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B . ABSTRACT.
The phytoplankton epipelon, and apiphyton of a QUtrOphic

prairie-parkiand lake have been characterized by spatial and
. _ i

' tgmporai distributions of abiqtﬁc and biotic parameters,ﬁ?

7 Comparis ns of the three communities were facilitated by s

simuTtaqe us coTTection and similar processing
g For al1’ communities the 1% surface irradiance was at 1J2 meters

- A

~ due to Shading algae, macrophyte5~ and wind mixed detritus or due_-
to‘ice and snou cover; Distributions of abiotic parameters were
,simiTar among communites. Temperatures in the epipelon Were Tess
rigorous than those in the phytopTankton whereas temperatures in

* the. epiphyton were more rigorous ' For-pH and}orthophosphate,b
epiphyton > phytOpTankton > epipeTon. Aikalinity was epipe)on.? ;
phytoplankton > epiphyton. Epipelic silica was highest. TReTative

N

nitrate concentrations were not consistent. . A
' . .- " - ‘
For species diversity, phytopTanRton >.epiphyton > epipeTon.
Vertical distributions were noted for species within each community

Dominant species from the phytop]ankton and epiphyton were

restricted within seasona] shock period boundaries but dominants

from the epipelon trespassed such environmentaT boundaries. There
were 21 dominantcspecies considered community indicators But 19
species were domin¥nt and at Teast common in.more than one

community. Evidence suggested the.epiphyton can be a colgection

site for senescing populations from all communities, but.it aTsohcan',

act as an incubator site where sufficient 1ight, heat, and nutrients



i

" for the epiphyton.

C e
.o

~
»

initiate species grouth7that-1ater-is5éxpreSSed‘in another'
communityf Likewise the epipeldn can be a disposa] site for

seneScent populations but it too can be a stab1eamaintenance site Co

r{

where Species ﬁrom al communities surv1ve or eVen diSpiay active o

,,growth o S .

‘:ntia1 importance of the epiphyton was noted. fnteractionS?among
hree communities were indicated as an’ order]y progression of
phyt0p1ankton _then epipe]on and finally epiphyton peaks ~
occurred within each season The photosynthetic index,

photosynthetid\“fficiency, and productivity efficiency for ali

.communities showed similar spatial but \Ta};av'le tempora]

distributions. The photosynthetic index and efficiency were highest
for the phytopiankton, and the.prpductivity efficiency was highest
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1. INTRODUCTION

-

The comparison of algal communities has-iong,beenlof interest

!

in aquatic ecology. Before algal communities were generally
recognized as norking units; species lists were juxtaposed~(e.g.
Godward 1937). fhis euentuaiiy gren into the more eiegant mapping
of species travel from community to'community within a single lake
(Lund 1954, 1955, Jorgensen 1957). However, the.intriguing idea of
species cycling thrpugh one community to another was shown nct’to be
true generally, and instead, a minimal species inocula maintained
within each cgmmunity seemed-an.integra] part of the algal communit}
concept (Round 1965a). Subsequent comparative studies tended to
stress the integrity of community dOminant species and the
transience of community casual species (Brown and Austin 1973).
Some other subjects of intercommunity studies have not been.as
_persistently persued. Valid but largely unnoticed references have
been made to intercommunity competition for 1ight (Moss 1969a,b,
Straskraba and Pieczynska 1970), for nutrients (Jorgensen 1957,
Brandl, et-al; 1970) and for stimuiatnry, or inhibitory, organic.
exudates (Guseva and Goncharova 1965, Kogan and Chinnova 1972).
0f more significant interest has been the re]ative input of
communities to total 1ake standing crop and productivity in terms of'
lake management In the past this has meant collating: studies on

°dndividua1 communities and interpreting methods However there now

exist- generaiiy accepted techniques Nh1ch determine areai standing
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crop and productivity for bcih the pnytop1ankton_andathe benthic'
 algal communitiés'thrqugh chlorophy1l a analysis and carbon-14
f pnpccdnres.' These reiativeiy quick and meaningful methods have
encouragec the ccngruent coi]ection of sevérai sets of data from
more than orie community A few studies then ha%e encompassed ‘the
beginnings of valid community comparisons by presenting annuaT means”A
of standing crop and productivity ascertained simultaneously for |
more than one algal community within a single lake ecosystem
(Straskraba 1963, Nétzei 1964, Efford 1967, Hargrave ;9693”
Gruendling 1971, Gak, et glj’1972, Wetzel, et al. 1972lgwinberg,‘g£f
al. 1972, Schincier, et al. 1973, McCracken, et gi, 1974, Adams and
McCracken 1974)1 _Ncw too, studies of seasonal interreiaticnships
" have suggested community spatial and tcmporai adaptations evolved
through'interccmmunity'cqmpetitionv(Ciark and Rnnneis 1975,
AvKomarkoia and'Komarek.1§75,_KowalzCewski 1975, Kairesalo 1976, Moss
197?); R . o - -
This study_of‘thé ph&fopiankton, epipelon, and epiphyton in a
pfairie-parkiand Take adds folthat}setting. It is felt that each
community is of note in and of itself because the lake is not |
stratified'and ic-subject to ice cover virtnaiiy six. months of the
year Therefore, a separate chapter is devoted to each c°mmunity,
characterizing the spatial. "and temporal distributions of species, |
standing crop, and productivity. However, more importantiy, the: |
communities have been sampled and processed simuitaneously in a»
Vike a manner as possible. This facilitates the. comparison of the
three communitie§ which represents.ihe.overalivgoai‘ofjtnis work.

@
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2. DESCRIPTION OF LAKE

2.1. Location and Geo1o‘

Hastings Lake is located between 1ongitudes 112‘50' and 113°00'
W, and latitudes 53°15' and 53°50' N in the Cooking Lake Moraine

approximately 40 km ESE of Edmonton Alberta (Figure 1) The

bedrock geology is known as the Edmonton Formation and 1s composed

of shales and sandstones (Bowser, et al. 1962). Sand, grave]

'si1ty glacial t111 mantled this durind Wisconsin time; the surface

t111 was deposited 9 000 to 11,000 years ago (Emerson 1977) The

two basins.of."f :1ngs Lake were fonmed at this time as portions of

the glacial ice sheet became detached and melted in situ forming

several kettle lakes in the hummocky disintegration moradné~(Bayrock
and Hughes. 1962, Forbes and Hickman 1981). | |

In the catchment area north of Hastings Lake, topograph1ca1

A relfef is 1ow w1th f]at to slight1y ro111ng h11ls much of which has

been cleared for pasture. To the south a major east west moraine
ridge is ‘more forested (Schwartz and Gallup 1978, Forbes and Hickman ﬁ

1981) . ~ Present day soils are poorly drained podzoI1c soils termed
the COOkinq Lake Loam (Bowser et al. 1962). |

The ground water table is at about 5 m depth fo]]ow1no land

 relfef, and surface runoff is genera}]y.from west to east‘across.the '

watershed (Schwartz and Gallup 1978). Twe intermittent inflows to
the 1ake exist, ofe from the northwest, another from the west; an
1nterm1ttent outflow s found on the southeast (FigLre 1) No flow

was obsérved durino the course of this study.



: Figure 1. o :
Bathymetric map of Hastings Lake.
Depth contours are drawn in meters.

. .






2.2. .Climate and Vegetation

The c1%maté”jsfnortherﬁ'continental with mild summgré;ahd cold
‘wintens."ThéThVeFége datly temperature is 2.3 °c; normal B
p temﬁeratﬁreélfére1y go highér than 32 ’C¢or loﬁer théh -40 °C. The
area js moderately dry with pre;ipitation decreasing eastward from
| . the Rgcky Mountains into the pprairies. Average annual precipitatfon -

= is 42.9 cm, about. 70% of 'which occurs as rain and 30% of which

"7~occurs as snow. . Neather patterns normal]y move from the northwest

to the southeast as winds,tqnd.to be out of the northwest at an

Al
&

annual average velocity ofﬂid'to 15 km/hr. _
" Much of thevnafural vegetation in the watershed has been"
- cleared for pasture, especially to the northwest and'sbutheast.
Natura1 tree cover'ddes remain virtda]]y intact around:theklake
margin and to some extent toward the soutﬁﬁést and northéagt.

: 7 : : ,
~ Populus balsamifera and Pqpu]us'tremu]oides are the major -tree

spec1es with smali’ 1so1ated stands of Picia glauca. These species

are typ1ca1 of the Boreal Park?and>Trans1t10n zone of vegetat1on
(Moss 1955). Aquatic vascu]ar plants found 1n Hastings Lake 1nc1ude

| Scirpus validus Phragm1tes australis, Typha 1at1fo1ia Myriophx]]um

exa]bescens Po;amogeton vaginatus Potamoggton richardsonii

Ceratophy]lum demersum, Ro1ygpnum amphibia, Lemna trisu1ca, and

Lemna minor.

2.3. ‘Morbholdgy'
Hastings Lake is somewhat e111pt1ca1 in shape with the 1ong
~ axis lying east‘to west (Figure 1). Thus, an effective fetch of 3.5



| km is‘availabie'for persistéﬁﬁ”horthwegt winds (Table.1). Thé Take

N is re]étively 'shallow and has'séveraI small 131ands A con§¥derab1e

" potential for deve]opment of Httoral comnunities exists as the
shoreline deve]opment of 3.4 m 1nd1cates morz than three times'the
.shoreline available for colonization n'a circular 1ake of ‘the same
area, and the mean depth of 2.5 m'1ie; within the euphotic zone
(3.2.1. Phyéiroachemical Parameters) ﬁQTwo bas?hs joined by a
shallow constriction ‘are within the lake; the ‘1arger southwest basin
comprises 81% and 92% of the total surface area and volume

respective1y.



- Table 1. Mbrfﬁﬁometﬁc features of Hastings. Lake. ‘[
ETQVALION .o er e eeeee it ee e gn s eeeeenes L7358 m
Area ...... . ,,,,,,,,,, 3,44'10'"
VOTUMR vt eeseeeeeeeeesseeesene s e e eaniaes 21.9x 10 m
LENGER v e, ASTPE R 6156.0 m
Maxjmum Width ..., ,(.}; ....... ceee... 28360 m
Makimdm'-Dépth...............n.........’..’.' ....... R 8.0m
Mean Depth‘v.‘:.'....'.-....' .......... ” ............ 2.5m
Shoreline Length. ....... '..,Q.;.;.Qf};..;;;;;;.s..,..... 35.5 km -
Shoreline Development ...... 340

CEFFECETVE FELEM «nvvnvreeneereesieeseesenennnns lf.lL}... 3.5 km
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3. PHYTOPLANKTON

“ Traditio%a11y, lake phytaplankton has been the focus of algal
studies in eco]ogy (Birgé and Juday 1922, Pearsall 1932, Rodhe 1948,
Ruttner 1952, Hutch1n§62£1967 Sch1nd1er 1974). However, the more
g1assica1 aspects oquake turnover, stratification, and seasonal
pério&3c1ty have not ﬁecessari1y characterized prair1e lakes in
western -North America (Hammer 1964; Waite and Ddthie 1974, Haertel
1976)" Mo}e'spec1f1c$11y, the dimict{c partitioning of lake
periodiqity into seasbns {s modified in the shallow, edaphically
eutrOphic prairie-parkland lakes of western Canada. That is, the
seasons are empirically.clotheo in two distinct suits, each of which
lasts approximately six months of the year; oke is a period of
persistent wind turbulence which 1nﬁerpTays the rich supply of -
nutrients against the heavy demands of high algal standin§ crap; the
other is a period 9f ice and snow cover which limits 1ight (Bozniak
and Kennedy 1968, Lin 1972, Hickman 1979a,5,c).

Tt was with this in mind that the phytoplankton of hastings
Lake was 1mVest1gated The aim of the phytoplankton part of this
‘study was ;o characterize the community in terms of physico-chemical
parameters, species, standing crop, and prbductivixyt_ This VP“lQ"

facilitate compariscns among the three major algal tommuniiféﬁ,

namely the phytoplankton, epipe]én, and epiphyton.

3.1. Methods R TR

N

PR Samptes were.rofTecﬂed from a oeep w;ter station (Figure 2).

T a -~ s/
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Figure 2.
" Bathymetric map of Hastings Lake with
phytoplankton sampling station for
0,1,2,3, 4,5, 6, and 7 m depths. indicated.
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For the first two years of the study, samp1§5 were takehiat lm’
1nterva1s,.0 through 7 m. "~ This was modified during the third year
to one surface'coilection (0 m), two mic¢-depth ccllections.(1, 2, 3,
and/or 5 m), and one bottom collection (7 m). ’Samples were taken
with a non-metallic, opaqué 2.1 1 Van Dorn sampler and kept in
subdued 1ight during subsequent manipu1atiohs. Sub-samples were
taken for water chemistry analysis, species identification and
enumeration, chlorophyll a analysis, and productivity studies. An
attempt was made to sample once a week during thekice free period of
1974, once a fortnight during thé ice free period of 1975, and once
a month during the ice free period of 1976? When the lake was ice

covered, sampling was done once per month when possible.

3.1.1., Physico=chemical Parameters
Mean monthly solar radiafién data was obtained from Environment
Canada daté Stoney P]ain<Station C. F. Cassella a§t1nographs were

“"ca11brated aga1nst a K1pp so]arimeter and p1aced on shore at lake

“1eve1 _to. measure 1nc1dent irrad1ance -during. productiv1ty studies.

" The vertical distr:but1on of light 1n ‘the water co]umn was
?'Tdetermined-wéth ¥ submersible quantum sensor, Lambda Instruméﬁts‘
'Mpde1_L11185; measuring photosynthetic&l]y avai1ab1e'rad1atfon,,400

to 700 nm. | -

Data on watér temperature and oxygen concentrations were
gathered with a Yellow Springs Instrument oxygen-temperature meter.
-Tgmggratgreg~yerqfe§prqssed.as.gegrees”Celsjusu} Dissolved oxygen
resuits were expressed as values of‘ﬁéFcént‘saturatidé calculated

1



13

from mg/1 using a nomogram which 1ncqrporated oxygen, temperature,
and altitude (Mortimer 1956). |

 'The pH was measured with a Radiometer Model 29 pH meter
immediately at a field lab, or within an hour at a university lab.

¢

Specific donductance was deterﬁined in the field during the first
year of the study with a'Hy&rolab conductivity meter and similarly
at a university lab when frozen samples were processed during the
latter two years of the study.

For the portions of the study involving productivity,
.a1ka11nitymﬂas determined potentiometrically by titration to pH 4.6
with 0.1 N suffuric acid into a 100 ml of fresh'gamp1e at the field
laboratory (modified from American Public Health Association 1971).
The meq bicarbonate was calcu1atéd b& d&vi&ing‘a1ka1inity by 50
(Hutchinson 1957). Total inorganic carbon then was determined from
pH and alkalinity following Saunders, et al. (1962).

For some of the water éhemistry analtysis sub-samples taken from
tﬁe Van Dorn water bottle collections 0 to 7 m Were‘p1aced'1n 1 .
Titer polyethylene bottles. The waterbwas thén-f11tered and frozen
' for storage. Determinations for orthophosphate, nitfate; silica,

sulfate, alkalinity, iron, and chloride were made on the thawed

samples at a university laboratory utilizing American Public Health

Association (1971) standard methods. Further chemical ana]yse§ were
done on sub—samples from 0, 3, and 7 m, transferred in the f{é]q to
glass jars, and processed by an Alberta government laboratory.

There, potassium and sodium were determined by flame phaibmetry,
while calcium, carbonate, copper, magnesium,wmanganese, and zinc

L 7,
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were deermined by atomic absofbtion spectometry. Data -print outs

" were then provided.
{

5.132. Species .
_ o

Sub-samples for species identification and enumerét16n were"‘A.""

-

- preserved with Lugol's Iodine Solution. Period1ca11y, live samples
were examined to check possible distortion of spec1es by the

preservative. A sampTe volume of 0.5 Ao 5.0 ml ‘was sedimented in a

settling chamber and scanned at 100¥, 400X, and'1000X-on a Wild M40

‘inverted‘microsc0pe to identify Cies. Identifications were done
utj]iifng'Préscott (1961), Hustedt (1930), Patrick and Reimer (1966
1975), C]eve-Eu]er (1951 1955) Desikachary_(1959), ana Bourre)]y '
(1966, 1968, 1970). '
Enumeration fp]16ﬁédimeth0ds designed to ensure the + 50%
accuracy recommended for seasonal studies. At least 100 individuals -
were counted, theoretically yieidigg é-i ZO%féccuracy, and often
more than 400 individuals were counted, yielding a theoretical |
accuracy of + 10% (Lqu, Kipling, and LeCren 1958, Kaatra and
Harjula 1975). A coefficjent 6f variation was caﬁculated for actual
cell counts total and for cell counts of dominant specfes selected

to represent the seasons as £ollows : spring total cells 26%, spring

dominant Stephanodiscus hantzschii 22%; summer total cells 39%,

summer dominant Anabaena-f]oé-aquae 60%, autumn tota1 cells 33%,

autumn dominant Chlamydomonas spp..27%; winter to:al aells 60%

winter dominant" Se]enastrum minut0m448%..Lln;.,._i“:,;.,“g ey

Spec1es d1Versity 1nd1ces were determined using celﬁ countﬁ

P - : .
id 4 e e o e - .



g ‘the winter 6%, A e

.ﬂSpecies richness S was the tota1 number of speCies Spec1es

"evenness -E: was calcuiated with a formu]a modified from Peiiou

”(1966) E = H/1ogln§, where S.is. the number of species ana h - 1s as: -

:foiiows Spec1es diVersity H was ca]cu]ated using. a fonhu]a

7'_.mod1f1ed from Sharinori and Neaver (1963) H -.-g( ‘/N) 1,, (m/N)

-;where g is the cell count for each species and N is the total ce11

'count for a]1 species .'v :: .: . f}?fj'"?"' S

AL e e e

3L 3. Chlorophyll a LT ER e s e g cme ser e

é aQ

(1967a ,b). A 500 to 1500 m1 sample of 1ake phytop1ankton was

fiitered through Nhatman GF/C  The fiiter pad w1th fi]tered aigae ‘;'f'”“"

was then added to 10 ml of 90% acetone buffered with anhydrous
magnesium carbonate and the preparation was routine]y macerated
The pigments were extracted in the dark at freezer temperatures for
24 hours. Then_the sampie was centrifuged five fo.ten minutes at
5;000 rpm to sediment'fiiter fibers, magnesium carbonate, and
particulate cell matter. A spedtrophotometric ana]ysis Of the
samp]e in its non-acidified and then in its acidified state
corrected for naturai]y occurring degradation to Sheophytin a and
'yie]ded‘active chlorophyll a expressed on a per vo]ume basis.

The coefficients of. variation ca1cu1ated for the total method

on samples seiected from each of the. four seasons were as follows:

PR

E

-

-4

) ChiorOphy11 a determinations followed methods described by Moss f?i o

‘.for the Spring 4% for- the. summer 13% .ior the autumn Z%, and for ?;;,f"[;;ﬂ

Pe - "'..
> ! ....._..a.,.. J.\,_.
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f3.1,4._ Productivity , - _

| | Primary productivity was estimated the 1ast 17 months of the
“study uSing carbon-14 methods. In the fie]d carbon-14 (NaHC’“O,) o
" was. added to.. phytoplankton samp]es in 125 ml glass incubation ‘
'_bott1es Two light bottles and one dark bottle for each collection
-i‘depth 0 to 7 m were suspended from a f1oat system and incubated in _t
;situ for 4 hours from 1030 to 1430 hours. At the end of the- | "
incubation period “carbon fixatidn was terminated by the addition of :

.

-,forma'l dehydev Th e

Cya—s L .,,

In the laboratory, samp]es were aCJdified and bubbTed to drive

thsoff any inorganic carbon-14 (Schindler, Schmidt and Reid 1972)

.. Sub-samples were then combined with Aquasoi sc1ntiT1atidn fTuor and

o the activity determined using a Nuc]ear -Chicago Mark T Liquid -
Scintii]ation Computer Model 6860 Va1ues were then corrected for
quenching and calculated on an mg carbon/hr/m3? basis.

" The coefficients of variationhcalcuiated_for the totai_method
‘on sampies seiected from each;of the four‘seasons7were as follows: x
'spring 8%, summer 16%, autumn 6%, and winter iO%. |
3.1.5. Cross incubation Studies ‘ , .

In cross‘incubation studies, productiVity samp]es'were

yéoilected at the top'of'the euphotic zone (O;m),.near,the bottomiof
~ the éuphotic zone (1, 2, or 3'mi, near the top of'the,aphotic'zone

" (3or.5m ;and at the bottom of the aphotic zone (7 m). This

‘uthf:ffaciiitated comparisons qf possible active/senescent and sun/shade

A

| popu1ations through the manipu1ation of incubation depths ' That is,

e P
S [ I . . . e -
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L and productivity efficiency were: defined in ‘a manner analo!

AN

productivity samp]es from . each co]iection depth were incubated at“-

that respective depth as weii as every other co]iection depthg .

creating a matrix of cross incubations

i

3.1.6. Photosynthetic Index Photosynthetic Efficiency,

‘and Productivity Efficiency

Values for the photosynthetic index photosynthetic efficiency, .

en

contepts utiiized in other stUdies The photosynthetic i _
determined by-. Predﬂctivity pen standing cron (Fogg 1963) i e “mg'
carbon/hr/in3 - mg ch]orophyii alm3 The photOSynthetic efficiency

'Q'; was productivity per irradiance (Ti]zer et al. 1975) f.e.'mg"

EETRS

-

“""0‘"/“"/""--caﬂ/hr/cm’L ’ The productivi‘ty efficiency incorporated” R

~ standing crop.and irradiance (ﬁloranta 1976) i.e. mg carbon/hr/m‘-‘
(mg ch]orophyll a/m3 X cai/hr/cm ). These functions were not
necessariiy caicuiated as were those of other studies The intent

.was a direct comparison with other communities investigated in this

- study - and an indirect comparison with Spatial and temporai patterns?t?lj;;?

reported in other studies o .f;' e 1fﬁti f’th{'ii}fffff:Vfithii:F”:

3.2. Results B o e

3.2.1. Physico- chemicai Parameters
G]obal inso]ation at this northeriy 1atitude showed marked

month]y increases in cai/cm‘/day from January through June and

Tikewise marked monthiy decréases from July to December (Tabie 2)e

,i:Monthiy averagEs ranged from less than 50 cal/cm‘/day in winter tL
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‘more than 600 caT/cm*/day in Tate spr1ng/ear1y summer.

.9 LS

-— 4

The penetratnon of incident 1rrad1aoce 1nto the peﬂag:a] zone,-- ~;:f‘
of Hastings Lake was Of" spec{aT note. The sharp attenuat1on bf

"Tighf restr1cted the- euphotic zone as defined by the 1% T1ght -1e -

&

- TeveT The mean, 1% TeveT was 2 m, range 0 5 to 3.5.m. 'Qn;a—.

'sbasonaT basis 11ght penetration was oreatest in spr;ng and autumn,

.and - Teast under phytoplankton shading in summer, and. ice and snow 1n -

»

L -winter (Table 2}.. RS A UCTRMEE R

- . . . ‘ e -
. > e -

Nater temperatures are presented in-a time-depth d1agram

(Figure 3a). After spring ice break-up and turnover during the

'first'week of May 19T4-Lhomoiothermic conditions were estabeshed

because of the lake' s low surface to voTume ratio, and the lake's
;exposure to prevaiTing NNW winds. The absence of therma]
strat1ficat1on persisted through the sprihg, summec, and autumn of ;f'
.1974 Twice dur1ng the"summer exceptions were recorded. F1rst onﬁu '

24 June, there was al. 5 °C difference 1n “temperatire between 4 and

5 m depths, then on 22 July, there was.a 1 °C difference between 3

- - ~

’_7and 4 m.‘ The maximum difference 1n 0 and 7'm temperatures for the

6"1ce free May to November 1974 per1od atso occurred on those dates,“

2 5 ’C difference'uas~recorded on 24 June with a2 °C, appeaping,_ EIEREIER

.\ after 2 to3 days of calm sunny weather and d1sappear1ng with the

onset of the usuaT wind turbulence. From mid-June to mid-August, -

surface water temperatures remained stabTe with1n al8 to 21 °C

. range. Then September through November Ta&e water temperatures

.;QUTCKTy decreased.

'”.’{_.4

“Ice formed the second week -of November'and inverse

I
i
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stratiftcation began. December 1974 through March 1975, water?f
temperatures.just under the ice were near 0 °C; temperatures at f m
were near 4 °C. vThere were slight fjuctuations. Especially
noteworthy were irregular increases just below the ice and at- the 7 -
m depth. 5
_Daylength and air temperature 1ncreased markedIy in April 1975.
With increasing day]engths and air temperature and the spring 1ce
break-up occurring the fir;t week of May, a cycle very similar to
the previous year's began. Homoiothermic profi]es éxisted through
spring, %ummer, and autumn with no exceptions. The summer
temperatures were stable within the 15 to 20 °C range from late June
through late September. The maximum difference 1n temperature
‘between O.mand'7 mwas 2.5 °C on 6 September The lake -cooled
qu1ck1y in October and. by the first week in Nov..ler it was 1ce
covered. Again, inverse stratification occurred under w1nter ice |
with temperatures near 0 °C just underneath the ice surface and near
4 °C at 7 m. Thic temperature reqwme was re]ative]y stable
throughout the ice covered period, November 1975 through April 1976.
A warming trend began under ice in April 1976, and by 1ate.in the
month ice break-up occurred, almost two weeks earlier than spring

: : N
ice break-up in 1975 No persistent temperature stratification was

recorded for the spring, summer, or autumn of 1976. On 8 Auglist a
short-1ived profile was found. Differences of 1 °C between 1 and 2
m, 2 and 3 m, and 6 and ? m were recorded. On this date too, the ;
maximum temperature djfference between O m and'7'm'occurred, a range

nf 3 *C. Temperatures between mid-June and mid-September were ir



r

R A e L
the 15 to 19 °C range. But by October, the temperatures had
decreased greatly. ‘

A time-dépth:diagram of percent oxygen saturation is presented
(Figure 3b). Immediately after spring ic7 break -up in May of 1974,
a clinograde oxygen depth profile deve1oped This marked |
stratification continued through the spring and into the summer with

Afoxygen values greater than 100% common in’ the euphotic zone 0 to 2 m
and less than 10% in the aphotic zone just above :the lake bottom.

The stratification broke down in mid-August. Values exceeding 80%
Qere recordéd .throughout the water column in late August, September,
October, and November. levels in excess of 100% continued to be
present in the upper 2 m. Un&er newly formed ice in N@Vember,

supersaturation extended to a (depth of 5 m. g

Under ice cover from December 1974 through March 1975 oxygen
levels just under the ice ste%ﬂl1y décreased to a low ofvgh%

During this perind, saturatunn values below 10% were found near the

take hottam, and in March_  the entire ?egion 4 m to lake bottbm was

less *han 10%. Nxygen levelc began to increase in early Apri) still

.7 undev ice cnver With fce hreak up during the first week of May

"075. theve were uniformly high percent saturation values for the
entire water colimn and thic condition continuéd through the spring,
summer, and autumn with no stratification evident. Levels in excess
of 100% were maintained throughout the water column during June and
July, and in the top 2 to 3 m during August, Seetqﬁggn, and October.
Then the percent saturation began toldecréase rigid}y'toward the end

of Qctober and into-Novemher ac ice formed.

»
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A more gradua] drop “then followed in December 1975 through

\\‘_ March 1976 when an 11% ‘saturation va]ue was found just beneath the

>

" from one-h3Tf feter BElow"the ite down to the Take bottom. Ane ~ . .

o

5et fhe 1ower depths, and by March 1976, readings below 10% éxisted

1ne}ea§ewoﬁssur£acequ1ues occurred under ice in April 1976, much as

in April 1975.

After ice break-up dUring the last week of April 1976,M

isop1eths”indieated high uniform saturati®n, and values in excess of

100% occurred 0 to 1 m. 'This continued through May, June, and July.

the surfdce:to less than 30% at 7 m. This clinograde stratification

L d

persisted through September and October when the final data was
collected.

A tabulation of water chemistry data is presented as\month1y‘
means of the 0'to 7 m water column for carbonate (C03), chloride
(C1), magnesium (Mg), potassium (K), iron (Fe), manganese (Mn),
copper (Cu), and zinc (In) to facilitate comﬁ%risons4gver a varifable
sampling schedule May 1974 through April 1976 (Table 2). The pH,
conductivity, calcium (Ca), bicarbonate (HCO3), sulfate (SO¢),
silica (S10,), nitrate (NOs), and orthophosphate (POs) are presented
as iime-depth diagrams because of the potential for dynamic spatial
and fempora1 relationships with lake biota (Figure 4, Figure 5,
Figure 6, Figure 7) _

The pH showed a general decrease w1th depth; the maximum change
in values from 0 to 7 m approached 1.0 and occurred during summer

t

dce. Oxygen levels less than 10% were first noted-in December 1975 i

A period of stratification began in August with levels 90 to 100% at~ﬂ

e -



" Figure'4. o
Time-depth diagram of pH (A) and time-depth diagram
of conductivity expresseéd as micromhos/cm
.. (B) for the phytoplankton.
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’ Figure 5 ‘
Time-depth diagram of mg ca1c1um/1 (A) and
time-depth diagram of mg sulfate/1 (B)
for the phytoplankton.

Yy






Figure 6. :
Time-depth diagram. of meq bicarbonate (A) and
time-depth diagram of mg silica/l (B)

CoaL o . Tor .the phytophnkton AR
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F1gure 7.

o Time depth-diagram of . m n1trate/1 X 16‘ (,}\1,~ R "'{:L

and ‘time-depth diagram :of mg- orthophosphate/1
.x 10% (B) for the phytoplankton.
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and ‘winter (Figure 4a) Seasona] f1uctuations of the monthly means

" were re]ative]y steady w1th the highest va1Ues‘3n summer and the -

1owest in w1nter (Table 2) " The range from 7.3 to 9.3 extended over

a mean of 8.2_1 0.5 during4tﬁe'tWo'yeerAperjod.

Specific conductance, expressed as micromﬁos/cm, is one

representatfon}of major 1ohs.in a lake. Conductivity units

increased with depth; the maximum difference betﬁeeh 0 and 7 m was

-ZZO»micrthde/tm noted in February 1975'(Efgurei@p); -Seasonal

va1ues'moved'gradua11y fromISUmmer minima to win;er maxima (Table

2). The two year mean was 984 + 115 micromhos/cm with a range of
833 to 1263 m1cromhos/cm T

The maJor 1ons in Hast1ngs 1nc1uded the four cations sod1um >

calcium‘> magnesium > potassium along w1th the four anions sulfate >

& Tt

bicarbonate > carbonate > chloride. Hastings, then is a sodium

'.su1fate lake, as are the other prairie-park]ahd lakes in the Cooking -

Lake Moraine (Potter 1977) " The importance of b1carbonete and.

ca]ciums 1s a]so ev1dent | S
Eacheof the four cdtfons shewedfhighest-concentﬁatfons during
winter (Table 2). The mean sodium level was-907:,11 @9/1 over a

range of 78 to 110‘mg/1; Calcium was the only cation presehted.as'a

time-depth diagram, as there was a potential for spatial and

- .

temporal associations with lake biota (Figure 5a). However, data

indicated an equa]_distribution[of cglcium with depth was host

common. Seasonal fluctuations were more .irregular than those of the

“other cations with a mean of 44 + 18 mg/1 and a range of 19 to 101

mg/].r‘Magnesiuﬁ and. potassium levels were similar to calcium but

*
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. “not as erratic the reSpective means being 44 + 7 mg/i and 28. + 4
- mg/1 and the reSpective ranges being 23 to 63. mg/i and 19 to 35 .
mg/1. \ e o -
The anion sulfate showed'a slight tendency to decrease with

- %
depth, but exceptions did occur, especially during February, March,

and Apri1'1976 (Figure‘Sb)?f’geasonai values varied, but summer
levels tended'to’be Tow and winter Tevels high:(Tabie 2).
Concentrations averaged 253‘1:46 mg/1 and ranged from 132 to 338
mg/1. ’ A
. .In the pH range of Hastings, bicarbonate. is the maJor source of
ncarbon for photosynthesis Its vertical distribution was Simiiar to
that of conductivity as meq vaiues tended to increase with depth
the maximum difference between 0 and 7 m was 1.7 meq in July 1974
'(Figure 6a) | Monthiy’means of bicarbonate were somewhat variable,
but generally summer minima and winter maxima occurred (Table 2).

A minor carbon source existed as the anion’carbonate. It was
“the on]ydmajor ion to havelsummer maxima and winter minima (Tabie
2). The average was 15 +'10 mg/1 and the ranoe“was 5 to 33 mg/1.
The renaining anion chloride both increased and decreased rapid]y
around mid-winter maxima; concentrations averaged 9 i_3 mg/1 and
showed a range of 4 to 21 mg/1. .

Minor ions by mass, but of considerable importance to the biota
as micronutrients,-are iron, manganese, copper, and ;inc.‘ The mean
~iron concentration was 0.04 + 0.02 mg/1 over a range of 0.0l to 0.05
mg/1. Aithough month to month changes were erratic and data during

the winter of 1975/1976 was sparse the highest values occurred in



'\ winter (Table 2). Manganese data and limited zinc data show winter
‘and'sunmer peaks over respectiue ranges of O;QI to 0.09 ng/i and
0.01 to 0.19 mg/1 with respective averages of 0.03 + 0.2 mg/1 and
0. 07'+ 0.07 mg/1 (Tabie 2). Copper showedfoniy a summer peak over a
range of < 0.01 to 0 03 with a mean of 0.009 + 0.006 mg/1 (Table 2)
‘ Siiica is a nutrient which is present innfréih water at
relatively low concentrations but which 1s a major nutrient.
Measures of silica. concentrations with depth ‘showed distinct
profiles. . A s]ight dep]etion was shown in surface waters in spring

o

of 197$'and 1976. - The mest distinct distributions were found during
"wiﬁke} under iceZ for'exampie in March of 1975, 2.05 mg/1 1eveis at‘
om increased to 3.80 mg/1 at 7 m, and in March of 1976, 1 20 mg/l .
levels at O m increased to 3.30 mg/1 at 7 m (Figure 6b). The . -
-seasonai f1uctuatiohs of monthly means in 1974 indicated Springiand
-autumn Tow concent:atiOns less than,‘or eoual to, 0.50 mg/1. A
summer peak near 1.00 mg/1 occurred. During the winter of )
1974/1975, annual maxima were ‘more than 2.00 mg/1. No spring lows,
nor summer highs; were noted in 1975. A steady decline from high
Winter concentrations continued through spring‘and summer into
autumn lows. _Levels below 0.50 mg/iuwere recorded in August,
September, October, and November. 'The‘1975/1976 winter maXima
.,quickiyffoliowed again with values over 2.00 mg/1. In 1976 a ;u
_spring low near 0.50 mg/l and a summer high greater than 2. 00 mg/1
occurred before the coliection of samp]es for’ chemistry ceased.
Silica ~averaged 1. 18 + 0. 70 mg/i over a range of 0 30 to 2.30 mg/1.

Likewise, nitrate does not account for a great deal of mass in

@ <
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freshwaters but it does function as a maJor nutrient source The ™

spatial distribution of nitrate was interesting in Hastings. During
" the ice free seasons, a slight increase with depth was evident;
‘especiaity during 1974-(Figure 7a).' chever, in the latter half of
the winter under ice cover,'a marked decrease with depth occurred;
for e{amnle, in March of'1975~at Omand 7 m, levels were 0.32 and
0.04 mg/l, respectiveiy' Data showed low summer concentrations and
,high winter concentrations Values ranged from 0.04 to 0.24" mg/1
and averaged 0. 10 + 0.06 mg/]

of the three major nutrients phOSphate is con51dered the ieast‘
abundant in nature and the most‘]ikeiy to limit phytop]ankton
| metaboiism. Orthophosphate ianastings showed increases with,ueptn,
during summer and winter periods,'andlan euen distribution with
depth in spring and autumn (Figure 7b). Maximum differences between
0 and 7 m occurred late in June of 197& with values of 0.14 and 0.71
mg/1, respectively, then again in March of 1975 with values of 0.29
and 1.0é'ng/1. Data indicated a peak'in summer and an annual
maximum in winter. Concentrations ranged from 0.03 mg/1 in spring

‘and autumn to Q. 76 mg/1 in winter. The average over the two year

@

a

3.2.2. |
Of the 124 species identit?ed from the phytop]ankton' 19 formed

dominant populations, i.e. 20% of the respective total cell counts

(Table 3). From the dominant popuiations three species vere chosen

to illustrate representative spatia1 distributions depth "v derth

. =



Table 3. Dominant species found in ‘the phytoplankton.

CYANOPHYTA: e
Anabaena ®ircinalis Rabenhorst
Anabaena flos-aquae (Lyng.) deBreb.
Aphanizomenori flos-aquae (L.) Ralfs
Coelosphaerium naegelianum Unger .
Gomphosphaeria.|acustris var. compacta Lemm.

ngbya Yagerheimil (Moebius) Gomont )
Mer smopeasa tenuissima Lemm. '

Microcystis aeruginosa (Kutz.) Elenkin
OscilTatoria subbrevis Schmidie

CHLOROPHYTA: .
Botryogoccus sudeticus Lemm.
Chlamydomonas spp. Ehr.
Cﬁorei'la vulgaris Beyer
Crucigenia quadrata Morren
onium sociale (Duj.) Warming o
Kirchneriella contorta (Schmidle) Bohlin
Pandorina mordm (Muell.) Bory {
Selenastrum midutum (Naeg.) CoTins

'BACILLARIOPHYTA: .
Stephanodiscus hantzschii Grun.

CRYPTOPHYTA: ;
Rhodomonas minuta Skuja
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(Figure 8, Figure 9, Figure 10). A1l dominants have been presented
on a temporal basis as graphs of the means for all collection depths
(Figure 11). B .

EDuring therice free May to November-period, the vertical
distfibution of dominant species was generally irregular to even.
However, occasional sampling dates coincided with short periods of
cﬁlm weather, and.the potential for surface concentrations of

vacuolated cyanoph}cean'species,yds expressed. Anabaena ctrcinalis,

: {
Anabaena flos-aquae, and Aphanizomenon flos-aquae all exhTbited this

type of distribution. A graph of Anabaena circinalis illustrates

-

the concentratjon of standing crop in the upper 2 m of the.water
column (Figure 8). from November through April under winter ice,

the flagellates Chlamydomonas spp., Gonium'sociale, and Rhodomonas

miputa also maintained their largest populations in the‘upper 2 m.

A graph of Rhodomonas minuta represents this type of distribution;
however, during the ice free period, the ;;ﬁegu1ar to even paitern
was shown by this species also (Figure 9). | ]

A1 the remaining dominants showed the more typical irregular

to even distribution year round. Such profiles were characteristic

of the bacil1ariophyte‘Stéphanodiscu§ hantzschii and the cyanophytes

Gomphosphaeria lacustris var. compacta, Lyngbya lagerheimii, and

Merismopedia tenuissima, including even the vacuolated species

Coelosphaerium }aegglianum, Microcystis aeruginosa, and Oscillatoria

subbrevis. The chlorophytes Botryococcus sudeticus, Ch]ore]lg

-

vulgaris, Crucigenia quadrata, Kirchneriella céntorta, Selenastrum

minutum, and even the flagellate Pandorina morum also showed this




Figure 8. .
Seasonal distribution of
Anabaena circinalis :

depth by depth for the phytoplankton.
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Figure 9.
Seasonal distribution of
Rhodomonas minuta
depth by depth for the phytoplankton.
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} Figure 10. ,

Seasonal distribution o
Selenastrum minutum

depth by depth for the phytoplankton. .
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Seasonal "distributions of

A.

C.

E‘

D.

Fe.

Merismopedia tenuissima,
B.” Anabaena f flos-aquae,
Aphanizome non flos-aguae,

MicroCystis aerugigpga,
CoelTosphaerium naegelianum,

Oscillatoria subbrevis,

A
°Figui'§ €“,. - > '

}

Gomphos haeria Tacustris var. com Eacta,

H.

tebhanodﬁscus ‘hantzschii,

1. Crucigenia guadrata,

J. Botryococcus sudeticus,
K. Cﬁom”afT@ﬂs,
"L. Kirchneriella contorta,

M,“CﬁTEﬁiﬁEﬁB‘a%’?ﬁb"‘

- N. Gonfum sociale, and"

0. Pandorina’morum
- for the phytoplankton.
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typ?ca1 vertical pfofi]e. For?éiamp1e, Selenastrum minutum counts

duriﬁgfthélfirét half of May 1974 were similar for O'thfbugh 7 m,
bq;<in,thg_tatter~ha1f‘of'fhe'month cbunts were higher at 0,“2; 3,
.5, and 7'¢ﬁ5nd,f6wer_at_l, @, and 6 m (Figure 10). This more °
general type vérficg1 d1stribut1on was shown by 13‘of the 19
dominant algae. “ - | .

For the most part, ddminant species peéked temporally within
specific seasdnal houndaries,'and did nof maintain myjor populations
through.marked physico-chemical changes in the environment. 'Spéciéé
thé;“cbuld be:Characterized as spring/adfumn, SUmmer;_or winter

i

populations. Dominance has been determined relative to the other
e 7 o '
populations within the community; so indeed, an active population

may be at incregs1ng, high, decreasing, or low counts énd be
dominant dependent upon the current status of community standing

N~
~ crop Rluctuations. .

-Sevén ) eight chlorophycean dominants were spring and/or

autumn species (Figure 11). Crﬁcigenia quadrata maxima ocCur}ed‘jn
June, and th species was a dominant in June of 1974.  ChloreFa

vufgaris, Kirchneriella contorta, Selenastrum mfnutum,.and the -

vf1age11ate Chlamydomonas spp. exhibited spring/autumn peaks. But,

it was ynder winter ice when their seasonal cell count$ were Tow,

that a11'foér of these species were dominants. Dominant populations

~dig occur in addition for Chloré]1a.vu1garis during autumn of 1974,

ahdifor Ch]amydomonaé spp. during spring of 1975. The flagelilates

Gonium_soc1a1e and Pandorina morum each di§p1ayed spring/autumn

peaks and had large winter'popuTations'ﬁs well. For both species,

i



it was the large winter populations that were dominahts in the ~
o . .

community. The one rémaining chlorophycean dominant Botryococcus. |
sudeticus showed a summer peak in 1974 and wa; a dominant at that
time. |

Among the cyanophyceén dominants (Figure 11), only

Gomphosphaeria lacustris var. compacta showed spring/autumn peaks;

it was a dominant in a 1975 autumn peak. It also peaked during

winter 1974/1975, being dominant once.when counts were high, and

© once when counts were low. Merismopedia tenuissima numbers were

high in spring and summer; in 1974 coungs continued to incfeasg ~\_,/j(
spring th}ough summer, but in 1975 high spring numbers decreased
before increasing again to high summer counts. It was a dominant

when large §pr1ng/summer populations existed. Anabaena circinalis,

",Anabaena f1os-aquae Aphanizomenon flos-aquae, Microcystis

aeruginosa, and OsciT1ator1a subbrevis all exhibited 1arge summer

popu1ations. Anabaena circinalis was a.dominant when its counts

wére still low, and the remaining four:species_were dominants. as

their populations waxed and waned. Cpe]psphaerium naegelianum

-

showed summer peaks, then a decrease before increasing again to
autumn peaks. It too was a,dominant thrpugh low and high cell

counts. The sinall Lyngbya lagerheimii filament occurred as a winter

specieg_and was a dominant then.

Stépﬁhﬁodiscus hantzschii was the one,bac111af10phycean algae

- to be a dominant (Figure 11). That dominant popu]ation occurred. as

the species peaked in-spring of 1974, " The cryptophycean alga

Rhodomonas minuta showed independent spring, autumn, and winter



, autumn.
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peaks (Figure §).>'Thé large spring and winter popu]ationﬁ»were
dominants.

The vertical distribution of algal divisions was irreqular to
even. But, the seasoﬁa] interplay of cyanophycean species and
chlorophycean species was evident (Figure 12a). During spring,
populations from the Chlorophyta, Baci11ériophyta, and Cryptophyta
were important. Then the Cyanéphyta increased rapidly in summer to
'Qdi;bf more of the total cell counts. The éutumh phytoplankton
consisted of decreasing cyanophycéahAcbunts and increasing
- chlorpphycean counts that continued to increase through the winter.

The overall interaction of species with the'physico4éhem?tal
environment was indicated by three diversity indices (Figure 12b).
N6 distinct vertical distr bution pattern was apparent for the
1nd1ces Seasonally, - the sbgsifj;>1chness evenness, ‘and d1varq1ry
tended to be Tow in summer and winter, and high in spring and

AP
~
| Y

A.,, "

3.2.3. Standing Crﬁp ’

Phytoplankton staﬁding crop was determ1ned as total Cp11s/m1
and ag@%?]z§bphy]] a/m?. The two measures paralleled each other
we11,6t:= 0:650, p < 0.01 (Figure 13}, even though the samples
or1g1nateg;frmﬁ all depths. *

Sganding crop re;ults, as measured by chlorophy!l g_cdntent,
~are presented in a‘timé-depth diagran (Figu;é'14a,b). €hlorophyll a
téndea.to show siight,'ir;égu]ar changes with depth A feﬁ ‘

exceptions'did occuf. On 29 September, 1974, an unusually high



Figure 12.

Seasonal distribution of algal divisions
expressed on a percent composition
basis (A) and seasonal distribution of
.species richness .S, evenness £, and
Shannon's diversity H (B)
for the phytgp]enkton.
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Figure 13.
Relationship between mg
chlorophyll a/m3? and total
celis/ml x 10%
for the phytoplankton.
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Figure 14.

Time-depth diagram of mg~chlorophyll a/m3

for phytoplankton 1974/1975 (A) and

1974/1976 (B). Time-depth diagrams of
" mg carbon/hr/m3 for phytop]ankton
1975/1976 (C)..
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value of 316 mgfch]orophy]] _g/m3 was found at 0 m where 28,122 .

cells/ml Anabaena flos-aquae formed the dominant population. A like

situation followed on 5 August, 1974, when 213,301 cells/ml

Botryococcus sudeticus and 108,136 cells/ml Anabaena flos-aquae

co-dominated the O m co11eciion-wh{ch'aCcdunted for 134 mg )

chlorophyll E/mg.

‘Under ice on 1 December and 9 December, 1974, an

uncharacteristic steady decrease in chlorophyll a with depth was

" recorded. On these two occasions, dominant Chlamydomonas spp., with

cell counts ranging from 5,837 to 424 cells/ml, possessed vertical
distributions which followed the chiorophyll a profile. Under ice
on 26§January, 1975, a relatively high value of 38 mg chlorophyll L

g/m3 occurred with 5,094 cells/ml Rhodomonas minuta as the domihant.”

The same species was the dominant under -ice on 6 April, 1976, thh

42,697 cells/ml coﬁtributing‘fﬁ\the relatively high 5 mg chlorophyll

a/m3 found at 1 m. - ‘ l
Lastly, on 6 September, 1976, a dispfoportionately high 136'mg

chlorophy1l g/m”was determined for 7 m where 359,380 cells/ml

Microcystis aeruginosa formed the dominant population. Similar

situations occurred with specific shecies counts, even-though they
were not reflected in chlorophyll g_anomalies..tExampleS'of these
notable 1rregu1ar1t1es in the.vertical distribution of community
cell count standing crop are presented in 3.2.2."$pec1es.

On a seasonal basis, the phytoplankton O m standing crop peaked

at 46 mg_ch1orogpy11 g_/m3 in May 1974, with Stephanodiscus .

hantzschii and Chlamydomonas spp. as co-dominants. Through June as
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standing ceop decreaseg and:then,bégan 1ncreasin§, there was an
evident shift from bacillariophycean and chlorophycean to

‘cyanophycean populations. 1In'July, as standing crop steadily

increased, Anabaena flos-aquae was succeeded by Anabaena circinalis

: : By
as the major dominant. Microcystis aeruginosa replaced the Anabaena

spp. as the dominant in the latter part of July, when a commdh{ty
standing crop maximum of 316 mg chlorophyll a/m3 was recorded at 0

m. A subseguent steady decrease followed through August and

September, then a slight increase developed into a peak of 80 mg

chlorophyll _a_/m3 early in October. Coelosphaerium naegelianum,

Merismopedia tenuissima, and Osc111atdr1a subbrevis were

co-dominants then. Ice formed during November, and as standing crop
decreaéed, a shift from cyanophycean to sma11§chlofophycean'speéies

occurred'ﬂﬁmécember 1974. Chlorella vngar1$ was the major

dominant early in the winter when standing crop was low. This

pattern continued January through March 1975, when a winter standing

crop minima was recorded. The f1agii1afed.ch1or0phycean species

Gonium dociale, Pandorina morum, and especially Chlamydomonas spp.

were 1mportant'dominants a16ng with the flagellated cryptophyte

Rhodomonas minuta as chlorophyll 2 51ow1y began to increase under
ice in March and April 1975. i
With spring ice break-up and turnover, a spring peak of 52 mg

chlorophyll a/m3 was recorded in May 1975, and Chlamydomonas spp.

and Rhodomonas minuta were the important dominants.  As standing
crop slumped in June and then began to increase toward a summer

maximum, a change from chlorophytes fo cyanophytes wés notéd; all of

™

-



the July dominant$ were cyanophycean a]gae.'"A'Maximum of 117 mg
ch]orophy11 a/m3 was reached at O m in early August and

Aphanfzomenon f1os-aquae and Microcystis aerug1nosa Were" dominants

at that,time Fo]]ow1no the'summer maximum, a steady decrease :

B

carried into autumn with the cyanophycean dom1nants Coe]osphaerium

naegelianum, Gomphosphaer1a lacustris var. ompac and Osc111ator1a

subbrevis complementing Microcyst1s-aerug1nosa populations

As 1ce formed in November 1975, standing crop continued to

« A

decrease reaching the w1nter minimum by late January 1976 Durino

‘ this time, the 1atter mentioned four .cyanaophycean species rema1ned
among the dominant popu]ations at the lower depths with the 1argest

popu1ation of Microcystis aeruainosa at 7 m. But a1so small o

ch]orophycean species were co—dominant; these included Chlorella .

vulgaris, Kirchneriella cantorta, and Selenastrum minutum. In

addition, the ch]orophycean f]age11ates Chlamydomonas spp . Gonium

sociale, and Pandorina morum were dominants along w1th the

cryptOphycean f]age]]ate Rhodomonas minuta These flagellated

specyes_tended to remain:near the top of the water co]umn'and became
more and more 1mpbrtant”as the cyanophycean’and chlorococcaIean
populations decreased late in the winter during February, March, and
April 1976. o

In May 1976 with no ite cover and increased circulation, . a

spring peak of 92 mg ch1orophy11 a/m3 was present at O m with

Ch]amydomonas spp. as the dominant popuTation. Cyanophycean species

became dominants in June while standing crop decreased. Anabaena

circinalis and Microcystis aeruginosa populations carried into the
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'3.2.4, Productivity
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7
summer é standing'crop max imum pf 166 mg‘ch10rophy11 g/m’.-

Microcystis aeruginosa and Oscillatoria.subbrevis then were

co-dominants as standing crop decreased toward .the end 6f Séptember
and the termination. of the study. | | : _2 ‘
-'Thérefore,‘thrée.years of dgté'indiéated a-pefsistént'patterﬁ.'
First‘there';cﬁurfef’é-sprfﬂg'standing crop peak dominated by
f]gge]1ated;chlorophyte§_an& Chyp£opHytes. There then followed a :
suhmerAstanding crop maximuﬁ doBJnatéd by vacuolated cyanOphytes;l
and then an autumn peakuof'cyanophycean species occurre¢f ‘Ebw.L‘
winter values under ice weré dominéted by -small chloroéocchie&n
chlorophytes and gyanophytes.ear1y in the winter and flagell&féd
ch]orophytesiand cryptophytes,1ate in the winter. The cOnsiste?cy
of this pattern was further shown wiﬁﬁ'tﬁé repetition 6f some of the

same species year to year.

' Phytoplankton primary prgductfvity is presented graphica]]y as
ﬁg'carbon/hr/m3 May~l975_through September 1976 (Figure 14c).
ThroQghout the study peribd,/primary productivity decreased with
iﬁtfeasjng dqbfh;'-No relationship jas fbund‘ﬂgtyéen the vgﬁtica1
aisyrisution of_product1y1tyiahd“thét of ch]dro@hy]ijgisfénding
cfop. The dpper'3 m of tﬁevwatef hass aécouﬁted for 14 .6% of’the
total lake vo1ume, 74 .6% of the phytop1éﬁkton‘chlorophy11 a stand1ng'
crop, and 96% of the}tbta1 phytop}ankton productivity. This is in

contrast to the regign 3 m to the lake bottom, which repfesehtéd

t

~ 25.4% of the lake volume and 25}4% of the phytoplahkton standing
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crop, but only 4%.uf‘the phytoplankton productivity. Below 3 m
little productivity was evident; dUrfng the winter, under ice cover
from Detember until february 1976, produetivity was undetectable.

| 0n'those'occasiens when standing crop maxima were &t depths below 3
m, productivjty-continued to decrease with‘increasing depth, and no
'-productivity maximum coincided with a standing crop maximum.

Primary productivity decreased with pepth rapidly as light.
decreased. Light appeared to be an'dmuertant 1imiting factor
determfning the vertical profile of pruductivity.

‘The seasonal periodicity for phytop]anktonfprimary productivity
included a spring peak, a summer maximun, and an autumn peak'(Figure
14c). The peak in May 1975 followed”éﬁring ice break-up and |

turno?er Rhodomonas minuta Ch]amydomonas spp., and Gomphosphaeria

lacustris var compacta were dominant popu1ations at this time. . A
rapid decrease in productivity oecurred in June, then a rapid
increase to a mid-July summer maximum of 575 m§ carbon/hr/m3.
'Cyanophycean pOpu1at10ns were the dominant species, the most

2
prominent be1ng Microcystis aerugjnosa a1ong w1th Anabaena

flos- aquae and. AEhanizomenon flos- aquae A slow dec11ne in

proﬂuctivity occurred through the latter part of Ju]y and
August, and in September a 1ow was reached before a peak in

October Microcystis aeruginosa and Gomphosphaeria

lacustris var omgact were dominants during this autumn

peak . Afterwards, primary productivity decreased to low

winter valyes under ice and snow cover from early November

.
1975 through late April 1976. From December until late
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Febryqry, productivity'below 3,mFWas.undeteCtab1e. Above 3
m act1vity was attributed to photosynthesis by popu]at1ons

of Ch1amydomonas spp » Gonium soc1a1e Pandorina morum,

Kirchneriella «contorta, and_Selenastrum m1nutum. Primary

[

prodhétivity increased during March and April 1976, even B
: i
though the_lake was-still ice covered. Populations of

}Chiamydomonas Spp. ahﬂ'Rhodomdnas mfnuta were dominant

during this period ' In May. 1976, after spring ice break- up'
and turnover, and with 1ncreas1ng 1ight intens1ty, a rapid
increase_ln productivity resulted in a May peak dominated by

Chlamydomonas spp. A summer maximum dominated by

Microcystis aeruginosa'followed with 596‘mg carbon/hr/m3
recorded af the surface in Augusf. Prqductivjty declined
sharply into September, at which time the study was
terminated.

| Seasonal peaks in spring fhen were domiRﬁted by small
flagellates and cyanophytes. In summer and autumn, peaks

. were dominated by'lérger colonial cyanophytes. During the‘

winter 1ull in product%u’xy small flagellates were again

important.

3.2.5. Cross Incubation Studies
The results for cross incubation studfes are presented

as functions of co\lection depth and incubation depth

(Figure 15, Figure 16, Fioure 17). Standing crop,

-



\\<//kﬂ1gure 15.

Phytoplankton productivity (A) and
photosynthetic index (B) as a
function of collection and ~
suspension depths for October 1975
“through January 1976.
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‘Figure 16. -
Phytoplankton productivity (A) and
photosynthetic index (B) -as a
function of collection and
suspension” depths for March
through June 1976.
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Figure 17.
Phytoplankton productivity (A) and

photosynthetic index (B) as a function of
collection and suspension depths for
August through September 1976.
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productivity, and the photosynthetic index are expressed as
mg chlorophyll a/m3, mg carbon/hr/m3, and mg carbon/hr/m*z
mg chlorophyll a/mJ respectively.

Primary productivity and the photosynthetic index
decreased with increasing depth on almost every sampling
date (Figure 15, Figure 16, Figure 17). On 11 October,
1975, there was little difference amohg the productivity
values of all samples incubated at 0 m. The standing crop

decreased steadily with depth. 'Microcystis aeruginosa and

Gomphosphaeria lacustris var. omgacta were co-dominant

populations at all collection depths with<05c111atoria
Py .
subbrevis an additional co-dominant at 5 and 7 m. The

re]ationshiy of the photosynthetic index to collection and

, .‘}is of'Tnterest since the indices of the 5
and 7 m collections were greater than those of popu]ations
collected at 0 and 3 m when all were incubated at the -
surface. . Then on 4 November, 1975, productivity and the
photosynthetic index paralleled one another closely witp
respect to collection and suépension depths. Standing crop
changes were'slight with the sma]]éﬁt population found at 0

m. Again Microcyctis aeruinosa and Goﬁphoshaeria lacustris

var. compacta were co-dominants at 511 collection depths.

"By'Decembq;, 1975, theiigke was ice covered and the

standing crop increaséd with depth. Chlamydomonas spp.,

Kirchneriella contorta, and'ChloreTTa vulgaris were

co-deminants at 0 and 1 m; whereas, Microcystis aeruginosa
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and Gomphosphaeria lacustris var. compacta were co-dom1nants'at 3

and 7 m. When samples were incubated just under the ice, only the
populations from O and 1 m‘responded. These populations also

responded when incubated at 1 m, but not at 1ower depths. The

photosynthetic index showed the same pattern with the population
collected at O m having the greatest index. A similar situation

existed on 30 January, 1976. The standing crop maximum was at 3 m.

Gomphosphaeria lacustris var. comgacta was the dominant at O0.m,

while it co-dominated with Microcystis aeruginosa at 2 and 3 m, and

Microcystis aeruginosa alone dominated the 7 m collection. Only the

poputations from O and 2 m responded. The productivity of the 2 m
collection §uspenqed just under the ice was slightly greater thanQ
that of the O m c611éctions incubated there. The pﬁotosyﬁthetic
irdex followed a 1ike pattern, but the O m collection showed the

highest index at the 0 m suspension. By 16 March, 1976, the

flagellated algae Chlamydomonas spp., Gonium socia]e, and Rhodomonas

minuta dominated all depths as standing crop decreased with depth to
a sma}l biomass at 7 m. :However, produ;tivity was'recorded at all
suspeﬁsion depths by all the populations. Below the O m suspension
depth there was a sharp decréase in productivi}y,for all
populations, The photosynthetic index gave a differé\t pattern as
the populations collected froﬁ 7 m yielded the}highest indices at _
all depths; wﬁereas, thérg were few differences among the otper
co11ecf10ns at any given depthi Under ice=on 6 April, 1976, a
pattern similar to that of 16 Mariz;gsghrred even though the - -

standing crop showed a more irregular distribution. Chlamydomonas
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spp. dominated the O m collection, Rhodomonas minuta the 1 and 2 m

collections, and Kirchneriella contorta the 7 m collection. The 7 m

collection showed the smallest photosynthetic'index, while the small

biomass found at 1 m gave the highest index at all depths. ‘
A study done on 22 May, 1976, after §pring ice break-up, showed

§tand1ng crop to be eveniy distributed in the water column. \ |

Ch]amydomonas Spp - wefe'dominant at 2 and 7 m, and co-dominant with

Coe]osphaerium naege]ianum at Om and K1rchner1e11a contorta at 5m.

Primqﬁy product1v1ty and the photosynthetic 1ndex responded
sim11ar1y for all collection depths at respective suspension deeths.
. A11 showed a sharp decrease.when incubated below O m. This changed
on 30 June, 1976, a$ popu]atfbnglcol1ected at 0 and 7 mVAepths
yielded higher productivity and photosynthetic indices than those
collected at 2 and 5 m. fhé standing c;ops at 0 and 7 m were 1at?er
than those at 2 and 5 m. All depths were dominated by Anabaena

circina]&s and Microcystis aeruginosa populations. The standing

crop decreased with increasing depth on 7 August, 1976 (Figurel17).
Max imum proddctivity occurred when the ﬁopu1atioqs from O m were-

-suspended at 0 m. Other productivity‘values were variable; the

populations collected from 5 m responded 1ess.than the O m
collection, but more than the populations from 2 and 7 m. In

contrast the photosynthetic index of the 7 m coll,

greatest followed by that of the 5 0, and 2 m c011ectio

September, 1976, the standing crop was even]y d1stributed but with

a s1ight decrease at 5 m. Microcystis aergg1nosa was aga1n the

.dominaht spécies at 0 and 2 o gnq was a co-dOminant with

.
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Oscd11atoria-subbrevis at 5 and 7 m. The general pattern ot

" productivity and its relationship with collection and suspension
'depths;was again slightly irregular with the popu]ations at 7 m
accounting for the highest productivity value among all the
collections suspended at- 0 m. 'The trend of the photosynthetic index
‘ w1th respect to collection and incubation depths. was more regu]ar
The O m suspension depth was highest for 7 m p0pu1at10ns,‘then 5, 2,
'and 0 m ones. A'mdre variable re]atfcnship existed when populations
- were incubated at 2 m, here the collection from 2 m yie]ded .the

. highest index. pn 26 September 1976 the final study showed '

stand1ng crop 1rregu1ar w1th 1hcreasing depth and Oscillatoria

subbrev1s was the dominant algae at all co11ection depths. At O m,
/

suspension depth product1vjty was h1ghest‘for the 7 m’populations,
tﬁen the,S, 2, and 0 m ones. The photosynthetic index was similar
with the 7 m collection highest at the O m suspension depth, but
with the 2 m co11ect10n.being slightly higher than the 5 and O m
co11ections

As shown, primary product1v1ty and the photosynthetic index
*

decreasedlwith increased suspension depth, hence decreasing 1ight
intensity. 'Two exceptions did occur;'both 1nvolved-1ncuEation of
_.samples under 1ce The first occurred on 16 March 1976 when the
saﬁp1e collected from just beneath the ice gave a h1gher primary
:'productivity value when 1ncubated at 2 m than just under the ice.

- The second occurred on 6 April, 1976; on this occasion it involved
the 7m co11ectdpn which showed its htghest:productivitylat 1m, not

at 0 m. Onfboth dates, the photosynthetic index para11e1ed

-~



72
. productivity. Although no evidence of surface 1ight inhibition
\;Ecurfed in normal time-depth studies of productivity, these cross

incubation studies did indicate 1ight inhibition indirectdy.

A 4
3.2.6. Photosynthetic Index, Photosynthetic Efficiency, and

Productivity Efficiency
}he photosynthetic index expressed as mg carbon/hr/h’a-mg
chlorophyll g/m’ is tabulated depth by dépth and graphed seasonally
for the 0 m depth (Table.4,.Figqre 18). The indéx was highest near
the water surfaceg;henée the region of highgst light, and it
decreased as dépth 1n¢reasea. Seasonally the index was low in May
1975, then it sharply increased to’a.maXimum of 45 by late June when

Anabaena flos-aquae was the ddminaht population. A comparably sharp

decrease followed into.JuJy and the index remained low thrqugh the
summer and autumn. It detreased further untii a m%nimum was
recorded.under the winter ice 1nvDecember. From Decembef 1975
through‘February 1976, in the lake region 3 m to the bottom, the

index was zero due to the lack of detectable productivity. Then as

thes flagellated algae Chlamydomonas spp. and Rhodomonas minuta greﬁ

in importance, the index slowly increased just under the.ice. After
spring ice break-up, the¥¥ncreasé quickened as'spring'populations‘of

Chlamydomenas spp. were dominant. Then a rapid increase to a late

June maximum of 50 occurred as Anabaena circinalis and Micrdeystis
agquihosa became'cnrdominants. During summer and autumn, a gradua1'
decrease was noted. '

- The photosynthetiq efficiency exﬁ?eséeé as mo carbon/hr/m’+

p; D
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Table 4. Mean photosyhthetic index, photosynthetic efficiency,
-and productivity efficiency tabulated by depth :for the
phytoplankton during the May through October period of 1975.

L o . {
om -2m . 3-4m - 5-7m
Photosynthetic  4.98 1.58  0.44 0.17
Index -~ : A ‘
Photdsynthetic  6.62 126.60  166.65  250.00
Efficiency - . :
Productivity 0.12 2.37 - 3.19 - 6.75

- Efficiency



Figure 18.
Seasonal distribution of
.. photosynthetic index ( )
_and photosynthetic efficiency {_
and productivity efficiency (......)
based 0 m data
for the PRytoplankton.
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ca]/_h"r/cniz is tabulated as aVeragg'Qa]ues by depth and is graphed on !

- -

a seasonal basis for-0 m data (Table 4, Figure 18). Effié}ency
increased as markedly with depth as light decreased; the values at 7
m were one hundredfold thoée a% 0 m. Seasonally at O m, the .

photosynthetic efficiéncy showed summer trends to a peak of 14 in

July of 1975 and 1976, with Microcystis aeruginosa the domimant;in-

both years. In addition, on one winter date in February 1976, the
efficiency spiked to a value of 16 when bopu1atibns under the ice

were. deminated by Rhodomonas minuta.

‘s
The productivity efficiency expressed as mg carbon/hr/m® +(mg
chlorophyll a/m3 x cal/hr/cm?) is tabulated as average values by

depth and is graphed on a seasonal basis for the 0 m data (Tab]e 4,
Figure 18). The efficiency incféased;as markeglg as 1ight decreased
"with depth. Seasonal fluctuations showed two smé]] pul ses during
the ice %ree seasons of 1975 and 1976, one in spring when

‘ Microcystfs aeruginosa was co-domiﬁant with Coelosphaerium

naegelianum. However, the highest efficiency values occurred in
January and February under winter ice when productivity, standing

crop, and 1ightf@erg_lowest. It was at this time that Chlamydomonas

. »SPp. and Rhodomonas minuta were co-dominants. Maintaining positions

N

high in the water column near. the ice, these small pod"ations were
/ A ’

able to utilize very'low‘1ight intensities and carry on

photosynthesis at productivity efficiencies relatively high in

relation to those at other time; ;} the year. That is they

exhibited the ability to utilize available chlorophyll and availdple

1ight more efficiently than other populations.
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3.3, Dfscussion‘
3.3.1. Physico< chem1ca1 P arameters

Monthly means of incident irradiance showed summer values
tenfold those of yinter., As marked as the month to month
differences were, steady decreases summer to winter ‘and increases
winter to summer occurred.

The penetration of imping%ng 1ight into Hastings Lake was of
par;icu1ah interest. The euphotic zone, as defined by the 1% 1ight
transmission level, was’restrieted to the upper 0.5 to 3.5 m of the
weter column.. This atten ation of inc1deng irradiance canAbe
considered an adeitive function of water color, ice and snow cover, RN
suepended inorganic and organic detritus, and algal stanaing crop
(Megard 1972, Lorenzen 1972, Steel 1974", Ganf 1974a,b, 1975).

During ice free periods in Hastings, light attenuation was closely
re1ated to phytoplankton standing crop size, as the greatest

reduction in light penetration occurred when high algal standing

crop was phesent August to, October 1974, August 1975,‘and July 1976

Yet the critical wave depth (Sverdrup, et al. 1942) established in
Héstihgs by persistent winds during the ice free seasons was 3 ﬁ,
ane/this vas certeinly enohgh to agitate consideraple amounts of

nonalgal material into'the'water éoluhn as well. .During winter, the

ice and snow cover reduced 1ncoming irradiance to less than 10% '
before it reached the water just beneath the ice. The wind shifting

L~

of snow cover and changes in ice and snow texture can all influence

the amﬁﬂﬂf of 1ight reaching the water, but generally 70 to RO cm of

snow will virtually darken all incident irradiance.
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Calculations based on a linear regress1on between the 11qht
.ext1nction coefficient and alga) stangﬁha crop chlorophyTl #n
Hastings indicated the algal materia] accounted for 51.3% of the
1ight attenuation and the nonalgat material 48.7% (Hickman pers.
com.). The rapid attenuation of light by both algal and nona{gai
materials appears characteristic of ;astings Laknl?nd other
prairie-parkland lakes (Hickman 197%a,b,c). |

As rapidly as incident solar radfation increased and decreased

with the seasons. one might expect a like track for lake water

temperature. TIndeed, rapid spring heating and a rapid autumn
"cooling helped define envirohmentéi shock periods in Hastings and
other prairie parkland lakes {Hickman 1979a ,b,c). The temperature
curve was somewhat dampened in a two to four week lag bphiné?thp
solar radiation curve aad~$he potent1a1 for vertical stratificatior

“&Y*

:&amdh samp11ng dates during the ice free period.-

was shown.gnAt;;_

-‘;y gradients:

'Duringtﬁhb winder, under ice and <now cover, fnvérsg)
ﬁtratificatfon was noted withftemberhtures neaf 0 °C juég under the
ice and near 4 °C a@'iake bottom. There were sligi\t fluctuations. ™\
Discrete pockets of warm, less dense surface wgpr were noted under
spring ices in Hastings (Potter 1977). Near the surface, variations
may be due to changihg incident irradiance and shi%ting snow'cover,

Temperdtufe'variation near the bottom may be the result of currents

created by the influx. of warmer water from the shallow, heated

!



a/

79

1ittoral zone (Wetzel 1975), or from ground water flow into the

i3 ) ‘0 »
lake (Schwartz and Gallup 1978). - Ch

The spatial and temporal distributions of oxygen in Hastings

-can be attributed to the -effects of wind tarbulence, algal

photosynthesis, and bacteriaI respiration ,During spling and fall,

when algal photosynthesis was moderately high, the oxygen generated

was enough, under the influence of wind turbulence, to keep percent '
saturation.fevels at, or near, fBO% throughout the water column.
Summer oxygen 1evels expressed as means for the water column,
decreased because the high saturation levels near the lake erface
from algal photosynthesis were offset by saturation levels 1ess than
50% near the lake bottom from bacterial decomposition of organic
matter. This stratification occurred in spite of wind turbulence
constant]y mixing both 1ayers ‘and so indfcated the intensity of
both the algal photosynthes1s.and the bacter1a1 respiration. During
winter as photosynthesis decreased and ice and snow cover cut off

‘‘‘‘‘ | X% »
exchange with the atmosphere oxygen levels decreased. Here

A

| stratificat1on was seen again, as small algal populations

o~ TN

photosynthesizing onder restrictive light conditions generated
orygen near the lake surface, and bacterial populations decomposing
organic matter consumed oxygen near the Take bottom.

A similar situation existed for the spatial and temporal

distribution of Hastings pH. The higher pH's near the top of the

<+

water column éaﬁ be attributed to algal photosynthesis, and the
lower pH's near the bottom of the lake can be attributed to

bacterial decomposition. Within the pH range exhibited in Hastings -



photosynthesis takes CO, from HCOy yielding OH, and decompositfon

| provides C0,, which combines with OH y1e1d1ng HCOy. The pH
stratification in sfmmer, 1n Spite of wind turbu]ence aghin :;tésts
to the immediacy of “the above react1ons Likewise, high summer pH's
were probab]y due to high photosynthes1s, and low winter pH's due to

[

high decomposition. A : ‘.

)

An overview of spatfal and tempdra1 changes:jn the major

chemical ions ﬁay'be,géined from data on specif{c'condhctance and
bicarbonate (LunJ 1957, Wetzel 1975). Both increased slightl}hwith
depth. Photosynthesis would deplete bicarb;ﬁate and other nutrients
in the euphotic- zone, and decomposition pf organic matter would
increase ion 1evels.1n the aphotic zone. Also, the Tow oxygen
cond{}ﬁons accbmpanying decomposition would he]p‘reduce the oxidized
.m1crezone barrier on the sediment surface and fons would be released
to the water column (Mort1mer 1941 1942, 1971). This is especial]y
.noteworthy in winter. Seasonal peaks of summer photosynthesis and
winter decomposition wou]d Tikewise help account.for summer lows and
winter highs in specific conductance and bicarbpnate as composite
representations 6f total ion fluctuations. )

A1l four major cations indeed did Show winter peaks, but
sodiumi, magnesium, and potassium were ré]atively siab1e, while
ca¥tium showed marked changes. Although calcium has been shown to
bé an integral part of the inorganic carbon cycle and the
co-precipitation of inorganic nutrients (Wetzel 1975), changes in

Hastings concentrations were erratic and appeared net to be

associated with any of the abiotic, or biotic, phenomenon monitored.
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The anions sulfate, bicarbonate, and chloride also showed
winter peaks; in contrast, carbona-te showed a su@eak. Hastings
seasonal sulfate results were surprising as incréas }were found
with decreasing oxygen levels. Increased sulfate concentrations are
most often associated with increased oxygen levels and the resul ting
o;idation of hydrogen sulfide (Wetzel 1975). It is possible that
photo-autotrophic sulfur, bacteria, aneerObes that photosyntnesize
under ltow 1ight conditions, could oxidize hydrogen sulfide to ,
sulfate; however, such populations of bacteria tend to be :ik
short-lived and not likely to_ account for a ninter season of high h
sulfate concentrations. Such populations were not observed in
Hastings during the study, but records have been noted in other
lakes within the Cooking Lake Moraine (Potter 1977). A direct
poéitive relationship between sul fate and oxygen was found for
vertical pfofiTes in Hastings as both tended to decrease with depth.

| As noted earlier, the other major anion bicarbonate increased
as depth 1ncreased and showed high winter va]ues This pattern and
the part bitarbonate plays in the 1norganic carbon cycle 1inks the.
ion inversely to photosynthetic uptake ‘of carbon. In contrast,‘ -
carbonate showed a summer peak. This was probably due to the 4
increased summer pH shifting the equilibrium of carbon species
toward carbonate, though concentrations were st111'1ow (Hutchinson
1957). The remaining anion chloride increased in winter also.

The micronutrients 1ron manganese, and c0pper showeg%:veraiEs’
close to worldwide 1eve1s, but zinc Tevels were somewhat higher than

average (Wetzel 1975). Al1 then were in sufficient concentrations



1975) but certainly enough to support diatom popuiations. The

_ Physico-chemical Parameters) ' L ’}

to support algal growth. Ail'appeared'to-be inverseiy:assocjated

with Oxygen’concentrations.‘ Such situations have been?iinked to”
chemical redox reactions for inorganiq;iroﬁ and manganese on

sediments (Mortimer 1971); however, copper and iinc fluctuations.

have been assignéd more directly to the decompositioh of organic f;
matter (Riley 1939). | o
’ Silica concentrations in Hastings were. 1ow %o moderate (Hetzei
interrelationship between silica and diatoms is mutually paramount

with respect to their distributioﬂs (Jorgensen 1957 Lund 1964,.

Tessenow 1966) Yet the vertica] distribution of silica- revea]ed

only a limited association with diatoms during the springs of 1975

Tand 1976 and on a seasona1 basis, 1itt1e correiation cou]o be found

between si]ica and overali diatom popuiations% The physico-chemica]
effects of decreased oxygen, decreased pH, and relatively inCreased
temperature nearviake bottom on silica so]ubility were evident in
winter as concentrﬁ&ions emanating from sediments increased greatly
A summary of 51iica and diatom popuiations from tﬁf phytoplankton,

the epipelon, anﬂ‘the epiphyton is presented 1ater (6. 1 1. . B

3t

5, ¥

~  Nitrate and ammonia are the two forms of; nitrogen assimiiated b
by most algae (Lewin 1962). Only nitrate was monitored as part of
this study; nitrate is generaliy considered to foiiow ammonia
inversely. as oxygen 1evels increase -and optimize the activity of
nitrifying bacteria (Hutchinson 1957, Gode and Overbeck L972) ‘But

in Hastings, during the ice free seasons, nitrate increased with
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depth This occurred even. when oxygen decréased with depth, as
3
oxygen-cpncentrations may not have become so low ‘as to become
critical for nitrification (wetzei 1975). But, the assimilatioh of
nitrate»by aigai populations couid account for reduced S
?j concentrqtions near the surface and for reduced values duringrthe
~ ¢ice fr;; season During winter under iéea.as decomposition became

more and more impdrtant oxygen concentrations did approach critica] P

levels deep in the water colqmn restricting bacteria] nitrification. .
of ammonia to nitrate Nearer the 1ake surface under ice, sihall
B populations of algae utilited some nitrate “but also created enough

oxygen through photosynthesis to accomodate the oxidation of ammonia

. to nitrate. So, from the iarge decomposition source, ammonia was

oxidized and accumuiated as nitrate to become seasonaH maxima in the

~
b

upper oxygenated layers of the water column as winter n¥trate

concentrations decreased with depth .
- : : A

However th ‘winter increase in nitrate and all the *“

aforementioned ions with the exception of carbonate may be due, at

1east in part, to the selective exclusion of'chemﬁcal -species from

. lake ice during® freezing (Bennington 1963 Schwartz and Gai]up
1978). Hastings ice .accpunted. for 29% of the total lgke vo]ume but
the fce possessed oniy‘about 3% ,Of the eiectroiytes found in the

surface water before freezing (Potter 1877)s That is, 97% of the
' X
eiectroiytes insthe surface water were dis%gaced into the remaining :
) ® K o '»’ )
71% of the 1ake voiume as 1ce was fbnmed Howgwer, vertica]

distribution studies generai]y did not indécate the ice in effect
@ ]
- being a source as, freezing occufred. Nitrategwas a possible
® ‘ * .

A 2

- 3
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" exception as. it appeared to emanate from the ice in time-depth

diagrams, but the increase in surface nitrate concentrations did not

-

occur early in the winter when ice was forming, as one might expect ]
:but rather later on when ‘the ice was_stable. Stiii the possibility
existed for nutrient enrichment as ions may#*be e%ﬁ]uded

preferentially (Goidman 1970 Groterud 1972 Daborn and C]ifford v

1974, Schwartz and ‘Gallup 1978).

.

The distribution of orthOphosphate in Hastings Was a -function - -

wof abiotic and biotic factors Sprihg and autumn wind turbulence
mixed concentrations evenly through the water column During-
summer an increase with depth occurred due to the combination of
a]gal assimiiation during photosynthesis in the euphotic zone (Kuh]
1962, Lean 1973, Rig]er-1973) and sediment‘reiease under Tow oxygen &
~ conditions in the aphotic zore (Mortimer 1941 1942, '1971);‘ Sdmmerf
_oxygen stratification in Hastings was ‘most pronounced fn 1974 with
~Tevels at 7 m- being less than 5% saturation' it was in this.summer ,
that orthophosphate appeared to be released from the sediments ffhe‘;‘
Summer of 1975 showed some stratification with saturation 1evels '

near 50% at 7 m, and late in the summer of 1976, stratification

‘ occurred with 1evels near 30% at 7 m. But, in neither of those

-~

‘.years was there any evidence of summer orthophosphate release
During both the winter of 1974/1975 and 1975/1976 an: increase
also occurred with depth Concentrations in toe upper portions of
the water column beneath the ice were depieted to}?ome extent by

f1age11ated algal populations activeiy assimiiating orthophosphate

in the euphotic zone. , Although these popu]ations were not 1arge

.
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they were composed of smaii unicelTular aigae that maintained growth
) L |

o rates through the winter ‘In additiop, contrary to the situation

suggested fon the other nutrients monitored' mdth of the

¥

.'orthophosphate found in “surface waters hefdre freezing appeared to
be retained 1in the ice (Daborn and Ciiffond 1974 Potter 1977)..

'Oxygen 1evels iess than 5% occurred near the sediments in both

g \l"

winters and orthophosphate was released estabiishing a’ profiie that
increased with.depth.. These major winter releases accounted for .
annual maxima. | |

o . . s : ' &
Toale Lo . - . i
. FERE . )

y H3u3.2.1 Species"‘

»

Seven of the ninegcyaﬁOPhycean dominants peaked and were
| cdmmunit:;dominants during summer“when_high'temperatureoand light
conditi "1andviou nitratevconcentrations‘océurred Indeed,. for
‘those seven species *bositive correiations against temperature ,and

R

iight tended to be good and . negative correiations against nitrate,
though somewhat iower, were also sionificant '

Merismopedia tenuissima, a spring/summer species showed

'

significant coefficients as foi]ows temperature r= 0. 630 p <
1 0.10; 1ight, r = 0.530, p < o 10; nitrate, r =»-0.250, p < 0.25.
Y'Anabaena circinaiis exhib‘tEH a high positive correiation with

temperature r'= 0 740 P < 0 05 a lower coefficient was shown'
against 1ight,lr = 0,560“ p <.0.10, and a 1ow,vbut significant,
negative«conreiation existed against nitrate, r = -0‘300 p < 0. 25 '

. For Anabaena’ flos- aquae a good positive correlation was found with

. temperature, r = 0.640, p < 0. 10 against 1ight the coefficient was.

-
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r = 0.540, p < 0'10' and ageinst nitrate, a negative r = -0.230, p <.’
0 25»existed ‘Similarly, for Aphanizomenon flos-aquae, a good

positive COrreiation was cafcuiated aaainst temperature r =0. 600,
P < 0 10 a 1ower coefficient was -found- for iight r=0. 370 p.<
0. 25‘ and a iow signifigént negative correiation was shown against

- -»

The remaining three b]ue—green dominants carried 1arge

nitrate, rs= -0 340 p <0. 25

populations into the autumn. These were ail positiveiy correiated

-

with temperatur&gand 1T“ﬁt and showed significant negative

correlations witﬁ a broad range of nutrients. For Microczsti

eruginos significant coefficients were caicuiated against
’ temperature, r -‘0 540, p < 0. 10 against light, r = 0. 430 p<’
0.10; then, against nitrate, r = -0.320, p < 0.25; carbon, r =
-0. 280 p <O0. 25 and silica, r = -0 230 p <O0. 25 For

Osciilatoria subbrevis the coefficients were as follows:

temperature r = 0. 260 p < 0 25 iight r= 0 170, p < 0 25
carbon, r = -0.670, p < 0. 10; nitrate r= -0 430, p < 0 10; siiica,
=--0.430, p < 0.10; and orthophosphate r = -0.400, p < 0. 25

Similarly, for Coeiosphaerium naegeiianum a summer/autumn species,

the corre]ations for temperature and 1ight were positive, but too |
Tow to be significant,and significant negative correiations‘against
nutrients were shown as foiiows: carbon, r = -0;590, p < 0.10;
silica, r = -0.470, p < 0.10; nitrate, r = -0.460, p < 0.10.

Two ¢yanophycean algae were dominants during winter,

Gomphosphaeria lacustris var. compactavand Lyngbya lagerheimii.

Aithougn the Gomphosphaeria speci?} peaked in spring and autumn, its
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_winter dominance was refiected in negative correiations with i
temperature and 1ight, as was the case for the angbz species.

Gomphosphaeria 1acustris var pact showed a significant negative

'correlation with temperature r.= 0. 430 p < 0.25, and a low but -
significant negative correiation with light r= -0 250, p < 0.25.
for Lyn ggg agerheimi temperature showed a significant negative :
correiation r = -0. 490 p < 0 10, whiie 1ight exhibited a negative,'
but not significant correlation r & -0.040, p > 0.26. In .
_addition, the Lyngbya species was negatiweiy correlated with silica,
r=-0.280, p < 0.25: . LT
Six of the eight chlorophycean dominants had 1argest
populations in spring and autumn when rapid]y chang*ng temperature .
_ and light conditions‘occurred. However,{it was in winter that these
six-were"community dominants; thus showing the ability to |
successfully compete‘againstzother'species’during the stress of 1ow
temperaturg and 1ight. '1ndeed,;iow but significant negative
correiation coefficients were'caicuiated.for thesevspecies'against
temperature and 1ight.

1y addition, four oi the six showed a pdsitive'association with

nitrat Chlorella vulgaris was negative]y'correiatedsagainst
temperature and 1ight, r = -0.420, p'<.0;10, and,r = -0.440, p <
0.10, respectively, along with a‘positivewcorrelation against'

nitrate, r = 0.250, p < 0.25.. Similarly, Selenastrum minutum

exhibited a negative coefficient with temperature r = -0.270, p <

0 25, and a positive coefficient with nitrate and carbon, r=0. 390

p < 0.25, and r = 0. 350 p < 0.25, respective1y Gonium sociale was.



a third species to exhibit the negative relationship with :

temperature and light and a positive relationship with nitrate as

' fo]lows ' temperature r = -0 510 p < 0. fO, then' 1ight r= -0.590,

p < 0,10; and nitrate, r = 0.260, p < 0. 25 Finaiiy, Pandorina ”

’ morum also yieided negative correlation coéfficients against

o

temperature and 1ight, but neither was significant ‘a positive
1correiation with nitrate was noted, r = 0 410 P < 0.10.

Two of those six showed a negative association ‘with

L

rthophosphate Chlamydomonas Spp - were negative]y associated with

temperature and orthophosphate r= -0.260 p < Q0. 25~'and r =

- -0.300, P < 0.25, respectively‘ Kirchnerieila contorta was -

negativeiy associate"with iight orthOphosphate -and si]ica as -
foilows “light, r = -0. 290 p < 0 25 orthophosphate r= -0 320 )
<'0.25; and silica, r = -0.410, p <0.10; “
» The remaining two chiorophycean dominants showed a positive
re]ationship with temperature and 1ight ‘and a2 negative reiationship E

with»nutrients Crucigenia quadrata peaked in spring and was a .

community dominant then, the corre]ation coefficients for

x temperature and 1ight were r= 0 420 p < 0.10, and ¥= 0 640 p <

AN

0.10, while those for orthophosphate~and siiica were r =-0. 270 p <
0.25, and r = —0.430 P <.0.10. Botryococcus sudeticus peaked in

summer and was a community dominant then; here the coefficients for -

temperature and 1ight were r £"0.290, p <0.25, and r = 0. 480 p <

0.10, and the coefficients for nitrate and carbon were r. i'°‘36°’ p
< 0.25, and ¥ = -0.240, p<0.25.

Two other species were consideredzdominant in Hagtings
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”phytopiankton. First, the cryptOphyte Rhodomonas minuta showed

“peaks -in spring, autumn and winter and it was - a community dominant
in gpring and winter For this species, a weak but significant

{;negative ‘correlation existed with temperature, r‘=’:0.360, p <'6.25,
‘and a low nonsignificant'negative correiation existed with 1ight r '
= -0.180, p < 0.25._ The second species was the baciiiariophyte |

Stephanodiscus hantzschii which "showed ‘a spring peak and was a

dominant then. There: was virtua]iy no association between this

Stephanodiscus species and temperature but a weak positive _

:,correiation was shown withviight, r =.0.320, p < 0.25. Of greater
< - .
interest were the significant negative - correiations with

orthOphOSphate and silica, r = -0.240, p < 0 25, and r = -0.410,. p <

. 0.10, respectively. In contrast aithough fotai phytOpiankton

diatoms showed a simiiar r= -0 270, p < 0 25, against _
orthOphosphate the same. dependent variabie against si]ica yie]ded
oniy r=0.140, p <0 .25, The~overa11 association between diatoms
in the phytOpiankton and silica condentrations was not good (3 3.1
) Physico-chemicai Parameters) | : '

The seasonai interpiay of dominants from the Cyanophyta and
_Chiorophyta in Hastings was evident The cyanophycean dominants
showed summer population peaks and were dominants at that time. As
a resuit they were most strongiy correiated with summer high
E temperatures. The blue-greens have been shown to have higher
| temperature optima than the algae of other divisions, S0 as
temperature increased, the biue—green-aigae gained a competitive

advantage. Large cyanophycean populations also showed a positive

KO
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correiation'with incident irradiance in Hastiﬂbs, however, members
of the Cyanophyta have been shown to be quite to]erant of both high
and low 1ight conditions (Paeri and Ustach 1982, - Van- Baaien et al.
1971, Hutchinson 1967) More importantly, perhaps, than the »
positive correlations with temperature and light, were the negative

correlations with nutrients, name]y nitrate As Sprtng and summer

e

standing crops increased a greater and reater demand was made for

nutrients in the euphotic zone. The pro rtiona1 importance for
biue-green nitrogen fixation increased as nitrates. decreased. This
special ability of certain cyanophytes to deal with decreasing
nitrate levels again placed-them at a competitive advantage during'
summer (Paer] and Ustach 1982). -

R The chiorophycean dominants generaily showed spring and autumn
activity and were dominants during winter as we]i ‘A to]erance forjgv'
winter low temperature and light was shown in negative corre]ations‘
‘with those factors Popuiations maintained a modicum of growth
under Tow temperature and 1ight and were dominants out-competing

the blue-greens as winter nitrate levels were high. Indeed all the

chiorophycean dominants with the exception of Crucigenia quadrata

and Botryococcus sudeticus, showed positive correiation with

nitrate. Spring and- autumn species responded to moderated, -
temperature'and 1ight COnditionS‘With p0pu1ation peakswand-community
dominance again out-competing b]ue-greens ‘as nitrate levels were not
at summer Tows..

Thus, the tempora1 distributions of the dominant phytopiankton

species were delineated by four shock periods (Round 1971, 1972).
: o RN
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' The firSt shock’period occurred witﬁlthe coming of ice andistabie‘
| winter conditions then spring ice break-up began a period of

: turbulent changes, next set in a period of summer stabi]ity, and

finaily, increased.autumn turbu]ence ‘began. The intervening four a"‘

seasons can be'categorized in terms of aiga]'species‘ response to
 temperature, 1ight and nitrate' *from about the first week in - |
November to about the first week in May, Hastings was ice covered
~ This. accounted for four to five months'of a comparativeiy stable

wipter-environment one which may.be characterized.by a relative

lack of change around stressfuily Tow temperature and 1ight

conditions, and high nitrate concentrations With spring ice
break up, high wind turbulence created a constantly changing

environment but one which moderated winter temperature and 1ight

stress. This short one to two month spring season gave way to
summer conditions by July, when for three to four months, reiatively

)ittie change occurred around high temperature and 1ight and iow

summer nitrate levels. During October autumn winds increased

turbulence again and another short period of quickly changing

9

temperature 1ight and nitrate condﬁtions moderated summer nitrate '

stress. - S o o //

The phyt0p1ankton community s interaction with its environment
can be refiected by - species diversity indices (Deevey, Jr. 1969,
Hhittaker 1972 Hi11 1973, E]oranta 1976) The indices have been
-associated with a varietykof parameters, but?ﬁometimess

interpretation has been difficult (Dickman'1968, Sager and Hasler
1969, Hurlburt 1971, Winner 1972, Brown 1973b). It is not the

E

-
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intent of this study to compare d1vers1ty results with otber ‘
“stud1es because differences in sample size, number of rep11cate
samp]es and ut11ization of index formulas further complicate
1nterpretation Rather the changes: 1n d1Versity are here're1ated
to environmental stability and stress withih the phytop]ankton. and
“1ater related in as 1ike a manner as poséible'to conditions within
the epipelon and epiphyton.
~ Species rtchness, evehness,'and Shannon's diversity are assumed
-gehera11y to increase %;}énvironmenta1 stability 1ncreeses (Buzas ¢
and Gibson 1969 Ht]l 1973, Peet 1974). In many studies; this has
been reported as low diversity in winter and high d1ver51ty 1n |

: summer (Marga1ef 1964, Go]dman et al. 1968 Anraku 1974 E1oranta

1976) In Hastings, winter and summer have been, described as.the “

most stable seasons. One may presume then that the stable. winter
period is subject to temperature'ehd‘1ight stress3 as stress tends
to reducend1uersity (Goulden 1969; Peet 1974). Furthermore, in
| Hasttngs one‘may.assume-thatvthe”stabIe summer‘pgriodwis also
stressed, perhaps by nutrient depletton.~ Such-summer conditions‘may
. be comparable to the 1ower'1nd1ces‘attributed‘to eutrophit or
polluted waters (Margalef 1964 Archiba1d 1972, Ha11egraeff 1976)
eSpec1a11y those associated with b]ue-green blooms (Boyd 1973)
Thus, the resu1tant pattern in Hastings 15 Tow winter and summer
diversity and high spring and autumn diversity.
3.3.3. Standing Crop

In this study a signifttantpre1ationshtp between the two -

>
1
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~standing crop measures, total cell counts dhﬁ chlorophyll a, was

found.” For Hastings phytop1ankton, there were relatively few

o dominant spec1es and those d1d not differ too greatly in size. Even

ﬂ so the phytoplankton qu collected at different depths’ and thus
represented different populations under geperallyxdifferent .
phys101091ca1 cond1t1ons, especially light. Chlorophyll a content
in algal cells can be affected by such factors; diurnal and even
houﬁ1y'changes in quality and quantity can occur (Yentsch and Ryther
1957, Fogg 1963, Colton, Jr 1972). Therefore, . @ poor ' .-
correspondence between ce11 counts and ch1orophy11 a is not unusual B
(Hickman 1973, Okino 1973, Berger 1975). In some cases, ce11,counts -
will be closely cd?;E1ated with ch1orophy11 a (Hickman and Round
1970, Hickman 1971a, 1978); however, with the above-méntioned
possibilities, it is.advisable to have the tw0»measu$es'of standing
crop as complements.

The vertical- distr1but10n of standing crop as measured by mg
chlorophyl1l a/m3 was 1rregu1ar to evln on v1rtua11y every samp]ing ;
date. During the summer, the normal turbulent pattern resulting
from daily winds acting on the shal]ow basin’ could be broken uy
consecutive calmlsnhny days./ On these rare occasions a build-up of
cyanophycean a1gae.wou ' emporarily appear on the lake surface.

This was evident only through.casua1 observations early on mornings
of samp11ng dates. Invariably by m1d—morn1ng sampling time, slight
breezes wohId disturb the surface and begin_to mix the waten column.
This irregular to even distribdtion of phytop1ankton standing crop
1s_1ypjca1 of shallow lakes subjected to persistent winds (Okino
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1973, Haertel 1976, Hickman 1979a,b,c). During winter, small
concentrations by cell counts of aigae Just beneoth the 1ce in
Hast1ngs d1d occur but the respect1ve Tow chlorophy]] a levels were
not abpreciab]y higher than values elsewhere in the water column
fuTl profiles of cell counts and ch1orophy11 g_decreasing with depth
'.are feasible in Hastings, dependent on oepth otysnow cover (Moeda
‘and Ichimura 1973, Lecew1cz, et al. 1973).

Seasona1 fluctuations in standing crop exhibited”zn {increase
- under ice in 1ate winter/early spring as has been noted 1n other

studies (Lecewicz, et al. 1973, Larsen and Malueg 1976). Just after

- -spring icelbreak?ub, spring peaks occurred, followed by a slump

fbefore the summer maxima. The ensuing decrease was punctuated with
.indications of an autunn peak,ﬁefore winter minima were shown. This
. :battern is compa