NOTE

These 18 IFYGL (International Field Year for the Great Lakes) papers on biology languished in
the files of the Great Lakes Fishery Commission for decades until rediscovery made possible an
online resurrection on the commission’s website under Historical Documents/Data. They were
referred to in IFFYGL—The International Field Year for the Great Lakes, published in 1981 by the
Great Lakes Environmental Research Laboratory under the editorship of E J. Aubert and T. L.
Richards. This referral was in a brief chapter on biology written by W. J. Christie and N. A.
Thomas, which suggested that a more-detailed description of biology was contained in a separate
report. The separate report, for unknown reasons, never was published, although the papers were
produced and had been edited to a publishable level. Though made available late, these papers
contain a wealth of historical data on Lake Ontario and are important, too, in that they show the
thinking of the scientific community ca. 1972. Their late dissemination is unfortunate, especially
for authors, and for this lapse the commission expresses its regrets.

R. Eshenroder, managing editor

21 January 2016
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SECTION 1
INTRODUCTION
W. J. Christie

In its first conception the program for IFYGL was concerned exclusively with
studies of physical phenamena, and it was not until 1970 that consideration was
given to adding investigations on the biology and chemistry of the lake. Iake
Ontario had been the subject of substantial recent attention in these respects,
however, through the Lower Lakes Reference Program at ILJC. As TFYGL developed, it
became apparent that the sampling grid in the main region of the lake offered an
opportunity to collect biological information on a scale which seldom could be
equalled in any large lake. The information to be collected on water movements,
water temperatures and meteorological events similarly pramised to provide unique
background information for biological and chemical investigations. Both of these
considerations also applied to water chemistry, and in that case there was the added
incentive that it might be possible to detect changes in water quality that had
occurred in the five years following the IJC datum.

The reasons for developing a biology-chemistry program thus came to be seen as
campelling. The unfortunate side of the late decision, however, was that it was
difficult to set up a fully integrated program within the limited time frame. ILack
of funds imposed the most serious canstraint on the Canadian side, and to a large
extent the program had to be developed by diversion of existing programs. Same
lmitedﬁnﬂingwasobtaj:edforglantstomnadianmiversities,hmmﬂnmin,
the program developed instituticnally within the operating agencies. The situation
was quite different on the U.S. side where the Envirommental Protection Agency was
given primary responsibility for the program. The institutional development of EPA
an the Great Lakes had not proceeded very far at that time, and, as a result, IFYGL
funds for biology were distributed mainly as grants to various goverrment and
university laboratories. The single funding source resulted in a well integrated
biology survey, and the fresh funding permitted a samewhat more intensive sampling
of stream inputs for the water chemistry program than was possible on the Canadian
side. :

The U.S. program was well suited to a broad, extensive biological survey, using
the large research vessels assigned to the program. The Canadian program had to be
dasigmdtofithmoﬂelmgermrgemseardmobjectivaofﬂnavanablemmr
and was, therefare, better suited to local, intensive studies of biotic rates and
processes. Thus U.S. collections of zooplankton, phytoplanktoon and benthos were
made at the 60 main lake stations regularly visited by the large IFYGL research
vessels, while the Canadian zooplankton and phytoplankton samples provided detailed
profile information in the 9 week long cruises designated Ontario Organic Particle
Survey (OOPS). In addition to these generalized collectians, there were concentrated
efforts in the nearshore zone on both the U.S. and Canadian shorelines and each of
these involved collections of various elements of the biota.



The fishery programs proved especially difficult to integrate internationally
with short lead time. In this case both the U.S. and Canadian programs resulted
mainly from diversions in existing research programs. Standard collecting gears were
adopted, and sampling methods were standardized for all of the nearshore work, but
this was not possible in the open lake. Time and funds did not allow making the U.S.
and Canadian vessels Kaho and Cottus identical in capabilities and, thus, the results
fram the two sides of the main trench of the lake are not fully camparable. The
program in this case simply called for optimm spatial and seasonal coverage of the
lake, and aside fram the constraint noted and the further problem of a late start
by Cottus, the reader of this volume should recognize that the intensity and scope
of the characteristically slow fish stock sampling, were unique in Great Lakes'
histary.

The four reporting stages anticipated for the biological work in the IFvGL
Technical Plan (Vol. 1) also serve to define the scientific abjectives. These were:

1. Status - species camposition, relative abundance and distribution.

roductio CYa n Relationships

- biomass (where applicable), turnover transport and/or movements,
grazing rates (zooplankton), food and feeding, growth rates
(fish), fecundity and maturity (fish).

3. Inter-taxon Relationships - food pathways; includes primary productivity,
local pollution effects.

4. Generaljzed Models.

Many studies have been produced in the second category (see Appendix 1), and
same will contimue to appear over the next few years. Further work also will be
produced in the third and fourth categories both in the main IFYGL report, and in
separate publications over a longer time span. The present campendium represents
the summary work in the first category.

The array of papers in this volume reflects in part the varying organizational
arrargements and specific interests of particular investigators. If it is viewed
as a whole, however, it offers a camprehensive picture of the biota of Lake Ontario
in 1972. The U.S. nearshore program and the Canadian program in the Bay of Quinte
were both integral studies, and thus, present cbservations for the entire range of
organisms studied in each case. Survey data an phytoplankton, zooplankton and fish
populations reflect the camplementary plans described above, but they are not yet
integrated at this stage. Individual papers differ in thrust, and they comtain
limited information on methodology. This represents an effort to conserve space,
and for these details, the reader is referred to Volumes 2, 3 and 4 of the IFYGL
Technical Plan.

As the above suggests, it also was a result of the organizational differences
an the two sides of the international border that it proved difficult to cbtain full
integration of results by co-authorship. In the U.S., contracts associated with the
EPA grants had firm campletion dates while analysis of data by Canadian scientists
had to be dovetailed into on—going institutional research programs. The result was
that U.S. data bases generally were summarized much earlier. This camment applies
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oanly to the status of the biota, however, be@usem-goingamlysesreql;im
intagratimborhwithinthispmelaﬂwimomerm&disciplimxygzuxps.

The last notwithstanding, results presented here generally are campatible for
camparative purposes. Scientists attempted to develop uniform collection
methodologies, wherever this was possible, and to undertake methodological
camparisons where necessary. Similarly, a series of workshops during and following
the Field Year developed the maximm taxonamic camparability with respect to fish,
zooplankton and benthos. Same systematic problems persist, but reference collections
havebemretai:ndinﬂxeeventﬂntﬂmepzesetdatasetismsatisfactozyfor
future investigatars. The most severe problem is associated with phytoplankton
because of the differences of opinion regarding systematics and oollecting

-~ These problems are reflected by the present contributions and attest
to the difficulty of the art.

A great deal of the IFYGL data, including biological information is stored in
the campanion U.S. and Canadian data banks in machine processable form. Catalogues
describing these archives are available through:

Atmospheric Envirorment Service
Enviromment Canada

4905 Dufferin Street

Downsview, Ontario M3H 5T4

ard

Great Iakes Ervirormental Research Laboratory
National Oceanic and Atmospheric Administration
2300 Washtenaw Avenue

Ann Arbor, Michigan 48104 U.S.A.

Locations of the reference collections are:

Phytoplankton: Great Lakes Research Division
University of Michigan
Ann Arbor, Michigan 48104 U.S.A.

Benthos: Great Lakes Envirarmental Research Laboratory
National Oceanographic and Atmospheric Administration
Ann Arbor, Michigan 48104 U.S.A.

Zooplankton: Donald C. McNaught
Department of Biological Sciences
State University of New York
Albany, N.Y. 12203 U.S.A.

Datamtyetaccededtotheazduivesamstillinﬂxeharﬂsofirﬂividlnl
investigators and their agencies. Inquiries can be directed to the scientists listed
in Appendix 2. mislistjrcltﬁsallttxosewmwreactiveparticipantsinthe
Field Year proper. The mmber of persans still involved with IFYGL data has shrunk
aﬂhasdnrgedappmciablyinmirgy&rs,htﬂehﬂivi@nlsnanedmnstﬂl
be of assistance to interested investigators.
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Other difficulties of a more technical nature were associated with the actuyal
canduct of the Field Year. Weather and severe camplications with respect to ground
truth cbservations, for example, frustrated efforts to make aerial estimates of the
biomass of the alga Cladophora. Equipment delivery and other logistical problems
also caused delays in the start of several projects in 1972 and necessitated
continuing collections as late as June 1973. On the whole, though, the data
acquisition targets were remarkably well achieved. Even more important for
bioclogists, the more time-consuming tasks such as identification and emmeration of
invertebrate collections and analyses of the comtent of the fish stomachs were
doggedly pursued in the months and years after IFYGL to the end production of what
ismqnstiaablyﬂelaxgestdataaxdmiveofitskjmmrawbrieftimpericd,
in any of the Great lakes.

The efforts of the IFYGL program, however, lead to a final point: In spite of
funding difficulties and time constraints on planning, all participating agencies
and individuals rose with goodwill and enthusiasm to the IFYGL challenge. We, the
editors of this chapter, feel the result was a scientific endeavor of lasting
significance, and we hope the contents of this volume will gain the concurrence of
our readership.



SECTION 2
SUMARY
Nelson A. Thomas

'mebiotaoflakealtarioisrbwslmirgﬂ)esigrsofﬂ)estxessesprtmit
by man. mezytmgiﬁclevelsmdieddtmirgmcl.mbemaltemdforﬂmemmtin
most cases. The causes of alterations will be discussed in Volume ITI, where
chemical and biological interactions will be discussed.

None of the daminant Iake Ontario phytoplankton species are characteristic of
oligotrophic lakes. Likewise, certain important oligotrophic species 1ike Cyclotella
are no langer present. The only elements of the flora cammon to both Iake ontario
and the upper Great lakes are eurytopic species. Blue-green algae constitute an
important part of Lake Ontario phytoplankton assemblages from early summer to late
fall. The blue—green algal flora of lake Ontario is samewhat unique in that it
cantains species often foud in oligotrophic lakes and elements. of the classic
hypereutrophic association as well. The algae belanging to the group Haptophyta are
very important, although the taxonamy of this group is uncertain. Many of the
dinoflagellates belanging to the group Pyrrophyta make up a significant part of the
phytoplankton biamass. It was clear, therefore, that the loading affects the whole
lake phytoplankton populations, although phytoplankton increases would not be
detected near nutrient sources.

Seasonally, phytoplankton increased first in the eastern basin of Lake Ontario,
ﬂmalagﬂ:enearslmmi:sideﬂ)ememalbarmﬂfi:allytouwcpenlake. The
najorahn‘da:neofthephytoplarﬂctmwasfcxmdatadepﬂnof3t010meters.
mytoplmﬂctmspeciesreadndﬂeirgzeatestahnﬂamemﬂmeammarlbrmto,
while the lowest levels were cbserved in the center of the lake.

Phytoflagellates contributed 87 and 77 percent to the phytoplankton biamass at
the nearshore and midlake, respectively. The nearshore contained 100 percent more
;iwtcplanktmbimassarﬂSOpematmmdﬂomphyllgaﬁpkﬂtosynﬂmisﬂanﬂn
midlake. Maximm densities were cbserved in the spring during the formation of the
thermal bar. The nannoplankton fraction contributed 87-94 percent of the
photosynthesis.

Detrital carbon greatly exceeds phytoplankton and living carbon. Even during
periods of high algal density, the amount of detrital carbon was 50 percent.

Ashifttmaxdartm;hicinthezooplaﬂ@cammitywasevidanedbyme
change in the summer zooplankton cammmnity since 1939 fram daminance by Diaptamis
to Bosmina longirostris.

Camparisons of the zooplankton camposition with average water temperature
aggeststhatahxﬁmneismlatedtoteatmtertarﬂta:pemmmhasmjoreffect
an the growth of the population. The warmer surface waters are daminated by the
cladoceran Bosmina longirostris and to a lesser extent Diacyclops bicuspidatus
thamasj. The most abundant crustacean zooplankters in Lake Ontario are the cyclopoid
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copepods and cladocerans. 'medistrib.rtimofzooplarﬂctmwasinfluernedgreatly
by upwellings.

Fewer species of crustacean zooplankters were found in the inshore areas
adjacent to urban centers than in adjacent inshore or offshore regions. while the
cladocerans Daphnia, Ceriodaphnia and Chydorus are important in rural inshore areas,
they have given way to Bosmina longirostris and Cyclops in urban inshore waters.
In the regions immediately offshore from urban areas, changes in the zooplankton
cammunity appeared despite the drift along the shareline.

In the nearshore waters, Melosira binderana was a daminant alga during the
spring of 1972. This species has been associated with eutrophic conditions.

The distribution of Cladophora appears to be limited by physical factors,
particularly turbidity, wave intensity and substrate rather than biological and
chemical factors. Accelerated Cladophora growth appeared to occur in late June to
early July as well as late September to early October. Through remote sensing, it
was determined that approximately 66 percent of the nearshore fram the Niagara to
Rochester was covered by Cladophora. East of Rochester, 79 percent of the shoreline
zZone was covered.

In the nearshore, the most widespread and mmerous benthic organisms were the
oligochaetes - sludgeworms. These organisms were particularly predaminant off
Rochester and Oswego. The chironamidae (midges) were the most diverse group. The
principal amphipod of the deeper water was Pontoporeia affinis.

Pontoporeia affinis and oligochaetes accounted for 92 percent of all organisms
collected. Based an the low abundance of the oligotrophic species and the high
abundance of the eutrophic species, the most cbviously eutrophic areas were near the
mouth of the Niagara River and off Toronto.

The morphametrically eutrophic Bay of Quinte has been highly enriched as
indicated by the high mean of chlorophyll a concentrations ranging fram 9-21 ug/L.
The phytoplankton indicate a substantial gradient from highly eutrophic inner bay
to the less eutrophic outer bay. Diatoms and blue—green algae were the most
important algae throughout the Bay of Quinte, but Dinopyceae and Cryptophyceae became
increasingly important towards the outer bay. All areas of the bay were dominated
by cladocerans, typical of eutrophic waters. Dense algal growth and high turbidity
occurred through most of the summer and reduced light penetration sufficiently to
decrease the growth of macrophytes in the upper section of the bay. The surviving
species in this area were also known to grow well under eutrophic conditions. The
Wmmmmlmmmsmmlymrmm
perturbation of mutrient enrichment.

There are no major reserves of econamically important species such as lake
whitefish, lake trout, deepwater ciscoes, blue pike, walleye or sturgeon remaining
in ILake Ontario. Burbot and fourhorn sculpins are now also extinct or very nearly
so. The fish biomass is daminated by smelt and alewife. The main trench of the lake
below about 55 m is almost devoid of fish during summer. The east end of the lake
carries the greatest densities of usable fish. Although the sampling grid was very
coarse, no areas of the main lake or shoreline were found grossly depauperate.
Pelagic concentratians of smelt and alewife are significant over the whole lake with
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alewife generally occupying shallower depths. The biamass of emerald shiners may
be larger than previously suspected on the basis of nocturnal shoreline sampling.
Alewife were the more abundant species in the main trench of lake Ontario, whiie
smelt were relatively more dense within the eastern outlet Basin. The fish biamass
ofﬂnBayotQ;inteissﬁllawq:tiaallylaxqeevmﬂnxﬁuadverselyaltemdin
camposition from earlier times.






SECTION 3

PHYTOPLANKION SPECIES OCMPOSITION AND DISTRIBUTION
Eugene F. Stoermer

It is difficult to construct any concise and unambiguous statement
the phytoplankton assemblages of Lake Omtario. The lake is a classic example of a
highly disturbed system, where the chance convergence of particular forcing factors
may result in large local variations in phytoplankton species camposition and
abundance. InthecaseoftheIIYGLdatatheprcblanisﬁnthercmplicatedbythe
fact that meteorological conditions during the sampling period, especially during
the critical early spring period of 1972, departed appreciably from the multi-year
average (Phillips, 1974). As a result, the window in time represented by this
particular sample set may not be characteristic of average conditions of the lake.

In the following, we will try to summarize same of the more notable qualitative
aspects of the flora. In order to assess this account accurately, the reader should
becognizantofsmeofthednracteristicsofthedatasetupmvmiduitisbased:.

1. The sample set discussed here (Stoermer et al., 1974) includes only offshore
stations. Thus, the extreme qualitative and quantitative perturbations of the
phytoplankton assemblage which may take place in the immediate vicinity of local
inputs are not represented. The characteristics of phytoplankton assemblages found
in the nearshore zone will be discussed in Section 13 of this report.

2. The sample set was taken from discrete and uniform sampling depths. Thus,
the abundance of certain species which tend to have markedly discontimuous vertical
(Fee, 1976) distribution may be underestimated. Primary emphasis in the study was
placed an species distribution in the near surface waters.

3. 'metimintervalbeweensmssivesuplﬁgsisalnnstoertainlylmger
than ideal for a system like Lake Omtario. It is distinctly possible that peaks in
abundance of certain taxa were missed entirely or drastically underestimated.

Campared to the upper Great Lakes, the most outstanding characteristic of Iake
Ontario is the virtual total absence of species characteristic of the oligotrophic
waters. No members of the traditional oligotrophic Cyclotella association, which
amazextlywasaweaninportmtelmtofﬂnldeamarioassablage,mmmm
in greater than trace amounts during IFYGL. The diatan camponent of the assemblages
aamiredwasdaniratedbyamytopic'&eed"speciessxﬂxaswgfm,
Diatoma elongatum, and_Fragilaria crotonensis and others tolerant of moderate to
extreme levels of eutrophication and salinification. Included in this group are

several of the small, chain forming species of Stephanodiscus (S. binderarnus, S.
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subtilis, and S, teruis) which have the potential to cause nuisance conditions at
mmnicipal water filtration plants. Surirella angusta, a species usually found in
benthic habitats, is relatively abundant in winter and early spring collections
throughout the lake, together with several species of the genus Nitzschia. Species
which are relatively abundant in the offshore waters of the upper lakes, such as
Melosira islandica, Stephanodiscus alpinus, S. hantzschii, and S. mimutus tend to
have the same seasonal distribution. On the other hand, species associated with the
worst water quality conditions in western lake Erie and Saginaw Bay, such as
Qoscinodiscus (Actinocyclus) subsalsus, Cyclotella cxyptica, and C. meneghiniana,
were found mostly in summer collections and their distribution was restricted to a
few areas. A small number of occurrences of entities tentatively identified as
Skeletonema potamos and S. subsalsum, which are apparently the most recent invaders
of extremely disturbed habitats in the Great lakes (Hasle, 1977; Hasle and Evensen,
1975, 1976), were noted in our collections. These species are exceedingly difficult
to identify with certainty under the light microscope and further work with nearshore
collections is needed to confirm their occurrence.

Shlorophyta

Although the green algal flora of lake Ontario is relatively rich, and
species are quantitatively important in certain collections, most of the taxa
to be highly restricted in their temporal distribution. Examples of this
are Phacotus lenticularis, which was quantitatively important during August of 1972
but present anly in minor quantities during other sampling periods, and Scenedesmus
bicellularis, which was a dominant member of the assemblage at most stations sampled
during May and June of 1972, but which was present only in small mumbers in all other
cruises, including the April and June cruises the following year. Many of the coammon
species that are abundant in the plankton of eutrophic freshwater lakes were
quantitatively important members of the Lake Ontario assemblage during summer
stratification. Included in this suite are species such as Actinastrum hantzschii,
Ankistrodesmus falcatus, Botryocoocus braunij, Coelastrum microsporum, Gloeocystis
planctonica, Pediastrum bo » P. duplex, P. gladuliferm, and P. simplex,
Scenedesmus bijuga and S. guadricauda. The most important desmid species were
Cosmarjum botryoides and Staurastrum paradosum, which although not mmerically
abundant, may constitute a significant part of the biamass because of their very
large cells. A surprising mmber of filamentous species of green algae were present,
and sametime abundant, including Mougeotia spp., Oedogonium spp.. and Ulothrix spp.
The most cammon species of Ulothrix was U. subconstricta. The species of Mougeotia
and Oedogonium could not be identified because of the lack of reproductive stages
in the collectians. Motile green algae, in addition to Phacotus, were abundant in
same samples. These included Chlamydamonas spp.,_ Pandorina morum, and Eudorina
elegans. An organism tentatively identified as_Pedinamonas minutissima was very
abundant in a limited mmber of collections. As is the case with many of the
flagellates, there are very serious questions as to its taxonamic affinities, even
at the divisional level. It is also prabable that same of the organisms identified
as chlamydamonas spp. are actually zoospores of other taxa, particularly Gloeocystis
planktonica and many other species.

Chrysophyta

During the period of study, the chrysophyte flora of ILake Ontario was remarkably
depauperate. The anly species of quantitative importance were Dincbryon divergens,
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D. sociale, Symua uvella, Mallamonas alpina, and M. pseudocoronata and they were
never among the daminant elements in any set or series of samples. Many samples from
Lake Ontario comtain relatively large mumbers of small flagellates of uncertain
systematic position which may actually belong to this group. Further research,
especially investigation of the ultrastructure of these organisms, will be necessary
to determine their correct systematic position.

Cryptophyta

The role of the cryptamonads in the phytoplankton ecology of the Great Iakes is
an enigma. Certain species such as Cryptamonas erosa and Rhodamonas minuta are
almost universally present throughout the system. In Iake Ontario, they are a
quantitatively important part of most assemblages and may at times be daminant.
Their distribution is, however, extremely irreqgular both temporally and spatially.
During summer stratification, extreme vertical stratification of population densities
is often noted. 'missuggaststhatﬂmeorganisnsrespa’ﬂtofactorsotherthan,
or in addition to, nutrient limitations or stimulations. Same of the population
found in Lake Ontario (e.g., Cryptalaux rhamboidea) are known to be heterotrophic,
and the other species in the group may be to a greater or lesser degree. At the
pr&samtimeﬂetaxmmyardmmrclaumeofﬂuecryptmadsisextrmelymnertain
and confused, and further research undoubtedly will result in reclassification of
same of the populations reported and in the discovery of additional species.

Cyanophyta

Blue-green algae may constitute an important part of Lake Ontario phytoplankton
assemblages from early summer to late fall. The areal and temporal distribution of
most populations is, however, irregular. The most generally distributed population
is Oscillatoria limnetica which was found at most statiaons sampled during June and
July. The species most usually associated with muisance bloom canditions such as
Anabaena flos-aquae, A. variabilis, and Aphanizamenon flos-aquae reached their
greatest abundance, as would be expected, in August. Although their distribution
patterns were erratic, all tended to be most abundant at stations nearest shore in
the far eastern segment of the lake and near the Niagara River. Anacystis cyanaea,
a bloam-forming species often found together with those discussed above, did not
madzitsgmatstahnﬂamemrtﬂ%toberarﬂwasmxﬁmmgemmllydistrihzted
throughout the lake. Gamphosphaeria lacustris and G. wichurae had similar seascnal
occurrence patterns, with isolated populations persisting well into the fall and
winter months. On the other hand, Anacystis incerta, a species often found in fall
phytoplankton assemblages from mildly disturbed areas in the upper lakes, reached
its greatest abundance during May and June in Lake Ontario. The blue—green algal
flora of Iake Ontario is samewhat unique in that it contains both species often found
in oligotrophic lakes and elements of the classic hypereutrophic association. The
persistence of same populations into the fall and winter months also is urusual.

Haptophyta

Although this group undoubtedly is very important in Iake Ontario, it is
difficult to make many positive statements regarding its camposition. The only
population identified was chrysochramilina parva, which was at least present in most
collections and which reached significant abundance in late winter and early spring.
'merearemﬂmbtedlymanyotherpoguatiasprsentinthelake, but the taxonamy
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of this group is based largely on ultrastructural characteristics and the studies
necessary to identify them have not yet been undertaken in the Great Iakes. Same
priority should be given to such investigations since their abundance appears to be
correlated with the degree of eutrophication in the Great ILakes and same species can
cause serious water quality problems.

Pyrrophyta

Although the abundance of most species in this group is relatively small
campared to those discussed previously, they may constitute a significant portlon
of the biamass of same assemblages because of their large cell volume of the species
involved. As:.sthemsemthﬂ)ehapto;hyts the taxonamy of the species ocaurring
in the Great Iakes is rather poorly known. Although same are identifiable with taxa
which are widely distributed in smaller lakes, the identity of several major
populations cbserved in Lake Ontario is questionable. Representatives of the genera
Ceratium, Glenodinium, Gymnodinium, and Peridinium are all present. The ubiquitious
Ceratium hirundinella ranges from present to abundant in summer and fall collections.
Peridinium aciculiferm and Gymnodinium uberrimm appear to be the primary species
msprmgbloatsarﬂw_helvetlannlsthemamcmporentof late summer and
fall dinoflagellate maxima. Certain smaller species of uncertain identity are
present during both periods.

ARFAL DISTRIBUTION

Although there is a great deal of month to month variation, there are several
zanes, or segments, in lake Ontario which tend to have phytoplankton floras of
similar camposition. We have attempted to summarize these similarities in Figure
3-1. (It should be emphasized that this zonation should not be considered as
absolute.) During any single sampling period, similarity boundaries may be shifted
and individual stations within a particular zone may show gross departures from the
average condition.

The first of these regions encampasses a broad region of the western and
northwestern part of the lake. This entire region tends to have a high
representation of species which reach their greatest abundance at stations nearest
Toranto. A series of stations alang the southwestern shore, designated as Zane 2,
also show consistent floristic similarities, perhaps as a result of the influence
of the Niagara River. This interpretation should be treated with caution, however,
because Stations 14 and 30, which are probably under the most direct influence of
the Niagara River plume, tend to have depauperate and samewhat atypical phytoplankton
assemblages. There appears to be a significant east-west differentiation in
phytoplankton camposition of the offshore waters of Lake Ontario, represented by
Zones 4 and 5. The area designated Zone 3 consists of a series of stations
characterized by generally low levels of phytoplankton abundance. The seascnal
succession at these stations also tends to deviate from that of the rest of the lake.
Stations in the region designated Zone 6 are characterized by generally high levels
of phytoplankton abundance and the consistent occurrence of species which are usually
associated with highly eutrophic corditions. The camposition of the phytoplankton
flora at stations in Zone 7 is qualitatively similar in some respects to that in Zone
6, but the seasonal succession in this region appears to follow a different pattern.
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In both 1972 and 1973, the spring and late summer bloams developed and declined
earlier in this region than in the rest of the lake.

It is evident that the development and excursion of the spring thermal bar is
ane of the primary factors controlling phytoplankton distribution patterns in Iake
Ontario (Lorefice and Munawar, 1974). The spring phytoplankton maximm is first
developed at stations in the far eastern sector of the lake and at stations nearest
shore. Many of the populations characteristic of this development in the early
spring subsequently follow the excursion of the thermal bar into the open waters
(Nalewajko, 1966). It should be emphasized that most of the populations which
originally develop at shoreward stations eventually occupy stations in the offshore
waters. This is one of the primary distinctions between the patterns of
phytoplankton succession in Lake Ontario and that found in the upper lakes. In the
upper lakes, populations of species such as Stephanodiscus binderamus and S. teruis
may reach high densities at nearshore stations but never constitute a significant
part of assemblages at offshore stations (Stoermer, 1972). In lake Ontario they
eventually occupy most of the stations sampled. Only stations in Zone 3, discussed
previously, seem to have cansistently reduced abundance of these populations and this -
could be at least partially an artifact of sampling interval in the case of the data
set examined.

As might be expected, the distribution of populations which constitute the
sumner maximm do not follow such a consistent pattern. There is a general tendency
for same of the major populations involved to first develop at stations in the
eastern sector of the lake or alang the southern shore, but the distribution pattemn
of the individual populations involved is not particularly consistent.

There appeared to be substantial qualitative difference in the abundance of
major phytoplankton groups during the two spring bloam periods covered by the study.
During 1972 peak phytoplankton abundance occurred in June. This June peak was
daminated by diatams, with microflagellates being mmerically the second most
important group. During 1973, the peak diatam abundance occurred in April and the
diatoms had decreased in abundance by June. Unlike the previous year, this was
succeeded by a strong peak in microflagellate abundance during the June cruise. The
apparent difference may be partially an artifact of sampling interval, but it does
serve to point out the differences possible in a dynamic system such as Lake Ontario.

VERTICAL DISTRIBUTION

The camplexities of vertical distribution of phytoplankton populations in ILake
Ontario still have not been adequately addressed. As would be expected, vertical
distributions tend to be rather uniform during periods of circulation and variable
during periods of stratification, but sometimes very dramatic vertical differences
in phytoplankton camposition and abundance may develop (Munawar et al., 1974;
Stoermer et al., 1974).

In Lake Ontario, maximum phytoplankton abundance typically is found at depths
of ca. 10 m, rather than at metalimnetic depths as is common in the upper lakes.
This is probably reflective of both higher mutrient supply rate during the summer
stratification and transparency reduction during this period. It also implies that
the populations which occupy these strata are able to actively regulate their
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position in the water column in some mamner. The dinoflagellates and various
microflagellate groups show the most pronounced vertical stratification and this
suggests that active movement (Reuter, 1977) may be an important factor and that this
respaseisrmtedtolimlmlsmﬂnrﬂanwt@emmordesitygradim,
nmﬁgcartammﬂnmissawsggestimofadimlpatteminmt@hnktm
density, but we do not have sufficient data to evaluate this situation.

In the other major physiological phytoplankton groups, the vertical distribution
patterns present suggest development of populations in the near surface waters and
subsequent sinking through the water colum. In same cases, it is possible to folloy
the time course of sinking of particular populations. The most notable examples are
same of the more thickly silicified spring bloaming diatams, such as i
islandica, and same of the more robust forms of green and blue—green algae which
develop during the summer.

TROPHIC CIASSIFICATION OF IAKE ONTARIO ON THE BASIS OF PHYTOPLANKTON

Although all lakes are to same extent unique in regard to their phytoplankton
population structure, it has long been recognized that certain broad floristic
associations (Hutchinson, 1967) are characteristic of different trophic conditions,
and that certain specific populations are indicative of particular water quality
canditiaons. -

Because of their unique chemical and physical characteristics, the Great Lakes
tend to fall outside the generally conceived schemes of lake classification.
Likewise, the phytoplankton associations present do not have readily camparable
analogues in either smaller lakes or in the more ancient great lakes of the world.
During the past two decades the increased level of research on the Great ILakes has
resulted in a much clearer picture of both the camposition of the indigenous flora
and the changes which have taken place as a result of anthropogenic modification of
the system. Although our understanding of the phytoplankton flora and its ecological
affinities is still far from complete, certain valuable insights are available.
These insights are particularly useful when addressing questions of quality in a
system since they speak directly to the integrated effects of the multitude of
enviranmental perturbations which may affect the operators within the system.
Viewing water quality problems in this context may thus serve to guard against the
dangerous temptations to seek simplistic solutions to camplex problems.

When viewed fram the perspective of the phytoplankton populations which are
mumerically important, Lake Ontario occupies a position well towards the eutrophic
end of the spectrum. Phytoplankton species characteristic of highly oligotrophic
enviromments are entirely lacking. The anly elements of the flora cammon to both
hke&tarioaﬁﬂnmr&aatlakesamany&oﬂxicspecissﬂmaswg
formosa, Ceratium hirundinella, chrysochromulina parva, Cryptamonas erosa, Fragilaria
Srotonensis, Gamphosphaeria lacustris, Mallamonas alpina, and RBhodamonas minuta.

'esdnmcteristicofmsotmmictoamzqmichabitatsamamgmeplmktm
daminants in Lake Ontario although, in same cases, their distribution is restricted.
Misespecidly@ofspecissrhaswmgwhi&mamnamu
the least tolerant of eutrophication. Same of the more abundant members of this
wmofmiemmﬂmm,mmmm,mm,
Gloeocystis planktonica, Oocystis borgei, Melosira islandica, Stephanodiscus alpinus,
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S. bantzschii, S. minutus, and Tabellaria fenestrata. Among the daminant elements
ofﬂnlaka&tano;hytoplarﬂctanﬂomareamnﬂaerofspemsmdmamwmely
distributed in eutrophic lakes such as Anacystis incerta, wﬂm
Mallomonas pseudocoronata, Pediastrum spp., Peridinium aciculiferum,
spPp. , m uvella, and several salinity tolerant diatom species pa.rtlo.narly
abundant hiQ)lydlsmrbedreglamsoftheGreatI.akessuduasm
binderamus, S. subtilis and S. tenius. A mmber of species cammon to the lake
Ontario phytoplankton flora are apparently tolerant of extreme eutrophication and
salinification. Included in this group are muisance bloaom producing blue-green algal
species such as Anacystis cyanaea and Aphanizamenon flos-aquae, filamentous green
algae such as Mougeotia sp. and Oedogonium sp., planktonic diatoms with marine and
brackish water affinities such as Coscinodiscus (Actinocyclus) subsalsus, Cyclotella
cryptica, Skeletonema potamos, and S. subsalsa, and primarily benthic diatoms which
uwadeﬂxeplad¢mma¢xqiuedreg1asofthe6reatlakessxhasmgngu§
capucing and Surirella anqusta. At the present time most of these species have
patterns, although Surirella angusta is abundant in winter collections throughout
the lake.

The other characteristic Lake Ontario shares with most eutrochic temperate lakes
is the extreme degree of seasonal succession in its phytoplankton flora. In contrast
mmmoligotrqhicregiasofﬂnuppercreatlaks,ﬂmamveryprezmmial
species. The IFYGL data further suggest that significant variations also may exist
an a year to year basis. The implications of this apparent instability in primary
pmd.nercmmmusforsmssfulgmwﬂlardrepmdmumofmmerorgamsxs
is a topic that clearly merits further research.

RECOMMENDATIONS FOR FURTHER RESEARCH

1. There are serious uncertainties regarding the correct classification of
sare of the major phytoplankton populations in Lake Ontario. This is partic.llarly
true of the smaller flagellates and diatoms where classification is based on
ultrastructural characteristics. Studies employing electron microscopy should be
undertaken to eludicate these problems.

2. The role of factors other than major mineral nutrient ions in i
phytoplankton occurrence and growth needs to be investigated. There is an cbvious
apparent correlatiaon between the occurrence of many potential nuisance species and
elevated levels of dissolved solids. There also is evidence suggestive of strong
effects by organic growth substances (Stoermer et al., in press).

3. Further efforts should be made to systematize our knowledge of phytoplankton
succession in the Great Iakes and particularly to determine quantitatively the
conditions which led to extirpation of indigenous populations and the introduction
of exotic populatiaons.
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SECTION 4
PHYTOPLANKION BICMASS, SPECIES COMPOSITION AND PRIMARY PRODUCTION
Mohinddin Munawar

Prior to the IFYGL program, the species camposition of Iake Ontario
phytoplankton was reported on a lakewide basis for the year 1970 by Munawar and
Nauwerck (1971) and simultaneocusly Glooschenko et al. (1974) published data on
primary production. During IFYGL (1972/73), Stadelmann et al. (1974) carried out
studies on vertical and diel variations of primary production at a nearshore ard a
mid-lake station. No attempt, however, was made to relate primary production rates
to algal camposition. In this report seasanal variations in phytoplankton bicmass
and species camposition is described at a nearshore and an offshore station, and an
attempt is made to determine primary production. This report constitutes one of the
contributions fram the Great ILakes Biolimnology Iaboratory, Canada Centre for Inland
Waters, Burlington, Ontario, and is based primarily on information given by Munawar
et al,. (1974).

METHODS AND MATERTALS

The location of the two stations mvast:.?ated is shown in Figure 4-1. Water
depth was 60 m at the nearshore station (0OPS' Station 11), and 180 m at the mid-
lake station (OOPS Station 19). Samples for analyses of phytoplankton, chlorophyll
a and primary production were collected by means of a 0-10 meter integrating sampler
(Schroeder, 1969) during nine cruises. Samples for phytoplankton were preserved in
modified Iugol's solution (Nauwerck, 1963). Another sub-sample was kept unpreserved
in a refrigerator for analyses of living material. Depending on the algal density
10-25 ml were sedimented in settling chambers and emumerated by using an inverted
microscope (WILD Heerburg, Model 40, phase contrast) following procedures given by
Utermohl, 1958. Total phytoplankton was emumerated under 300X and 600X magnification
in two transects of each magnification across the bottam of the settling chamber.
For each sample at least 300 individuals were counted giving a counting error of +
12 percent assuming random distribution (Iund et al., 1958). For each species, cell
volume was computed fram average cell dimensions by approximation to the nearest
geametrical shape (Rodhe et al., 1959; Findenegg, 1965). The cell volume was then
converted to biamass or fresh-weight (ng/m?’) assuming a specific weight of 1.0.
Although this method of camputing cell volume is not free of problems and errors
(Larrance, 1964), it continues to be a standard method of reporting phytoplankton
standing stock (Nauwerck, 1963). It is a particularly useful approach in the Great
Lakes where the phytoplankton shows a great diversity of size (Vollerweider et al.,
1974).

Chlorophyll a was analyzed (mg/m’) according to the method of Strickland and
Parsons (1972). No correction for phaeopigments was made in order to make
chlorophyll a data camparable with previous investigations.

lontario Organic Particle Survey
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Detailsof"jng‘,g"primxypmdntimmﬂscimulatimcumﬁ:gpmc@m
are given by Stadelmarn et al. (1974). Sub-samples were withdrawn from the
mwmfwmmmmwmmmwmam
incubator at 30,000 1lux.

RESULTS AND DISCUSSION

Species it]

About one hundred taxa were identified at each station (Table 4-1). Major
groups exhibiting the highest species diversity were Chlorophyta, Diatameae,
Cryptamonadinae and Cyancphyta in decreasing order of species mmbers. At the mid-
lake station, 25 percent of the species were diatams in camparison with the nearshore
station where they camprised only 18 percent of the species. On the other hand, more
species of Cryptamonadinae were found at the nearshore station than at the mid-lake
station.

A detailed list of the most cammon species, which camprised 5 percent or more
of the total biamass at the nearshore and mid-lake stations, are given in Tables 4-
2 and 4-3. It is apparent that when the two stations are campared for those species
which contributed 25 percent or more, species such as Melosira islandica spp.
at both the stations. Rhodamonas minuta Skuja was present all year round (5-23
percent) at both the stations. Other species such as Cryptamonas erosa and

Gymodinjum helveticum were found frequently.

SEASONAL VARTATION

The seasonal variation of phytoplankton biamass, chlorophyll 3 and primary
production at the nearshore and mid-lake stations are presented in Figure 4-2 and
Tables 4-4 and 4-5. The values are expressed as an average of samples collected at
10 a.m. on two consecutive days. The diurnal variations of these parameters are
discussed later.

At the nearshore station, phytoplankton biamass and chlorophyll a ranged between
0.2-2.3 g/m° and 1.9-8.0 m;/m!, rspect:ivelx (Figure 4-2). Primary production rates
fluctuated between 2 and 23 mgC .m's hr'. Iow biamass values along with low
photosynthetic rates were abserved ing winter, early spring and late fall. Higher
biamass concentrations were acbserved in June and increased to a maximm by late June
and July. Although chlorophyll a also showed higher concentratiaons during the summer
period, its peak was cbserved in early June in contrast to the late June peak of
phytoplankton biamass. This discrepancy has appeared in other years as well
(Munawar, unpublished data) and could be attributable to several factors such as
insufficient extraction of chlorophyll from certain species (Daley, 1971). It also
could have been attributable to cell breakage during the process of filtration since
the fragile phytoflagellates daminated the sample collected in late June. Ancther
factor which may explain the acbserved discrepancy might be that pigments other than
chlorophyll 3 could be more abundant in phytoflagellates. Along with the increase
of biamass, primary 1:>roda.1r:'l;:.cm31:':11:551 also increased during June and remained high
until September (15-23 mgC,_ . m” hr'), when another primary production peak was
recorded, although biamass was relatively low at that time.
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TABLE 4-1. SPECIES OOMPOSITION OF NANNOPLANKION AND NETPLANKION AT A NEARSHORE
AND A MID-IAKE STATION OF LAKE ONTARIO

Species Nearshore Offshore
NANNOPLANKION SPECTES
CYANOPHYTA
Chroocooccus dispersus v. minor G.M. Smith + *
Aphanocapsa delicatissima West & West + &
i sp. + +
Spirulina sp * +
CHLOROPHYTA
Gyraomitus sp. + +
Mesostigma sp. + -
Chlamydamonas globosa Snow + ¥
C. pseudopertvi Pascher = +
Carteria cordiformus (Carter) Diesing + &
Phacotug sp. + +
Eudorina elegans Ehrab * +
Sphaerocystis sp. = *
Oedogonium sp. + +
Golenkinja radiata (Chod.) Wille + +
Chlorella sp. + +
Dictyosphaerium pulchellum Wood e +
Treubarja setigerum (Archer) G.M. Smith + +
Oocystis borgie Snow % +
Q. i i + -
Q. lacustris Chodat + +
Q. parva West & West + +
Q. submarina Lagerheim + +
Lagerheimia ciliata (Iag.) Chodat + +
L. quadriseta (Lemm.) G.M. Smith + +
Franceia ovalis (Franc.) Lemm + -
Ankistrodesmus falcatus (Corda) Ralfs + +
A. falcatus v. acicularis (A. Braun) + #
A. falcatus v. spurilliformis G.S. West + *
A. falcatug v. stipitatus (Chod.) + -
Schroederia judayj G.M. Smith + +
Quadriqula lacustris (Chod.) G.M. Smith # -
Tetraedron minimm (A. Braun) Hansgirg + a
. bicaudatus (Hansg.) Chod + +
S. bijuga (Turp.) + +
S. bijuga v. alternans (Reinsch.) Hansgirg - +
S. denticulatus Iagerheim # +
S. quadricauda v. maximm West & West + +
Crucigenia quadrata Morren + *
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TABLE 4-1. (Continued)

Species Nearshore Offshore=
CHLOROPHYTA (Contimued)
Mougeotia sp. - *
Cosmarium sp. . N *
Staurastrum paradoxum Meyen * +
CHRYSOMONADINAE
Chromuling sp. e +
Chrysococcus sp. + *
Rephyrion sp. . ¥ *
parva lLackey + +
Ochramanas pingquis Conrad * +
Ochramonas sp. + +
Pseudokephvrion sp - ¥
DIATOMEAE
Cyclotella glamerata Bachm. + ¥
C. pseudostelligera Hustedt - ¥
Wastmeavmga‘q)mm + *
+ +
§ ning = &4
§mu§}m$tedt - +
Coscinodiscus rothii (E.) Grun. + -
Navicula sp. = #
Nitzschja dissipa (Kutz.) Grun. = +
N. palea (Kg.) W. Smith + *
Surirella angustiformis’ Hustedt + +
CRYPTOMONADINAE
Rhodamonas minuta Skuja ¥ *
R. minuta v. nannoplanctica Skuija + +
Chroamonas acuta Utermohl + *
g;mmmsmmer + +
+ +
C. exoea v. reflexa Marsson & N
C. axacilis skuja + +
C. marsonij Skuja + +
Q-Qm}:.as}mja + -
C. ovata . + *
C. phaseolus Skuja + -
C. pusilla Bachm. + =
C. reflexa Skuja + +
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TABLE 4-1. (Cantinued)

24

Species Nearshore Offshore
CRYPTOMONADINAE (Contimued)
C. rostrata Troitzk. + -
Chilamonas sp. . + ¥
E;ab]m:js g@] jﬁ Skuja + +
Syptaulax rhoamboidea Skuja i +
DINOPHYCINAE
Gymnodinium hg]:@igm' Penard + +
G. uberriumm (Allman) Kofoid & Swezy - +
G. varians Maskell + +
G. veris Linden + =
Glenodinium sp. . ¥ +
Peridinium aciculiferum (Lemm.) Lemm + +
NETPTANKTON SPECIES
CYANOPHYTA
Gamphosphaeria aponina Kg + +
Oscillatoria amphibia C.A. Agardh + =
Q. limnetica Lemm. + +
Q. minima Gicklhorn + +
Q. tenius Ag + +
Anabaena sp = +
CHIOROPHYTA
Gloeocystis gigas (Kuetz) Lagerheim * -
G. planctonica (West & West) Lemm + -
Pediastrum duplex Meyen - +
P. simplex (Meyen) Lemm = *
Coelastrum cambricum Archer + +
C. microporum A. Braun + +
€. reticulatum (Dang.) Senn + =
aciculare Tuffen West = +
C. comm Ehrnb. + N
CHRYSOMONADINAE
Dincbrvon divergens Imh + +
D. sociale E. + +
D. sociale v. americamm (Brunnth) Bachm. + -
Bodo sp. + -



TABIE 4-1. (Continued)

Species Nearshore Offshore
DIATOMEAE
binderana’ Kg. + +
M. islandica ssp. veti 0. Miller + +
fenestrata (Lyngb.) Kg + +
I. flocculosa (Roth.) Kg. + -
Diatama elongatum (Lyngb.) Ag + +
D. elongatum v. temuis (Ag.) V.H 34 +
Fragilaria crotonensis (Edw.) Kitton + +
Asterionella formosa Hass. + *
A. gracillima (Hantzsch.) Heib + +
Synedra acus Kg. ¥ +
S. acus. v. radians (Kg.) Hustedt - +
S. nana Mstr. - +
S. ulna (Nitzsch.) E + +
S. utermohli Hustedt + +
Nitzschia linearis W. Smith - ¥
N. sigmoides (E.) W. smith - %

Ceratium hirundinella’ (0. Miller) Schrank + -

*Species which at least ance contributed 5 percent or more to the total phytoplankton
biamass.
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TABLE 4-2. SEASCNAL DISTRIBUTION OF THE MOST COMMON SPECIES WHICH OONTRIBUTED
5% OR MORE TO THE TOTAL PHYTOPLANKION BIOMASS AT THE NEARSHORE STATTON

Sampling Date Species Mean % Biomass
20-21/4/72 Melosira islandica ssp. helvetica 0. Miller 25.0
Rhodamanas minua Skuja 17.0
Surirella angustata Kutz. 11.5
Gymnodinium helveticum Penard 7.5
Scenedesmus bijuga G.M. Smith 6.0
1-2/6/72 Peridinjum aciculiferum (Lemm.) Lemn. 17.5
Rhodamonas minuta 16.0
Melosira binderana Kg. 11.5
Melosira islandica ssp. helvetica 8.0
Gympodinium spp. 7.0
Cryptamonas erosa Ehrmb. 6.0
27-28/6/72 Gymnodinium uberrimm (Allman) Kofoid et Swezy 41.0
Chrysochramilina parva Lackey 12.0
Gymnodinium helvetricum 7.5
Gymnodinium spp. 7.0
Rhodamonas minuta 6.0
27-28/7/72 Cryptamonas erosa 19.5
Oscillatoria spp. 13.0
Cryptamonas ovata Ehrmb. 9.5
Gymnodinjum spp. 9.0
Cryptamonas spp. 6.0
Rhodamonas minuta 5.5
Gymnodinium helveticum 5.0
14-15/9/72 Peridinium aciculiferum 38.0
Ceratium hirundinella (0. Miller) Schrank 10.0
Cryptamonas spp. 7.0
Cryptamonas ovata 5.0
Rhodamonas minuta 5.0
26-27/10/72  Peridinium aciculiferum 18.0
Gymnodinium helveticum 17.0
Cryptamonas ercsa 12.0
Rhodamonas minuta 9.5
Crvptomonas spp. 5.5
30-11/-1/12/72 Stephanodiscus astraea var. minutula (Kg.) Grun 29.0
Tabellaria fenestrata (Lyngb.) Kg. 13.0
Glenodinium sp. 10.0
Cryptamonas erocsa 6.0
Rhodamonas mimuta 6.0
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Sampling Date Species Mean % Biamass

13-14/3/73 Stephanodiscus astraea var. minutula 28.0
Qhlamydamcnas spp. 24.0
Gymnodinium spp. 9.0
Quyoschramilina parva 7.0
Stephanodiscus hantzschii Grun 6.0
Glenodinjum sp. 5.0

27



TABLE 4-3. SEASONAL DISTRIBUTION OF THE MOST CCMMON SPECIES WHICH CONTRIBUTED
5% R MORE TO THE TOTAL PHYTOPLANKION BICMASS AT THE MID-IAKE STATION

Sampling Date Species Mean % Bicmass
18-19/4/72 Gymnodinium helveticum Pernard 15.0
Stephanodiscus astraea var. minutula (Kg.) Grun 14.0
Melosira islandica ssp. helvetica 0. Miller 11.5
Rhodomonas minuta Skuja 11.0
Surirella angustata Kutz. 9.5
30-31/5/72 Melosira islandica ssp. helvetica 55.0
Rhodamonas minuta 10.0
Surirella angustata 8.5
Stephanodiscus astraea var. mimrtula 5.5
39-20/6/72 Melosira islandica ssp. helvetica 31.0
Peridinjum aciculiferum (Lemm.) Lemm. 18.0
Gymnodonium helveticum 10.0
Rhodamonas minuta 6.0
25-26/7/72 Peridinium aciculiferum 10.0
Gymnodinjum helveticum 8.5
Rhodamonas minuta 7.0
Katablepharis ovalis Skuja 6.5
Diatoma elongatum (Lyngb.) Ag 6.0
Chrysochromulina parva Iadcey 6.0
Cryptamonas erosa Ehrenberg 6.0
12-13/9/72 Peridinium aciculiferum 42.0
Rhodamonas minuta 7.5
Staurastrum paradoxum West 7.0
24-25/10/72 Cryptamonas erosa 38.0
Rhodomonas minuta 23.0
28-29/11/72 Stephanodiscus astraea var. mimutula 18.0
Rhodomonas minuta 15.0
Gymnodinium helveticum 13.0
Cryptamonas erosa 13.0
16-19/1/73 Stephanodiscus astraea var. minutula 32.0
Cryptamonas erosa 12.0
Gymnodinium spp. 9.0
Gymnodinium helveticum 8.0
Rhodamonas minuta 8.0
Scenedesmus bijuga G.M. Smith 6.0
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Sampling Date Species Mean % Biamass

15-16/3/73 Stephanodiscus astraea var. mimutula 42.0
Surirella augustata Kutz 9.0
Symnodinium spp. 7.0
Synedra acus Kg 6.0
Qryptomonas erosa 6.0
Rhodamonas minuta 5.0

29



€1-ZL61 ‘OlIBIUQ 9B JO UOIIBIS 9B[-PIW PUB d.Joysieau B }B uonyonpoud
Aaeuitad pue ® [[Aydodo(yo ‘ssewoig-uojjusidoiAyd jo UOI}BLIBA [BUOSBAS "Z- 24an31

aounlydouiq W aouipouowodlun a0aWwoyDI(g
3DUIpDUOWOosA pjAydoso 0} Aydounh) =
P yd y D R y D : .Z
€26) 2L6l 2L6l

uol g 29p Aou o0 des Bno nf un[ Kow udD %p Aou o0 des OBno n[  un[ Aow uido

-
(it

v v T T T T T T T _0 — T T LJ | | L v L

D Iikydosojy) . B 1A udauojyo .

o

&

O
<

O
©

o
@®

8

< W- v L) v L] L Jo L | v | § | J | | v v L
l""
~—— Sowolg ojoy T e - S~ sspwoig |Djo} .
~ \ - ',I N
N = = P d
- ,l PR
AN /""\\ )
| v |
..2_ 290 AU o des 6Bno n{ ' c:—. »uE..au .Su..&: ) 120 ...8 .a:c s nf ' un( .>oEJHac
€6l cl6l c.l6l

NOILVLS 3INVI-QIN NOILVLS 3JYOHSHV3N

Ysew/obw  SSYINOI LN3DY3d

cw/bw

gw/bw Q|

30



Table 4-4. THE DIURNAL VARIATIONS OF PHYTOPLANKTON BIOMASS, CHLOROPHYLL A
AND PRIMARY PRODUCTION AT THE NEARSHORE STATION =
Incubator
PhytopTankton Ch1oroph§11 a primary product1on
biomass (103 mg/m3) (mg/m (mg C/m3/hr)
Nearshore Ist day 2nd day Ist day 2nd day Ist day 2nd day
20-21/4/72 1213 1.00 4.01 3.42 2.5 3.1
1-2/6/ 2.07 1.52 6.68 9.38 13.56 22.5
27-28/6/ 2.43 2.16 6.63 6.97 23.82 22.81
27-28/7/ 2.72 1.52 6.82 6.92 20.22 9.6
14-15/9/ 0.82 1.60 5.3 5.7 20.7 18.0
26-27/10/ 0.74 0.76 4.3 4,47 8.75 8.99
30/11-1/12/ 0.60 0.19 2.2 1.63 3.23 2.02
13-14/3/73 0.21 0.21 1.86 1.85 1.70 2.29
Mean 1.34 1.12 4.72 5.04 11.81 11.16
S.D. 0.93 0.70 1.93 2.70 9.01 8.82
Table 4-5. THE DIURNAL VARIATIONS OF PHYTOPLANKTON BIOMASS, CHLOROPHYLL A
AND PRIMARY PRODUCTION AT THE MID-LAKE STATION
Incubator
Phytoplank ton Chlorophyll a primary product1on
biomass (103 mg/m3) (mg/m3) — (mg C/m3/hr)
Mid-Lake Ist day Znd day st day Znd day st day Znd day
18-19/4/72 0.60 0.59 2.20 2.20 1.92 2.39
30-31/5/ 0.32 0.30 2.0 2.13 2.65 2.27
29-30/6/ 0.50 0.60 1.29 2.23 2.69 6.83
25-26/7/ 1.05 1.23 5.81 4.34 19.95 17.85
12-13/9/ 1.73 1.51 8.51 6.92 34.40 28.60
24-25/10/ 0.44 0.92 4.32 3.60 8.36 7.59
28-29/11/ 0.25 0.46 1.83 1.93 2.20 1.81
16-19/1/73 0.14 0.31 0.86 1.18 1.47 1.29
15-16/3/ 0.18 0.40 1.52 1.65 2.18 2.00
Mean 0.58 0.70 3.23 2.9 8.42 7.84
S.D. 0.51 0.42 2.53 1.79 11.41 9.39
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For most of the year collections at the nearshore stations were daminated by
phytoflagellates consisting mainly of cryptamonads (4-46 percent) and dinoflagellates
(11-56 percent of biamass). During winter, spring and fall diatams were abundant,
contributing up to 56 percent to the total biamass. At the end of June, diatams were
replaced by phytoflagellates. Other groups like Cyanophyta, Chlorophyta and
GnysmnradjmenevercmtrihmedmmthanZSpezcenttoﬂxetotalbimass. When
biamass and primary production maxima were recorded (Table 4-2) at the end of June,
the collections were daminated by cryptamonads (16 percent) chrysamonads (16 percent)
and dinoflagellates (56 percent) consisting mainly of Gymnodinium uberrimm (Allman)
Kofoid et Swezy (41 percent) and Chrysochramilina parva Iackey (12 percent). When
ﬂueseoaﬂprmaxypmductlmpeakwas cbserved during September, cryptamonds and
dinoflagellates also were the main algal groups contributing 20 and 50 percent to
the biamass, respectively. During September, Peridinium aciculiferm (Lemm.) Lemm.
and_Ceratium hirundinella (0. Miller) Schrank were most cammon species contributing
38 and 10 percent of the biamass, respectively. Thus, the cryptamonads and
dinoflagellates daminated during the two production maxima but the species
camposition was different in June and September.

At the mid-lake station the phytoplankton biamass and chlorophyll a ranged
between 0.2-1.6 q/m3 and 1.9-7.7 m;/mz, nspectlvely (Flglme 4-2). The primary
production rate ranged between 1.4 and 31.5 mgC_ m hr'. Low cancentrations of
biamass and chlorophyll a were also cbserved durmg ‘winter, spring and fall pericds,
whezeashgherwnertratmnsmmmoordeddxngsmmrmJulyardSepteuber
These cbservations were paralleled by primary productlon rates. These were low
during April to June and increased significantly in July with the rise m blcmass
concentration. In September, a maximm photosynthesis rate of 32 mgC_, m> hr' was
cbserved. In contrast to the nearshore station, no *prlrgnaxmawereobsewedat
the mid-lake station. There was a lag of more than a month in the develomment of
maximm of phytoplankton biamass, chlorophyll a and primary production.

The algal group camposition at the mid-lake station was similar to that cbserved
at the nearshore station. The daminance of phytoflagellates such as cryptamonads
(1i-70 percent) and dinoflagellates (3-47 percent) during most of the year is
striking. Diatoms were abundant during winter and spring (40-75 percent) but were
scarce (0.2 percent) during summer when the biamass peak was cbserved. Chlorophyta
was found throughout the year but was more abundant during summer, particularly in
September when it contributed 30 percent to the biamass. Cyanophyta were the most
poorly represented group at the mid-lake station. When the primary production peak
was achieved in September, cryptamonads (15 percent) and dinoflagellates (47 percent)
were abundant and again Peridinium aciculiferum daminated algal population as it did
at the nearshore station. Seasonal averages for different variables are summarized
in Table 4-6 for camparison.
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RETATIONSHIP OF PHYTOPLANKION BIOGMASS TO OTHER PARAMETERS

Figure 4-3 relates phytoplankton biamass to chlorophyll a. Correlation
coefficients of 0.90 and 0.79 (p < .01l) were abtained for mid-lake and nearshore
stations, respectively. A linear regression equation of Y = 0.003x + 1.33 (r - 0.84)
was camputed for chlarophyll a versus biamass by averaging the values for both the
stations. Assuming a factor of 0.1 to convert cell bicmass to C (Nauwerck, 1963)
the C:Chl. a ratio of 1:33 was camputed, which is in agreement with values of 30 to
40 proposed by Strickland (1960) and Lorenzen (1968), respectively.

The standing crop of total phytoplankton has been expressed by same workers as
camposite cell surface area (Paasche, 1960). The cell surface area of algae is
important in that it represents assimilative area for mutrients as well as
photosynthetic surface for the penetration of light. Chlorophyll a was related to
camposite cell surface area camputed fram algal counts using geametrical shapes which
the species most closely resembled (Figure 4-3). A better correlation coefficient
was cbserved at the mid-lake station (r = 0.82, p < .01) while the nearshore station
showed a relatively low coefficient (r = 0.71, p < .01).

In contrast, there was no correlation between the total plankton expressed in
cell mumbers and chlorophyll a at the nearshore station (r = 0.06, nonsignificant)
and only a slight correlation at the mid-lake station (r = 0.59, p < .01
significant).

The quantity of phytoplankton expressed as biamass (cell volume), cell surface
area and cell rmumbers was correlated with primary production rates measured in the
incubator at constant light intensity (Figure 4-3). It is apparent that there was
a better correlation existing between photosynthesis and biamass (mid-lake station:
r = 0.94; nearshore station: r = 0.77, p < .01) than photosynthesis and cell mumbers
or cell surface area.

VERTICAL DISTRIBUTION OF PHYTOPLANKION

Practically no information is available about the vertical distribution of
phytoplankton in Lake Ontario. Recently Stadelmann et al. (1974) demonstrated that
optimm photosynthesis in Lake Ontario occurred between one and 10 meters. In the
present study, we emphasized the primary production and phytoplankton depth profiles.
Figure 4-4 shows the vertical distribution of phytoplankton biamass alang with
chlorophyll a, primary production and temperature profiles at the mid-lake station
under stratified conditi during July. Maximm biamass (3.2 q/m’) and chlorophyll
a concentrations (17 ) were abserved at 10 meg.e.tsland the primary production
optimmratewasneasuredat?meters(mngcm.m hr') In a parallel study,
Stadelmann and Fraser (1974) cbserved that maximm values of particulate phosphorus
(20 FP ug/L) and particulate organic nitrogen (230 PON ug/L) occurred at a depth of
10 meters in July. These cbservations are supported by the biamass and species data
collected by Munawar et al. (1974) (Figures 4-4 and 4-5). It is apparent that at
10 meters, where maximm comentratlcxs of biamass, chlorophyll a, particulate

(cryptamonads) dominated. Species like Rhodamonas mimuta, Katablepharis ovalis Skuja
and Scenedesmus bijuga var. irreqularis (Wille) G.M. Smith showed their maximm
concentration at that depth (Figure 4-6).
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At the nearshore station, during July, the maximm phytoplankton bicmass,
mlor@yu;mmmmmﬂprmrypmmmmtemmmedatsm
(Figure 4-5) . Once again phytoflagellates were abundant and species like Cryptamonas
erosa, C. marsonii, Chrysochramilina parva and Oscillatoria sp. were daminant
(Figure 4-6) . Findenegg (1971) reported that cryptamonacs and particularly, C. ercsa
showed high photosynthetic activity and cryptomonads were mmerous at 5 and 10 meters
depth in our samples. FRhodamonas mimuta, in particular, contributed more than half
of the total biamass at the mid-lake station. Furthermore, Stadelmann et al. (1974)
suggested that photosynthesis-light relationships were in same cases different at
various depths at these statians.

SIZE ANAILYSIS OF PHYTOPLANKION

In the present study the algae were grouped according to their longest dimension
and species langer than 64y were cansidered netplankton, whereas shorter species
were called nannoplankton. However, a survey of the literature indicates that no
hard and fast line can be drawn between the types or organisms based on size (Pavoni,
1963) and any method of separation between nannoplankton and netplankton will be
samewhat artificial. For example, Rodhe (1958) used 100u as a delimiting size,
whereas Willen (1959) considered organisms with a maximm dimension of 60y as
nannoplankton.

The relative contribution of net and nannoplankton to the total phytoplankton
standing crop and to primary production has received considerable attention (Rodhe
et al., 1958; Gliwicz, 1967). Since nannoplankton have a higher ratio of cell
surface area to volume ratio and a shorter generation time than net plankton,
nannoplankton will have a greater effect on the rate of absorption of mutrients or
pollutants and their transfer to higher trophic levels.

Figure 4-7 depicts the seasonal variation of net and nannoplankton along with
the size camposition of the nannoplankton. Nannoplankton (<64u) daminated the
phytoplankton population at both the stations throughout the study period. A higher
percentage of netplankton (>64u) was found during spring when the biamass
concentration was relatively low. Further breakdown within the nannoplankton
indicates a wide size variation. At the nearshore station the peak of nannoplankton
was abserved in June, when the 40-64u category was most cammon. However, durlngJuly
when the nannoplankton biamass still contimued to be high, the 20-40u size was
abundant. At the mid-lake station during July and September, the nannoplankt:m
biamass was high. The first nannoplankton maximm was daminated by <20y size
fraction, whereas in September the 40-64u size daminated.

Nannoplankton have been shown to be more photosynthetically active than
netplankton (Rodhe, 1958; Findenegg, 1965; Kalff, 1972). Fracticnation experiments
at a mid-lake station of lLake Ontario and a station located at the mouth of Welland
Canal indicated that 87-95 percent of total photosynthesis rate was due to the
nannoplankton fraction (Munawar and Munawar, 1975a).
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stations, July 27, 1972 ‘
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Seasonal distribution of nannoplankton, its various size

fractions and netplankton at a nearshore and a mid-lake
station of Lake Ontario, 1972-1973
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PRODUCTION/BICMASS REIATIONSHIP

'nepintosynﬂnticactivityofphytophnktmmnbeassssedinsevemlways
and the production to bicmass quotients (P/B) cbtained depend on the kind of bicmass
parameter used. Quotients such as the assimilation mumber (mgC__/unit of time/mg
chlarophyll at optimm light) and the activity coefficient (mgC_ /unit of time/mg of
biamass) have been cammonly used. For example, Glooschenko et al. (1974) canputed
assimilation mmbers in lLakes Ontario, Erie and Huron and suggested that values of
3 mgC/hr per mg chlorophyll 3 were found in the most eutrophic regions of the Great
Lakes. Stadelmann and Munawar (1974), camputed various production/bicmass quotients
(using particulate organic carbon, chlorophyll a, phytoplankton biamass and ATP) on
a volumetric basis for the depth where maximm daily photosynthesis was abserved.

Since the incubator photosynthesis rates agreed very well with the optimal in
sity rates in the present study, we attempted to relate incubator photosynthesis
rates to the biamass of phytoplankton per unit volume and the species camposition
(see Table 4-7). The activity coefficient ranged from 0.002 to 0.026 mgC, . /hr/mg
bicmass at the nearshore station, with a maximm in September when 45 percent of “he
nannoplanktaon biamass was camposed of the 40-60u and 30 percent of the 10-20u . .ze
fraction (Figure 4-7). During this cruise the most cammon species (Table 4-2) were
Peridinium aciculiferum (Lemm.) Lemm. (40%), Ceratium hirundinella (0. F. Muller)
Schrank (10%), Qryptomonas spp. (7%), C. ovata. Skuja (5%) and Rhodamonas minuta
(5%) . Activity coefficients of more than 0.01 mgC_./hr/mg biamass were also cbtained
in June and Octaber when Gymnodinium uberrimum, Peridinium aciculiferum and G.
helveticum were the major species.

At the mid-lake station, the activity coefficient ranged fram 0.002 to 0.02
mgC,,/hr/mg biamass. High values were dbserved in July and September. During July
the phytoplankton was mainly camposed of the <20y size fraction whereas in September
more than 50 percent of the nannoplankton was made up of the 40-64u fraction. During
July, the most common species were Peridinium aciculiferum and G. helveticum. In
September, the species camposition was similar to that cbserved at the nearshore
station and again Peridinium aciculiferum was the most daminant species (Table 4-
3).

The corresponding production/biamass quotients based on the assimilation mumber
are also included in Table 4-7. These values ranged fram 0.6 to 3.9 mgC,/hr/mgChl
and 0.9 to 4.1 mgC_/hr/mychl a/hr at the nearshore and mid-lake stations,
respectively. It is worth noting that in July both the P/B quotients were high at
the mid-lake station whereas low quotients were found at the nearshore station. This
could be explained by the fact that the two stations harboured different species
(Tables 4-2 and 4-3) in July and that the mid-lake species were very active
photosynthetically. Alternatively, the nearshore station showed nutrient depletion
a month earlier than the mid-lake station owing to the spring biamass increase inside
the thermal bar (Munawar and Munawar, 1975b) .

The production/biamass quotients abtained in ocur study can be campared with
IFYGL investigations rted earlier. Stadelmann et al. (1974) cbserved high
production rates (mgC/mr/day) basis during the period June to September for both
stations. This agrees with our present results which showed high P/B quotients
during June to September period and the maximm activity coefficient and assimilation
number recorded in September. The activity coefficient cbserved in this study could
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Table 4-T. * SEASONAL FLUCTUATIONS QF PRODUCTION/BIOMASS QUOTIENTS EXPRESSED As
ACTIVITY COEFFICIENT (mg Cm=3 ;r-UTuhytopunkton iomass mg m~3) AND
ASSIMILATION NUMBER (mg Cm~3 hr=T/Chl. a mg m~3) AT A NEARSHORE
AND A MID-LAKE STATION OF LAKE ONTARIO, 1972-1973

Nearshore Station Mid-Lake Station
Activity Assimilation Activity AssimiTation
Coefficient/hr. no./hr. Coefficient/hr. no./hr.
1972 April 20 0.002 0.62 April 18 0.004 1.0
21 0.003 0.90 19 0.003 0.87
June 1 0.006 2.02 May 30 0.008 0.95
2 0.015 2.39 31 0.007 1.06
June 27 0.009 3.50 June 29 0.005 2.08
28 0.010 3.27 30 0.0M 3.06
July 27 0.007 2.96 July 25 0.019 3.43
28 0.006 1.38 26 0.014 4.11
Sept. 14 0.026 3.90 Sept. 12 0.020 4.0
15 0.0M 3.15 13 0.019 4.13
Oct. 26 0.011 2.03 Oct. 25 0.008 2.10
27 0.012 2.01 Nov. 28 0.008 1.20
Nov. 30 0.005 1.46 29 0.004 0.93
Dec. 1 0.010 1.23 Jan. 16 0.010 1.70
1973 March 13 0.008 0.90 19 0.004 1.12
14 0.010 1.23 March 15 0.012 1.43
16 0.005 1.20
Mean 0.009 2.05 0.009 2.01
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becmparedmﬂaﬂwseobtaundearherdmmﬂnlsmsuﬁybyunmramnam
(1971) and Vollerweider et al. (1971). The mean hourly quotients ranged fram 0.002
to 0.01 and 0.002 to 0.02 forthelrstnmardoffslmestatmrsoflakeartano,
respectively, and the range abserved fram the mid-lake station was similar.

The variability which existed between two consecutive samplings is shown in
Tables 4-4 and 4-5 and it is acbvious that the primary production rate was the most
variable and the phytoplankton biamass the least. However, a student's ™t" test
showed that the difference between the first and second day was not significant for
any of the three variables in question. When the nearshore station was
with the mid-lake station, it was found that the former showed higher concentratians
of phytoplankton biamass (p < .02). chlorophyll a (p < .04) and primary production
rate (p < .3).

CONCILIUSIONS

The importance of phytoflagellates and namnoplankton in the phytoplankton
biamass and primary production of Lake Ontario was demonstrated in the present study.
About ane hundred taxa were identified at each station.

On an average the nearshore station showed 100 percent more phytoplankton
biamass and 50 percent more chlorophyll a and photosynthesis than the mid-lake
station. 'memammaofth&sepammetersdevelopedearllermthespnn;atthe
nearshore station owing to the formation of a thermal bar. No spring maximum
developed at the mid-lake station but instead the maximm was cbserved a month later
during July. This lag in biamass increase is attributable to deep mixing of water
masses and low temperatures which prevailed until the end of June at the mid-lake
station.

During the period of high production and P/B quotients the phytoflagellates
Cryptamonas erosa, c. %t_a,. m Spp. M.M' Mﬂl

camonly found. High P/B quotients were also found during the summer when
nannoplankton daminated. Fractionation experiments using the c* technique indicated
that 87-94 percent of photosynthesis was due to the nannoplankton fraction and hence
should not be overlocked in phytoplankton analyses.

The phytoplanktan bicmass, chlorophyll a, and primary production showed maximum
concentrations in the mid-thermocline region during the stratified conditions in
July. The daminance of phytoflagellates at depths where maximum biamass and primary
production were recorded was noteworthy, particularly during the periods of high

photosynthetic efficiency (energy fixed/energy available).

Phytoplankton biamass was better correlated with chlorophyll a and
photosynthesis rates than with cell surface area whereas no correlation was dbtained
with cell mmbers. Hence cell mumbers neither gave information about phytoplankton
biamass nor relate to primary production.

The results of the present study, including the species camposition, are similar
to our previous study (1969-70) and constitute part of the contimuing Canadian
program to monitor the phytoplankton of the laurentian Great Lakes.
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SECTION 5

COMPARISONS BETWEEN BIOCHEMICAL AND MICROSQOPIC MEASURES
OF BICGMASS AND PRIMARY PRODUCTION

P. Stadelmann and Mchinddin Munawar

Phytoplankton biomass in an aquatic enviroment can be determined using
biochemical and microscopic techniques. Cell camponents such as carbon, nitrogen,
phosphorus, chlarophyll a and recently ATP are used as biochemical parameters,
whereas microscopic analysis based on taxonamic identification and emmeration
followed by the canversion to cell volume or fresh weight is the conventional method
of biamass estimation. Selection of an ideal measure of biamass is a difficult task
because there are several problems to be overcame in order to arrive at a reasonable
and practical estimate. For instance, biochemical parameters such as particulate
carbon, nitrogen or phosphorus content may be camplicated by the presence of
heterotrophic organisms and detritus. Chlorophyll a is used to separate
phytoplankton fram other particulate material but extraction of this substance from
various groups of algae is incamplete (Daley, 1973). ATP determinations have been
proposed to determine living biomass (Holm-Hansen, 1972), but this method is still
in the developmental stage and it also includes ATP from heterctrophic as well as
eutrophic organisms. The microscopic technique is time consuming and involves the
problem of camputing realistic cell volume and the scarcity of trained taxonomists
to undertake the work. '

Few studies have been done in the St. Lawrence Great Lakes to determine seasonal
variation of biamass using various chemical and microscopic parameters simultaneously
(Vollerweider et al., 1974). Therefore, the purpose of this report is to campare
different measures of biamass at a nearshore and a mid-lake station of Lake Ontario
and to determine the relation between these and the rates of phytosynthesis
(Stadelmann and Munawar, 1974).

MATERTAIS AND METHODS

Samples were collected at a nearshore and a mid-lake station during nine two-
week cruises as a part of the Internatiaonal Field Year Program for the Great Lakes
in 1972/73 (OOPS Cruises, FPhase I and II). During the first week the two stations
were investigated to dbtain a single profile of physical and biochemical data; the
following week each station was occupied for 48 hours. During these two days,
biochemical parameters were measured and primary production experiments were
conducted at intervals of four hours. Particulate organic carbon and nitrogen,
particulate phosphorus, and chlorophyll a concentrations were cbtained by integrating
the values cbserved at a minimm of three different depths (for instance, 1, 5, and
10 m). Samples for ATP and algal bicmass determinations were collected with a 0-10

m integrating sampler (Schroeder, 1969).

The location of the stations along with the details of the procedures followed
for in situ primary production experiments and for the determination of chlorophyll
a2 (not corrected for phaecpigments), particulate organic carbon and nitrogen were
described by Stadelmann et al. (1974). In addition, the following study was
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supplemented by measurements of primary production carried out in a shipboard
incubator at 30,000 lux between 10 a.m. al?g 2 p.m. using samples collected with a
0-10 m integrating sampler and the C" technique. Particulate phosphorus
concentrations of filtered and unfiltered samples were analyzed by the method of
Traversy (1971), and the phosphorus concentration of the filtered sample was
subtracted fram that of the unfiltered sample.

ATP was extracted fram plankton material retained on GF/C Whatman filters with
8 ml boiling TRIS buffer, as described by Holm-Hansen and Booth (1966). After the
extraction, the tubes were centri and about 2 ml of the supernatant were poured
into clean vials and frozen at -20°C for analysis in the laboratory. 10ul of the
extract was injected into a cuvette containing 100ul luciferine - luciferase reaction
mixture, and ATP was determined with the Dupong 760 Luminescence Biameter (E.L.
Dupant de Nemours and Co., Inc., Wilmington, Del., U.S.A.).

Phytoplankton biamass was determined by emumerating the cells with an inverted
microscope and then converting to cell volume and mass using appropriate factors,
as described in the preceding section (page 19).

The data presented in this paper (Stadelmann and Munawar, 1974) refer to samples
collected at 10 a.m. (EST) anclareenr:pz:'ess-edasnx;perm2 in a water colum 0-10 m
deep._ For convenience, these values were divided by 10 to adbtain mean concentrations

per m'.
RESULTS
Bi at Nearsho ti

During the winter low concentrations of POC and PON were adbserved at the
nearshore station (Figure-5-1A). The minimm values cbserved in the third week of
Octaober (126ngPOCm'3ard17ngPONm’3) were caused by upwelling of cold
hypolimnetic water during the investigation period. However, higher concentrations
were recorded fram June to September and the maxima were achieved in June (960 mg
FOC m°>, 180 mg FPON m°>). Particulate %hosphorus; (PP) followed a similar pattern
with maxima in June and July (14 mg P m~ but relatively high values also were found
in April (8 mg P m>), Chlorophyll a maxima also were adbserved in June and July
(approximately 9 mg m>). Similarly phytoplankton bicmass ranged from 220 mg m° in
winter to a maximm of 2800ngm'3 in July. Low ATP concentrations were found during
the winter}mrths (0.07-0.14 my m'3) whereas the highest value was measured in June
(0.81 my m~).

Assuming a factor of 0.1 to canvert phytoplankton bicmass to carbon (Nauwerck,
1963), the algal carbon contributed anly 10-50 percent to the total organic carbon
(POC) . This indicates that a significant amount of POC is tied up in the detritus
fraction. The ratio of cellular organic carbon to ATP is fairly constant, when
various marine and freshwater organisms (algae, zooplanktan, bacteria) are campared.
A factor of 250 is used normally to canvert ATP to "living" carbon (Holm-Hansen,
1972) confimming once again that a considerable quantity of POC is of non-living
material.
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Figure 5-1. Seasonal variation of biomass parameters in Lake Ontario from
April 1972 to March 1973
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In cantrast to the nearshore station high biamass was measured ane month later
at the mid-lake station (Figure 5-1B). The lag in biamass increase in early summer
was attributed to deep vertical mixing (Stadelmarn et al., 1974). Maxima of POC,
Pgl,arxiPPwere_fbserved inJuly_'sarrlSeptalber,mCdnentratiaas of 720 mg FOC
m7, 140 mg PFON m~ and 11 mg PP m~ were measured.

Relatively high PP concentrations occurred in April. This phenomenon may be
explained at both statiaons by a higher mineral P fraction in April, since all other
biomass indicators were consistently low during spring. Chlorophyll a followed a
pattern similar to POC, PQJ!ANDPP. The maxima in July (9.1 chl. a mg m°) ard
September (10.6 chl. 3 my m~) were about four times higher than during winter.

Phytoplankton biamass ranged between 230 and 1620 mg m” with maxima in July
and September. In agreement with the nearshore station, lower concentrations of
biomass were cbserved at the mid-lake station during winter and autumn periods.
The contribution of algal carbon ranged fram 8-42% of the sestonic carbon (FOC)
which is similar to that cbserved at the nearshore station. The ATP concentrations
varied between 0.03 mgy m° in winter and 1.85 mg m° in summer. Sometimes living
carbon (ATP X 250) was found to be higher than algal carbon (i.e., phytoplankton
biomass X 0.1). This may be explained by the presence of heterctrophs or by the
degree of uncertainty in using factors to convert algal biamass and ATP to carbon.
The evidence of a heterctrophic effect was seen in July, when large mumbers of
zooplankton were found in the euphotic zane. Similar to the cbservations made at
the nearshore station, the detrital fraction of the sestonic carbon was always high
as indicated by ATP and phytoplankton determinations.

Photosynthesis

Photosynthesis rates (mg C m> day'l) at different depths during the two
consecutive days are presented in Tables 5-1 and 5-2. Maximum daily photosynthesis
rates were abserved between 3 and 5 m during deep circulation on clear days. When
biamass cancentrations were high, the maximumm rates occurred between 1 and 3 m.
Assuming that the respiration rate of phytoplankton is about 10% of the maximm
photosynthesis rate (Steeman-Nielsen and Hansen, 1959), the campensation depths
occurred at about 10 m during high phytoplankton concentrations and 15-20 m during
low concentrations. ‘

Daily photosynthesis rataspernng'zwerecmp.xtedbyintegratingtheobsexved
values over depth. There was a marked difference between the nearshore and mid-lake
station during the szprmq and early sumer. The former showed higher rates, reaching
apeakof 1.9gCm da¥ in June, whereas, the rates at the mid-lake station varied
between 0.3-0.5 g C m* day’'. Deep circulation could be cbserved at the mid-lake
station till the end of June 1972. As soon as stratification developed, primary
production increased to 1.2 g C m* day . It is also interesting to point out that
the daily variation of photesynthesis at both stations sametimes differed by a factor
of two which can be explained in part by different light intensities (Stadelmann et
al., 1974). The daily production was integrated over a period of ane year; this
resulted in a primary production rate of 185 and 270 9 C m* year' for the mid-lake
ard nearshore station, respectively. These values, when considered under the trophic
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Table 5-1. DATLY PHOTOSYNTHESIS RATES BASED ON IN SITU EXPERIMENTS AT THE
NEARSHORE STATION OF LAKE ONTARIO INmg C m-3 day-!
(IFYGL, OOPS STATION 11)
1972
21/4 1/6 2/6 27/6 28/6 27/7 28/7 14/9 15/9
0 17.37 169.99  75.68 118.87 169.76 108.08  71.19 140.26  97.75
132,80 174.03 182.66 215.12 202.37 169.77 117.77 216.39 212.62
3 49.78 117.91 227.87 199.18 290.89 197.96 139.61 184.08 213.39
5 54.33  63.49 171.84 147.15 196.76 157.14 124,50  63.76 119.27
7 52.89  29.93 131.78 138.95 152,72 107.89  76.97  30.03  54.33
10 43,12 11.38  60.50 57.63 54,89  44.48  34.87 5.32 6.08
15  20.66 2.09 13.56 8.35 8.03 4,89  10.23 0.45 0.26
20 7.24 0.70 3.01 1.16 1.02 0.49 1.72 1.13 0.58
25  2.58 . = - - - - = -
N7 841 1758 1697 2008 1492 127 992 1196
1972 1973
26/10 27710 30/1 12 ' 133 14/3
0 46.30 37.89 25.73  11.06 5.05 12.18  18.84
1 81.87 61.83 - 5w - - -
3 87.83 65.13  30.71  18.18 9.06 19.74 14,75
5 68.21 64.54 26.64  13.99 7.10  19.58  10.03
7 44,16 42,26 22.58 11.75 5.31 16.7 6.45
10 18.49  18.72 9.74 5.50 2,72 11.26 2.90
15 3.42 3.51 1.56 3.40 0.97 4.62 0.82
20 0.54 0.30 0.7 0.77 0.29 1.58 0.33
25 = 2 - - 0.1 0.47 0.02
I 668 560 274 160 69 226 17
'00PS Station 3.

L Equals integral photosynthesis in mg C m-2 day-1,
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Table 5-2.

MID-LAKE STATION OF LAKE ONTARIO INmg C m-3 day-
(IFYGL, OOPS STATION 19)

DAILY PHOTOSYNTHESLS RATES BASED ON IN SITU EXPERIMENTS AT THE

1972
18/4  19/4  30/5  31/5  26/9  25/7  26/7  12/9  13/9
0 7.68 16.05 21.45 21.86 28.56 160.24 130.06 190.19 286.67
1 14,73 22,78  28.53  27.04 - 206.74 183.62 282.65 264.37
3 24.63 27.80 28.99 34.86  36.10 147.22 169.85 263.90 121.69
5 28.08 23.92 24.90 33.95 33.40 102.83 106.04 133.27  33.88
7 25.72 18,32 19.31  31.59 25,41 81.60 62.22 42.22  10.23
10 23.29 13.04 13.08 23,93 19.33 35,02 19.89  9.69  4.87
15 12.08  4.70 4.9 13.20 14.67 2.58  4.39  0.17  2.15
20 5.23 1.3 2.11 6.03 5.7 0.09  0.26  0.88  4.04
25 1.8  0.36  0.62 2.0 2.72 - - - -
T 380 275 299 465 450 1247 50 1461 917
1972 1973
24/10  25/10  28/11  29/11 19N 15/3  16/3
0 51.86 47.65 17.05  8.29  7.87  8.29  15.48
1 50.99  49.24 . .. - : -
3 31.76 40.36 14.30  18.81 6.36  20.96  23.01
5 19.40 29.41 10.65. 19.25  4.48  20.89  21.05
7 11.74 19.44  8.24 18,35  3.13  15.66 17.12
10 5.42 10.52 2,32 13.04 1.85  8.57 10.73
15 1.0  3.05 0.42  6.69 0.5  2.62  4.25
20 0.3  0.84 - 410  0.24  0.40  1.55
25 . - - 0.5  0.05  0.04  0.53
L 262 345 125 251 56 195 239

z Equals integral photosynthesis in mg C m-2 day-1.
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scheme proposed by Vollermeider et al. (1974) are indicative of mesotrophic (mid-
lake station) and secondary eutrophic (nearshore station) conditions.

DISCUSSION

Itseasamarentfrmﬂaedatathatﬂmgamltrerﬂsofseasualﬂmmatias
of biomass were similar for all parameters based on biochemical or microscopic
determination. For example, low cancentrations were cbserved during winter and fall
seasan, whereas high values were recarded during the summer months of June, July and
September. The nearshore station exhibited high biamass concentration and
photosynthesis rates earlier in the year than the mid-lake station. The lag in the
development of biamass maxima at the mid-lake station could be attributed to deep
circulation and low temperatures. It appears that a significant amount of POC is
detritus as shown by ATP and phytoplankton bicmass determinations.

In order to study the relation between the various biomass parameters (Foc, PN,
PP, Chl. a, phytoplankton biamass and ATP), a correlation matnxgls sl?own in Table
5-3. Biamass also was related to photosynthesis rates (mg Coes ), which was
measured in the shipboard incubator. With the exception of ATP versus PP, chl. a
and phytoplankton biamass, high correlation between variables was cbtained. The
highest correlation was found between POC and PON (r = 0.96), ard a linear regression
equation of y = 0.18x 7.60 was camputed. The slope of the regression line PON on
POC indicated a C/N ratio of 5.6. This value is in good agreement with the C/N ratio
of 5.7 found in marine planktonic material (Redfield et al., 1963). Since the
detrital fraction of particulate organic carbon was always high, the camputed C/N
ratio does not mean that an an average a C/N ratio of 5.6 can be expected in living
algae. Unfortunately, only a few data for C/N ratios of freshwater algae are
available from the literature. Further linear regressions of selected bicmass
indicators are given in Table 5-4. A C/P and C. chl. a ratio of 100 and 110,
respectively, can be camputed based on the slope of the regression line. These are
higher ratios than cammonly used for phytoplankton (Parson_et al., 1961) and they
indicate, therefore, that a high fraction of detrital carbon is present in lake
water. This is also verified by the regression of phytoplankton bicmass and ATP on
POC. 1Instead of a C. algae freshweight and C. ATP ratio of 0.1 and 250, the slope
of the regression lines exhibits values of 0.35 and 710, respectively, and the
Wofﬂaeregmssimlimsmﬂnabscissaagahirdicateﬂ)epmof
sestonic carbon in the absence of phytoplankton bicmass and ATP.

Production/Biamass Quotients

Assuming that daily photosynthesis rates represent daily net increases in
standing stock, production/biamass quotients can be camputed. Primary production
mtesmrmllyamexprssedinmzbmmits:ﬂmfom,anidealamna@mldhe
toeﬁaressbicnass in carbon units too. the following, daily production rates
per m" are campared with the biamass per nf, in order to get information about the
daily increase of biamass in the euphotic zane. Phytoplankton bicmass and ATP
concentrations were canverted to carbon as described earlier. A euphotic zone of
10 and 20 meters was assumed for periods of high and low biamass concentrations.
Since phytoplankton bicmass was determined only from samples taken with a 0-10
integrating sampler, the values were multiplied by 2 to cbtain the concentrations
in a 20 m water colum. This procedure is justifiable, because during low biamass
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Table 5-3, CORRELATION MATRIX FOR POC, PON, PP, CHL. A, ATP, AND ALGAL BIOMASS
(B) IN mg m=3, AND PHOTOSYNTHESIS RATES (C) IN mg C m~3 hr-1 FOR LAKE
ONTARIO FROM APRIL 1972 TO MARCH 1973

A1l observations at both stations were combined (34 samples).
Photosynthesis was measured in a shipboard incubator,
The significance level of the correlation coefficient was less than 1%.

>0C PON PP chl. a B ATP c
POC 1.0 0.962 0.783 0.869 0.883 0.760  0.892
PON 1.0 0.797 0.884 0.881 0.785  0.900
PP 1.0 0.794 0.787 0.569  0.676
Chl. a 1.0 0.843 0.594  0.893
B 1.0 0.571  0.778
ATP 1.0 0.744
c 1.0

Table 5-4. | INEAR REGRESSION EQUATIONS AND CORRELATION COEFFICIENTS FOR
SELECTED BIOMASS PARAMETERS IN LAKE ONTARIO FROM APRIL 1972 TO MARCH 1973,

Correlation coefficients for the nearshore and mid-lake station are given
separately. The significance level of the correlation coefficients
was less than 1%.

Linear regression

equation Correlation coefficients
Both
Both stations stations Nearshore Midlake
POC versus PON y =0.18x - 7.60 .98 .97 .98
POC .versus PP y = 0.01x + 2.59 .78 .74 .78
POC versus Chl. a y = 0.009x + 0.50 .87 A .88
POC versus algal biomass y = 2.83x - 112.59 .88 .85 .93
POC versus ATP y = 0.0014x - 0.158 .76 .90 .84
algal biomass versus ATP y = 0.0003x + 0.047 .57 .81 A
Chl. a versus ATP y =0.104x - 0.052 .59 .79 .63




canermtiasdeepmbd:gocammdmﬂtmogmmdistrihmimofﬂ)epamtem
could be cbserved (Stadelmarn et al., 1974).

Itisobvimstlatdifferertcarbmnmmerratesamobtainedaccordi:gto
the biomass parameter chosen (Vollermweider et al., 1974). Daily carbon turnover
rates an an areal basis ranged between 0.02-0.30 day' 0.18-1.24 day", and 0.21-2.05
day' at the nearshore station far sestonic (POC), algal (phytoplankton bicmase
0.1) and living carban (ATP X 250), respectively ‘Table 5-5). The co i
values for the mid-lake station were 0.060.21 day', 0.09-1.13 day’' and 0.26-1.32
day'l (Table 5-6) . The highest carbon turnover rates for algal bicmass were abserved
when the phytoplankton population was mainly comprised of cryptamonads and
dinoflagellates at both stations. Detailed information about the species campositiaon
in relation to production/biamass quotient is given by Munawar et al. (1974).

It is interesting to relate the maximm daily photosynthesis rate (per nf) with
biamass concentration at that depth. Such an attempt has been made in Tables 5-7
and 5-8 which indicate that the highest C turnover rates were abtained normally for
living plankton (ATP) and lowest for particulate organic carbon (FOC); the turnover
rate for phytoplankton biomass was intermediate. For camparison, assimilation
mumbers are included in Tables 5-7 and 5-8. Even though day length has scame
influence on the daily assimilation mmber, temperature seems to have the greatest
effect on the seasonal variations of this value (Eppley, 1972; Stadelmann et al.,
1974). This does not exclude the possibility that low nutrients also may depress
the assimilation mumber during periods of high temperature.

QONCLIJSIONS

A camparison of various biomass parameters indicated that detrital carbon
greatly exceeded phytoplankton and carbon in living organisms. Even during periods
of high algal density, the amount of detrital carbon was 50 percent and, on an
average, only 25 percent and 20 percent of particulate carbon was found in algal
and living material respectively, as indicated by algal emmeration and ATP
determination. With such a heavy predominance of freshwater detritus the
determination of chlorophyll a, POC, PON or PP did not give accurate information
about the amount of algal biomass present. However, increases in POC, FON, or FP
were mainly caused by assimilation of C, N and P by algae. The chl. a/C ratio has
been found to vary by a factor of more than nine (Caperon and Meyer, 1972).

By microscopic identification and emumeration, the problem of detritus may be
eliminated, but it is difficult to differentiate between non-motile living and dead
organisms. An experienced taxonamist might succeed to a certain extent by cbserving
the condition of the chloroplast. ATP concentration is also a useful index of
"living" biamass hut it should be realized that ATP does not represent the algal
biamass alone: it could include significant amount of ATP from heterctrophic
organisms.

This camparison of various measures of biamass in Lake Ontario shows that there
ismstandardtowhidmaprcposedmeasmeofpmductimcanbeompared. Every
parameter has inherent problems. The question remains then, which parameter should
be chosen? }mVer,iftheobjectiveoftheprogramistogenerate"totallivirg
biamass" quickly, then ATP determination is suitable. If the aim is to describe the
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Table 5-5. DAILY CARBON TURNOVER RATES IN THE EUTROPHIC ZONE OF THE NEARSHORE
STATION BASED ON POC (SESTON), ALGAL BIOMASS (?HYTOPLANKTON) AND ATP
(LIVING PLANKTON) IN mg C m~ day /mg C m~

Carbon turnover day ~!

2 Phytop1ankt%n ATP

Date POC mg/m biomass g/m mg/m?2  sestonic algal 1iving
21/4/72 7818 (0-20m) 22.00 1.40 0.09 0.33  2.05
176/ 4190 (0-10m) 21.00 3.30 0.20 0.40 1.02
2/6/ sosg (YU=1Um 15.00 5.30 0.30 .17 1.33
27/6/ 11870 (0-10m) 25.00 8.10 0.14 0.68 0.84
28/6/ 8166 \YU-ium 22.00 7.20 0.25 0.91 1.12
27/7/ 8032 (0-10m) 28.00 7.00 0.18 0.53  0.85
28/17/- 5254 \“-lom 15.00 4.10 0.21 0.75  1.09
14/9/ 5164 (0-10m) 8.00 6.10 0.19 1.24  0.65
15/9/ 6751 \V-lum 16.00 6.10 0.18 0.75 0.78
26/10/ 2984 (0-20m) 15.40 4,20 0.22 0.43  0.64
27/10/ 2908 \Y-elm 15.40 4.20 0.19 0.36  0.53
30/11/ 2994 (0-20m) 12.40 2.00 0.09 0.22  0.54
112/ 2249 \V-eil 4.40 1.80 0.07 0.36  0.35
17/1773" 3553 (0-20m) B = 0.02 - -
13/3/73 1937 (0-20m) 4.80 2.00 0.12 0.47  0.45
14/3/73 1599 \Y-edlm 6.40 2.20 0.07 0.18  0.21
Mean Value 4953 15.80 4.48 0.16 0.60  0.84

'OPPS Station 3 instead of 00Ps Statfon 11.
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Table 5-6. DAILY CARBON TURNOVER RATES IN THE

STATION BASED ON POC (SESTON),
(LIVING PLANKTON) IN mg C m=2 day-

ALGAL BIOMASS (

EUTROPHIC ZONE OF THE MID-LAKE

HYTOPLAN%TON) AND ATP

/mg C m~

Carbon turnover day-!

Phytop]ankt%p ATP 4

Date POC mg/m?2 biomass g/m mg/m?2 sestonic  algal Tiving
18/4/72 30210 o0m) 12.00 2.17 0.13 0.32  0.70
19/4/ 2288 (0- 12.00 1.65 0.12 0.23  0.66
30/5/ 2654 0 >0m) 6.40 1.65 0.11  1.47  0.72
31/5/ 2286 \Y-eUm 6.10 1.41 0.20 0.76  1.32
29/6/ 5313 (0-20m) 10.20 3.13 0.08 0.44 .58
25/7/ 6487 11.00 14.20 0.19 1.13  0.35
26/7/ 5916 (0-10m) 12.00 18.50 0.19 0.96 0.25
12/9/ 6991 17.00 7.00 0.21 0.86  0.83
13/9/ 6129 (0-10m) 15.00 7.80 0.15 0.61  0.47
24/10/ 2718 0 5om 8.00 2.37 0.09 0.33  0.44
25/10/ 2165 \U-elm 18.00 2.45 0.16 0.19  0.56
28/11/ 2101 (0 oom) 4.00 1.87 0.06 0.31  0.27
29/M 1950 10.00 1.64 0.13 0.25  0.61
19/1/73 2000 (0-20m) 6.00 0.81 0.03 0.09  0.26
15/3/73 33550 Hom 4.00 - 0.06 0.49 =
16/3/73 2854 (0-20m 8.00 1.59 0.08 0.30  0.60
Mean Value 3817 9.98 4.67 0.12 0.41  0.62
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Table 5-7. DAILY VOLUMETRIC PRODUCTION/BIOMASS QUOTIENTS AT DEPTHS, WHERE MAXIMUM
PHOTOSYNTHESIS RATES WERE MEASURED, NEARSHORE STATION

Carbon turnover
rate (day-!)

Assimilation No.

Date mg Cies m-3 day-1 sestonic aTgaT' living mg Cass day-1/mg Chl a
21/4/72 54.3 (5m) 0.14 0.49 2.89 24,7
1/6/ 174.0 (1Im) 0.38 0.83 2.20 27.2
2/6/ 227.9 (3m) 0.37 1.52 2.08 24.0
27/6/ 215.1 (1m) 0.27 0.86 2.01 32.6
28/6/ 290.9 (3m) 0.34 1.32 1.63 51.0
27/7/ 198.0 (3m) 0.24 0.7 0.90 31.4
28/7/ 139.6 (3m) 0.23 0.93 1.05 17.9
14/9/ 216.4 (1m) 0.34 2.7 2.26 41.6
15/9/ 213.4 (3m) 0.29 1.33 1.09 31.9
26/10/ 87.8 (3m) 0.29 1.14 2.01 20.0
27/10/ 65.1 (3m) 0.22 0.85 1.27 14.5
30/11/ 30.7 (3m) 0.10 0.50 1.30 14.0
1/22/ 18.2 (3m) 0.08 0.83 0.79 10.7
17/1/73% 9.1 (3m) 0.06 - - 9.5
13/3/73 19.7 (3m) 0.10 0.82 0.77 10.9
14/3/73 18.9 (Om) 0.12 0.59 0.69 10.5

A]ga1 biomass data taken from integrated samples (0-10m).
400PS Station 3 instead of Station 11.
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Table 5-8. DAILY VOLUMETRIC PRODUCTION/BIOMASS QUOTIENTS AT DEPTHS, WHERE MAXIMUM
PHOTOSYNTHESIS RATES WERE MEASURED, MID-LAKE STATION

Carbon turnover
rate (day-1)

Assimilation No.

Date mg Cass m=-3 day=1  sestonic a1ga1' living mg Cyqq day-1/mg Ch1 a
18/4/72 28.1 (5m) 0.18 0.47 0.80 12.7
19/4/ 27.8 (3m) 0.19 0.47 1.19 12.6
30/5/ 29.0 (3m) 0.22 0.90 0.78 11.6
31/5/ 34.9 (3m) 0.28 1.10 1.99 16.6
29/6/ 36.1 (3m) 0.14 0.70 1.01 30.1
25/7/ 206.1 (Im) 0,35 1.88 0.35 41.3
26/7/ 183.6 (1m) 0.32 1.53 0.64 41.7
12/9/ 282.7 (1m) 0.46 1.66 1.59 32.5
13/9/ 286.7 (Om) 0.43 1.92 1.54 35.0
2410/ 51.9 (Om) 0.18 1.30 1.49 12.4
25/10/ 49.2 (1m) 0.25 0.55 1.74 -
28/11/ 17.1 (Om) 0.09 0.86 1.76 9.5
29/11/ 19.3 (Om) 0.09 0.37 0.70 10.2
19/1/73 7.9 (3m) 0.04 0.26 0.77 6.6
15/3/73 21.0 (3m) 0.12 1.05 1.12 14,0
16/3/73 23.0 (3m) 0.72 0.58 - 14.4

'Alga] biomass data taken from integrated samples (0-10m).
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canversion of inorganic nutrients to biamass then POC, PON and PP may provide first
approximation of biamass, provided the samples do not camtain a large amount of
detritus. Chlorophyll g determination is a simple method but it presents the
problems of incamplete extraction and detrital chlorophyll. Finally, although the
estimation of algal biamass by counting cells and then canverting to cell volume or
fresh weight also has its limitations, this procedure has the advantage of providing
information about algal species camposition and size distribution (Munawar et al.,
1974). Such information is generally needed to interpret production dynamics in
ecological research.
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SECTION 6

SEASONAL DISTRIBUTION OF CRUSTACEAN ZOOPLANKTON IN RELATION
TO PHYSICAL FACTORS

Nelson Watson

During the 1972-1973 IFYGL sampling period, a series of nine cruises were
carried out at 32 stations on 4 transects under the project title "ontario
Organic Particle Survey" (Thomas and Watson, 1974). One component of this
consisted of zooplankton collections by vertical hauls with a towed net 40 cm
in diameter at the mouth and 2 meters long, constructed of 64 m aperture nitex
screening Samples were taken fram a maximum depth of 50 m or 2 m from bottom
in shallow waters. The samples were anesthetized in carbonated water and
stored in 4 percent buffered formalin solution. Individuals in the samples
were identified to species, sex, and stage where possible. Estimates of
abundance were made from stratified subsamples by the Canadian Oceanographic
Identification Centre, National Museums of Canada. These values were
converted to water column concentration (assmnmgz 100 percent filtration
efficiency) as numbers m> and to numbers under a cm’ of water surface to the
depth of sampling. Estimates of biomass as dry weight per individual for each
identified stage and species from Wilson and Roff (1973) were applied to
produce biomass concentrations.

Other relevant Canadian studies on the IFYGL zooplankton include studies
on: zooplankton grazing on 1labelled phytoplankton by Mysis relicta
(Carpenter, 1976; Watson and Carpenter, in preparation), the vertical
migration and energetics of Mysis relicta and crustacean zooplankton exclusive
of vertical movements and nutrient excretion of Mysis relicta (Wilson and
Roff, in preparation).

The present report summarizes the seasonal distribution of crustacean
zooplankton in the top 50 m of Lake Ontario during the IFYGL and relates it,
where possible, to causal factors suggested in the literature. Horizontal
distributions will be touched on only briefly here and discussed in greater
detail elsewhere in this volume. The coverage afforded by the synoptic
cruises reported here allows description of the results from the four north-
south transects in the center of the lake from Toronto-Niagara eastward to the
Prince Edward County - Sodus Bay region.

Figure 6-1 compares the numerical concentrations of crustacean zooplankton
(exclusive of nauplii) with those obtained during lake-wide surveys of lake
Ontario in 1970 (Watson and Carpenter, 1974). Total abundance was similar
during the Winter and early spring concentrations remained at
about 2,000/ unt11 populat:.ons rose rapldly between late June to Auqust.
While sampling around the period of maximum rose, and peak abundance was
inadequate to accurately pinpoint the extent and timing of maximum popu-
lations, estimates indicated a similar maximum abundance of the order of
60,000 - 70,000 o in each year. Peak abundance apparently occurred during
the latter half of August. Declines in numbers continued into the mid-winter
period. The maximum values for 1970 and 1972 were similar in magnitude to
those presented by Patalas (1972) for August 1967.
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Figure 6-1, Comparison of seasonal abundance of crustacean
zooplankton in Lake Ontario, 1970 and 1972-73
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Present estimates of crustacean biomass were made by multiplying species
abundance by dry weight factors which had previously been obtained for Iake
ontario. An average biomass/individual was calculated for each cruise for
camparison with the 1970 collections (Watson, 1974). The 1972-73 cruise
values follow the same yearly pattern as the 1970 values.

The biomass per individual declined from about 5 ug during the winter
months to a low of 2.1 during the summer months. The relatively slight
changes in average size of individuals in the population suggested by this
statistic mean that the estimated biomass curve is a relatively undistorted
copy of the abundance curve (Figure 6-2) and justifies the use of numbers in
comparisons where biomass would be more appropriate.

Patalas (1972) indicates that maximum annual abundance of crustacean
zooplankton in Lake Ontario and at least some of the remaining St. Lawrence
Great Lakes, is directly related to the maximum heat content of the upper
stratum. He sampled from 50 m to the surface for abundance but calculated his
heat contents in the top 25 m as calories/cm’. The data in Figures 6-3 and 6-
4 indicate good correspondence between the seasonal course of average
temperature in the top 25 and 40 from April to December and the standing stock
of zooplankton (number/m’) in the top 40 m for Lake Ontario in 1970 and 1972-
73, respectively. Timing of the zooplankton maxima coincide closely with

ture maxima, even though standing stocks initially 1lag behind
temperature and may decline somewhat more quickly. Figure 6-5 is a semi-
logarithmic plot of zooplankton abundance as bicnnaszs/c:m2 against mean
temperature in the top 25 m. It was necessary to use this value for
comparison with Patalas' data, although there appears to be a greater
discrepancy between numbers and temperature in the warming cycle than when
temperatures to 40 m are used. Figure 6-5 indicates no significant difference
in response of zooplankton stocks between 1970 and 1972 and suggests that
crustacean zooplankton standing stock is an exponential function of
temperature in Lake Ontario.

Earlier studies (Patalas, 1969; Watson and Carpenter, 1974; McNaught et
al., 1975) have shown that cyclopoid copepoda and cladocerans are the most
abundant crustacean zooplankton in Lake Ontario. The relative abundance of
particular species in this study was essentially similar to those in the
previously mentioned studies. The seasonal change in biomass in each group
are shown in Figure 6-6 along with relative abundance and biomass of calanoid
and cyclopoid copepoda, and cladocerans.

The increase in numbers and biomass from June to August in the top 50 m
was primarily an increase in cyclopoid copepoda (mostly Diacyclops
bicuspjdatus thomasi) and in cladocerans (especially Bosmina longirostris).

Calanoid copepoda made a disproportionately large contribution to the
biomass compared to their numbers because of their relatively large size.
Wilson and Roff (1973), however, point out that, at an inshore station off
Toronto, members of this group, which was poorly represented in this study,
were most abundant at depths greater than 50 m even at night. This suggests
that the shallow sampling reported by McNaught et al., 1975 and the 50 m
sampling described here severely underestimates the numbers of calanoids in
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Figure 6-6. Seasonal change in biomass of 3 crustacean groups, April 1972-January 1973
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the lake. The importance of these forms as converters of energy from the
phytoplankton and detrital trophic levels has been shown by Carpenter ( 1976),
who found that filtering rate increases with body size.

When cladoceran distribution estimated fram the four cross-lake transects
was plotted in Figure 6-7, a strong north-south gradient of abundance was
observed toward the west. This was especially obvious on the July cruise.
Comparison with distributions of surface temperature from aerial surveys taken
close to these periods (Irbe and Mills, 1976) showed marked coincidences of
high concentrations of Cladocera with high surface temperature and vice versa.
When distributions of cyclopoids on the same dates were compared (Figure 6-
8), the same general tendency existed, although it was not as striking as that
observed for the cladocerans.

Figure 6-9 compares the surface distribution of i irostris on
two cruises during peak abundance in late July and late August. 1n late July,
during a period of upwelling, abundance was extremely low in the northwest end
of the lake and increased to the south and the east with a major area of
abundance in the northeastern region. On the late August cruise the surface
temperatures were uniform and the gradient of abundance was reversed, with
highest values found in the northwestern end and lowest in the eastern basin.
The apparent association of water movement and surface temperatures with the
abundance of some species emphasizes the need for further studies on
production and distribution of zooplankton.

Attempts were made to analyze the number of generations of Djacyclops
bicuspidatus thomasi from changes in population structure through time, on the
assumption that most of the cyclopoid nauplii which were found belonged to
this species. All life history stages of Diacyclops bicuspidatus thomasi
increase together, reach a peak in roughly mid-August, and decline relatively
synchronously. (Figure 6-10)

The evidence presented in this paper confirms previously published
information on the amplitude of the seasonal cycle of crustacean zooplankton
in Lake Ontario and further strengthens the contention that populations in the
top 50 meters are dominated by short-lived cyclopoids and cladocerans with
high intrinsic rates of natural increase.

It would appear that the horizontal differences in standing stocks on any
mid summer synoptic cruise are related to differences in surface temperatures,
resulting from wind stress and temperature stratification. This surface
pattern is most marked for Bosmina longirostris, a co-dominant form in the
surface plankton of the lake. Important as the relatively shallow dwelling
cladocerans (B. longirostris, _Eubosmina coregoni, Daphnia retrocurva) and
cyclopoids (Diacyclops bicuspidatus thomasi, Mesocyclops edax, Acanthocyclops
vernalis and Tropocyclops prasinus mexicanus) may be to the warm, surface
water, summer plankton, there exists another poorly investigated element to
the plankton. These are the forms which reside year round in the colder,
deeper waters of the lake. The calanoid copepoda including Diaptomus sicilis,

Limnocalanus macrurus and at least some Diaptomus ashlandj are present in the
top 50 m in quantities which suggest an appreciable abundance in the deeper

parts of the lake. The importance of these forms as consumers of sinking
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phytoplankton detritus is considerable and their potential role in the
bicaccumulation of organic lipophilic contaminants has heretofore been ignored
in Lake Ontario.

The ultimate aim of the IFYGL project was to gain further insights into
the interactions between physical, chemical and biological components of large
lake systems. As with many of the other studies, the zooplankton
investigations to date have concentrated primarily on standing stocks, species
compositions and other primarily descriptive aspects. As the need for such
information on grazing rates, vertical distributions and nutrient fluxes grow,
considerably more information on the interactions between the zooplankton and
phytoplankton and nutrient pools will be required. The addition of biomass
estimates should provide a quantitative check on carbon budgets at the
secondary production level. Perhaps the most difficult 1link to complete will
be that between zooplankton and fish because of the current lack of
information on zooplankton turnover times and reproductive rates.

Some short comings of the work should be apparent from the foregoing
narrative. Because of marked disparities in abundance in horizontal space,
time and depth, any future plankton investigation must consider the minimal
resolution in these dimensions which is to be attained in a sample collection
program. In view of the immensity of the sampling problem, stratification
of sampling in a space-time framework can be employed based on the knowledge
gained in preliminary surveys of the kind undertaken here. 1In this way, the
sampling will serve, not just for data collection, but also as an active part
of hypothesis testing. Matched stations can be selected so that urban, rural,
inshore comparisons can be made as suggested by McNaught et al. (1975), while
timing of sampling effort can be chosen to identify life cycle phencmena and
relate periods of increase to physical and biological conditions.
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SECTION 7
HORIZONTAL DISTRIBUTION OF ZOOPLANKTON IN RELATION TO EUTROPHICATION

Donald C. McNaught

Water quality is reflected in the horizontal distribution of the
crustacean zooplankton of Lake Ontario. From field sampling during the 1972-
73 IFGYL survey (McNaught et al., 1975), the distributions of each species are
available from several water strata. The horizontal surface distributions of
dominant forms in the 0-5 m zone at the time of their seasonal population
maxima are discussed in this section.

Inputs of plant nutrients from rivers tributary to Lake Ontario probably
influence secondary production. Thus areas of unusually high standing crops
of zooplankton possibly indicate stimulation of the nutrient-poor Lake Ontario
ecosystem by pollutants. Likewise, upwelling, with associated increases in
available plant nutrients, may influence horizontal distributions of
zooplankton. However, large populations of warm-water cladocerans, which
initially develop inshore, may be carried offshore and give no clue to the
envirommental conditions under which they originally developed.

THE CLADOCERA AND POLIUTION

The smallest major cladoceran, Bosmina longirostris, is the most useful
key to extreme eutrophy because of its diet, when permits grazing on large
forms of algae, and also because of its relative immunity to fish predation
(McNaught and Scavia, 1976). Bosmina longirostris was found in lLake Ontario
in all 12 months but reached maximum density during August 1972. Clearly the
horizontal distribution of B. longirostris is characterized by greater
densities inshore, and associated with urban shoreline development and river
inflow. At maximum development from 21 - 25 August 1972, it geached densities
greater than 200,000 m> off Toronto, Ontario, and 300,000 m™~ off Oswego, New
York (Figure 7-1). The Oswego case was probably influenced as much by the
agricultural nutrient load of the Oswego River as by the city itself, whereas
the effect from Toronto is likely more directly associated with nutrients
originating from the city.

Eubosmina coregoni, which is almost twice as large as B. logirostris at
maturity, has been considered an oligotrophic form (McNaught et al., 1975).
However, it is susceptible to fish predation and thus is not a useful
eutrophic indicator. In contrast to the inshore preference of B.
longirostris, E. coregoni exhibited offshore maxima of up to 30,000 m>,
during 21 - 25 August 1972. These intense concentrations were largely
c%nfined to 1:1193 eastern end Lake Ontario with large aggregations of 20,000
m~ and 1,500 m~ off Rochester, New York, and a cell of lesser density at the

outflow of the lake (Figure 7-2).

The third common cladoceran of Lake Ontario, Daphnia retrocurva, while not
Classically used as an indicator of eutrophication, is a small species which
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withstands fish predation well, and thus is very successful. Large inshore
concentrations of D. retrocurva were found from 21 - 25 August 1972 at oswego
(35,000 m™) and just eastward from Oswego at Nine Mile Point (10,000 m™), the
site of 3 nuclear power plant complex. A third cell of maximum densities of
20,000 m° was located west of Rochester (McNaught et al., 1975).

THE COPEPODS

In sharp contrast to the cladoceran Bosmina longirostris, the copepod
Diaptomus sicilis, is the most oligotrophic form in the Great Lakes, and
remains the dominant species in oligotrophic Lake Superior (McNaught et al.,
1975). As expected of an oligotrophic indicator, it develops its maximum
population earlier (July) than Bosmina longirostris (August), and this
development occurs in deeper, cooler midlake waters. Currently not nearly as
abundant as %osm.na in the 0 to 5 meter layer, D. sicilis densities did not
exceed 375 m~ in 1972. During the period 10 - 14 July 1972, two large cells
were found in eastern Lake Ontario. One occupied most of the deep-water basin
north of Rochester and Oswego, and the other lay between this larger cell and
the outlet. (Figure 7-3) less intense inshore development was observed in
shallow Mexico Bay in the extreme southeast corner of the lake and in the
western portion just east of the Niagara River inflow.

Diaptomus minutus, a more mesotrophic species with the predatory avoidance
characteristics associated with small size at maturity, also exhibited an
offshore distribution at maximum development. Large clumps with relatively
low densities of 300 - 1,000 m> were found in both the western and eastern
parts of Lake Ontario from 12 - 16 June 1973. In contrast to the distribution
of cladocerans, these cells were always centered well offshore.

The cyclopoid copepods have not been used as indicators of pollution but
three species are important in Lake Ontario. In order of abundance, these are
Cyclops bicuspidas, C. vernalis and Tropocyclops prasinus. Cyclops
bicuspidatus reached its population maximum in July, C. vernmalis in August,
and Tropocyclops in October 1972.

Cyclopoid copepodites, or immatures of the above three species, were
abundant from 21 - 25 August 1972, both inshore and offshore. A large cell
with maximum densities of 50,000 m™> was present in shallow eutrophic Mexico
Bay in southeast Lake Ontario, but the greatest concentrations occurred in the
central ba3 in of the lake (100,000 m's) and inshore just southwest of Toronto
(90,000 m~). Cyclopoids develop rather slowly, and it is likely that large
aggregations drift about the lake for long period of time giving no indication
of the envirommental factors responsible for their initial population
increases.

Cyvclops bicuspidatus, the most abundant of the cyclopoid copepods, is a
spring species reaching a maximum abundance by 10 - 14 July. In eastern Lake
Ontario it was most abundant over deepwater at Station 75 (20,000 m>). In the
western waters a large cell was located in midlake (70,000 m~) and another
inshore at Toronto (50,000 m3) The density of Cyclops in the inflowing
waters from Lake Erie was apparently rather low (10,000 m’ ) Since Cyclops
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is a seizer and serum sucker probably feeding upon rotifers and small
crustaceans, and since its distribution may reflect the abundance of such
foods, it is unlikely to be closely tied to algal nutrient distributions. For
this reason is not useful as an indicator of envirommental stress.

Cyclops vernalis was much less abundant than C. bicuspidatus. Two small
concentrations were observed in western Lake Ontario during August, the one
off of Toronto (1,500 m°) from 21 - 25 August 1972 being the more important.
Elsewhere densities ranged between 250 and 1,500 m>. Together with the data
on C. bicuspidatus, these densities of C. vernalis may enable modelers to
estimate the incidence of zooplankton (non-fish) predators, but likely do not
indicate nutrient perturbations.

w prasinus is an autumnal form which reached densities of
335,000 m~ during October 1972. It was found from .30 October through 3
November 1972 a very large inshore pulse (200,000 m~) west of the Murray
Canal, which connects the outer end of the Bay of Quinte to Lake Ontario. The
relation between such pulses in the area and nutrient inputs from the Bay of
Quinte should be investigated (McNaught et al., 1975).

HORTZONTAL DISTRIBUTION OF THE CRUSTACEANS

The cladocerans are most abundant close to shore, whereas the copepods
prefer deeper waters. Bosmina longirostris, clearly the most eutrophic form,
tends to explode in areas of known perturbations and this was especially
evident off the Oswego River and the City of Toronto. Eubosmina coregoni, a
more oligotrophic indicator, was found in large offshore clumps, well away
from major sources of inorganic and organic plant nutrients. Daphnia
retrocurva was intermediate between members of Bosmina in its response, but
was probably closer to B. longirostris. Maps of distributions for all species
have been published (McNaught et al., 1975).

SEASONAL SUMMARY OF U.S. IFYGL DATA

The zooplankton community of Lake Ontario comprised 21 species during the
IFYGL year, but only 7 species occurred at densities greater than 1,000 m>
(Table 7-1), based on collections comparable to the Canadian 0 - 50 m or O -
bottom tows. Bosmina longirostris, the principle eutrophic indicator, was
the most abundant cladoceran, followed by Daphnia retrocurva, Ceriodaphnia
lacustris and Eubosmina coregoni. Among the three cyclopoid copepods, only
Cyclops bicuspidatus reached densities greater than 10,000 m>, although
Tropocyclops prasinus was important during the fall. None of the calanoid
copepods, indicators of clean, cold waters, were abundant at the depths
studied. The most eutrophic form, Diaptomus minutus, was slightly more
abundant than the oceanic invader Eurytemora affinis. Thus the detailed
species list suggests a high diversity, but with low richness and evenness as
is the case in most productive waters. Only a few species dominate.

Since presence or absence of various crustacean zooplankton is a good
indicator of water quality, it is useful to summarize their abundance during
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the IFYGL year. The cladocerans were more abundant than the cyclopoids, while
the calanoids were almost insignificant in terms of numbers (Figure 7-4, Table
7-2) . The seasonal peak of cladoceran abundance occurred during Auqust 1972
with the cyclopoids most abundant during the same month. Likely thé
predaceous cyclopoids reflect the abundance of juvenile cladoceran and
rotiferan foods.
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Table 7-2. MEAN DESNITY (no. m-3) oF CLADOCERANS, CYCLOPID AND CALANOID
COPEPODS IN LAKE ONTARIO (0-50m or bottom) DURING IFYGL YEAR

1972 1973

15-19 12-16 10-14 21-25 29 Oct 27 Nov 5-9 19-22 24-28 12-16
May June July Aug 3 Nov 3 Dec Feb March April  June

Cladocerans 62 637 9364 67776 6724 1428 25 30 16 1392
Cyclopoids 443 1159 12030 23524 19109 8301 2354 1400 1977 12619
Calanoids 250 342 365 359 673 329 176 149 296 286

Total
Crustacea 925 2138 21759 91659 26506 9729 2555 1579 2289 14297
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SECTION 8
EFFECTS OF URBAN CENTERS ON ZOOPLANKTON POPULATIONS
Donald C. McNaught

INTRODUCTION

The zooplankton fauna of the Laurentian Great Lakes reflect water quality,
as seasonal population equilibria are apparently achieved in a short time
with the quantity and quality of algal food, the density of grazers, and the
stimulation or inhibition caused by substances polluting the lake. Thus, to
some degree, the variety and abundance of the zooplankton is a reflection of
the secondary influences of nutrient loading. In a similar fashion, the
population size structure, and ultimately the species composition of the
zooplankton, is influenced by their fish predators (Wells, 1970; McNaught and
Scavia, 1976).

As a working hypothesis, we suggest that urban development along the
shores of Lake Ontario influences the community structure of inshore
zooplankton populations during a growing season. A proposed mechanism might
involve the input of nutrients which stimulate the production of blue-green
algae, or the discharge of substances inhibitory or lethal to phytoplankton
and zooplankton growth. The purpose of this particular analysis of data was
to test this hypothesis. Basically three questions are important. First, do
differences in community structure occur lakewide on a defined horizontal
scale within a growing season? If so, are such differences in community
structure related to long-term biotic changes demonstrated for lake Ontario?
And most importantly, what do such differences imply regarding the
eutrophication of Lake Ontario's ecosystem? Definition of the time-scale of
changes during community succession is important to understanding
eutrophication. Some questions concerning succession have been partially
answered. Over time, the zooplankton of the Great Lakes probably have adapted
to both changing foods and predators (Wells, 1970; McNaught and Scavia, 1976).
During a recent period of accelerated cultural eutrophication which commenced
about 1900 (Beeton, 1969), major changes in zooplankton community structure
probably were initiated. Diaptomus sicilis, the dominant form in Lake
Superior, seems the most oligotrophic form in the Great Lakes (Patalas, 1972).
The summer zooplankton community of Lake Ontario has shifted since 1939 from
dominance by Diaptomus to an abundance of the eutrophic form Bosmina
longirostris (McNaught and Buzzard, 1973). Thus, long-term shifts have been
documented for Lake Ontario and probably have occurred in all of the lower
Great Lakes. Changes in the species composition in the fish fauna (Christie,
1973) could also have been important in changing the zooplankton community.

Lake Ontario is the seventeenth largest body of freshwater in the world
(Hutchinson, 1975), an international resource of tremendous value to both the
United States and Canada. Lake Erie, upstream to Lake Ontario, is certainly
responsible for important organic and inorganic inputs to Ontario. Thus, it
is one purpose of this analysis of the Ontario ecosystem to detect the
ecological impact of in basin inputs of nutrients and other substances through
understanding their localized impact upon plankton populations. This will be
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attempted by dividing Lake Ontario into three segments, with special attention
given to proximity to human influence. These designated areas thus include:
(1) inshore waters adjacent to urban centers and less than 30 m in depth; (2)
inshore waters adjacent to rural areas; and (3) offshore waters greater than
30 m in depth (Figure 8-1).

COMPARISON OF ZOOPLANKTON COMMUNITIES

Basically two types of comparisons will be made between populations
inhabiting urban inshore, rural inshore, and offshore waters. First, the
relative densities of each species will be contrasted. Secondly, traditional
measures of Shannon-Weaver diversity, richness and evenness will be utilized.

Density Differences

In comparing densities (Table 8-1), relatively higher numbers, but fewer
species of many cladocerans were found in urban inshore waters than in rural
inshore or offshore waters during June and July. Daphnia longiremis was
limited to offshore waters and Bosmina longirostris, i » Chydorus,
Polyphemus and Diaphanosoma were usually more abundant offshore. However, on
a unit volume basis (no. m™~) the cladocerans, usually considered warm water
organisms, w?re more abundant ;.nshore than offshore during June-August (mean
of 64,325 m~ versus 33,737 m~). Roth and Stewart (1973) found a similar
situation in Lake Michigan. In contrast to the cladocerans, the calanoids,
both Diaptomus minutus and D. oregonensis were more abundant offshore, as was
Limnocalanus, a cold water form. Zooplankton densities varied significantly
only with time (p < .01). Clearly there are seasonal pulses in zooplankton
densities, as we have long realized, but the differences between urban
inshore, rural inshore and offshore waters are not effectively described in
terms of total crustacean zooplankton densities.

Diversity Differences

Comparison of the three lake regions, using Shannon-Weaver diversity (H),
as well as the richness and evenness components, illustrated some significant
differences between water masses (Tables 8-2 to 8-4). 1In all three summer
months, the urban inshore areas exhibited the lowest diversity (1.13 - 1.66
bits), with rural inshore areas intermediate (2.43 - 2.93) and offshore waters
most diverse (2.94 - 3.31). Note that these ranges in diversity do not
overlap. During the months June and July fewer species (12-14) were found in
urban inshore areas and the richness component was lower (2.49 - 3.85) than
in offshore waters (3.76 - 4.32). In August the evenness component accounted
for reduced diversity in urban inshore waters. The location and time effects
on diversity were both highly significant (p < .01).

SIGNIFICANCE

Fewer species of crustacean zooplankters were found in urban inshore areas
of Lake Ontario than in adjacent inshore or offshore regions. While the
cladocerans Daphnia, Ceriodaphnia and Chydorus are important in rural inshore
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areas, they have been replaced by Bosmina longirostris and Cyclops in urban
inshore waters.

Ecologically, it was significant that seasonal and geographical
differences in Zooplankton distribution, wherein urban inshore waters were
presumed more éutrophic than offshore waters, paralleled changes that have
occurred in thd zooplankton communities of the Great Lakes over much longer
periods of time. These findings thus suggest that in waters offshore of urban
centers we find drifting, planktonic communities which are highly different
from other nearshore populations, even though drifting along shore rapidly at
velocities of 10 km/day. The causal effects of the differences in zooplankton
community composition off large cities quite plausibly are included in the
concepts of algal resource availability, zooplankton selective feeding, and
zooplankton predator abundance.
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Table 8-1. COMPARATIVE MEAN DENSITIES (#/m3) OF CRUSTACEAN ZOOPLANKTON
AT 0-5 m DEPTH, CONTRASTING URBAN INSHORE VERSUS OFFSHORE

COMMUNITY COMPOSITION

June 1972 July 1972 August 1972
Big Big Big
Species Cities Offshore Cities Offshore Cities Offshore
Cladocerans
Leptodora kindtii + + + ¥ + -
Bosmina coregoni 12 31 82 389 402 1453
Bosmina longirostris 179 288 7060 13206 174580 63691
Daphnia galeata - 22 108 3027 1873 99
Daphnia retrocurva 5 16 164 149 6028 11965
Daphnia longiremis - - 294 - -
~ Ceriodaphnia lacustris - 7 - 103 2399 4203
Chydorus sphaericus - 16 - 640 30 100
Holopedium gibberum - - - 54 43 7
Polyphemus pediculus - 0 - 4 11 7
Diaphanosoma - - - - - 3
Cyclopoida
Copepodites 1160 323 816 2201 27586 29143
Cyclops bicuspidatus 650 1424 17555 12478 4158 12113
Cyclops vernalis 76 28 43 190 1011 643
Tropocyclops prasinus 25 11 1 66 1874 1676
Mesocyclops spp. - + - + + +
Calanoida
Copepodi tes 35 60 97 124 203 116
Diaptomus minutus 67 225 23 91 39 74
Diaptomus oregonensis 10 7 - 76 94 108
Diaptomus sicilis 18 184 17 119 58 17
Limnocalanus macrurus 68 183 47 139 24 6
Eurytemora affinis 28 + - 11 60 117
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Table 8-2. BIG CITIES (INSHORE) COMMUNITY STRUCTURE

Abbreviations in text

Number
Density Species Diversity

Date N/m3 S H Rich Even

1972

15-19 May

12-16 June 2,400 14 1.13 3.85 .98

10-14 July 26,020 12 1.41 2.49 1.31

21-25 August 220,486 20 1.66 3.56 1.28

20 Oct. - 3 Nov. 19,547 21 1.57 4.66 1.79

27 Nov. - 3 Dec. 9,476 18 1.73 4,27 1.38
" 1973

5-9 February 2,462 14 1.33 3.83 1.16

19-22 March 1,325 10 1.28 2.88 1.28

24-28 April 1,608 9 .94 2.49 .92

12-16 June 7,474 11 1.25 2.58 1.2

MEAN

(June 72 - June 73) 32,310 14.3 1.37 3.40 1.26

94



Table 8-3. INSHORE (LESS BIG CITIES) COMMUNITY STRUCTURE

Number '

Density Species Diversity
Date N/m3 S H Rich Evien
1972
15-19 May 495 14 1.47 4.83 1.28
12-16 June 2,288 19 2.4 5.36 1.90
10-14 July 20,299 18 2.73 3.95 2.18
21-25 August 251,259 21 2.92 3.70 2.21
20 Oct. - 3 Nov. 40,061 20 2.40 4.13 1.85
27 Nov. - 3 Dec. 13,833 21 2.94 4.83 2.23
1973
5-9 February 2,602 15 2.33 4.09 0.86
19-22 March 1,830 18 2.17 5.83 1.73
24-28 April 4,124 19 2.43 4,97 1.9
12-16 June 26,132 19 2.575 4.08 2.0
MEAN .

40,270 18.4 2.55 4.55 1.87

(June 72 - June 73)

95



Table 8-4. OFF SHORE COMMUNITY STRUCTURE

Number
Density Species Diversity

Date N/m3 S H Rich Even
1972

15-19 May 670 12 1.95 3.89 1.81
12-16 June 2,99 16 2.99 4.89 2.48
10-14 July 33,217 18 2.95 3.76 2.35
21-25 August 129,994 19 3.31 3.52 2.59
20 Oct. - 3 Nov. 22,365 21 3.23 5.60 2.45
27 Nov. - 3 Dec. 9,816 19 3.30 4,51 2.58
1973

5-9 February 2,763 17 2.55 4.04 1.23
19-22 March 2,291 12 2.76 3.27 2.55
24-28 April 1,891 15 2.96 4,27 1.0
12-16 June 12,158 19 2.69 4.41 2.10
MEAN

(June 72 - June 73) - 24,165 16.8 3.19 4.25 2.18
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SECTION 9
CILADOPHORA DISTRIBUTION ALONG THE SOUTH SHORE OF LAKE ONTARIO

C.T. Wezernak, D.R. Lyzenga, F.C. Polcyn

The inflow of nutrient-rich waters from tributary sources together with
nutrient loading from major population centers around Lake Ontario is
sufficient to maintain a relatively high level of productivity in the lake.
In the case of Lake Ontario, productivity is evidenced in part by an extensive
growth and development of sessile filamentous green alga, Cladophora.

The emergence of a dominant species of algae depends on a number of
physical and chemical factors. In nearshore areas, Cladophora develops under
suitable conditions on all hard surfaces. At one point in the life cycle,
this alga becomes detached and is distributed along the shore, and into the
deeper portions of the lake. For the shoreline property owner, subsequent
decomposition of large masses of Cladophora produces highly objectionable
conditions which detract from the aesthetic and recreational values of the
nearshore zone.

The project had the following objectives:

(1) To delineate the distribution of Cladophora along the U.S. shoreline
of Lake Ontario between Niagara and Stony Point, New York.

(2) To prov1de an estimate of Cladophora standing crop by coupllng remote
sensing data with ground-truth information.

The Great Lakes Laboratory, State University College at Buffalo, furnished
ground-truth information from five locations in the area between Niagara and
Rochester. Ground-truth information for the area east of Rochester was
obtained from the Lake Ontario Environmental Laboratory, State University of
New York at Oswego. It was collected during the period 18-21 July 1972.
Remote sensing flights covering the south shore took place on 20 June 1972 and
31 July 1972. The available ground-truth data were collected during the
period 27 July 1972 to 1 August 1972.

The ground-truth team found Cladophora at 1, 2, 3, 4, 5, and 6 meter
depths along five transects extending from the shore into the 1lake.
Cladophora was collected from within randomly tossed hoops, each with a
surface area of one square foot.

It was not found at locations where sand constituted the bottom material.
The investigators also found that growth and development at depths of 1 to
2 m was limited because of wave action.

The data set was processed on a sampled basis in order to prov1de an
estimate of the area covered by Cladophora. The original processmg plan -
proposed sampling the data set on a 1/20th basis, only one frame in 20 would
be analyzed. This requirement could be met either by processing every 20th
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scan-line or by processing sections of the shoreline to provide an equivalent
area coverage. However, in view of the wide variation in water quality in the
study area, including highly turbid areas, the latter alternative proved to
be the only practical solution. Approximately 400 km of data were collected.
Of this amount, 25.8 km of data were processed.

DENSITY ESTIMATES - NIAGARA TO ROCHESTER

Typical scenes showing the extent of development of Cladophora in the
nearshore zone are shown in Figure 9-1. The dimensions of the areas displayed
in the spectral ratio imagery are approximately 0.75 km by 3.5 km. The dark
areas in the imagery (water areas) are occupied by Cladophora. From a purely
physical standpoint, growth is determined by the availability of hard
surfaces. The light areas in the imagery represent a loose, unconsolidated
substrate - usually sand.

Analysis of the data indicates spectral variation within the Cladophora
fields. The differences in tone may be due to differences in density of
growth, differences in the length of the Cladophora or other differences
related to the life cycle of the algae. A demonstration and analysis of the
capabilities of remote sensing technology to answer these and other questions
related to benthic algae is outside the scope of this investigation. A
carefully controlled series of experiments to answer the above questions is
suggested as a logical extension of the work initiated in this program.

Data processing extended out from shore an average distance of 348 m. At
this distance from shore, water depth is reported to be 5 m or slightly
greater. Approximately 66 percent of this zone was covered with Cladophora
and the standing crop expressed as dry weight was equal to 1.57 x 10 kg per
kilometer for an average strip width of 348 m.

DENSITY ESTIMATES - ROCHESTER TO STONY POINT

The factors which govern the ability of a passive remote sensing system
to map bottom features include: (1) the volume attenuation coefficient of the
overlying waters; (2) '"sea-state" at the time of the flight; and (3)
illumination conditions. Within the area between Rochester and Stony Point,
field conditions at the time of the flight were less than desirable. As a
consequence, difficulties were experienced in processing the data for this
region.

Due to a reduced transparency in the eastern section of the lake, data
processing extended out from shore an average distance of 277 m as opposed to
an average of 348 m in the area west of Rochester. The results show that 79
percent of the area of the nearshore zone was covered by Cladophora and that
standing crop expressed as dry weight was equal to 2.6 x 10 kg per kilometer
for an average strip-width of 277 m. Extrapolating the results to a width of
350 m, the standing crop for the Rochester to Stony Point strip is equal to
3.3 x 10* kg per kilometer of shoreline: about two times that for the Niagara

to Rochester region.
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SECTION 10
Part A

REVIEW OF LAKE ONTARIO ZOOBENTHIC STUDIES

S. Mosley

CONCLUSIONS

Fish stomach data show Pontoporeia hoyi and Mysis relicta to
be the most important species in diets of desirable benthophagic
fish in the main basin of Lake Ontario. Pontoporeia is the more
abundant of the two near shore, especially from depths of 15 to 70
m, but its abundance is reduced in the area from the Niagara River
mouth to the Rochester embayment, from Oswego to Mexico Bay, and
near Toronto. It avoids or is killed by harbor sediments and
appears to be less abundant in parts of Lake Ontario where
sediments dredged from harbors are dumped. Gammarus and Asellus,
two other 1large Crustacea, occur primarily in areas where
Pontoporeia is less abundant. Urban centers, conditions in the
Niagara River, and perhaps competitive effects appear to be
damaging Pontoporeia populations over major sections of Lake
Ontario.

Mysis has a more important trophic role offshore because of
higher abundances and its habit of migrating toward the 1lake
surface at night. It is probably an important food chain 1ink
between plankton and fish in areas deeper than 70 m. Mysis appears
to migrate shoreward in winter where it, too, may be exposed to
urban effects.

Areas that have lowered abundances of Pontoporeia can also be
classified as degraded on the basis of abundance and composition
of Tubificidae (Oligochaeta) assemblages. Other areas with
pollut<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>