~yanophyta and ~acil1ar1ophyta (Fig. 3A), the major groups contributing to 

the nannop18nkton biolllass were Chrysophyta and Pyrrophyta (Cryptophyc(>ae), 

wJ.th~ latter gro\Jp be1ng part1cularly important in the -<35}Jm fraction 

(riga. 3B,3C) (Appendix B). An average of 73% and 74% of the bJomass of 

the d~m and <35Jtm nannoplanltton fractions (respectively) consisted of 

flagellate. forms. 

A total of 46 taxa were included in the <35~m fraction, and 38 in the 

<lOpm frac tion. Cklt of t'besé, only 9 taxa contributed 20% or more of the 

<35 and, <lOpm nannoplankton biomass at leas( once (Tables 3 and 4)~ The 

dominant nannoplankton species remained quite constant, both between 

stations and years. The moet important species in the <lÙpm fraction st 
1 

l 
aU sta tions were Rhodomonas minuta and Chrysochromul ~na parva. An early 

" 

/ 
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spring peak of 5,tephanodiscus hantzschii, particularly pronounced in the 
i 

South Basin, contributed significantl~ ta the <10~m biomass in 1977. 

In addition to these nannoplankton species", important contributions 
, 

to the <351Jm biomass were made by_ Cryptomon~s reflexa, ~. MarsonU. 

c. ~ and Cyclotella bodanica. 

Colourless species were not inciuded in aigai biomass estimates. 

Rowever~ the biomass of heterotrophic forms was comparatively low, . \ 

-1 
generally ranging below 50 ~gl (compare to chlorophyl1ous bioMhss 

esti~tes, Table 4), and consisted mainly of nannoplankton forms, such 

as KBtablepharis oxalis, Cryptaulax sp., Cyathomonas truncata and 
, 

Desoatella spp •• Katablepharis ovalis was particularly ubiquitous, and 
~ " 

on several occasions accounted for 10% or more of the total phytoplankton 

(chlorophyllous and non-chlorophyllous) biomass. Larger colourless 

species, such as Gymnodinium helveticum appeared infrequently and on these 

oc~asion8, heterotrophs contributed up ta 21% of the total phytoplaukton 

biomass; however, t~i8 average contribution was very low (3% total 

chlorophyllous and non-chlorophyllou8 biomass). 

Seasonal patt~rns in size fractions of biomass, ch1~ and primary 

production showed little simi1arity. Correlation coefficients between 

these measurements were low, ranging from 0.16 ta 0.6, although generally 

statistically significant (Table 5). While aIl fractions of ch~ 

exhibited highly significant decreases (p = .01) towards the Northern end 

of the Lake both in 1976 and 1977, produ~tion ~howed a similar significant 

gradient only for the total, and to a limited extent, for the <35~m 

fractions (Tables 6, 7). 
• 
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Table S. , ' 
Pair-wise correlation coefficients betWeen biomass t chIa and 

" .~ • 1 

production for total and nannoplankton fractions.' 

Fraction 

Variables Total < 3511m < lOllm 

Biomass, chI!! 0.32 0.58, '0.45 

Biomass, production O.16(NS) 0.47 O.19(NS) 

ChIa, production 0.40 0.5~ 0.60 

AU values significant at the p < '0.05 level, 'except where' indicated (NS). 
\ 

\ ~~-
\ ~ 

\ 

/ 

r 

t 1 ., d .... ; 



-

J 

~---

. C 

28 

• 

• 

, 

Table 6. Nean seasonal total and nannoplankton chIa (mg m-3) and relative 
~ .~ "/ .. 

contribuUon (I) of nannoplankton fracHons at' the 4 stations in ' 

L. Metnphremagog, Mâ,y-Oct. 1916 and 1971 (2m. B8q)les). 

. 
, 

S Total chIa ChIa < 3511 ChIa :< lOlJ 
t 1 

(%) a 1976 --.1977, 1976 (%) 1977 (X) 1976 (X) 1977 
t " i . 
0 
n , ~ 

Cc . 
1 10.0 7.2 l (56) 

, 4.2 (59) 3.9 (41) J (40) ~ 

Î Jo (60) 2 , ,6.8 . . 2.7 (43) 

J7 J5 J4 (49)' 3 5.9 3.7 (65) (75) 2.4 (43) 

4 4.6 il (72) Jl~ (45) ,--

. 
SlgnificaIt.t differences (p < 0.05) between paired observations et cl1fferent 
stations as\determined using Wilcoxon matcbed-pairs signed-ranks tests are ' 
indicatad by 'arrows dire~ted along the inereasing gradient. It .h!)Uld he· 
be noted that ~ese a~row& do ~ indicate slgnificant differencea between 
the aèasonal me~ values abmm in the table. 

\ 
~ 

'\ 
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Table 7. Mean' -3 -1 seasona1 total and nannoplankton produ~tion {mg Cm hr ) 

. 

and relative contribution (%) of nannoplankton fractions at tbe 4 

stations in L. tfemphremagog, May-oct. 1976 and 1977 (2m. samples). 

S Total prodn. Prodn.<35J.1 Prodo. <10p 
1 

t 1976 1977 1976 (%) 1977 (%) 1976 GO 1977 (%) a 
t 
i 
0 
n 

\ 

21.3 (67) 8.5 (50) 8.8 (42) (34) 1 16.5 15.5 5.9 

,1 lSt l 
-

"-
2 (50) 5.1 (33) 

nL 3' 14.1 s. (77) 6.1 (57) 6.0 (45) 4.1 OB) 

4 nt 5.9 (57) 4.3 (43) , 
... 

Slgnifieant differences (p < 0.05) 'oetween paired observations at diffcrent 
.tations as determined usinS Wi1coxon matched-palrs signed-ranks tests ate 
indicated by arrows diretted a10ng the increasing gradient. It sbould be 

noted that these arrows do not indicate significant differences between 
t~e ".asonal mean values shown in the table. 
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F1g_ 4B: 
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Relationsh'tp between nannoplànkton (.<lO}Jiu) and 'tota~ phyt~:- ' 
f 

plankton biomass within Lake }émphrem8$03 1976-1977" expressed' 

by the equatlo~ log ~;.. 0.37 '1~8X +'1..23 (r • O.~2; p<"O!OOOl).f 
(" ~,J , . 

Symbols rèpr~sent in~ividua1 stations and ,.at~: 

Station 1: 1 - 1976; 2 - 1977- ~. 
- t _... " 

Station 2: 1. - 1916; ! - 1977; 

Station 3: 1 - 1976;' 6 - 1977; 

Station 4: 7 - 1976' 8,-'1917-_ J~;.. , 

Relatlonship betwedfi %'nannoplankton «lO~m) and' total biomess' • • 

within Lake Memphrémag08 1916-1977'. ~presSed by tne equation· 
• • l '. 1 

• 1 

Y • -33.0 logx +,~26.1 (r • 0.66; p< 0.0001). S~o18 8S in 4A. 
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" F1g. SA: - Relatlonsh1p b~t'feen nannoplankton «3~m) and total 
! • 

... ." 
Rbytoplankto~ b1omaS8 within Laké Memphremagog 1976-1977; 

~ 1 
l' 

,xpresged by 
", ., the equat1~n log y - 0.48 10gx + It.17 (~O.68; , 

p <.0001)., 

Relatlonsh1p'between % nan~planktQn (~3SPm)'and total biomass 

ldthln tatœ Memphreaagog 1976-1977 t (!Xpressed by the eq~t1on 
J) 

, • 41.0 1o~ + ;1.&).1 <F 0,69, Q.OOO,l}, " 
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Fig. 6A: 

Fig. 6B: 
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/ 

• • • 

1 

Relat1onsh1p between nanpoplankton and total b10mass u81ng 

l1terature data (generally seasonai average values) from a 

range o~ lakes of dlfferent trophy. expressed by t~ equation 

log y - 0.54 10gx + 1,02 (r • 0.78, p <.001). 

Symbols represent different authors: 

1 - Watson (1979); 2 - Munawar & Munawar (1975); 

3 - Kalff (1972); 4 - Granberg (1970); 5 - Spodnlewska , 

6 - lCristiansen 0.971)j 7 - Pavont (1963) 

8 - Spodniewska (1978). 

Be1ationship between % nann~plankton and total blomass using 

\ I1terature data, expressed by the equation y .. -24.7 logx' 
1 

, 1 + 120.0 , 
1 (r-O.72; p <.0001). Legend a9 in Fig. 6A. 
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Fig. 7. Relatiqnship between ,% chl:! <35 l!m and total chI.! in Lake 
.. 

Hemphremagog, 1976-1977. Symbois as in Pig. 4A. 
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b) Relationshie between size fractions and trophic level. 

~). Lake Memphremagog. 

There was a highly sig6ificant increase in both <lOvm and <35pm 

nannoplankton biomass with increasing total biomass (p=O.OOl; Figs. 

4A,5A), with correlation coefficients of 0.52 and 0.68 respectively. In 

addition, the l slopes of bath relationships were less than 1, indicatlng 8 

significant decrease in the relative proportion of both nannoplankton 

fractions with increasing total biomass (Figs. 4B,5B). Analysis of 

covariance showed~ that differences between stations or years were not 

sisnificant for any of these regressions. 

In contrast, when using chIa as a measure of standing crop, ooly th~ , 

regression between %ch~ <3511m and total chia was significant (F:lg. 7; 

p=O.OOl), and the correlation coefficient was extremely 10w (r=0.4). 
\ 

Differences in sample volumes filtered were not reflected in significant 

differences in slopes betwe~n years for, any fraction (as determined by 

analysis of covariance). 
./ 

Primar y prod uc tion showed even more unexplained var iance: in tac t no 

significant relationshlps tere found between %nannoplankton (any size 

{racMon) and total production. Agaln, analysis of covariance showed thllt' 

differences between years was not signi ficant for a11 size frac tians. , 

» 11). Between lakes. 

On a 'between lake' level ~ a similar hig~ly signi ficant increase in 

nannoplankton biomass with,increasing total blomass w.as observed (Fig. , " 

6t\), whHe ag.:lin the reLltlve proportion of nannoplankton biomass declined 

significantly (Fig. 6B). Analysis of covariance showed that differences 
, 

between Investigators or in nannoplank-ton size-range used did not make ,a 

, 
',_i~1î?I nGlIiI~:~i".!'~;.~JdiltlGt~~II __ u •• r.' __ i:i~l;v"-_"'~"""''''l>',<".!à.. 
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significant contribution towards the total variance in the nannoplankton 

fraction. Similarl'y, differences in surface area and mean çlepth, used as 

measures of morphometry and mixing depth, did not a'ccount for a 

signifieant amount of the total variance. 

c) Environmenta1 factors and their re1ationship with phytop1ankton size 

fractions ln Lake Memphremagog. 

> 
There was a signifieant N-S gradient in TP both years, although the 

average concentratlorl declined appreclably 1977 (Table 8). Alkalinc 

phosphatase data ~re ooly available fo~,1977 when there was an increase 

ln mean activity towards the North in 1977," similar t:~ the trend ohserved 

in 1975 (Sproule and Kalff, 1979). The mean effective 1ight c1imate at . 

each station showed little change between years, white average 

temperatures were general1y lower in 1977 (Table 8). 

The re1ationship between the relative contribution (%) of nan110-

p1ankton and TP, a1ka1ine phosphatase activity, light and temperature J.'el"e 

examined bY,analysis of covariance, which showed no single fac tor to haITc 

a dominant influence. Total phosphorus accounted for a statistically 

~ignlf1cant amqunt of the total variance in-. %bio l1aSB .-;lOlJm (p=O. 04), al: ~ 

%chl.!!, <35lJlIl."(p=O.02). Alkaline phosphatase activity showed no significant 

relationships with any nannoplankton fraction. Light was slgnific.antly 

related o~ly to %ch1~ <35lJm (p=0.02), while temperatures varied 

s1gnificantly with %biomass <10pm (p=0.02) and %production <3Spm (p=O.OS). 

The interaction between light and temperature did IlOt account for a 

s1gnificant mnount of thc total variance in any nllnnoplankton fraction. 

1; , 

~ r.::-:----I.o-------_ ... "'_" .... ~~JUl. .. !tqlJJ' ... ~~~ fJW1I~ ... ~_ tf'lt5M'fM .... ~~bJ_..~~"~ .. ./IItW: ... ,, --...,.." .. 1 
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Table 8. Seasonal mean total phosphorus, alkaline phosphatase activity, 

temperature and light climate in L. ~mphremagos, MaY-Ocf' 1976 

and 1977 (values averaged over the mixed layer). 

Total p, APA* Temperature Light climate 

(mg m- 3) (oC) (ly. day-l) 

Station 1976 1977 1977 1976 1977 1976 1977 

1 28.6 15.0 0.66 18.0 .15.8 61.6 59.3 
.: 

2 22.4 14.4 0.73 17.3 15.8 40.9 46.1 

3 13.i2 10.8 0.81 17.4 15.4 37.1 40.5 
\ 

4 9.2 0.95 18.3 16.2 51.1 53.4 
~ 

'le Alkalitie phosphatase activi ty (pg methylfluorescein hr-1 liS chI!!.; , 
at lm depth). 

\ 
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nlSCUSSION 

A major dtfference between the net and nannoplankton fractions ls 

seen in tbe relative stabil1ty of thelr species assemblages. Several 

nannoplankton specles, notably Rhodomonas minuta, Cryptomonas Marssonii, 

.Q. crosa, f. reflexa and Chrysochromulina parva, occurred in up to 100"; 

of the samples exrunined at all stations, and frequently made significant 

contributions to both the nannoplankton and total Momsss ln Lake 

Hemphre~ago8. This was also true o~ the samii betèrotroph Katablepharis 

ovalis, which contributed signlficantly to totsl phytoplankton Momas!; 
1 

(chlorophyllous and non-chlorophyllous) on a number of ,occasions. The se 

nannoplankton species ,appear to he weIl adapted to the range of 

environmental conditions found within Lake Memphremagog. Furthermore, the 

" 
same species are reportedly as ub!quitous over a much wider range of 

physical and trophlc envlronments (e .g. Pavoni, 1963; '~illén, 1969; 

Ahlgren. 1970; Granberg, 19;1); Munawar and Munawar. 1975; Ramberg, 1976, 

\ 
Xeskltalo. 1977; Reynolds, 1978). 

ln contrast _ more conspicuous spatial and temporal shifts in L. 

HemphremagQg were exhibited by species belong1ng to the netplankton 

fraction. Which ~~re characteristica11y periodic in thelr occu~rence8, 

1 

although Cryptomonas rostratiformis, Asterionella fomoaa and Fragitaria 

erotonensis were present III most of the samples examined. However, whlle 

these partieular specles' have- also been reported from A range of la1œs of 

different trophy. they are rarely found ta be ubiquitous. except, ta &orne 
o 

extent, !. formosa (e.g. Lund, 1949; Reynolds, 1978). 

Implles that nannoplankton species are more plastic in their respons~ to 

eàvironmental changes, th1s fraction Is not dominant as frequently as 

might be expected. In fact, from the rcgressions obtalned, it 1s evid.'nt 

1 
11/ 

" 

... 
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, 
t;hat nannoplankton biom,aSB increases significantly with iI1creasing trophte 

level, (as measured by total biomass), but not ~s rapidly as the 

netplankton fraction (Figs. 4A,SA,6A). Therefore, the relative proportion 

(%) of nannoplankton biomass decreases signif1eantly (Figs. 4B,5B,6B). 

However, there 15 considerable variance about these regresslon lines. 

Analysi's of covariance Indicates that withl? the Uterature data, this 18 

not primarily attributable to diferences in technique between 

investigators or in mor,phometry between lakes (as measured by, surface area 

and me.m depth). Slmilarly, within Lake Mamphremagog, morphometric 

differences between basins are not expressed in significant differences in 

slopes between stations. Furthermore, replicate biomass estimates 

(Watson, 1979, Appendix E-B) indicate that counting error is not 

sufficient to account for the range in variation, observed about the 

regression lines (Figs. 4A,4B,5A,5B). 

M increase in the relative abundance of large, more vacuolate forms 

associated with increasing total biomass may represent additional source 

of variance, 'sinee the relative proportion of non-cytoplasmic cell volume 
.." 

varies considerab1y not only between taxa, but according to the 

physiologlcal condition of a given individual eell (Sicko-Goad et al., 

1978). On the ot'ter Ihand, an increasing proportion of sul!h netplankton 

spe'cles would in turn amplify any decrease in the relative proportion of 

nannoplankton blomass, and this in intself could account for sorne of the 

observed relat:rcnships between % nannopl,anltton and total biomass. If this 

18 the case, we 'toJOuld expect the opposite ta be true IoIhen chl~ and 

production are used as measurements, sinee specifie values of both appear 

to he Inversely related to eeU size (Paasche, 1960 and Manney, 1972; Laws 

1976, respectively). In fact, we observed a significant but less 
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pronounce\t decrease ln r. nannoplnpkLon ch~ wlth Increasing total values 

\ 
(Fig. 7) t but for othe ·d5l"1 fraction on1y, and no similar, significant 

rel~tionship using % production. Aguin, there was considerable 

unexplained variance, even on a !ogarithm'ic scale. It thus seems likely 

tbat a very 8ubstantial difference in nutrient loading or trophic level 18 

required to produce a recognisable change in the relative contribution of 

nannoplankton chla and production, as ~s dbserved following the 

restoration of L. Trummen (Gelin and Ripl, 1978). ln generaI, with less 
1 

extreme seasonal ehanges ln most 1akes, the relative proportion of 

nannoplankton production remains fair1y constant over the growing season 

(Kalff, 1972). A sedes of measuremènts ta ken on alternate days dudng 

the deve10pment and dee11ne of the 1978 spring piatom assemblage in Lake 

Memphremagog. supports this view by showing genereUy low. short-term 

fluctuations in both % nannop1ankton chIa (±10-l5%) and produc.tion 

(±S-16%», Whi1e total phosphorus varied between approximately 7.5-12.5 

)8r1 (Watson, 1979, see Appendices F,G). t 

ln retrospeet, a lack of correlation between biomass ~B), chl~ (C) 

and production (P) might he expected, sinee these measures ~eprcsent 

41fferent attributes of the phytoplankton community which may vary both lu 

the manner and particularly in the rate of thelr response to environmeq,tal 

changes. Thus, one observes considerable variabllity in the repor:tedt' . 
. . 

t ratios of ,p/B (the "activity coefficient" e.g. FirUlenegg, 1965; Ahlegren, 
, 

1970; Kalff, 1n2), piC (the. "assiml1adon number o
, e.g. Ma1one, 1971a,b; 

Fogg, 1975) and ClB (e.g. Paasche, 1960; Ahlgren, 1970, Manne y , 1972; 

W11lén, 191~; Tnlzer et ~l., 1977; Nicholls and Dill?n, 1978). 
(l 

that none of the three measurements yields a very satisfactory 

\ 

The faet 

representation of the relative contr.ibution of different size-fractions. 

(' 

/ 
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. probab1y accounts for much of the Beatter observed about". the relatlonships 

between % nannoplankton aAd trophic level (Figs. 4A.5A. 6A. 7). On the 

other band, this vari~nce may slgnify that factors other 'tha~ those 
1 

related dlrectly to trophic level play a significant role in detemlning 
~ 

the distribution of pbytoplankton cell-size. ThU8, the limlted relatlon-

shlps we obsérve between total phosphorus and X nannoplankton ln Lake 

• Memphremagog which has been shawn to be phosphorus deflcient (Sproule and 

Kalff, 1979) ~ Indlcate that the limiting nutrient has little influence on 

the relative proPortion lof nannoplankton in this lake. Further evidence .. ' 

that phosphorus 18 not a major size-selective factor in Lake Memphremagog 

is seen in the lack of correlation between any measurement of % nanno-

.... 
plankton and alkaline phosphatase activity, although the latter haé been 

shown to be a good measure of phosphorus availabllity (Sproule and Kalff, 

1979). 

The assimilation number of phytoplanktotl population (AZ: mgOn-3hr- l mg 

chla-1 at optimllD depth) appears to be related to ceU nutrient 'status, 

although some w:lrkers reP.,ort a consistent incre<Îse an~ others a decrease, 

in AZ with nutrient defic1ency (Fogg. 1975). Wc therefore examined our 

• 
data for any consistent differences in nanno- and netp1ankton (>IOvrn, 

>35~m) AZ which might -indicate dissimilarities in their relative nutrlent 

status. The results obtained showed consistent trends within eaeh yeu~ J 

but marked differences between years (Table 9), which more recent data 

Indlcate were not simply an artifact of changes \ln sampl,e '(olumes, ,and 

• 
which were not reflected ln signiflcant differences in the slope of % 

nannopl.,nkt,m vs. total standing crQp for the two years., TItUS, if thesf' 

l '" 
values AZ give an indication of the relative nutrlent status of, the net-

an~ nannoplankton fractions (as dcfined by the dlfferentmesh siEes), tbey 
1 

il , 
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Table 9. 
-1 f 

rD1IÎpa:t:Lson af the relative AZ '(mg.C hr Img. Chl~i at 

" 

....... ' 

," 

/l. " 

" 
\, " 

, . 

> • 
," < ,. '. 

"i J ~ 
,"; 

1 :-

" 

"" 21tl depthl of ~he net- and n~nop1ankton fractiôns, using 

W~lcoXon matched-pairs signed-ranks tests. 

, 
Yea~ 

St$.t10tl. , Mésh' 10 pm Mesh ,35\.1ln 

1916 

1 Nanno > Net 

3 &P _\ Nanno > Net 

1977 

1 Net > Nanno Net ,. Nanno 

2 Net > Nanno Net > Nanno - / 

3 Net > ?ranno Net > Nanno 

4 Net > Nanno 

Itlànks indii'ate no 'sigrtificant differences between 
the. two 'Bize fractions a,t the p i 0.05 level. 
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8Uggest that nutri~nts do Dot have an baediate and' s!irect InÙuenc~ lan 
phytoplankton aize.Jiistribution in Lake Hemph~eaagog. ~er, rather 

than having a direct influence, nutrients may weIl play an indirect role iD 

sbe-selection. In L. Mempbremagog. tbe differënces betveen' tbe relative AT. 
t) ~;' 

of, the net- and.nannoplankton fractions (Table 9).were not consistent vith 

dlfferences in total and available pbosphdrous (TableS; Peters, 1979). 

f Furtbermore, differences hetween the tvo sbe fractions «101111, >10 ... ) 

were not apparent in I!lesotroph~c Lake ltinnasjon, (Celin and Ri pl t 1978) t 
, 

wbereas the nannoplankton fraction,{<10pm) exhibited a sign!ficantly 
\ 

higher AZ in highly eutrophié Lakes 'Vombsjôn (Gelin, 1975) and TrUtlllen 

(Gelin and Ripl, 197,8). In addition, that nutdents (phosphorus) play an 

indir'ec t role in s1.ze distribution 18 also evident from tbe highly 

tignif1canl relationshlps between % nannoplankton and total biomass and 

chI.! (Figs. ~B,5B,6B, 7). Neverthe1ess. the large Mount of reridual . 

,variance about these regression Hnes implicates interactions with factors 

other than l1ght and telllperature, aince theae parameters do not allpear to 

play a major role in cell size-selection in Lake ~~mphremagog. Reèent 

'literature ind1cates that %Ooplankton grazing bas a s~nificant influênct. 
,\<, • 

on nannoplankton standing crop: Haney (1973) measured average removal 
( 

rate9 "of part1cles <l4).1m of '80% My-l.,. Althoq,gh malI cells have 
, 

relt\tlvely rapid gro:,.ith rates (Laws, 1975) and tbeir re~ewal rates appear 
" 

tp.be sufficient to offset th~se high grat1ng rates (Haney, 1973), 
i 

t short-tet'lll imbala'nces produced by graz1ng May weIl be responsihle for much 

" of the residual variance about the regression Unes. 

'h lllus, although phosphorus comm~n1y limits total phytoplankton biruas$ 

(e.S- Vollepwelder,' 1968; Schind.ler. 1974), and we found a number of 

hlghly slgnificant relationships between nannqplankton and trophic level 

" 
(as meas'ured by total Momass and chIa), our data sug8l2st that the 

!~ 
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relative proportion of nannoplanktonj ls not primarl1y a funetton of the 

Itmltlqg nutrient (phosphorus), the nutrient status of the plankton a~ 

l1ght and tellper'ature. If: thetefore, appeau tbat in order to make better -

predictions of the contribution of the nannoplankton to' phytoplankton 

ataoding erop, lie requl're as yet unavailable information on the role 

played by selective zoop18nkton arazing. 
" 
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ABSTRACT 

During both 1976 and 1977, phytoplankton biomass in Lake. 

Memphremagog nt four stations located along a significant N-S nutrie~t 

gradient was dominated by BaciIlariophyta, Cyanophyta, Cryptophyta~ and 
\ 

to some extent, Chrysophyta. The mean sessona1 contributions of these 

groups to total biomass were similar between stations each year but 

showed changes between 1976 and 1977, as did levels of tôtal phosphorus. 

Seasonal patterns of the major taxonomie groups were generally 1IIOre 

,~ subdued at the more oligotrophic stations, and differed between the two 

years. Short-term fluctuations in the biomass and rel~~ve importance 

of each group were frequently not 8ssociated with changes in total 

phosphorus. This was a1so true at the species level and within the range 
> 

of nutrient levels observed in Lake Memphremagog during the study, factors 

other than total phosphorus appeared to have a greater influence, on the 

dis~lbution and relative abundance of major taxonomie groups and 

indicator species., Similarly, on a short-term basis, the dominant 
1 

1I\OrphoIogy of the netplankton «35 pm) fraction was not clearly related to 

tbis nutrient, although lower seasonai-total phosphorus levels within Lake 
/ 

Memphremagog ",ere accompanied by a decline in the relative importance of 

, 

filamentous species, and an increase in the relative contribution of colonial 

forros. If the relative importance ~f individuai species i8 measured using 

biolI'.ass rather than numerical abundance~ witbin Lake M~phremagogt 

measurements of community structure showed significant relationships (p<.OI) 

with trophic leveI, such that with increasing total biomas9, there was a 

significant increase in the total number of species observcd and a significant 

decrease in community diversity and cvenness. It was 8180 found that st 
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leas't ~ and up to 16 or 32 spec;:ies should be enumerated to obtain 
1 

a good estimate (>90%), of total phytoplankton biomas8 in thiB , 

meso-oligotrophic lake. 
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EXTRAIT 

" 'Au ccrurs des deux ann6es 1976 et 1917, la biomasse du phytoplancton 

~ quatre stations du lac Mem.phr~gog. situ~es le long d'ùn gradient de -mati~es nutritives nord-sud signifacatif. ~tait domin~e par les 

Baclllarlophytes~Cyanophytes, Cryptophycees et en partie par les , 
Chrysophy'tes. La contribut.ion saisonniere mOJÇenne de ces groupes ~ la 

biomasse tota.l.e ~ait sembla.ble entre les sta.tions à chaque annee mais 

varia.i t entre les années 1976 et 1977 tout comme les ni veaux de phosphore 

total. Les modé1es saisonniers des principaux groupes taxonamiq~es 

€!taient gén~ralement plus adoucis a.ux stations plus oligotrophiques et 

variaient pour les deux annees. Les fluctuations à court terme de la 

biOIllaSse et ltimportance relative de chaque groupe n'étaient ~en&alement 
\ 

:pas associees avec les e:hangernents du phosphate total. Cette observation 

s'applique aussi au niveaux. de l' eap~ce et à l' inte;rieur de la zone de 

" niveaux du matim-e nutritif observes aU lac :Memphrémagog au cours de cette 
,1 

, . 
Etude\ Des :facteur~ autre que le phofWhore total semblent avoir une 

importance superieure sur la distribution et l'a.bondance relative des 

1 

principaux groupes taxonOllliques et de l' esp~ce indicatric e d'un certain 

niveaux trophique. De même, e. court terme la morph?logie dominante du 

2 plancton de dimension sup~rieure à'. 35 pm n t etait ,pas cla~rem.ent reli~ à'. 

cette matière nutriti~e bien qu'une djminut1on:de,l'importance relative des 

esp~ces filamenteuses et un accroisseme~t dans la contribution relative des 

~ormes coloniales accompagnassent des niveaux saisonniers inférieures de 

phosphore tota1. Si l'importanc~ relative des esp~ces.individuelles est 
. st-

mèBur~e à'. partir de la biomasse que de leur abondance num~rlque dans le 
• 

1 • 
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lac i Metnphremagog, les mesures de la structln-e de la e~utE montre. a. 
, 

rElations significatives CP <.01) avec le Dlvea~ trophique caIIIIle suite: 
, c 

une augmentation de la biomasse totale BtacCanpagn~ 4 d'une accroisBemmt 

significatif du nombre dtes~ces obse~es et d'une d~inution sllQlflcative 

de la. diversitE et de, 'la regularitE- de la c'ommuno.ut~. Il a aussi ft6 / 

remarquE qu'au moins 8 sinon 16 o~ 32 e8p~~e8 dev.rai~t atre eD~e8 

afin d'obtenir une appréciatipn valable (>90%) de la. biomasse du 
/ r 

phytoplancton dans ce lac lIlèso-ol1gbtrophique. 
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Phyto-plankton assemblages at four stations located along a 
\ . 

North-South nutrient gradient in.L~ke Memphremagog (see Section 1) were 
. 

(.

uvesti88ted over ~ period of two years- (1976-77). Samp1ing~ enumeratlon 

an~ biomass calculations weTe perform~d as outiine~ in Section land 

Appendix E. Here, the data obtained are examined in . tenns of: 

i) sessonal patterns of the major species and taxCflomic 

groups, and distributions of selected 'indicator 

species' (Chapter 1); 

il) distributions of different morphologica! groups (as 

deflned by cri6eria other than size alone}. (C~apter Z); 
1 

" 

iii) measurements of community strucpure (Chapter 3) • 

Chapter 1 

S.easonal patterns of ~o~ species and taxonomie sroups and 

distributions of se~ected indlcator species. 

"No determin1stic 1lIOdelling proc"ess will give 

intelligible predictions of these temporal or 

taxonomie details; ecosystems are simply to'\. 

complexe Modelling ~f~orts i~~cosystems 
, 

can best be restrictedQ to simple eco9ystem . 
.; 

f? components." (Schindl~, 1975) • 

Introduction . 
A numDer of authors have atte~ted to relate lake nutrient status 

, , 

c to the qua1ity of th~ underlring phytopla~kton community using speeies 

quotients (e.g. Nygaard. 1949; Jarnfe~t, 1952), or 'indièator' spoeics, 

~. 
~ 1 • 

• • j 
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è 
assemblages', or,alga1 groups (e.g. Rawson, 1956; Hutchinson, 1967; 

Ta);a~hak and Stoermer, 1976; Stoerlner •• 1978; . Nicholls, 19i6). 1 
___ <" '1. ".. , 

Quotients f:nch as; those deVeloped by Nygaard (,1949)' gell:erlJ}.ly' ~o not 
, , , " 

j1ve a compretè representation of "'ny p~ytoplan;.to" COllJllluoi.t:i~s, Since 
.. ~ ~ , 

J 

they are baséd 00 sP~,c~ which a~. of low abundance ln the ci<\Jority of 

lafes~ (e.g. ~8on, 1956; HutchinsDp; 1967; Kalff and Kno~che1; 1978) • 

. On t~~ 'other h:îd" w~lle seve~al., authoFs \(~.g. Rawson, 1956; Hutchinson, 

1961; Tnrapèhak an~ Stci~rmer. 1976; ,Sto~rlRe'f. 1978; Nichol1s, 1916) 

c~)Qs1der tut the dlstributi.on and relative abundan.,ce of dominant species, 
" .' ., 

phytoplankt0Il: assemblages. or . ~xonomic groups may re lised as an indication 
" ,l " . ' , 

, of ,t:rophic 1evel, the relative importancl! of each species in 4 glven 
<' {) • l '''' 

aquatic system wJ,11 ofteti' ereatly depend on the spatial and temporal 
, , 

;:

requency ?f' sampl1ng; t~e definitio~ of relative abund~nce "Ci.e. 
''<) 

def bled bX 1 nud.l~rs or biomass) and' the taxomic comp~tence of the 
'. 1 l. or. • 

as, 

inv~stigatof (~s?D~ ~957; larapcha~ and Stoermer, 19~6). ~reover" ~ 

"the relation8h~p~; p~t~~ular a1gai assemblag~s vith nutrieD~1evel (e.g. 
. ~~. ..... 

But'ch1nson, 1967) may be obscured by the fast that neither the relative 
~ . 

~ j 
:- proportiQD8 of' species in 8uch assemblages, Dor trophic 1"e1 are 

Cquantitative1y dc:fined';" mos~ authof~ (e.t. Bradburg, 1975; Carlson, 
, ) \, \ . 

l!J-77). , Furthermore, "ln some cases,:r., phytoplanlton communities ma,. .hQW' 
>$ 1 f~\ \ 

litt1e qU81litative chaage in speciea COIIPodd.ou vith increas1ng 
\~, ' ) 

• eut\:-ophicatlon until s_ ~r,esbold 
~, 

nutrient leve! ls reached (Tat'tlpel .. k 
,1> 

!. t 
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b 
groups and algal $pecie~ at the four stations in Lake Memphremagog in 

rela~tonship to changes in total phosphorus and other factors, it i8 

the purpose of this chapter to demonstrate that the use of such indices 

1 t9 an over-simplistic ap~roach, both within and between 1akes. 

Methods 

Methode of collection, preservatio~ and enumeration of samp1es 

are outlined in Section l, but it sYlould be re-emphasised that sinee 
1. 

these were integtated tube samples, they represen~ the average 

contribution of the phytop1ankton species over the depth of the mixed 
\ 

layers, or during turnover, the euphotic zone (15 m), not weighted for 

basin morphometry. A discussion of sampling and enumeration'error 15 

given in Appendix E. K , the vertical eddy diffusion coefficiillr: was z 

calculated using the relationehip 

Results 

" (Quay, 1977) 

~'depth of mixed layer 

2 ." 
N (Brunt Vaisaia frequency) 

;,. 

... -.s iF. P .. water density 
p 6z 

g gravitational constant 

z = depth interval (cm) 

A detailed description of spatial and temporal changes in major 
( 

• A-

phytoplaOkton species,at the four stations in Lake Memphremagog is given 
, 0 

in Appendix A, and summarised in Section 1 and Figures A-l through A-4. 

'. 

-f 
~ -. ' 0} , 

• 0 



\. 

.. 

SB 

Discussion 

, While decreasing levels of~ total phosphorus between stations and , 
'\ 

years appeared to correspond with a decline in the .ean (ab801u~e) biolMSS 

tof the major taxonomie groups, the average % contribution of each group 
t 

ta total biomass was similar at a1l four stations each year, pespite the 

N-S nutrient gradient, vhich vas particularly Bignificant in 1976 (Tables 

~ 10). Both in 1976 and 1977, the dominan,t groups at a11 stations vere 

Bacil1ariophyta (JO-SOX total biomass), Cryptophyceae (17-23%), CYanop~yta 
... 

(10-2&%), and to a lesser. extent Chrysophyta (7-17%). Dinophyceae (4-9%) ~ 

• 1 

Çhlorophyta (3-6%) 'and Euglenophyta (0-0.3%) generally contributed lDUch 1ess 

towards total biOlnass (Table 10; Figs. A-l through A-4). Seasonal 

patterns 0.f..t.he major groups vere quifF similat" throughout the lake but 

tended to be 'more subdued towards the more oligotrophic statibnS 3 and 4 
Of,. 

(Figs. BA-SD; 9A-9D; - 10A-lOD). However, in 1977, when levels of total 

phosphorus ~ere generally lover (Table 6),' the prominant spring maxhna of 

B8cl1lariophyta~and Cyânophyta observed the previous year were reduced or 
>-

l,\. l , \ 

(1 absent (FigB. SA-SD; 9A-9D), as were the fall peaks in Cryptophyeeae wbieh 
~ j ~., , --

occurred at the more eutrophie st:ations 1 and 2 in 1976 (Figs. lOA-lOD). 
< 

.. 

The relative importance of Chrysophyta showed litt1e ehange between stations 

ea~h year, although the average % contribution of this group did increaae 

at stations 1 and 2 in 1977 (Tlble 10). 'However, in generaI, spat;1âl and , 
J 

temporal aifferences in total phosphorus vithin Lake Memphremagos dqring 
1 

1976 and 1977 (Table 8)' were not sufficient to produce a recogBisable 
. ~ " fJ 
relationship between % Chrysophyta and t~tal p'hospborus,' such as that observed·, 

by Niehol1s (1977) for a nu~er of Ontario lakes of different tropby • 
Y" 

/ 
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Table 10. ~ean biomass and average % contribution to total biomass of 
l, 

.( 

the major taxonomie groups in Lake Mèmphremagog, 1976-1977. 

StadojlU; Year Cyanophyta Ch1orophyta Euglenophyta !acillariophyta Chrysophyta Pynophyta 
.... 

Cryp tophyeeae Dinophyceae 

1 1976 774 93 ~ 8 110"7 194 565 145 
(22%) (3%) (39%) (8%) (22%) (S%) 

'1977 
~ 

_ 62' 3 765 190' 241 49 1 "il 158 , 
(iO%) (4%) c (46%) (17%) (18%) (5%) 1 

1 
j 1 

1 

1 2 ~1976 811 19 4 1454 194 500 141 ! 
1 

(23%) (3%) .... ' (39%) (7%) (21%) (6%) 1 , . 
1 , . 

2 1977 158 69 1 823 179 245 62 
, ' '- (11%) (5%) (49%) 

, 
(13%) (18%) (5%) 

~ 

-
3' 1976 672 74 1 905 . 145 230 114 

(26%) (5%) -, (35%) ? (10%) (16%) (7%) -... . 
3 1977 140 48 l 406 104 192 64' .JI!' 

(12%) (5%)- >t'" (41%) ,. (11%) (23%) (8%) 
. .J 

4 1976 335 . 98 2 576 146.j 216 93 ; l ' (25%) (9%) 
, 

~ (31%) (11%) (16%) (8%) 
,r--... 

521 J . . . 
""4 1977 W 49 l 147 201 69 

(141) (7%) (36%) (13~) (22%) { , Sr.) 
~ .. -.,. . 

~' 

." 

, 
R 51 .. 
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Figs. SA-BD. 
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,It' 
Seasona1 biomass of !A.ClUMIOmTA at Stations 1 (Fig. SA). 

2 '(Fig. BB), 3 (Fig. BC) and 4 (Fig. 8D) in Lake 

Hemphr~gog, 1976-1977. 
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Fige. 9A-9D. Seasonal biomass of CYANOPHYTA at Stations 1 (Fig. 9A)~ 2 

" 

(Fig. 9B), 3 (Fig. 9C) and 4 (Fig.' 9D) in Lake Memphremagog, 
-

1976-1977 • 
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F1gs. lOA-lOD. Seasonàl biomass pf CRYPTOPHYCEAE at Stations 1 (Fig. IOA) , 

2 (Fig. lOB), 3 (Fig. IOC) and 4 (Fig. IOD) in Lake 

Memphremagog, 1976-1977. 
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Thus, whi1e changes in the average % contributions of the major 

taxono~c groups were observed at each station)~etween 1976 and 1977 ~ 
, 

(Table 10), the proportions of each groups were very similar at a11 four 

stations each year. However, relative differences in mean total phosphoFus' 

concentrations between stations eaeh year were genera11y equivalent ~o or 
• 

greater than'changes at individual stations between years ,(T'ble 8). It is 

aJ?parènt, therefore) that the seasonal ",!verage proportions of the maJol' 

taxonomie groups do not neeessarily,refiect changes in nutrient status, at 

1east within the range of total phosphorus concentrat.Pons ohserved with in 

Lake 'Memphremagog during 1976~ ]..977 (9-29 'I1g1-\ 'fable B). 

On the species leveI, responses to changes in mean seasonal 
, . ~ 

phosphorus concentrations were a)so not always c1ear-cut. In 1976, Djatbma 

~ var. elongatum accounted for a major portion of the diatom maximum nt 

aIl stations, but decreased in both absolute biomass ând relative importance 

~owards the more oligotrophic North Basin (TableJ:-2; Figs. A-I-A-4). The 

following spring, this species showed a marked reduction in both abso lute and 

\ 
nelative,\biomass throughout the Iake, again particul'\lrly in North Basin 

,Q. tenue var. elongatum is not cOlllTIlonly reported as a 

dominant form, although it has recently become abundant in L~ke Michigan, 

partic?larly in the more eutrophi,e inshore areas, which are also eharllderised 

by e1evated chIo ride levels (Tarapchak and Stoermer, 1976). no~,)'ever,. thl~ 

absolute and rela ti ve abundanc.c of· this species in Lake Memphremagog app.'ars 

to be primar i 1y influenced by changes in phosphorus 1evels rather than the 

'. ability of this species to tolerate inereas~d sa1inity, sinee cbloridc 1evels 

-1 ?~ 
are generally low throughout this lake ~-6 ~gl ; Carlson, unpub1ished). 

P 
\ 
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The absolute and re~ative abundance of many other important 

dia tom species do not show similar relationships to total phoSp~~~.~ 

both in Lake Memphremagog and in other lakes. , , , For 4 example, changes in 

the spatial and temporal distribution and relative importance of 

Asterianella formosa show little correspondance with levels of total 

phosphorus in Lake Memphremagog. Although!. formosa did not Attain a 

particu1arly high biomass at any station in 1976 or 1977 (Table C-2( 
Figs. A-I-A-4), it vas ubiquitous, 'ând even showed an appreclable' 

-1 
development (300 J,lgl ) under ice-cover in t~e Central Basin, demonstrnllng 

t~e abi1ity of this species ta cape with a wide range of envirbnmental 

changes. Its abundance in bath ,oligotrophic and eutrophie lakes further 

attests ta this f1exibility and has create~ some confusion cancerning its 

status as atrophie 'indicator' (Hutchinson, 1~7). However, this specjes 

is one of several (diatom) species_which with increasing eutrophication, 
fi, 

show a general shift away from perennial occurrences towards strong 

seasona! maxima (Stoermer, 1978), supporting the hypot~esis t~at species' 

showing a high relative ahundance under oligotrophic conditions do !Jo because 

they have a greater ability to cope with low nutrient concentrations, and not 

because of a preference for such nutrient regim~s (c.g. Ka1ff a~Knoechcl~ 

1978) • This may explain sorne of the apparent contradiction concerning 

~ 
trophie preferences of so-ca1led 'indicator' speeies. Thus patterns in the 

abundance of Fragilaria cr~tonensis, desiribed as an 'indicator' or 
" p 

eutrophy ~ieho118, 1916), mesotrophy (Rawson, 19~6; Tarapchak and " . 
~ 

~toermer, 1976) and ~ligotrophy (Hutchinson, 1967) showed Iittie apparent 

relationahip ta levels of total phosphorus within Lake Memphremagog, and 
'" 

"'-
.,:"- "~-"-~"''''''''''O,IIi'l'?~,-.lijIIIIjllllilliiii!lïl",_.i_.r PIÏ·lIIj.'~". ~.! •• 6.fl.IIi!lil, l.l~_._ •. q ••• ; ., ••••• t.iJ .... II ••• I.lJ.LI .... • .. -_. __ •:., "_:!I" __ 
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Table Il. Maximum abundance of selected diatom species in 

Lake Memphremagog, 1976 and 1977. 

"-
li 

Indian Boqier Central North , 
Year J 

" .. < 
Çyclotella bodanica 1976 720 115 259 110 

/-
1971 187 20)"" ].46 72'). 

Rhizolenia erlensis 1976 ',.... 285 12V 116 127 
~ 

'9' 1977 230 424 126 411 ... 
1 AsteriOllelll1 formosa 1976 196 214 110 123 
1 

1977 125 26Q 300 46 
\ 

ulna L. danica Synedra 1976 219 176 157 82 

1977 127 164 :;; . 270 923 

-"Y " _/ 

\1976 Fragilarla'crotonensis Z75 ,270 " 224 492 

1977 984 625 742 1485 

Ifelosira i tallca 1976 670 439 77 28 ~ 
'" -

1977 857 490 888 186 
,~ 

'"" .. 
IIelosJ.ra gr,mulata 1976 150 237 11 

~\ 1 

'.1 1977 348 217 218 f 
1 .. 

stephanodiscus astraea 1976 459 ~419 61. 31 
.f'" 

1977 {\ 477 429 72 20 
't. r 

Diat~ tenue var. elongatum 1976 4100 4770 ~ r' 3200 1660 

/" t . , 1977 223 900 'l97 L 85 
l 

/ 

• 1: -~, t 
" 1"', ~" j \. , 

1 ~ L 
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Figs. 11A-lID. -Mean epilimnetic total phosphorus conce~ations, depth of ' 
/ 

thermocline and vertical eddy diffusion coefficient at 

o Stations 1 (Fig. llA): f (Fig. 118), 3 (Fig. IlC) and 4 

(Fig. 1iD) during 1976 and 1977 in Lake Memphremagog. 

1 
Legend: total phosphorus 

\ 

.. 

depth of thermocline (ZT) 

vertical eddy diffusion coefficient 
(K) 

) 
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1 
this speeles was also very ubiquitous (Table C-l). In fact!. crotonensis 

even exhibited Il general i9-crease in relative abundance where seasonat 

1evels'of total pho~phorus were reduced (Table C-2), together with other 

major diatom species considered by sorne authors to be eutrophic or 
1 • 

meso-eutrophie Indicators, notab1y Rhizosolenia ericnsis, Synedra u1na var. 

danica, Me1qsira ita1iea and~. granu1ata (Rawson, 1956; Tarapchak and 

Stoe-rmer, 1971.). SevC'xal of these species also attained a highé'r seasonal 

(absolute) ma~imum biomass at the most oligotrophic station 4 mainly in 
f 

1977(Tab1e Il), even though sampling frequency was lOt .. est at this station 

and hence in many cases, the true maximum biomasFi may not have been detected. 

Since it is unlikely that nutrient levels at the more eutrophie stations 
. -1 

in this .1~ke during 1976 and 1971 were inhibitory (max.29 ~gl )total 

phosphorus in fall 1976, at: Station 1; Fig. llA), i~,would appear that 

other factors have n greater influence on the distribdtion Rnd abunda~ce of 

these diatoms. In fact, the increase in abso1ute and relative abund.:l1lce of 

many of these species during the second, more nutrlent-deficient year could 

reflect reduced sinking los ses sinee there was 8 general inCreaSf! in 

turbulence (K2) and mixing depth (Zr) during the stratified perlod in 1977 

(Figs. llA-l1n). However, it should be notcd that increased turbulence 

18 usually associated with changes in other factors (e.g. local nutricnt 

supp1y, light, temperature. seiche activity), \Jhich may a1so influence the 

distribution of these ,and other phyt9plankton species. 

Severa! of the more eommon species of filamentous blue-green aigse 

reported to he typleal of eutrophie conditions (e.g. Ra"..Json, 1956; Hutc~alnson, 

1967; Flnplay and Kling, 1975) sppear ta be betteT indicators of genera! 

• p 
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r 
trophic conditions in·L~ke Memphremagog, particularly Osçillatoria Redekèl, 

.Q. rubescens, Aphanizomenon flos-aquae and .!. gracile. AU of theee 

specics showed decreased mean seasonal and absolute abundances with lower 

total phosphorus levels (Figs. A-I-A-4; Table 2). However, on a 'finer 

scale, the decline of the large populations of Ossillatoria Redeke! in July 

1976 at Stations 1-3 was not immediately associated with changes in ~verage 

epili~etic total Ph~sPhO~S but appeared to correspond with a decrea»e ln 

the relativl" stability of th~ water column (Fige. liA-UD) , in gtelleral 

keeping with the theory that buoyancy-regulating blue-greens requin! we'11-

stratified conditions for optimal growth (e.g. Fogg et al., 1973). 

Similarly, BmaU lIurface blooma of Anabaena floe-aquae in June 1977 at 

Stations 1-3 appeared ta correspond more with itncreased turbulence th-lll an;"-,\ 

consistent chan~R in levels of total phosphorus at these stations (Fige. ~ 
8-A-C; B-6a, b, c. Appendix B). Surface blooms of!. flas-aquae were aIsa 

observed subst>quent ta this study in Centra~ Basin in 1978 and 1979, when 

there was a further decrease in phosphorus levels throughout the lake 

1 (Kalff, unpublished), and even as ear1yas 1881 (Cushing, 1925), when 

2 nutrient levels in Lake Memphre~agog were also probably lower. Thu8 1t 

-----
1 

The species was described as "a -gelatinaus ball (of) numerous unbrclnched beaded 

filamE.-nts", and actually diagnosed by Sir William OsIer as Nostoc minutissimum, 

although this i8 probably incorrect sinee ~ostoc ia not generally found in 

open water habitats, while Anabaena flo~-aqUfte appears to be typical of this 

lake. 

2 
In 1975, the Newport Sewage Plant contributed an estimated minimum of 30% of 

the tdtal phosphorus loading to the lake as a whole (Carlson et al., 1979). 

, 
~""_ "-'c .......... ·F ~~~w'~,.._.el"<_·_-..,.I''-'''''-__ '>_, J 
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appears that the diStribution of !. flos-aCJ,uae \Vith!n 'Lake Mc:nphremagog 
+ 

~ ~ 
bears little relatiooship to the general; trôphic stat~s of the Lake, 

although dense pop~lation. of this specics are usua11y associated vith 

eutrophie conditions (e.g. Hutchinson, 1967). However, ft should again 
'$ 

~e pointed out that the collection method (i.e. tube, surface or dlscreet 

depth ... p~e8) may greatly influence the apparent relative contribution 

of each speciE's to tot;)l phytoplankton biomass, particularly that of • 
....... 

buoyancy-regulating forms. '!'hus, for example in 1977, over the enUre 

epilimnion, A. flos-aquae showed onl)' brief dominance at sorne stations 

(FigS. ~1-A-4) although the surface bloom vas visible at most 9tat!oa~ • 
for ap,proximately 3 weeks. 

To reiterate, spatial and temporal, changes in levels of total 

phosphorus in Lake Hemphr~magog vere not consist,ent!y reflected by the 

patterns in the relative abundance of the maj or phytoplankton spec:l.cs tlnd 

taxonomie groups; moreover, fair1y appreciable shtfts in the taxonomie 

composition 0 the phytoplankton communities ware net alvays attributable 

to changes ;Ln It appears th~t the range of phosphorus 

concentrations uring the period of this study was not sufficient to produce 

recognisable changeA in the dominant slgsl species, and that within this 

range, other factors had a more Immediate influence on speeies distrIbutions. 

Thua, the occurrence of so-cal1ed 'ind~cator' species gcneral1y 

shows little relationship to lake trophic status, mainly because the concept 

of an 1n~1icator spècies rcm. .. i.ns poorly defincd, a1though it is generallf 

consldcred (e.g. Rawson', 1956; Hutchinson, 1967; Tarapchak and Sto~rUle(', 

1976) that such species should be high in relative abundance. However, 
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, 
fram the ubiquitous distributions of some diatom and Cryptophycean ~.ee 

Section 1) species it ls apparent that â hlSh relative' abundance under 

; oligottophic conditions ia not necessar11y indicative of a t~ophic 

preterence: such species may show a DIOre seasOnal. but equally high 

relative contribution to total bio,Jna8a vith Increasing eutrophication. 

In addition, tlte overall contdbuti'on of major species to total bi01lll98 
, 1 

may be largely biased by 8amplin~ frequency and technique, particularly 

where there are strong seasona! or spatial differences ln species 

composition. Therefore. ,in order to assess trophic level on the 1s'às1s 

of species assemblages; a DIOre meaningful definition of trophic V 

,preference is required, which WOUld~take 8uch factors into account and 
/ 

require standard ~ampling and enumer ,ion techniques. Even so, the 

inteTpretation of changes ln the phyto ankton species composition may 

still be confounded by ~he se~ingty in~inslc varihbility of naturai 

systems. which may defy predictions on a species level. For example. 

Sch'indler (1915) found that th~ addition of simila' quantities of fertilber 

'" to two Shield lakes of comparable morphometry and original chemistry and 

phytoplanltton flors resulted. in the production of maj or blooms in both lakes J 

but with the dominant species and timing of the blooms differing between 

lakes and even in the snme lake between years. lt la evldent from th1s 

and the prev!ous Section (1) th~t major sbifts in apec1es compositiol1 and 

dominant cell morphology may be related to changes ln factors other than, 

or in addition to, nutricnts and thus the use of 'indlcator' speci~~ as a 

gauge of trophlc level will have l1m1ted success: trophy i8 more 8uitably 

measured ~y simpler parameters, such as total b1oJDaS8, chi,! or total 

........... '-"-"-~~"""""·_"''''''--''''''''·'''''''·''-_._.I.l __ I_I! _____ ... ________ ... _______ .... _~--.. m ... Pl-.... 
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pboapborua (é. g. Vollenwetder. 1969;\ S chinder ,il 1915; Carlson, 1977) 
" , 

I1n.c!e theae are more sensitive to' general changes in the à<1ua~lc 

colllllUtLity. 

" 

t, , 

-- , 
,~': ~->: ~~ ' .. ~' 

,1 

/ 

1 
l ~ 

f, 

1 

) ( 
• 

; 
(' 

·1 

f 
l' 

1 

J 

'. , 

~\. r' 

, ~; .. , . 



_f,,:' 

~--,~"":iOi"". _ .. - __ ._.,,_ 

\ 

( 

-
• 

Chapter 2 

The relationsh!p between the diatdbutton of phltop1ankton 

1IIOrphologlcal groups and troéhlc lève! within Lake 

Memphremagog, 1976-1977. 

Introduction 

, 

One of the aimp1est morpholog1cal characteristicB of a pbytop1an~ton 

community la cell size, which has beèn ~hown to be significantly related to 

trophic level (Section 1). However, from the considerable scatter about 

the regresslon Hnes (Flgs. 48-68), 1t 18 apparent that factors othE'r than 

nutrients a1so influence phytoplankton size distribution. Simllar1y, in 

the previous chapter it vas found that within the range of total phosphorus 

levels encountered in Lake Memphremagog during 1976-1977, ahift8 in al~~l 

specics composition were not necessartly associated with changes in 

nutr~ent~oncentrations. 

SincE! aspects of cell morpho10gy in addition to Bize shou1d 
~,1 

influence the interaction of species with their immediate environment, 

they shou1d a1so play a role in phytop1ankton succession. For example, 

s1nking rates may be modified by buoyancy-regulating devices such an 
. . 

(lagella and gas vacuoles (e.g. Fogg, 1975), cell shape and the presence of 

extensions or protuberances (e~g. Hutchinson, 1967; Smayda, 1970), and 

colony size and morphology (e.g. Fogg ~~!., 1973; Titman and Kilham, 
1 

1976) • Sinking rates may in turn affect nutrient uptake (e.g. Smayda, 
, 

1970; Hecky and Kllham, 1974) and photosynthetic rates (e.g. rogg!.! al., 

1973) • Ce11 or colony shape a1so àppear ta influence. zooplankton, 
\ , . \ 

\ 
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ingestion and assimilation rates Ce.g. Porter, 1977; G11w1cz, 1977; 

Webster and Petera, 1978). 

This chapter briefly examines the~ta obtained from phytoplankton 

8811ll>1es at the four stations in Lake Memphremago.g dudng 1976 and 1977 for 

any relationship between trophic lever (total aigal biomass) and the' 

distribution of a number of groups defined by different morphologi<:nl 

cdter1a. 

Methode 

Samp1ing and enumeration techniques are as autlined and discUS9l·d 
1 

in Chapter l of this section. Phytoplankton species were aasigned ta 

one of the follOw1ng morphological groups (see Table C-l) : 

P: non-flagella te, <10 lIm (dlatoms, greens, blue-greens) 

. Q: flagella te, <10 ~m (Chrysophyta, Cryptophyceae, greens) 
..... 

A: non-flagellate, <35 lIm~lue-greens. greens, dia toms) 
• 

B: flagella te, < 35 1Jm (Chrysophy ta. Cryptophyceae. green algae) 

C: colonial, law surface-ta-volume ratio (s/v) (genera11y 

, / $pherica1 and ellipsoida1 greens, blue-greens and Chrysophytuj 

often ln a gelatinou8 matri~) 

D: colonial, high,s/v (generally star or chain-forming diatqm 

and Chrysophyta species; ,some coenobia) 
, 

E: flagella te , >35 ~m (greens, dinoflagellates, cryptoflagellates, 

some Chrysophyta) 

F: fi1amentous (blue-greens. greens. diato~) 

G: non-flagellate, >35 lIm, low's/v (spme diatoms, desmida and 

greens) 

" 

"-r 
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r~1 

H: non-fla ge\l:ate , >35 llm. high s/v (dia1l1toms, ·otgreens) 

Re§ults and discussion. 
, 

, The seasonal cont1:ibutions of the lII01:phological groups to total 

biomass at each station are shawn in Figs. 12A-12D. The nannoplaukton 

fractIons (groupa P, Q, A and B) are dealt with in detail in Section 1. 

Within the netplankton fraction «35 llm), fLagellates (group E) and 

non-flagel1ates with low s/v'(group 'C) contribu~d 1ittle towardu total 

phytoplankton biomass and exhibited no distinguishab1e t1:ends betw~en 

stations and years (Figs. 12A-l2D). Non-flagellat~s with a high s/v 
, 

(group H) made greater relative contributions to total biom8S8, and 
Ir • 

Il 

while their mean seasona! % contribution declined at aIl stations in !977. 

when total phosphorus 1eve1s in the lake were generally lower (Tabl~ 8), 

the relative importance of this group showed no patterns between stations 

either year despite significant N-$ nutrient gradients. Thus, distriùutions 

of unicellular netplankton groups within Lake Memphremagog during 1976-1977 

do not appear to have been primarily influenced by changes in levela of 

total phosphorus. 

The two groups of colonial forma (with low and high a/v; groups C 

and D reapecti~e1y) showed generally similar trends in mean setlsonal r. 

contri~ution to total phytoplankton biomass, Increasing towards the more 
\ 

oligotrophic North Basin both years (Table 12), and at aIl statipns during 

the second, more phosphorus-deficient year (Table 8, Section 1). • Whi le 

Increases ,in the relative importance of these.two groups did not always 
1 

coincide, they both showed a grester relative and absolute ahundance in mid-. , 

to late sUI1!Iller (rigs. 12A-12D) ~ particularly in 1917, when total. phosphorus 

1 -

t ~ .. \ , 
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Table 12 • Relative contribution to total phytopla?kton biomass (%) 

'~ f ,~ j tt! 
f 

of maj~r morphologica1 groups within the netplankton «j5 vm) 
.-

8t the 4s ta tiens in Lake MemphremagQg, 1976-1977. 

'- C D E H F 

colonial colonial <35\lm <3Sllm non- filament 
low s/v high eJ!J/v flage11ate flage1late 

Stat-ion Year high s/v 

1 1976 2.5 5.4 9.1 17.4 31.9 

1971 9.9 10.6 7.1 9.0 , n.7 

2 1976 '" 1.2 6.7 6.6 19.7 27.0 ' 

fi 1971 9.7 11.9 5.4 13.6 13.3 

3 1976 4.J- 11.2 10.2 15.3 24.3 

1977 11.0 16.4 6.1 6.0 7.0 
1( 

4 1976 12.2 10.3 5.0 15.4 19.3 

1977 14.5 12.3 3.9 11.9 5'.4 
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levels were generally retaÙvely low (F188~ llA-llD~. 'Ihus, whUe tt 
, 

has been suggested that a high s/v should faeilitate nutrient uptake (e. g. 

Findenegg, 1965), dudng this pedod of atudy wi thin Lake Memphremagog, 

there was no c~ear resolution between patterns of unieellular and colonial 
, 

netplankton groups broadly divided accordlng to their s/v 1n relationship 

to changes in total phosphoru8, and it la 11kely that other factors (e. g. 

turbulence, grazing pressure) ~lso play an important raIe in selectlng fOT 

optimal s/v • . 
Fi1amentous species (group F) accounted for a fairly large 

proportion of total biomlss 16 1976 at aIl stations (Table 12; F1gs. 12A 

12P), but showed a general decrease in their relative importance towards 

the North Basin both years, and at aIl the stations between 1976 and 1977. 

Seasonal patterns in the relative abundance of this group vere generally 
~ 

similar between stations each year, but differed
l 

between years. 

the % contribution of filamentous forma to total~iorna5s w~s high 

In 1976, 

througpout most of the growing season, while in 1977, the relative 
. .".-

importance of this group did not show any conspieuous increase unt!l late 

s\1JllD!!r (Figs. 12A-12D). llowever, sinee ~hort term changes in the 

abondance of the dominant filamentous species in 1976 (Oscillatorin Redekei) .. -
;iJ 

did not appear to be direct1y related to fluctuations in total phosphorus 

(Chapter l, Section 2).. ft 18 likely that differences between yeus in the'" 

,lseasona1 patterns of thls group were more i1l!lllediately influeneed by other"., 

factors. . ,;t 
Thus, whlle the relative abundance o~vera1 morphological groups 

within the netplankton of Lake Memphr~magog showed little relationship with 
./ 
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.Fig. 12A-12D. X btribution to total phytoplanktOll bioibas9 of 

JIOrpbological groups at Stattôn 1 (:Fig. 1~), Station 

2 (Fig. 12B), Station 3 (Fig. 12e) and Station 4 (Fig. 

12D) in Lake MeJmphremagog, 1976~1971. Legead (see text); 

10 - <10 lUIi 

35 - <35 \1111 

C - colonial, low s/v .., 

D - colonial, high. s/v ;f>' 

, \ B - flagellate, >35 pm () 

F - filamentous 

G - aon-flagellate, >35 ]Jm, low s/v 

H - non-flagellate, >35 ).lm. blgh s/v 
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, 
mean seasonsl concentraWns' of total phosphorua during 1976 and 19.77,' 

deereasing levels of this ~trient did ~ppeat to he associated with an 

inc~eaB~ in the m~an relativ~ importahce of col~nial species. ànd a 

dec-rease in that of filamentous forma"." However, seasons! ~atterns of 
" " 

phytoplanktoD grouped aocording to broad morphologital criteria do not 
, 0 ' 

appear to be primarily attrihutabl~ to short-term changes in total , 
, 

'Ph.osphorus concentrations. 
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Chaptel' 3 
.. 

Heasurements of community §tl'ucture l!lo 

lntroduetion 

" 
Any single given index of species ricnne$s, d1versity or equitabl1ity 

l , 

will IlOt provide il comprehensive measurement of commuoity structure (e.g. 

Kalff and Knoechel, 1978), since some ,indices ,!!:re 1IIO're strongly influenced 

by the total number of species observed by the investigator, while o the rs. 

are more sensitive to species-eV'enness, or the distribution of tbe dominant 

speciee in the samp1e (Hill, 1973; Elora"ta, 197~)~. However, e\-eD ",bere 

severa! indices have b~en used, 1ittle relationship between phytop1ankton 

community structure and trophic level has been found (e.g. Tal'aphak and 

Stoermer, 1976; Wi11~n, 1976; E1oranta, 1976). This may be bec.ause, 8S 

has been pointed out (Hill, 1973; E1oranta, 1976, 1978; Kalff and lCnoechd, 

1978), these indices are usually ca1culated using numerica1 abundance. as a 

mea8ure of the relative importance of each species; a1though even nwceric.al 
• 

abundance i8 not clear1y definab1e for filamentous and colonial forros 

(E1oranta, 1978). FurtherlOOre, cell numbelis generally over em,hQiBe the 
1 

relative proportion of smaller aize fractions (Paasch~.f 1960)·, since nannoplankton . 
frequently account for a major proportion of the total ce Il numbers even unde~ 

1 

eutrophie conditions (e.g. Pavoni, 1963; t<ristiansen, 1971). ~owever. the 

relative abundance of the nanaop1ankton fraction kenerally decreases vith 
\ • 

1ncreaslng trophic leve1 (Section 1; Figs. 4 B, 5 B. 6 B) and measurements 

of cammunity structure may show SOIne significant Tesponse to nutrtent changes 

if these measurementt are based on relative biarnass rather than nUlllari~1 

abundance (Elor~ta~ .,,1976, 1978); in faèt, E10ranta (1978) fOllDd a 

signifiœnt negative relationship between species evenness and total biomass 

_ ... • ....... c __ -". ______ ~ __ ~~ ~ - --~ 
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if the index was .ca~ulated using biomass as a measurc of relative 

importance, while the relationship was not significant if ce1I number W8S 

\ used. Furthermore, Margalef (1965) argues that species evenness should 

decrease with increasing trophy, and whi1e several authors report that 

rel~tively few spécles generally account for a major portion of phytoplankton 

biomass (e.g. Kalff et al.., 1975: Jumppanen, 19 76 ; 
) 

Willén, 1976), this 

• number does appear to be higher in nutrient-poor waters (Wi11én, 1976). 

Using species data obtained from the four stations in Lah 

Memphremagog, the relationships between community structure and trophlc 

level (as measured by total biomass) were examined to test the hypothesls 

that species evenness and diversity should decrease wlth Increaslng eutrophy 

if biomass 18 used as a measure of the relative importance of individual 
1 

species. Diversity was expressed by diversity numbers (after Hill, 1973), 

which are based on the more commonly used Shannon-Weaver and Simpson's 

index. 

Methods 

Three diversity numbers were calcqlated, No' N1and NZ' where: 

N = total number of species present 
o 

4 
NI c exp (H), wh0re H is the Shannon-Weaver index given by 

the equation: H = ~Pi InPi 

where c 19 Simpson's index, given by the 

equation: 

The relative importance of each species, Pi' was measured by its relative 

blomas9 rather than Hs llumerical abundance. Evenness was calculated 
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according to the equattons: 

which according ta Hill (1973) 
rJl. 

geRerally gives a better measure of this aspect of commtmity structure 

than the more common1y used J (where J - ln (NI) lIn (No); Pielou, 1969). 

The relationships between thes8 indices and total biomass (8) were 

examined ustng the models 

Log (B) ... a + bN o + eN l 
-1) 

Log (B) .,. a + bN + dN
2 . 0 

-2) 

'Log (B) = a + bNo + cEl -3) 

Log (B) .. a + bN a + CE2 
-4) 

These regressions were calculated using aIl data from each station and 
~ r 

year, for separate years, and for -,individual stations within each yèar. 
~ :'Ii r 

In addition, sessonal patterns in the relative proportions of total 

biomass accoUntêd for by the l, 2, 4. 8, 16 and 32 most dominant species 

was examined for each of the four stations. 
-, 

Regressions 1), 2) and 3) showed significant Blopes for a11 data 

CP < .01), for individus! years (p < .01) and for individual stations within 

years. The fourdi model, did not provide 'a good fit to the data. For a11 

regressions, the coefficient of N WBS positive, indicating that with o ' 

increasing total biomasFl) there was B significant iqcrease 111 the numbers / 

• of species N (1' = 0.57, P < .001 for al! samples). 
o 1 

Converse1y, the 

coefficients of NI' N2 and El were a11 negadve ( r .. 0.83, r - 0.76, 

, 
• 

l, 

1. 
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r - 0 .. 89; p < .001; respective1y), imp1ying a signlficant decrease in 

laiversity numbers NI and N
2 

and evenness El with increasing total biomass. 

ln general, the single most dominant species accounted for 30% or 

less of the total biomass (Figs. lLA-llD) although in spring and early 

summer, 1976 relatively high proportions (60-70%) of the total biomass 

vere attributab1e to one species at Station l, 2 and 3 (Diatoma ~ var. 

e!ongatum, followed by Osci1latoria Redekei see Appendices A and C). 

Furtherrnore, to obtain 90% of the total estimated biomass up ta 16 or 

even 32 spacies had ta be normally enumerated (Figs. 11A-IID). 

Disc.ussion 

A significant increasE!' in the total numbers of species N with' o 1 

increasing total biomass was similarly observed by E10ranta (1978), who 

noted that this re1atioriship may _he reversed if tl}e number of individuals 

counted i8 kept constant, since the numbers of spccies encountered per 

unit volume of water genera1ly decreases with increasing total bioma3s. 

However, slute N ls genera11y dependent on sample size (Hitl, 1973; 
o 

E1oranta, 1978), it la perhaps not surprising to fincl that this diversic1 

number alone shows a weaker correlation with total biomass Cr "" 0.57) than 

when combined in a mode! with Nl ànd N2 Cr = 0.83, r ~ 0.76), aince the 

indic('s H and c on which tl!c>se latter two arc based are less influencf:d 

by samp1e si~e, except for very small samplcs (Eloranta, 19~8). However, 

despite an increase in the total, number of species (N') with increasing 
. 0 

total blomass, Nl and N
2 

show,a pignificant decrease. imp-tying t~e obs~rved 

decrèasé in species evenness Él' or an incrcase in the relative importance 
1 

1 .. 
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1 

of the most abundant speci~s. ,This 1a graphica11y illustrated in Figs. 

13A-J3.o, where many of the' peaks in total biouse coincide with an 

lncrease in the relative distribution of one or a few speeies. WUlên 

(1976a) suggests that ft, is necessary to enumerate ooly about 6 of the 

most abundant species in water samples from eutrophie 1akes (of Mean total 
\ -1 
biomass between 2300-7000 ~gl ; Wi11énj 1976b) an4 7-8 in samples from 

-1 o1igotrophic lakes (mean total biomass ~f 200 pg! .; W11l~ 1976b) to 

obtain an estimate of approximately 90% of the total phytoplankton biomass. 

However, in Lake Memphremagog, even at extremely high levels of total 
1 

-1 biomass (6000~~OOO Ilgl ). approximate1y 90% of the total biomBSS vas 

attributable toi at least 8 specics, and under conditions of lower total 

biomass, to between 16-32 species. lt 18 therefore apparent that although 

~pecies diversity and evenness (calculated using biomass 8S a messure of 

{he re1a~ive imp~rtance of each species) show a significant,decreasç vith 

increasing total biomass, caused by an increase in the relative domInance 

of one or m6re of the most abundant spec1es, even tmder conditions of very 

high total biomass J at least 8 species should be ftnumerated . ta ob tain a 

good approximation of total biomass in Lake Memphremagog.' Wherc 

phytoplankton standing crop ia lower, this number should be increased to 

betwee~116 and 32 species. 

1 

1 

, \ 

'. 
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Fige. 13A-13D. 
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1 -% total biomass attributable to 1, 2, 4, 8, 16 and 

32 species (below) at the four stations and 

aS$ociated total biomass. 
, 

lU - Station l (mesotrophic) 

'12B - Station 2 (mesotrophic) 

',12C .. " Station 3 (oligotrophic) 

, 12D - Station 4 (ol:l.go'tr.oph'lc) 
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Chapter 4 

General, sommary of the results and conGlusions of Sections 1 and 2. 

Wlthln Lake Memphremagog (1976-1977), netplankton specles (> 35 pm) 

showed 8 greater tendancy towards seasonal occurrences, while nannoplankton 

species « 35 ~m) were generally more ubiquïtous.. With increasihg total , 

blomass, there la a signlficant increase in nannoplanktdn biomass (p <.0001), 

but a slgnificant decrease in the relativeoproportion of tbis fraction 

(p <.0001) both within Lake Memphremagog and among a number of lakes 

covering a vide range of trophlc levels • 
• 

X si~lar significant 

relationship was found for % nannoplankton «35 um) and total chla within 

Lake Memphremagog, but not for production. Although some correlations 
'\ 

between % nannoplankton biomass and total phosphorus, light and temperature 

were statistically si~ificantp the large a~ount of residual variance 

indicated that nutrients have a more indirect influence on phytoplankton 

.' size distributions, and lt 18 suggested that differentia1 grazing losses . 
may play an important role in phytoplankton size selection. 

-~ 

Spatial and temporal changes in total phosphorus leveis within 

Lake Memphremagog were,not a1ways reflected by the major taxonomie groupa 

and dominant species, particularly on a short-term basls. Convers ely , 

conspicuous shifts in dominant phytoplankton"assemblages were frequcntly 

not associated with changes in total phosphorus, which was sim~larly true 

of the distribution a.d relative abundance of a number of 'indicator' 

specles. It appeurs that wi thin the range bf total phosphorus 

concentrations observed during 1976-1977 in Lake Memphremagog (9-29 ~gl-l), 
/ 

factors other than this nutrient have a more lmmediate influence on the 
~t-
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taxonomie composition of the phytoplankton community. , Similarly~ there 
r 

vas no clear-cut relationship between total phosphorus levels and the 
.j 

o 

do~nant morphology of the netp~ankton fraction (>35 ~m), although 

decreased levels of this nutrient were reflected in a generai decrease' in 

the relative importance of filamentous species, and an increase in the 

relative abundance of colonial foons. 

Thus, while total phosphorus measurements may be USQd to predict 

long-term changes in total phytoplankton biomass, they frequently bear 

littie relationship to short-term fluctuations in species composition. 
,1-> 

Measurements of community structure showed significant 

relationships with trophié levei (total biomass) within Lake Memphremagog 

if hiomass (rather than numerical ahundance) was used as a measure of the 

relative importance of Bach species. With increasing total biomass. 

there was a significant increase in the numher of species observed, but a 

significant decrease in community diversity and evenness. 

to ohtain a good estimate of total phytoplankton biomass (> '90ï.) st least 

t 8 and, where biomass i8 Ibw, up to 16 or 32 species should be enumerated. 
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APPENDIX A. 

Phytoe1ankton succession at the 'four stations in ~ake Memphremagog. 

A complete listing of aIl species and their relative frequency of 

occurrence ls given in Appendix C (Table C-l) , together with those species 

contributing to 10% or more of the total (Table C-2) and nannoplank~on 

biomass (Tables C-3. C-4). 

Stati on 1: Indian Point 

In 1976, ice-out occurred between the first and second week in 

April in South Basin, but sampling did not begin until !ate May. Early 

samples at this most eutrophie (Table 8, Section 1) and shallow station 

(z ., 9.5 m) were marked by a sharp increase in Diatoma tenue var. 

-1 
elongatum, which peaked early in June (4/6/76) at approximately 4000 l1g1 

~ 

(70% total bioma6s) (Fig. A-l) • Its subsequent decline followed the onset 
• 

of a period of stratification (Fig. lLA. Section 2), and was initially 

accompanied by an increase in the abundance of othE7l_ diatoms (Fragi4ria 

crotonensis, Stephanodiscus astraeâ and Rhizosolenia eriensis). smaii 
" 

flagellates (Rhodomonas minuta). and a filamentous blue-green (Oscil1atoria 

Redekei) • The latter subsequen~ly increased rapidly and became dominant 

-1 
in early July (maximum 3000 J,lgl ; 65% total biomass). following which ft 

showed a fairly consistent decline co1ncident with an increase in turbulence 
~, 

(Fig. HlA, Sectton 2), although it still accounted for 17% of the total 

biomass by Mid August (Fig. A-l). The decrease in the abundance of 
1 

o. Re3eket was inltially fo11owed by an increase in Cryptophyceae 
- c . 
(CryPtomonas ref1eXa~ Marssonii and Rhodomonas minuta) and large 

~ . .:~ ~~~ __ ~~M_._. ___ ._~~q~I_.T ___ i~ •• I""l.I ........ ~ .. ______ ~ _______ . __ . __ Qm_. ____ ~~ ____________ __ 
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Fig. A-l. 

, 

Contribution of JDajor taxonomie groups and d,ominant species 

to total phyeoplankton biomass at S~tion l (mesotrophic) 

in Lake Memphremago8, 1976-1977. 

Legênd: 1 - Cyanophyta; 2 - Chlorophyta; 3 - Euglenophyta; 

4 - Bacillariophyta;, S - Chrysophyta; 

6 - Cryptophyceae (Pyrrophyta); 7 ~ Dinophyc~e 

(Pyrrophyta). '::.') 

./1' 

/ 

L, 

~ .. ----~----------------~----"-----:~- ~~. , ' 

1 
) 

) 

1 ,." 



.. 

( 

(' 

0.00 

,1 

BIOHASS 
15.00 

• 
\<. 

(MG/CUs I.C M.) 
75.00 30.00 115.00 ~ ______ ~ ________ L-______ ~ ______ -L ______ ~ 

96 

Dia10ma tenue var. elongatua(68%) 
J 

.....-
'­c: r-

(D 
......J 
en 

• 

c... 
.:0 

% 

E r-

~~-Jr-

O.elllatoria ledek_I(65%) 

t 
Ce!atlum hirundlnella(ISI) 

O.Redekel(19%). Kelosira itallca(15%) 
Cryptomonas refIexa(15%). lhodomona. minuta(lOI) 

itallca(l7X). Cryptomonas reflexa(15%) 

~tephAnodiseU8 astraea(24%), C.reflexa(13%) 

StephanodiseU8 hantzaehHI(ll%) 

peridinlum Willel(141) 

-Stephanodiseus hantzschii(31%). lhodomonas mifiuta(l~%) 

-~~-­ Dlatoma tenue var. elongatum(l4%), R.minuta(l2%) 

fragilaria eroto~ensls{22%) 

, 

=- F. crotonensis (26%) , Uroglena volvox(23%) 
Stephanodlscus astraea(20%) 

Rhizosolenia eriensis(19%) 
Kallomonas elongata(22%) 

F.erotonensls(45%) 

Gleocoecua Schroetcri(18%) 

Kelosira italiea(251), F. crotonensls(12X) 

K.italica(147.), Coeloaphaetium Naegllanum(lO%) 
r:.~IC=:::: M.ltalica(17%)" Jmabaena planctonlea(lSX) 

M. Hallea (30%) 

, 
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dinoflagellates (Peridinium Wi1lei and especial1y Ceratium ~irundinell~). 

and in August, by an assemblage of filamentous specics, notably Q. Rcdekcl, 

'le 
Mougeotia sp. , Aphanizomenon gracile, Me10sira granulata, !!. italiea suhsp. 

subarctica (hitherta referred ta a!!. italiea). and Oscillatoria rub('~~~~. 

\ 
J Melosira italica showed a continued increase to a maximum in mid-August (18% 

total biomass), when it was cod?,minant with Q. Redekci. In Septembt'r, 

these species were succeeded by a second increase in Cryptophyceae (~!.Y.lJ .. !=omonas 

reflexa and RhodolOOnas minuta), dinoflagellates (Cerat~~ hinmdi~).JE) and 

blue-greens (Oscillatoria rubescen~). The Cryptophyeeae dominated unlil 
1 

late September, when there was a complete break-down of stratificatidn (Fig. 

llA, Section 2) and a second brief pulse of M. italiea. This was aisa 

acco.-'panied by an increase in Fragilaria crotonensis and Stephano~Lss~f!. 

~r~.!!, with tbe last becoming the dominant species early in Novembpr 

24% total big:mass) (Fig. A-I): 

No further samples were collected at this station before ice-cover, 
II( 

first observed ~n South Basin on December 4th. Subsequently, two 5 m tube 

"" samples were collected through the iee in January, 1977 and examined. Total 

('j biomass was very low on both occasions (200 llgl-l), and dominated by small 
1 

flagellates {Chromulina, Ochrornonas spp.) and Stephanodiscus hantzschil. 

At t1H:~ end of January, Peridinium W'lilei and Astcrionella formosa hac1 h{'come 

present in low numbers. 

The firet open water sample in 1977 (24/4/77) wes taken approximately 
/ 

1-2 weeks after"', ice-out' in South Basin. The water column was well-n'x{'d 

(Fig. 

by ~. 

-1 
lU, Section 2) ·and total biomass was a1ready 1000 llgl , domil, 'led 

hantzs~hi.i (30% tot).biomass) and Rhodomonas minuta. The f&~',;~r 
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species showed a rapid decline and by the second week in May, Diatoma 

tenue var. e10ngatum was dominant (14% total biomass). Howevet, this 

speciQs did not, reach the biomass observed the previous spring, and 

following the onset of stratification (approximat~ly 12/5), declined to 

a low abundance ~y the end of May_ Other concurrent species which also 
~ 

made significant rontributions to the total biomass during May were 

~_ tenue var. ~, Asterionella forlOOsa and Synedra ulna var~ danic~_ 

In June, the dominant diatom species shifted to Fragi1aria crotonetl~J.t; 
\ ~ 
\ and Stephanodlscus astr~ea, ,which peaked the second week, accompaniE'd by 

1 

l ' 
a brief pulse of Urog1e'la volvox and Anabaena flos-aquae. This 

coincided with a sm~11 increase in mixing depth (Fig. 1lA, Section 2) and 

resul ted in an increasf' in total b iomass to JOOO \.Ige
1 • The decline in 

abundance of these species was. fo11owed by a rap~d succession: Rhizosolenia 

eriensis and Oscil1atoria limnetica (25/6), Mallomonas elongata and 

Cyclot~lla bodanica (2!7), Fragilarla crotonensis (16/7), Cryptomona~ 

MarsBon!! (30!7) and Gleococcus Schroeteri (13/8) (Ftg. A-l). From 

mid-July onward, there were frequent break downs of stratification (Fig_ 

lIA, Section 2). As in 1976, Me10sira Ha.lica appeared :Sn late AUgUbt'; 

but remained dominant,and continued to increase in biomass until the end 

of October, accompanied by a shifting species assemblage of,Fragilaria 
i 

crotonensis (26/8), Coelosphaerium Naeglianum, Melosira granulata and 

Anab aena plancton:! C<l _' As in the previous year, there was a180 an increase 

in Stephan~dis~ astraea towards the end of October. 

Station 2: Border 

1 
Station 2 le characterized by somewhat lower leve1s of total 

l' 
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phospho~us (Table 8, Section 1) and is slightly deeper (z .. 9.5 m) thon 

the more southerly Station 1, but species patterns at the two stations 

were very similar and. -in fact, biomass was generally higher at Border 

(Figs. A-l, A-2; Table 4, Section 1). The spring peak in ~76 of 

-1 Diatoma tenue var. elongatum was larger (4700 ~gl ) and extended to 

mid-June when this species was again succeeded by Oscillatorin !ed~kel; 

stratification was estab1ished the first week of June (Fig. llB, Sectlml 

2). OsciJlatoria Rcdekci attained dominance by late June at this 

-1 9tnti0o, reaching 3300 11g1 , a similar maximum biomass tio that observ·.:] 

further south. rts subsequent decline in abundance coincided with a 
~ 

911ght decrease in the relative stability of the water column (Fig. lIB, 

Section 2), although this species again remained dominant until late 

August. This decline was again associatcd with an increase in 

dinoflagellates (Ceratium hirundinel1a) and Cryptophyceae (Rhodomonas 

minuta); and in addition, with Chrysochromulina parva (Fig. A-2). As 
. , 

at Station 1, these species were succeeded by an" assemblage of filaments: 

Q. Redekei, Aphanizomenon gracpe, Mougeotia sp., Melosira italica anJ 

M. granulai ;~. Total biomass ~as genera1ly lower than at Indiaa Point 

during thi!> period, and ,~. italica' did not show a sharp increase in 

\ August; moreover, Osclllatoria rubescens dominated briefly at the 

.A ·beginning of September prior to the second development of Cryptophyceae 

(CrY2tomonas reflexa, Rhodomonas minuta) and dinofla~ellates (Ceratium 

. hirundinc:.lla) • Fa11 turnover at this station again occurred at the end 

of ~~ytember (Fig. IlB, Section 2); however, in cont~ast to Station 1, 

f.. reflexa wa8 not replaced by Melosira !t'RHca until mid-October. The 

\ 

~ ___________ ...... , __ ••. ___ ..... _ ... " .. _ .... ...-.. ___ c,. 



Fig. A-2. Contributioh of major taxonomie groups and dominant speeies 

to total phytoplankton biomass ,at Station 2 (mesotr'ophic) 

in Lake Memphremagog, 1976-1977. Legend as in Fig. A-l. 
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-:.~-~===""~:~§S~~_·Diatoma ,tenue var. elongatulII(&6%) 

---- Oscillatoria Redekei(67%) 

__ ;~!!!!!!!J!!~~.t.ifR:ed~e~k~e~1~(:23%). Ceratium hirundinella(16X) 

O.Redeke1(33X). Rhodomonas minuta(5%) 

O.Redekel(ll%). Melo8ir~ italica(11%) 
Oacillatoria rubeseens(17%). Ceratium hirundinel1a(13%) 

Cryptomonas reflexa(33%). R.minuta(9%) 

C • ref lexa (17%) 

Stephanodlscus(astraea(20%). Fragilaria crotonensis(15%) 

Stephanodiacus hantzschli(60%) 

S.hantzBchl1(47%), G~odinlum veris(9%) 
_ ... __ ~§ho:;d;o;lIIO=naa IIllnuta(20X). S. hantzschi1(8%) 

Dlatom':tenue var. elongatum(50%), Aster10nella formosa(13~) 
D.tenu.e var. elongatulII(30%), Crrysochromulinil parva(lO%) 

Fragilar1_ crotonensis(15%). Melosira itallca(ll%) 
__ è:::;:"'- StephanodiBcuB astraea (22%). Uroglena volvox(13%). 

RblzoBolenla eriensls(13:t). S.aatraea(12~) 
Frasilaria crotonensis(J8I). Cryptomona& Mars~onii(12%) 

Anabaena flos-aquaE'(23%).· GlL-ococru& Schroeted(lS7.) 
-~~- Fragilaria crdtoneDsis(11%) , COelosphaeium Naeglianum(13%) 

ME'losira italica(lJ%), C.Naeglianum(13%) 
~..:=~> Coelosphaerium NaeglianumC13%). Nelosira spp. (201.) 

Melosira ital1ca(24.%) 
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.' 

latter species remained dominant unti! the second week in Novetnber ~ ..men 

it was succeeded by Stephanodiscus astraea and Fragilar1a croto~ensis. as 

at Station 1. 

Two under-ice satnp1es from late Harch 1977 showed a slightly 

higher biomass (200 lIgI-
l

) to that found in .January at Station 1. but .' 

similar species assemblage, predominated by Stephanodiscus hantsachii. 

Rhpd~llIOnas minuta, and smaii Chrysophycea 11 flage1lates. 
'~ 

The first open .... ater samp1e (24/4/77) at Border was sbdlar ta 

that at Station 1 (1200 lIg1-~ and predominated by !. hantzschii (47% to~l 

biomass), together with Gymnodinium veris and Peddinium aciculife'ÇU! (Fig. 

A-2) • Stephanodiscus hantzschii was again rapidly succeeded by D1a·to!~ 

tenue var. elongatum,~. tenue var. ~ and Asterionella fonnasa. 

Chrysochfomulina parva aIso made s significant contribution ta the total 

biomass du ring this periode DÏ1iltoma~ var. e10ngatum did oot retlch 

the high Ievels of biomass in 1977 observed the previous spring although 1t 

again showed a higher and more extenuated peak at this station than futther 

south at Station 1. Stratification was estsblished dudng mid-May (Fig. 

IlB, Se.ction 2). A~ the end of May, there was a shift to Fragilarla 

crotonensis, Stephanodiscus astra~ and Rhizosolenia eriensis. In fRet, 

these species remained dominant tn'ltil the end of, Ju1y: the pulse UcorJ~ 

\Fo1vox and Anabaena flob-aquae obaerved nt Station l was not as pronounced 

at Border~ and similarly, OsciI1atoria~limnetica, Mal1omonas el~t~ and 

Cyclotella bodanica remained et rel.ative1y low biOtllRSS (l1gs. A-l, ()A-2) • 
, 1 

There was a brief increase in ~~~ flos-aquae the second veek in Aut;ust. 

FoIlowing faU-turnover in the third weekofof this month, the dominant 
'\ 
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species were G1eococeus Schroeteri (26/8) and Fragilaria ::rotonensis 

(31/8) • 
/ 

Melosira italiea became dominant ftom mid-September onward, 

approximately two weeks afper its appearance at Statiqn 1: and was . 

accompanied by a species assemblage similar to that observed further 

south, although Coelosphaerium Naeglianum showed a more pronounced 

• increase in absolute biomass and dominated brief1y in late September 

(24/9/77) • 

S ta tian 3: Central 

Total phosphorus concentrations at this station, which has the 

greatest depth (z == 100 m), are much lower than those in the more 

eutrophie South Basin (Table 8, Section 1) • In general, levels of 

phytoplankton biomass in 1976 and 1977 were al~o redueed (Figs. A-l, A-2, 

A-3; Table 4, Section 1), although the spring maximum of Diatoma tent'-~ 

-1 
var. elongatum (3000 ).Igl ) waB only slightly lower than that observed in 

the South Basin. lee-out o~curred the third week in April in this basin 

and although stratification was established at the beginning of June (Fig . 

llC~ Section 2),~. tenue var. elong;;;tum did not 

decline until the third week of this month (Fig. 

• 
appreciahle 

The subsequent 

, -1 
peak of Osci1latoria Redekei (3500 \lgl ) in early JuJy WJ1S sim;i1ar in 

magnitude to those observed at the more eutrophie, southern station:.;, but 

showed an earlier decline, ~gain coincidina- wi th an increase in mixing 

depth (Fi:~. Ile, Section Z). However, this species similarly remained 

dominant throughout most of the summer. Its initial decline was followed 

by an increase in Cryptophyceae (Cryptomonas reflexa, Rhodomonas miml':a) 

similar to that seen at Stations 1 and 2, with a rapid succession to a 

~--------'--'""",,-,"""""~-'--" --,- ~. ~ -
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Fig. A-3. Contlji12ution of maj or taxonomie groups and dominant species 
.J ~ 

to total "phytoplankton biOlllaSS st Stadon 3 (oligotrophic) 
, 

in L~ke Memphremagog, 1976-1977. Legend as in' Fig. A-l. 
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Diatoma tenue var. elongatum(60:) 

.... ----"""---- Oscillatoria Redekel(53%) 

O.Redekei(15%), Ceratium hirundinella(137.) 

Cyclotella bodanicà(16%) 
~ 

O.~edekei(16%), Fragllaria.crotonensis{lO%) 

Ceratium hirundinella(22%),F.crotonensis(14%),Botryococcus brnunil(IO%) ~ . '. 
C. hirundinellaU2%). Cryptomonas reflexa(IQ'7.). F .crotonensb(lO%) 

F.crotonensis(13%) 

Melosira itali~a(12%). Stephànodiscus astraea(ll%) 

Asterionella formosa{16%). F.~rotonensls(14%) 

A.formosa(46%), Stephanodiscus hantzschii(17%) 

A.formosa(30%). S.hantzschii(27%).Rhodomonas minuta(8%) 
.' 

S.hantz8chii(51%) 

S.hantzschii.(41%). R.minuta(9%) 

D.tenue vAr. eloogatum(20%). R.minuta(127.) 
S. nina var • .dan~ca (15%), Chrysochronnllina parva (157.) 

t;~~::5;;;;~~:::: ,·Anabaena flos-aquae (34%) 
F.crotonensis(37%) 

t­e 
r-

éyclotella bodanica(22%), CryptoMonas reflexa(12Z) 
"'. 

C.Schroeteri(247.), Coelosphaer1om Naeglianum(20%) 

F.crotonensis(35%) 

Naeglianum(35%) 

M. :Ltal1ca (21%) 

:.':"!!""----~---______ --__ -"-___ "_._.,_~-r_. ___ ~""~. -_.-
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mixed assemblage of Ceratium hirundinell~, Rhizosolenia ericnensis, 

Rhodomonas minuta, 'Chrysochromulina parva, Synedra ulna var. danica and 

Cyclotella bodanica. The shift to a predominance of filamentous forDlS 

observed in the South Basin was not as marked at this station and Md not 

occur until mid-August, following a brief dominance by Cyclotella bodanica 

(Fig. A-3). 1Furthermore, only two filamentous species, Osc:Ulatorla 

Redekei and Aphanjzomenon gracile, appeared in any abundancej Mougeotia 

sp., t-JeJosira spp., and Oscillatoria rubescens were not observed. Ceratium 

hirundinell~ and Fragilaria crotonensis a1so ma~e importan~ contributions 

to the total biomass during late August and eventually became dominant in 

mid-September. accotnpanied by a brief pulse of Botryococcus Brauni!.' The 

fall increase in Cryptophyceae observed in the South Basin was very subdued 

at tbis station and ~lelosira ittalica a1so remained at very 10w biomass. 

Ceratiu~ hirundine1!a dominated until mid-Oetober and the onset of fat! 
.... 

turnover (Fig. IIC, ~ection 2), following which phytoplankton biomass 

reroained 
-1 \ 

lo~ (700 ~gli ) and consisted main!y of Fragilaria crotonensis. 

Steehanodiscua astraea and Melosira'italica (Fig. A-3). 

During December, there was a slow inerease 'in Asterionella formosa, 

whlcb became dominant prior to the ~stab1ishment of iee c~ver at the end of 

the month (betwe~n 28-31 December). although total biomass remained low 
, -1 

(300 }JC! ). In ~he first under-iee sample (22/1), total biomass had 
• -1 

1 increased to 540 PSI ) and consisted main1, of!.. formosA (46%) and 

StcphaE2discus hantzsehil (Fig. A-3). Subsequent samples $howed a gradua! 

de clint! in!. formose ànd by mid-February, .!. hantzschii remained as· tbe 
\ 

dominant species, togethcr with Rhodomonas minut.~,and to a 1esser extcnt. 

..:u.... , ...... ~Jo .. IiII«Il/I; • .,.,.... 1.' IIU 1 PP Pl •• ; j. 1 1 III a 
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, 
Chrysochromulina parva. 

The first open-water sample (24/4/77), eollee'ted approximately 

4 days after iee-out, already s~owed a significant increase in total 

-1 
biomass (1600 ~gl ), which was predominated by ~. hantzschii (41%), 

Rhodomonas minuta and Gymnodinium veris. This was fo11owed by an 

extremely abrupt decline in these species, with total biomass relnaining 
. -1 

very 1~ (200 ~gl ) until the onset of stratification, the third wee1 in 

May (Fig. Ile, Section 2) when Diatoma ~ var. elongatum increascd 

briefly. This species was immediately followed by a rapid succession of 

diatoms; notably Synedra ulna var. danica (not observed in any abunddUce 

in the South Bakin during thts period), Asterioncl1a formosa, Fra&ila~i~~ 

~n.~ and .fx.clotella bodaniea (Fig. A-3). Uroglena volvox and ------r--
Stel'hanodiscus astraea did not show as signifieant an increase at this 

station; however, the development of Anabaena flos-ag,uac in mid June \vas 

greater in magnitude than that observed in the more eutrophie South Bas.i.n. 

A decline in the predominant diatom speeies towards the beginning of JuJy 
-\ 

WOlS accompanled by an increase in Cryptophyceae (Cryptomonns reflexa, 

Rhodomonas minuta andQ. rostratiformis). The plankton was domlnated in' 
" 

August by a more extensive development of colonial greens (Gleococcus 

Schroeteri) and blue-greens (Coélosph~ Naeglianum, Q. KUtzingianum) 

than seen in the South Basin. These species were again briefly replaced 

by Fragilaria crotonensis in late August~ but then continued to dominate 
1 

tmtil late October, when there was a lnore extensive dev~lopment of Melosira, 
1 

italica than seen in the previous year at this station (Fig. A-3). FaU 
1 

overtum conunenced during the middle of September (Fig. He, Sect Lon 2). 
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Station 4: North 

This station i8 comparable in depth to Station 2 in South -Basin 

(z - 14.<' m). but exhibits the lowést levels of total phosphorus and 

phytoplankton biomass, although in 1977, différences between Stations 3 

(Central Basin) and 4 werc significantly reduced (Tables 8, 4; Section 

1) • 

Dintoma tenue var.elongatum showed a much less pronounced spring 
1 

-1 -
maximum (1170 llgl ) at this station in 1976 than observed in the South 

and Central Basins (Figs. A-l, A-2, A-3, A-4), and declined approximatc1y 

2 weeks after the onset of stratification, which occurred at the be8inni~8 

of June (Fig. I1D, Section 2). In addition, the ensuing development of 

Osci11atoria Redekei was comparatively amall (max. 500 \1g1-1) and short­

lived. This species had decreased sipificantly by the end of July, when 

there was an increase in turbulence and mixiug depth (Fig. UD, Section 2), 

although as at other stations remained fairly abundant (approx. 10% total 

biomass) until late August (Fig. A-4). Po1loving the initial de cline of 
1 . . 

.2.. Redekei, there was no allpreciable. increase in Cryptophyceae, althou,gh as 

in Central Basin, there was a slight, development of diatolllS (Rhizosolcn1.a , 

eriensis, flclotella bodanica) and dinoflagellates (Ceratium hirundlnella). 

The mid-swmner predom:f,nance of filamentous fonus which occurred at the other 

stations wa,s absent in thè 1i{orth Basin; instead there was a rapid 

succession of spec1es, notàbly. BotrocoCcu8 Braunii (9/8) and Fragilada 

érotonensis (JO/8). No faU pulse of Cryptophyceae WBS observed alld the 

plankton was dominated by Ceratium hirundinella st the commencement of 

overturn (Fig. lID, Section 2) during the firet half of September, 8ucceeded 

1 i 1 ft 17 [ il" œ TI .. s •• pr. '. III au 1 PI r •• ll1' Inl_ III 0' ~ .. ~ " 
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Fig. A-4. Contribut~on of major taxonomie groups and dominant species 

to total phytoplankton b:lO'/Ila8S at Station 4 ,(oligotrop,hic) 

in Lake Memphremagog, 1976-1977. Legend as in Fig. A-l. 
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Diatoma tenue var. elongatua(41%) 

107 ' 

» 
75.00 1 

,J:l.. 

Oscillatorla Redekel(22%), Fragllaria erotonansls(20%) 

Rhizosolenla eriensis(llX), R.minuta(lO%) 

Botrococcus braunii(19X), Cyclotella bodanica(12%) 

Fragilaria crotonensis(16%), B.braunii(13%) 

Cerattum hirundinella(lOX). Ap~izomenon flos-aquae(lO%) 

Aphanizomenon flos-aquae(15%) 

(15%) 
, 

,,' 

, 

_ Synedra ulna var. dan1ea(38X~, Chrysochromulina parva(14X) 

Fragilaria crotonensls(48%) , Cyclotella bodanica(23%) 

Gleococcus Schroeteri(34X), Coelosphaerium Naeglianum(19%) 

rragilaria crotonensis(20X) 

Rbiz0901enia erlensls(33%) 

Cyelotella bodanicaC14%) 
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by Aphanizomenon flos-aquae. 
.l. 

No late faU samples were eolleeted at 

1 this station. 

In spring 1977, the first fee-out semple at Station 4 was taken 
} 

a week later than at other stations, and it showed no evidence of 

Stephanodiscus hantzschii, which at that Ume was abundant but 'already 

dee1ining in South and Central Basins. Instead, the plankton wes 

doMtnated by small flagella tes (Rhodomonas minuta, Chrysochromulina pary!'!). 

This waB followed at the onset of stratification in mid-May (Fig. IlD, , 

Section 2) by Synedra uina var. dan'ica which attained a higher maximum 
~ 

biomass at Station 4 (900 lIgC1)\ than a similar population of this fl.iatom 

in Central Basin (Figs. A-J, A-4). However, this species was not 

accompanied by a development of Diatoma ten~ var. elongatum as observed at 

Station 3. Synedra u~n~ var. danica continued to dominate unt!l early 

June whea it wes sueceed~d by Fragilar~a crotonensis and Cyclotella bodnnica, 

-
which accounted for 50% and 20% respectively of a sharp increase in tota l 

-1 
biomass (3100 ~gl' ) towards the end of June (Fig. A-4). The accompauying 

-] 
deve10pment of Anabaena f1os~aguae was relative1y minor (200 ~gl ). There 

vas an 1ncrease in Uroglena volvox at the beginning of July, as observed in 

the Seuth Basin, although this species did not show a similar development at 

Station 3 (Central Basin). In mid-July, colonial specicB (Coelospha~2:~~ 

KUtzing1an~, Gleococcus Schroeteri) increased, as in Central Basin but in 

contrast to events at Station 3, these speeies were replaced in carly August 

by a _series of diatoms (Fragilaria crotollensis, Rhizosolcnia ericnsls and 

Cyclotella bodanica)-, although there was a similar develop~nt of ' 

COelOSl)haerium Naeg1ianum towards the end of September (Fig. A-4) , 

. 

. 
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APPENpIX B. 

1 

Total and nannoplankton biomass and contribution of major taxonomie 

groups to total and nannoplanktob biomass within Lake Memphremagog, 

1976"'1977 • 

This appendix containe all gTaphs Qf total and nannoplankton 
1 

biomass and the contribution of 'majoT taxonomie groups to total and 

nl'Jnnoplankton biomass\at the stations in Lake Memphremagàg (1976-

1971) not included in the main body of the thesis. 

, , 

, "'. 

, / 

. .. ~ 

1 • 



" 

, 
1 , , 
, 
i 

gMb 1 

Fig. B-l. 
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• 

Total an~ nannoplankton biomas9 st two stations 1n 

Lake Memphremagog 1976-1977. 

Fig. B-la - Station 1 (mesotrophic); 

Fig. B-lb.- Station 4 (oligotrophic). 
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Contribution of maj or taxonomie aroup. to Bioœa88 <35 ,1. 

(~ig. ~L2a) and Biomass <10 ~m (Fig. B-2b) At ~tàtion 1 

(meaotrophie) in Lake Mesnphremagog 1976-1977. 

Legend: / 
1 - c,anophytilj ,2 - Chlorophyta; 3 - !uglenophyta; 

, . 

4 - Bacillariopbyta,; ~ - Chryaophyta; 

6 - Cryptophyta (Pyrrophyta); , 7 -. Diuophyceae -r' 

(~yrrophyta) • 
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Contribution of major taxonomié groups to Biomass <35 pm 

(Fig. B-'4a) and Biomass <10 ~m (Fig. B-4b) at station 4 

(oligotrop~lc) in Lake Memphremagog 1976-1977. 

as in Fig. B-2. 
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APPENDIX C. 

( 

Table C-l. Listing of all phytoplankton species found at the four stations (Fig. 1) within 

Lake Memphremagog to ~te. .Morphological grouping and average volume given for 

more,common species 1916-1977. togcther with % sampI es for each station atrd year 

in which species were found. Species ident1fied by author in samp1es from 1973 

indicatedJ73); those identified by H. K1ing in 1973 samples indicate~ (73,K). 

.-< ---

r'\ 

~: volumes of colonial apecies determined aceording to footnotea (see NOTES at end of table,p.135). 

CYAt.~OPHYTA 

Chrooeoccales - Chroococcaceae 

Apbanocapsa cf. delicat:issj1fl! - w. & G.S. West 

Apllanotbece cf. clathra ta W. and G. S. West 

Chroococc;us l.:imnet.:icUs Lemm. 

Coelosphaeri um Kuetzingianum Naeg. 

CcelospJ-..aerium Naegl.ianum Ung •• , 
'" 

Group 

C 

C 

c 

c 

c 

Av. vol. 
().13) 

015% col. 

OlS% col. 

95 

.lo/eell~ 
5 eellsl 
156lJ.1. S.A. 

.outer 5jA 
depth of 
colony 

% samples present (if >50%) for 

eaeh year 

1 

76(94%) 
77(53%) 

2 

" 

76(50%) 

76(60%) 
17(55%) 

3 

76(94%) 
77(57%) 

4 

77(54%) 

76(80%) 
77(62%) 

76(100%) 
77(54%) 
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CYARlPRYTA 

CbToococeales - continued 

Gleocapsa wisiculosa # 

GompnosphAeria aponina Kg. 

Gompho~phaerill. lacuseris Chod. 

Micrccystis flos-aquae (i"ittr.) K1rc:hn. 

.. Mise. "unieells <5 llm (mainly T. inconsœns) 

.Hor1llOsonales - Nostacaceae . 

Anabaena flos-aquae (Lyng) Br4b. 

Anabae.na planctonica Brunnth 

Anabaena spiroides K1eb. 

Aphanizomenon flos-aquae (L.) Ralfs 

Ap}>..anizamenon gracile Lemm. 

- Ri vulariace:ae 

GIC!Otricbja echint11ata (J .E. Smith) P. Richter 

. 
Group 

A,P , 

C 

C 

C 

A,P 

F 

F -

F 

F 

F 

~ 

~ 
~ \;.'! 

Av. vol. 

(\13) 

15/eell 

I{)O/eell 

3/eeU -

015% col. , 

50 

33/11 

40/lJ 

34/lJ. 

20/lJ. 

Bill 

--

;::::.. v 1 .,,! 

. 
~ 

% samplea present (if ?50%) for 

eaeh year 

l 2 :3 4 

76(100%) 

• 1 

76(95%) 76{100%) 76(94%) 76(100%) 

77(74%) 77(59%) 77(54%) 17(70%) 

76(59%) 76(67%) 
77(68%) 

76(50%}-
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Group 

atWROPRYTA 

VcW.vocal~s - Chlamydomcmadaceae 

Carœria. sP. B 

Chlamgdononas cf. gleophil1.a Skuj a B,Q 

Cbla:lltgdollOnB.s cf-. oviformis E. G. Pringsh B,Q 

Chlamydomnas sp. l :S,Q 

Chla1tl!/dononas sp. 2 B 

Chlorogonium ltilxjmum Skûja E 
t 

J - Volvocace~e 

i pandorina norum (MUller) Bory C 
f 

·1 - Eudorina cf. unicocca C 
~ , 
: 

Tetrasaorales - Tetrasporaceae \ . , . 
1 
! Gleococcus schroeterJ. (Chod.) Lemm. e 
1 
1 

Gleoc:ystis bacillus. Tailing j. C 

~ 

~ 

l.,' 

Av. vol. % samples present (if >50%) for" 
(p3) . each year 

l 2 3 4 

3400 

50 

40 76(47%) 

525 76(100%) 76(100%) 77(95%) 77(54%) 
77(84%) 77(91%) 

150 76(47%) 

2600 

200/cell 

220/cel! 

V 270/ daught • col :q 
or 220/mature 76(60%) 76(50%) 76(67%) 76(80%) 
celle 77(74%) 77(77%) 77(77%) 

lOO/ceU 

jooI 
jooI 
Q) 

.; 
1 
1 

i 
i· 

1 
\ 

i 
• 
~ 
~ , 

j 
i , 
t 
;l 
~ 
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CRLOROPllYTA 

Tetrasporales - Tetrasporaceae 

Gleocgstis planctonica (W. & G.S. West) Lemm .. 

Tetraspora sp. 

- Hydrodictyaceae 

Pediastrum Borr;anum (Turp.) 1fenegh 

Pediasuurn duplex Meyen 

Pediastrum tetras CE) Ralfs (73,K) 

- Oocystaceae 

Frenceia dra_cberi (Lemm.) G.M. Sm:l.th 

Langerhei.m.:ia gevenensi.s Chodat 

Micractinium sp. 

oocyst;i.s lacustrJ.s Chodat 

OocsI_ëJ.s gJ.gilS var • .1ncrlUrsata W. & G.S. We.t 

N.~'Jti UltI lUlUltt.zm W. Weat 

Tetra!dron limneticum BOTge 

'" 

,.,. ~ ... 
- Yf 

.... 

Group Av. vol. 

(\.13) 

~ 

c V 220/cel! 

D 
2 

'lfr Vl.l 

D 
2 

(vr xS)l/2. 

D' 

A 
v wa , 

A 30 

D 65 

C 1050 

G 33xl7.S 
... 

C V SSO/cèll 

A 2200 

{' 
- . 

% samples present (if >50%) fOT 

eacb year 

l 2 3 

76(47%) 

4 

76(65%) _ 76(65%) 76(50%) 76(50%) 

t ' 1 • if 7 ct "m " ~~~-_.- .-- - --

.... 
to 

! 
.1 

~; 
1 

p> 

l 
1 

1\ 
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Group 

- --_._------

Av. vol. 

(11~ 

_. 
~ 

% samples pDesent (if >50%) for 

each year 

, 
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cm.OROPRYTA 

Tetrasporales - Coelastraceae 

Crucigerua irregulJ.tris Wille 

Cruc1.genia quadra ta Monen 

CrUcigenia trtl.l3G'ata G. M. Smith 

Crucigenia cf. 'tf!tra~cUa' (Kirchn.) W. & G. S. Vest 

Dictyosphaerium elegâns Bachmann 

·D1.ctgosphaeri.um pulchellum Wood 

Elakatothrix gelattnosa Wille 
* 

Elakatothrix nridis (Snow) Printz 

.. 
Hohoraphidium oontortum ('Ihuré in Breb) Kom-Legn. 

Nonoraphid:l.um inrre-gulare (G.K. Smith) ICom-Legn. 

Honoraph.:LcUum minutum (Nllg.) K.Legn. 

HonorapbJ.dium pusillUlft (Prinb) 1(o~Legn. 

NonoraplUdium setJ.fOrmtfl (N1g.) ICom-I.egn. 

"~1r';~ ~""':t 
,~" ~ .. ~ '" 

'-';'~"'~-'r_. , ,~,_tt.",.~.,,;,. .......... l''''~ .. ,(o_ ,..., -"", , , 

~ 
" 

Group Av. vol. % samples present (if >50%) for 
(\.13) each year \ 

1 2 3 4 

D v lOO/cell 

D,A v Slcell 

D V2S/cell 

C VSO/ceU 

C VSO/cell 

V 200/cell 

C V200/cell 76(88%) 76(95%), 76(89%) 76(90%) 
77(79%) 77(82%) 77(68%) 77(69%) 

R 15 

H 15 

A,P SO 76(82%) 76(70%) 76(67%) 76 (Sp:O 

Il 50 76(65%) 

R 20 76(52%) 
... 
N ... 

'-
il 

'f -~ 

... pt P W 7 27'7 ft _ ,,_ Q' .. _. ~~._~~_.·~u ... ___ _ 



,. 

\ o '0 ~ 

Group~ Av. vol. Z samples present (if >SO~) for 

'(~~ each y.ar 1 .~ 
, 

l 2 3 4 ' t • '; 

. , 
0, 1 

1 
CBlDROPRYTA 

Te~rasporales - Coelastraceae 

Ou.adrlgula cf. P~i.1!zêri. Schroed. C 80 

scenedesmus acWJJi.natus (Lagerm.) Chod. • A v 40/eell 

SoenedesJDU$ dentioulatus Lage~. A ~l60/cell 

scenedesmus denticulatus iTa~. l:inearis Hansg. A V 160/cell 76(65%) 76(55%) 
17(55%) 

Soenedesl1tUS cf. eoornis <Ra1fà) Chod. A V125/cell 76(53%) 
*,-

1 

Scenedesmus interzœdi us var. acauda tus Hortob. A.P V 35/cell 76(53%) 76(70%) 76(50%) 

Scenedesmus inter_di us var. bic:a uda tus Bortob. A V 35/cell • 

A V SO/cell 76(88%) . 16(50%) . . ' 
77(53%) 

Soenedesmus q~dricauda Chad. 

t ,. A V80/cell. 

" -
A,P V20 76(53%) 

~ . i Scenedesmus spinosus Chod. 

t Tre~ia triappend1c~ata Bernard 

Ulotrichales - Ulotrichaceae l 
1 

! ~ 
F .... ... l 

N ; 
4~ 

N 

F 1 • .~ 
, 

t Hor.rn.tdium -sp. 
\ 

ulothrix sp. 
i 
J 
'1 • 

.il 
~ 
.~ 

... 4'-;,... .. 

" 
. . 

"., ':1 
~ . 

~ 1 
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atLOllOPH'fTA 

ZysneUlata1ea - Zygnelllltaceae 

HoUgeotia sp. .. 

Desmidiales - Dès.$diaeeae 
>. 

ArthrodeslftUs sp -. e:-

• 

cc 

". 

... 

Clo.ter.tum ac.t~ulare var. aciculare West. 

Closterium ace.1;'O#UJII var •• ~um (Schrank) Erenb. 

Closter.tum acutum var. var:J.abl~ (Le,..) Krleger • 

Cosmar.tœn cf. depressUJII (Haeg.) 1.und 

COlIImar.tum sp. 

staurastrWlt cup.tclatuBt (BreD) (73) 

st:.aur~t:rum dejec:tUJII Brib 

Staurasuum ef. era.UI'J (~d'b) 

S'taun.trwn long1pe. (!tori.t.) 'teU 

StaurOèfeun.w ç. 

s,POlld!7106UJa ~anvat (Volle W ... G.S. _.t 
Xant:b.td~WIf a.nt:.UopaeWlf (Breb) Kutz (J3.It) 

• Cr! :" IF " ; pi ) tn ' 1r 

G~oup 

t 

R 

R 

G 

H 

G 

G 

, 
( '. 

G 

C 

p 

Av. wl,.. 

(ll~. 

12/\1 

1850 

3800. 

200000 

S2S 

7100 

l.ioOO 

6350 

27500 

1700 

~<'.t' 

".,,':.,ocVl'</iI.~~~~ ·'f , ~ "i'$+ki'fi)[::"~~""r~ 

~ 
'""" 

% sa~1e8 present.(if ~50%). for 

each year .. t 
]. 2 3 4 

76(65%) 76(55%) 76(56%) 76(70%) ,., 

" 

.. 
"-

76(50%) 

.... 
76(50%) 

Nt 

"" 
# 

, r' 
" l>' 
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E'OGLIN'QPRtTA 
<" 

'-

EU&lnalea ... EU&lenaceae 

BVflena ,pp. • 1 

1'lllche.IOIIIO:DU cf. ayllndriaa 1. Sec. Playf. 
C' 

2"zwchelom::mas cf. macropW'1cta ta ,<Skv _) Defl. 

~ae:helo";"s cf. w.1~.tna Ehrenb. 

--!1'racbeloa:mu spp., 

BACII..LA1UOPltrrA ' 

Centrales - Cosc1ttod1sC!cèae 

cyc~oto~~ bOdan!ca E~at: 

. Cyc:.Iot:e~la.p • 
. 

llelonra granalata '(Ar.) llalfa JI 

" 

,JlalO61'. ~U:1.t. var. iingullf:Ju.t. ~. 

_J.~!r'" .ttai!œ ' .uf)q. '.ÛU'C11:!c:::a O. MUll. 

1 
1 

j 

~ 1 

.. Group 

E 

-., 

B 

B 

A 

A,P 

J! 

p 

F 

Âv. vol. 
(\.13) 

1000 

r 

1800 

4000 

6600 

500 

SO/JUIl 

20/pm 

55/11 ~ 

• 

~'" 'tl 

" _-... 
\...; 

% samples present (if >501) for 

eaeh year 

l' 2 3 4 
--------- -~- ~._~ ~ 

,f 

76 (S3%) 76(SO%) 
77(54%) 

16('3%) 76(55%) 

,. 

76(82%) 76 (90:l) 16(89%) 76{90%) 
17{89%) 77(86%) 77(79%) 77(100%) 

, , 

76(531) 76-(65%) 
77(63%) - 71(59%) 

76(53%) 76(S51) 

16(1001.) 76(90%) 16(72%) 76(10%) 
77(100%) ,77(77%) 71(6U) 17(71%) 

,~ , 

': 1 

; 

1 t 
~ , 

.... ' 
N, 
~, 
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~ , 9!"--' ~ - ---.:~- ~ ............ ~ "" "'" ~. ,'...,~ , ~ 'n •• 1 1 -,-,-~I\l -" ., 
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~ .f 
-~ • f ~.J 
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~ 

G-roup Av. vol. 1 aamplea present (if >50%) for 1 (1l3) 
-~~ 

each ,ear , 

-~ \ l 1 3 4 ' 

: BAClLl.AllIOPllYTA 1< 
\. 

c..trales - Coscinodiscaceae 

Melos.:l.ra varians C.A. Âg. F 

Steplutnodiscus asuaea (!hr.) Grün. G 26000 76(88%) 76(95%) 76(72%) 
~ 77(79%) 77(82%) 77(50%) 

Stephanodîscus Rantzsch11 Grun. A,P _ 150 76(94%) 76(90%) 76(78%) 76(50%) 
77(79%) 77(77%) 71(75%) 

'i 

- Soleniaeeae 
". 

Attheya Zacbar.:l.as.:l. J. Brun. 
e. 

G 3500 16(59%) 

* . Rhizc,so1.en.:l.a eriensis lI.L. Smith ~. II 3010 76(88%) 76(85%) 76 (83!t) 76(801) 
~ 

77(741) 77(73%) 71(54%) 77(62%) 
; 

Rhizosolenia longlseta Zaeh • 
. 

Pennales - Fragilaricea~ 
2 

Aster.:l.onella formosa lIassall D 650 . 76(100%) 76(100%) 76(94%) 76(100%) 
77(1001) 17(100%) '77(100%) 77(100%) - .c{.. 

Dia.toma tenue var. elongatunr Lyngb. - II 2250 76(76%) 76(65%) 76{67%) 76(60%) 
= 77(53%) 77(50%) 

Diatolttcl tenue Va1:r. tenuo Pntt'ick H. 800 ~ 
-,,-'SI' \on 

'" ·"It 
S 

ê-

J 

. ,& . 
" cr 1 1 . 

r .1 ., t . "" 
't<, FI' eq 

• 
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BACILLARIOPHnA 

Pennales - Aehnanthaceae 

Achnanthes minutissimâ KUtz 

Rhoicosphenia curvata (KUtz) Grun. 

Rhapalodia gibPit (EhT.) O. MUll. 

- Nav1culaceae 

Cgmbe.Lla affinis KUtz 

c:ymbella cf. aspera (EhT.) Cleve 
"\ 

Cymbella spp. 

Navicula -eryptocephala var. venetia 

Navicula oblonga KUtz 

Navicula cf. radiosa KUtz (73) -Navicula cf. IteJ.nhardtii Grun. 

Navicula spp. 

9' 

'?-".~ ~""~~~'~ '-"''''~-:;{''-T~~~~~~~ __ 

<il 

Group 

A,P 

G. 

G 

G 

c 

G 

Av. vol. 

. (J,\3) 

30* 

1500 

. 500 

850* 

4000, 

cale. 

18000 

6700 

1000 

,,-

~ 

.. 
% samplea pTeaent (if >50%) fOT 

each lear 

l 2 3 

" 
., 

*A. CatJ:nneo, pet".. C01IDI. 

~ --,-_._-~ ...... _,_ .. _------ .-iI_ ., 
n ), " 2 tt y' 

.;: ~"t."'7f;<V .. lt .. L.-d~~~, 
4' 

4 

.. 

~ .... 

J 

, 

4' 
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BA.CILLAltIOPB:t'rA. 

Penua1es - Nitschiaceae 

Ni esc:Jija cf. c:icular:is W. Smith R 

Nit;schi.a cf.,-dissipata (XUtz) Grun. G 

~,~ 
Ni tschia spp. G 

- Sur:!.rellaceae 

Cymatopleara solea 

Sar;!re~~a sp. 

CHRYSOPHYTA , . ' 

Chromulinales - Euchromulinaceae ' 

Chrom&~j~ cf. sphaeridia Schiller 

Chromulina cf. ovalls Klebs 

t 1 

-~~ 

. ,1 r 1 , . Chromulina vestita Schi11~ B.Q 
! 

Chromul.ina spp. B,Q 

l' 
" 

k 

..: 

Av. Vol. 

(lJ~' 

500-

4000 

500 

200 

~ 50-200 

" 

,----

Il r 

/, 
~ 

..... 
,...... 

\....1 

% samples present (if >50%) for 

cach year 

1 2 

77(63%) 77(50%) 

76(100%) 76 (90%) 
(94%) _ (95%) 
(59%) " UO%) 

---- -(60%) 
77 (100%). 77 (100%) 

(100%) C9S%) 
(73%f' (59%) 

3 

l 

76(100%) 
(100%) 
(100%) 

(50%) 
77(100:1.> 

(93%) 

4 

76(100%) 
(100%) 

(70%) 

77(100%) 
(lOOl) 

, 

,.. 
". o 

.. \ 
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Group Av. vol. % samples present (if >50%) for ! 
(lJ3) 

i 
.,.,.. each year 1 

1 2 3 4 

CHRYSOPRYTA 

~Chromulinales - Euchromulinaceae • 
le 

ChrySOCOCCUS radians Conrad B,Q 300 

Chrysococcus spp. B,Q 100 

Kephyrion cf. rubri-claustri var. amphora Conrad 

Kephyrion,cf. sitta Pascher 50 

~ Keph'lrion sp. B,Q 6S 

- Mallomonadaceae 

llallomonas cf. acaroides ~erty B 2000 

llallomonas akrokomos Ruttner B 210 ' f 76(53%) /' 

77(79%) 77(68%) - 77(68%) 

Mallomon.s caudata Iwanoff B 2350 76(71%) 76(75%) 76(67%) 76(70%) 
77(89%) 77(82%) 77(64%) 77(85%) 

~llomonas elongata Reverdin E 5890 76(65%) 76(75%) 76(67%) 76(70%) 
77(79%) - 77(73%) 17(57%) 

HallOlllOl24s cf. J.nsJ.gnj.s Perna4 E 2000 76(65%) 76(65%) "16(72%) 76(60%) 

~ ~llomona. psoudocoronata Prescott B 2750 76(537.) 76(70%) 
II.) 

\C 

; 
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Group Av. vol. % samples present (if >50%) for ~ 
# (1J3) eaeh ye.ar 

.. l 2 3 4 

" CHRYSOPHYTA 

Isoehry~i~~~~ - Isochrysodaceae 1) 

,.. 

Erkenia su.baequic.il.iata Skuj a B.Q lOO 

, - Synuraeeae 
.p 

Synura uvella Ehrnberg & KorsChikon~ C 530 76(76%) 76(50%) 
77(58%) 

OChromonada1es - Ochromonadaceae 

Ochromonas cf. miniscula Conrad 

Och:comonas spp. B,Q 76(76%) 76(85%) 76(89%) 76(90%) 
77(lOO%) 77(91%) 77(79%) 77(69%) 

r-
uroglena df. vol vox Ehrnb. C 100 77(58%) 77(55%) t 

\ - Lepochromonadaceae 

Chrysoikos angulatus B 50 

:1,' • 
Chrysoikos skujai (Nauwert) Willen B 50 ... , f-.;::. , DJ.nobrr;on bavaricum In:hof. D 200 76(64%) 76(60%) 76(50%) 76 (7{)%) 

DJ.nobrvOl1 cyllndricum var. alp.1.num (Imof.) Bachmann D 100 
If 

~ 
~ i )01 

DJ.nobr1lon dJ.vergens Imhof. \ D 100 76(76%) \ I.W 
0 

l,- l 
h:; ~ 
~ --



~'" 
_ "" ~ ... ~ A"" ~ ..... t -t: 1 -" .... , .... ;-~ ..... ,...'~M.f"".:; .... lt:'V"'H~ .'1':;,~~,. r..,.,..." ""..rt""" ... 
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t ,"" 
"......., 

1 9 , 
~ ~ , 

l' ... • 1 
l 

... Group Av. vol. % samples present (if >50%) for 

, 
! .;-

(u 3) 
1 

each year 1 

l 2 3 4 
) 

CHRYSOPHYTA 

.Ochro1l\Onadales - Le~romonadaceae --
~inobryon sociale Ehrnb. D 100 

Dinobrgon sociale var. americanum (Brwnth) BachlP. D 100 76(59%) 

" Jlhizochrysidales - Rhizochrysidaceae 

Chrysamoeba mi~konta Skuja B,Q 180 

Chrysamoeba radians Klebs B,Q 500 76(~0%) 
, 

Prymesiales - Prymesialaceae -, 

Chr51sochromul:!na parva Lackey B,Q 80 76(100%) 16(100%) 76( 89%) 76(100%) 
77(100%) n( 91%) 77(100%) 77(100%) 

7 

Chrysocapsales - Bitrich1aceae 

Bitrichia chodat.ii (Revér,din) Chodat OB 200 16(50%) 76(60%) - "-, 

Chry~osphaerial~ - St1chogleaeeae .,r 

St;ichoglea del.:Lcatula (West) Skuja C 525 

C'J'aspedo1llOnadales - B1coecaeeae 

l1.:Léoec. crystallina Skuja 0 2' 
BJ.coec. niJ.era Fott 0 130 

''"1 
1 F7 1 ~:Ll [~t::~: li: " :IJ 

:: "" 7 tm'I rH MI ) • 
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Group Av. vol. % samples presen~ (if >50%) for 

(11~ each year 

1 -, 
,1 2 3 4 

,1 ctmYSOPHYTA • 
'---

Cr&spedomonada1es - Bicoecaeeae 

Bicoeca tubiformls Skuja 0 130 J 
..- ..:.. 

Bicoeca spp. 0 100 

".,. 
- Craspedomonadaceae 

Aulomonas Lackey 0 35 77(53%) 77(50%) 

Conocladium umbellatum (Tatem) Stein 0 100 

Desmarella sp. 

-Sa~p:l.ngoeca elegans (Bachm.) Lemm. 

Stelexomonas âichotom8 Lackey 0 100 

Mise. flage11ntes <S pm B,Q 76(1007.) 76(100%) 76(100%) 76(100%) 
77(100%) 77(95%) 77(96%) 17(100%) 

Mise. non-flagellates <5 'Iun A,F 76(76%) 76(95%) 76(100%} 76(100%) 

"r. 
77(84%) 77(82%) 77(82%) 77(69%) 

;' fil 
- Xanthophyeeae 

~trococcus Braun:U KUtz C • 76(60%) 
.... 
I,W 
N 

/', 
\ 

.' 
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PYRROPHYTA CRYPTOPHYCEAE 

Crypto.nada1es - Crypt?monadacea:-

Chilomonas cf. oblonga Pascher 

Chroomopas cf. Norstedtii Hausgirg 

Cryptomonas erosa Ehrenbg. 

Cryptomonas ~rssonii Skuja 

Cry.ptomonas obovata Skuja 

Cryptomonas ovata Ehrenberg 

Cryptomonas reflexa Skuja 

Cryptomonas rostratiformis Skuja 

Rhodomonas minuta Skuja 

~Katablepbaridaceae 

Ka~biePEari:s ovalis Skuja 

1 
-.." 

----~;;;;;;-;;, " 
sn 

1-. 

-ft 
• 

~ 

Group Av. vol. % samp1es 'present (if :>50%) for 

( \.1
3) each year 

1 2 3 4 

i. 

B.Q 250 

B 1050 76(100%) 76(95%) 76(89%) 76(100%) 
77(100%) 77(100%) 77(100%) 77(1007.) 

B 800 76(100%) 76(95%) 76(1007.) 76(100%) 
77(100%) 77(95%) 77(96%) 77(100%) 

B 1100 76(94%) 76(85%) 76(94%) 76(90%) 
77(89%) 77(86%) 77(82%) 77( 77%) 

B 2250 76(53%) 76(60%) 

B 2250 76(100%) 76(95%) 76(100%) 76{100%) 
77(89%) 77(91%) 77(100%) 77(100%) 

E 3560 76(100%) 76(95%) 76(94%) 76(100%) 
77(100.%) 77(91%) 77(93%) 77(85%) 

B,Q 150 76(100%) 76(100%) 76(100%) ,.. 76(100%) 
77(100%) 77(100%) 77(1007.) 77(100%) 

)-" 

0 150 76(100%) 76(100%) 76(100%) 76,(100%) \,o.J 
\,o.J 

77(100%) 77(100%) 77{100%) 17(100%) 
\ 

7 t: :3' 'fMF ID 'tUt tq, "nu t • -z • • 
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"'. Group Av. vol. % samples present (if >50%) for 
" 3 

(Il ) each year 

;~~I 1 2 3 4 

PYRROPID:TA CRYPIOPHYCEAE \ \ 

Cryptomonadales - Senniaceae 

cryptaulax sp~_ 0 250 
'# 

> Cya'thom::mas truncata (Fres.) From. 0 250 

PYRROPRYTA DINOPBYCEAE 

GymnQdin_ial~!! - Gymnodinaceae Q 

~ 

Amphidinium cf. luteum Skuja B,Q 500 
f < , 

Gymnodinium helveticum Penard 0 8500 76(~3%) 76(50%) - 76(50%) 
77(68%) 

Ggmnodinium Lantzschii ItermBh1 0 600 76(55%) 76(50%) 
77(64%) 77(74%) 77(85%)' 

Gymnodinium mirabilis Penard (73,K) 

Gymnodinium palustre Schilling (73,K) , 
\ 

Gymnodinium uberrimum (Allman) Kofoid & Swezy E 14000 77(68%) 77(64%) 77(68%) 71(62%) 
\. 

. GYÎllllod.inium' cf. veris Lindem B '3225 76(82%) 76(75%) 76(~l%) 76(90%) 
, , / '" 77(63%) 77(68%) 77(68%) 

1 , ~ 

1 ~ , ~ 

i 
i -

! 1 
o 

; 
~ 
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Group Av. vol. 
3 

(li ). 

% sampI es present (if >50%) for 

each year 
~ ~ ~ \ 

~f 

l 2 3 4 

t PY~ROPHY".A DINOPHYCEAE 

Ir' 

11 

op 

\ 

-~; 

5.\ , 

Peridinales - Peridinaeeae 

E Ceratium hirundelJa (O.F. MUller) Schrank 
~ 

Peridinium aciculiferum (Lemm.) Lemm. E 

Peridlnlum gosl~viense Woloszynska (1?K) 

Peridinium Willei Huitf-Kaas E 

Peridinium wisCWlSiense (Eddy) (73,K) 

- Glenodinaeeae -----
Glenodium oculatum B 

NOTES ON VOLUME DETERMINATIONS 

50000 
,4 

'f330 

25000 

1750 

76(59%) 

77(53%) 

• 

76(53%) 

76(100%) 
'L(84%) 

76(65%) 

77(50%) 

76(55%) 
77(55%) 

76(100%) 
77(91%) 

76(78%) 

76(50%) 

76(50%) 

76(83%) 
77(89%) 

*volume determined from colony dimensions measured for each specimen enumaratedj approximated 
ta a sphere or ellips01d on each occasion. 

owhere gelatinous matrix extensive and ind. cells diffieult to enumera~e. 15% of the above 

°76(80%) 

76(701.) 
77(54%) 

76(70%) 
77(92%) 

determined volume taken as actual volume (after Reynolds,C.S. 1973. Growth and buoyancy of 
~erocyst1s aeruginosa Kutz.emend.Elenkin in a sha110w eutrophie 1a~e.Proc R. Soc. Lond.B.184:29-50). 

.where cells largely per1pheral and diff1cult to count, total volume inde cell volumes. 
i) inde v~1umes of cells, where Icells a predete~ed funet10n of colony surface area(S cella 

per 156 S.A.) 
11) volume of outer 5 m depth of colony, calculated for each specimen enumerated. 

Vtotal volume inde cell volumes. where 'cells/colony determiued on eaeh ~ccasion; or where 
daughter colonies are formed, total volume volUmes of daughter cols. volumes of mature 

,... 
\J ..,. 

, 
\ 

f 
1 , , 

cells volumes of juvenile cells. in gelat1nous matrix. i 
iîliliïiïiïô ........ ~~~:. .... ~~~::~~~~;;;;;;~;;;;;; .................... ;o ....................... ".' .... ;; .... n~-7~~ .... ®.!~.-.-t •• '.? .. N.'.rblt ...... III.? = t m t IfS 'li;;?' iIIr 7 me InlEP 'rYns • .. --- HP' sn 'i' lm - IR ~ .. 
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Table C-2. 

CYANOPHYTA-Chroococcales 

!II 

Taxa.contributing to 10% or more of the total biomass on at least one 

occasion for a given statton and year. Values give % samp1es where 

contribution >10%; numbers in parentheses represent maXimum % 

contribution to total biomasse 

1976 

STATION 1 2 3 4 1 

-. 

1977 

2 

Coelosphaerium kützingianum Naeg. 23(10) 

C. naegllanum Ung. 

Mise. unicel1s <5 li 
• 

-Hormogonales 

Az;l,abaena flos-aguae (Lyng) Breb .. 
A. planctonica Grunn~h: 

Aphanizomenon flos-aquae (L) Ra1fs 

A. gracLIf Lenun. 

Oscillatoria lirnnetica Lemm. 

_ 00. Redekei Van Goor 

0: cf. Tubescens D.C. 

! 

,. 

1 ~ 

1 

6(10) -- . 

i(12) 

! 

47(65) 

12(10) 

16(21) 18
0

(15) 

10(24) 

1.(12) 1.(+3) . 
1.(15) , 

i(ll) 20(15) ",. 

11(12) 

~(11) 

40(68) 44(72) 50(26) 

1(18) 

o 
.f""".. 

3 

• 
1(19) 

12.(5) 

.1(34) 

4 

15 (19) 

15 (29) 

~(12) 

1 
_ 1 
- 1 

'""" ~ 

~ \ 

1 
j 
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ï ...,,- ......... - ' ~" ... ~'" ,,"' 

:: . ~ 
~ .-, 

0 / 

1976 1977 

SUTlON 1 2 3 4 1 .2 3 4 

CBLOROPHYTA-Tetrà~~or~l~ 
J '. 

1 Gleococcus Schroeteri :.-------- 11(25) 1(18) 11(24) !(34} 
'" 

. r 
----- 1 

" 
BACILLARfOPHYTA - Centrales 

Cyclotella bodanicà Eulenst ~(16) 10(12) 1(12) 1(13) 1.(22) 46(32) 

Melosira granula'ta (Ehr) Ra1fs 11(16) 13(14) 
i.. 

N. 1. tal1.ca subsp. subarct1.ca O. Hull 1(29) 20"(20) 11(10) 32(43) 
" 

1§.(24) 1(29) 

Rhizosolenia eriensis B.L.Smith 10(11) 16(19) , 18(17) , !(33) 
" 

Steplkrnodiscus ast:raea (Elu:) Grun 2,(24) lQ,(21) i(11) 21(21) - , 
13(33 - .:... 

S. hantzschi.! Grun., !(11) 1(31) 13(58) .tt(Sl~ 

" -Pennales '"" 
l> 

Asterlonella formosa Hass l:!(24) ]d(10) - .ll(l~) 18(56) -
DiatoJra tenue var. elongatwn Lyngb . 35(69) 35(70) 33~4) 30(42) 11(14) 18(36) 1(19) 
• - ) 

il D. tenue var. tenue Patrick 1(14) 

Fragilaria cro1:onensis Ki tton 2.(11) 20(1.5) 39(18) 20(22) 
\-

21(27) 36(37) 18(31) 12,(48) 

" 
\1 ;,. cf. YaUCheriae (Kutz) Peters . ".!(25) 

:::, 

Synedra ~ vaT. dan.{r::a (KÛtz) ..., 
Grull 2-.(11) 4(15) ~(38) 

o , 

f', 
• " ; " 11 

~~~""'" .... ~" -'<-" ......J' ~'"'-._ .• "._~. _~. __ -'-~._, __ .. ~_< .. ,~'"--- __ """"""'_ 
~ '-./ 
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.STATION 

L-
CHltYSOPH!TA-Chromul.;i.na1es 

Cbromu.l.tna spp. 

Nallona:mas elongata Reverdin 
... 

-ochromonada1es 

Urogleria éf. rolvox-Ehrnb 

... • -Prymesiales 
~ 

,. 

..,~ 

.~ 

. ' 
il- r:-',, 
~1 
~, [< . 
L :r 

: -à 1 

"1 
1 .-:: 

ChrysochromuliJla parva Lacke,. " 

Mise.. flagel14 tes· <5 ).1 m 

o Mise. non flagellates <S \.lm 

Xan~ophycaea 

':Sotryococcus braun11 Kut, 

" 
cr!1It\~nas ~s.sonii Skuja 

C 

c. :o.tr .. f:j:Eorm1. Skuja 

Rh:1dolflOIl4S minuta Skuja 

~ 

,< 

;::::. 
/-

• 

~ 

1-

l 

24(23) 

, 12(13) 

12(1l) 

. ~ 

'. 
J 

1976 

2 

~(33) 

.2.(13) .. 
-2(11) 

~ ~ ~,."" 

3 

<il 

11(29) 

4 -

.1Q.(10)~ 

10(10) 

1 --

l 

1(11) 

1(22) 

1(23) 

Z(20) 

1(22) 

• 
_2.(11) 

.2. (lci) . 

1(126) 

" ç 

. , 

~77 
. 2 

i.(l3} 

, 5(11)" - .. 

.2,(13) 

!(l~) 

1(11) 

2.(12)-

',2.(13) 

11(19) 

.0 ) 

3 4 ~ -~J~-~-

"" 

~(l3~' 

lUS) ~3(20) 

!(l3) , 

lC1Q) 23(19) .. 
, 

.1(13) !(10) 
" 

39(27) 31(15) 1-"' 
~ 
<» 

__ 1 
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STATION 

PYRROPHYTA-Dinophycea! ' 

""~.>J 

r 

~ T ~ 

Ce ra tium hirrmdinelia. (O. F. Mulle~ 

~ 

.. 

~­

-'" \ 
\. 

q,~ 

~ 

Schrank 

\ 

.. 

" "---

~ 

--

<; 

.~. 
"'.,.,. t-~,~'(. ...... ; .. ';'!"'~~"'~"'!"~~~~\"''''.l'-:''_~~'.&;._::''''',''~_~' ""r"" 

... 
-1) '" 

',~ 
1 

"-

'" 
~ 

1976 

" \ 3 4 1 2 1 ~ 2 

#" 

12(J5)' .!"~(14) 28(35)' 20(13) 
~ 

~/ 

& "" 
..,...Ji .,; ~ 

, 
~ 

) 

'i 

--
,..-,~ ':;> 

,. " 
"" . 

..... .J .t-, , 
e 

\, 

" 

~~ 

i. 

'-. 

.. ... 

-

l 
~ 

.' 
\. 

J'~~ ... 
, ...., 

..." t 

" 

v 

~. ... 

"" "'·4 
Jo 

r 

.". 

r-\ 
" 

li 

1977 ,] 

3 

":" 
'>-

-1.(12) -, 

Y6 
" 

fi< 

% 

/ '-

~ 

-'-'"~ 

4 

J. 

"'0 

.~:;. i~: <t'. '/ 
1 

è, 

-/ 

~ 
W 
\0 

'-t 

, 1 

! ,l'=' 
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Table C-3.Taxa contributing ~ 10% of nannoplankton biomass <35~m in one or more~aampl.8~ Vâluea a~ 
% of total number of .amples enumerated for a given station and year where the specie. 

- accounted for > 10% of the biomaS8 <35~m. ~1mum contribution to bioaaa. <3S~ given 
~ in parenthe8e~-

... 
! 

. -
STAl'ION 

~; 

CYANOPllYTA 
_ct 

Mise. unicells <5 l1m 

~ 
~CHLOROPHYTA 

MOnoraplUdium zri.inutum (Nag) Kom-Legn 

BACILLARIOPHYTA 

cyclofe11a bodanicaoEulenst 

Stephanodiscus hantzschii Grun 
.. ~ 1 

CHRYSOPHYTA 

Cbromulina spp. "-

Chrysochromulina parva Lackey 

Ma~~omonas caudata lwanoff 

OchrolOOnas spp. 

" 

~ 

l 

!(23) 

1 

11(10) 

.§. (13) 

24(11) 

-

§.(14) 

J 

/ 

1976 

2 

~(18) 

.!Q(13) 

15(1~ 

~(16) 

...tY 

..... 

3 

l!(26) 

.ll(39) 

.ll(13) 

-< 

~(24) 

" 

- '" 

4 1 

~(22) 11(12) 

; 

.?Q.(30) , ',53(40) 

26(42i 

.2Q(28) 

]&(15) 

1!.(26) 

5(11) 

)-

~ 

1977 

2 

18(13) 

.ll(31) 

18(66) 

~ 

3 

.!(26) 

~(53) 

12.(69 

• c 

4 
a-

31(15) -

.j 

g(7.4) 

1 

1· 
• 

i 



1 < 

'l> ~, 

~ 
, 
r 

'.' 

--/0 

.;, 

CHRYSOPHYTA -cont inued 
, 

Mise. flagella tes <5 um 
--"" 

Mise. non f1agel1ates <5 "., 

PYRROPHYTA 

Cryptomonas erosa Ehrnbg 

C. Marssonii Skuja 

C _ ref1.exa S kuj a 

Rhodonr:mas minuta Skuj a 

" 

" "1 

~ 

-9 
.. 

II> 

'-

STATION 1 

1 ]].(19) 

Il 
12.(14) 

12. (21) 

~(42) 

88-(37) 

-" 

"'" 

' .' l' 

"1., 

~ 

1976 

2 3 4 1 , 
• 11(27) 

10(17) 11(29) ~(25) 
., 

l!.(28) 

'" 
1Q.(17) 11(12) 

45 (16) 12(12) 10(10) 32(25) 

80(49) 83(i7) 70(30) 42(22) 

90(41) ~(34) 100(27) ]i(50) 

.. 

•• • $' t SI! 1 5' Sc .> r 'i " , u ... ' );" 

-

~ 

" 
~ 

1977 

2 3 

1(14) 
,:? 

18(28~ 11(20) ; 

18(23) 32(45) 

82(52) 86(45) 

y~ 

4 

_::> 

~(13) 

46(18) 

12(31) 

,..--:::-

-f 

f-' ...... 
~ 

'! 
~ 
~ 
~ 

f 
1 
\ 
j 
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Table C-4.taxa contributing ~ 10% of nannoplankton biomass <lO~m in one or more samples. Values give 
% of total number of samp1es enumerated for a given station and year where the species 
ac~unted for·~ 10% of the biomass <10~m. Max~um % contribution ta biomass <10~m given 
in parentheses. '-" 

~ 

"" 
1976 1977 

STATION l 2 3 4 1 2 3 4 
:t , 

g}:.!?2P.i"fITA 
<-

}fisc. "unice11s <;5 pm 18(30) 26(66~ 35(39) 40(38) l:§.(26) 32(28) 21(~2) 39(48) 

.0;, 

CHLOROPHYTA 
'" 

Chlamyàozranas sp. 2.(16) ~(30) 
f 

Monoraphitlium minutum (Nag) 24(20) 20(27) 11(12) .2. (12) 

~ ... 
BACILLARIO~ " . .. 
Achnanthes minutlsslma Kutz .2,(10) ~ ~13:_ .2,(12) 1> 

staphanodiscus bantzschi.i. Grun 'l(1 ~(13) 11(21) 32(52) .,; 18(83) ~32 (79-) 
\. D 

,"'-

CHRY~PHYTA f 

(' 
Ch.romulina spp. i(60) 11(17) .;-1(18) !(ll) 

~ . 
~ 61(27) , 80(34) 58(43) 79(68) 54(53) 92(65) Chrysocnromulina ptlrvi'! T"'!':~ey .21(23) S~(28) ....,.. 

Ochrom::>nas SPP'. .§.(13) 2.(13) 1(13) ~(12) 
fic 

, 
,.-.,. 

./' 

ri ~"----

• 
1 

l 
1 

1-1 
~ 
~ .. 
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1976 

.. STATION 1 .~ 3 

CHRYSOPHY-TA'- ~ontin~d 
>1 

~ 
Mise, f1age11ate:s <;5 llm 59 (-17) 41(15) ~(15) 

....... 

Mise. non f!-age11ates <5 jJm 24(23) 20(23) ~(54) 

-
PYRROPHYTA " 
~_._----~-

Chxoorronas cf. Norstedii Hansgirg .2. (12) 

Rhodorronas minuta Skuja 88(65) 100(63) 94(69) 

-/ 
'@ '" 

--
....-/ 

,> ... 

" ~ 
'-

1977 

4 1 ./' 2 

Iï" 
/ 

~ 

30(14) ,..- 1&.(31) 16(16) 

e 30(41) 11(32) 

100 (56) 90(74) 91<73) 

~ 

JI 

'f 

r-\ 

3 4 
'" 

11(27) 15 (12) 

2(18) 

15 (17) 
..g/ 

93(69) ll(56) 

'!! 

J' 

J 

~ 

""" 

l­
~ 
w 

:1' 
1 
l' , 

i 
i • 
1 
1 
, 

... _,_ ra mu mt 3' ms " mm.",? •• w ? il" 
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Table C-S. Mean % contribution of major taxonomie groups to total phytop1ankton 
~, =-- -

·1 
* 

.biomas8 <35 ~m at the four stations in Lake Memphremageg, 1976-1977. 

,.. è 

Station, Year Cyanopnyta Chlorophyta Eu81enophyta Bacillariophyta Chrysophyta. Pyrrophyta ! 

Cryptophyceae Dinophyceae 

1 ~ 1976 3~ 4.6 1.1 5.9 20.4 61.8 2.6 

1977 3.6 2.9 Q.7 18.0 27.7 43.7 ;;. 
3.3 

2 1976 5.6 4.5 0.3 7.3 23.3 - 56.2 2.8 
;' ". 1917 4.1 2.8 0.1\ 20.7 26.7 41.9 r_ 3.7 

0.2 -l- i 
3 1976 7.3 3.6 11.3 26.9 48.4 2.4 

, , 
l 
1 

-r' 19-77 4.4 2.4 0.2 28.2 23.1 38.4 3.3 Î 
1 
1 

0. 

~ 4 1976 t.3 2.5 0.4 10.5 31.5 44.9 2.9 

1 1977 6.1 1.6 0.2 23.4 27.6 35.7 5.3 

t '-, , 
t·\ , 

'"J ... tt'\.. .... 
.j>. , 
J:. 

t i \ 
\ , 
\ 

-_ .. _--~ 
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, 1 
Station, Year 

1 1976 
%. 

1977 

2 1976 

c • 1977 

,! la. 
3 

~ 77 

4 1976 ... 
1977 

eJc 1 :,'.\. 

• 

CJ 

-
~ 

.,/ 

Table C-6. Mean % contribution of ujor taxonomie groups to total.phytoplankton 

biomass <10 pm at the four stations in Lake Memphrcmagog, 1976-1977. 

Cyanophyta Ch1orophyta Eug1enophyta Bacil-larj.ophyta· Chrysophyta Pyrrophyta 

/ 7.1 7.6 0.0 

7.2 3.3 0.0 

Il.1 6.8 0.0 

7.7 3.2 Cf. 0 

./ 11.9 3.7 0.0 

7.3 2.8 0.0 

12.1 3.9 0.0 
~ 

13.0 1.2 0.0 

'" 

,. 

, 
6.0 37.9 

9.1 41.1 .. 

4.4 40.2 

10.8 38.3 

5.7 42.5 
, 

18.2 34.8 
'-

1.9 47.8 

0.8 45.1 

.. 

t, 0" 

Cryptophyceae Dinophyceae 

~ 

41.0 0.2 
il! 

39.0 . 0.4 

37.1' 0.3 

40.0 0.1 

35.8 0.4 

36.8 0.2 

33.8 0.6 

39.6 0.2 

.,: 

Je!!':: 1; 1 : ; : 
17s • !2 'ml_mm!! .. Tt. eum , 

1-' 
-=­\,1\ 
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APPENDIX D. 
~ 

Table D-1: 

146 

- ' 

\ Lj..terature survey of total and nannoplankton biomass from a 
,. 

range of lakes of different trophy. 

/ 

__ r -

'1 
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/ 

1/ 
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1 
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.. . 1 
1 
1 
! 

~.j 1 
No. Lake Author(s) Total Biomass % Nanno. Defini tien of Mean Depth Surface Area 

't' t!1g1 -1 
Biomass Nannoplanltton z(m) SACha) SAIT. 

Fraction 
c 

Memp h reœagog Watson (1979) 

l.o . Station 1 ('76) 2884 24 <35 ',lm 7 2020 288.6 

2 2 (' 76) 3284 20 7 2390 314.3 . 
3 ~ 3 ('76) .. 2121 21 50 2L66 43.3 

4 4 ('76) 1466 é 28 
. 

13.5 1880 139.3 
,.-

.s 1 (' 77)" 161l 28 7 2020 288.6 

6 2 (t 77) • 1665 31 7 2390 314 t 3 

'" 7 3 (-f 77) !~12 1 44 50 2.l~6 43.3 

<~ lIf/I-r 4 ('77) .. 1106 41 13.5 1880 139.3 

9 Sup. itis. Munawar & 100 73 "Phytoflagella tes" 145 8330000 57450 

10 Sup. off. Munawar ~197S) 100 77 145 8330000 57450 

11 Whlt~f1sh 200 57 .. 11.5 8330000 - 57450 . 

12 Duluth 300_ 59 76 8330000 57450 
~ 

13 • Buron off. , 500 26 76 5951000 78300 

14 OrItarto'off. ... 1000 54 91 1876000 20620 .. l-
lS Huron (B.Pen.)of!. , 900 11 76 5951000 78300 ~ 

"-.J 

"" 

~I:: :' ,.' i ::: : ,. fi' 'P •• Nil nat.lls n!II~IP.n 1 ri ',".'"Dm rm. 
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ft 

• $il! 
1 

J-

'" 1 

t'O. 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

f 

"J 

0 . 

• 

Lake 

Ontario in. 

lluron (B .l'en.)1n. 

-
Erie off. cene 

Eric ins. E. 

Ene off. S. 

Eri~ ins. cene 

Erie ins. W. -

Erie ins .(B.lsc.) 

Huron (Sagin) 

Hertel 

Pa11jarvi 

Miko1ajskie 

Esrom 

Bavc1se 

Tystl'up 

Brie!\zersee 
~ 

ct 

9 

Author<s~ Total Bj.OlllAB8 

~3. 11181-1 

l.... 

1 
1200 

1500 
c ... 

2600 

3100 

3400 

4400 

5600 

6000 

8200 

lCalff (1972) 8~ 

Granberg (1970) 40.0 

~podniewska .tl 41:(1973) 8600 

!Cristiansen (1971) 1100 (est.) 

8600 ,(est.) 
1 .-

15700 (est.) 

Paven! (1963) 1000 

~~ 

0 

~ 

~ , 
"-

% N8Ill1o. Defini tian of Mean Depth Surface Area 

Biomass Nartnoplankton 'z(m) SACha) sAli 
Fraction 

58 
~ 

91 1876000 20620 

17 76 5951000 78300 

47 21 2582000 122952 

38 11 25~000 1229?2 

46 21 2582000 122952 

23 21 2582000 122952 

35 21 2582000 122952 
'" 

26 21 2582000 122952 

23 76 5951000 78300 

60 <64 JJm -3 29 -10 

75 <60 JJm 14.4 1340 93.1 

30 11.0 460 41.4 

31 <45 >lm 2-2 (max.) 

28 8 (max.) 110 13.8 

30 21 640 30.5 
:.. 

80 176 2918 16.6 

f-' 
(; " - 5;\ 
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~/ 

1 

~ 
-c;' 

r ... , ~ 
'-

J 1 
~ 

~ No. Lake Author(s) Total Biom4!ls % Nanno. 'Definition of Mean Depth Surface Area 
-~ mg1 13i omas 9 rt annop lankton i(a) SACha) SAii 

Fraction ..., 

32 Thunenee 1700 41 135 4808 35.6 -
33 Walensee ; 3600 33 103 2327 22.6 

34 Sempachersee 4200 14 46 1437 31.2 

35 Z\lrichsee 2200 45 54 6700 124.1 1 .,. 
36 

.., 
Hal.1v.1.~ersee 16200 5 ~ 21~ 1029 490 

37 Pfaffikersee 18600 5 lB 325. 18.1 

38 Rynskie Spodn1ewska (1978) 34200 6 <30 \lm 136 620 45.6 
• , 

39 Sl:.ymon 28900 ~" 1.1 
:::-:. 

15'4 140.0 

40 Szymoneckie 26700 7 <1.0 181.1 181 

41 . Kotek 24400 15 <1.0 42.1 42.1 

. 42 J~god."\e 15600 4 8.~ 936 107'l.6 

43 Boczne 15500 10 8.7 189.8 21.8 
.. 

44 GuUanka 1J1elka 12100 39 6.5 72.0 11.1 

45 Mikola.k:l.e 9300 lB n.l 460 41.4 

46 BelcSany 8700 ~ 13 10.0 780 7S.0 " . 
47 Taj,ty i,500 15 7.6 251-2 33.1 

; ~ 
~ 
>C 

P" 

III . 7 • 5 7 - 7 D'I' ; 11117 r •• 1 etC" m • ' 

' .' " . ------
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o , ~ o 
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.1\ 

J 

.' é. NO. Lake Author(s) Total lIiON.S8 % Nanno. Definition of Mean Depth Surface Area 

mZl-1 .Biomass Nannoplankton ~(tI) SA(ha) SAI';. 

.7 _ Fraction 

48 Sniardwy .,.. 8100 22 5.9 10598 1296.3 

~ 1 ~9 ~ Niegoc:in 7100 32 '10.0 2498.8 249.9 

50 Taltowisko 6300 13 ~ 14.0 323.4 .:.23.1 

51 Talty 5500 23 .... 7.6 1160 152.6 

52 Nidzlde 5100 6 ' " 6.2 1724 278.1 

53 Cudanks.Hala 2600 79 2.6 42 15.2 

54~ Haneza 2000 

" 
30 38.7 311.4 8.1 

'..:-
55 ..... C1cladzkie l 92700 , l 7.9 416 52.7 

? 

Sb Bi ale 78600 2 9.4 " 374 39.8 

57 Zdruznd 

~ 
56600 ' ' 5 4.7 246.8 52.5 

58 Walpunskie 35200 6 " , Q 3.0 49.5· 16.5 

:- 59 Kujnd 34900 16 2.0 30.0 15.0 

60 Dluzec 33700 8 7.4 127.0 17.2 

61 Gardynlfe 13000 53 2.2 107 48.6 

6% ZY2droj WelM 12400 28 S.O 200.1 40 

63 Lampasz 6800 CJ,I\ 9.2 76 8.3 , 1 ,,, 
~'. 1 " ..... 

\.,"1 • o 'f , 

J 
~ 

~ 
" 
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APPENDIX E. 

t 
Variance associated with.estinultes of total biomass. 

Total biomass was estimated from weekly or b i-weekly tube samples 

ta ken to the depth of the epilimnion during stratification, or to a 

maximum depth of O.Sm above the sediments in South Basin. and 15m in 

Central and North Basins. 

Since tube samples represent the average concentration or biomass 
~, 

of the water column sampled, and are not weighted for basin morphometry, 
" 

they cannot be used to calqdate areal biomass, particularly in South 

Basih, which has a relatively large littoral ar~ 
, 

In addition, the 

degree of spatial hetcrogeneity in phytoplankton biomass aro-und each 
.. 

Btati()~ was not investigated. ~ence the samples aI?alysed can only be 

considercd as representative of thp biomass of the station ltself, and not 
. j 

necessaril~ of the assoèiated basin. 
v 

Individual estimates of total biomass inc1ude error associated ,.,11 h 

" satnpling, subsampling and enumeration, as weIl as tha t arising, frOID the ... 
c~mput~tion of mean volumes for each unicellular or colonial species (Lund 

ct a~., 1958). However, according to these authOrs, confidence limits 

calculated from ~an counts of individually sedimenting units (e.g. cclls, 

colonies and filaments)( give a reasonable estimate of the total error, 

providing that the distribution of these units within the counting chamber 

i8 Poisson. 

Methods. \ 
\ ,) 

Total variance, including sampling, subsampling and counting err$)r. 
, , 

was estimated from two sets of three replicate tube samples, taken under 

" 
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. 
conditions of low and hign phytoplankton biomass (11/5/78 and 28/5/78 ,. , 

respectively) in Central Basin. Measurements of total biomass were 

obtained in the usual manner for each sample (see section on net and 

nannoplanktQn distributi on) • In addition, three subsamples were 

settled for each of the three samp1es of high biomass, and the 

distribution of organisms 'within the counting chamber examined using 

counts of four selected species across 20 d~agonal transects. These 

sp€cies were chosen as ;:-epresentative of a numerical1y abundant 

unicellular form (Cryptomonas reflexa}, a rare unicellular form 

(Gymnodinium helveticum), a filamentous species (Melosira ita1ica) and a 

colonial species (Dinobryon cylindricum var. alpinum). A two-tailad 

Binomial test~was used to test whether the distribution of these four 

spec'ies wi thin the chamber was significantly differen t from a Poisson. 
, 

Furthermore, differences between tube samples and replicate subsarnplcn 

were tested for us;l.ng nested ANOVAs1pn both transforrned and untransform~~d 

data (x - IX;! X = lX+l for 10\J counts). A non-parametric Kruska1-Wallis 

test (Siegel, 1957) was also used to test for differences between 

subsamples, assuID1ng a mut~l independence between transects. 

Resu1ts and discussion. 

There was close agreement betweeb total biomass estimates for 

replicate tub~ samples, bath for high and 10w phytop1ankton densit! (± 1% 

and ± 6% (2SE) respectively), although the nannoplankton ~actions «10 ~m 

and <35 vrn) showed higllcr relative variance (±10% and ±?6% respec'tive1y 

for the low biomass sa~.1es; 
~ 

/1 

±26% and ±18% respectively for the high 
1 

. . 
.. 
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biomass samp1es; Table E-l) • The variance ass0ciated with individual 

f/ 
speciés' Jo/as a1so higher, particularly for large, rare forms (e.g. 

Peridi.nium aciculiferum, Synedra ulna, Melosira italiea). There was VE! l'y 

little differ'ence in the number of taxa observed in the replicate tube 

samp1es. 

Using the Binomial test on l.ounts of the four species from the 

high biomass tube samples, the distributions of these organisms within the 

counting chamber ","ere found ta diff~r significantly from a Poisson in 1,5% 

of the su', .amples for the filamentous and colonial species, 37% for the 

cornIllOn unicellular form and 9% for the rare, unlcellular form (Tab,le E-2). 

Analysis of variance on these counts from replicate subsamples showed no 

significant differences in the abundance of each of the four species 

between replicate tube samples for both transformed and tl.itransforroed d Ita. 

However, in each case, differences between sUbsampies f:om tube S["! ' ""~ t'lere 

highly significant (p <0.01). Significant differences between subsamp les 

were a1so found one in three times for a11 four species using the 

Kruskal-Wallis test (Table E-2). Thus, it appears that most of the variance 

associated with estima tes of total biomass in this study i8 attributable to 

subsamp1ing, Sédimentation and counting error. Because of non-random 

settling of organisms wi thin the counting chamber, the variance canno t be 

ca1cu1ated directly from the mean, as in Lund et al., 1958). However, 

counts from the two sets of trip1icate tube samples, and o,ther replic,ttc 

count~ made on routine samples, indicate that the replicability of bior"ass 
J 

estimates is good, although the variance for individual species may be 

quite high. Furthprmore, paired comparisons betwécn stations show highly '. " 

significant differences in both total and Aannoplankton biomass in 1976 and 

_.U7IU-X*. v.-a ..... w'IIJII ...... 4fJ,~/~ ........ ,'W':t" .. If~iiltJ.>>l-oI·;A<~"'<'~ "'~j("" 'lt.I<Y\;" 
• ~ 1 1 

< , 
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Table E-1. Estimates of biomass and numbers from trip1icate tube samp1es 

taken under conditions of 10w (11/5/78) and hign (28/5/78) 

biomass in Central Basin. Lake Memphremagog. 

.... 

LOW BIOMASS TUBE SAJŒLES (11/5/78) Tube 1. Tube 2 Tube 3 - 2SE (%) x 
'\. 

~ -1 Total "bio ss (11g1 ) 193.4 192.4 194.4 193.6 1.5 ( .8%) 

Total fi 1 -1 
"- 1053630 1063060 1054030 1056906 6158 (.6%) 

; 

-1 Total n filaments 1 1571 1178 393 1047 693 (66.0%) 

Biomass 10 -1 m (1181 ) 61.8 65.1 73.3 ~ 66.7 6.8 '(1<1".0%) 

~ -1 ~ 

Biomass 35 m Ülg1 ) 12LO 122.1 139.4 127.5 12 ( 9.0%) 

-1 Chrysocbromulina parva (l1g1 ) 23'.4 16.6 19.6 19.9 3.9 (19.0%) 

"cryptëiiri5nas-Ief~exa (J.l~1-1) 
"-

"-
15.0 11.5 16.8 14.4 3.1 (22.0%) 

.! 

Coelosphaerium naeglianum (l1g1-1) 14.7 21.0 14.7 t 16.8 4.2 (25.0%) 

Melosira it;alica subsp. subarctica Ülg1-1)- 14.0 
" 

6.5 6.8 8.1(119.0I) 
, -1 

Gymnodinium veris (l1g1 ) 13.9 16.5 21.5 17.3 4.5 (26.0%) 
-

Peridinium aciculiferum (lIg1::1) 13.6 11.9 1.7 9.1 7.4 (82.0%) 

-1 
Rhodo~nas minuta (lIgl ) 11.3 14.1 18.4 14.6 4.1 (38.0%) 

Total # taxa observed in samp1e 39 42 41 

,. 1 l , -L , 111' '$7r 3 "zr' 'Z rI 

=-=-- ~"----~~._- . --_ .... l' 
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RIGR Blè;MASS TUBE SAMPLES (28/5/78)- Tube 1 Tube 2 Tube 3 - 2SE (%) 
1 

x 
~~--

r~ 1 Tdtal biomasS--(Ugl-1) 
," " 2026.6 2123'.b 2264.4 , .:2137.5 '136.8 (6%). 

Total Il 1-1 
:r 6260820 7834890 9552230 7882647 1900895 (24%) 

~82 
.. ' 

-1 
35344 2906Q (15%) Total # filaments 1 30762 30762 

. -1 
Biomass <10 um (Ug1 ) 488.3 564.4 746.4 599:7 153.6 (2~%) 

-1 "-
Biomass <35 lJm (ugl ) 762.9 895.4 1047.9 902",6 164.6 (18%) , 

Melosira italica $ubsp. sab~ctica (Ug1-1) 510.8 467.2 367.2 448.4 84.9 (19%) 

Chrysochromuli.na. Parva (pgl-1) 229P9 279,.0 ' 349.9 286.3 '691; (2.47.) 
~' -1 ' 

Diatozra tenue var .• elongatum- (ugl ) 121.~ 63.6 016.0 97.2 34.8 (36%) 
~ 

1 - -1 
111.7 Rhodomonas minuta (ug1 ) 113.1 I71.1 132.0 J9.3 (30%) ... • , -l- , 

f Asterionella formosa (ugl ) 110.3 87.3 123.7 107.1 2-\.3 (20%) 

1 Synedra ulna (Ug1-1) . ~ , 109.9 157.1 89.0 93.1CI05%} 

-1 
~ 

i 
1 Cryp~omonas reflexa (~ ) 60.9 90.1 87.5 79.5 18.5 (2~%) , 
~ , 
1 Total # taxa observed in samRle 72 74 74 t 
1 

1-' 
V1 
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il l 

i. 
ï 

î 
~ 
t 
• 

. , ) 



( 

, 

• .... ~ ........ '? .... ____ ~ • __ .. __ • _______ ~-.. t~·« _________ ..;... _________ _ 

158, 
•• 1 

Table E-2. ltruskal-Wallis and Binomial Tests on replicate coœts 

of 4 species (High biomass tube-samp1es) acrOBs 20 

diagonal transects. 

KRUSKAL-WALLIS TEST 

(differences between subsamples) 

BINOMIAL TEST 

~Species 

Cryptomonas reflexa 

Gymnodinium helveticum 

Melosira itallca 

subsp. subarctica 

Dinobryon cylindricum 

var. alpinum 

Kruskall-Wallis test: 

/ 

(Poisson dist.) 

Tube 1 Tube 2 ,t Tube 3 p<.05 p<.OO5 

A A 63% 82% 

R A A 91%· 100% 

1r 

R A A 55% 64% 

A R R 55% .100% 

-ri 
A s H accepted. i.e. no significant differences 

o . .,.. 

R - H rejected o 

between subsamples (p<.05). 

Binomial test: % samples ln which distribvtion not significant1y . 
different from Poisson at level of significance 

indicated. 
, 

/ 

1 
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~g.77 (Table '4). indtcating that the var~ance asffociated wi th individlJa}, 

estimates 1s not suffi~ient to obscure ~ignifi~ant differences in tobal 
/' 

bi omas s'. 

, 

Error· associéJted with es..timates of ,mean cet'l ;olume. 

~ formaI estimate of this error çoul? be made. Mean GeU 

dimensions were obtained from a'minimum of 50·specimens.of the most common 

J'l sLat:ons.' , C~ll:" species; fewer for rarer forms, from sqmPtes taken at 
, r ~ 

volumes were calcu'lated from the mostl"suitabl~ ,êombinafion o~ geoll1€'tric 

shapes (e.g. Kling and Holmgren, 197~). The celi voLume of Ceratium 

hirundinr'lla lias obtained from K"ling and Ho1mgren, 1972. No correct jans 

,. 

was made for the non-cytoplasmic tVolume of individua1 cells (c.g. Smayda, .-. r. , 

1965, Devaux, 1977). Although this volume can be appreciable, 'it vQl"i~es 

considerably between species ~f a single taxonomie group and, furthermore, 

with the phy:dological 'conditj;on of a given indiV'idunl cell (Sicko-Go.:id et . ~ -
r ' 

al., 1977). Filamen t biomass was es tima ted· from volume per lJm length, 

calculated from mean filament diameter, or for sp.ecies with appreciable 

constriction st cel! junctions (e. g. Anllpaena plancton{ca~ • from~he average 
. 

vo1 Hill€' of individual cells and the meau number of cells per unit l:ength. 
) 

J 

The length of each fllament enumerated was measured to the nearest 25 ~m and 
> 

the total biomass computed. Fragilaria species were c1assified as- filaments 

(and thus included in counts of total filament concentrations), but bio~ss 

for these species was calculated from individually measured fila~nts 
• ...L.. 

, .' 
. (approximated to the nearest 20 }.lm foi:' both leng"th a'1\,d heiUght), assuming a 

" 
mean valve width. and using ~ correction factor for spaces-betwecn individual 

frustules (Fragilaria crotonensis). 

.' 

/II 
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l ' 
:... 1 .. 

Where possible, the ~1omaBS of colonial forma was obtained by 
, 

counting the nUIIÎber of éel1s in each colony ,enumerated, and us11\j mean . ' 

volumes of mature, or (When present in any abundancc) daughter cells (e.g. 

G. schroeteri). Where cel! counts were extremely difficult, colony 
,4\ 

dimensions were measured ta the nearest 25 pm, and colonies approximated 

to a spherical or ellipsoidal shape • Unless there ,was very clos!> 

association between cells (e.g. newly formed' daughter colonies; Bome 
/ . 

. coenobia), corre'~~ons were made for notl.:-cellular volume Ou.!rocyntis, • 

Aphanocâpsa, Ap han the cc, Coelasphaerium and Gomphosphaeria spp.) 

, , 

, -

• 

~ 

, .. 
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APPENDIX F. 

l\ 
Variance associatea with chlorophy11 a measurements. 

1 

The variance associated wlth ch1~ measurements can he considered 
, 

under two general categories - sampling error, and that attributab1e to 
o 

the technique. 

Sampling error .was examined using total and nannoplankton «10 lHn, 

<2c1' llm,. <35 \lm, <64 llm) chIa measurements from two sets. of trip1ieate tube - , 

samp1es taken under conditions' of low and high phytoplankton biomass '(se~ 

section of variability in biomass estimates). 

• 

The variance associated with technique (a1so encompassing subsamp1ing 

er~r) was investigated from triplicate subsamples from tube samp1es taken 
, 

during 1977 and 1978 (total chl~ only) , In addition, the ca1ihratLo.l 

between absorbance (at 665 nm) on the Spectronic 88 spectrophotometer and 

fluorescence on the Turner ~del 110 fluorometer was checked using samples 

taken from a range of phytoplankton densities and species assemblag<'s. in 
#" 

1976-77 (a total of 101 samples). ( 
The short-term variability in % nannoplankton chl~ was also 

examined using 2 m samples taken.during the development and de cline of the 

spring diatom population in 197i (see section of variance associated with 
\ 

production measurements). 

Results and dtscuRsion. / 

'" The variance among triplicate tube samples was appreciabie, 

'\ 
particularly for loti chI,! concentrations (Table F-l) , where it ranged up ta 

± 46% (for the fraction <64 ~m), and averaged around ± 20%. The resolution 

between the nanlloplankton fractions was poor; in fac-t, in one series the 

) 

JI 'M7 'rmm. 
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T~ble·F-l. Méan chla (mg m-3) for the dlfferent sizp-fractions in 
t~ series of repli~ate tubes taken under conOltions of 
lowand high biomass at Station 3 (Central Basin) in 1978. 

-\ 
11/5/78 (low biomass) 28/Sh8 (high blol1lèl9s) . . 

Fraction x ±2SB . (%) x . ~2SE (%) 

TOTAL 0.95 0.17 (18%) 5.45 0.13 ( 2%) 
. 

64tJm 0.78 0.36 e (46%) 3.93 0.99 (25%) 

3~m 0.57 0.12 (21%) 2.78 0.58 (:>1%) 

~ÜlJIn 0.51 0.06 (12%) 3.6 0.31 ( 9%) 

lO\.tm ,# (J.50 0.03 ( 6%) - - -

/ 

! 

, . 

.... 

J 
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T}lble F -2. Replicate ctu~ measurements on triplic.ate subsamples froIn 
1 tube samplès taken in 1977 and 19Z~ at~4 stations ip L. 

Memphremagog. Values in mg.ch1,! m • "\ 

(- ... 
\ 

Tube Replicate , -Station (m) Pate 1 2 3 x ±2SE (X) 
. . . . 

3 (8.5) 4/6/77 3.5 3.6 3.9- 3.7 0.2 ( 7i.) 

1 (7.5) 11/6/77 12.8 11.4 12.4' 12.2 0.8 ( 7%) 
. 

2 (8.5) !1/6/77 6.9 6.3 6.7 6.6 
1 

0.4 ( 5%) . 
2 (8.5) 18/6/77 

, 
9.0 .J 7.4 6.4 7.6 1.5 (20%) 

3 (10) 18/6/77 5.1 4.5 5.1 4.9 0.4 ( 8:%) 

1 (7.5) 25/6/77 5.1 5.8 5.1 . 5.3 O.~ ( 9%) , 
2 (8.5) 217/77 6.4 4.3 5.4 5.4 1.2 (23%) 

" 1 

2 (8.5) 6/8/77 4.5 3.7 3.6 3.9 -0.6 (15%) 
, 

, 1 (7.5) 16/9/77 ~ 8/.~ 7.4 9.8 8.7 1.4 (16%) 
'" 

2 (8.5) 1619/77 6.2 6.9 7.5 6.9 0.8 (11%) . 
3 (8.5) 16/9/77 3.6 3.7 3.6 3.6 0.1 ( 2%) 

• (8.5) 1/1"0/77 ( 4%) '1. 4.9 4.6 4.6 4.7 0.2 
• 

4 (13) . 1/10/77 3.4 3.0 2.8 ~.l 0.4 (12%) 

3 (15) 11/5/78 ,1.1 0.8 0.9 .0 Q.2 (187.) 
/ 

3 (15) 18/5/78 1.0 0.8 0.9 0.9 0.2 (16%) 
,. 

3 (15) 22/5/78 1.1 1.1 1.0 1.1 .04 ( 4%) 
\ , 

3 (15) 23/5/78 2.1 1.9 . 2.3 2.1 0.2 (11%) 

3 (15) 24/5/78 3.1 4.3 3.2 3.5 0.7 (21%) 

1 (7.5) 24/5/78 5.1 5.2 3.4 ::J 4.6 1.1 (25%) 

2 (8.5) 24/5/78 4.5 5.2 4.9 4.9 0.4 ( 8%) 

(15) 25/5/78 
, 

3.~ \ 3 3.8 3.6 3.7 0.1 ( 4%) 

3 (10) 25/5/78 4.0 3.7 3.8 3.8 0.2 ( 5%) . 
1 (7.5) 31/5/78 3.8 3.4 4.3 3.8 0 . .5 (13%) 

" -

( 
,~ 

3 (12) 15/6/78 2.5 2.5 2.5 • 2.5 1 - ( 0%) 
1 . ... -

x (11%) 
" 

2 • 
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,/, Table F-3. Relative contributions to tota.~ chIa ~ 

"..,\ (%) . of nannoplankton fractions < 64J,l;, 
<3511m, <20 ... m and <lOpm at. 2m d~pth in 
Lake Memphremagog (Station 3), spring 
1978. "\ 

~ 

Mesh size ( '\.lm) 

Date 64 35 20 10 

, 15/5/78 62 , 80 66 47 

18/5/78 109 138 88 

22/5/78 82 67 

25/5/78 9~ 80 73 " 

2i115,?& 75 66 57 53 

.... 129/5/76 78 .066 "68 59 

30/5/78 103 76 89 70 

1/6/78 98 ,77 76 64 

3/6/78 80 91 91 68 

5/6/78 

10/6/78 85 84 

12/6'/78 74 62 43 

x 86' 82 72 61 
'1 

2SE 9 12 10 6 

(%) • (11) (H) (13) (10) 
111' 

.. \ 
'" ( 

/' . . \ 
« 

• 
1 
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fraction passing through a 20 -~m mesh .exhibi ted a higher ëhl~ content than 

that passin~ through a 35 ~m mesh siz~. This was a1so observed in a number 

of sa~p1es ta~en during the progression of the sprïng diatom population in 

1978 (TapIe F~3) • Similar overlap was shown by cotresponding fractions of 

nannopl~nkton production on fewe'r occasions, but differences betwe'en the 
. 

fractions were f~equently very smaii (~able F-3). This suggests that the 

error associated with the chIa technique obscures small differences between 

nannoplankton size-fractions thàt are better resolved by the 14C'technique. 

Measurements of total ch~ from triplicate subsamples of sin~te tube 

samples a1so indicate that there is considerable vadabi lit y .associated with 

this technique, with an average range in variation of ± 11% (2SE) and a .... _~ 
. ' .... 

maximum of ± 25% (Table F-2). ~his may account for the fact that no 

significant change in the calibration between the 'spectrophotometer and the 

fluorometer was found througllOut 1976-77, despite snifts in species 

assemblages and h~nce in associated.pigments. 

However, despite thlb, greater error àssociated with chl~ meas1lrements, 

. the relative contributions (%) of the nannoplankton fractions to total ch~ 

and total production at 2m sltowed iô,rery similar temporal patterns (Figs. F-la, 

b, c, d},-;-and' significant correlations were found between % total chia and % 
, 

total production for th~ f~actions <10 vm, <20 vm, <35 vm (r ~ 0.83, 0.65, 

0.71. respectively; p <.05), ln addition, the nannoplankton fractions 

accounted for similar proportions ol total chIa (x = 61%, 72%, 82% and 86% 

~espéctive1y; Table 'F-3) and total production (x = 49%, 70%, 72% and 79% 

respectivelYL Table G-3) over the month long period of thesa measurèments. 

This indicates that while the chla technique ls not sensitive to smaH 
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Relative tontribudon (%) of nahno'plankton fraction 

to to ta1 chl~ (-----''---) aad1pro"duction ( ................. ) 
~ 

at 2M at Station 3 (Central) in La~e Metrtphre!Mgog, 

May-June," 1978. p 

li 
Day nun:ber ~from May lS~! 1978. 

Fig. F-la 64 pm 
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Fig. F-lb 35" \l1ll 
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differences between's~e fractions, larger temporal fluctuations ate 

reflected by these measurements. Furtherrnore, although the relative 

contributions of nannoplankto,n to total chl~ and total production may shov 

little. correlation over the entire season (,see Section 1). siflifiCant 

correlations between these measurements are found over a shor1 time period, 

such as that covered by the duration of these experiments. 
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APPENDIX G. 
,1 

Variance associated wi th primary production estimates, us~n8. the;4c 

technique. 

In genera1, th~re appear ta be three major sources of variance in 

production estimates: error associated with sarnpling and technique 

(including counting error), and the natural variance associated with 

fluctuations in insolation, biomass and photosynthetic capa city (e .g. 
o 

Vollenweider, 1969). Two series of experirnents were run to obta1n Bom~ 

estimate of variance associated with sampling and technique, particularly 

for the nannop1ankton fractions. The effects of diurnal variation in 

insolation, biornass and photosynthetic capacity w,ere not exarnined; lft:l~v<,r, 

sarnples were routinely incubat~ at the sarne time of day (mid-morn lng to 

early afternaon), for 3-4 haurs. In addition, for the purpose of this 
-.. 

study, production rates were nnt extrapolated to a daily basis, but are 

reported as hourly rates. 

Methods. 

The tncthod used for production ~stimates in these experiments is as 

outlined in Section 1. In the first experiment, t~o series of trip1icate 
• 

1 

production runs were done on consecutive days at station 3 in M:y, 1978. In 

the first series, ~ree subsamp1es were taken from one Vaq Dome water bottle 

at each depth, while in the second series, subsamp1es were taken from three 

separate water bottles at each depth. Tr~p1icates were innoculated with 

14C and suspendèd at each depth s1multaneous1y, such that there were' 3 light • , 
bottles at every sampling depth, and 3 clark bottles àt alternate depth. 

Following incubation, triplicate, samples were filtered simultaneous1y and 
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\ 

'. 
and subsamples from the 2m light bott1es were sclectively filtered through 

screens of mesh sizes 10 ~m, 20 ~m, 35 ~m and 64 ~m. 

In J:he second ,experiment, the temporal vai:iability of nannoplankton 

production at 2m depth was investigated more closely. Prim.lry production 

was measured approximately every second day from mid May ta rnid June, 197~, 
Q " 

at station 3 (Central Basin). This period coincided with the development 

and decline of a spring diatom assemblage of Synedra ~ var. angust-i.ssl.!~, 

Asterionella fO'rmosa and Diatoma ~ var. elongatum, which was monit(l",Ù 

by chIa measurements and visual inspections of samples under the micros{.c)pe. 

':' 

Results and discussion. 

The resu1ts of the fir~t experiment have nat been converted ta 

production rates, but are reported as sample activity (c.p.m. per 50 ml 0f 

sample, corrected for background and differences in the volume of l4C 

.innoculated), aIl other factor's being constant between replicatcs except pH 
/ 

and a1kalinity in the second series, which showed a maximum Variation of 

± 0.08% and ± 3%, respectively (Table G-l). 

Vari?tions between repli~ate bott1as from the same ~ater sarnples-~ 

was fairly low, ranging up to ± 16% (2SE), and averaging about ± lOi.; 

variabi1ity between dark bottles was slightly 10wer (Table G-1). Replicate 

selective filtrations showed very close agreement, both for measured activity 

(max of ± 7%), and %total (max of ± 7%) at 2m. Tangled 1ines resultP.d in 

the loss of" severa1 bottll'~ in the second 'serres but the 

also showed relative1y loJ variability ~max of ± 10%) . 
• 

remàining samples 

lelective filtrations 

showed greater discrepancies in this run, especial1y for the fractions 

<20 ~m and <35 pm for both activity (± 12%) and %tota1 activity (± 14%) 
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Table G-l. Mean activity and range of variance At each depth for two series of triplicate 
production runs on 5/6/78 (triplicates fram the same sa~ple), and 6/6/78 
(triplicates from separate samples) at station 3, L. Memphremagog. 

.... 

Triplicates from same sample 1 -- - Triplicates from separate samples 
Depth! light bottles dark bott1es 1ight bottles 

.., 

(m) cpm ±2SE (X) cpm ±2SE (i.) cpm ±2SE (t) 
! dark bottles 

cpm ±2SE Ci.) 
: alkal~nity 

mg.m- ±2SE(%) _ pH 

0 1956 83 ( 4%) 1886 163 ( 9%) 43.3 1.0(3%) 8.03 

1 1491 228 (15%) 42 2 \6%) 57 3 ( 5%) 43.7 0.6(1%) 8.02 

2 818 43 ( 5%) 
1 2424 90 ( 4%) 43.1 0.5(1%) 8.05 

3 516 47 ( 9%) , 39 2 ( 5%) 2468 219 (10%) 43.2 1.1(27.) 8.01 , 
5 175 - 28 (167.) 43.4 0.1(.2%) 8.0 

7.5 62 7, (11%) 34 3 ( 9%) 53 4 ( 81.) 43.9 1.0(2%) 

Table G-2: ~ean activity and 7. total activity for nannoplankton fractions ~10 p~, 
<20 ~m,~5 ~m, and <64 ~m at 2m depth from two series of triplicate 

production runs, 5/6/78 and 6/6/78 at station 3, L. Memphremagog. 

" 

mesh Triplicates from same sample 1 Triplicates from separate samples 

(llm) cpm ±2SE (X) %total ±2SE (X) L cpm ±2SE (X) %total ±2SE (%) 

la 1 562 
19 ( 3%)~_ lJ6 .;S ( S~) 

1 

1663 59 ( 4%) 66 6 (11%) 

20 599 38 ( 6%) 10 2 ( 4%) 1911 230 (12%) 74 10 (14%) 

35 , 647 44 ( 7%) 76 2 ( 3i.) 1 1876 222 (127.) 74 10 (14%) 

64 668 7 (11%) 76 6 (n) 2035 12 (,lX) 80 4 ( 4%) t 

7.9 

\ 

.~ 
c~ 

1 

! ± 2SE(%) 
1 

. 03( .4%) 1 
1 

.03(.4%) i 

.06(.7%) 

.04(.4%) 

.06(.7%) 

-

~ 
-...J ,.... 

J ,. 

f 

1 
f 
1 
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Relatii~ con'tributions to total production 
(%) 'of{ nannoplankton fractions <;64\lm, <35~m. 
< 2QJm àmL.SlOJ.lm st 2m depth in Lake Memphre­
magog (Station 3), spring 1978. 

Date 

11/5/78 

15/5/78 

18/5/78 

22/5/78 

25/5/7..8 

27/5/78 

29/5/78 

_ 30/5/78 

1/6/78 

3/6/78 """ 

5/6/77 

6/6/78 

8/6/78 

10/6/78 

12/6/78 

l' , 

-x 

2SE 

(%) 

64 

97 

77 

88 

84 

S6 

71 

68 

71 

80 

79 

77 

81 

79 

74 

66 

79 

4 

( 5) 

Mesh size (\lm) 

35 20 10 

80 88 49 

68 64 39 

84 812 
, 

46 

69 71 15 

82 19 20 

62 54 46 

63 59 54 

69 62 5~ 

76 69 56 

70 , 75 63 

76 70 66 

75 76 66 

67 66 61 

71 69 57 

64 57 51 

72 70 49 

4 5 8 

( 5) ( 7) (16) 
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(Table G-2). The resolution in activity between these mesh sizes was fa"" 

• in bbth' pt;;oduc.tion runs; however, the -fact that a large difference in 
/.:~~ 

variab~lity between replicates ~'1as not observed between the two experi1œnt9 
,,:;r., 

ind.icatés that sampling 'etror,',!"S small comparèd to that associated witlt , . 
" 

technique • 

In the first experiment, the difference in the relative contribution 

(%) of each size fraction to total production between the two days was RmaI1 

(yariation in act,lü activity ref1~cting a tn8rked difference in incident 

radiation received during cach incubation). Similar lack of teq>oml 

variability in the 'relative contributions of the different size fractions 

was more etfective1y demonstrated in the 15 consecutive production 

measurements of the second experiment (Table G-3; Figs. F-la, b, c, d), in 

which the highest variance was shawn by the faction <~O lJm (± 16%). 

Howevl:'r, similar tempora). patterns were exhibited by the relative 
, 

contrtbutions of the nannoplankton fractions to both total chli!, and 

production (Figs. F-la, b, c, d; see also Appendix F); and it appears 

.4 'f that these fluctuations were not slmply due to random error, but real Llnd 
\ 

detcctab!e despite the genera1 variability associated with both technlques. 
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