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ABSTRACT
» %,

.
Netplankton species' (>351m) showed ma‘jor sea\sonal shifts
during the study period in Lake Memphremagog (Québec-Vermont), while
nannoplapkton specles (<35um, <10um) were ubiquitous. Data fron
both Lal\:e"' Memphremagog, which has a significant nutrient gradiemt, and
from a literature survey of a number of lakes of different txrophy
showed tlat wj~th increasing total biomass, there is a significant hb
increase in nannoplankton biomass, but the relative propor;:ion of
nannoplankton (7) shows a significant decrease (p<0.0001). A similar
highly significant relationship was found for nannoplanktan (<35um) and
total chlorophyll, but not for productiori. Phytoplankton biomass im Lake
Meuphremagog (1976~1977) was dominated by Bacillariophyta, Cyanophyta
and Cryptophyceae. Short-term fluctuations in the biomass and reclative
importance of each major taxonomic group were frequently not associared
with changes-in ftotal 'p‘hfsphorus. This was also true at the species
level, and with the ra;xge of nutrient levels observed in this lake

(9-29ug1~}

total Rhosphorus), other factors appear to have a greatac
influence on the relative abundance of dqminant algal gro;Jps and indica*or
species. Similarly, on a short—tex;m basis;f the dominant morphology of ’
the netplankton fraction was not clearly related 40 total phosphorus.

1f the relative importance o‘f individual species iQ«ﬁEasured using
biopass rather than nurerical abundance,y within Lake Mon.'rumagoy,

there was a significant decrease in the phytoplankton conlwnity

diversity and evennesswith increasing total biomass.
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. d'fmportants changements saisoaniers durant 1976 ct 1977 au Lac

.significative nc se retrouve lorsqu'on utilise des Evaluations de produ-tion

biomasse et 1'importance relative de chaque groupé taxonomique n'btaient |

EXIRAIT . #

b ‘ : : ' |
Les cspédces de planct;'m de dimensions supétieu:cc.s & 35y m ot pﬁtrﬁ
Memphrfmagoy (Québec~Vermont) tandis que les espéces appartenant &. la
fiaction du nannoplanct,pnf( <35ym, < 10pym) ont été beaucoup plus
omiprésentes. Des données recueillies sur te lac, qui possdde un
gradient de matiBrcs nutritives d'importance,et suite 3 une revue de la
littérature sur des lacs de différents niveaux trophiques, ont demontré

qu'une augmentation significative de la biomasse du nannoplancton

accompagne une augmentation de la biomasse totale quoique la proportien

relative de nanngplanpton (%) diminue de fagon significative (p<001). De

méme, uhe r&lation trds significative a’ 8t§ trouve entre la fraction <351;n
et la chlorophylie a totale du Lac Memphrémagog. Pourtent aucune relation

primaire. Au cours des deux anndées 1976 et 1977, 1z biomasse du
phytoplancton au Lac Memphrémagog &tailt domine par les Bacillariophytes,

Cyanophytes et Cryptophycées. Les fluctuations 2 court terme de " la

généralement pas au'goc:léee avec les changements du phosphore total. Cette
observation s'applique aussi au niveaux de 1'espice, et 3 1'intérieur

de 12 zone de niveaux dé matidre nutritive obeervés au lac Memphrémagog ’
au cours de cette &tude, des fastgurs autre que le phosphore total
senblent avolir une fmportance supérieure sur la distribution et 1'-
abondance des principaux groupes taxonomiques et de l'espige indicatrice
d'un certain niveau trophique. De méme, 5 court terme la morphologie

‘ .
dominante du plancton de dimension sup&rieure & 35,m n'btait pas




'ciairu.u,t reliée ) cette matidre nutritive. §1 1'importance des espices .

’ N
individuelles est mesurfe 3 partir de 'la biomasée pu lieu de leur

sbondance numériqus, les mesures de la Btructure de 1a communaut®

mont¥e des rélations significatives avec le niveéau trophique.
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= . PREFACE
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<& - This thesis is presented in the form of two major‘s;ctionn, in
'accofdance«with theais style regulations authorized by the Gradiate
Training Committee of the Department of Biology, McGill University.

The first section investigates the relationship between phytoplankton
size distributions and tréphic level, and is written as a manuscript
rto be later submitted for publication. The specond section, containing
four chapters; further examines the relationship between phytoplankton
community structure and lake trophy, and summarises the results and
conclusions of;Sectionawl and 2, Phytoplankton data from Lake
Memphremagog and gther lakes are presented in detail in a series of

) Appendices (A-D), together with an analysis of the error associateq

with different estimations of phytoplankton standing crop (Appendices

E-C).
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FORWARD

Taxonomy has traditionally been used to investigate pﬁf@éﬁlankton

communities and, unlfke measurements of standinfcrop or productiom,

- provides some ingight into the nature of spatial and temporal shifts in

algal assemblages. Although emphasis has often been placed on larger,
more easily identified species (see Section 1), seasonal pulses of these
fo?ms represent only part of a more complex pattern of species succession
invélving both large and nugérically more abundant forms (lutchinson,
1967). However, a competent taxonomist can produce an overwhelming
amount of detailed information about phytoplankton communitlee which can,
and in fact often does, obscure the more general species patterns within
and between lakes, Moreover, unless sampling, enumeration and data
analysis are designed around a specific question, the application of
sophisticated statistical analyses to such data sets is of limited walue
(e,g. Devaux, 1977). Nevertheless, Stoermer (1978) argues that detailed
assessments of phytoplankton species asgemblages provide the most
appropriate measurements of water quality, éince environmental conditions -
should bg most immediately reflected in the predomiﬁant algal species.

Simiiarly, other authors have attempted to relate algal groups, species

. or species quotients to trophic level (see Hutchinsom, 1967).

- A éecond, non taxonomic approach 4s to group species of a
phytoplankton community into groups @according to morpholoéical
£
characteristics. The most commmon criteria used has been cell size

(Section 1). However, other aspects of cell morphology also appear to

play a role in species succession, and can similarly be uséd as criteria
b




v ‘ .
] M R
0 J
I3

for division of species into groups; for example: uw-ti‘lity,' surface-
to-volume ratio, and the morphology of colonies (Section 2).
° Lastly, detailed information on phytoplankton species

aesemblagqq permit the computation of measurements of community structure

guch as species richness, diversity and elquitibility (e.g. Margalef,1965;
r - R *
. Tarapchak and Stoermer, 1976; Eloramta, 1976; Devaux, 1977) (Section 2).
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//i A similar highly significant relationship was found between the <35 po

ABSTRACT '

r

Netplankton species (>35 um) showed major seasonal shifts durfng
1976 and 1977 in Lake Memphremagog (Quéf;ec-\lormont), while species
belonging to the nannoplanktou fractions (<35 ym, <10 ym) were much vare

’

dbiquitous. Data from both Lake nemphrfmayng, vwhich has a sipvificat
nutrient gradient, and from a literature survey of lakes of dilfering
trophy, showed that with increasing total biomass, there is a signicirzat
increase in nannopi@nkton biomass. {p <.0001), but the relative
proportion of nénnoplanﬁton 63 showgfg)significant decrease (p <.0001).
chlorophyll fraction and total chlorophyll within Lake Memphremagog, )
but no similar significant reiationship& were found between nan;oplankton
and total primary production. Although relative proportions (%) of
nannoplankton biomass and chlorophyll showed some significant correlations
with total phosphorus, '11gh§ anq temperature, the amount of unexplained
variance in 7 nannoplankton was very large, suggesting that hutrients Play

largely indirect role in size-selection. Fluctuations in the contribution

7“
. @ﬂ the nannoplankton are therefore more likely to be attributable to

fferential grazing losses.
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. Les espéces de plancton de dimensions superieures 354:! nontr&

. .d'importants changements sa:lsoﬁniers dmrant 1976 et 19'17 ah lac

Memphrémagog (Qué-Vt) tendis que 1¢=su espéces appartenant 8 ila ﬁ-actian
due nannoplancton (< 35 ym, < 10 um) ont. été beaucoup plus omniprésentes.
Des données recueilljes et au lac Memphrémadgog, qui posséde un gradient |
de matiéres nutritives 4' import&nce et guite & une revue de la )

oL, K4
littérature sur les lacs de différents niveaux trophiques, qnt ‘demontré

qu'une sugnmentation significative de la biomasse du nérmoplanctou m

(p <.0001) accompagne une augmentetion de la 'b:l.omasse totale quoiqne la
proportion relative du nannoplancton (1) diminue de fagon signiﬁcat.ive
(p <.0001) Une autre relation trés significative a été trouvée éntre
la fraction < 35 ym et la chloroptw‘llea totale du lac Memphr émagog.
Pourtant aucune relation significative ne se retropve lorsqu'on uti]’.iae'
des &€valuat ions de production primaire. Bien que quelques corrélations
entre Ja proportion relative (%) de 1a chlorophylleé o et de 1a

biomasse du nesnhoplancton et le phosphore, la lumidre et la température

soient significatives, la quantit# de variance inexplicable dang le .

&

% du namncplencton est trés ‘gr"an(_le, ce qui sugéére un rSle trés indirect

joué par les matidres nutritives dans la sélectiom de la.“taille:. Les
xﬁ;ctuat:lo'as dans ‘la cont.ribntiqn du nannoplé.n'qton ‘sont donc plus
probablamez: ettribuables, & des pertes différentielles causées yer la

{
nutrition <=5 herdivores. ’ S ‘
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INTRODUCTION - +- '
O 1 e o st et s e *
: One of the simplést criteria for grOupingUthe conponent species of a

§
-~

phvtosisnkton community‘is'eell size, an approach which is receiving more
attention by fieldworkers (e.g. Lund, 1961; ;avoni, 1963; Gliwicz, 1967;
Kristiansen, 1971; Gelin, 1971, i975' ﬂalone 01971a b; Semina 1972; »
. Kalff, 1972; Gelin and Ripl, 1978). In, this stndy we looked for patterns
in the spatial and temporal distributions of phytoplankton size fractions
in relation to different physical and chemical characteristics both within
Lake Memptremagog, and on a wider scale, using literature data. Our
hypothesis was that the proportian of nannoplankton, as meaSured by

[

biomass, chlorophyll a, and primary production should decrease with

increasing trophy. . - . !

Phytoplankton have traditionally been divided into two main size-

. ! - 3 N
o categories? net- and nannoplankton, based on their .-fetention by plankton

nets of a'range of mesh sizes, rather. than on any .functional relationship
N .

( to the community itself. From a taxonomic point of view, a great deal of
- ' N
.emphasis has beet placed on the netplaﬁkton fraction, since nannoplankton

wr

species are notoriously difficult .to identify and enumerate well. % Y

¢ However more wideSpread usé of better preservatives (e.g. Lugol's Iodine)

P i 4

and counting techniques (notably the Utexmbhl technique) have greatly

facilitated the enumerationrpf smabi forms, and it is” beéoming ' , .

¢
" -

increasingly evident that they frequentIy make important contributions to -

o

.both total community ‘biomass and production (e.g. Kalff 1972). -

0

Cell size has‘beEn shown to be related to many “of the factors

9 -

.associated with phytoplankton succeSsion, and these relationships have -
been used by several authors to prediet the outcome of size selection for

‘:’ - a,given set of environmental cqnditions {e.g.JParsons & Takahashi, 1973;

. <
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Shuter, 1979; laws, 1975). However, these models have not been rigourous-

ly tested in the field, probzbly partly because of disagreement among
authors on the appropriate size of na'tural phytoplankton communities, and
on the relative im.portance of each factor in size-selection. /

There are a number of problems associated with the division of
natural phytoplankton community into size fractions; Size selection by
screens is not precise (Sheldon and Sutcliffe, 1969); filamentous and .
el%néate forms also pass throuéh screens with a disporportionate frequency
as the mesh size is Increased (WE;tson, unpublished) . With direct
microscope counts, error can be significant, particularlgl; for th*e‘ nanno-
plankton fractions (Appendix E; Watson, 1979). Furthermore, the eriterion
for division into size classes varies among authors: the nannoplankton
fraction is nominally delineated by a chosen maximum cell dimension (éj.g.
Granberg, 1970; Kristiansen, 1971; Gelin, 1975; Gelin & Ripl, 1978), but
some authors, e.g. Pavoni (1963), include elongate ‘and filamex-'xtous forms.
If nannoplankton are defined as that fraction which is potentially

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

. extent depend on the predominant species of both the nannoplankton

(Schindler, 1971) and grazer populations (Burns, 1968). Zooplankton
1ng;ast;ion rates véxry ‘within the namno fraction, and appear to be highest
f;ar extremely small sized particles (1-2um) (Nadin-Hurley and Duncan,
/

1976; Gliwicz, 1977), vith a maximum ingested particle diameter gemerally
below 35-40um (Burns, 1968), and most workers have used sizes below this
limit to separate the nannoplankton fraction. We used mesh sfzes of 10 ym
z;nd 35 um to fractionate na:moplaﬁkton chlorophyll and primary’ produc_tion,
and maximum cell dimensions of 10 and 35pm for estimati;wg nannoplankton

-

biomass in lLake Memphremagog.
i . " /

-
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Factors which appear to have a major influence; orl\ cell size
distributions include nutrients, light, temperature, grazing and sinking.
The role of nutrients in eize "selectio\n remains unclear. While the
literature so far suggests that there is a general decrease in the
relative proportion of small ce‘lls with increasing trophy (e.g. Pavoni,
1963; Semina, 1972; Spodniewska, 1978, Gelin‘and Ripl, 1978), a direct
relationship between nutrient; concen-tration and cell size has not been
demonstrated. There 1s evidence that nutrient uptake rates are size-
dependentj (e.g. Eppley et al., 1969), but iIntraspecific variation in
kinetic constants indic;te that .uptake rates may be more closely linked to
the local nutrient supply (Hecky and Kilham, 1974)., 1In t:act these latter
authors suggest that ‘any apparent relationship'wit]p cell size is genermted
by adaption to the increased nutrient diffusion associated with high

, s .

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

forms should be independent of cell size. Shuter (1979), however , argues
¥h

that under most natural circumstances, cell movement relative to the

medium should be‘ insuf ficient to overcome nutrient diffusien limitatioun.
In addition, ambient nutrient concentrations may not have an immediate
influence on size distribution, since relative growth rate is more closely
On the other hand, nutrients may play a more indirect role by interacting

with other size-selection factors. For example, under eutrophic

‘conditions, a high algal biomags will greatly reduce light penetration

(e.g. Garlson, 1977), and may cause a shift in grazing pressure towards

o
smaller size fractions (Welch et al., 1975; Webster and Peters, 1978).
P

b

Light and temperature should be expected to influence the selection

O

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

st o




oy

T b
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~unit biomass have‘ been shown to decrease with increasing cell size (Banse,
19:16; lLaws, 1975)‘., In addition, the 1n£eract10n between t’hese two factors
may—als? be imﬁortant. Small cells appear to be particularly sensitive -to
temperature—deéendent respiration rates ~underv low light levels (Shuter,
1979), such as ar.e- often found under eutrophic conditions, while recent
evidence sugges‘ts that nannoplankton suffér significantly higher nocturnal
respliration llosses than netplankton (Paerl and Macl(enzier 1977).

‘ Size-seleétion grazing has been demonstrated for a number of
zooplanl;ton species (Burns, 196'8; Schindler, 1971; leiwicz, 1977 and
others), and has been considered to be- largely”fesponsible for the
accumulation of the high standing crops of netplankton associate:'i with
eutrophic condit:iops (Welch et al., 1975; Porter, 1977; Kalff a/nd
Knoechel, 1978; Dillon et al., 1978). However, it isllikeiy that the role
of size—selectit% grazing is quite complex, since nutrieqt regenération by
zooplanktqn can make a significant‘contribution to the available nutrient

I T

pool (Peters, 1975; Welch et al., 1975). '

¥
Sinking losses have heen considered by sc;me as an important faector
)
influencing \cell size distributions (e.g. Parsons and Takah.ashi{, 1973),
since sinking rates iIncrease with cell sfze (e.g. Hutchinson, 1967;
Smayda, 1970). However, because many forms are motile or buoyancy
regulating, sinking cannot be considered as strictly size-selective,
although it; may well pl‘{ay an Important role in the succession betweenl
different taxa (e.g. Knoechel and Kalff, 1975). - ‘
In this paper, we examine thel relatiwonship between cell size and

trophy on two levels: {

1. Within one lake, using data collected from Lake Memphremagog
-+

!

during 1976~1977 (individual observations).

)

-
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. i
2. Between lakes, ﬁsing literature data from a wide range of lakes o

. (g_enefally; seasonal avgrrage values). . —a
As a_neasure of trophi-c level, we used total biomass, chlorophyll a (chli)
and production, sir;ce these have gll been shown to increase with nutrient
loading (Ke;lff and Knoechel, 1978; Sakamoto, 1966; Volélenwe‘lder’, 1968),
and because data on the latter were largely unavailable for the lakes -
studied. Using data from Lake Memphremagog, we also explored the

{
relationship betwen phytoplankton size distributions and phosphorus (total
\ ’

i
phosphorus (TP) and alkaline phosphatase activity), light and temperature.

LAKE MEMPHREMAGOG '(Qu&.-Vt.)

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

Lake | Memphremagog 18 a narrow glacial lake lying on the Québec

It is approximately 40km long, and is divided morphometrically ‘into ~

three basins, on the basis of mean depth (Fig. 1, Table 1).' The lake

receives an estimated 63% of its hydrological input and 842 of Its

v
phosphorus loadi\ng from three rivers entering at the southern end of the

‘ i
lake at Newport, Vt. resulting in a strong North-South nutrient gradient
(¢orlson et al., 1979; see also Table 8), also reflected in productivity

and chla (Ross and Kalff, 1975). "

.
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: ‘Table 1. General characteristics of Lake Memphremagog (Qué.~Vt.)
Y , s
‘Bagin ’ ’ South Central Rorth
Area (m) 4.4 x 107, 2.2x107 1.9 x 107
* Volune @) . 3:22x10% . 1.0x10° 2.8 x108
Mean depth (m)*\ ] ©.7.0 51.0 13.5
Depth of mixed 1\ayef (m) 7.0 10.5 9.5° o
! . . ‘
Mean daily p{gduktion* 1078 794 © 796 ;
‘ (mg.C m “day ) | , o
) Maximum Chlgrophyll-a 28.5 11.2 9.3 b
(ng.Chla m™ %) C ' ‘ : S
l ) -
% Ross and Kalff,1975 | \
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" METHODS -

l' ) Sampling was done at four statgions in Lake Memphremagog, located
along the phosphorus gradient such that station 1 (South Bas;n) was
"closest to the major nutrient input (Fig. 1). Weekly or biweekly samples
were taken from May to October during 1976 and 1977. Avérage epilimnetic
biomass was estimated from tube samples taken to the depth of the
thermocline (measured on each occasion)1 or' to 15m when there was no
stratification. In the shallow South Basin, samples were taken to 0.5m

- above the sediments. Subsamples were fixed with Lugol's Iodine, and later

m‘qerated using the Utsm'dhl technique (VOIIEHWEider,1969). Large SpeCieS of

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

half the chamber area (minimum 26% total wolume settled), while small or \

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

transects. Total, <35um and <10ym biomass were calculated using mean cell ‘
volumes estimated for each species and assuming a density of 1.0. The
dis‘tri.bution of organisms within the ;oun‘ting chamber was not always

random, and transects were counted across any observed density gradient‘:s

(e.g. Willén, 1976). Replicate counts showe;d a fairly low variance for .

total and nanncoplanktoﬁ biomass (16%, *16%, 1221 for total, <35um and

<10um respectively). Chla, primary production and TP were measur-d from

samples taken at Om, 1m,- 2m, 3m,‘ 5m, 7.5m and (‘Where‘paseible) 10m, using
' a Van Dorne vater sampler .;1 Chla was determined fom 500ml subsamples filtered

through Gelman GF-A/E filters, which were subsequently ground, extracted ]
in 90% acetone, centrifuge:d, and the fluorescence read on a Turner méde;l

110 fluorometer calibrated againat a Spectronic 88 spectrophotometer at 665nm .
before and afvtet addi;t:lon of acid. Primary production was measured using |

& ) ) " .the .ll'c' Method (Vollenweider,1969). Innoculated samples were incubated for

: ‘1marking the beginning of an increase in Atemp to approximately 3_1°C over
I +1lm depth. - : - 3

I3

R L R T P
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apprm;imateiy 4 hours from mid-morning to early afternoon, and 50ml ‘
( subsamples were filtered through Millipore 0.45 m filters and their
] activity measured using a Nuclear-Chicago gas-flow countér. Selective
filtration through Nitex screens of mesh‘sizes 10pm, and 35um wére done
for nannoplankton chla and primary production using separate aliquots from
the 2m samples. During 1976, 50ml subsamples were selectively filtered
; for both nannoplankton chla and production while in 1977 the volume
filtered for chla was changed to 500ml and for production, to 25ml. Total
phosphorus was measured using a per;ulfate digestion technique (Johnson,
1971), while alkaline phosphatase activity was determined fluorometrically
using methyl-fluorescein phosphate as a subst’rate (Sproule and Kalff,
1979).
- -~
Insolation (I,) was monitored with a YSI model 67 integrating
pyranometer located at the McGill field-station near Georgeville, Qué.
Underwater light extinction was measured using a Weston selenium
photocell. The average light (or Effective 1light climate, E.L.C.‘) was
|

calculated as in Riley (1957) from the equation:

IO'(l-e‘EZ)
E.L.C.(ly) ="

-

. - EZ
where: I,' = photosynthet\cally available light immediately below the

surface (=0.41(I,); Ramberg, 1976)(ly.)

~N
n

depth of mixed layer (m).

<]
[

extinction coefficient,

-
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RESULTS

.a) Spatial and seasonal patterns in phyRoplankton biomass, chla and

primary production in Lake Memphremagog.

Out of a totai of 203 taxa (Table C-1, appendix C), only 22 accounted
for 20% or more of the total biomass on at least one occasion. (Table 2),°
although 86 taxa occurred in at least 502 of the samples examined for each
station and year‘. Fluctuations in total biomass were mainly attributable
to the netplankton frflction (>35um) (Figs. 2A, B), and were generally more
subdued at stations with lower concentrations of TP (3 and 4). . The
standing‘ érop was also lower at these stations, particularly in 1976, when
there was a signifitant N-5 gradient in both total and nantioplankton
biomass (Table 4).

Of all size fractions, the species composition of the netplankton was

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

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

Diatoma tenue var. elongatum at all stations. This species was rapidly

!

succeeded by a bloom of Oscillatoria Redekei, which maintained a fairly

high standing crop throughout thegsummer, accompanied mainly by Ceratium

- hirundinella, Melosira italica subsp. subarctica and Oscillatoria cfa

rubescens in the more éutrophic South Basin; by C. hirundinella and

Pragilaria crotonensis in Central Basin; and by F. crotonensis,

Rhizosolenia eriensis and Botryococcus Braunii in the North Basin. A late =

<
fall increase in M. italica subsp. subarctica observed in the South Basin
occurred much later in the more oligotrophic Central Basin, and was more’

_aubdyeci (no late fall samples were taken at station 4 in North Basin).

:
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Table 2; Taxa- contr:lbuting > 20% of total bioma,ss in one or more samples. Values give Z of total '
: i tumber of samples emmerated for a given station and year where the species accounted for
> 20X of the t:otal biomass. Maximnn z contribution to total biomass in. parentheses‘
A . : o em i
%~ . STATION - 1 - 2 . 3 4 1. 2 3 4
. CYANOPHYTA - Chroococcales - )
Coelosphaerium Naeglianum :\Ung, _ s k 321y : 14(35) 8(29) ,
Misc. unicells <5 um C __6_{2@)_) ' v
. - Ecrmogonales T : - - 2 . ) .
Anabaem flos-aquae (Lyng) Breb - L C ] co 5(23) | 4(36)°
Oscillatoria Redekei Van Goor - 29(65)  35(68) _g_§(7z) 20¢26) . L - :
CHLORDPBYTAJ, - Tetrasporales \ . _ .- ; - : ‘ \
Gleococcus Sb.roeten‘. -1 B S 4(34) °  8(34)
BACILLARIO?HTIA - Centrales
Cyclotella bodanica. Eulenst cT ) » o 4(22)  135(32)
" Melosira italica subsp.. , : ' - ) ‘
\subarctica 0. Mill. . €29  12(200 - . 16(43) 5(28) 7(29)
' Rhizoao.!enia eriensis H.L.Smith : o , 8(33) :
Stephanodiscus astraea (Ehr. )Grun., 628) . 6(2D) o ©o5(21)  9(22)
) Stepbanodiscus hantzscbii Grun, T . 5(31) 8(58)  25(51) S
A Pemnales o T . v o
Asterionella foma Ba:s. . SR (¢ 23

ey & - ey e
¥ . RS B0 % g m % aeare mgedee t aoms w © - . N

Diatoma tanue va:. elongatum

Lygs. . . 35(69) . i3070) - 22064)  20(42) 1806)
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Frag.i.léria crdtmansis Ritton -

.+ . STATION . -

1

St

2 3 s . &

-

1

1977
2

3.

Fragilaria cf. vaucheriae (Xutz)Peters ~
_'Synadra ulna var déf:.id: ' (Kut.z) ‘Grun.

CBR!SOB!IYTA - Chronml-lnales
m.llomoms elongata Reverdin

. e P

. To- Ochromonadales
Uroglm_cf volvox Ehrnb. e

- mesiales
Chry‘sachi'omuling' parva Lackey '’

. . - Xanthophyceme °
Botrydcoccus Braunii Kutz. - °

PYBROPHYTA - Cryptophyceae
_-&hrypton?_onas reflexa Skuls

Rhb¥omonas minuta Skuja

s

L .. = Dinophyceae

Ceratium hirundinella (O.I'. mlll.) R

Schrank

»

6023

. 12(35)

. 30(22)°

<

13(33)°

N
« - !

71(27) |

5(22)

523

5(37

14€37)

. 4(25)

4027

8(48) .

15(38)

8(20)

\ 1(20)
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Table 3, Taxa contributing > 201 of nannoplankton biomass (<35um and <10um) in one or more samples.
Values give I total number of samples eriumerated for a given station and year where the
species accounted for > 20% nannoplankton biomass. Maximum Z contribution to nannoplankton

Biomass <35 um . STATION

CYANOPHYTA
Misc, unicells < 5 um

BACILLARIOPHYTA

Cyélatélla bodanica Eulenst
Stephanodiscus hantzschii” Grun.

CHRYSOPHYTA

Chrysochromulina parva Lackey
Miec. flagellates < 5 um -
Misc., non-flagellates < 5 um

PYRROPHYTA o
Chryptomonas Marssonii Skuja
Chryptomonas reflexa Skuja
Rhodomonas minuta Skuja

bipmasa in parentheses.

1

2

1977

3

8(40)
5(42)

11026)
11(27)

5(28)

5(25)
5(22)

42(50)

27(31)
9(66)

18(51)

P~

14(28)
5(23)

- 59(52)

13

4(26)

25(53)
21(69)

21041

4(20)
4(45)

43(45)
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. Biomass <10 gn‘;

STATION

CYANOPHYTA
Misc, unicells'< S um

CHLOROPHYTA /

" Chlamydomonas sp.

Monoraphidium minutum (Nag.)‘

¢

BACILLARIOQPHYTA
Stephanodiscus hantzschii Grun.

CHRYSOPHYTA

Chromulina spp.
Chryscchromulina parva Lackey
Misc, flagellates < 5 um
Misc. npn-flagellates-< 5 um

PYRROPHYTA

Rhodomonas minuta Skuja

- i S
‘j? B &_/
1976 1977
1 2 3 4 1 2 3 4
! |
6(30)  15(55)  22(39)  20(38)  16(26) 9(28) 4(42)  38(48)
6(20) 6027
6(21) 11(52)  14(83) . 18(79)
6(59) . o S
12(23)  25(28)  28(27)  30(34)  32(43)  45(68)  64(53)  69(65)
: 11(31)
6(23) -6(23)  12(54) . 10(41) 5(32)
82(65)  90(63)  B9(69)  90(56)  79(74)  82(83)  75(69) = 92(56)
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Table 4. Mean seasonal total and nanmoplankton biomass (mg m )

at the 4our stations in L. Hemphremagog, May-Oct. 1976

and 197f (tube samples).

and relative contribution (X) of nannoplankton fractions

Biomass <10 p

Total bilomass Bioma:s <35u
Station| 1976 I 1977 | 1976 (%) l1977 (X | 1976 (%) | 1977 (X)
1 |2883:6 1610.9 | 820.5 (32) 493.3 (36) | 344.5 (14) 249.8 (19)
2 1328%.4 1664.6 | 829.1 (35) 574.9 (36)| 378.6 (16) 317.5 (20)
3 [2120.5 1112.5 | 425.4 (32) * 470.8 (47) | 232.4 (18) 259.0 (25)
| .
4 |1465.5 1105.6 | 426.6 (32) 506,0 (49)| 238.1 (19) rs .1 (23)

]

Significant differences (p < 0.05) between paired (1ndiv:ldual)
observations at different stations as determined using
Wilcoxon matched-pairs signed ranks tests are indicated

by arrows directed along the increasing gradient. 1t should
be noted that these arrows do ndt indicate significant differences
between the geagonal mean values shown in the table.
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Figs. 3A-Qc: Contribution of major taxonomic groups to total' biomass (Fig.
3A), Blomass <35um (Fig. 3B), Biomass <10um (Fig. 3C) at
station 2 (mesotrophic)
legend: 1 - Cyanophyta; 2 - Ch;orophyta; 3 —/Euglenophyta;

4 - Bacillariophyté; 5~ t:'il;r‘ysophyt:a;l 6 ~ Crypto-

} .
pyceae (Pyrrophyta); 7 — Dinophyceae (Pyrrophyta).
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The sprﬁ'lg diatom pulse was much briefer the second 'year, and

’ ! ‘
dominated less by D. tenue var elongatum, particularly towards the

Northern end of the lake, where this species was increasingly repiaced by

the large hiat:om Synedra ulna var. danica. Oscillatoria Redekei did not °
appeat after the spring diatom population, but was replaced by a brief

pulse of Ansbaena flos-aquae. The midsummer netplankton assemblage

consisted of a larger number of co~dominant species than was seen in 1976,

particularly in South Basin, where the major species were F. crotonensi,

Stephanodiscus astraea, R. eriensis, Gleoceccus Schroeteri and

Coelosphaerium spp. Similar species were found at the less eutrophic

stations 3 and 4, although S. astraea did mot make a significaant

contribution to the total biomass at these stations. The fall pulse of M.

-

italica subsp. subarctica was again smaller and observed later in Central

msin. | 4

- {
) While the total phytoplankton community blomass was dominated by

Cyanophyta and Bacillariophyta (Fig. 3A), the major groups contributing to

the nannoplavnkton biomass were Chrysophyta and Pyrrophyta (Cryptophycea;),
withQ\th‘g latter group being particularly important in the <35pm fraction
(Figs. 3B,3C) (Appéndix B). An average of 73% and 74% of the biomass of
the ¢10ym and <35ym nannoplankton fractions (respectively) consisted of
flagellate forms.

A total of 46 taxa were included in the <35um fraction, and 38 in the
<10pm fractfon. Out of thesé, only 9 taxa contributed 20% or more of the
<35 and <10pm nannoplankton biomass at leasf once (Tables 3 and 4). The
dominant nannoplankton species remained quite constant, both bhetween
stations and years. The most important spéci:es in the <i0um fraction at

[

1
all stations were Rhodomonas minuta and Chrysochromulirna parva. An early

o
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spring peak of Stephanodiscus hant;schii, particularly pronounced in the

South Basin, conmtributed significantly to the <10um biomass in 1977,
In addition to these nannoplankton species, important contributions
to the <35um biomass were made by Cryptomonas reflexa, C. Marsonii,

1 -

C. erosa and Cyclotella bodanica.

Colourless species were not included in algal biomass est;mates.
However, the biomass of heterotrophic forms was comparatively %aw,‘
generally ranging below 50 ugl'_1 (compare to chlorophyllous bionss
estimates, Table 4), and consisted mainly of nannoplankton forms, such

as Katablepharis oxalis, Cryptaulax sp., Cyathomonas truncata and

Desmatella spp.. Katdblepharis’ovalis~yas particularly ubiquitous, and
on several occasions accounted for 104 or more of the total phytoplankton
(chlorophyllous and non—-chlorophyllous) biomass. Larger colourless

species, such as Gymnodinium helveticum appeared infrequently and on these

occasions, heterotrophs contributed up to 21% of the total phytoplankton
biomass; however, this average‘contribution was very low (3% total
chlorophyllous and non~chlorophyllous biomass).
Seasonal patterns in size fractions of biomass, chla and primary
' production sgowed little similarity. Correlation coefficients between

these measurements were low, ranging from 0.16 to 0.6, although generally
statistically significant\(Table 5). While all fractions of chla

. exhibited highly significant decreases (p = .0l) towards the Northern end
of the Lake both in 1976 and 1977, production showed a similar significant
gradient only for the total, and to a limited extent, for the <35um

fractions (Tables 6, 7).
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Table 5. ‘Pair-w{sé corxzelatiéq coefficients between biomass, chla and

. ‘ produél:iuon.‘for total and nannoplankton fractio_ns.'
| { ~ t
‘ | i
_ . . l . Fraction -
Variables ) Total ) < 35um < 10yum
= . — T :
. Biomass, chla b0.32 0.58. '0.45
Biomass, production .  0.L6(NS) . 0.47 0. 19(NS)
Chla, productien . 0,40 o 0'5% : 0.60

-

e

All values signific;alnt: at the p < 0.05 level., ‘except where indicated (NS).
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Table 6. Mean seasonal total and nannoplankton chla (mg m—3) and relative

contribution (Z) of nannoplankton fraci:ians at the 4 stationé in '
L. Memphremagog, May~Oct. 1976 and 1977 (2m. samples).

S Total chla Chla < 35u Chla < 10n

;’_ 1976 | -~1977. 1976 (2) | 1977 () 1976 (Z) | 1977 (%)

t 4

i .

o

n .

1 10.0 1.2 5.8 (56) 412 (59) - 3,9 (41) ZTQ (40)

2 ~6!8 4.0 (60) . , 2.7 (43)

3 5.9 417 3.7 (65) 3.5 (75) 2.4 (43) 2.4 (49)

4 4.6 32 (72) 2.1 (45)

i
N

AN

v

'

Significant differences (p < 0.05) between paired obser
stations as' determined using Wilcoxon matched-pairs signed~ranks tests are
* indicated by ‘arrows directed along the increasing gradient. It should be-

be noted that

the seasonal mean values shown in the table,

N

.
\

ervations at different

ese arrovs do not indicate significant differences between
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Table 7. Mean seasonal total and nannoplankton production {mg Cm hr_l)

¥

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

stations in L. Memphremagog, May~Oct. 1976 and 1977 (2m. samples).

s Total prodn. Prodn.<35p Prodn. <104
L 1976 | 1977 1976 (%) | 1977 (%) 1976 (2) | 1977 (2)
. t
1
[+ ]
‘ n
] 1 | 213 165 15.5 (67) 8.5 (50) 8.8 (42) 5.9 (34)
- 2 15To 717 (50) 5.1 (33)
3 4.1 113 ¢% (7 6.1 (57) 6.0 (45) 4.1 (38)
. 4 1151 5.9 (57) 5.3 (43)
%

Significant differences (p < 0.05) between paired observations at different
stations as determined using Wilcoxon matched-palrs signed-ranks tests are
indicated by arrows directed along the increasing gradient. It should be
noted that these arrows do not indicate significant differences between
the geasonal mean values shown in the table.
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Fig. 4A:

N

Relationship between nannOplankton (410pm) and total phyto-‘

plankton biomass within Lake Mamphremagog 1976-1977 expressed

by the equation‘log y = 0.37 ‘logx + 1.23 (r =0, 52 p< 0,0001).

Symbols
Station
Station
Station

Station

represent 1nﬂividua1 stations and years'

1

2

3
4

.
.

.
-

v jw b=

I~

1976; 2 -
19765 4

1976; 6 -

1976; 8

Relationship between %

B v

1977'
- 1977'

1977;

= '1977;

“

#

:

’

)

‘nannoplankton (<10ym) and total biomass’

within Lake Memphreémagag 1976-1977, éxpressed by the equation -

—

. ' o . !
¥ = ~33.0 logx +.126.1 {r = 0.66; p< 0.D001). Symbols as in 4A.

3
o

't

o

e .t i

STRTRL it oy abae %
h e A

.
~

L)




-
.
-}
o'n
';-1
D) C
¢ . wl -
F
o Lx
[4'
:
.

2.25

I

MASS <10

jﬂﬂﬂ

G
00

o L

2,50

‘2,50

4,00

oo
. oo
,vg_*
. Rl
v (7))
v
- a
go
- 8.
i e}
S
N o
3
O . 3
- "’ \"'\ - %‘

2.50

2.75 3.00
LBG TOTAL B

~ 3.25
JOMASS

P —

g X S

PR

. ;
o g e

bttt e £

.



o

[IT JWs

Ik e

. .
, “ ) g
. | b
1]
“ -' 3" ‘ a
a ’ a
() ]
4 - ’ Jﬁp. - b / o '
) ‘ ) - e - I
Fig. 5A: - Relatlonship between nannoplankton (<3%im) and total
; % . ‘mcopun&:oq biomass within Lakh Memphremagog 1976-1977;
- C . expresged by the equation log y = 0.48 logx + 1,17 (r~0.68;
2 . X \ ~
AR 2 ' p <.0001). J . ,
£ ' L . .
f’\ Fig. 5B:. Relhtionship between 1 nannoplankton (<35m) and total biomass
L ‘within Laiaé‘ Memphremagog 1976~1977, expressed by the equation
y- 4101031;*1691(}:-069,p<00001)..1 .
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Fig. 6A:

Relationship between na‘npoplankton and total biomass using

literature data (generally seasonal average values) from a

. range of lakes of different trophy, expressed by the equation

Fig. 6B:

log y = 0.54 logx + 1.02 (r = 0.78, p <.001).
Symbols represent different authors:

1 - Watson (1979); 2 - Munavar & Munawar (1975); ‘ ,

3 - Kalff (1972); 4 - Granberg (1970); 5 ~ Spodniewska

6

Kristiansen (1971); 7 - Pavoni (1963)

8 ~ Spodniewska (1978).

Relatfonship between ¥ nannéplankton and tot;al biomass using
literature data, expressed by the equation y = ~24.7 logx‘;
+ 120.0 !

(r=0.72; p <.0001). Legem\l as in Fig. 6A.
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Fig. 7. Relationship between % chla <35 ym and total chla in Lake
Memphremagog, 1976-1977. "

Symbols as in Fig. 4A.
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b) Relationship between size fractions and trophic level,

( 1). Lake Memphremagog.

There was a highly sig%ificant increase in both <10mm and <35pm i
nannoplankton biomass with increasing total biomass (p=0.001; Figs.

1 4A,54), with correlation coefficients of 0.52 and 0.68 respectively. In
addition, therslopes of both relationships were less than 1, indicating a
significant decrease in the relative proportion of both nannoplankton
f;actions with increasing total biomass (Figs. 4B,5B). Analysis of
covariance showed"that differences betweén stations or years were not
significant for any of these regressions.

In contrast, when usin chla as a measure of sta;ding crop, only the
regression between Zchla <35um and total chla was significant (Fig. 7;
p=0.001), and the correlation coefficient was extremely low (r=0.4).
Différencas in sample volumes filtered were not reflected in significant
differences in slopes between years for{any fraction (as determined by

analysis of covariance).

.

e
Primary production showed even more unexplained variance: In fact no

significant relationships gere found between %nannoplankton (any size

fractdon) and total production. Again, analysis of covariance showed that’

—— e i

differences between years was not significant for all size fractions.
Vd

4 _ﬂ |

i1). Between lakes.

On a 'between lake' level, a similar highly significant increase in
nanhoplankton biqmass with‘increasing total biomass was observed (Fig. ;
6A), while agnig the relative proportion of nannoplankton biomass declined
significantly (Fig. 6B). Analysis of covariance showed that differences |

1
( between investigators or in nannoplankton size—~range used did not make a
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significant contribution towards the totaI(Qariance in the nannoplankton

t-) fraction. Similarly, differences in surface area and mean erth, used as
measures of morphometry and mixing depth, did mot adccount for a
significant amount of the total variance.

J
¢) Environmental factors and their relationship with phytoplankton size

fractions in Lake Memphremagog.

There was a significant N—Srgradient in TP both years, alth0ugh‘the
average concentration declined appreciably 1977 (Table 8). Alkaline
phosphatase data were only available for- 1977 when there was an increase
in mean activity towards the North in 1977, "similar to the trend observed
in 1975 (Sproule and Kalff, 1979). The mean effective light climate at -
each station showed little change between years, while average |
tempefatures were generally lower in 1977 (Table 8). »

The rglationship between the relative contribution (%) of nanno-
plankton and TP, alkaline phosphatase activity, light and temperature were
examined by analysis of covariance, which showed no single factor to have

. a dominant influence., Total phosphorus'accounted for a statistically

1
;

significant amount of the total variance im-Zbionass <1l0um (p=0.04), an}

Zchla <35y (p=0.02). Alkaline phosphatase activity showed no significant

relationships with any nannoplénkton fraction. Light was significantly

related only to %chla <35um (p=0.02), while temperatures varied

significantly with ibiomass <10pm (p=0.02) and Zproduction <35um (p=0.05).
‘ The finteraction between light and temperature did not account for a

significant amount of the total variance in any nannoplankton fraction.

W
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Table 8.

36

Seasonal mean total phosphorus, alkaline phosphatase activity,

temperature and light climate in L. Memphremagog, Hay—()c\t. 1976

and 1977 (values averaged over the mixed layer).

Total P- APA* Temperature Light climate -
(mg o) (°c) (ly.day™1)

Station 1976 1977 1977 1976 1977 1976 1977

L

1 28.6 15.0 0.66 18.0 (15.8 61.6  59.3
2 22¢.a 4.4  0.73  17.3 15.8  40.9  46.1
3 132 10.8 0.81 17.4 15.4  37.1  40.5
4 - 9.2 0.95 183 16.2 511  53.4 \

i

]

~1

% Alkaline phosphatase activity (pg methylfluorescein hr
at 2m depth).

ug chla;




37

DISCUSSION
A major difference between the net and nannoplankton fractions is
seen in the relative stability of their species assemblages. Several

nannoplankton species, notably Rhodomonas minuta, Cryptomonas Marssonii,

C. crosa, C. reflexa and Chrysochromulina parva, occurred in up to 100%

!

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

contributions to both the nannoplankton and total biomass in lake

Memphremagog. This was also true of the samll heterotroph Katablepharis

ovalist which contributed significantly to total phytoplankton biomass
(chlorophyllous and mnon-chlorophyllous) on a number of occasions. These
nannoplankton species‘appear to be well adapted to the range of
envirommental cornditions found within Lake Memphremagog. Furthermore, the
same specles are reporfedly as ubiquitOus over a much wider range of
physicai and trophic enviromments (e.g. Pavéni, 1963; Willén, 1969;
Ahlgren, 1970; Granberg, 19/9; Munawar and Munawar, 1975; Ramberg, 1976,
Keskitalo, 1977; Reynolds, 1978).

In contrast, more conspicuous spatial and temporal shifts in L.
Memphremagog were exhibited by species belonging to the netplankton
fraction, which éere characteristically periodic in their occurrences,

although Cryptomonas rostrétiformis, Asterionella formosa and Fragilaria

- I3

i

erotonensis were present ip most of the samples examined. However, while

these particular‘species'have‘also been reported from a range of lakes of
different trophy, they are rarely found to be ubiquitous, except, to some
eztent,.é. formosa (e.g. Lund, 1949; Reynolds, 1978). While the abovc;t
implies that nannoplankton species are more plastic in their response to

etvironmental changes, this fraction is not dominant as frequently as

might be expected. In fact, from the regressions obtained; it is evidont
} {

'
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that nénnoplankton biomass increases significantly with increasing trophtc
( level, (as measured by total biomass), but not as rapidly as the
netplankto; fraction (Figs. 4A,5A,6A). Therefore, the relative proportio&
(%) of nannoplankton biomass decreases significantly (Figs. 4B,5B,6R).
However, there is considerable variance about these regression lines.
| Analysis of covariance indicates that withip the literature data, this is
not primarily attributable to diferences in technique between .
investigators or in morphometry between lakes (as measured by surface area
and mean dépth). Similarly, within Lake Memphremagog, 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 \
reéression lines (Figs. 4A,4B,5A,5B),

. An iIncrease in the relative abundance of large, more vacuolate forms ]

associated with increasing total biomass may represent additional source

of variance, since the relative proportion of non-cytoplasmic cell volume
q‘&

. varies considerably not only between taxa, but according to the
physiological condition of a given individual cell (Sicko-Goad et al.,
1978). On the ot*ier 'hand, an increasing proportion of s&&h netplankton
species would in turn amplify any decrease in the relative proportion of

bl

nannoplankton biomass, and this in intself could account for some of the

observed relationships between % nannop;anﬁton and total biomass. If this
is the case, we would expect the opposite to be true when chla and
production are used as measurements, since speciffc values of both appear
to be inversely rélated to cell size (Paasche, 1960 and Manney, 1972; laws

‘:' 1976, respectively). In fact, we observed a significant but less

/

( v 1
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pronouaced'decrease in 7 nannoplapkiton chla with increasing total values
(Fig. 7),‘but for ‘the <35im fraction only, and no similar significant
telétionship using Z production. Agaln, there was considerable
unexplained‘variance, even on a logarithmic scale. It thus seems likely
that a very substantial difference in nutrient loading or trophic level is
required to produce a recognisable change in the relative contribution of
nannoplankton chla and production, as was dbserved following the

restoration of L. Trummen (Gelin and Ripl, 1978). In general, with less

’ 1
extreme seasonal changes In most lakes, the relative proportion of
nannoplankton production remains fairly constant over the growing season

(Kalff, 1972). A series of measurements taken on alternate days during

the development and decline of the i978_spring diatom assemblage in Lake

.

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

fluctuatfons in both X nannoplankton chlg_(tlﬂ-lSZ) and production
(¥5-16%)), while total phosphorus varied between approxim;tely 7.5-12.5
181"l (Watson, 1979, see Appendices F,G).'[ C o .

In retrospect, a lack of correlation between biomass (B), chla (c)
and production (P) might be expected, since these measures represent
different attributes of the phytoplankton community which may vary both in
the manner and particularly in the rate of their response to envirommental
changes.'yThus, one observes considerable.variability in the reported

iratios of P/B (the “activity coefficient” e.g. Findenegg, 1955; Ahlegren,
. 1970; Kalff, 1972), P/C (the‘"assimiiatfoﬁ number” e.g. Malone, 197la,b;'

Fogg, 1975) and C/B {e.g. Paasche, 1960; Ahlgren, 1970, Manney, 1972;
Willén, 1976; Tiﬂzer et al., 1977; Nicholls and Dillon, 1978). The faci

€
that none of the three measurements yields a very satisfactory o

representation of the relative contribution of different size-fractions,.

g
ff.g.‘m
.
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_probably accounts for much of the scatter observed about.the relationships

between X nannoplankton amd trophic level (Figs. 4A,5A,6A,7). On the
other hand, thislvarihnce may signify that factors other thap Fhosé
relatedgdirectly to trophic level play a significant role in determining
the distribution of phytoplankton cell-size. Thus, the limited relation-
ships we observe between total phoéphorus and X nannoplankton in lake
MemphremaéZg which has been shown to be phosphorus deficient (Sproule and
Kalff, 1979), indicate that the limiting nutrient has little influence on
the reiétiVe proportion:of nannoplankton in this lake. Further evidence
that pﬁosphorus is not a major size-selective factor in Lake Memphremagog
is seen in the lack of correlation between any measurement of % nanno-—
plankton and alkaline Siosphatase activity, although the latter hasg been
shown to be a good measure of phosphords availability (Sproule and Kalff,
1979). *

The assimilation number of phytoplanktom population (AZ: mng‘3hr‘1mg
chlgfl at optimum depth) appéars to be related to cell nutrient'étatus,
although some workers report a consistent increase and” others a decrease

in AZ with nutrient deficiency (Fogg, 1975). We therefore examined our
data for any éonsistent differengés in nanno- and netplankton (>10ym,
>351m) AZ which might'indicate dissimilarities in their relative nutrient
siaéus. The results obtained showed consistent trends within each year,
but marked differences between years (Table 9;, which more re&ent data
in@icate Q;re not simply an artifact of changes |in sample yolumes, and
which were not reflec}ed in ;ignificant differences in the slope of x
nannoplankton vs. total standing crop for the two years. Thus, if these

values AZ give an indication of the relative nutrient status of the net-

and nannoplankton fractions (as defined by the different mesh sizes), they
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Table 9. Compatison of the relative AZ (mg.C hr “/mg.Chla; at

5

. 2m depth} of sfxe net- and n@nopla;\kton fractif;ns, using
Wilcoxon mat&:he;l—pairs signed-.ranks tests.
N ) ( ;
, .
T " Year |
' T Station " Mésh' 10ym .  Mesh.35um
- 1976 . ,
L ] 1l - Nanno > Net ' ]
S ) ) 73 .s" L ‘ Nanno > Net
. R A |
J” | o S | Net > Nanno Net > Nanno
. > 2 ) Net » Nam}o Net > Nanno -
’ n /IK T I , Net > Nanno Net > Nanno ’
o o o Net > Nanno
j - . - .. Blanks :lndié'aize no-significant differences between . « ,
N ’ the. two ‘size frac\tiona at the p < 0.05 lew‘-zl. ’
A
\ N
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suggest that nutrients do not have an fmmediate and direct inf:luencé ktm
phytoplankton sfze_distribution in Lake Hemphxte'nagog. Wer, rather
than having a direct influence, nutrients may well play an indirect role in
size-selection. In L. Hemphremagog. the differénces between the relative AZ
of the net- and .nannoplankton fractions (Table 9) were not consistent with
differences in total and available phosphdrous (Table8; Peters, 1979).
Furthermore, differences between the two size4 fractions (<10ym, >i0;m)
were not apparent‘in mesotrophic Lake Hinnasjo6n, (Cel;ln and Ripl, 1978),
whereas the nanhoplankton fraction (<10ym) exhibited a significantly
higher AZ in highly eutrophic Llakes 'V&mbsj'dn (Gelin, 1975) and Trummen \
(Gelin and Ripl, 1978). In addition, that nutrients (phosphorus) play an
< indirect role in size distribution is also ev}dent from the highly
eignificant relationships between Z nannoplankton and totfal l;iox;xass an(i
chla (Figs. 4B,5B,6B,7). Nevertheless, the lar.ge anount of resddual
variance about these regression lines %mplicates 1nte;'actions with factors
other than light and temperature, since these parameters do not appear to
play a major role in cell size-selectgon in Lake Hémphremagog. Reéent
literature indicates that zooplankton grazi;g has a significant 1nf1uéhnc:e
on nannoplankton stancl:lngl‘ﬂ crop: Haney (1973) measured average removal 1
rates of partfcles <l4ym of ‘80X df&y"l." Althoygh small cells have )
relatively rai)id growith rates (Lawsy, 1975) and their re::}fz{qal rates appear
to.be sufficient to offset these high grazing rates (Haney, 1973),
¥ short,-term imbalances produced by gn;zing may well bfe responsible for much
of the. resid\‘;al variance about the regression lines. .
l) Thus, although phosphorus commonly limits total phytoplankton biorasa
(e.g. Vollenweider, 1968; Schlndler, 1974), and we found a number of
highly significant relationships betweea nanngplankton and trophic level

(as measured by total biomass and ;hlg), our data suggest that the
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relative {ai'oportion of nannoplani;ton, is not primarily a function 6f the

limiting nutrient {phosphorus), the nutrient status of the plankton as
SR g light and temperature. It therefore appears that in order to maké better - ’
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predictions of the contribution of the nmannoplankton to phytoplankton - .
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AR standing crop, we require as yet wmavailable information on the role
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ABSTRACT

-

v

During both 1976 and 1977, phytoplankton biomass in Lake ,
Memphremagog at four stations located along a significant ﬁ-s nutrient
gradient was dominated by Bacillariophyta\, Cyanophyta, Cryptophyta, and
to some extent, Chrysophyta. The mean seasonal contributions of these
groups to total biomass were similar between stations each year but
showed changes between 1976 and 1977, as did levels of total phosphorus.
Seasonal patterns of the major taxonomic groups were generally more
subdued at the more oligotrophic stations, and differed between the two
years. Short-term fluctuations in the biomass and rela%ive importance
of each group were frequently not assoclated with changes in total
phpaphorus. This was also true at the spectes level and within the racge

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

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

o

‘ distribution and relative abundance of major taxonomic groups and

indicator specles,  Similarly, on a short-term basis, the dominant v
morphology of the netplankton (<35 ‘um) fraction was not clearly related to
this nutrient, although lower seasonal -tatal phosphorus levels within Lake
Mémphremagog/\:/ere accompanied by a decline in the relative importance of
filamentous species, and an increase in the relative contribution of colonial
forms. If the relative importance of individual species is measured using
biomass rather than‘ numerical abundance, witlrin Lake Memphremagog,
measurements of community struc;ture showed significant relationships (p<.01)
with trophic level, such that with increasing tfotal biomass, there was a

significanlt increase in the total numbexr of species observced and a significant

decrease in community diversity and cvenness. It was also found that at

s
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least § and up to 16 or 32 species should be enumerated to obtain

‘ |
a good estimate (>907) of total phytoplankton biomass in this :

meso~oligotrophic lake. o
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(. ‘ EXTRAIT «

'A‘u cour; des deux années 1976 et 1977, la biomasse du phytoplancton
a q;aatre stations du lac Memphrémagog, situées le long d'un gradient de
matidres nutritives nord-sud signifacatif, était ;minée par les
Bacillariophytes, C;'anophytes, Cryptophycées et en partie par les

'

Chrysophytes. La contribution saisonnire moyenne de ces groupes & la
biomasse totale était semblable entre les stations & chaque année mais
verisit entre les ann€es 1976 et 1977 tout comme les niveaux de phosphore
total. Les modéles salsonniers des principaux groupes taxonomiques
étalent généralement plus adoucis aux stations plus oligotrophiques et
variaient pour les deux snnfes. Les fluctuations & court terme de la
biomasse et 1L'importance relative de chaque groupe n'étaient généralement
pas ass.zocie’es avec les c_har‘xgements du phosphar”e total. Cette observation

s'applique aussi au niveaux de l'espéce et & l'interieur de la zone de

niveaux du matidre nutrifif observés au lac 'Memphrémagog au cours de cette

i
>

étude\ Des facteurs autre que le phosphore total semblent avolr une

!

importance supérieure sur la distribution et 1'abondance rel?.tive des
principaux groupes taxonomiques et de 1'espéce indicatrice d'vn certaln -
niveaux trophigque. De méme, & court terme la morphglogie domiz}ante du
o plancton de dimension supérieure & 35 ym n'était pas clairement relié &
cette matidre nutritive bien qu'une diminution ‘de 1'importance relative des
espices filamenteuses et un accroissement dans la contribution relative des
formes colonialéa a;:cmnpagnassént des niveaux saisonniers inférieures de
phosphore total. 8i 1l'importancn relative des espéces individuelles est

, &
mesurée & partir de la biomasse que de leur abondance numérique dans le °

{
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lac | Memphremagog, les mesures de la structtre de la communauté montre den

* yélations significatives (p <.0l) avec le niveau trophique comme suite:

| . %
une augmentation de la biomasse totale s'accampagne d'une accroissemat

significatif du nombre d'espices observées et d'une diminution significative

de la diversité et de-la regularité de la commmauté. Il a aussi &8

A3

remarqué qu'au moins B sinon 16 ou 32 espices devraient Stre enumfrées

afin d'obtenir une appréciation valable (>90%) de Jia biomasse du
‘ *

<

phytoplancton' dans ce lac meso-oligotrophique.
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Phytoplankton asssmblages at four statfons located along a

Rorth~South nutrient gradie}lt in Lake Memphre;mgog (see Section 1) were

nvestigated over & period of two years (1576—77). Sampling, enumeration
(:ngl biomass calculations were performed as outlined in Section 1 and
R Appet;dix E. Her‘e, the data obtained are examined in terms of: ,
i) seasénal patterns of the major species and taxgnomic
groups, and distributions of selected .'indicator ) :
b species’' (Chapter 1); . ¥ s
11)‘ distributions of differeant morphological groups {as ‘
defined by cfiigeria other than size alone). (Chapter 2);

1i1) measurements of commumity sutrucpure (Chapter 3).

, ' . Chapter 1

Seasonal patterng of major species and taxonomic groups and

distributions of sellected indicator species.

"No deterministic modelling process will give
" ) intelligible predictions of these temporal or
taxonomic details; ecosystems are simply to

complex. Modelling efforts iplecosystems
Y R \

v ¢ can best be restricted’to simple ecosys’tem :
. C » components."  (Schindlegy, 1975).
Introduction

CY

A tiumberu of authors have attexunptedh to relate lake nutrient gtatus , . '
. to the quality of the undervl_ying phytoplénkton community using species

quotients (e.g. NBygaard, 1949; Jdrnfelt, 1952), or 'indicator® species,

. - :J - o “‘/‘»-l
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aﬁsemblagea‘ or,algal gtoups (e.g. Rawson, 1956; Hutchinson, 1967;

Stoeriner, ,1978; ° Nicholls, 1976) .

4

-

I
Quotients such as. those developed by Nygaard (191;9) generglly do not @
A CF
gi.ve a complete representation of a;any phytoplam toh communities, since 4

they are based on spec:t‘es which arge of low abundance in the rajority of

Kalff and Knoechel, 1978).

waon, 1956; Kutchinsop,- 1967;

lalkes“ (e.g.
"On the other hand, wl_xile sevexra]\ authors i(e.g. Rawson, 1956; Hutchinson,

¥ -

Nicholls, 1976)

1967; Stoermey, 1978;

anapehak a;ld‘i Steermer, 1976;

consider that the distribution and relative dbundance of dominant species,
) f

phytoplankton assemblages or taxonomic groups may be ﬁsed as an indication
-of troph:lc level, the relative importance of each spgcies in g given

aquatic system w;[ll ofter greatly depend on the spatial and temporal
/liequency of sampling; the defimition of relative aburfdgnce (i.e. 8s,

‘B
defined bx?npnbe[rs or biomass)* and” the taxomic competence of the ,
) ?
:lnvestigatog (Réwson, 1957, Tarapchak and Stoermer, 1976) .  Moreover,.

- the relationship gf particular aXgal assemblages with nutrient. level (e.g.
~

Hutchinson; 1967) may be o;?ncured by the fagt that neither the relative
proportions of ‘epecies in such assanblages, nor trophic level are
“quantltntively defined by mos t authors (e.§. Bradburg, 1975; Catlsou

1977) . Furthermore, 4n some cases,> phytopla\ﬁkt:on comunities may show

lit:tle qualitative change in speciea compogition with 1ncreasing
eu&'ophieati.on unr.:ll some threshold nutrient level is reached (Tampehak
and Stoermer, 1976). ' ‘ Pt

Thus, the .concept of '%ndicator? species, assemblages or groups

remains confused.

’ By exelmining the distributigns of the mafor taxongéic
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groups and algal specieg at the four stations in Lake Memphremagog in
relationship to changes in total phosphorus and other factors, it is
the purpose of this chapter to demonstrate that the use of such indices

» is an over-simplistic approach, both within and between lakes.

S

Methods ) L

Methods of collection, preservatiop and énumeration of samples
are outlinedh in Se(;tion 1, but it should be re-emphasised that since
these were integrated tube samples, they represent the avérage
contribution of tﬁe phytoplanicton species over the depth of the mixed
layers, or during turr;over, the euphotic zorne (15 m), not weighted for
basin morphometry. A discussion of sampling and enumeration‘eufror is
given \iﬁn Appendix E, Kz’ the vertical eddy diffusion coefficié{ut was

)

calculated using the relationship

/

R =1x107 (z)%wH 0" « (Quay, 1977)
vhere Z'l‘ = ‘depth of mixed layer

2 -

. N (Brunt Vaisala‘ frequency)
‘ = -p §p " p = water density
- p 8z
- g = gravitational constant
z = depth interval (cm)
“

Results i

A detailed description of spatial and temporal changes in major
[4
phytopl';ﬁkton species at the four stations imn La}}ce Memphremagog is given

in Appendix A, and summarised in Section 1 and Figures A-1 through A-4.
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- to total biomass was similar at all four stations each year, despite the

(AN
L

jof the major taxonomic groups, the average % contribution of each group
L
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Discussion
+ While decreasipg levels of total phosphorus between stations andi ‘

years appeared to corresponci with a decline in the mean (absolute) biomass

N-5 nutrient’gradient, which was particularly sigonificant in 1976 (Tables
8y 10). Both in 1976 and 1.977, the dominan}: groups at all stations were
Bacil lariophyta (30-50% tota;. biomass), Cryptophyceae (17-232), Cyanophyts
(10-26%), and to a ‘rlesser, extent Chrysophyta'(7-—l72) . Dinophyceae (4-9X),
Chlorophyta (3-6%) and Eugl:anophyta (0-0.32) ' generally contributed much less ‘
tovards total blomass (Table 10; TFigs. A-1l through A-4). Seasonal
patt;rns ofwthe major groups were quite similar throughout the lake but

»

tended to be more subdued towards the more oligotrophic stations 3 and 4
k1
(Figs. 8A-8D; 9A-9D; 10A-10D). However, in 1977, when levels of total

phosphorus yere generally lower (Table 8), the prominant spring maxima of

-

Bacillariophytavand Cyanophyta observed the previous year were reduced or
Y . ‘ : s
absent (Figs. 8A-8D; 9A-9D), as were the fall peaks in Cryptoph}ceae which

occurred at the more eutjrophic stations 1 and 2 in 1976 (Figs. 10A-10D).
The relative importance of Chrysophyta showed little change between statioqs
ea;h year, although the average Z contribution of thi; group did increase )
at stations 1 and 2 in 1977 (Thble 10). “However, in general, spatial and

temporal differences in total phosphorus within Lake Memphremagog during
/ .

-~

1976 and 19;17 (Table 8) were not sufficient to produce a recognisable y

relationship between % Chrysophyta and total phosphorus, such as that observed..

by Nicholls (1977) for a nunﬂ:er of Ontarlo lakes of different trophy. A

. . . ‘
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Table 10, Mean biomass snd average Z contribution to total biomass of
|
the major taxonomic groups in Lake Memphremagog, 1976-1977. ‘
Cyanophyta Chlorophyta Euglenophyta Bacillariophyta Chrysophyta ) Pyrrophyte )
[ - - Cryptophyceae Dinophyceae
1 1976 . 774 93 3 8 : 1107 194 565 145 ‘
(22%) (32) - (392) (8%) (222) (5%) {
& - : 2
1 *1977 158 .62° - 3 g 765 190 241 49 ]
- (lox) (4%) - 2 Tv (463) (17%) (182) (5%) |
{
i .
2 1976 811 29 - 4 1454 194 500 141 ]
. (23%) - (3% - . = (392) (7% (21%) (6%) :
2 1977 158 69 1 . 823 179 245 62 !
. (11%) {5%) - (49%) d (13%) (18%) (5%)
3 1976 672 ( 74 -1 905 = 145 230 114
. (26%) (52) -~ - (35%) (10%) (16%) (7%)
3 1977 140 48 1 406 106 192 64
(12%) (5%). S (412) * (11%) (23%) (8%)
4 1976 335 98 - L2 576~ 146 ° 216 93
- (25%) (9%) - ) (312) . (11%) (167) (87)
¥ fan s
>4 1977 112 49 1 521 - 147 201 69
- (14%) (7%) - (gex) (13%) (22%) ¢ (8%) 9
o
&
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Figs. 8A-8D.
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Seasonal biomass of BACILLARIOPHYTA at Stations 1 (Fig. 8A),

2 (Fig. 88), 3 (Fig. 8C) and 4 (Fig. 8D) in Lake

Memphremagog, 1976-1977.
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Figs., 9A~9D. Seasonal biomass of CYANOPHYTA at Stations 1 (Fig. 9A), 2
(Fig. 98), 3 (Fig. 9C) and 4 (Fig.: 9D) in Lake Memphremagog,
1976-1977. . ' .
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Figs. 10A-~10D. Seasonal biomass of CRYPTOPHYCEAE at Stations 1 (Fig. 104},

] ' 2 (Fig. 10B), 3 (Fig. 10C) and 4 (Fig. 10D) in Lake

‘ 3
- Memphremagog, 1976-1977. -
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Thus, while changes In the average % contributions of the major
taxonomic groups were observed at each stationJQetween 1976 and 1977
//////”N\* ‘ (Table 10), the proportions of e;ch groups were very similar at all four

;tations each year. Howe;er, relative differences in mean total phosphorus’
concentrations between stations each year were generally equivalent to or
greater than changes at individual stations between years‘(Tgble 8). It is
apparent, therefore, that the seasonal average proportions of the majoxr
taxonomic groups do not necessarily reflect changes in nutrient status, at
least Qithin the Fange of total phosphorus concentratfons observed within
Lake ‘Memphremagog during 1976 ARd W77 (9-29 pel™l;  Table 8). .

On the species level, responses to changes in mean seasonal

”
4

. .
phosphorus concentrations were also not always clear-cut. In 1976, Diatbma

tenue var. elongatum accounted for a major portion of the diatom maximum at

P

all stations,.but decreased in both absolute biomass and relative impartance
towards the more oligotrophic North Basin (Table £~2; Figs. A-1-A-4). The
following spring, this species showed a marked reduction in both absolute and

\ 5
relative biomass throughout the lake, again particularly in North Basin g

- (Tables C—l,\C—Z). D. tenue var. elongatum is not commonly reported as a
1] t .
dominant form, although i§ has recently become abundant in Lake Michigan,

particularly in the more eutrophic inshore areas, which are also characterised
by elevated chloride levels (Tarapchak and Stoermer, 1976). However,.the
’ . L3

absolute and relative abundance of-this species in Lake Memphremagog appears

to be primarily influenced by changes imn phosphorus levels rather than the

e

M

)
abilify of this species to tolerate increased salinity, since chloride levels

' y

- - >
are generally low throughout this lake (5-6 ugl 1; Carlson, unpubi?%hed).
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The absolute and relative abundance of many other important
diatom species do not show similar relationships to total phOSphor3§

bgth’in Lake Memphremagog and in other lakes. For‘exa;ple, changes in

the spatial and temporal distribution and relative importance of

Asterionella formosa gﬁbw little correspondance with 1evgls of total
phosphorus in lake Memphremagog. Although A. formosa did not attain a
particularly high biomass’at any gtation in 1976 or 1977 (Table C—Zf
Figs. A-1-A-4), it was ubiquitous, and even showed an appreciable-
development (300 ugl_l) under ice-cover in the Central Basin, demonstrating
the ability‘of this ﬁpecies to cope with a wide range of environmental
changes. Its abundance in both oligotrophic and eutrophic lakes further
attests to this flexibility and has creaceq some confusion concerning its
status as a tropﬁic ‘indicator' (Hutchinson, 1987). However, this species
is one of sgeveral (diétom) species"which with increasing eutrophication,

. i
show a general ghift away from perennial occurrences toward; %trong
seasonal maxima (Stoermer, 1978), supporting the hypothesis tggt species:
showing a high relative abundance under oligotrophic conditions do so because
they have a greater ability to cope with low nutrient concentrations, and not
because of a preference for such nutrient regimes (e.é. Kalff aﬁaxKnoechel;

1978). This may explain some of the apparent contradiction concerning

- L
trophic preferences of so-called 'indicator' species. Thus patterns in the

abundance of Fragilaria crotonensis, dea%ribed as an 'indicator' or

O

eutrophy fkicholls, 1976)§ mesotrophy (Rawson, 1956; Tarapchak and

P
Stoermer, 1976) and Odligotrophy (Hutchinson, 1967) showed little apparent

relationship to 1evel; of total phosphorus ﬁkthin Lake Memphremagog, and
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Tahle 11. Maximbm abundance of selected diatom species iﬁ !

Lake Memphremagog, 1976 and 1977,

. sa‘r/
Indian Border Central North
Year .
Cyclotella bodanica 1976 2. 115 259 130
-~ 1977 - 187 - 202 246 721
Rhizolenia eriensis 1976 < 285 127 116 }27
k2 1977 230 224 . 126 411
, Asterionella formosa 1976 196 214 110 123
| 1977 125 260 300 46
Synedra ulna 4 danica 1976 219 176 157 82
1977 127 164 ¢ <270 923
b N ’ ~
o N ] S, nﬂ”/\ .
Fragilaria crotonensis 1976 275 » 270 " 224 492
: : 1977 984 625 742 1485
Melosira italica 1976 . 670 439 77 28,
“ 1977 857 490 888 186
) ,r‘ﬂr\_%” i
‘Melosira granulata 1976 150 237 18 3,
3 ‘ 1977 © 348 27 | s , 9 ‘
» Stephanodiscus astraea 1976 459 ‘419 - 61. . 31
1977, 477 429 72 20
. _ I
Diatéma tenue var. elongatum 1976 4100 - 4770 . . 3200 1660 .

] . S

N L LT 223 900 297( -85
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Figs. 11A~11D. -Mean epilimnetic total phosphorus/ concentgations, depth of ‘

A . thermocline and vertical eddy diffusion coefficient at
Stations 1 (Fig. 114), \)2 (Fig. 11B), 3 (Fig. 11C) and &
{ d (Fig. 11D) during 1976 and 1977 in Lake Memphremagog.
Legend: . ~———————  total phosphorus
---------------- depth of thermocline (ZT) )

- vertical eddy diffusion coefficient
(K)
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3

this specles was also very ubiquitous (Table C-1). In fact F. crotoncnsis

even exhibited a general ipcrease in relative abundance where seasonal
ﬁevels of total phosphorus were reduced (Table C-2), together with other
major diatom specles considered by some authors to be eutrophic or

'meso-eutrophic 1ndicators, notably Rhizosolenia eriensis, Synedpa ulna var.

danica, Melosira italica and M. granulata (Rawson, 1956; Tarapchak and

Stoermer, 1974). Several of these species also attained a higher seasonal
(absolute) maximum biomass at the most oligotrophic station 4 mainly in
1977(Table fl), even though sampling frequency was lowest at this station
and hence in many cases, the true maximum biomass may not have been detected.
Since it is unlikely that nutrient levels at the more eutrophic stations

in this ‘1gke during 1976 and 1977 were ininibitory (max. 29 ugl-l) total
phosphorus in fall 1976, at Station 1; Fig. 11A), i&.would appear that N
other fagtors have a greater influence on the distribution and abundarce of -
these diatoms. ‘ In fact, the increase in absolute and relative abundauce of
many of these species during the second, more nutrlent-deficient year could
reflect rediced sinking losses since there was a general.increasc in

turbulence (K,) and mixing depth (ZT) during the stratified period in 1977

2
(Figs. 11A-11D). However, it ;hould be noted that increased turbulence
is usually associated with changes in other factors (e.g. local nutrient
supply, light, temperature, seiche activity), which may also influence the
distribution of these and other phytpplankton specles.
Several of the more common species c;f filamentous blue-green algae
. )

reported to be typlcal of eutrophic conditions (e.g. Rawson, 1956; Hutchinson,

1967; Findlay and Kliﬁé, 1975) appear to be better indicators of general

14
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‘a ) o
\

. r
trophic conditions in Lake Memphremagog, particularly Oscillatoria Redekei,

0. rubescens, Aphanizomenon flos-aquae and A. gracile. All of these

species showed decreased mean seasonal and absolute abundances with lower

total phosphorus levels (Figs. A~1-A-4; Table 2). However, on a finer

S

scale, the decline of the large populations of Osgillatoria Redekel in July

1976 at Stations 1-3 was not immediately associated with changes in average

epilimnetic total phosphoxgu_s but appeared to correspond with a decrease in
-/

)

the relative stability of the water column (Figs. 1lA~11D), in general
keeping with the theory that buoyancy-regulating blue-greens require we‘ll-
stratified conditions for optimal growth (e.g. Fogg et al., 1973),

Similarly, small purface blooms of Ansbaena flos~aquae in June 1977 at

¢ \\

Stations 1-3 appeared to correspond more with fncreased turbulence thin any \

consistent changes in levels of total phosphorus at these stations (Fiéa.
8-A-~C; B-b6a, b, ¢, 'Appendix B). Surface blooms of A, flos-aquae were also
observeci subsequent to this study in Central Basin in 1478 and 1979,.when
there was a further decrease in phosphorus levels throuéhout the lake
(Xalff, unpublished), and even as early as 18811 (Cushing, 1925), when

nutrient levels in Lake Memphremagog were also probably loverz. Thus it

a
1 ¢ . A

v

oy

’

1
The species was described as "a gelatinous ball (of) numerous unbranched beaded

filaments", and actually diagnosed by Sir William Osler as Nostoc minutissimum,

although this is probably incorrect since Nostoc is not generally found in

f Sl eui ety

open water habitats, while Anabaena flos-aquae appears to be typical of this

lake. ‘

2In 1975, the Newport Sewage Plant contributed an estimated minimum of 307% of

the total phosphorus loading to the laske as a whole (Carlson et al,, 1979).

B T i T B s e S IR -
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) appears that the distribution of A. flos-aquae within Lake Memphremagop
) " bears little relationship to thfapﬂ general’ trophic status of the’lake,

although dense populations of this species are usually associated with

eutrophic conditions (e.g. Hutchinson, 1967). However, it should again

F
be pointed out that the collection method (i.e. tube, surface or discreet

depth lamp‘lea) may greatly influence the apparent relative contribution

of each species to total phytoplankton biomass, particularly that of -
buoyancy-regulating forns. Thus, for example dn 1977, over the entire
epilimnion, A. flos—aquae showed only brief dominance at some gtations
(Fi/gs. Azl-A-4) although the surface bloom was viaib}c at most gtatioas
for approximately 3 weeks.
To reiterate, spatial and temporal changes in levels of total
P phosphorus in lLake Memphremagog were not consistently reflected by the
patterna in thf; relative abundance of the major phytoplankton specles and
taxonomic groups; moreover, fairly appreciable shifts in the taxonomic
composition of the phytoplankton communities were not always attributable
to changes in Yotal phosphorus. It appears that the range o£ phosphorus
concentrat;ons uring the period of this study was‘ not sufficient to produce
recognisable changes in the dominant algal species, and that within this
range, other factors bad a more fmmediate influence on species distributions.
Thus, the occurrence of so-called ‘ind%cator' species generally
shows little relationship to lake trophic status, mainly because the concept
of an indicator species remains poorly defined, although it is generally
considered (e.g. Rawson, 1956; Hutchinson, 1967; Tarapchak and Stoeruwer,

1976) that such species should be high in relative abundance. However,

) ' ,
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from'/the ubiquitous distributions of some diatom and Cryptophycean (s‘ee
Section 1) species it is apparent that a high relative abundance under
oligotrophic conditious is not necessarily indicative of a trophic
p;eﬁerence: such species may show a more seasonal, but equally high
relative contribution to .total biomass with increasing eutrophication.
In addition, the overall contribution of major species to total biomass
may be largely biased By sa!‘npling frequency and tlechnique, particularly
where there arc strong seasonal or spatial differences in species
composition, Therefore, in order to assess trophic level on the basis
¥

of species assemblages, a more meaningful definition of trophic

 preference is required, which would, take such factors into account an(}

S
-

require standard sampling and enumer tion techniques. Even so, the
interpretation of changes in the phytoplankton species composition may
still be confounded by the seewingly 1nt\rinsic varitbility of natural
systems, which may defy predictions on a Bpec;ies level. For example,
Schindler (1975) found that the addition of simila? quanjities of fertilizer

to two Shield lakes of comparable morphometry and original chemistry and

. phytoplankton flora resulted,in the production of major blooms in both lakes,

but with the dominant species and timing of the blooms differing between
lakes and even in the game lake betweexj years. It is evident from this
and the preyious Section (1) thgt major sbifﬁa in species composition and
dominant cell mofphology may be related to changes in factors other than,
or in addition to, nutrients and thus the use of 'indicator' specles as a~
gauge of trophic ievel will have limited succeas: trophy is more suitably

measured by simpler parameters, such as total biomass, chla or total

-

L
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O X pho;phorus (e.g. Vollenweider, 1969;\ Schinder,: 1975; Carlson, 1977)
sinc¢e these are more sensitive to’general changes in the aquatic
commmity, ' ,f
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Chapter 2

-

The relationship between the distribution of phytoplankton

morphological groups and trophic lével within Lake

A
Memphremagog, 1976-1977. !
Introduction

One of the simplest morphological characteristics of a phytoplankton
community is cell size, which has beén shown to be significantly related to

trophic level (Section 1). However, from the considerable scatter about

" the regression lines (Figs. 4B-6B), it is apparent that factors other than

nutrients algo influence phytoplankton size distribution. Similarly, in
the previous chapter it was found that within the range of total phosphorus
levels encountered in Lake Memphremagog during 1976-1977, shifts in algal
species composition were not necessarily associated with changes in
nutr,ier; t ,concentrations.

Since aspects of cell morphology in \addition to size should
influence the interaction of species with their ime(;ziat:e environment,
they should also play a role in phytoplankton succession. For example,
sinking rates may be modified by i:uoyancy—regulating devices such as
flagella and gas vacuoles (e.g. Fogé, 1975), cell shape and the pfesence of
extensions or protuberances (e.g. Hutchinson, 1967; Smayda, 1970), and
colony size and morphology (e.g. Fogg et al., 1973; Titman and Kilham,
1976) .  Sinking rat’es may in turn affect nutrient uptake (e.g. Smayda,
1970; Hecky and Kilham, 1974) and photosynthetic rates (e.g. Fogg et al.,

1973).  Cell or colony shape also appear to influence. zooplankton
L
\

\

{_m —



|

S

74

ingestion and assimilation rates (e.g. Porter, 1977; Gliwicz, 1977;
Webster and Peters, 1978),

This chapter briefly examines theigara obtained from phytoplankton
samples at the four stations in Lake Memphremagag during 1976 and 1977 for
any relationship between trophic level (total algal biomass).and the °
distribution of a number of groups defined by different morphological

=

criteria.

Methods
Sampling and enumeratien techniques are as outlined and discussed
in Chapter 1 of this section. Phytoplankton species were assigned to
one ;f the following morphological groups (see Table C-1):
P: non—flagellat;, <10 ym (diatoms, greens, blue-greens)
.Q: flagellate, <10 um (Chrysophyta, Cryptophyceae, greens)
A: non-flagellate, <?5 uméTﬁlue—greens, greens, diatoms)
B: flagellate, <35 um (Chrysophyta, Cryptophyceae, green algae)
C: colonial, low surface-to-volume ratio (s/v) (generally
spherical and ellipsoidal greens, blue-greens and Chrysophyta;
often In a gelatinous matrix)
D: colonial, high-s/v (generally star or chain-forming diatom
and Chrysophyta species; ,some coenobia) .
E: flagellate, >35 ym (greenb, dinoflagellates, cryptoflagellates,
some Chrysophyta) ‘

F: filamentous (blue-greens, greens, diatoms)

G: non-flagellate, >3§7uﬁ:klow~s/v (spme diatoms, desmids and

greens) xi&
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"

H: non—flage].(](ate, >3é pm, high s/v (diamtoms, -Preens) "

]

Résults and discussion.

LY

. The éeasonal contributions of the morphological 'groups to total
biomass at each station are shown in Figa. 12A-12D. The nannoplankton
fractions (groupas P, Q, A and B) are dealt with in detail in Section 1.
Within the netplankton fraction (<35 um)., flagellates (group E) and
non-flagellates with low s/v \(group "G) contributed little towards total
phytc;pl.ankton biomass and exhibited ;10 distinguishable trends between
stations and years (Figs. 12A—129). Non-flagellates with a high s/v
sgroup H) made greater relative contributions to total biomass, and
while their mean seasonal X contribution declined at all stations in 1977,
when total phosphorus levels in the lake were generally lower (Table 8),
the relative importance of this group showed no patterns between stations
elither year despite significant N-§ nutrient gradients. Thus, distributiomns
of unicellular netplankton groups within Lake Memphremagog during 1976-1977‘
do not appear to have been primarily influenced by changes in levelg of
total phosphorus.

The two groups of colonial forms (with low and high s/v; groups C
and D respecti\'rely)‘ showed generally similar trends in mean seasonal %
contrilzution to total phytoplankton biomass, increasing towards the more

N
vligotrophic North Basin both years (Table 12), and at all stations during

" the second, more phosphorus-deficient year (Table 8, Section 1). . While

increases in the relative importance of these.two groups did not always
t 4
coincide, they both showed a greater relative and absolute abundance in mid-

to late summer (Figs. 12A-~12D), particularly in 1977, when total phosphorus
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Table 12. Relative contribution to total phytoplankton biomass (%)

of majprvmorphological groups within the netplankton (<35 um)

at the 4 stations in Lake Memphremagog, 1976-1977,

Station Year

1 1976
1977
2 1976
1977
3 1976
1977
4 1976
1977

colonial
low 8/v

A

C

2.5
9.9

1.2
9.7

4.1
11.0

12,2
14.5

D E
colonial <35um
high 8/v  flagellate

5.4 9.1

10.6 7.1
6.7 6.6
11.9 5.4
11.2 10.2
16.4 6.1
TR
10.3 5.0
12.3 3.9

”

H F
<35pm non- filament
flagellate

high s/v
17.4 31.9
9.0 17,7
19.7 27.0°
13.6 . 13.3
15.3 - 24.3
6.0 7.0
15.4 19.3
11.9 5.4

\\_w

— e
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levels were generally re}at'ively low (Figs: 11A-11D). lThus. while it
has been suggested that a high s/v should faeilitate nutrient uptake (e.g.

-

Findenegg, 1965), during this period of studﬂr within Lake Memphremagog,

.

there wvas no clear resolution between patterns of unicellular and colonial

netplankton groups broadly divided according to their s/v in relationship

optimal s/v.

to changes in total phosphorus, and it ias likely that other factore (e.g.
turbulence, grazing pressure) also play an important role in selecting for

v
4

Filamentous species (group F) accounted for a fairly large

proportion of total biomdss 1A 1976 at all stations (Table 12;

*

Figs., 12A
12D), but showed a general decrease in their relative importance towards
the North Basin both years, and at all the stations between 1976 and 1977.

Seasonal patterns in tt.le relative abundance of this group were generally
similar between stations each year, but differe

d, between years.
the % contribution of filamentous forms to totalLH

In 1976,
iomass was high
throughout most of the growing season, while in 1977, the relative

o d

importance of this group did not show any conspicuous increase until late
summer (Figs. 12A-12D),

However, since short term changes in the

abundance of the dominant filamentous species in 1976 (Oscillatoria Redekel)

»
did not appear to be directly related to fluctuations in total phosphorus

'seasonal pétterns of this group were more immediately influenced by other..
factors.

Thus, while the relative abundance 04:::;\1 morphological groups

within the netplanktor) of Lake Memphrgamagog showed little relationship with :

(Chapter 1, Section 2); it is likely that differences between years in the”

[3

[

<

»
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Fig. 12A-12D,

~

W

4 %ontributlun to totgl phytoplankton biomass of
worphological group; at Station 1 (Pig. 124), Station
2 (Fig. 12B), Statio;t 3 (Fig. 12C) and Station 4 (Fig.
12D) in Lake Memphremagog, 1976=1977. Legend (see. text):
10 - <10 ym )
35 - <35 um
qC ~ coloniel, low s/v

D - colonial, high s/v ¢

", \ E - flagellate, >35 um

143
/

F - filamentous
G - non-flagellate, >35 ym, low s/v

H - non-flagellate, >35 ym, high s/v

’ ’ ! .-
L —————— g , . . .-
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Chapter 3 <

Measurements of community structure =2

‘Introduction ‘

Any single given index of species richness, diversity”or equitability
will not provide a com\prehensive measurement of commumity structure (e.g. V
Kalff and Knoechel, 1978), since son.xe Andices are more strongly influenced
by the'total number of species observed by the invéstigator, while others
are more sensitive to species—evenness, or the distribution of the dominant
species in tile sample (Hill, 1973; Eloranta, 1.976).. However, even where
several indices have bgen used, little relationship betweén phytoplankton \
community structure and trophic level has been found (e.g. Taraphak and
St;)emner, 1976; Willén, 1976; Eloranta, 1976). This may be tlaemuse, as
has been pointed out (Hill, 1973; Eloranta, 1976, 1978; Kalff and Knoechel,l
1978), these indices are usually calculated using numerical abundance as a
measure of the relative impo:-tance of each specles; although even numerical
abundance is not clearly definable for filamentous and colonial forms
(Eloranta, 1978). VFurthermore, cell numbers generally over emphasise the
relative proportion of smaller size fractions (Paasche, 1960), since nannoplalnkton

frequently account for a major proportion of the total cell numbers even undeg

/
eutrophic conditions (e.g. Pavoni, 1963; Kristiansen, 1971). However, the

relative abundance of the nannoplan’l;cton fraction generally decreases with

|
3

increasing trophic level (Section 1; Figs. 4 B, 5 B, 6 B) and measurements
of community structure may show some significant regponse to nutrient changes
if these measurementts are based on relative biomass rather than numerical

abundance (Eloranta, 1976, 1978); in fact, Eloranta (1978) fownd a

significént negative relationship between species evenness and total biomass

0

-

. 0,
. L e R et Ml sy




4

O

s o e bt e o ammims | a P

81

if the index was caltulated using biomass as a measure of relative
importance, while the relationship was not significant if cell number was
used, Furthermore, Margalef (1965) argues that schies evenness should
decrease with increasing trophy, and while several authors report that
relatively few spécies generally account for a major portion of phytoplankton
biomass (e.g. Kalff.gé_gl.” 1975! Jumppanen, 19]6; Willén, 1976), this
number does appear to be higher in nutrient-poor watcrs (Willém, 1976).
Using specles data obtained from the four stations in Lake
Memphremagog, the relationshiﬁs between community structure and trophic
level (as measured by total biomass) were examined to test the hypothesis
that species evenness and diversity should decrease with increasing eutrophy
if biogass is used as a measure of the relative importance of individual
specles. Diversity was expressed by diversity numbers (after Hill, 1973),
vhich are basged 6n the more commonly used Shannon-Weaver and Simpson's

index.

Methods
Three diversity numbers were calculated, No, Nland NZ’ where:

N = total number of species present

=
]

i
exp (H), where H is the Shannon-Weaver index given by

the equation: H = Zp1 lnpi

=
1
o=

where ¢ is Simpson's index, given by the

equation: c= E(pi)2

The relative importance of each species, Py, was measured by its relative

biomass rather than its numerical abundance. Evenness was calculated

~

L)
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according to the equations:

E, = fl_]__ E, = 12_ ,» which according to Hill m(1973)
N N
o . 1

generally glves a better measure of this aspect of community structure
than the more commonly used J (where J = In (Nl)/ln (N )3 Plelou, 1969).
The relationships between these indices and total biomass (B) were

examined using the models

Log (B) = a + bNO + ch -1)
i Log (B)f = a+ bNo + sz ~2)
‘Log (B) = a + bNo + (:E1 =-3)
Log (B), = a+ bNo + CE2 -4y .
These regressions were calcula;ed using all data from each station and
A ¢

year, for separate years, and for .individual stations within each year.
I’m;f
In addition, seasonal patterns in the relative proportions of total
biomass accounted for by the 1, 2, 4, 8, 16 and 32 most dominant species

was examined for each of the four stations.

Regressions 1), 2) and 3) showed significant slopes for a]:l data
(p < .01),'for individual years (p < .01) and for individual stations within
years. The fourtf model did not provide a good fit to the data. For all

regressions, the coefficient of No was positive, indicating that with

increasing total biomass, there was a significant 1ricrease in the numbers”

v

of species No (r = 0.57, p < .001 for all samples)'. Conversely, the

<

coefficients of N , N, and El vere all megative ( r = 0.83, r = 0.76,

'
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r = 0:89; p < .001;

1ai'versity numbers N

b v -

1

2 1

respectively), implying a significant decrease in

and N, and evenness E. with increasing total biomass.

In general, the single most dominant species accounted for 30% or

less of the total biomass (Figs. 11A-11D) although in spring and early

summer, 1976 relatively high proportions (60-70%) of the totdl biomass

were attributable to one species at Station 1, 2 and 3 (Diatoma tenue var.

elongatum, followed by Oscillatoria Redekei —- see Appendices A and C).

Furthermore, to obtain 90% of the total estimated biomass up to 16 or

even 32 species had to be normally enumerated (Figs. 11A-11D).

Discussion

¢

A significant increase in the total numbers of species No with'

increasing total biomass was similarly observed by Eloranta (1978), who

noted that this relatiorship may be reversed if the number of individuals

counted is kept constant, since the numbers of species encountered per

unit volume of water generally decreases with increasing total biomass.

However, sinke No is generally dependent on sample size (Hill, 1973,

Eloranta, 1978), it is perhaps not surprising to find that this diversity

number alone shows a weaker correlation with total biomass {(r = 0.57) than

when combined in a model with N

1 and 32 (x

= 0,83, r = 0.76), since the

indices H and ¢ on which these latter two are based are less influenced

by sample size, except for very small samples (Eloranta, 1948).

However,

despite an increase in the total number of species (Né) with increasing

total biomass, N

decrease in spebies evenness El, or an inc

»

1

and N

2

show, a pignificant decrease, imﬁiyiug the observed

|

P R

rease in the relative importance

.
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of the most abundant species. .This is graphically illustrated in Pigs.
13A-13D, where many of the peaks in total biomass coincide with an
| .
#ncrease in the relative distribution of one or a few species, Willén

(1976a) suggests that it is necessary to enumerate only about 6 of the

most abundant species in water samples from eutrophic lakes (of mean total
1

N
biomass between 2300-7000 wgl ~; Willény; 1976b) and 7-8 in samples from

oligotrophic lakes (mean total biomass of 200 ugl-;; Willén, 1976b) to
obtain an estimate of appx"oximately 90% of the total phytoplankton biomass,
However, in Lake Memphremagog, even at extremely h?.gh levels of total
biomass (6000/—7\000 ugl-l). approximately 90% of the total biomass was
attributable to‘\ at least B species, and under conditions of lower total
biomass, to between 16-32 species. It is ‘therefore apsparent that although
species diversity and evenness (calculated using biomass as a measure of
fhe rela;ive importance of each species) show a significant decrease with
increasing total biomass, caused by an increase in the relative domlnance
of one or more of the most abundant specles, even under conditions of very
high total biomass, at least 8 species should l;e enunerated to obtaiu a
good spproximation of total biomass in Lake Memphremagog.  Where

phytoplankton standing crop is lower, this number should be increased to

betweeng' 16 and 32 species.

i
’
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Figs. 13A-13D.

% total biomass a/ttributable to 1, 2, 4? 8, 16 and
32 gpecles (below) at the four |stations and
assoclated total biomass.

12A - Station 1 {mesotrophic)

"12B ‘.- Station 2 (mesotrophic)

'12C + Station 3 (oligptrt;pﬁi;:)

12D ~ Station 4 (oligotrophic)
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Chapter 4

General, summary of the results and conclusions of Sections 1 and 2.

Within Lake Memphremagog (1976-1977), netplankton speciesl(> 35 um)
showed a greater tendancy towards seasonal occurrences, while nannoplankton
species {< 35 um) were generally more ubiquitous. With increasing total
biosass, there is a significant increase in nannoplanktdn biomass kp <,0001),
but a significant decrease in the relative proportion of this fraction
(p <.0001) both within Lake Memphremagog and among a nuﬁber of lakes
ngering a wide range of trophic levels. A similar significant
relationship was found for % nannoplankton (<35 um) and total chla within
Lake ﬁeﬁphremagog, but not for production. ' Although some correlations
between 7 nannoplankton £iomass and total phosphorus, light and temperature
were statistically significant, the large amount of residual variance
indicated tﬁat nutrients have a more indirect influence on phytoplankton
size distribugiéns, an it is suggested that differential graziné losses
‘may play an important ro¥f in phytoplankton size selection.

Spatial and temporal changes in total phosphorﬁs levels within
Lake Memphremagog were not always reflected by the major taxonomic groups
and dominant species, particularly on a gshort-term basis. Conversely,
conspicuous shifts in dominant phytoplankton assemblages were frequently
not associated with changes in total phosphorus, whi;h vas sim}larly true
of the distribution asd relative abundance of a number of 'indicator'
species. It appears that within the range of total phosphorus

concentrations observed during 197571977 in Lake Memphremagog (9-29 ugl_l),

factors other than this nutrient have a more ‘immediate Influence on the
by v K

\

(
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taxonomic composition of the phytoplankton commgnity. Similariy,rthere
was no clear-cut relationsh}p between total phosphorus levels and the
dominant morphology of the necp}ankton f;accion (>35 um), although
decreaged levels of thig nutrient were reflected in a general decrease’ in
the relative importance of filamentous species, and an inérease in the
relative abundance of colonial forms.

Thus, while total phosphorus measurements may be used to predict
long-term changéé in total phytoplankton biomass, they frequently bear
little relationship to short-term fluctuations in species compnsition,‘

Measurements of community z%;UCture showed significant
relationships with trophic level (total biomass) within Lake Memphremagog
1f biomass (rather than nuﬁerical abundance) was used as a measure of the
relative importance of each species. With increasing total biomass,

there was a significant increase in the number of species observed, but a

significant decrease In community diversity and evenness, Furtherm -,

to obtain a good estimate of total phytoplankton biomass (> '90%) at least

8 and, where biomass is lbw, up to 16 or 32 species should be enumerated.

e £ W g .- . e
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APPENDIX A,

!

Phytoplankton succession at the four stations in Lake Memphremagog.

A complete listing of all species and their relative frequency of
occurrence is given in Appendix C (Table C-1), together with those species

contributing to 10% or more of the total (Table C-2) and nannoplankton

biomass (Tables C-3, C-4). ] i

Station 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 late May. Early
samples at this most eutrophic (Table 8, Section 1) and shallow station

(z = 9.5 m) were marked by a sharp increase in Diatoma tenue var.

elongatum, which peaked early in June (4/6/76) at approximately 4000 ugl-J‘
(70% total biomass) (Fig. A-1). TIts subsequent’ decline followed the onset
of a period of stratification (Fig. 11A, Section 2), and was initially
accompanie;l by an increase in the abundance of othgg‘:» diatoms (Fragilaria

crotonensis, Stephanodiscus astraea and Rhizosolenia eriensis), small

flagellates (Rhodomohas minuta), and a filamentous blue-green (Oscillatoria

Ay

Redekei). The latter subsequently increased rapidly and became dominant

in early July (maximum 3000 ugl-]'; 65% total biomass), followlng which it
showed a fairly consistent decline coincident with an increase in turbuience
(Fig.411A, Sectton 2), although i?t still accounted for 17%Z of the total
biomass by mid August (Fig. A-1). The decrease in the abundance of

f
0. Redekei was initially followed by an increase in Cryptophyceae
= SERREER ‘

4

: A — )
(Cxyptomonas refléxa, C. Marssonii and Rhodomonas minuta) and large
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Fig. A-1. Contribution of major taxonomic groups and dominant species

to total phytoplankton biomass at Station 1 (mesotrophic)

in Lake Memphremagog, 1976-1977.

I

Legend: 1 - Cyanophyta; 2 - Chlorophyta; 3 - Euglenophyta;

4 - Bacillariophyta; 5 - Chrysophyta;

6 - Cryptophyceae (Pyrrophyta); 7 - Dinophyceae

(Pyrrophyta). ,
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| ¥
BIOMASS (MG/CUBIC M,) wi10*
0,00 15.00 30.00 45.06  60.00  75.00
% & N = mo e —— Diatoznf tenua var. elongatum({68%)
- ZArZo. 0scillatoria Redekei(65%)

‘E Ceratium hirundinella(15%)
1=
g 0.Redekei(191), Melosira italica(15%)
; -~ Cryptomonas reflexa(15Z), Rhodomonas minuta(l0Z)

Melosira italica(l7X), Cryptomonas reflexa(15%)
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dinoflagellates (Peridinium Willeil and especially Ceratium hirundinella),

and in August, by an assemblage of filamentous specics, notably 0. Redekeld,

Mo'ﬁ‘geotia 8p., Aphanizomenon gracile, Melosira granulata, M. italica subsp.

subarctica (hitherto referred to a M. italica), and Oscillatoria rubescens.

{
Melosira italica showed a continued increase to a maximum in mid-August (18%

total biomass), when it was codominant with 0. Redekci. In September,

these species were succeeded by a second increase in Cryptophyceae (Cryptomonas

[

reflexa and Rhodomonas minuta), dinoflagellates (Ceratium hirundin 1!a) and

bluc-greens (Oscillatoria rubescens). The Cryptophyceae dominated unlil
/

late September, when there was a complete break-down of stratifiéatio’n (Fig.
11A, Section 2) and a second brief pulse of M. italica. This was also

accompanied by an increase in Fragilaria crotonensis and Stephanod_’g,;ﬁ_s_

astraea, with the last becoming the dominant species early in Novembe:r
24% total biamass) (Ffg. A—l):

No further samples :.-ere collected at this station before ice-cover,
first observed in South Basin on December 4th., Subsequently, two 5 m tube
samples were ’collected through the ice in January, 1977 and examined. Total
biomass waz‘s very lc;w‘on b(lnth occasions (200 ugl-l), and dominated by small

flagellates (Chromulina, Ochromonas spp.) and Stephanodiscus hantzgchii,

At tlic end of January, Peridinium Willei and Asterionella formosa had become

present in low numbers.
The first open water sample in 1977 (24/4/77) was taken approximately
1 /
1-2 weeks after- ice-out’ in South Basin, The water colum was well-mixed

(F.i'g. 11A, Sectlon 2)~and total biomass was already 1000 uglul, domis “Led

by S. hantzschii (30% to biomass) and Rhodomonas minuta. The fotirer
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species showed a rapid decline and by the second week in May, Diatoma

tenue var. elongatum was dominant (14% total biomass). Howevef, this

species did not reach the biomass observed the previous spring, and
following the onset of stratification (approximately 12/5), declined to
a low abundance by the end of May. Other coneyrfent spec%es which also
made significant Fontributionéxto the total biomass during May were

D. tenue var. tenue, Asterionella formosa and Synedra ulng var. danica.

In June, the dominant diatom species shifted to Fragilaria crotomensls
|

and Stephanodlscus astfaea, which peaked the second week, accompanied by
‘ .

a brief pulse of Urogleha volvox and Anabéena flos~aquae. This

coincided with a small increase in mixing depth (Fig. 114, Section 2) and ‘
resulted in an increase in total biomass to 3000 ugl-l.‘ The decline in
abundance of these species was‘followed by a rapid succession: Rhizosolenia

eriensis and Oscillatoria limmetica (25/6), Mallomonas elongata and

Cyclotella bodanica (2/7), Fragilarla crotonensis (16/7), Cryptomonas

. Marssonii (30/7) and Gleococcus Schroeteri (13/8) (Fig. A-1). From

mid-July onward, there were frequent break downs of stratification (Fig.

11A, Section 2). As in 1976, Melosira 1talica appeared jin late Augusr,

but remained dominant and continued to increase in biomass until the end
of October, accompanied by a shifting species assemblage of-Fragilaria

crotonensis (26/8), Coelosphaerium Naeglianum, Melosira granulata and

v

Anabaena planctonica.’ As in theiprevious year, there was also an increase

in Stephanodiscus astraea towards the end of October,

Station 2: Border

. | .
( Station 2 1s characterized by somewhat lower levels of total

A

el
-/ : -
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0 phosphorus (Table 8, Section 1) and is slightly deeper {(z = 9.5 m) than

1 ) the more souﬁherly Station 1, but species patterns at the two stations
were very similar and, -in fact, biomass was generally higher at Border
(Figs. A-1, A~2; Table 4, Section 1). The spring peak in %76 of 1

Diastoma tenue var. elongatum was larger (4700 ugl—l) and extended to

mid-June when this species was again succeeded by Oscillatoria Redekei;

strdatification was established the first week of June (Fig. 11B, Sectlom

2). Oscillatoria Redekei attained dominance by late June at this
&

station, reaching 3300 ugl-l, a similar maximum biomass to that cobserv-d

further south. 1Its subgequent decline in abundance coincided with a
slight decrease in the relative s:ability of the water column (Fig. 11B,
Section 2), although this species again.remained dominant until late
August, This decline was again assoclated with an increase in

d dinoflagellates (Ceratium hirundinella) 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:

0. Redekei, Aphanizomenon gracile, Mougeotia sp., Melosira italica and

M. granulata. Total biomass was generally lower than at Indiam Point

during this period, and M. italica did not show a sharp increase in

\
\ﬂAugust; moreover, Osclllatoria rubescens dominated briefly at the

'beginniné of September prior to the second development of CryptophyceaéJ

{Cryptomonas reflexa, Rhodomonas minuta) and dinofla&ellates (Ceratium

, . hirundinclla). Fall turnover at this station again occurred at the end
of September (Fig. 11B, Section 2); however, in contrast to Station 1,

C. reflexa was not replaced by Melosira italica until mid-October. The

. :, Ml B Rt g . .




Fig. A-2. Contributioh of major taxonmomic groups and dominant specles
to total phytoplankton biomass at Station 2 (mesotrophic)

in Lake Memphremagog, 1976-1977, Legend as in Fig. A-1.
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latter species remalned dominant until the second week in November, when

it was succeeded by Stephanodiscus astraea and Fragilaria crotonensis, as

4

at Station 1.
Two under-ice samples from late March 1977 showed a slightly
higher biomass (200 ugl—l) to that found in January at Station 1, but a’

similar species assemblage, predominated by Stephanodiscus hantzachii,

Rhoudomonas minuta, and small Chrysophycean flagellates.

The first open-water sample (24/4/77) at Border was similar to
that at Station 1 (1200 ugl"l) and predominated by S. hantgschii (472 total

biomass), togethexr with Gymnodinium veris and Peridinium aciculiferum (Fig.

A-2)., Stephanodiscus hantzschii was again rapidly succeeded by Diatoma

tenue var. elongatum, D. tenue var. tenue and Asterionella formosa.

Chrysochromulina parva also made a significant contribution to the tptal

biomass during this period. Diatoma tenue var. elongatum did not reach

the high levels of biomass in 1977 observed the previous spring although it
again showed a higher and fioré extenuated peak aAtﬂthia station than further
south at Station 1. Stratification was established during mid-May (Fig.
11B, Section 2). At the end of May, there was a shift to Fragilaria

crotonensis, Stephanodiscus astraea and Rhizosolenia er:lensis. In fact,

these species remained dominant until the end of July: the pulse Uroglena

volvox and Anabaena flos-aquae obgerved at Station 1 was not as pronounced

at Border, and similarly, Oscillatoria limnetica, Mallomonas elongata and

Cyclotella bodanica remained ot velatively low biomass (Figs. A-l, OA-Z).
' /
There was a brief increase in Au.baena flos-aquae the second week in August.

1
o

Following fall-turnover in the third weelkfof this month, the dominant

N
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:

species were Gleococcus Schroeteri (26/8) and Fragilaria crotomensis

('31/8) . Melosira italica became dominant from mid-September onward,

i

approximately two weeks af;)er its appearance at Station 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 briefly in late September

(24/9/77).

%

Station 3: Central

Total phosphorus concentrations at this station, which has the
greatest depéh (z = 100 m), are mur:.)h lower than those in the more
eutrophic South Basin (Table B, Section 1). 1In general, levels of
phytoplankton biomass in 1976 and 1977 were also reduced (Figs. A-1, A-2,
Ak-3; Table 4, Section 1), although the spring maximum of Diatoma tenuc
var. elongatum (3000 ugl_l) was only slightly lower than that observed in
the South Basin. Ice-out occurred the third week in April in this basin
and although stratification was established at the beginning of June (Fig.

.

11C, Section 2), D. tenue var. elonga'tum did not y appreciable

decline until the third week of this month (Fig. The subsequent

peak of Oscillatoria Redekei (3500 ugl-l) in early July was similar in

magnitude to those observed at the more eutrophic, southern stations, but

showed an earlier decline, again coinciding-with an increase in mixing

1
depth (Fig. 11C, Section 2). However, this species similarly remained
dominant fhroughout most of the summer. Its initial decline was followed

by an increase in Cryptophyceae (Cmtomonas reflexa, Rhodomonas minuta)

similar to that seen at Stations 1 and 2, with a rapid succession to a

. o

.
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mixed assemblage of Ceratium hirundinella, Rhizosolenia ericnensis,

Rhodomonas minﬁta, ‘Chrysochromulina parva, Synedra ulna var. danica and

Cyclotella bodanica. The shift to a predominance of filamentous forms

observed in the South Basin was not as marked at this station and did not

occur until mid-August, following a brief dominance by Cyclotella bodanica

(Fig. A-3). “{Furthermore, only two filamentous species, Oscillatoria

Redekei and Aphanizomenon gracile, appeared in any abundance; Mougeotia

sp., Melosira spp., and Osclillatoria rubescens were not observed. Ceratium

hirundinella and Fragilaria crotonensis also made important contributions

to the total biomass during late August and eventually became dominant in

mi d~Septewber, accompanied by a brief pulse of Botryococcus Bra\mii,' The
fall increase in Cryptophyceae observed in the South Basin was very subdued
at this station and Melosira italica also remained at very low biomass.

Ceratium hirundinella dominated until mid-October and the onset of fall
turnover (Fig. 11C, Section 2), following which phytoplankton biomass

\
remained low (700 pgl-TIl) and consisted mainly of Fragilaria crotonensis,

Stephanodiscus astraca and Melosira italica (Fig. A-3).

During December, there was a slow increase "in Asterionella formosa,

which became dominant prior to the establishment of ice cover at the end of
the month (between 28-31 December), although total biomass remained low
(306 ugl—l) . In the first under-ice sample (22/1), total biomass had

' »

increased to 540 uglbl) and consisted mainly of A. formosa (46%) and

Stegﬁanodiscus hantzschii (Fig. A-3). Subsequent samples §howed a gradual
decline in A. formosa and by mid-February, S. hantzschii remained as the

1
dominant species, together with Rhodomonas minuta,and to a lesser extent,
i
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Chrysochromulina parva.

13

The first open-water sample (24/4/77), collected approximately
4 days after ice-out, alread§ sbowed a significant increase in total
biomass (1600 ugl—l), which was predominated by S. hantzschii (41%),

Rhodomonas minuta and Gymnodinium veris. This was followed by an

extremely abrupt decline in these species, with total biomass remaining

very low (200 ugl_l) until the onset of stratification, the third week in

May (Fig. 11C, Section 2) when Diatoma tenue var, elongatuh increascd

briefly. This species was immediately followed by a rapid succession of

diatoms; notably Synedra ulna var. danica (not observed in any abundance

in the South Bakin during this period), Asterionclla formosa, Fragilaria

crotrnensis and Cyclotella bodanica (Fig. A-3). Uroglena valvox and

Stephanodiscus astraea did not show as significant an increase at this

station; however, the development of Anabaena flos-aquae in mid June was

-

greater in magnitude than that observed in the more eutrophic South Basin.

A decline {n the predominant diatom species towards the beginning of July
A

0

was accompanied by an increase in Cryptophyceae (Cryptomonas reflexa,

Rhodomonas minuta an&'g. rostratiformis). The plankton was dominated in-

‘ I

August by a more extensive development of colonial greens (Gleococcus

Schroéteri) and blue-greens (Coélospbar%um Naeglianum, C. Kitzingianum)
than seen in the South Basin. These species were again briefly replaced

by Fragilaria crotonensis in late August, but then continued to dominate

il
until late October, when there was a more extensive development of Melosira.
. i T —

v

italica than seen in the previous year at this station (Fig. A-3), Fall
| .

i

overturmn commenced during the middle of September (Fig. 11C, Sectlon 2);

~ ‘ -
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Station 4: North

This station is comparable in depth to Station 2 in South Basin
(z = 14.% m), but exhibits the lowest levels of total phosphorus and
phytoplankton biomass, although in 1977, differences between Stations 3
(Centxal Basin) and 4 were significantly reduced' (Tables 8, 4; Section

1).

1 Diatoma tenue var}.elongatum showed a much less pronounced spring
maximum (1170 ugl—l) at this station in 1976 than ‘observed in the South
and Central Basins (Figs. A-1, A-2, A-3, A~4), and declined approximately
2 m‘eeks after the onset of stratification, which occurred at the beginning
of June (Fig. 11D, Section 2). 1In addition, the ensuing development of

Oscillatoria Redekeil was comparatively small (max. 500 ugl-l) and shart-

lived. This species had decreased sip‘tificantly by the end of July, when
there wa,s an 1ncrelase in turbulence and mixing depth (Fig. 11D, Section 2),
although as at other stationsg remained fairly ‘abundant (approx. 107 total
biomass) until late August’ (Fig. A—l&)‘. Following the initial decline c;f
0. Redekel, there was no appreéiable‘ )mcrease in Cryptophyceae, althouéh as
in Central Basin, there was a slight. deveiopment of diatoms (Rhizosolenia

eriensis, Cyclotella bodanica) and dinoflagellates (Ceratium hirundinella).

)

The mid-summer predominance of filamentous forms which occurred at the other
stations was absent in the North Basin; instead‘there was a rapid

succession of species, notdbly Botrococcus Braunii (9/ 8) and Fragilaria

crotonensis (30/8). No fall pulse of Cryptophyceae was observed and the

plankton was dominated by Ceratium hirundinella at the commencement of

overturn (Fig. 11D, Scction 2) during the first half of September, succeeded




Fig . A"a .

Contribution of major taxomamic groups and dominant species
to total phytoplankton bic;mass at Statlion 4 (oligotrophic)

in Lake Memphremagog, 1976-1977. Legend as in Fig. A-l.

e e s




XA Ey o,

! . ) | . 107 *
|
' >
BIOMASS (MG/CUBIC M.) w} 1
0.00 15.00 30.00 4s5.00 60.00 75.00 'S
(] [N : A A 1
- .
-
- Diatoma tenue var. elongatum{41%)
n Oscillatoria Redekei(22%), Fragilaria crotonensis(20%)
Rhizosolenia eriensis(11X), R.minuta(10Z)
é Botrococcus braunii(19%), Cyclotella bodanica(12%Z)
L Fragilaria crotonensis(16Z), B.braunii(13%)
o .
- Ceratium hirundinella(10%), Aph‘a"nizomenon flos~aquae(10%)
u Aphanizomenon flos-aquae({15%)
8
z . ’ "
a
<
L. -
D
Z
?
x
D
m -
~4(/%.4 Rhodomonas minuta (15%) &
x " Synedra uina var, danica(38%), Chrysochromulina parva(l4%)
D
-‘ | 1 -
- - Fragilaria crotonensis(48%), Cyclotella bodanica(23%)
:c:_ Gleococcus Schroeteri(34%Z), Coelosphaerium Naeglianum(19%)
¥ragilaria crotonensis(201)
* Rhizosolenia ex lensis(33%) .
Cyclotella bodanica(142)
v )
m
“° )




[ e - S TR Mo . o 4,

108

by Aphanizomenon flos~aquae. No late fall samples were collected at
A
this station,

In spring 1977, the first ice-out sanple at Station 4 was taken

a week later than at other stations, and it showed no evidence of

Stephanodiscus hantzschii, which at that time was abundant but already

declining in South and Central Basins. 1Instead, the plankton was

dominated by small flagellates (Rhodomonas minuta, Chrysochromulina parva).

This was followed at the onset of stratification in mid-May (Fig. 11D,

Section 2) by Synedra ulna var. danica which attained a higher maximum

~

biomass at Station 4 (900 ugl—lﬂ than a similar population of this diatom
in Central Basin (Figs. A-3, A-4). However, this species was not

accompanied by a development of Diatoma tenue var. elongatum as observed at

Station 3. Synedra ulna var. danica continued to dominate until early

June when it was succeeded by Fragilaria crotonensis and Cyclotella hodanica,

which accounted for 507 and 20% respectively of a sharp increase in total
bilomass (3100 uglﬁl) towards the end of June (Fig. A-4). The accompanying

development of Anabaena flos-aquae was relatively minor (200 pgl_]). There

was an increase in Uroglena volvox at the beginning of July, as observed in

the South Basin, although this species did not show a similar development at

Station 3 (Central Basin). In mid-July, colonial species (Coelosphaerium

Kitzingianum, Gleococcus Schroeteri) increased, as in Central Basin but in

contrast to events at Station 3, these species were replaced in ecarly August

-

by a series of diatoms (Fragilaria crotonensis, Rhizosolenia eriensis and

&

Cyclotella bodanica), although there was a similar development of -

/

Coelosphaerium Naeglianum towards the end of September (Fig. A-4),
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corresponding with the onset of fall overturn.
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*  APPENDIX B.

]
Total and nannoplankton biomass and contribution of major taxomomic

Ve

groups to total and nannoplanktoh biomass within Lake Memphremagog,

v

1976~1977.

This appeﬁdix contains all graphs of total and nannoplankton
‘biomass and the contribution of /major taxonomlc groups to total and
nqnixoplankton biomass\at the stations in Lake i{emphregagog (1976~
1977) not included in the main body of the thesis.
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’ Fig. B-2. Contribution of major taxonomic groups to Biomass <35 ym
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Fig. B-3.  Contribution .of major taxomomic groups to Biomass <35 um .
> , >
7 (Fig. B~3a) and Biomass <10 ym (Fig. B-3b) at Station 3 |
oligotrophic) in Lake Memphremagog 1976-1977. Legend
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Contribution of major taxonomic¢ groups to Biomass <35 um

(Fig. B-4a) and Biomass <10 ym (Fig. B-4b) at Station 4

(oligotrophic) in Lake Memphremagog 1976~1977. Legend
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APPENDIX C. * /
Table C-1. Listing of a1l phytoplankton species found at the four stations (Fig. 1) within
Lake Memphremagog to flate. +Morphological grouping and average volume given for
more, common species 1976-1977, together with % samples for each station and year
- in which species were found. Species identlified by author in samples from 1973
indicated (73); those identified by H. Kling in 1973 samples indicated (73,K).
Note: volumes of colonial species determined according to footnotes (see NOTES at end of table,p.135).
Group Av. vol. % samples present (1f >50%) for
(113) each year
1 ' 2 3 4
CYANOPHYTA . -
Chroococcales ~ Chroococcaceae : )
Aphanocapsa cf. delicatissima  W. & G.S. West ;C $15% col.
Aphanothece cf. ‘clathrata W. and G.S. West c ©15% col.
Chroococcus lim';et.icus Lemm. c 95 T7(54%)
Coelosphaerium Xvetzingianum Naeg. - c 810/cells 76(50%) 76(80%)
y 5 cells/ 77(62%)
156u"S.A.
. Cecelosphaerium Naeglianum Ung.. ) c souter 5u 76 (942) 76 (60%) 76(94%) 76(100%)
depth of 77(53%) 77(55X) 77(57%) 77(54%)
’ celony . .
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CYANOPHYTA o
Chroococeales - continued

Gleocapsa vesiculosa +

Gomphosphaeria aponina Kg.
Gomphosphaeria lacustris Chod.

Microcystis flos-agquae (Wittr.) KRirchn,

-

Misc.-unicells <5 ym (mainly T. inconsfans)

Hormogonales ~ Nostacaceae .

Anabaena flos-agquae (Lyng) Bréb.

Anabaena planctonica Brunnth

Anabaena spiroides Kleb,
Aphanizomenon flos-aquae (L.) Ralfs
Ap&anizamenon gracile Lemm,

- Rivulariacese

Glectrichia echinvlata (J.E. Smith) P, Richter

181

o~
4
broup Av. vol. % samples present (if éSDZ) for
(us) each year
i 1 2 3 &

AP, 15/cell
Cc 100/cell 76(1007)
c 3/cell ,

C  ©l5% col.

AP 50 . 76(95%) 76(100%) 76(94%) 76(100Z)
F 33/u 77(74%) 77(58%) 77(54%) 77(70%)
F - 40/u 76(59%) 76(67%)

77(68%) -
F 34/yu 76(50%)
F 20/u
F 13/u

A

R T



% -
Group Av. vol, % samples present (if >50%) }cr
(u3) each year
. b3 2 3 4

CYANOPHYTA ' .
Ho\rmogonales - Oscillatoriaceae " \i
Lyngbya Birgei G.M. Smith F 175/u -
Oscillatoria limnetica Lemm. ¥ s/y 76(71%) 76(50%)  77(62%)

77(53%)
Oscillatoria Redekei Van Goor. F 13/u 76(76%) 76 (70%) 76(67%) 76(80%)
Oscillatoria cf. rubescens D.C. F 20/u 76(100%)  76(85%) _  76(83%) 76(80%)

-~ Pelanemataceae .

Pelonema subtillissimum Skuja N '
CHLOROPHYTA
Protablepharidales ~ Protablepharidaceae .
Gyromitus cordiformis Skuja 0 530 76(82%) 76(70%) 76(78%) 76(902)

77(84%) 77(91%) 77(64%) 77(922)
Polymastigales - Paramastigaceae = ?

‘Paramastix conifera Skuja

R
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CHLOROPHYTA

Valvocaleg - Chlamydomonadaceae
Carteria sp.

Chlamydomonas cf. gleophilia Skuja
Chlamydomonas cf-. oviformis E.G. Pxingsh

Chlamydomonas sp., 1

Chlamydomonas 8p. 2
Chlorogonium maximum Skuja

-~ Volvocacege

. Pandorina morum (Miller) Bory

" Budorina cf. unicocca

Tetrasporales - Tetrasporaceae

Gleococcus Schroeterl (Chod.) Lemm.

Gleocystis bacillus. Telling ¢

' c |
Group Av. vol, % samples present (if >50%) for’
M .
(v ) each year
1 2 3 4

B 13400 g
B,Q 50
B,Q 50 76(472) -
B,Q 525 76(100%)  76(100%)  77(95%)  77(54%)

77(84%) 77(91%)
B 150 - 76(47%)
E 2600
i

c 200/cell -

c 220/cell ‘
. C  v270/daught.col 2

or 220/mature 76(60%)  76(50Z)  76(67%)  76(80%)
cell. 77(742) 77¢772) 7(77%) =
[o -]
c 300/cell

b domtrion K8 reokipy € nBD et s
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CHLOROPHYTA

Tetrasporales =~ Tetrasporaceae

Gleocystis planctonica (W, & G.S. West) I:emm.
Tetraspora sp.
- Hydrodictyaceae
Pediastrum Boryanum (Turp,) Menegh
Ped.ia;‘ttum duplex Meyen
Pediastrum tetras (E) Ralfs (73,K)
- Qocystaceae
Franceia droescherl (Lemm.) G.M., Smith
. ‘Langerheim.ia gevenensis Chodat"
Micractinium sp.
) Oocystis lacustris Chodat
Oocystis gigas var. incrassata W. & G.S. West
Nephrocytium lunatum W. West

Tthrai_édmn limneticum Borge

Group Av. vol. % samples present (if >50%) for
. (u3) each year
1 2 3 4
c Vv 220/cell
D wrszu
D (ﬂrzﬁ)llz
D -
A ¥ 1150 .
A 30 76(47%)
D 65
c 1050 76(65%)  76(65%) 76(50%) 76(502%)
G 33x17.5
c v 553/&11
A 2200 ,

61T
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CHLOROPHYTA
Tetrasporales - Oocystaceae

Tetra¥dron mirimum (A.Br.) Hansg.
Tetra¥dron trigonum (Naegeli; Hansg.
Tetraddron trigonum var. gracile Reinsch.
Tetraddron victoriae var. umajor

~ Coelastraceae .

4

istrodesmus acicularis var., heteropolia’skuja

{strodesmus bibranalus (Reinsch.) Kors
Ankistrodesmus falcatus (Corda) Ralfs
Ankistrodesmus fasciculatus Lundb. Kom—Le.\gn.
Ankistrodesmus fusiformis Corda sensu Kors.
Coelastrum cambricum Archer
Cvelastrum nﬁcrosporum Naeg,

Coelastrum octaddran Skuja

Coelastrum probiscideum Bohlin

-
Group Av. vol. % samples present (i1f >50X) for
(u each year
) 1 2 3 4
/ N -
A,P *250 76(47%) - 76(60%)
2250
A 3500
G 6400
A 350 77(84%) 76(552) 76(61%) 76(50%)
77(59%2) 77(75%) 77(62%)
C 50 &
D 50 @
D 50
c V34/cel]£.[
c v 34/cell .
C vV 220/cell
C  v34/cell ‘ -

0T
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CHLOROPHYTA

Tetrasporalegs - Coelastraceae

Crucigenia irregularis Wille -
Crucigenia guadrata Morren

Crucigenia truncata G.M. Smith

Crucigenia cf. tptrapedia (Rirchm.) W. & G.S. West

Dictyosphaerium elegéns Bachmann

‘Dictyosphaerium pulchellum Wood

Elakatothrix gelatinosa Wille o .

Flakatothrix viridis (Snow) Printz

Monoraphidium contortum (Thurs in Breb)ﬁ Kom-Legn.,
Monoraphidium inrregulare (G.M. Smith) Kom-Legn.
Monoraphidium minutum (Nig.) Kom-Legn.
Monoraphidium pugillum (Printz) Kom-Legn,
Xonoraphidium setiforme (le3.) Kom-Legn.,

s
4
; .

- R 1;;7’:‘ &Q‘r;(a

[a)
Group‘ Av. vol. % samples present (if >50%) for
WS ‘ each year "
N 1 2 4
D Vv 100/cell
D,A v 5/cell
D v 25/cell
C v50/cell
c v50/cell
v 200/cell
c v200/cell 76(88%) 76(952). _ 76(89%) 76(90%)
77(79%) 77(82%) 77(68%) 77(69%)
X 15 4
H 15 B
AP 50 76(822)  76(70%)  76(67X)  76(50%)
:4 50 76(65%) -
H 20 76(52%)

L ¥4
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CELOROPEYTA , ,

Tetrasporales ~ Coelastraceae

Quadrigula cf. Pfitzeri Schroed. .

Scenedesmus acuminatus (Lagerm.) Chod.

Scenedesmus denticulatus Lagerm.

Scenedesmus denticulatus var. linearis Hansg.

Scenedesmus cf. ecornis (Ralfs) Chod. -

Scenedesmus intérmedius var, acaudatus Hortob.

]

Scenedesmus intermedius var. bicaudatus Hortob,
L]

Scenedesmus gquadricauda Chod.

Scenedesmus spinosus Chod,

Treubaria triappendiculata Bernard

Ulotrichales - Ulotrichaceae

Ha-rfni dium 'SP . !

Ulothrix spa. -

£

Group Av. vol.

(u3)

Z samples present (1f >50%) for

- each year
1 2 3 4
c . &
A V 40/cell
&  ©160/cell
A ©160/cell  76(65%)  76(55%)
77(552)
A v125/cell 76(53%) .
AP  v3S/cell  76(53%)  76(70%) 76(50%)
A v 35/cell ‘ o
A v 80/cell 76(88%) . 76(50%)
77(532) )
. A Vv 80/cell . ,
AP 920 76(53%)
. .
F 450 -

(1A%
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Group IAv.‘vo],. ‘ % samples present (1if >50%) for S N
. - (93)\ each year
) * %
. o 1 2 i 3 ) 4

CHLOROPHYTA . ! . - - 1

Zygnematales - Zygnematacese ‘ - » '

Mougeotia sp. . ‘ 4 12/u C 76(65%)  T6(S5%)  76(S6%)  76(70%) .

Desmidiales ~ Desxg‘fgliaceae ‘ . “ . .- i

Arthrodesmus ’sp’. ¢ - H 7850 . ’ | . ’ -

Closterium aciculare var. aciculare West . ' H 3800

4 Closterium acerogum var. acerosum (Schx:'ank) Erenb. G 200000 -

Closterium acutum va.r. variable (Legm.) Krieger , H 525

Cosmarium cf. éepressrm (Naeg‘.) Lwmd i
~ Cosmarium sp, ! o] 7100

Staurastrum cuspidatum (Bréb) (73) ‘ : s ;

Staurastrum dejectum Bréb ‘ X © ¢ 1iooo ‘ “ )

. Staurastrum cf, erasum (Brb) . : )

Staurastrum longipes (Nordst.) Teil . G, 6350 . 76(502)

Staurodesmus sp. - | _ ¢ 27500

Spoaéy.loaum planum (Wolle W. & G.S. Wast ' I’N 1700 76(502) E

Xanthideum antilopaeum (Bréb) Kutz (73,K) - ) b :




- . * Group Av, vol. % samples present (1f >50%) for ) 1
) (u) each year *
‘ | L 2 3 4 ‘
t § /,’ N -
EUGLENQPHYTA  _ . ’ ‘ \
Euglensles - Euglanaceae f
R i
" Buglena spp. " E " 1000
Trachelomonas cf. ag.lindﬁa E. Sec. Playf.
Trachelomonas cf. néxcroémctata (Skv.) Defl,
Trachelomonas cf. volvocina Ehrenb, T B 1800 76(53%) . 76(50%)
: =" ' 77(54%)
Trachelomonas Spp. - B 4000 76(53%)  76(55%)
BACILLARIOPHYTA . i .
CQnti-gle - Coscinodiscaceas !
Cyclotolla bodantca Eulenst, | A 6600 76(82%)  76(30)  76(89%)  76(90%)
. , ! ‘ ' 77(89%)  77(86%)  77(79%)  77(100%)
. Cyc.lou.u:l sp. 7 AP 500 )
Nelosira granulata (Ehr,) Ralfs * CF 50/um 76(53)  76(65%) :
: . 77(63%) - 77(59%) -
Melosira grenulats ver, angustissime MUll. F 20/ym 76(53%) 76(55%) i
Melosire ftalice suhep. subarctica 0. MLl P 55/u 76(1007)  76(903)  76(72%)  76(70%) S,
; ) _ 77(100%)  77¢77%)  7(61R)  77(77%) :
v o i
~ - N /




BACTLLARIOPHYTA
&L&e} - Coscinodiscaceae

Melosira varians C.A, Ag.

Stephanodiscus astraea (Ehr.) Grun.

Stephancdiscus Hantzschii Grun.

’ . = Soleniaceae
. -

Attheya Zachariasl J. Brum,

Rhizosolenia eriensis H.L. Smith _
§

Rhizosolenia longiseta Zach,
Pennales - Fragilariceaes

Asterionella formosa Hassall
Diatoma tenue var. elongatum Lyngb.

Diatoma tcnue var, tenue Patrick

Group ) Av. vol, X samples present (if >50%) for 7
(ua) each year i
. 1 2 3 4 - -
F
G 26000 76(88%) 76(95%) 76(72%)
77(79%) 77(82%) 77(50%)
AP 150 76 (94%) 76({90%) 76(78%) 76(502)
77(79%) 77(77%) 77(75%) v
¢ G 3500 76(59%) N
H 3010 76(88%) 76(85%) 76(83Z%) 76(80%)
. 77(74%) 77(73%) 77(54%) 77(62%)
D - 650 - 76(100%) 76(100%) 76(942) 76(100%)
77(100%) 77{100%) 77(1002) 77(100%_)_
" 2250 76(76%)  76(65%)  76(67%)  76(60%) N
77(53%) 77¢(50%) . E
- H
o B ;
C
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" ‘ o “Ilﬂiliﬂﬁﬁﬂﬂiﬁi o !
- e




-
Group Av, vol. 4 samphé present (if >50%) fc;r
J . - i - (ua) ) _ «each year ]

R | - : A 2 3 4
Pennales - Fragilarice;eﬂ g ’ . . J ‘ ' c }
Diatoma vulgare Bory N E . H 225 V - ”

'Fragilaria crotonensis Kitton a D 76(94%)  76(95%)  76(100%) ,76(100%)
. 77(95%) 77912y 77(86%Z) ©  77(92X)
Fragilaria cf. vaucherize (Kutz) P;teru D : . 76(59%) 76 (70%) 76(61%) )
ne:.idia'n circulare Agardh. r o . G 800 . - ) ‘ oz
|} Synedra acus Xurz . . e . 500 : - ¥
Synedra agus var. ahgustissima : 540 76(96%)  76(80X)  76(78Z)  76(80%)
. 0 . ) 77(95%) 77(91%) 77(68%) 77(85%)
Synedra acus var. radians ‘ .
r Sgnedra berolinénsis Lemm. . . D 200,
Synedra rumpens l?utz (732 ) , g
'.}"  Synedra ulna (Nitsch) Ehr. : - ¢ 40000
Synedra ulna var. danica (Kitz) Grun, C . H 8300 . ‘ 76(762) 76(70%) 76(67%) 76(60%)
: . @ \ 77(89%) 77(82%) 77(71%) 77(69%)
| \ ?‘abellaria fenestrata (Lypg‘b.) Kutz - ; ’ D 3000 76 (50%) 76(67%) 76(70%)
j‘%/‘ Tabellaria flocculosa (Roth) Kutz . D 2000

971 .




B@CILLARIOPH!IA

Pennales -~ Achnanthaceae

Achnanthes m.inutis‘simé Kutz

Rhoicosphenia curvata (Kitz) Grun.

Rhapalodia gibpa (Ehr.) 0. Mill,
- Naviculaceae

Cumbella affinis Kitz

-a;mbel.la cf. aspera (Ehr.) Cleve

Cymbella spp.

. Navicula cryptocephala var.— venetia
Navicula oblonga Ritz
Navicula cf, radiosa Kitz (73)

Navicula cf, Reinhardtii Grun.

Navicula spp.

S S e TR Y N bermgene -
e e . . -

3

Group Av, vol. % samples present (if >502) for

*A, Cattaneo, pers, comm,

ah : each year
- 2 3 4
AP 30*

G. 1500 v

500 o
G 850%

4000 . s, Kk -
G calc. ’ .
G 18000

6700
G 1000 -

Lz,

e,
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BACILLARTOPHYTA.
Pennales - Nitschiaceaé
Nitschia cf. cicularis W, Smith
Nitschia cf.~dissipata (KUtz) Grum.
Nitschia spp.

- Surirellaceae

Cymatopleura solea

Surirella =p.

CHRYSOPHYTA

Chromulinales ~ Euchromulinaceae g

Chronulina cf, sphaeridia Schiller

Chromulina cf. ovalis Klebs

<

Chromulina vestita Schiller

Chmxgmlina spP.

-

Group  Av. vol,

//

* % samples present (if >50%) for

) (u3)- cach year
3 1 2 3 4
) 1
B 500 77063 77(50%)
G 4000
6 500 -
- 76¢100%) 76 (90%)  76(100%)  76(100%)
(94%) . (95%) (1002) (100%)
(59%) - (90%) (1002) (70%)
(60%) (50%) -
3 77(100%) . 77(100Z)  77(100%)  77(100%)
(100%) (95%) (93%) (100%)
(73%) (59%)
3,0 200 -

B,Q * 50-200

7y
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\ Group Av, vol. % samples present (if >50%) for
- ’ / (u3) each year ‘
1 2 3 4
CHRYSOPHYTA
~ Chromulinales - Euchromulinaceae - . 1
Chrysococcus radians Conradh M : B,Q 300
Chrysocaccus spp. B,Q 100
Xephyrion cf. rubri-clauvstri var. amphora Cc;nrad
Kephyricn cf. sitta Pascher 50
Xephyrion sp., . B,Q 65
- Mallomonadaceae 4
M2llomonas cf. .acaro.ides Perty B 2000
Nallomonas akrokomos Ruttner B 210 - 76(53%) ) -
77(79%) 772(68%) - 77(68%)
Mallomonas caudata Iwanoff ' B 2350 76(71%)  76(75%)  76(67%)  76(70%)
77(89%) 77(82%) 77(64%) 77(852)
Mallomonas elongata Reverdin : . E 5890 76(652)  76(75%)  76(67%)  76(70%)
. 77(79%) 77(73%) 77(57%)
Ma.llam.onas cf. insignis Pernad ) E 2000 . 76(65%) 76.(651) 76(72%) 76(60%)
. Mallomonas pseudocoronata Prescott R 2750 76(53%) .76(702)
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" CHRYSOPHXTA

-

Isochrysidales ~ Isochrysodaceae ®

Erkenia subaequiciliata Skuja -
e Synuraceae

Synura ;zvella Ehrnberg & Korschikon-

-

Ochromonadales - Ochromonadaceae
Ochromonas cf. miniscula Conrad
Ochromonas Spp. . ®

- -
Uroglena c¢f., volvox Ehrnb,

1 - Lepochromonadaceae
Chrysoikos angulatus
Chrysoikos skujai (Nauwerk) Willen -
" Dinobryon bavaricum Imhof,
Dinobryen cylindricum var, alpinum (Imhof.) Bachmann

Dinobryon divergens Iwhof., .

Group Av. vol, % samples present (if >50!=) for
(u3) each yeax
1 2 3 4

B,Q 100

c 530 76(76%) 76(50%)

: 77(58%)
B,Q 76(762) 76(85%) 76(89%) 76(902)
77¢100%)  77(91%) 77(79%) 77(69%)

c 100 77(58%) 77(55%)

B 50 e

B 50

-

D 200 76 (64%) 76 (60%) 76(50%) 76(70%)

D 100

D 100 76¢76%) "\

\

L
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CHRYSQPHYTA
Ochromonadales - Le romonadaceae

‘Dinobryon sociale Ehrnb,
Dinobryon sociale var. americapum (Brunnth) Bachmp.

Rhizochrysidales ~ Rhizochrysidaceae

Chrysamoeba mikrfokonta Skuja

Chrysamoeba radians Klebs ¢

Prymesiales - Prymesialaceae
Chrysochromulina parva Lackey

Chrysocapsales -~ Bitrichiaceae

Bitrichia chodatii (Revexdin) Chodat

Chrysosphaeriales -~ Stichogleaceae

Stichoglea delicatula {(West) Skuja

Craspedomonadales - Bicoscaceae
Bicoeca crystallina Skuja _

Bicoeca mitra Fott

TR e

1
Ta TRMME o e

s e e -

-
Group/ Av. vol. % samples present (if >50%) for
(u3) each year
1 2 3 4

D 100

D 100 76(59%)

B,Q 180

B,Q 500 76(602)

B,Q 80 76(100%)  76(100%) 76( 892)  76(100%)

77¢100%)  77( 91%)  77(1002)  77(100%)
" 200 76(502)  76(60%)
=

c 525
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Group Av. vol. % samples present (if >50%) for
(u3) \ : < each year
=1 2 3 4
] CHRYSOPHYTA . ]
b Craspedomonadales ~ Bicoecaceae b
\ Bicoeca tubiformis Skuja » o 130 , Y
“ Bicoeca spp. o .0 100 K
‘f~ - « Craspedomonadaceae ;
Aulomonas Lackey ’ 0 35 77(532) 77(50%)
| Conocladium umbellatum (Tatem) Stein o 100
Desmarella sp. -
‘Salpingoeca elegans (Bachm.) Lemm. i ;
" Stelexomonas dichotoria Lackey ’ 0 100 N F
| . Misc. flagellates <5 um B,Q . 76(100%)  76(1007)  76(1007)  76(100%)
§ 77(100%)  77(95%) 77(96%) 77(100%)
! Misc. non-flagellates <5 um . e 76(767)  76(95%)  76(1007)  76(100%)
t‘f\ - - . 77(84%) 77(82%) 77(82%) 77(69%)
’ g « Xanthophyceae a

Botrococcus Braunii Kitz . c 9 76(60%) .
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PYRROPHYTA CRYPTOPHYCEAE

Cyyptodpnadales — Cryp tomonadaceae

Chilomonas cf. oblonga Pascher

Chroomonas cf. Norstedtii Hamsgirg

Cryptomonas erosa Ehrenbg.

Crvptomonas Marssonii Skuja

Cryptomonas obovata Skuja

Cryptomonas ovata Ehrenberg
Cryptomonas reflexa Skuja
Cryptomonas rostratiformis Skuja

Rhodomonas minuta Skuja

~ RKatablepharidaceae

Katablepbaris ovalis Skuja

Group Av., vol, %7 samples present (if >50%) for
(u3) each year
1 2 3 4
B,Q 250
B 1850 76(100%) 76(95%) 76(89%) 76(100%)
77(100%) 77(100%) 77(100%) 77(100%)
B 800 76(100%2) 76(95%) 76(100%) 76(100%)
77(100%) 77(95%) 77(96?) 77(100%)
B 1100 76(94%) 76(85%) 76(94%) 76(90%)
> 77(89%) 77(86%Z) 77(82%) 77(77%)
B 2250 76(53%) 76 (60%)
B 2250 76(100%) 76(95%) 76(100%) 76(100%)
77(89%) 77(21%) 77(100%) 77(100%)
E 35690 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%)
(o} 150 76(100%) 76(100%) 76(1002) 76(100%)
77(100%) 77(100%) 77(100%) 77(100%)
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PYRROPHYTA CRYPTOPHYCEAE
Cryptomonadales - Senniaceae

Cryptaulax sp._

- Cyathomonas truncata (Fres.) From.

PYRROPRYTA DINOPHYCEAE

Gymnodiniales -~ Gymodinaceae °

Amphidinium cf. luteum S}cu_:}a

Gymnodinium helveticum Penard

Gymnodinium Lantzschii Itermdhl

Gymodinium mirabilis Penard (73,K)

Gymnodinium palustre Schilling (73,K) .

Gymnodinium uberrimum (Allman) Kofoid & Swezy
N

Gymnodinium cf. veris Lindem

o

O

Group Av. vol. %2 samples present (if >50%) for
(u3) ’ each year
1 2 3 4
0 250
0 250
B,Q 500
o 8500 76(53%) 76(50%) ~  76(50%)
77(68%)
0 600 76(55%)  76(50%) ‘
77(64%)  77(74%)  T7(85%)
E 14000 77¢68%)  T7(64%Z)  T7(68%)  77(62%)
B . 3225 76(827)  76(75%)  76(B1%)  76(90%)
77(68%)  77(68%)

77(63%)

el
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% Group Ay, vol,. % samples present (if >50%) for
i b (u3) each year ,
£ 1 2 3 74
; y
E pynROPHYTA DINOPHYCEAE -
Peridinalegs — Peridinaceae
iu E 50000 76(59%) 76(65%) 76(78%) *76(80%)
Ceratium hirundella (0.F. Miller) Schramk - 0
Peridinium aciculiferum (Lemm.) Lemm, E ?630 77(53%) 77(50%) 75‘501)
Peridinium goslaviense Woloezynska (73,K) 2
jdi { - E 25000 76(53%) 76(55%) 76(50%) 76(70%)
Peridinium willei Huitf-Kaas s rotaim
Peridinium wiscensiense (Eddy) (73,K)
- Glenodinaceae o , i
Glenodium oculatum B 1750 76(100%) 76(100X) 76(83%) 76(707%)

7Zﬁ84%) 77(91%) 77(89%) 77(92%)

-- NOTES ON VOLUME DETERMINATIONS

@ volume determined from colony dimensions measured for each specimen enumerated; approximated
to a sphere or ellipsoid on each occasion.

¢ wvhere gelatinous matrix extensive and ind. cells difficult to enumerate, 15Z of the above
determined volume taken ag actual volume (after Reynolds,C.S. 1973. Growth and buoyancy of
Microcystis aeruginosa Kutz.emend.Elenkin in a shallow eutrophic lake.Proc R. Soc. Lond.B.184:29-50).

m wvhere cells largely peripheral and difficult to count, total volume ind. cell volumes,
1) ind. valumes of cells, where #cells a predetermined function of colony asurface area(5 cells
per 156 S.A.)

11) volume of outer 5 m depth of colony, calculated for each specimen enumerated.

Vtotal volume ind. cell voluﬁés, where #cells/colony determined on each~occasi&n; or where
daughter colonies are formed, total volume volumes of daughter cols. volumes of mature
cells volumes of juvenile cells. in gelatinous matrix.
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Table C-2,

+

CYANOPHYTA-Chroococcales

Coelosphaerium ktzingianum Naeg.

C. naeglianum Ung.

Misc. wmicells <5 u

- »

~Hormogonales

Anabaena flos-aquae (Lyng) Breh

L
A. planctonica Grunnth,

Aphanizomenor flos-aquae (L) Ralfs

A. g:rac.i.}g Lemm.
Oscillatoria limmetica Lemm.

_.0. Redekei Van Goor

0. cf. rubescens D.C.

- o
Taxa contributing to 10% or more of the total biomass on at least one.
"occasion for a given station and year. Values give Z samples where .
contribution >10%; E_ugb_;_e,;g in pgrentheses represent maximum
contribution to total biomass.
1976 1-977
STATION 1 - 2 3 4 1 2 3 4
23100 7019 15(19)
16(21) 18(15) 29(35) 15(29)
6(19) 10(24) 8(12)
’ 5Q12) 5(23) 4(34)
S5(15) ’
1) 20015 /
6(12) 17(12) '
. s 3(1n
47(65)  40(68)  44(72)  50(26)
12(10) 5(18) ) |
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- 1976 1977 q
STATION 1 2 3 4 1 2 3 4
cm.onopHYfA—'ret;Asl;orales i ’ ‘ :
Gleococcus Schroeteri N T . 11(25) 9(18) 11(24) 8(34)
BACILLARIOPHYTA - Centrales ’
Cyclotella bodanica Eulenst 6(16)  10(12)  5¢12) - 5(13)  7(22)  46(32)
Melosira granulata (Enr) Ralfs ’ ’ 11(16) 13(14)
M. italica subsp. subarctica 0.Mull ~ 7(29) 20(20) _1;(%.0) , 32(43) 36(24) 7(29)
Rhizosolenia‘ eriensis H.L.Smlith _ 10(11)  16(19) - 18(17) §<33;
Stephianodiscus astraea (Ehr) Grun 6(24) ) 10(21) 6(11) | 21(21) 13(33 .
5. ha.ntzschii Grun. 6(11) 5(31)  13(58)  29(51)
£
~Pennales )
Asterionella for%osa Hass :1_1;(2‘&) _j;l_(IO) — 23(13) i8¢s56)
Diatora tenuve var. elongatum Lyngh 35(69) 35(70) Q}_("?l;) 30(42)  11(14)  18(36) 7(19)
D. tenue var. tenue Patrick 9(14)
Fragilaria crotonensis Kitton - 611 20(15)  39(18)  20(22)  21(27)  36(37)  18(37) © 39(48)
F, cf. vaw):eriae.(xutz) Peters ) ' " 4(25) .
Synedra ulnpa vat.: danica (K%th) i - ‘
Grun s 4(15) 15(38)
M TS e X \J; : - - -
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- ) ;STATION 1 \2 3 4 - 1 2 3 ., 4 .
cnl?mqmu-c:hmyﬂmles ’ @ .
Chromulina spp. ’ \ ° 3(11) 5(13)

Mallomonas elangata Reverfin - ° 5(22) _5_2(11);
-Ochromonad;les ] N
Uroglena ¢f. volyox-Ehrmb C 0 5(23) 913 8(13),
| -Prymesgiales
Chrysochromulina parva Lackey - 9:(1_2) 7(15) . Q(ZO)
Misc. flagellstes’ <5 um \ N 5¢20)  5(1L) ‘ )
- Misc. non flagellates <5 um : . : 5(22) _14(13)
Xan}.hoghxcaea . B ) ’ -
’:otrgacoccus braunii Rutz - 7010) 23(19) .
PYRRO ‘T;A-Cry;;toghyceae - ) ’
Cryptbaonas Marssonii Skuja o " . 5L 5(12).
Cn2gflexa Skuja 24(23) 25(33)  11(29) . 10(10)-
C. rostratiformis Skuia - 12(13) 5(13) 5¢10) *+ °5(13) 7(13) 8(10)
I{hoc;omms minuta Skuja 12(11) ‘i(il) ’ 10¢10) 2(126)  27(19)  39(27) 31(15) g
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o STATION 1 & 2 3 4 . 1" <2 3 - 4
‘ :) [ . - W . ” s °
. + 8 " .
. Y

) PYRROPHYTA-Dinophvceae - *
& ) . N FEE
Ceratium hirundinella (0.F. Muller)
‘ Schrank
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N Table C-3,Taxa contributing > 10X of nannoplankton biomass <35um in one or more samples. Values 3&
. X of total number of samples enumerated for a given station and year where the species
LI - accounted for > 10X of the biomass <35um. Maximum contribution to biomass <35um given

in parentheges, -

- ’ ) ’/ )
- ] N 4 i °
.- B . 1976 . . 1977 o
R STATION 1 2’ 3 4 1 - 2 _ 3 4
CYANCPHYTA . 5
Misc. unicells <5 m 6(23) 5(18)  28(26)  20(22)  11(12)  18(13) - 4(26)  31(15)
§ . ' ’ ; “
_CHLOROPHYTA -y e
Monoraphidium minutum (Nag) Kom-Legn 12(10) 10(13) - 5
. 2

BACILLARTOPHYTA
Cyclotella bodanica_Eulenst 6(13) 15(15) 33(39) 50(30) . 53(40) 55(31) 46(53) - 69(74)
Stephanodiscus hantzschii Grun ) 11(13) 26(42) 18(66) 29(69
CHRYSOPHYTA - , ‘ .

. - < #
Chromulina spp. <. . ) 10(15) 3(15) 11013 o \
Chrysochromulina parva Lackey 24(11)  25(16)  28(24)  60(28)  21(26)  41(51)  43(41)  69(47)
Mallomonas caudata Iwanoff . - - ) . 4(14) an = ?

, . =)
Ochromonas spp. ) 6(14) . 5(11) 5(11)
M )]
) . ’ <
“ - . : ) r
i,‘ 1 = z ! N 4 — 9




CHRYSOPHYTA ~continued

Misc. flagellates <5 um

—
Misc. non flagellates <5 '

PYRROPHYTA

Cryptomonas erosa Ehmbé
C. Marssonii Skuja

C. reflexa Skuja

Rhodomonas minuta Skuja

33’ ¥ ’
= T )
8 i { -
L 1976 1977
STATION 1 2 3 4 -1 2 3 4
!
. 11027 ’
(A2(19) 10017 11(29) 8(25) * 11(28)
L4 f i
35(14) 20017 1112 5(14)
59(21)  45(16)  17(12)  10(10)  32(25)  18(28)  11(20),  8(13)
88(42) . 80(49)  83(@7)  170(30)  42(22)  18(23)  32(45)  46(18)
94(34)  100(27)  74(50)  82(52)  86(45)  77(31)

88(37) 90(41)
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Table C-4,Taxa contributing > 10Z of nannoplankton biomass <iOum in one or more samples. Values give
% of total number of samples enumerated for a given station and year where the species
) aceounted for.> 10X of the biomass <10unt. Maxfmum % contribution to biomass <10um given
in parentheses. - .
L o ) P ®
1976 B - 1977
STATION 1l 2 3 - & 1 2 3 4
EY ~
CYI‘J‘IQPP{TA
Misc. “unicells <5 um . - 18(30) g@_(éﬁﬁ 35(39) 40(38) 16(26) 32(28) 21(42) 39(48)
) -
CELOROPHYTA <
Chlamydomonas 8p. ‘ 5(16) 4(30)
, s
Monoraphidium minutum (Nag) 24(20) 20(27) 17(12) 9(12)
: : 5
BACILLARIORHYTA _ B
? £
Achnanthes minutissima Kutz 6(10) . _6413) 6(12) " -
Staphanodiscus hantzschii Grun © 6(13) 11(21) 32¢52) - 18(83)  32(79)
\ ‘:; .
. ‘ ~
CHRYSQPHYTA - {
Chromulina sppﬂ. u 6(60) 11(17) - 5(18) ¢ 8(11)
s ! N -

* Chrysochromulina parva La.ctey Nl 53(23) 82(28) £1(27)  «80(34) 58(43) 79(68) 54(53) 92(65)
Ochromonas spp- ‘ , 6(13) 5(13) 4(13) 4(12)
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1976 "1977
_ STATION 1 %1 3 4 1 7 2 3 4 -
. ~ . P - |
CHRYSOPHYTA — gontinued - ;
. l 5 ¢ - . ] ‘q {
Misc, flagellates <5 Mm 39(17) 41(15) ° 44(15)  30(14) 26(31) 16(16) 11(27) 15(12)
. ~ ]
Misc. non flagellates <5 um - . 24(23) 20(23) 39(54) . 30(4L) 11(32) ’ 7¢18) - \
PYRROPHYTA - ~ .
Chroomonas cf. Norstedii Hansgirg 2(12) 15¢17) -
~ \ ’ -
Rhodomonas minuta Skuja ~ 88(65)  100(63) 94(69)  100(56) 90(74) _9_l/(73) 93(69) 92(56)
R
b - - ~
= o - ) #
& =
~ £~
— § w
? 1 i
0} s
-




-

Table C-5. Mean % contribution of major taxonomic éroups to total phytoplankton
£

P

.biomass <35 um at the four stations in Léke Memphremageg, 1976-1977.

-

<

Station, Year ~Cyanopﬁ§ta Chlorophyta Euglenophyta Bacillariophyta  Chrysophyta Pyrrophyta

. . Cryptophyceae Dinophyceae

1, 1976 - 3% : 4.6 1.1 5.9 20.4 © 61.8
1977 3.6 2.9 0.7 18.0 27.7 ) 43.7 i}
2 1976 5.6 4.5 0.3 7.3 23.3 . 56.2
'
1977 4.1 2.8 0.1 20.7 26,7 41,97 -
3 1976 7.3 - 3.6 0.2 \ 11,3 26.9 48.4
. 1977 4.4 2.4 0.2 T 28.2 23.1 38.4
¢ 4 1976 7.3 2.5 - 0.4 10.5 31.5 . 64,9
1977 6.1 1.6 0.2 23.4 27.6 35.7
! ‘ N o

2.6

w N
- -
~I G oo

2.4
3.3

2.9

5.3
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Table C-6. Mean % contribution of major taxonomic groups to total phytoplankton

biomass <10 um at the four stations in Lake Memphremagog, 1976-1977.

Station, Year Cyanophyta Chlorophyta  Euglenophyta Bacilla:}ophyta' Chrysophyta Pyrrophyta
" Cryptophyceae Dinophyceae

) - : R "
1w ST 7.6 0.0 . 6.0 . 37.9 41.0 0.2
o . .
1877 7.2 3.3 .o . 9.1 41.1 39.0 . 0.4
2 1976 11.1 6.8 " 0.0 : 4.4 40.2 37.1 0.3
1977 . 1.7 3.2 0.0 10.8 38.3 40.0 0.1
3 (W7 119 3.7 0.0 5.7 42.5 35.8 - 0.4
-1 77 7.3 2.8 0.0 18.2 . 34.8 36.8 0.2
. N -
& 1976 12.1 3.9 0.0 1.9 ' 47.8 33.8 0.6
1977 _ 13.0 1.2 0.0 - 0.8 45.1 T 39.6 0.2
~ [} = <

9T
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APPENDIX D.
—F

»

Table D-1: Literature survey of total and nannoplankton biomass from a

. .
range of lakes of different trophy. )
.
¢ 14
#
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Vi T

. . R oy
B L . . - - N

f
e B USRSy

N - -~ % '\V
- o
#
; E- 8
a [
- . £
T No. Lake Author(a) Total Biomass - I Nanno, Definition of Mean Depth Surface Area f
. ngl™t Biomass Nammoplankton z(m) SA(ha) SA/z !
Fraction .
Memphremagog Watson (1979)
' 1, - Station 1 ('76) 2884 24 <35 ym , 7 2020 288,6
2 2 ('76) ’ . 3284 20 ) 7 2390 314.3
3 T L 3('76) . : 2121 21 50 2166 43.3
! EN
4 4 ("76) . 1466 o 28 . 13.5 1880 139.3
s Y . v
. S L1 eny 1611 28 7 ] 2020 288.6
6 20710, 1665 3 7 ‘ 23\20 314,3
7 - 3 (1) 1012 } a6 : ) 50 2166 43.3
L - - - . . .
18, - 40T 1106 - 41 o135 1880 139.3
9 Sup. ins. Munawar & . 100 73 "Phytoflagellates" 145 . 8330000 57450
10 Sup. off. . Mumawar (1975) 100 77 T s 8330000 57450
11 Whitefish 200 57 é 145 8330000 - 57450,
12 Duluth - ' 300. - 59 . 76 8330000 57450
13 - Buron off, 3 500 26 76 5951000 78300
14 ~ Ontariooff. - . 1000 54 i 91 1876000 20620
+ - e
15 Huron (B.Pen.)off. 900 1 : ; 76 5951000 78300 &




. a .
S
%o, Lake Author(s) Total Biomaas X Nanno, R Definitic;n of Mean Depth Surface Area
N ¥ %3 mgi~t Biomass Nartnoplankton Z(m) SA(ha) SA/z
8 . ~ ’ ) Fraction , :
- e v - — . -
16  Ontario inm. . 1200 58 ‘ 31 1876000 20620
17 Hurom (B.Pen.)in. . 1500 17 . . 76 5951000 78300
18 Erie off. cenn 2600 47 - 271 2582000 122952
19 Erie ins. E. 3100 38 21 2582000 T 122952
N 20 Erte off. s, . 300 , 46 . 1 2582000 122952
; 21 Erde ins, cem, ‘ 4400 23 21 2582000 122952
E 22 Erie ins, W. - 5600 35 ) 21 - 2582000 122952
23 Erie ins.(B.Isc.) ) 6000 26 ; 21 2582000 122952
24 Huron (Sagin) 8200 23 T8 5951000 78300
25 Hertel Ralff (1972) 830 60 <64 ym -3 29 . -lo
26 Padiarvi Graniaezg (1970) 400 75 <60 ym 4.4 1340 93.1
Y 27 " Mikolajskie _Spodniewska et al.(1973) 8600 EY) 5 11.0 460 41,4
o . 28 Esrom ) Kristiansen (1971) 1100 (est.) 32 . <45 um 22 (max.) . .
i - 28 Bavelse i 8600 (est.) 28 ’ 8 (max.) 110 13.8
; 30 Tyscrup ‘ T 15700 (et 30 - 21 640 3.5
3 :{1 Brienzersee Pevoni (1963) 1000 P 176 . 2918 6.6
- ‘ e *° .

s

8vT



,-.‘\
Yo, Lake ) . Author(s) Total Biomass 2 Nanno. ‘Definition of Mean Dept}; Surface Area
mgl Biomass Nannoplankton z(m) SA(ha) SAlZ
Fraction - N
32 Thunefsee . 1700 41 135 4808 35.6
33’ Wa;.ensee 3600 33 B 103 2327 22.6
.34 Sempacherses 4200 14 46 N 1437 31,2
35 Zurichsee 2200 45’ 54 6700 124.1
3  Hallwllersee " 16200 5 RN 21 1029 49 o
37 Pfaffikersee 18600 5 18 325 . 18.1
38 Rynskie Spodniewska (1978) 34200 6 <30 um 13 620 45.6
39 Szymon  ~ . 28900 9 1.1 S orse 140.0
40 Szymoneckie 26700 7 <1,0 181.1 181
41 - Kotek ‘ 24400 15 <1.0 42.1 a2.1
42 Jagodne 15600 4 8.7, 936 10746
43 Boczne . o 15500 10 , 8.7 189.8 21.8
&4 Guzianka Wielka . 12100 39 6.5 72.0 1.1
45 Mikolaskie . . 9300 18 11.1 460 41.4
46  Beldany . < ) 8700 13 10.0 780 75.0
47 Tajty €500 15 . 7.6 251-2 33.1
.
. . ‘
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No. Lake Total Biomass X Nanno, Definition of Mean Depth Surface Area
rgl B{omass Nannoplankton z(n) SA(ha) SA/z

48 Suiardwy 8100 22 5.9 10598 1796.3
49 ™ Niegocin 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 Nidzkie 5100 6 6.2 1724 278.1
53 Guzianka Mala 2600 79 2.6 42 16.2
54¢  Haneza 2000 30 38,7 311.4 8.1
55 o Gleladzkie 92700 1 7.9 46 52.7
56 Biale 78600 2 9.4 - 374 39.8
57 Zdruznd 56600 5 4.7 246.8 52.5
58 Walpunskie 35200 N 3.0 49.5 16.5
59 Kujnd 34900 16 2.0 30.0 _1_;:.0
60 Dluzee 33700 8 7.4 127.0 17.2
61 Gardynji‘e 1=3ooo 53 2.2 107 48.6
62 Zyzdroj Welki 12400 28 5.0 200.1 40
63 Lampasez 6800 9% 9.2 76 8.3
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No. Lalé Author(s) Total Biomass % Namno, Definition of Mean Depth Surface Area
3 mgl_l Biomass “  Nannoplankton z{m) SA(ha) SA/z
Fraction

64  Lbmpackie 3600 29 ‘ 9.4 278 29.6

65 Gant 3300 32 10.3 - . 37.8 3.7

65 Uplik 3200 5 3.4 61.9 18,2

A\

67 Zyzdroj Maly 2800 - 539 s 3.8 42.3 11.2

68 Zyndackie 2700 59° 4,0 35.0 8.8

’ 69 . Bablety Wielkie 3) . 1960 72 22.9 s 271.1 11.8

[ 70 Mokre 1000 31 13.1 - 797.8 60.9
7 - °
» 71 Pilakno i 6go._ < 89 . 14.6 278.7 19.1
L]
2 !\ :
‘~ { ‘ﬁi £
» {J -
Al ¥ -
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L

3
Variance associated with estimates of total biomass.

-

Total biomass was estimated from weekly or bi-weekly tube samples

taken to the depth of the epilimnion during stratification, or to a

o maximum depth of 0.5m above the sediments in South Basin, and 15m in
" Central and North Basins. )

Since t}:be samples represent the average concentra‘tion ot biomass

of the water column s‘ampled, and are not weighted for basin morphometry,

> ‘ v
they cannot be used to calculate areal biomass, particularly in South
Basit, which has a relatively large littoral areal In addition, the
degree of spatial heterogeneity in phytoplankton biomass argund each
statioq was not investigated, ;\ence the samples ar\lalysed can only be
considered as representative of the biomass of the station itself, aﬁd not
necessarily of the assoclated basin.
v .

Individual estimates of total biolnass include error associated with
sampling,bsubsampling and enumeration’, as well as that arisingafll:om the
cémputétion of mean volumes for each unicellular or colonial species (Lund
v et al., 1958). ‘ However, according to these authors, confidence limits
. calculated from mean counts of individually sedimenting units (e.g. cells,

o colonies and filaments)/ give a reasonable estimate of the total error,

providing that the distribution of these units within the counting chamber

is Poisson.

Methods. \ : ¢ ’ -
N o ‘
(,4) . Total variance, including sampling, subsampling and counting error,

1 was estimated from two sets of three replicate tube samples, taken under

-

14
.

» : ' ( ;
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conditions of low and high pl'iytoplanktor{ 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 anci
nannoplankten distribution). In addition, three subsamples were
settled for each of the three samples of high biomass, and the

. ’
distribution of organisms 'within the counting chamber examined using
counts of four selected species across 20 ditagonal transects. These

species were chosen as xepresentative of a numerically abundant

unicellular form (Cryptomonas reflexa), a rare unicellular form

(Gymnodinium helveticum), a filamentous species (Melosira italica) and a

colonial species (Dinobryon cylindricum var, alpinum). A two-tailed

Binomial test was used to test whether the distribution of these four

.

species within the chamber was significantly different from a Poisson.
Furthermore, differences between tube samples and replicate subsam{)lcs

were tested for using nested ANOVAsion both transformed and untransformed

data (x = ¥Xy x = /x+1 for low counts). A non-parametric Kruskal-Wallis

‘test (Siegel, 1957) was also used to test for differences between

subsamples, assuming a mutugl independence between transects.

-

Results and discussion.

There was close agreement betweef total biomass estimates for
replicate t‘ube_z samples, both for high and low phytoplankton density (t 1%
and * 6% (2SE) respectively), although the nannoplankton factions (<10 wm

and <35 ym) showed higher relative variance (107 and +26% re.spec'tively

for the low biomass samples; *26% and 1187 respectively for\the high
*

Al

@
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biomass samples; Table E-1). The variance associated with individual

species was also higher, par'éicularly for large, rare forms (e.g.

Peridinium aciculiferum, Synedra ulna, Melosira italica). There was very
little difference in the number of taka observed in the replicate tube
samples.,

Using the Binomial test on counts of the fgour species from the
high biomass tube samples, the distributions of these organisms within the
counting chamber were found to differ significantly from a Poisson in 457
of the su', -amples for the filamentous and colonial species, 374 for the
common unicellular form and 9% for the rare, unicellular form (Tab‘le E-2).
Analygis of variance on these counts from replicate subsamples shm;wed no
significant differences in the abundance of each of the four species
between replicate tube samples for both transformed and Witransformed d:ta.
However, in each case, differences between subsamp les fx:om tube so., ' were
highly significant (p <0.01). Significant differences between subsamples
were also found one in three times for all four species using the
Kruskal—Walli's' test (Table E-2). Thus, it appears that most of the variance
associated with estimates of total biomass \in this study is attributable to
subsampling, sedimentation and counting error. Because of non-random
settling of organisms within the counting chamber, the variance cannot be
calculated directly from the mean, as in Lund et al., 1958). However,
counts from the two sets of triplicate tube samples, and other replicate
counts made on routine samples, indicate that the replicability o)f biomass
estimates is good, although the variance for individual species may be

quite high. Furthermore, paired comparisons between stations show highly

significant differences in both tétal and fannoplankton biomass in 1976 and

$
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Table E-1. Estimates of biomass and numbers froi triplicate tube sampleg
taken under conditions of low (11/5/78) and high (28/5/78)

biomass in Central Basin, Lake Memphremagog. . ‘ i
LOW BIOMASS TUBE SAMPLES (11/5/78) Tube 1. Tube 2 Tube 3 ® . 2SE (%)
b %
Total biomhss (ugl ) 193.4 192.4 194 .4 193.6 1.5  (.8%)
Total # 17+ T N 1053630 1063060 1054030 1056906 6158 (.62)
Total # filaments l_l 1571 1178 393 1047 , 693 (66.07)
Biomass 10 m (ugl™D) 61.8 65.1 73.3 @~ ° 66.7 . 6.8 (16.0%)
Biomass 35 "m (ugl D) 121.0 122.1 139.4 127.5 12 ( 9.02)
Chrysochromulina parva (ugl—l) 23.4 16.6 19.6 19.9 3.9 (lQ.Oi)
N . o1 > ’ a
Cryptomonas reflexa (ugl 1) 15.0 11.5 , 16.8 14.4 ° 3,1 (22.0%)
Coelosphaerium naeglianum (ugl ) 14.7 21.0 14,70 16.8 4.2 (25.0%)
Melosira italica subsp. subarctica (pgl—l) 14.0 . 6.5 - 6.8 8.1(119.6%).
Gymnodinium veris (ugl—l) 13.9 16.5 21.5 17.3 4.5 (26.07) y -
. - 1 . /yf\v
Peridinium aciculiferum (ugl—") ! 13.6 11.9 1.7 9.1 7.4 (82.07%) -
Rhodomonas minuta (ugl ) 1.3 _  14.1 18.4 14,6 4.1 (38.0%)

. 9914

Total # taxa observed in sample 39 42 41

.
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HIGH BIOMASS TUBE SAMPLES (28/5/78)

‘Total biémass—(ugl )

Total # 17-

Total # filaments 1+
Biomass <10 um (ﬁgl_%)
Biomass <35 um (ugl—l)
Melosira italica subsp. suba’z:cti (ugl-l)

Chrysochromulina parva (ugl_l)

Y

.

DiatEma tenu; var. elongatum~(ugl-l)
Rhodomonas nﬁnuta'(ugl—l)
Asterionella formosa (ugl-lj
Synedra ulna (ugl-l) ) .
Cryptomonas reflexa (uglel)

Total # taxa observed in sample

e/

Tube 1

2026.6
6260820
27882

488.3

762.9‘

510.8
22999
121.9
111.7
110.3
109.9

60.9

72

Tube 2

"2123.6”
7834890
35344
564.4
895 .4

467.2

: 279\00 ‘

63.6
113.1

87.3

90.1

" 74

Tube 3

2264.4
9552230
29060

746.4

1047.9

367.2

349.9 .

016.0

I71.1

123.7

157.1

87.5

74

)

%
. 2137.5

7882647
30762

599.7

448.4
+ 286.3
97.2

132.0

107.1

89.0

79.5

902.6 .

2SE (%)

136.8  (6%)

© 1900895  (24%)

30762 (15%)
153.6 (‘26_1)
164.6 (1825

84.9 (19%)
696 (24%)

34,8 (36%)

39.3 (30%)
21.3 (20%)
93.1(105%)

©18.5 (23%)

Y
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Table E-2. Rruskal-Wallis and Binomial Tests on replicate counts +
X
& of 4 species (High biomss tube—samples) across 20
diagcmal ttansects.
! ’ i
. KRUSKAL-WALLIS TEST BINOMIAL TEST
(differences between subsamples) (Poisson dist.)
Species Tube 1 Tube 2 - Tube 3 p<.05 p<.005
, Cryptomonas reflexa A A R 63% 82%
‘ Gymnodinium helveticuni R~ A A 91z.  100%
Melosira italica
v subsp. subarctica R A A 55% - 64%
' b
Dinobryon cylindricum o l
b \\ var. alpinum A R R 5%  .100% ‘.
" <
t - ~
Kruskall-Wallis test: A = H accepted, 1,e. no significant differences .
s ‘ y ; between subsamples (p<.05).
i : R=H rejected
Binomial test: % samples in which distribution not significantly
: different from Poisson at level of significance V.
indicated. ,’ ,
. Y

«
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1977 (Table'4), indicating that the variance associated with individua,l

estimates is not sufficient to obscure s\ignifiéant differences in tobal

! biomass:.

N - - //‘
~

Error associgted with estimates of mean celd volume.
: o fs
Né formal estimate of this error ¢ould be made. Mean ogell
- !

dimensiong were obtained from a’ minimum of 50 ‘specimens,of the most common -

species, fewer for rarer forms, from samp}es taken at all stations. = Cell’

Fi
y !

volumes were calculated from the mosti‘"suitable .combination of geometric
I

shapes (e.g. Kling and Holmgren, 1972). The cell volume of Ceratium
i
\ hirundinella was obtained from Kiling and Holmgren, 1972, No corrections

was made for the non-cytoplasmic ﬂolume of individual cells (c.g. Smayda, ‘..
11965; Devaux, 1977). Although this volume can be appreciable, "it vari‘es
£
considerably between species ?f a single taxonomic group and, furt:hern'nore,~
with the physiological 'condiftion of a given individual cell (Sicko-Goad ct
) ! ] '

al., 1977). Filament biomagss was estimated-from volume Vper u;n length,

calculated from mean filament diameter, or for species with appreciable

F

constriction at cell junctions (e.g. Anabaena planctonfca? . fronPthe average

-

volume of individual cells and the mean number of cells per unit length.

.y . , .
The 'Ic;ngth of each filament enumerated was measured to the nearest 25 um and
the total biomass computed. Fragilaria species were classif;led as- filaments

\ (and thus included in counts of total filament concentrations), but biomass
for these species washcalculated from individually measur‘ed filaments 2

‘ '(approximated to the nearest 20 um fotr both length and height), assuming a

mean valve width, and using a correction factor for spaces -between individual

() frustules (Fragilaria crotonensis). ’

-

4 .
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Where possible; the blomass of colonial forms was obtained l;y
counting the number of dells in each colony ,euumergtéd, and using mean

volumes of mature, or (when present in any abundance) daughter cells (e.g.

G, schroeteri). Where cell counts were extremely difficult, colony

A
dimensions were measured to the nearest 25 um, and colonies approximated

to a spherical or ellipsoidal shape. Unless there was very close

association between cells (e.g. newly formed daughter colonies; some
~” .

coenobia), corre'c?i\cms were made for non~cellular volume (Mi&rocxstis, ¢

Aphanocapsa, Aphanthece, Coelasphaerium and Gomphosphaeria spp.)

s e

[}
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APPENDIX F. , )

O

Variance associatel with chlorophyll a measurements.

The variance associated with chla measurements can be considered

pd

under two general categories — samplinog error, and that attributable to
the technique.
Sampling error was examined using total and nannoplankton (<10 um,

<203““?um,v <35 pm, <64 ym) chla measurements from two sets. of triplicate tube

samples taken under conditions of low and high phytoplankton biomass ‘(see

section of variability in biomass estimates).

N

’

The variance associated with technique (also encompassing subsampling
error) was investiggted from triplicate sullnsamples from tube samples taken
during 1977 and 1978 (total chla only). In addition, the calibration
between absorbance (at 665 nm) on the‘ Spectronic 88 spectrophotometexr and
fluorescence on the Turner model 110 fluorometer was checked using sanples
taken from a range of phytoplankton densities alnd species assemblages. in
1976-77 (a total of 101 sawples). NG

The short-term variability in %Z nannoplankton chla was also
examined using 2 m samples taken.during the development and decline of the

spring diatom population in 1978 (see sectic\m of variance associated with

production measurements) . :

@

Results and discussion. /

A Y
The variance among triplicate tube samples was appreciabie,
!
particularly for low chla concentrations (Table F-1), where it ranged up to
t 46% (for the fraction <64 ym), and averaged around * 20%, The resolution

between the namoplankton fractions was poor; in fact, in one series the
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{) Table 'F-1. Méan chla (mg m 3) for the different sizp-fractions in .
) two series of replicate tubes taken under conditions of )

low and high biomass at Station 3 (Central Basin) in 1978.

e

™~ . ' 11/5/78 (low biomass) 28/5%8 (high biomass)
Fraction x +2SB (%) i 125E ()
TOTAL 0.95 0.17 (18%) 5.45 0.13 ( 27)
64um 0.78 0.36 > (4627) 3.93 0.99 (2581}
3I5um 0.57 0.12 (21%) 2.78 0.58 (?17)
20um 0.51 0.06 (127) 3.6 0.31 ( 9%)
. M
10um “ | 0.50 0.03 ( 67) < - - -
3 @
} & -
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Table F -2. Replicate chla measurements on triplicate subsamples from -

»

tube samples taken in 1977 and 197
Memphremagog. Values in mg.chlam ~.

g at 4 stations in L.
©

2

N

Tube Replicate -
Station (m) Date 1 2 3 X +2SE  (7)
' 3 @.5) a6/77° ] 35 36 39 | 37 02 (1)
1 (7.5) 11/6/77 | 12.8 11.4 12.4 | 12.2 0.8 (7%)
2 (8.5) 11/6/77 | 6.9 6.3 6.7 | 6.6 0.4 (50
2 (8.5) ie/e/}7 9.0 7.4 6.4 7.6 ‘1.5 (202)
3 (10) 18/6/77 5.1 4.5 5.1 | 4.9 0.4 (8D
1 (7.5) 25/6/77 | 5.1 5.8 5.1 |53 0.5 (90
2 (8.5) 2/7/777 | 6.4 43 5. 5. 1.2 (23%)
2 (8.5) 6/8/77 | 4.5 3.7 3.6 | 3.9 0.6 (150)
1 (1.5) 16/9/77 [ &8 7.4 9.8 | 8.7 L4 (8D
2 (8.5) 16/9/77 | 6.2 6.9 7.5 69 0.8 (D)
3 (8.5) 16/9/77 | 3.6 3.7 3.6 | 3.6 0.1 {23)
Y2 (8.5) 1/Ib/77’ 4.9 4.6 4.6 4.7 0.2 (42)
4 (13) .1/10/77 | 3.4 3.0 2.8 | 3.1 0.4 (120)
3 (1) 11/5/78 | 1.1 0.8 0.9 k~1.o 0.2 (187)
3 (15) 18/5/78 1.; 0.8 0.9 | 0.9 0.2 (167
3 asy 22578 | 11 11 1o | 11 )
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 (AD)
1Sy 247578 | 5. 5.2 34 [ ohe 11 (250)
2 (8.5) 24/5/78 | 4.5 5.2 4.9 | 4.9 0.4 (87
.3 (5) 25/5/18 3.8 3.6 3.6 3.7 0.1 ( 42)
3 @0y 25/5/78 | 4.0 3.7 3.8 | 38 0.2 (sn
1G5y 3ysiis | 3.8 3.4 43 | 3.8 0.5 (132
3 (12) 15/6/78 | 2.5 2.5 2(5 4 2.5 - T(m
“x (117)

AN




O ' _~ Table F-3. Relative contributions to total chla Y .
pesa ‘ (%) ' of nannoplankton fractions <64um, :
' <35um, <20pm and <1Oym at. 2m depth in
Lake Memphremagog (Station 3), spring

1978. . ' \
v >
Mesh size kum) ,
Date 64 35 20 10 m
' . 1s/5/718 62 80 66 47
) 18/5/78 109 138 88 . -
22/5/78 - 82 67 -
25/5/78 93 80 730 - -
28/5/78 75 66 57 53
. '29/5/78 78 66 . ‘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 - - - - .o
10/6/78 85 84 -
i 12/6/78 74 62 43 -
x 86 82 72 61
258 9 12 10 6
, @ ay an a» ao g
’ \ n
4
e o )
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fraction passing through a 20 pm mesh exhibited a higher Ehié content than
'y
that passing through a 35 um mesh size. Thias was also observed in a number

" of samples taken during the progression of the spring diatom population in

1978 (Table F-3). Similar overlap was shown by corresponding fractions of
nannoplankton production on fewer occasipns, but differences between the
fractions were frequently very small (Table F-3). This suggests that the
error associated with the chla technique obscures small differences between
nannoplankton size-~fractions that are better resolved by the 14C~technique.

Measureménts of total chla from triplicate subsamples of sinyle tube’
éamples also indicate that there is considerable vardiability associated with
this technique, with an average range in variation of * 117 (2SE) and a

TN
maximum of * 25% (Table F-2). This may account for the fact that no -

-

significant change in tﬁe calibration between the spectrophotometer and the
fluorometerx was fou;d througﬁout 197€L77, despite shifts in species
agsemblages and hence in ;ssociated.pigments.
However, despite the.greater error associated with chla measurements,
 the relative contributions (%) of the nannoplankton fraction; to total chla
and total production at 2m stiowed Yery similar temporal patterns (Figs. F-la,
b, c, d)¢and;§ignificant correlations were found between % total chla anq A
total production for the fractions <10 ym, <20 ym, <35 um (r = 0.83, 0.65,
0.71, respectively; p <.05). . In additjon, the nannoplankton fractions
accountéd for similar proportions of total chla (x = 61%, 72%, 82% and 86%
respectively; Table 'F-3) and total production (x = 49%, 70%, 72% and 79%

respectively; Table G-3) over the month loug period of these measureménts.

This indicates that while the chla technique is not sensitive to small
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Figure ¥-1.
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Relative tontribution (%) of nahnoplankton fraction

9

to total chla ( = ) aad}pro“duction (@RI |

.

x

4 v
at 2M at Station 3 (Central) in Lake Memphremagog,

' f

May-June,’ 1978.°¢ v
Day number :i:'rom May lst, 1978. Me%;h sizes as follows:
F‘ig. Pﬂ‘-la : 54 um

Fig. F“—lb t 35 ym . o

Fig. F-lc :' 20 ym

Fig. F-1d : 10 ym
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differences between ‘sj’ze fractions, larger temporal fluctuations are
reflected by these measurements. Furthermore, although the relative
contributions of nanﬁoplanktan to total chla and total production may show
little. correlation over the entire season (see Section 1), significant

correlations between these measurements are found over a shor# time period,

\

such as that covered by the duration of these experiments.
*
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APPENDIX G.

R

Variance associated with pfimary production estimates, using_theilac

e

technique.

In general, there appear to be three major sources of variance in
production estimates: error associated‘with sampling and technique |
(including counting error), and the natural variance associated with
flgctuations in insolation, biomass and photosynthetic capacity (e.g.
Vollenweider, 1969). Two series of experiments were run to obtain some
estimaﬁg of variance associated with sampling and technique, particularly
for the nannoplankton fractions. The effects of diurnai variation in
insolation, biomass and photosynthetic capacity were not examined; hgaéver,
samples were routinely incubatc# at the same time of day (mid-morning to
early afternoon), for 3-4 hours. 1In addition, for the purpose of this
study, production rates were not ext;Apolated to a daily basis, but are

reported as hourly rates.

Methods.

The mcthod used for production estimates in these experiments is as
outlined in Section 1, ;n the first experiment, tyo series of tr%plicate
ﬁroduction runs were done on consecutive days at station 3 in M'y, 1978. 1In
the first series, three subsamples were taken from one Vén Dorne water bottle
at each depth, while in the second series, subsamples were éaken from three
separate water bottles at each depth. Tryplicates were innoculéted with

140 and suspended at each depth simultaneously, sueh that there were 3 light T

bottles at every sampling depth, and 3 dark bottles it alternate depth.

Following incubation, triplicate samples were filtered simultaneously and
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.

and subsamples from the 2m light bottigs were sclectively filtered through .
screens of mesh sizes 10 um, 20 um, 35 um and 64 um.

In the second experiment, the temporal variability of nannoplankton
production at 2m depth was investigated more closely., Prirary production
was measured approximately every second day from mid May to mid June, 1978,

at station 3 (Central Basin). This period coincided with the development

and decline of a spring diatom assemblage of Synedra acus var. angustissima,

Asterionella formosa and Diatoma tenue var. elongatum, which was monitored

4

by chla measurements and visual inspections of samples under the microscope.

Results and discussion.

The results of the first experiment have not been converted to

production rates, but are reportéd as sample activity (c.p.m. per 50 ml of
14

sample, corrected for background and differenceg in the volume of ~°C

.innoculated), all other factors being constant between replicates except pH

Ve
and alkalinity in the second series, which showed a maximum variation of

t+ 0.08% and * 3%, respectively (Table G-1}. ‘

Variations between replicate bottles from the same Yater samples— -
was fairly low, ranging up to * 16% (2SE), and averaging about * 10%;
variability between dark bottles was slightly lower (Table G-1). Replicate
selective filtration; showed very close agreement, both for measured activity
{max of £ 7%), and Ztotal (max of * 7%) at 2m. Tangled lines resulted in
the loss of several bottles in the second’series but the remaining samples

also showed relatively log variability (max of + 10%). Selective filtrations

showed greater discrepancies in this run, especially for the fractionms

<20 uym and <35 um for both activity (¢ 12%) and %total activity (+ 14%)

\
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Table G -1. Mean activity and range of variance At each depth for two series of triplicate
production runs on 5/6/78 (triplicates from the same sample), and 6/6/78
(triplicates from separate samples) at station 3, L. Memphremagog.
Triﬁlicates from same‘samﬁie Triplicates from separate samples ~1
« {Depth| light bottles dark bottles light bottles dark bottles ’alkal%nit? ,
(m) { cpm +2SE (%) cpm +2SE (7) cpm  #28E (%) |cpm #2SE (%) mg.m - *28E(Z) . pH =+ 2SE(Z) |
0 | 1956 83 ( 4%) 1886 163 ( 92Z) 43.3 1.0(3%) 8.03 .03(.43%) j
1 1491 228 (15%) 42 2 (C6%) 57 3 (5% 43.7 0.6(172) 8.02 L03(.47%) |
’ 2 8138 43 ( 57) 2424 90 ( 4Z) 43.1 0.5(1%Z) 8.05 .06(.7%)
3 516 47 ( 9Z) (- 39 2 ( 57) 2468 219 (107 43,2 1.1(27) 8.01 .04(.42)
5 175 ~ 28 (167%) 43.4 0.1(.27) 8.0 .06(.77)
7.5 62 7\(111) 34 3 ( 9%) 53 4 ( 8%) 43,9 1.0Q2%) 7.9 -
Table G-2Z. Mean activity and 7 total activity for nannoplankton fractions <10 ym,

?

<20 pm, =€35 ym, and <64 pm at 2m depth from two series of triplicate
production rums; 5/6/78 and 6/6/78 at statiom 3, L. Memphremagog.

mesh Triplicates from same samp1e= Triplicates from separate samples

(um) cpm *2SE (%) Ztotal +2SE (%) 'L epm $2SE (%) Ztotal +2Sg (%)

10 562 19 (3%) . ve 3 (5%) | 1663 59 ( 4%) 66 6 (11%)
20 | 599 38 (62) 70 2 (4% 1911 230 (128) 74 10 (14%)
35 647 44 ( 77) 76 2 ( 3%) 1876 222 (127) 74 10 {147%)
64 668 7 Q1% 76 6 (77 2035\ 12 (1%} 80 &4 ( 47%)
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X:’ Table G-3. Relqtiv@ contributlons to total production y
‘ (Z) o nannoplankton fractions <64um, <35um,

- <20um and_<10um at 2m depth in Lake Memphre-

magog (Station 3)§ spring 1978. foe

Mesh size (um)
Date © b4 35 20 1o

, 11/5/78 97 80 88 49
! 15/5/78 77 68 64 39
18/5/78 88 84 B2 ~ 46
22/5/78 8 69 71 15
25/5/18 86 82 79 20
27/5/18 71 62 54 46
29/5/78 68 63 59 54
.30/5/78 71 69 62 5k

7 4 1/6/78 80 76 69 56 |
3/6/78~ 79 70 75 63
5/6/77 77 76 70 66
6/6/78 81 75 76 66
8/6/78 79 67 66 61

-

10/6/78 74 71 69 57
12/6/78 66 64 57 51

¥

x 79 72 70 49
2SE 4 4 5 8
@ (5 (5 (7)) a6
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(Table G-2). The resolution in activity between these mesh sizes was low
._-} , in both’ production runs; however, the "fact that a large difference in

4y ¢ Jl»‘\ )
variability between replicates was not observed between the two experiments

it

indicates that sampling ‘error’is small compared to that associated with
~

technique.

g / In the first experiment, the difference in the relative contribution
v (%) of each size fraction to total production between the two days was small
(yariation in actual activity reflecting a marked difference in incident
radiation received during each incubation). Similar lack of temporal
variability in the ‘relative contributions of the different size fractious
was more efféctively demonstrated in the 15 consecutive production \
measurements of the second experiment (Table G-3; Figs. F-la, b, c, d), in
T which the highest variance was shown by the faction <10 um (* 16%).
However, similar tempora} patterns were exhibited by the relative
contributions of the nannoplankton fractions to both total chl_;a_'and
production (Fi‘gs. F-la, b, c", d; see also Appendix F); and it appears
< ,that these fluctuations were not slmply due to random error, but real und

\
l detectable despite the general varlability associated with both techniques.
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