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X - ABSTRACT - '

The pOpulation dynamics of the planktonic rotifers of Hastinga
Lake. Alberta were studied from May 1975 to July 1976, The na jor

enphaais was on the environmental control of the distribution and

abhndance of the different species and on *the adaptive significanco

' and mechan su of cyclomorphoais 1n the genus Keratella. Environ-

nental factors studied included temporaturo. fbod. oxygen, and

predation. Duration of egg developnent waa ascerta}ned for sone

apeciea. _
Hastings Lake is highly eutrophic with dense concentrations

of Chlorophyta and Cryptophyta occurring in ‘the spring and fhll and

naasive hloons of cyanophyta occurring in the summer, Oxygen .

depletion occurs during varm, ¢ alm ‘Weather and under the 1co.

The three doninant rotifers, Keratella quadrata. K. cochlearis,
L
and 5. %arlinae. were perennial. existing through widely varying

environnental conditionsgv The birth rates of those and other

rotifeIS'JLro qignificantly affected by temperature., The birth

rates of Keratella were also-affected by fhe conceﬁtratioh of
edible phytoplankton. Other rotifera, such as Brachionus 531&

and Filinia longiseta. only occurred during the sunmer nontha.

' They appeared during tines of high water\tenperatures. high

'oxygen concentrations, and dense CyanOphycean blooms. The importance

LA

of filamentous Cyanophyta as. a food source for Brachionus angularis

is discussed. -Species such as Notholca gguamula and Conochilus

3

: natans appeared rastricted toﬁcptf;f water with high concentrationa

of edible cd&ﬁ%. )

iv- ' t ) L Ly
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) Results are diacuhsed'in relation to hypotheees of pooulation
regulation. Environmental factors were important in controlling 4
the population growth. No evidence for an intrinsic control was
found, although the data do not lend themselves to a thoroogh
analysis, . o ‘ g . | \

My results concerning ‘the cyclouorphosis of Keratella are in

N

PRIV

length\of“x. cochlearis and K. earlinae showed a positive relation-
ahip uith Eemperature and the longest spinea were found at
temperatures o?\approximately 20°C, . Spine.length of K. guadrata
showed a negative relationship'hith temperature. Tﬁe importance
of cyclomorphosis is discussed in terns of predator avoidance,

Some of the 1orica and spine lengths were significantly correlated
with predator density; howevez;the importance of predation in:
:causing c&clomorphosis renains obscure, The 1mportahce of
understanding the netural history of each epecies.to-explaih

- cyciomorphosis is indicated, |

I’ S,

\

I
. @iy

contraat to much of the ‘published literature on this subject, Spine =

B ,;,:;}
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- INTRODUCTION

~

The study of rotifers is a poorly developed field in North b b

America. There is a paucity of information despite the ease of
collection, world wide dietribution. and intereeting.biology of
rotifers, |

In North America, Gilbert¢G196?yti9735-etndied the utedatot;p y
relq@ionship between Asplanchna and Brachionue with emphasis on th
adaptive eignificence of cyclomorphoeie. King (1967, 1972)

with epecial interests in the effecta-of<rotifer age on population

growth and the adaptatione fbr seasonal environmente. Edmondeon
L8

(1960), one of the leading researchers in rotifer ecology, has

studied p0pulation dynamice of rotifers in Bare Lake. Alaska, using

 the egg ratio method for determining instantaneous birth and deeth

rates, George and Fernando (1969, 1970) studied seeeonal distribution

of rotifers, particularly Keratella, and the vertical nigratione

of rotifers in small lakes in eoutbern Ontario.
In' contrast to limited data from North America, European
workers have contributed the vast najority of information ,on rotifere.

The works of Pejler (1957a b,c; 1961) deserve special attention,

vHe studied the eeaeonal and geographical distributione of rotifere

from Sweden and Lapland and compiled extensive notes on each

» epeciee' relationships with environmental factors, Pejler (1962)

also etudied the cyclomorphosis of Keratella cochlearis, Ruttner-

Kolisko (197#)-contributed to the study of rotifers vit;zher work
concerning the taxonomy and general biology of the planktonic

g concgntrated on laboratory and field populations of Euchlanis dilatata



A

_of populetion,density and?cyclondrphoeis
*Heeenhurg-Lund (1930).u R

) rotifere in North America, particularly weste

tion has been based on two main viewpdints. Edmondson (1965)

; L e e

rotifers. Amren (196he b,c), uorking on Spigzbergen Island,

utilized Edmondeon ] nethods for determining instantaneous birth

I3

rates and developed‘interesting theorice on tne intrinsic control
, o

3ed on ‘the theories of

Because of this genefal lack of field da a on planktonio
North America, one |
purpose of ny etudy was to deecribe the season 1 distribution and
population growth of planktonic rotifers from Hastings Lake and
compare it to the published reports from other areas.

Population regulation has been a major area of study inyecology ’
since the time of Halthue; it has been‘the focal»point of much

discussion and has led to literally thousands of ecological studies,

~In 1iterature dealing with rotifers, discussion of population regula- .

described the effects of temperature and food on birth rates of
rotifers and suggeeted that populations are controlled by changing
conditions in the environment. Amren (1964a,c), using the same

nethods as Edmondson and medasuring the same environmental factors,

: reported no correlation betuee-.population dynamics and the

environment. He suggested an intrinsic control of population

growth, Therefore, a second purpose of my project was to study

the population dynenics of planktonic rotifers,in-lighégof these
two views, |

A third purpose of’ny study was to examineuthe cyclomorphosis -of
the genus X gel This is a particularly difficult field when

one considers the vast amounts of conflicting data concerning



. _ &
cyclbmorphosis. The i1dea was to study.cyclomorphbsis from the view
of adaptiQe significance. Thus, the problem 1s not so much_how
rotifers change shape, but why; ile whét aré the selective
pressures that determine the advantage of cyclomorphosis?

I believed that such an understandiyé could oniy come from a
detailed field study, encompassing as many environmental fact&rs

as possible.



DESCRIPTION OF STUDY AREA

Hastings Lake is'a small lake in central Alberta, situated

| approximately 40 kn_E—SE of Edmonton, ‘It is a eutrophle, non-

perceptible flow in the creek

winters. Alr temperature maxima, usually in July,

‘stratifying lake, subject to prbﬁounced blue-green algal blooms

N ‘
during the summer and severe oxygen depletion under the ice,

Ice cover usually lasts from early Novemﬂér to late April,
Figure 1 presents a map and the geographic location of £he lake,
Table 1 presents‘morphométric paramefers. |
Bedrock in the area is termed the Edmonton Formation, which is
a brackish water formation com;osed‘of bentonitic sandstones,. clays,

and coal seams (Bowser.gg al, 1962), During Wisconsin time, glaclers

~deposited a till varying from 7.5 to 30 m thick (Bowser et al, 1962).

Hastings Lake lies in this glacial till and was probably formed as
a kettle‘lake (Schwartz and‘gallup, in press),

Most of the lake isggurrohnded by podzolic solls termed Cooking
Lake lLoam., The area to‘tbe northwest of the lake tonsists of solentzic
solls” termed Ministik sngy‘:lay Loan (Bowser et al,, 1962),
drainage basin,

* Hastings Lake lies in the|North Saskatchewan Riv
In times of high water, Hastings Creek flows from th ~eastern end of
the lake to BeaverHill lake, | During the study there was no

_ Climate of the area is co tinental with warm summ and cold

<
ly exceed 3R°C
and winter temperatures rarely drop below -40°C, Annual precipitation.
averages 40-45 cm, 70 per cent of this falling as rain|and the

remainder as snow, Most of the n falls du:iné June, July, and




Figure 1. Outline of Hastings Lake, with depth contours, sampling
. stations (A,B,C), and geographical location. Stations A
and B in main basin. Station C in no th-east basin.
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TABLE 1

Morphometr§ of Hastings Lake

Main Basiﬁ“ » North-east Basin
Area : 7.3 ‘_kmz / 1.Uf"ﬁné
Volume . ca. 0,20 km? . ca. 0,02 kn’
Maximum Length. 5105.0. m 2134,0 m
Effective Length © 4953.0 m 2134,0 'm
Maximum Width ~ 1859.0 nm 991,0 m
Bffective Widih 1859.0 m  991,0 m
Maximum Depth . 8,1 m ‘ © 30 m
Mean Depth 2.7 n 1,5 n
Shoreline Length 20.5 Iknm R 7,9 km
. | (without islands)  (without islands)
Shoreline Development :2.14 R 1,86
Volume Developﬁent- 1.01 | S - 1,52

Elevation o | ¥ . 735.0 m



August, During the ice-free ;onths the wind normally approaches the
~ lake from the north-west with an average speed of 15 km/h,
Much of the natural vegetation around the lake has been cleared

~ for agricultural purposes, particularly éattle paatureé. fho

'remaining natural vegetation 1s dominated by Populus tremuloides and

apd Populus balsamifera with‘scattered patches of Picea glauca,

‘ A few houses and cottages are lbcatedtgféﬁnd'the'laké;’bafticulafly
on the south shore of the maiﬁ‘basin. ‘Because of blue-green algal
bléoms, the lake 1s used sparingly fqr summer fecreation, but it does

attract waterfowl hunters in the fall., According to local residents

the lake guﬂiorted populations of Perca flavescens and Esox lucius

until 1970, During my study no evidence of fish| was found.
' LT \ v .

~



MATERIALS and METHODS ~© =
Because of the field nature of this project, mostyof the methods
discussed helow describe the collection, enumeration and measurenent
of zooplapkton, the calculation of birth rates for certain rotifer
species, anqsthe monitoring of selecced cnvlronmental factors,
Laboratory experiments, to determine:rhe duration'of'eggs atjspecific“

- temperatures, will be described after the field methods, ) ..

GENERAL

The map of Hastings Lake (Fig. 1) shows the location of
sampling stations AQJB; and C with depths of 8, 6, and 3 metres
respectively. Routine sampling began on'Hay 23, 1975 and was
terminated on July 2, 1976, Station B was not sampled after
November 2; 1975. During the ice-free period sampling was carried
out from a 14 foot boat equipped wlth a 15 horsepower motor. In

K .
winter, a snowmobile was used for transportation. Holes 1n the 1ce

T

were’maderwith a4 powWer auger. . o S

ZOOPLANKTON
Zooplankton sauples were taken twice a week during spring'and

summer'1975. In autumn 1975, sampling frequency was reduced to about

* one sampling period every five days, - In winter 1975-1976, samples .

were taken'biweekly with the exceptién_of Deccmbér 1975 when only

one sampling period was performed due to ice conditions. After

ice break-up on April 27, 1976 the original scmiweekly sampling was

3

resumed, L R

-

w
Sy

e
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‘Sanples were taken from each station at™{ metre intervals

throughout the water column, During uinter. the ice surface was

| |
considered the surface of the, water, A Schindler-modified Patalas -

plankton trap of 9 1liters (Schindler. 1969), constructed of
transparent plexiglasa and fitted ‘with a #25 (64u),"Nitex™,
plankton ne}. was used t?’collect zoopl§nkton.- Samples were placed
in four ounce glass bbttle? and preserved in the fleld with 5%
formalin.‘ In the laboratory each sample was dilited to 75 ml ina
flask. mixed by shaking, and subsampled with a 2 nl Henson-Steupel
p;pet. The suhsample was poured into # counting chanber and allowed
to settle. All-rotifers and cladocerans were identifiod to species
"and tﬁe copepods were identified to genus. However copepod nauplii
stages were not identified as cyclopoid or calanoid. S;mples were
counted on a Wild M40 inverted microscope at 40X, For each.
zooplankton species the pOpulation density at each statiqp was
conputed by averaging numbers recofded at each depth; Station
egg'ratios. for egg carrying rotifer species, were computed by
fdividingkxhe stafioﬁ“total nuaber of eggs by the station total .
nunber of}fémales. l

rThe‘;ﬁtio of eggs pér fenale was used to determine instaneous

~ birth rates according to equation (1) from Paloheimo (1974),

o
el

1n g: + 1)

o

D

10



N ) o

where b instantanepus rate of birfh‘ /

Ct = number/liter of eggs at ﬁine.t

Nt = number/liter of amictic females at time t§

D = duration of development of cgga |

) Since some 1lloricate rotifers were difficult to 1dent1fy to

species when preserved, living rotifers were collected with a
#25 Hiscénsin-tyé? plankton‘net:and returned to labojatory., Live
specinena,wero.nounted in a drop of lake water and observed through
a Wild M20 microséOpé. For cortain species it was necessary to
remove the nastax fron the rotifer s body to ensure proper
identification. This'was dpne by mounting a rotifer in a dilute
solution of Chlorox, which diasolvéd ﬁhe soft tissues but left the
_ mastax intact (Edmondson, 1959).. Rotifers were identified using
keys from Edmondson (1959), Chengalath et al. (1971), and Ruttner-
Kolisko (1974). Crustaceans iere-identif}ed usiﬁg keys from
Brooks{1959), Wilson and Yeatman (1959), Pemnak (1963), and
Brandlova et al. (1972). ”

To 1nvestigate temporal variation of certaln species, neaauie-
ments were made of body and spine lengths, Heasurqnents were made on
sanﬁles from stakions A and C, which uere‘collected‘hiweekly during
. the ice—freévperioqs and monthly dgring/tho uigtér. Animals were
mounted in glycerin and measured aé\ygoi on a ¥ild M20 equipped

with a calibrated ocular micrometer, Two -easurcnénta were made on

' specimens of Keratella cochlearis and K. earlinae, ie lorica length

(fron base. of neaian anterior spines to base of posterior spine)
and posterior spine length. Keratella quadrata was neasured for A

lorica length (from base of median anterior spines to median



»

_ &
posterior edge of lorica) and length of left and right posterior

spines, The.lengths of the two spines were subsequently aiéraged.
PHYTOPLANKTON. _
PhytOplanktbn samples weres collected b%weekiy during ice-free -
perlods and~month1y during'yintar. Samples were taken from station
A at the surface and at 2, &4, ;nd 6 metres and from-station C at
the surface and at 2 metres. A 1200 ml brass Kemmerer watér bottle
was used to collect the sampiea which were ﬁreserved in the field
with Lugol's so{ution and stored in 25 ml vials, | o
| Samples‘wgre identified to genus aécofding to Prescott (1970)
\and counted on a Wild M40 1nverted‘microscope according to the
method described in Lund et al (19587, Only those cells that I.
conéidered edible by theé rotife;siwere counted but relative

abundances of Cyanophyta were noted.

BACTERIA _ ,

Sampling the planktonic'bacteria.§0pulations began on May 28,
1975. On this date and on June 23, 1975‘sahples were‘tiken from
station A at the;surface an& at deptﬁs of 3 and 7 metres, From
 Ju1y 7, 1975 until é%hpletton of; the prqject samples were taken at
the same times and locations as the phytoplankton samples.‘~Samp1es
were collected w;th'a 1200 m1 brass Kemmerer water bottie. placed
in sterilized glass bottles, and returned within t;enty-four |
hours to the Provincial Lagorétory of Public Health for,anaiysis.
Bacteria cells were énumerated by the standard plate count method

at 35°C. Samples were diluted when the counts were in excess of

’

12
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3,000 cells per ml,

PARTICLE ENUMERATION AND SIZE ANALYSIS .
During ice-free p;riods Qater.samples for particle size.analysia
were taken biweekly from station A at the surface and at depths of
2, b, and 6 ﬁetres'and_fro; station C at the stirface and ai 2 metres,
During winter, 8amples.§ere collectea monthly from the sa@é sites,
Samples were collected with a 1200 ml brasS'Ke;merer water bottle,
placed in clean & oz glass jars, and fixed in the fleld with 2%, . -
0.45 U filtered, buffered formalin, Until December 1975 samples
were analyzed with a Model B Coulter Counter (Co&lter Electronics,
Inc., Hialeah, Florida), Samples collected from Decembef 19?5 until
completion of the project were analyze&'vith a Model TA II Coultgr
vCouﬁter. Samples were prepared for analysis by mixing 22,5 ml lake
waterAwith 2.5 ml 0.#5,U filtered 5.0% NaCl and 75 ml O.45u
| filtered 0,5% NaCl, Both counters determine the number éﬁd volume

of particles within discrete diameter ranges,

WATER CHEMISTR§¢3
Water samples for chemical analysis were collected froﬁ statiogs
A and Catl metre intervals. Samples were collected biweekly
during 1975, then-monthly at station.A and bdmonthi& at station C
in 1976. Samples were taken with a two litér polyethyleneIVan Dorn
water sanﬁler.'placed in scr§w-t0p polyethylene boitles, returned to
the laboratory, flltered and frozen until analysis, Water waé analyzed.
for pH.’Eonductivity, chlorine.ltotal and calcium hardness, total . @

and phenolphthélein alkalinity.-total rhosphate and orth0pho§hate,



" Zoology water laboratory according to A.P.H.A.'s Standard Methods

tot&l Kjeldahl nitrogen, organic nitrogen, and nitrate nitrogen.

Y
Samples‘wgre analyzed by Mrs, G. Hutchinson in the Department of

(1971).

TEMPERATURE

Temperature recordings were taken with a Model 54 Diésolved

Oxygen Metre (Y.S.I. Co., Yellow éprlngs, Ohio) until December

1975. During 1976 a Dissolved Oxygen Metre TDO-2 (Hydrolab Corp,
Austin, Texas) was \sed. Temperature readings were taken on all

sampling dates from each station at 1 metre intervals,

. : ) ' \
DISSOLVED OXYGEN | |
Dissolved oxygen readings were taken with the same instruments
and‘at the‘same stations and depths as were the temperature readingi

from June 23,‘1975’until completion of the sampling period.~ The
readings 1ﬁ he)sl.] wére converted to percent saturation using Mortiner'g

°.

nomogram (1956),

- ¢

EGG DURATIONS

Laboratory experiments were neccessaryzto_dqtefmine duration of

development of eggs, D in equation (1). Rotifers were collect&d‘ .

from Hastings Lake with a Wisconsin Plankton net and returned livé

to the latoratory. Non-ovigerous females were isolated from samples .
‘and placed in small chambers suspended in large bowls of lake
" water as in Amren (1964). The water was -aintaiﬁed at a known,

constant temperature (¥ 0.5 C°). The chambers were plastic vials .

14
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= with holes cut in the sides; 64 netting secured over the holes |
kept the rptiférs in the chambers but ﬁilowedeatef and food to flow
through. Animals were éheéked hourly and when an ovigerous animal

v‘ vas found 1t was isolated in another éhamygr.T By checking individual..
ovigerous animals at hourly 1nfervals i1t was possibdble to determine
‘when eggs were hatched., Approximate laying and hatching times gave
an estimate of duration of development at experimental temperatures.
A least squares regression line was fitted to thg datq points for

each specles and values used in_equation (1) yere‘readAfrom this line,

i
|
1
}




THE PHYSICAL-CHEMICAL ENVIRONMENT
’ 2

WEATHER DURING STUDY )

Precipitation and air temperature data from EnQironpent'
Canada, Atmospheric Environment, recorde&_at thetEdmonton Inter-"
| . .. national Alrport, 45 kn W-SW of Hastings »Iﬁ.a.ke,varg'.presém':ed in
rfigure 2. During June and July 1975 mongkly mean temperatures were
close to n;rmal for'the area,’ Ahgus£ however, was a few degrees
cooler and September a few degregs warmer than average, From
November 1975 to May 1976 each monthly mean was higher than the
average température, especially\%n Janﬁafy and February, when
tempefatures were ‘A full 4 C° higher than usual.§1Apr11 was also a
warm'month,:ﬁith maximum temperatures over 20°C during the first and
second week, June 1976, in contrast to the mild zinter and spring
ias slightly cooler than ;vefagewi Thetprecipitation graph.followed"
the usual pattern with yearly maxima in June, July, and August.
'Snowfall was close to average during winter months with the exceptlon
of April 1976 when only 4.8 cm fell compared to the usual 13.7 em,.”

;
\ .

TEMPERATURE

Because of 1ts shallow depth and susceptibllity to wind,
Hastings Lake did not form a true hypolimnion. Thus‘isqtherms
recorded during iceffree periods can beyfxplained as a result of air
temperatures and strength and duration_é* wind.»'Under‘the ice the
lﬁke exhiﬁited inverse thermal stratificatiéﬁ. Heating of the lower
depths during winter was probabdbly a combination of heat transfer

_ from sedinents and influx of dense, warm water from the gélar
. . o . . . /‘ v"‘
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Figure 2. Maximum and minimum air temperatures, and total monthly
precipitation; Edmonton International Alrport,
Mean water -temperature at stations A and C.
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heated 1ittoral zone (Wetzel, 1975).

Main Basin

According to local residents, spring break-up of 1975 occurred

. in early May. (Vater\}emperatures rose rapldly in late May, early

. 4 - '
" June, and were equal to the alr temperatures in late June (Fig. 3). .

July the main basin exhibited a thermal gradient with the |
greatest temperature difference being 6 C° between the sur
lake bottom. On July 18 a-rainstérm accoﬁpaniza by high‘wiﬁ
destroyed the gradient and left the lake hoﬁoio'“armal at‘19gé, The
lake remained at 18-20°C for two-weeks after the sto - but nev;p-

\\

regained the thermal gradient, - ) \
! \

The fall cooling trend began in early August and continued \
' \

slowly until freeze-up on_Ndvember 6. The lake was homoiothermal

with the ‘exception pf a'féw days in mid September when the weather .
was calm andiwarm. Under:the ice, uater’temperatures weré inversely
stratified; approximately 150 near the ice and 3°C at the lake bottén.
This tgﬁperature regime was stable for most of the lce-covered period,
Warming of the water during spring 1976 began un&er the ice, Ice
break-up in the main basin occurred on Apri} 263 approximately two
weeks earlier fhan usual accdrdlng to local residents, Inmediﬁtly.
after ice break-up the water warmed rapidly; during May temperatures
continued to increase but at a slower rate, Water temperatures in

June 1976‘were s8lightly colder thﬁh those of June 1975, - oo \
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Ndrth—eas: Basin

Beéause of the relative shallowness of station C, the thermgi'
regime differed from that at station A in tgfee Wayst average
temperatures were mo£e extreme at station C, le warmer in summer
and colder in winter;\cﬁanges in témperature occurred faster at
station C3 and the'summer thermal gfadient at station C was'
transitory and poorly developed. The 1975 spring and early summer
1sotherm; at station C (Flg. 4) show the same homoiothermal pattemrn
as station A but ét a higher average temperature, with.greater’daj'to
day fluctuations (Fig. 2): The water temperatures Ln éarly July

showed a slight gradient, Water temperature dropped following the

storm of July 18 but rose to over 20°C between July 25 and August 4, * -

After August 4 the average temperature dropped slowly until freeze-up
around November 4, 1975. Under the ice, temperatures averaged 1% And
showed an ingérse stratificatiQQ: After ice break-up, approximately
April 21, 1976, the lake warmed rapldly to 13°C on May 4, During

May énd June the lake was hoﬁoidthérmai.and temperatures varled

according to air temperature fluctuations. \"\\
DISSOLVED OXYGEN

Main Basin
Oxygen 1s§pleths for late June.showed high;-uniform oxygen
saturations (Fig. 5). Distinét oxygén stratificationxoccurred during
early July with 1?0%'saturgtion at metre 2 and 10% saturation at
| .

" .metre 7, The high oxygen concentrations near the surface were

indicative of rapid phytoplankton production,

21
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After the storm of July 18, the stratification disappeared tut °

the. saturatio remained :bove 100% until mid-August. The oxygen
L) ' .

stratification period lasted longer after the storm than did the

¢

thermal stratification.

From mid-August until freeze—up,‘oxygén concentratlons remalned
.8table, fluctuating between 80 and 100% saturation. One brief
exception to this Sccurred in mid-September when calﬁ. warm weather
prévailed; the surfa$g oxygen concenirntion rose to 130% saturafion
while the }bttom declined to 40%¥ saturation. d

' By mi¥-December 1975 oxjgén concentrations had dropped to 60% -

.saturation at the ice and 20% saturation at the sediments., Oxygen

_ saturatlon continued to drop until a mimimum was reached on April 6,

1976, with 10% saturation near the ice and less than 5% below the

5 metre depth. Phytoplankton production under the lce probably
caused the lncreased saturation levels in late April,
Oxygen saturation increased rapidly after break-up and was

approximately 90% on May 7, 1976, The remainder of May was stable |

with oxygen saturations averaging 70%.

During overcast weather in early June, the oxygen‘satdratiqn
declined with water at most depths less than 50% saturated, By
mid June the weather had cleared and the oxygen saturation increased

to 80%.

North-east Basin ‘ . ‘ U‘
Oxygen saturations. were high at station C during June 1975
(Fig. 6). During early July, the saturation rose to 160% but no

oxygenshepletion near the sediments was noted as in the main basin,

25



Figure 6. Isopleths of percentage oxygen saturation at station
C, 1975-1976, Stippled areas represent ice drawn to
scale.,
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Late July and August‘also showed high oxygen saturation, an indication
of high primary productivity. During October the saturation dropped
slightly but was stable aﬁ,BO%.

Under the ice the oxygen saturation drOpped more quickl& at
station C than at etation A, By mid Decembor the oxygen safuratioﬁ
was 40% and by late January the saturation had dropped to 10%. Low.
leveie of oxygen were maintained unti{tearly‘Aéril ﬁhen 1gcreasing”
phytoplankton productiviiy ralsed the saturation to 30%, The spring
increase in oxygen began earlier at station C than did the

corresponding increase in the main basin,

After.spring break-up the saturation rose rapldly and was

approximately 100% by early May. During the rest of May and the first

half of June, the saturation was stable, fluctuating between 80%

and 90%: With the advent of clear weather in midevﬁne,;gse,oxygen
saturation rose to over 100% and, with the exception of 80% values
in late June, remained over 100% wntil July 2, The 80% values in

late June uere associated with cold rainy weather.

/
v

' WATER CHEMISTRY
Results of 'the water chemistry analyses are shown in Tables 2

and 3, The pH in Hastings Lake was always alkaline, the lowd‘iivalue

‘being 7.8 recorded from station A in February 1976, No obvious
seesonal trehd was noted and values at. stations A and C were
siﬁilar.;.Codduetivity values varied considerebly but a distinct
increase was noted during the winter., Values at etations‘A and C
often differed considerably on any particular day but neither station

showed a continuously h;gher reading, Total hardness values show
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21/05/75
06/06/75
19/06/75

- 03/07/75

18/07/75
07/08/75
20/08/75
06/09/75

20/09/75
. 04/10/75

25/10/75

03/12/75-

13/01/76
19/02 /76

16/03/76 .

06/04 /76

, 26/04/76 |

27/05/76

23/06/76

PH

8.5

9.2

8.8

9.2

9.1
9.1
8.8

9.2

9.0

9.2

8.9

8.5
9.0

79

8.6

. 8.8

8.0

B4

8.3

Chemical parameters at station A.
All units are in mg/1 except pH and conductivity OJmhoa/bm)

Hardness CaCO

CalCc

- . 98

42

100

50

b
49
L6
90

100

100

88
77

123

73
76

Tota

279

189

294

1286

208
215
235
214

215

285
295

320
302
290
3k
346

291

303
287

TABLE 2

Cond,

\

724
586
885
818

| }615
584

705
o
574
820
691

517

765

-1075.

983
1087
95

oh7

999

c1™

7.6

7.7
11.4

10,3
7.3

. 0.2
11,2

9.3

8.6
14.9
12,0

10.9

10,6

12.7
11,3

. 8.8

7.2
7.2
7.0

S0y
263

157
281

296
214
215
232

193
192

233
234

288
18
279
204
284

300

24y
240

Alk;l. as CaCO

Phenol,

8

20 .

12
30
16
19

12
24

.22

32
24

26

17

29

Total

197
134
198
203

42

151

165

157



21/05/75
06/06/75
19/06/75

03/07/75 -

18/07/75
07/08/75
20/08/75
06/09/75
20/09/75
o4/10/75

25/10/75
03/12/75
13/01/76

19/02 /76

- 16/03/76
06/04/76

26/04/76

- 27/05/76
- 23/06/76

\?

TABLE 2 (continued)

All Phosphate readiﬁgs‘expressed as POy,

Ttl PO, Ortho PO, Orgn POy, T1 KL N  Orgn N NO3-N

0.31

0.28
0;49
0.43
0,50
0.36
0.39
0.26
0.29
0,32
0.38

0.25 M

0.87 .

0.97

1.13

o 0.86

0,73

0.64

0.6

0.06 .
0.08
0.% .

0.29

0.25 -
0.11

0,08

0.04

0,08

0.06
0.0“

0.05

0455 .

0.76

- 0,72

0.56
0,40 -

LS

0.37

0,48 1}

0.14
0412

0.10

0.11

0.10
0.19
0'1“‘

0.14
0.10
0.13
0.16

‘ 0,12
0014 ‘

0.12
0.20
0.18

0.25

0413

0.09

2.15
1.75
2.49
2,19
1,92
2,28
2.8
2,22
2,16
2;31

2,25

2,63

3,30 |

3.36

.2.62 |

2,13

1,57
2.43
2,07
1.91
2,17
2,10
2,14

.2.09

- 2,22

2,19
2,44

- 2.96

2,96

2.23

10,07

0,05

Y 0.07

0,06
0.03
0.09
0.05
0.07

0.04
- 0,06

0,06

0.13 . ~

0.09

0.16

"0.13



-

TABLE 3

: Chemical parameters at station C,
All units are in mg/l except pH and conductivity OJmhos/cm)

J | ‘
Hardness CaCO : Alkal, as Ca003

pH Cale,  Total Cond. C1™  SO;  Phenol., = Total

03/06/75 9.2 ~ 91 271 726 9.0 “267~ 28 177 >
19/66/75 8.8 - 75 - 252 743 7.9 d462. - 14 163

Co2/or/715- 9.4 45 223 s;wm 9k 191 18 180
17/07/75 9.1 46 198 578 7.6 A_172 18 138

07/08/75 9.1 40 - 218 673 10.6 205 24 149
20/08/75 9.0 bl 216 737. 10,4. 202 17 152
06/09/75 8,8 55 201 745 8,2 181 ‘ 1} 159

. 20/09/75 9.2 56 228 w671  10.2 233 25 16k
25/10/75 8,7 . 106 283 898  10.0 229 ‘v\\;js 212
11/06/76 8.5 111 300 714 9,3 186 8 226

02/07/76 8.8 113 288 698 12,4 178 22 226



05/06/75
19/06/75
02/07/75

12/07/75

07/08/75
20/08/75

06/09/75

20/09/75
o4/10/75
25/10/75

06/04/76
11,/06/76
02/07/76

3

TABLE 3 (continued)
All PhoSphate ‘readings expressed as POy, .

Ttl PO, Ortho POy Orgn FOi, Ttl1 Kjl N Orgn N NO3-N
<

0.42 0.19 0.12 2.0 1.96 0,04
0.65 0.37 0,16 o 2,38 2.15 0.07
0.43 0.21 0.13 2.39 1,87 0.08
0,86 0.3 0.33 226 2.2 0.04
0,36 0.2  0.10 2,51 2.8 - 0,07
0.3 0.05 0.10 2.5 2,80  0.07
0.33 0,04 0.11 2,06 1.89° 0,05
0.23 0,02 0.12 2,29 2,20 0,04
0.33 0,07 0.20 2.07  2.00 0,05
0.40 0.04 0.22 5.05 ~.99 0.13
0.4k 0,18 0,16 ~ 3.20 -~ 0,04
0.5 . 0.25 047 2.8 2,2 0,05
50,53 0.22 0.18 2,55 2,55 0,08

- o
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Hastings Lake to be a hardwater lake, Both calciug and total hardness
were loWest during summer and early fall. Low values were also
recorded In early June 1975 at station A. At both stations A and C, -
total :lkalinity was high in the winter months btut phenolphthale;n
alkalinity showed no.obvious trends. Chloride readings 'show the
lowest values during,spring and early summer at statiqn A, .Lack

of sufficlient data makes it impossible to determine whether the

same pattern held at station C.

Both total phosphate and orth0phosphate'showed high concentra-
tiops in late winter at station A, _Rea&ings frbm‘spring and early
summer 1976 were;higher than corresponding Readiﬁgs in 1975. Total
énd orthophosphate values for station C wére usually higher than i
é;;se at station A, A distinct pulse in both values was noted
during Jﬁly and August 1975.

Total‘KjéldaQ} nitrogen readings were similar at both stations.
No seasonal trend+;as noticed, but th; sﬁring and‘early summer 1975
values appeared low comﬁared to the reast of the sampling period.
Organic nitrogen generally followed the pattern of Kjeldahl nitrogen"
and made up the major portion of each total Kjeldahl reading. Nitrate
readiﬁge Were very low; maxima were found in late fall and through
the winter. The high phosphate readings indicate.the obvious )
eutrOphié nature of H;;tings Lake but, according to Vollegweider
| {1968), low nitrate levels are indicative of low trophic status,
Ruttner (1963), howeﬁer; has noted thai "markedly eptrophic”

lakes often show low concentrations of nitrate due to rapid uptake

by phytoplankton,



FOOD
Data on food can be broken down into three areas: bacteria
populations, phytoplankton populations, and particle size classifi-
“cation and enumeration., In some respects information on particles

overlaps the other two areas,

BACTERIA

Because of the inefficiency of plate counts in determining the
absolute number of bacteria cells in a water sample (Collins and
Kipling, 1957), it is only possible to use the bacteria data in.a
comparative way, Edmondson (1965) used a factor of 200 to convert
plate coupts to actual numbers of cells present but admitted the
ratio between direct counts and plate counts varied considerﬁbly.
Since the counts in my study were not converted to biomass'as
Edmondson's were, the original plate counts were:used: .

Bacteria bopulatioﬁ dynamics at stations A and C are illustrated
in Figure 7. The populatién at station A 1ncreased'steadiiy'duriﬁg
spring and early summer to a maximum in late July and early Augus%. .
Numbers declined quickly after early August, were'very low by October
3, Fnd remained iow thnough‘fall.and into winter with Some minor
1ncréa;es.’ A suddén increase in density was recorded in early April

but the population qppeared to dié out by spring break-up three.ueeks

later, The concentration remained low during May but a strong
increase was seen during June, approximately the same time as

. ‘the 1975 increase. The population at statién C showed the same

general trends as that at station A but the maxima were higher than -



100

Number x10™/ml

Figure 7. Bacteria cell numbers at stations A and C, 1975-1976.
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those at.station A,
For most of the year the vertical distribution pattern,ﬁaa

uniform at both s'tations A and C. During times of high density,

~
e U

however, bacterla were more numerous at thé surface gf station A
but more numerous near the bottom at station C., Under the ice

‘bacteria concentrated near the water surfacae.

PHYTOPLANKTON
Quantitative'data on phytoplankton exist only for those cells

that I considered edible by rotifers. The decision concerning

edibllity of cells'uas based on Pourriot's (1957) work on food habits of

rotifers and on results of Edmondson (1960, 1965). Only small cells
were considered edible, ie celis with both length and width grea?erﬂ
than 15y werg considered inedible, With the exception of ;
Ankistrodesmus all cells considered edible were essentially spherical

i\

or elliptical in shape. Cells with long-spines or processes were

considered inedible, Cells considered edible were free of thick
gelatinous sheaths., Only 1nd1§1dual;cells were éonsidered edible,
large colonlies of otherwise edible Célls were considégbd inedible,
Of the eight cell types selected fbf countiné,'four Were ainongQ |
~ those cénsidered edible by Edmondson (1965),. Edmondson did not

count Kirchneriella as he considered it to be colonial., In my

study the cells usually appeared as individuals and were counted.
.. '

Relative abundances were recorded for three types of blue-green

algae, since ®an observation, which will be discussed later, showed

they may have some food value,

o
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Cryptomonas X

Cryptomonas, the largest cell 1ncluded fn csuhts, measut-d
1520y by 5-10p. It may be too large for most rofifer species

to ingest but 1t has been suggested (Edmondson, 1965) that 1t may

be imﬁortant fo; rotifers such as Polyarthra th:t possess a virgate

"mastax, .
Cryptomonas reached maximum numbers in spring and fall (Fig, 8)

‘and were rare or absent during July and Augusf. At stations A and C

the density of Cryptomonas dropped sharply during late May and early

~~

June‘19?5. then began a period of slower dec;}ne, reaching a minimum

in August; In fall,”numbers gt both stations'increaSed slowly with

numbers at station C baing approximately fonr times higher than those -

at statlon A; the uinter population at station C was ofter an order

of magnitude larger than that at statlon A, February, a distinct

Increase, which ¢ontinued until ice break—up, as observed at both
. d .
stations., Numbers declined sharply after break-up, then rose and -

declined again during June 1976. g -

During the year ngptomogas’shbqed a unifofm verticai-diétributidn

with the exception of winter months when cells were concentrated

near the 1ice.

Rhodomonas
Rhodomonas appeared to be a highly "edlble” cell. Cell size

‘averaged b;} by 94 during summer and sliéhtly longer in winter.

Like Cryptomonas, Rhodomonas appearediin largzét numbers during spring

and fall with minima in summer and mid-winter (Fig. 9).

’ . '
During spring and summer 1975, numbers of Rhadomonas at statlons

-2

G

v
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Figure 8, Cryptomonas cell numbers at st;tions A and b, 1975-1976, .
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F‘igure 9. Rhodomonas' cell nmibers at stations A and C, 1975-1976,

]



A and C were similar. Densitles at both stations decline. steadily
from late May to August. The fall increase ended with station C
being more densely populated in December fhan station A, The remainder
of winter was a period of dramatic decline in numbers at gtation c
and more gradual decline at station A. Numbers at statlon A increased
gradually during spring 1976 while the density at station C lncreased
mbre rapidly but with aG;ajor drop in late May. Both populations "
appeared to be declining during early summer. While thg 1975 and |
1976 sp;ing popul&tions were similar at station C, the 1976 spring
popuIation at station A was much loﬁe;-than.that'of 1975.

Rhodomonas often showed a preference for surface uatérs (Fig. 10).
A strong surface concentratioﬁ was observed during warm, calm
‘weather in mid-July 1975. Surface concent;étionsrwer§ also noted
during winter 1976, probtably indicating a p¥eferehce for higher .
ligh£ levels near the ice. During early spring 1976, vertical l
distribution was uniform but a preférence for the surfaée,was seen
again during late May and June, Despite average winds during this
time, Hastings Lake showed a gxédient in oxygen concentration (Fig.hj),

indicating a certain degree of stratification, o “

~

Chlamydomonas t I . | - :

A number of species of Chlam}domonas Were probably pieseﬂt in ;

Hastings Lake duririg the study period, ranging from 5y to 15y 1in

diameter,

Like Cryptomonas, Chlanydomonas showed a rapid declire-in demsity '
during early spring 19?5,.num5ers of cells were approximately equai'ai_; f.'u

stations A and E'during this time (Fig. 11). Unlike Cryptomonas and



Figure 10, Vertical distribution of Rhodomonas at station A, May
23-July 14, 19753 Septembder 10, 1975-June 18, 1976, .
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Figure 11, Chlamydomonas cell numbers at stations A and ¢, 1975-1976.
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Rhodomonas, Chlamydomonas showed a distinct increase in npnbers,at

stations A and C during July and August, It is possible that thls
increase indicated the presence of a species different from the
‘spring population, Following the summer peak, the numbers_declined
in August but the population increased again during autumn. During
winter, nunbers at both stations declined to a minimum in March .1976.
Aisharp increase in numbérs occurred in April with highertdensitiea
recorded at station C. Both populations apbeared to stabllize

during May and June. For most of the year, Chlamydomonas shoved a

unifom vertical distribution (Fig. 12), Surface concentrations were
noted during winter and late 3pring 19?6 a situation similar to

that of Rhodomonas.

Kirchneriella

As mentioned earlier. Kirchneriella cells are often grouped into

colonies and 00vered by mucilage. The indlvidual cells are crescent-

shaped and 5 to 7;1 across the apices,

Populations of Kirchneriella at etations A and C ‘declined sharply

during early June, 1975 (Fig. 13). Numbers at the two stations.were

similar at this time, During the summer months Kirchneriella were
rare or absent at both stations, A strong fall pulse occurred in
" September, 1975 with numbers increasing rapidly but levelling off

dur( ng October. At station A, Kirchneriella. remained at high

nunbers until March, 1976 while the station C population declined
sharply dnring early winter. In late March and early April 1976
denaities were equal at the two stations. In spring 1976 nunborsv

at station A decreased tut increased at station C. , ’ -



Figure 12, Vertical distributlon of Chlamydomonas at statlon A,

May 23, 1975-July 2, 1976.
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Figure 13. Kirchneriella cell numbers at stations A and C, 1975-1976,
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Kirchneriella showed an\interesting vertical distribution during

the winter months (Fig, 14), cbncentrating closexr to the lake bottom
| while most of the other cells concentrated near the ice, During

lce-free perlods distfibution was uniform,

Ankistrodesmus

/
Ankistrodesmus was probably represented by several species
during the year. The cells are long, often greater than 20U , but
- narrow, Cells were usually single but were occasionaly seen in

clusters.

Numbers of Ankistrodésmus dropped fapidly during late May and
and early June 1975 (Fig. 15). Duriﬂg the remainder of June and
throughout July, the numbérs, approximately"equal at étations A and 4#?‘
C. deciined slowly té.ﬁ'minimhm in'August, then increased to a maximum
in late October, Numbers declined sharply #fter freeze-up.and
remained at low levels for the rest of the winter, Both stations
showed increases during April And May 1976 but station‘C exhibited
huch higher,numbers.' The population density at station C appeared
to be 1eve1liﬁg‘off during.June 1976 while the numhérs.at station A

appeared to be increasing. Ankistrodesmus cells at station C were

approximately an order of magnitude more dense than at station A

during this time., For most of the'year, Ankistrodesmus showed a }

uniform vertical distribution with the exception of late. April and

May 1976 when concentfations at the surface were observed.

Rhademoﬁas

Rhabdomonas appeared to be a highly edible cell, approximately




Figure 14, Vertical distribution of Kirchneriella at statlon A,
May 23-June 6, 1975; September 23, 1975-April 27,1976,
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Figure 15; Ankistrodesmus cell numbers at stations A an? C, 1975-1976.
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by by 1y and existed as 1ndividual, flagellated cells, It appeared
in high numbers during spring only. When sampling began in late May
1675, the population at station A was over 1600 cells per ml but -

disappeared completely by mid-June, as did the small p0pu1atiou'at -

8o
e

e
Vi

station ¢ (Fig., 16). Until late‘winter 1976, populations remained at
zero with the'exception‘of a few cells seen during late August and
early September 1975 and February 1976. The 1976 spring pulse began.
in la£e~March at station A and continued until May‘uuen the numbers
declined again., The population density in 1976 was never as hlgh as
in 1975 but, like epring 1975, no cells were seen aftef June, A
shoft-lived pulse Has-seen at station C duriné»April and May 1976 but
again, the\pooulation density was less than that at station A; The
vertical distribution was uniform with slight ooncentrations near

the surface,during April 1976,

- Small Flagellates

Because of their size, 3u by 1y , the small flagellates proved
difficult to identify but were counted because of their apparent
“edibility and.large numbers, The cells counted do not represent a
heterogeneous group of unidentified cells; rather, the size and form
were regular throughout the year, indicating perhaps that the cells
were of a single species. o

Numbers of cells at station A declined raplidly during late May
1975 and a small population was maintalned until August (Fig, 17).
In contrast, no small flagellates were found at station C during

spring and sumner, vSmall flagellatee Were present at both stations

k9
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Figure 16. Rhabdomonas- cell numbefs at stations A and C, 1"975—1976:“
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Figure 17. Small flagellates cell numbeus at stations A and C,
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. Total &ume Cells

<o

"

durl:g fall and early ulpter, yith station C sui:poriing a nmuch higher
population., A second increasé¢ at station C, beginning in early March
1976, ruéhed ¢lose to 30,000 cells per ml in early April. This

populatinn subsided quickly and no cells were found after early May,

A a:cond increafe occurred at station A about this time, but the
-y

nunbers were fewer a.nd the population diuppca.red durl.ng hte June

1976._ The vertical distribution was unifor- uith tho exception of

“’

late April and mid-May 1976 when cells vez‘e more ,concqhtratod near

e ! . _
the surface. . .

s
e

‘ Ochro‘-}onu

Ochrnnona.s 15 2P by bu and elliptical in shape. Duﬂng the
stud.t poriod Ochro-om a.ppearod at station A duri.ngnhte Harch md

early April 1976, rising in nunbers from sero in mid-March to a 4

" maximum of 600 cells por ml in ea.rly April; no cells were found 11;

la.te April. Most of the celﬁ were found noisr ‘the ,au:fu:o. < =

Ochrohonas was never found at station c. : R S

In an effort. to suna.r;ze data on phytophnkton éells population

densitiea of each speeies were summed and expmsed as Tota.l &u'blo :

Cells (Fig. 18)s An obvious decrease in nnnbex' at ‘both stations was
seen durl.ng spring and ea.rly suumer 1975. e Popuhtion dmitiu at the
two sutl.ons were similar., Low mnbonﬂ;u% recorded in- July lnd
August but the popuhtiona rose %M in autumn with station C

, oxhi.biting consiatently highcr poyahuon densitics. ‘!he popuh.tion

at station c im:rouod s].owly in urly vim: but a- snddp docreuo

(

~ °
. . ‘)

‘n,
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Figure 18,

[

1975-1476.

Tgtal Bdible Cells
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» c4ll numbers at stations A and C,
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. sumner 1976, ' ' ) ‘ A

~

was, noted in Jmuaﬁ. Numbers increased again in February and reached
a maximum of approximately 32,000 cells per ml in early April.\ The
population density décrea.sed after reachihg the naxinun but remained
high for the remhinder of spring and early summer.. At station A the
nunbers decreased steadily during winter to a min;.:um of 400 cells per
nl in March., The populatlon density increased aga}a Ming late

winter an! e» "+ spring and a.ppeared to stabilize 'f%he remainder

of the study period, The porpulation density a ; >ion C was consis-

tently greater tha.n that at station A during apring and early

Cyanophyta

t

. Rela.tive abundances of certa,tn blue-green alga.e were recorded. /

5

Edmondson (1965) did not consider Cya.nOphyta inporggnt in hia etudb

'Q;t they are included here because of their dominance durlng summer

months and the possiblilty, to be discussed later] 'ot then a.sting

as a food source.' " Three ma jor cell types were qua.ntifi.ed; Anaba.en ’

. . J .
a filanentous blue-green with round cells; Hicmcg’ tis, a colonial

algae with small cells tig!w packed in mxcilage: and Aphanizomenon- ‘

Oscilla.toria. a combination of two ﬁh.mgntbus genera with recta.ngulnr
L, \‘\' %

'cellaw. Results &re given % Ta.t&}“l&

2 ' !
r' :
[V

Anabaena first appeared in uid-June 1975. The population

_ developod slowly a.t station A and was never rated more than “common",

It had disapy by early September. In 1976, Anabaena appeared at. .

" ‘spproximately the same time as it had 1n 1975. The station c

i




TABLE &

Comparative abundances of‘Cyanophyta at stations A and C,
1 present; 2 fairly common; 3 common; 4 abundant; 5 very abundant,

Date

| 23/05/75
| ,\._‘_02/06/'%5
13/06/75
01/07/25

14/07/75

7o AP
}‘}.

28/07/75
" 11/08/75
25/08/75
10/09/75
09/09/75

21,/09/75

09/10/75

e
23/10/75

Winter 1975-76

07/06/76
18/06/76

~02/0?/76

Q> Q>

Q> A»

Q>

A -

c

A
¢

A
c

A
c

A
- C

Anabaena
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N =

%

Aphanizomenon-

Oscil}atoria
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Microcxstis
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population of Anabaena, like that at station A, first appeared in mid-

July 1975. However, the populdtion at station C reached a higher .
density than that at A; 1t was rated very abundant”™ in late July.
The population persiste& until early 0ctober. Populations were similar

in 1975 and 1976.

Microcystis o S -y ;

Microcystis first appeared in mid-July 1575 at station C,

.'Numbers rose quickly and cells were very'abundant during late July

,;Q?ghQMEOPU13t1°n declined through fall but remnants

of’ colonies wereuetill present in late October. Microcystis was

\
first seen in early July in 19?6 and was rated common”, 1nd1cat1ng
a rapid growth during late\ June, The 1975 pOpulation at station A was

relatively short-lived and less dense than that at station C. vitm

was first seen” in mid-July and never rose above the "abundant“ rating. .

No qells were found after late September. In 1976 a few ce}le were

found in mid-June but none were found in early July.

A

Aphanizomenon - Oscillatoria E ','d&»

-~

Filaments of Aphanizomenon-and Oscillatoria did not appear until

early July‘i9?5 when they were found at station C. The population

at'stﬁtion C reached "very abundant” levels during late July and early

August. decreased during late August,| but rose again in early
Septenber, The population was still "fairly comnodslin late October.'

fn 1976 filaments were first found in early July, In 1975,

pﬁiatron growth at station A was similar to that at station C but

wr

dnever rgached the same high densitiea. No cells were found at

S
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station A during 1976, | o,

Although blue-green~£lgae were found thnoughout the water
column,.all,three groups concentrated in the surface layers. buring
caln weather the cells formed a thick "scum”“on the surface,

: T,
-PARTICLE SIZE ANALYSIS ‘_

ln addition to bacteria'and phytoPlanktcn counts.'data on particle
size and abundance were collected in order to further define and .
meesure food resources available to rotifers. A Coulter Counter was
used in an effort to detefmine‘amounts cf.planktonic detritus in the
lake. Results are difficult to interpret for two reasons. First, -.
there is no'informatign_available on‘tne use of particles as food;
the.onganic content and degree of digestibility are'unlnown since
particles”may include phytoplankton cells, large bacterie.‘patts of
decaying zooplankton (particularly4shed exoskeletons). Protozoa, -
disturbed sedinents from the bottom, etc} The second~pnob1em arises‘

. from: the limitationslggwthe machine; In computing theidiameter of a
particle, the machinetiikermines the volume of‘ﬁhe particle and then - -
assumes a sphaerical shape and compntes-ghe dlameter accordingly. It

" 1s &lear that if a«long._slenden particle is ccnnted the calculated

.diameter will be unreelistic. }t should also be noted that vaiiation
in volume Is more pronounced in larger size classes than'in smaller
since a large diameter particle constitutes a proportionately larger
volume than a small diameter particle, It was impossible iSQihis
study to - determine the 1mportance of these errors.

) Results of the analyses ‘are shoun in Figure 19. One striking

e
result uas the similarity of the histog;ams from. different depths'



Figure 19, Particle size analysis histograms from stations A and C
at depths (m) indicated. Bach histogram indicates total
‘volume of particles in discrete size ranges,

» v
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Exceptions were noted at station C in nid-January when a larger volume

in the 10 to 16y range was noted in the surface sample. Larger total
‘volumes were also noted in March and early April 1976 at A6, In

fearly March there was an increase in large particles while the next

two' dates showed a-larger volume of small particles.,

In mid-July, ‘station A histograms showed low volumes with
relatively eve; distribution across the channels, Throughout summer;
volumes generally increased in all size classes, On August 11 a

’

distinct peak‘waa»seen in the 10 to 12,6 v size class, Total volumes
stabilized again and remained high during late Augost and early
September. A decrease was noted 1oslate September that continued
until late October with the larger size classes showihg the greatest
reduction, ' | .- .

Station C exhibited a different pettern duting summer and foll
1975, A distinct peak in the 2.8 to 3.9 u ei;e.classvoccurred 1n
late July. The August 11 histograms show the same peak in the 10 to
12,6 p size class as station A but also show a large prOportion of the
volume 1n larger size classes._ Decline in total volume began in late

August and, with a. slight increase in early October, continued until

freeze-up.

A

-?‘.‘,’,;‘ . . ’
During~the ite-free perlod- total volumes at the two stations -

':ﬁe?e approxim: ‘ =ly equal with the exception of August 11 when

-

station C sﬁoued higher values,

After freeze-up, the Model TA-II was used to analyze samples.
This machine included the same claases as the Model B but also
extended the raﬁgz down to particles 1.5 in diameter.

After freeze-up, total volumes dropped considerably at both

KN
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statiop ‘; Ianuav _ etruary readingsowere very low with the

largest size channel (25 to 32 U ) often showing no volume. As
mentioned earlier, a relatively large volume Was recordeh at CO in mid-
January. This peak did not coincide w)th a peak in phytoplankton

' cells and remains unexplained. liistograms for station A during

March and early April show the same low profile as the January and
February data, Station c, however, showed slightly larger values
during March and an obvious increase on April 6, This coincides

- With the observed phytoplankton increase at station C,

‘After break-up, volumne athtation A increased considerably with
maximum volumes in the 5, 0 to 6,3 and 6.3 to 8,0 M ranges, This
pattern persisted until early June. Station C maintaineu higher
volumes than station A during this time but the maximum volumes were

recorded in the same’ sizelranzes. "Total volg i;pped sharply’

at station A during early June, The volume3f eased again during
late June and early July but maximum values were recorded in'the

.8 0 to 16 0.y size range. Station C did not show a decrease in volume
'during ‘early June but did show the same shift from maximum values in
the 5. O to 6 J U aqd 6 3 to 8. O,U size classes to maximum values in

the 8, 0 to 16.0_U radge. During June and July 1976, station C showed
' -

high total volumes, | ' .
In general, changes in total volume .Were associated with changes
in phytoplankton densities. High volumes in smaller size .ranges
during spring and fall were accompanied by peaks in the small
phytoplankton cells and high volumes in the larger channels during
summer . and\\arly fall were accompanied hy Cyanophyta blooms. No

-obvious correlation with bacteria populations Was noted.v 4



CRUSTACEAN ZOOPLANKTON v

Eight species of planktonic'erustaceans were ldentified from

Hastings Lake, The cladocerans were represented by Daphnia pulicaria

Forbes, Diaphanosoma leuchtenbergianum‘FISChef, Bosmina longirostris

0. F. Muller, and Chydorus _phaericue O: F. Muller, The copepod

fauna consisted of Lwo calanoid species, Diantomus .oregonensis

Lilljeborg and Diaptomus siclloides L111jeborg, and two cyclopoid

specles, Cyclops vernalis Fischer and Cyclops bicuspidatus thomasi

Forbes, The following section describes distribution and abundance of

i

these crostaceans in Hastings Lake during the study perilod.

Chydorus sphaericus‘

I ‘ . ,
Chydorus sphaericus appeared during late summer in Hastings Lake

(Fig. 20), A few individuals were found during May and June 1975

and May 1976 but were numerically insignificant compared to July and

. ) ' | I
major pulse began in late July and increased rapidly to a maximum in

August at all stations, Populations at stations A and B were similar

- August populations, Chydorus was never found under the ice, The

in their development, reaching approximately the same numhers and
declining at the same rate during September and 0ctober. The population
at station C also developed during July and August 1975 but never
reached the numbers observed at stations A and B. The station C
population declined durpng late August but, in contrast to the main
.basin population, rose again during September to a maximum in mid-

| dctober.

Chydorus did not show any depth preferences during summer alth. .,

63
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Figure 20, 'POpulafion -density of” Chydorus Sphaericus at stations A,
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a slight concentration in deep water was oﬁeerved on Sepgember 14,

1975 (Fig. 21). On this day the water column showed both temperature

. and oxygen concentration gradients, The eurface water was 3 ¢co -

warmer than the botton.and’was 130% saturated with oxygen,. while the

bottom metre was only L0% saturated,

N

o “ o
Diaphanosoma leuchtenbe:gianum

N—

During 1975, D. leuchtenbergianum waa a mid summer spegies. It

-

first appeared in early July samples and reached a maximum during August
(Pig. 22). Populations at stations A.and B were ‘similar with respect .
to time of appearance, rate of growth, and'densify. Theistation c 4 :lﬁg
population reached a greater density'tnanﬁdid‘the main basin
populations; it appeafed to increase faster than.those at etations

‘ A and B ard reached maxinum numbers approxfﬁﬁtely'two weeks earlier,

All populations shoued rapid decline after reaching maximum density

and had disappeared by November'1975. During 1976, Diapﬁanoeoma was

only found at station C, first appearing- 1n mid~June, ximately
7 two ueeke earlier than in 1975. Depth distrdpution was unifbrm'(Fig.

23). o . L

Daphnia pulicaria . IR . o T - }15

Population curves for Daphniappgliqatigkfrom stations A} B and C ¥ oA

‘are shown in Figure 24 Dap ia.uas preseat at all stations when L o
U N X S

‘sampling began in late May,. 19734 During early June, stations A and 3 i
experienced a rapid increase in numbers with maxima in mid-JuﬁGo {>f
_ Numbers declined quickly after the maxima bu; peaked again during July

. -

The station c population reached a maxﬁﬁun a few days earlier than

) ’ ) é
. . ) q . . K
<} . T Al

[N



Figure 21 .

-

]

(i'tical distribution of Chydorus Sphaericus a.t station A,
Auﬂ 8-September 13, 19?5. ‘
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' Figure 23, Vgrtical ‘distribution of “Diaphanosoma lenchtenbergl ,
, T at&tat/ion‘A. -July 19-September 18, 1975, - o o
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Figure 24 Population density
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the main basin populaticns and the secondary peaks were stronger at

\M-J' L

ystatlon C than at either of stations A or B. The population A

disappeared in mid-August at statlon C while low numbers were fbund

almost the entire year at etation A,

The 19?6 spring population increase began under the ice at etation'

A. The p0pulation grew elowly for several weeks, .but a ra id increase

in numbers around the 20th of May resulted in a maximum on May 24 ‘This -

maximum occurred twenty days earlier than in spring 1975, but the

' maximum levelg'were‘approximately equal. As in spring‘1975, the ’

L
. W

A

population declined sharply after the maximum but ‘peaked .again ten
" days later. Thqa1976 spring pulse at etation c appeared several daye
later than the pulse at station A, but never reached comparable

numbgrs. At station C the 1976 maximum was less than the 1975 maximun.
ot

Daphnia showed a slight preference for surface waters during the

8
calm period in earIy July; dhring the rest of the year the vertical
s , :

£
distril*b;oq. /wmig’gm (Fig. 25).

Bosmina longirostris:

' Tew T

Bosmina longirostris was present at all stations during June

‘ X
A 1975, but the major increase in numbers began in mid July at. station

e

ZONE W

&
C and late July at:%tations A<and B (Fig. 26) _ The pOpulation at

f'station.A dropped sharply after reaching a maximum ‘in mid-August and

. s

then stabilized until acsecond major decline occurred ip\Ocicber.

The populaticﬁ\appeared stable during December and January but dropped
‘ < .
quickly durinq February. The station B population also declin--i;;v

,after peaking in mid-August but rose again to a maximum in early

Septembe;r.r @Q&;fal%lgyg;ine began slightly earlier at station B than

o N

\

~a

P
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Figure 25,'Vertical distribution of gphnia. puligaria at station A.

© T , June 6-August 4, 1973, )
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Diaptomus SR

73,

. T A
1 3 . e 0Kl

at station A, » < . ‘;“ o .
The populzt&on“at station c appeargd similar tb that at station -

A although the density was higher at A, - The maxi!pp durlng early

Augit was followed by a decline and subsequently a stable period

duri g~September and;Qctober. Numbers dropped rapidly during

November and no specimens were found in Decenber. Except for the

seemingly spurious peak inﬂd&yuary, the winter p0pulation was low.

Bosmina wes not numerically important at any station during spring

and early summer 1976. R

During the ice-free period, Bosmina did not show a prefeﬁence

for any particular depth (Fig. 27) However, on December 17 under

\

the 1ce, Bosmina avoided the surface of the lake and concentrated )

in the deeper water.' In January, when ‘the deep water was depleted 4

of oxygen (less than 10% eaturation), Bosmiha concentrated at the middle e

A

g

Two - species of Diaptomus, D. oregonensis and D. siciloides, R "

were found in Hastings Lake. The three stations showed similar
population densities during the year (Fig. 28) A small pulse in

early June preceded the maJor pulse in late June and early July.

\-i
o 4(“)9

The populations fluctuated widely but maintained high densities o .

until early September whewda definite decline occurredu, The pOpulations

> remainéd low during uinter and disappeared during March and April.'

K

The spring population increase in 1976 began approximately two weeks
earlier than did the increase in 1975, J
' When the lake was well-nixed the vertical distribution was uniforn

e .. L.

. . e
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T Figure 27. Vertical distribution of Bosmina longirostris at station A.
August 1, 1975—January 13, 1976 -~ i
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(Fig:f29)~ However. when the lake was calm for extended periods,
© le during early July apd mid September 1975, Diaptomus concentrated in

o‘ . .
the surface ‘water, s o

Cyclops S
The two species of cyclopoid copepods in Hasting Lake. Cxclops

bicuspidatus thomaei and ;xclops vernalis were counted together and

" identified as Cyclops (Fig. 30)
POpulations of Cxclops at stations A and B were similar. During | :nf
: late May and early June. densities rose rapidlyﬂto a maximum in the._ ' ’
second week of June. Following the,June maximum numbers decreased
steadily, with onlyva small pulséﬁat station B, until a second

increase began in early Augus%qﬁ Numbers peaked quickly in myd-'

August and declined again tq df‘lnimum in late September, - Numbers - '.<w;~'

- rose again d rang October -?{ff}'xAned slow!’ during wfhter. The '
' F “&uring late!April. The SIS

spring increase at station A;F?ﬁf e
o - u “1%93 i.

population grew to a maximum density in mid—May, threé‘weeks earlier
and 50% 1 more dense than the 1975 spring maximum. .Numbers dropped |
sharply after reaching the maximum buaﬁgﬂg contrast to the decline in
1975, began to rise ‘again durin latg June. s e :‘.
| Population growth at station G was slightly different from that o o
‘seen ini%he main basin. The 19?5 spring maximum had already been - o |

| reached by the time sampli gistarted“in late May. Numbers declined

,;-

/1n uly, but in contrast to stations A

~ Guring June and remained l

-

"‘and B, there was no peak during late August and early September. _ _p NN

LN

The late fall- increase (during October in' the main) began during -

September at station C.’ Population density declined steadilb'during - _ _
| : ' . SR RN

.,’w
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F‘igure 29, Vertical distribution of Diap_tomus a.t station A.
June 28-—September 28, 1975. ‘ :
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F‘igure 30. Population density of Cxclops at sta.tions A, B a.nd C
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_i?%onthly throughdut the sampling period.» It Was impossible to identify

i
. abundant during summer and early autumn, 19?5. &gth low population

-» J .
“winter to a low in F:bruary. A pulse oceurred during March but .
*

was short-lived. As ®n 1975, the spring pulse of 1976 began earlikr
7.

!J

at station C than ‘at station A. After a decline during May and June, s

the population aﬁ statiOn Gm like that at station A, began to\increase

_{again. »

‘ Cxclops did not show K1 preferehce for any depth during the - ice- g

’

free period.. In December CzcloBs concentrated at a depah of five

~ metres at/stat!bn A, btut as ‘ne oxygén concentration dropped in tq§‘

lower depths, the majority moved into surface waterﬁ.
Additional information concerning cyc10poid p0pulations in
Hastings Lake’ was obtained from data acquired during a detailed o
*gtudy of seven prairie parkland lakes (D. N. Gallup, unpuﬂiiined data)
r Qﬁntitative samples’ from station Auuere collected approximately )

o r

the first three copgpodite instars at the specific level 80 thd

N
*

I3

1

g
I

79

counts were lumped into copepodit‘F I—IIIW ‘The IV v, and adult E. N

L

instars~were identifiedbas 1;910p8 bicuApidatus thomasi or gxclops
: B\

& -
vernalis. Figure 31 A shows the populatidns ofh%he three groups.—ag—*-+'

During~1975. copepodites I~ IIl were most numegous in spring with
peaks in mid—summer and autumn Numbers Feciined through‘winter

but increased rapidly in springy 1976 Cxclogs vern alig was most )

R P

of C bicuspidatgp thpmasi fiuctuated during Spring : d summer 4975

L/ -
and a small 1ncrease was,seen during winter. A ye strong inc ase ,

7 .] .

. was recorde% during Spring 1976. J' ' l f B
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thomasi, and C. verrmalis. B, Numbers of predators,. 3
C. Numbers of all cyclopoid copepods, .All at station A,
A and B from Gallup (unpublished data),

A. Numbers of cyclopoidcogepodités I-I11, C. McusnidatuS\
H——
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. w
late copepodite and adult stages are the predaceous forms of

‘cyclopoid copopodé; Therefore, denaities pf the last two cOpepod;té

instars and adults of C. bicuspidatus thomasi and C. vernalis were
summed to give an eatinqtién of the density of ptedatoru (Fig. 31 B).
Figure 31 C shows the density of Cyclops .for comparison, “The validity
qf this assumed predatory behaviour and éomposltion of the predatory
;onnunity'will be discussed in érddaiion sections of_the bhapters
entitled "Population Dynanics™ and "Cyclomorphosis™, |
. Density of predators was low in 'ﬁa.y but increased stead.ily through -

~June and July to a maxinu- in August. Numbers dropped alightly 1n X
September and a major decline was noted in October, During winter
ﬁuﬁbers remained relatively low. Deﬁ;ities of prbdatoz? in spring
and summer 1976 were approximately equal to densities of‘g..jggggr
_ pidatus shgnasi sin;;f§> vernalis-was rare at this tilt- Thus,

° \\. ’
predatory density was high from early April through June, - '

*Nauplii
. Copepod nauplii showed the same pattern of occurrence at ail )

thm stations (Fig: R),* During late Ha.y 1975, populations. consisting -
.alnost exclusively of cyclopoid nauplii, uere/declining rapidly This y
correlated uith a sinultanequs 1ncreaae in nunbers of cyclopold

" copepods. Kfter minina in mid-June, pOpulations increased slowly

‘ through late June and July. ahouing considerable fluctuations in -

. density, A-large nunber of calanoid nauplii were present at this
ftiQo. Populations gtafted to dgéline in August and continued this
" trend through autumn. Numbers remained very low under the ice. ,

In April 1976 nauplii increased greatly in numbers. A maximum
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Figure 32, Population density of na.uplii at sta.tions A, B, and C,
T 1975-1976. -
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was reached on May 4 at both stations A and C with station C having
the highest pOpulption deneity. After the naxiiun~uas reachedbb
nunbera declined as quickly as they rose, As i1 spring 19?5,\the
population during the 1n1t1a1 pulse was: compoaed almost excluaively
of cyclopold nauplii. The second pulse of 1976 (including many '
calanoid nauplii) began on June 11. approximately two weeks earlier

than the second pulse of 1975,

g
- -During mid-July 1975and ‘inmediately after ice break=up ~~ <

1976, nauplii were rare in deep, oxygen-depleted waters (Fig. 33).

However, in late July and early August 1975 nauplil were concentrated

in deeper water that was unsaturated with oxygen.,.

g
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' development of Keratella cochlearis. Brachionue gggularie. and o 7.

" of these two speciee (Ruttner-Kolieko, 1974)

'EGG DURATIONS .-

Thie eeetion will present data d& the duratioh of developnent
of rotifer egge obtained in this study and diecuae the use of data
from Amren (1964a). Least squaree regreesion 1ines used 1n
equation (1) are ehoun in Figure . Infbrmatlon bn the rate of

mwaompholxg sulcata wae obtained in this etudy- ‘Raw data are presented

Vo e

in Appendix I. ‘
, , o, o o .
Keratelle cochlearis was the easiest animal to culture; a total

of 11 durations were recorded at teuperetures of 1o°c, 11°C. 20°C.
and 20, 5°C. Data for K. cochlearis uere eleo used for K. earlinee :
due to the lack of data on K. earllnae and to the close relationehip
Seven durations were ‘recorded. for Brachionus angula , 3 at e
15°c and 4 at 19°C. This epecies was difflcult to work with as egge A
were often attacked by fungus.. : ST ' e
Fbur duratione were recorded for PonEholxg sulcata, 2 at:199¢

and 2 at 22°C. This epecies also proved difficult to work with.

. Over forty aninals were obeerved to lay eggs but: only four lived long

enough fOr the egg to hatch. Thie same problen was reported hy

: Ednondeon 31960) who was unable to record a einsle duration despite

"1’.»

obeervins 15 eggs. FR “‘ T

Experinents were aleo perfbrned with Polyarthra dolichoptera

.and Filinia longiseta tut produced confhaing reaulta. thile &ﬁratdon ‘

of developnent for the other epecies teeted was prhciee, rbsulta for

F. ong}se -and P._dolichoptera shoned a wide range of valuee tbr -

J ¥
e :

<) e et
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: l’-‘igure 34, Least squares regressi.on ling for rate. of‘deveIOpment of
" eggs of Keératella cochlearis, Keratella quadrata, Brachionus

angularis, Pompholyx sulcata, and Polyarthra. dolichootera,
Data for K. guadrata and P, dolichovtera from Amren (196ka).
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. . also noted that the degree of deveIOpment was different 1n freshly

v

-
*

any particular temperature. When eggs of these species were first

laid a considerable amount of structure was often vteible-uithin the

egg} the‘developing mastax was particelarly notioeable. It waa
laid eggs; some -showed no development uhile others appeared ready to |
hatch, It appears, therefore. that a variable emount of developnent
takes place in the female before the egg is laid, therebvy causing the
wide spread of observed values, Beeause of this problem results
were not ueed. H | .

Data from Amren (1964a) were used.in equation (1) for Keratélla A

gpadrata and Polxarthra dolichoptera. Amren’s data were obtained

from animals collected from Spitzbergen Island: therefore, the use of
his data in ny study assunes no difference in egg durations between

the widely separated populatione.

N

o

Ay



ROTIFERS

‘A total of seventeen'species'of planktbnicbrotifers Wwere found

in Hestings Lake, A few species of unidentified bdelloid rotifers .
and a few Lecane were’found btut were not considered'eQ’;anktonic and eo,
vere ignored This section describes distribution and ‘abundance of -
”individual species and includes notes on their relationships with-
selected environmental factors. Birth rates are described for those
speclies that carry eggs and cyclomorphosis patterna are described

- for the three dominant Species of Keratelle.

}

Conochilus unicornus Rousselet .

‘Conochilus unicornus was the only colonial.rotifer found in

Hastings Like. Ruttner-Kolisko (1974) describes the coionies as
containing five to twelve individuals, but colonies of up to twenty
individuals yere'occasionally seen. Horkan (1971) also noticed
colonies of greater than twelve individuals. High numbers of in-it
.dividuals in a colony may be indicative of a rapid rate of repro-

r duction (Ruttneruxolisko. 197#) THe trophi of C. unicornus is
malleoramate with many small teeth on the unci. Pejier (1957&,%~
suggests that. C. unicornus eats particles with diameters less than

10 and Naumann (1923 in PeJlerl_i957a) notedig.,unicornus ingests

particles smaller than those used by speciee'ef»Keretelia,‘Filinia

and Kellicottia.

Conochilus unicornus was first collected from the main basiﬁ*in

early June 1975 (Fig. 35) Numbers at both stations A and B remained

low for several days but a eudden increase was noted in nid-June.
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- Figure 35,‘P0pu1ation density of Conochilus unicornis at
stations'A, B, a.nd C. 19?5-1973. )



under the ice.‘e~

The pulse at station B continued. to ‘a maximum in mid-July while the

population at station A experienced a few setbacks during early July.
reaching a maximum several days after the maximum at. station B, -

During July numhers at station B were higher than numbers at station

: _:Ap. The vertical distribution graph of C, unicornus (Fig. 36) ‘shows

T

‘that this organism has a distinct preference for surface ‘waters, It

‘ is possible ‘that otserved differences in population density at the

two stations were a function of depth of water; A sign test (Sokal

f and Rolf, 1969) showed no significant difference in densities of -

)

gnicornus in surface waters of- the two stations but the density at

;station A as a whole Was gow with respect to statlon B because the
additional two metres of sparsely-populated water at station A reduced

? the average density., A sharp decline occurred at both’ stations f‘,

| inmediately after maxima were reached in July. The decline continued'

through August but populations persisted in low numbers until October

when small increases in density vere noted. Ho‘specimens were found

., .

-In 1976 C. unicornus was'first‘seen'in midakay at station'A;_ The'

population remained small during,late May and early qpne but a rapid
gincrease. starting the second week of June, led to a maximum in late

: June.» The increase at station A in 1976 was two to three weeks earlier

than the corresponding‘increasegin 19?5 and‘the;19?6 maximum was*
twice as high as that of'1§?5; T | l .

Conochilus unioornus was present at station c when sampling hegan

in late May. The population increased in mid-June and a naximum vas p

reached on July 1, approximately two weeks earlier than in the main

basin. The maximum was higher than the station A maximum but roughly

‘v

[}
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‘,equal to the station B maximum, Numbers dropped quickly immediately

" after the maximum was reached; the fall population persisted until |

. >
fr eze-up with no further increaeee. A
In 19?6 C. unicornus appeared at etation o at approximately the

- same time as at station A. Houever. the increase at station C during

early June continued to a maximum in\mid—June. approximately two

o weeﬁs earlier than the etation A maximum. Theipopulation density -

. Py

‘dropped quickly after the maximum and was very low by early July. V.
The 1976 maximum at etation C was considerably lower than the 19?6 o

etation A maximum and louer than the 19?5 etation c maximum.

{
I

’ As mentioned earlier, the vertical distribution pattern (Fig. 36) n
showed that Co unicornus avoided deep water during the calm period
j in July when the lake had sjrong gradients in both temperature and
- g oxygen concentration. In late June 1976, uhen the isotherms and S
ieopleths showed elight gradientq, C. unicornus had. no depth
_preferences. | ' | ' ) ‘
| It appears that c. unicornus is a warn wa&er species.. It was
. found in water at 2°C during autumn but tﬁe population was obviouely
declining. No' numerical increasee were fbund at temperatures below
12°C and the maximum during\1975 was. fbund at temperatures above " //ftl i
20°C while the maximum in 1976 occurred at temperaturee above 16°c.7-g
Campbell (1941)\found C. unicornus abundant in waters over 12°c
and noted maxima in water of 18 to 2o°c. He also found the;major o
increases to oceur from May through July Chandler (1940) found
’mmmima ‘between . temperatures of 22 and 2490 and Davis (1954) found T
' ahundant.populationa in a range of 15 to 22°c. In snall lakes 1n \f-

_ eouthern Ontario, George and Fernando (1969) fbund c. unicornus



A~ Pigure 36, Vertical distzibution
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. %o avoid the oxygen-depleted water nearjthe bottom. No 111 -effects

while predator populations were high.‘ Rapid growth of the C. unicornue

93

from May until September with maxima~in mid-June, a Fituation sinilar -

to that iﬁ Hastings Lake.l , -
Population growto'did not coincide with the edible'ocell0 v

ooncentratione. Majqr-peaks.ip 1975 occurred during Cyanophyta blooms.

P0pulation growth did coiﬁcide with increasing bacteria populatione

and it is possible, considerinﬁ the ability of C. unicornus to ingest

small particles. that bactexialcelle could be used as a food source.

-_However, populationa;of Ea‘unicornus dropped despite high bacteria -

populations. Chandler (1340) and Davis (195%4) also found C. unicornus
in association with blue-green algae. Both authors also reported

green algae being present but did not enumerate the small cells,

r
Conochilus unicornus usually occurred at timee and in areas of

v ¢

"high oxygen saturation, In’ earlyﬂqply 1975, C. unicornus appeared

- to the population were noted, however, vhen the oxygen saturation .

Y ;
dropped to 60% in June 1976,

Conochilus unicornus was present when the Keratella species

dominated, but also when crdataceane such as Daphnia, Diaptomus, and

, copepod nauplii were numerous,

‘Density of C, unicornus increased during June and July 1975‘
while the predator populations were also increasing. Howeverg.the

populat..'n.on'l of C, unicornus dropped during late July as predators

" continued to increase and were very small in August when the predators

' reached a naximum. The small increase in the C, unicormus population ) L

during October occurred. after predator populations hagd declined to

low levels. In 19?6 the populations of C. unicornus arev slowly



ﬁopulatione occurred in late June when predators were still numérous

tut declining. , <

. Conochilus natans (Selegd)'

Unlike C. unicornus. C. natans exist as singlo individuals,
The mastax is malleoramate. e

Conochllua natane wée'never conmoh during the study period and

was only found duriqg early spring. ‘A Tew individuals were seen during

late May 1975 1in the main- basin but the population had disappeared by

. June 20, At station C the population had disappeared by eari;\}une.

At station A in spring 1976, animals were first seen immediately

after ice break-up. The population persisted in low numbers

(2 to 3/1iter) until mid-May. A similar pattern occurred in th;
nortﬁ-eaaf bﬁgih. .

Conochilus.patans w ;ever found in water above 17°C and'the

highest densities were: ﬂ%uﬁd in much colder water. although not under

e S

. the sce. Pejler (1957a) describes C ‘natans as a rare "cold

stenothern” and cites 14,5°C as a maximum temperature. Pejler (1957b)
also found 1t in eutrophic lakes during the winter and noticed it
pruduced résting eggs in late April. In my study, C. natans occurred

uhen the phytoplankton was dominated by edible cells,
. .

~ Conochilus natans was never found in water with oxygen saturations

less than 60%,
' Conochilus natans was often found with largennumbers of cyclopoid

nauplii and Polxgrthra dolichoptera. Keratella specles vere 1ncreasing

as C. natans disappeared, During 3pr1ng 1975, C. natans was preeent

while predator pOpulations were low, but 1n spring 1976 C. natane



was \assoclated with large numbers of predators,

Filinia longiseta Ehrenberg . 4///’
/”Considerable confusion exists in the literatnre on the identifi-

cation of Filinia longiseta and Filinia terminalis, Pejler (1957¢),

honeve;, has shown the .wo species to be dietinct; The small mastax
of F. longiseta is malleoramate and Edmondson (1939) suggested the
 "long, thin gullet” restricte the size of particles 1ngested.
Naumann (1923 4n Pejler, 1957a) supported ehis idea by reporting that
F. longiseta feeds on "ultraseston”,
Dnring“my study F, longieeta was rare.at stations A and B
' (mg. 37). Specinens were found from nid-June to late October,
A short-lived pulse occurred during late July and early August 1975.
No specimens were found in the main basin during 1976, Owing to small
sample sizes no birth rates were computed for main basin populatiens.
Since no infbrmation exists dn the duration of development of

F. longiseta eggs, the egg ratio was used as a rough approximation

of the birth rate at station C. Filinia longfseta was present at
station C when samnling,began in late May 1975;‘ fhe population remained
at a low. density until July when a distinct increase was. noted, The
| egg ratlo was high during early July but fluctuated considerabl;
A decrease.;n population density in early August was correlated with
a drop in the egg ratlo. A major population pulse started in early
August and reached a peak a few days later, Lumbers declined in
mid-August but rose again in late August and early September. Tho

/ 9]

egg ratlo was high at the outset of the major peak but declined as

the population reached the maximum and declined. The late August,

!
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early September peak inrpopulation-density was immediately preceded
bty a pulse in the egg ratlo., Both the numbers and egg ratlo declined
during nid-September and the population persisted in I3w numbers until -
freeze-up. 1In 1976 F., longiseta Wwas seen as early as late April but
the population did not show any strong increases until-June. The o
early growth stage was assoclated with a high egg ratio that appeared._'
vto drop very suddenly in midiJune. During the_year, E.‘longiseta
showed no pa;ticular depth preference (Fig. 38) :'?_\
Although F, longiseta was fbund in water at 20C, it sppears to
" be a warn water species in Hastings lLake, No strong population growth
occurred below 15°C and maxima occurred at temperatures over 20°C,
Thislresult concurs with Ruttner-Kolisko's (1974) comment/that‘ |
F. longiSe ta is a thermophile fouwd in lakes above i5°C, usually above
'20°Cs Arora (1966) found F. longiseta at temperatures above 21°C
- Other authors give conflicting reports on the temperature range of
F. longise Allen (1920) reports 1t present. fron January to July
and Campbell (1941) found it in February. Chandler (1940) fbund this -
epecies in water from 5°C to 24°C but d1d not. mention When maxima |
occurred. It may be that these authors were confusing F, terminalis,

I\ \

described by RuttnerbKolisko (1974) as a cold stenotherm found at

4

temperatures below 15°C, with F. onzisegi ' ' ‘ ' ‘\< o
Filinia longiseta was most ahundant during blue-ﬁreen algae\\\\\f\\\\\“

\\\\
BN

blooms. It was also present while bacteria populations were high and,

e sidering the small size of the mastax. it may be possible that
tilized bacteria as a food source. Population increases
seen at all etations correlated well with increases in bacteria

populations. Numbers of F. lonziseta at station c declined sharply



Figure 38 Vertical distribution of Filinia longiseta at sta.tion
'C, July 14-September 9, 1975. Upper figure.
Vertical distribution of Brachionus angularis at
station C, July 28-September 18, 1975, Lower figure,
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during mid-August when the bacterfa population dropped. PeJler (1957b)

‘reports F. longiseta from eutrophicswaters a?d Arora G1966) reports

it in mixotrophic ponds._; : f ® - !

Filinia longiseta was found in waters tha @were oxygen-richp the
{

louest reading was approximatgly 80% saturatio . ) »

Filinia longiseta was common during mid-sum er when the zooplankton

-

" fauna was dominated by crustaceans such as Diapt mus, Dianhahésoma;"'

‘and ‘dopepod nauplii (mostly Diaptomus) Filinia ggngiseta was most

abundant at’ station A during July and . August when khe predator popula-

%1on was at a maximun. . v ) '

Pompholyx sulcata Hudson'

Pompholyx sulcata possesses a'malleoramate mastax with many teeth

on the unci. No literature exists on its ' feeding habits but the
, size and type of mastax would indicate it grinds small phytOplankton

‘cells and detritus.

A small pOpulation of P, sulcata was present in the main basin

during late May 1975 (Fig. 39) The population density remained low

‘until’ late June when it rose quickly, When the pOpulation first. began

to increase the birth rate was high; however, as the numbers continued
to increase, the birth rate declined The pOpulations at stations A
and B peaked during July. The maxima at station B were considerably _

higher than those at station A. The populations at both stations

‘declined during late July and early August, The birth rate fluctuated
| considé%ﬁgfi during this time., During late August ‘and through September

the pOpulations appeared to stabilize somewhat. The birth rate declined

during late Mugust and remained low through September. A second

P . R
¥ : : : .
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ma jor population decline was seen at stations A and B durlng early

- October. Numbers were quite low at freeza-uh‘but the population

persisted at Station A until January. Pompholyx sulcata reAppeared

in mid-May 1976 and persisted in low numbers until early June when
a alight_increase was seen, Birth rate; were relatively Iow but
fluctuated widely. - | ' - R

The ‘population at station C developed‘;imildrly.to‘ﬁoﬁulationa-in-
the main basin, A major increase was note&'during late'June and
early July that was accompanied by a steadlly decreasing birth rate.
From mid-July through mid-September the population: showed three
major peaks, Each period of decline was accompanied by an 1ncrease
in the birth rate, The final decline occurred in latevSeptember
and the population disappeared in November. The population at station
C during May and June 1976 was similar to that at station A,

Vertical diatribution of P. sulcata was uniform when the lake
was well-mixed (Fig. hO) During warm, calm days of July and August,
however, P. sulcata cccaaionally preferred deeper water, In early -
Julj when the deep water was largely depleted of oxygen. the population
concentrated 1mmed1ately above the point of severe depletion, in areas
of 50 to 60% saturation., In late July and in August. the population
concentrated in the deepest water where the oxygen was above 60% z."b
“saturation, I

Pompholyx suledta was present over a,range-cf,temperatures from

0°C to 24,5°C, Due to a very-long duratisn of develobment'belowf

12°C nunbers decreased when the temperature was 120C or lower.

- Rapid p0pu1ation gronth did not occur until the temperature was near

20°C., These resu;ﬁs compare favourably with those of Pejler (1957b).



- 102

i

F‘iguré» 40, Vertical distribution of Pompholyx sulcata at
f station A. June 28-November 2, 1975, ‘
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who found maxima of P, sulcata in summer and small popuiations in
. November, George and Fernando (1969) found P. sulcata during May and
September in a small ‘lake in southern Ontario. -
Numbers of P, sulcata in Hastings Lake showed rapid inerease and
maxima during the blue-green algal blooms ahd were low when the edible
cells Wwere most dominant. )
Figure 41 shows . the relationship between temperature and birth
rate. Points are widely scattered; however a "border” of points,
indicated by a dashed 1ine, can be seen extending from the low birth
~ rates at 129 to the highest birth rate at 20°, EdmOndson (1965),
in describing a similar graph, has attributed this border to the
maximum birth rate possible under the temperatures indicated,
Points lying below and to the. right of the border represent birth
rates ‘that are lower due to some factor other than temperature..
The border of points appears linear for most of the temperature
range, indicating there is no inhibition of birth rate by temperatures
as high as those encountered in the lake. The correlation coeffecient
. between birth rate and temperature is o 62 (P < o 01). expected,
the correlation coeffecient between birth rate end the total edible
cells was low, -0 06, and not significant (N S.).

Pompholyx sulcata tolerated a wide range of oxygen concentrations.

During July 1975 it was found in water approximately 50% saturated _
with oxygen, In winter it was rare but present 4n water that was as
little as 20% saturated. - |

Pompholyx sulcata ¥as most abundant during warm months vhen

crustaceans Xere also dominaut. It was ~often fbund with 2 s,

Diaphanosoma, ghydorus, Bosmina, and Diaptomus nauplii. Pompholx§

N
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sulcata showed rapid population growth during-July 1975 when the
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predator population was increasing; however. low‘numbers of P, sulcata -

- in August were associated with a maximum of predators, - -« . & oy

-'pulse was noted during

i S

'well-oxygenated water,

Testudinella patina (Herrmann)

Testudinella patina was very rare in Hastings Lake, A few

e T 5

specimens’ were found in the main basin during early July 1975 and

a single specimen was found in mid-June 1976 Specimens were never
found at station C. Ruttner—Kolisko (1974) notes T. patina occurs

mostly at low temperatures", but all specimens were found in warm.

Collotheca mutabalis (Hudson) f‘ ' _ S o

\‘. ’ . o
Collotheca mutabalis is an elongate animal, partly enclosed in a

gelatinous case. Edmondson (1959) suggests the small, uncinate mastax
|

is adapted for trapping and tearing apart fbod items; however I know

of no feeding studies.

Collotheca mutabalis was rare in Hastings Lake. Specinens were

first‘collectdﬂ in¢late'June from the main basin. The population

s o

_grew to a maximum in miigJuly and disappeared in August. A second

te September and October, - No specimens were

: found under the ice. In 19?6 a few individuals were seen in late Hay

'»main basin but the pulse in Septemyer“1975'was more"sho ‘

and late June. The population at station C was similar to that in the

N

than the pulse in the main basin. Because of small 8

the number of - eggs per female is only a rough estimate of birth rate, -

';A distinct increase 'in- the egg ratio vas noted inmediately before the

- N
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population maxima in both July and October 1975,

s

Collotheca mutabalis was present over a range of temperaturee,-

from 2°C to 22°C, but ‘populations declined at temperaturea below 10°c

‘Campbell (1941) describes C. mutabalis as a rare species with maxina
.at temperatures from 18°C to £1°C. Chandler (1940) found 1t betwoon
- 15% andf!6°c aﬁ& Pejler (1957a) describes c. nutaballs as a “warm ” o
- stenothera” , occasfonaly found below 1900, Collotheca mutapalls

was fbund during blue—greeh algal’ blooms in mid-summer and peaks of
edible cells in late fall, Pejler (1957b) notes 1t is found in

eutrophic‘situations and Chandler (1940) found it in association with

both blue-green algae and Chlorophyceae, Collothees mutabalis was

only found in water with high oiygen\concentrations. It was eeen'duringi~

dominance of the Keratella species in the fall, During June and July

1975. C. mutabalis was assoclated with high nunbers of predators but

@
the fall pulse was associated with low predator p0pu1ation densities.

- Collotheca pelagica (Rousselet)

-Collotheca4pelegica was similar in appearance to C, mutabafis'but

‘ differed in lacking eye spots and possessing a tapering fbot. Like

C. mutabalis, c. pelagica possesses a small uncinate mastax and _was rare v

\

’during the study period. , . . ‘ ’

' Collotheca pelagica was not found at station A until late:

L)

September 1975, A maximum was reached in early November. Thus the

, fall population of Q. pglggigg was sinildar.to the fall population of

c mutabalis. In 19?6. & few specimens were found in late June,

During 1975 C. pelagica was very rare at ‘station ¢, although a few : ..
) individuals were collected 1n October.u In 1976 a few epeeinena wefe

<
\'
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. |
collected in late May. Numbers rose rapidly during early June to a
maximum in the second weeklof June. ‘The popﬁla&ﬁPn'disappeared by -
late June. As with C, mutabalis 1t is difficult to interpret the
egg ratio owing to the small eample sizes, However, in early June
1976 a distinct increase in the egg ratio preceded population growth
at station C, As the pOpulation grew the egg ratio declined._
| Although C. gelagica was found in water below 5°C, population |
_-.éroith did not‘éceur in uetef ;eleu 10°C. Pejier (1957p)>fbund this
" " specles during August and September.i Ianastings Lage. C. Relgélcan
ues only fodhd;et times Pf high edible cell concentrat}ons, when o*y&en
9 ‘eaturation,was greater than 80%, and when Keratella specles dominated
the ze'oplankton community. .

Stnchaeta oblonga Ehrenberg

Synchaeta oblonga possesses a delicate, virkate mastax which

functions b plerce and suck juices from prey items, Little is

-

+ known about its choice of food but some‘speeies of Synchaeta can
be cultured with Cryptomonas and small diatom§J(Pourriot. 1965 in
Ruttner-Kolisko, 1974), | o . ?TH

-

Synchaeta oblonga was present in late Ma; atistations A and B,

but the pOpulations disappeared hy early June (Fig., 42). It was

absent throughout the summer of 1975 but reappeared in mid-September.'
~ Numbers rose rapidly until a maximum was reachedvin late October,

aﬁd‘by early NdVembeg,numbers had begun to de¥line until no specimens

’ L 4
.were found under the ice in December 1975. The population at station

C appeared at the same time as‘populations in the main basin, but the

maxima at‘stations A and B during September were much ﬁigher than the

o
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maximum recorded at station C. In 1976, small pulses were noted in
late April and ‘early May at both stations A and C., Vertical
distribution was unifom.

anchaeta oblonga was usually found in water below 12°C, Ruttner-

Kolisko (1974) stated 1t is usually found 1n the 12°C to 15°C range, but
noted that some specimens %rom Iceland were found in colder water,

Pejler (195?b)g£ound it during winter and spring. - A

In ﬁy study S. oblogge was found while concent;ations of edible
phytoplankton: iere‘high. However, the importance of these cells as
a limiting factor is questionable as thq maxima in the main basin .
during September and October were much larger than the maximum at
station. C despite higher concentrations of edibie~cells at station
C. Crxptomonas was aleo higher at station C than at station A
during September and October.

Synchaeta oblonga appeared able to tolerate moderately low

oxygen concentrations. The pOpulation at station A during April
;9?§:was found in water that was 50% saturate?. »During the rapid
population growth in September 1975, oxygen seturation was 80 to
| 100%. | | |
AutdmntpOpulafions of S. oblonga were associeted uith,large
pulations of Keratella species. Small"popclations in‘spring'uere
associated with high numbere of copepod nauplii ‘and Polzarthra -

dolichoptera. Rapid 1ncrease in numbers of 8. oblonga during fall
R G N

—

1975 occurred when the predator population was very low.

IS Polyarthra dolichOptera Idelson

Polyarthra dolichqptera has a very large virgate mastax,
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be Beauchamp (1938 in Pejler, 1957e) found that, unlike many other
rotifers, Polyarthra would not ac¢ept Chlorella as food. Dieffenbach

and Sachse (1911 in Pejler, 1957a) found that Polyarthra euryptera

- fed on CrvutOmonas ovata but refused other cells of the same size.

Pejler (1957a) found Polyarthra vulegaris in seasons and locations

where nggtomonas was present. In his statistical study, Edmondson
(1965) found that all cells smaller than c_mtomor:as were insignifi-
cant in affecting the birth rate of P, nulgari o He.noted that. the
‘birth rate was high when ngpfomonas was abundant.and that the blrfh
rate varied when Cryptomonas was rare, indicating that P. vulgaris
1s not totally dependent on C;xgtononas. He did flnd, however,

that veriation~in birth rates were more stronély correlated with
abundance .of ngﬁtomonas than with water'temperaturé.

Population densities at stations A and B were dropping rapidly
during late May 1975 and numbers were very low in early June (Fig,
‘QB). Population density at station C was already low when sampling
began, A small 1ncrease in numbers began in late June at all stations
and continued to a peak in density in early July.. Numbers declined
sharply in late.July, but the populations persisted untll mid—Auguet.
 The populations reappeared in late September et all etations, but
remained at low densities until late January;e Numbers 1nc£eased in
danuary and February nith e"higher maximum at statlion A than at
station C. Both populations declined in late March and early April.. ',
Very rapid growth occurred at both statlens immediately after 1ce

station C was reached in early Hay. POpulations declined sharply

after the maxima and were low by late May at station C and by early



Figure 43, Population density, birth rate, and eggs per female

of Polyarthra dolichqptera at stations A, B, and C.
19?5—1976

density
------ birth rate

——eggs per female (winter only)
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June at station A, Another perlod of rapid growth vas seen in June.
Numbers at station C reached a maximum of 700/liter in mid-June‘snd
the population at station A reached a maximum of 760/liter in the
third week of June, Population densities declined immediately after
" the maxima and the numbers at station C were very low 1n late June

while the population at station A was still declining.

113

Dxring early June 1975 birth ‘rates appeared %ery high, PrObably an -

artifact of small sample sizes, At all stations. a distinct pulse in
" dirth rate was noted before ‘the small population pulse in July and
a pulse in birth rate was noted in October._ During ‘winter, n
increases in numbers were also preceded by increases in egg ratio.
A‘According to Amren s (1964a) data on eég duration, the birth rate
would be very low at temperatures of approximately 1°C but many of
the eggs must have developed to produce the pulse in population .
‘ density. The egg ratio dropped during the increase in density but
rose again immediately after the pulse. The'magor increase in'
numbers, immediately after break-up, appears to be the result of this
pulse in egas. As with the winter population. the calculated birth
‘rates appear to be erroneous as the increased egg ratlo apparently
caused the pulse in density. Increase in numbers during June was
preceded by a very small increase in birth rate* birth rates in this
case were low due to a low. ‘888 ratio and not due’'to low temperatures.
) Amictic eggs were found in late May 1975 at stations A and C. |
No more amictic eggs were found until late April 1976 when they were
' again recorded at both stations. Numbers of amictic eggs rose to
a maximum of 73/1iter on May 7, 1976 at station A and Zi/liter
~ at station C on May 4 1976 None were found at either station f
R
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Vertical distribution of P, dolichoptera was uniform for much

of the year. In July 1975 they avoided deep water that was less

than 10% saturated with oxygen.‘ A similar avoldance of low oxygen

concentration was seen under the ice (Fig. U44), - During the two

, pulses in. spring -and early -summer 1976, the- vertical distribution was

uniform. ‘

Polyarthra dolichoptera was found in temperatures frcm O°C to

to 24, 5°C. The large maxima were found in cool water but the July

pulse occurred in water temperatures averaging 20%c, -Amren (1964&)

found highest numbers at temperatures of 10°C and noted high birth

ratee at temperatures of 5°, Pejler (1957b) reports finding it

'during winter in eutrOphic lakes and also in the hypolimnion . of -

deep lakes during summer months, He notes in another‘publication
(Pegler, 1961), however, that he has fbund 1t in water as warm as

@&
9°C and at depths of only 3 to 4cmetres.

Polyarthra dolichoptera.was present when the edible cell concen-~ -

tration was high. The small pulse in July 1975 declined as the .

concentration of edible cells drOpped in mid-July. Itvwould be
premature, however, to single out concentration of edible celis

as a 1imiting factor since, in spring 1976, numbers of P, dolichoptera

were higher at station A -than at station C despite more edible cells

at station C. Decline in numbers during spring 1975 was accompanied '

'by a drop in the concentration of ngptomonas. The small pulse in

July 1975 was accompanied by a very small pulse of Crxptomonas.

However. increases of P. dolichovtera during winter were assoclated.

‘with low conicentrations of Crxptomonas.n Cdncentrations_of.ngptomonas
. I N ) ' )

L
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o Figure 44, Vertical distribution of Polyarthra dolichoptera at -
station A, Ja.nuary 13-July 2, 1976, -
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~ were high during the early spring, 1976 pulse of P. dolichoptera

at eiation C, but the spring pulse at station A occurred desplte

low concentrations of Cryptomonas., Thus ih my study, the relatioeehip

between P, dolichoptera and Crypﬁbmonae does not seem as clear as in
studies with other species described earlier.
Polxarthra dolichoptera adolded areas of low oxygen concentration.

but appeared to do well during winter despite saturation levels of

only 20 to Lo%, s

When numbers of‘g.‘doiichoptera increased i@keag;y spring there

were few animals preeent other than cyclopold naupiii.,-Increasee
in July 1975 and June 1976 were associated with high densities of
Keratella, |

The pulse of P. dolichoptera at both stations during March 1976

occurred when'predator populations were relatively low, but the late
April and May pulse eccurred while predators were common, Predator

pOpulations were still high but declining during the June 1976

pulse of this rotifer.

Trichocerca multicrinis Kellicott

Judging frdm the lack of information éonce;ﬁihg_g. nulticrinis
in the literature, it appears that tﬁie speciee»ie'rare or abeent
in many parts of the world or, nore likely. it is not considered '
truly planktonic. : It is defined as planktonic, however, by Chengalath, o
Femando. and George (1971) “

Trichocerca multicrinis poeeeeees a.virgate'mastax " Pourriot

(1970 in Ruttner-Kolisko, 1974) reports that many species of Trichocerca

pierce and suck the contents of algal cells and rotifer eggs.



bilrichocerca multicrinis is a summer species in Hasting Lake,

Specimens were first collected from stations A and B in mid-June )

(Fig. 45). Numbers increased during July to peak in late July and
early August, then declined sharply and rose: again during mid-August,

' Although the average population densities were comparable at stations

A and B, the peaks Were more pronounced at station A Numhers ) -
.declined slowly from late August through October. A few males Wwere
fbund in late September at station A, No specimens were found under

the ice, In late May and Jupe 1976 a few specimens were found

at station A. J

Trichocerca multicrinis appeared later at'station C than it did.
in the main basin. The population density increased slowly through ”
July until a maximum uas‘reached An the second week of August, This
° peak coincided with the second ma jor peak seen inﬁthe main basin.
but the density at station c was lower, Numbers deéiined slowly and
a few animals were still present in late October but none were fbund-
‘under the ice, In 1976 T. multicrinis was fbund during late May and
- June, ’ _

Vertical distributionrwas uniform throughout the year except
in early July when T. multicrinis avoided deep water which was low in
oxygen. ; | » _ ‘

Although T, 'nulticrinis was found in water as cold as 20C, 1%
appeared to be most successful in warm water in Hastings Lake, -
Major increases in population growth occurred in water above 209,
while the population declined at temperatures below 18° c. However,
“the 19?6 spring population started growing in water at 13 C. This

small pulse probably represented the hatching of resting eggs'
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Figure 45, Population density of Trichocerca multicrinis at
_ atations A, B, and C. 19?5-1976.
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Trichocerca multicriﬁ&%luaually occurred when fhe'water'was well-ﬁ '

oxygenated. As mentioned earlier, individuals appeafed to avoid

areas Of low oxygen“concentration during July"1975. This specles

was common during the crustacean dominance of the zooplankton
' A

community.\ Predator populationa were relatiVely high during summer
N

Trichocerca stylata (Gosse)

Like T. multicrinis, T, stylata has « virgate mastax, It is’

small compared to T. multicrinis, being only 70 to 110;y in length

* (Ruttner-Kolisko, 1974) . ‘. . '__ c

During my study, T. stylata was alwaye rare, In the main

basin a few specimens were found.during July and one spécimen was: -

. *
found in early October but none were found under the 1ce nor during
spring and early summer 1976 At station Cy a “small population appeared

“in late July that developed to a maximum of 10/liter in early August,

By mid—August, the ‘population had disappeared. In 1976 sp‘pimens
were found in late June and it appeared that the population was |

increasing;when the study ended in early July.

Trichocerca stylata showed no preference for any particular depth :

during the - study. It was usually found in water with temperatures

over 15 C but an exception ocgurred in October vwhen the temperature

|

was-approkimately 10°C, Trichocerca stylats appeared in greaieep

‘nunbers during the summer months when the phytoplankton was dominated
by blue-g:een algae and ﬁhe zooplankton was'dominated by’crustaceans.

Oxygen éoncentrations wefe'usuallyahigh when “and uﬁére.g. stylata

B -
I

a
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,1975 when T._multicrinis was most common.“_,,””d,_”“m.nnuu_cpewm_ e
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was found. - The population at station A during July 1975 was

assoclated with relatively high numbers of predators.

Brachionus angularis Gosse ) : ~ ,
R o

Brachionus angularis possesses a large malleate. mastax with

'five large, stout teeth on.the uncus, The species‘is not known to
be a selective’feeder, apparently feeding on algae and detritus

of suitable size (Ruttner-Kolisko, 1974). An important fact concerning
feeding of B. gglaris was discovered during my study. During
‘.observations of living B. gggglaris I noted that a few 1ndiv1duals

had . filaments of OScilIatoria protruding from the mouth. The mastax,

o

vas observed to: be pounding rapidly on the end of: the filament,

These were not accidental occurrences as the animals were observed
searching for the end of the filament. When an 1ndiv1dual

struck a filament 1t immediately stopped its normal spiralling motion.
then moved slowly along the edge of the filament until the end was

reached and maneuver

‘into the mputh. On most encounters the rotifer
failed'to reach the e d of the filament elther because currents |
moved the filaments way or else the rotifex apparently "gave U] .
However, - several su cessful atxempts were noted and when the filament,
was secure In the‘h uth the rotifer resumed its normal’ spiralling
‘action. Tt is app rent, therefbre, that B. angularis, and possibly
other rotifers, use some blue—green algae and. perhaps some
 other filementdus e as food sources. - ,.l

Brachionus an 'ris was rare in the main basin of Hastings Lakc.

Specimens Were firs found in.early June (Fig. 46). Yumbers

‘remained low until early August when a small but distinct’increase
. - l . ' R ! . ) (fg : B

o o . f . . v\
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was noted. Population density remained stable during August but

a definite decline occdrfed in September until by mid-October

the populatlion had disappeared. A few animals were_céllected in
early May, i;76, but the poétlation d}sappeared and no more )
specimens were found until early July, Du:ing the small pulses at
stations A and B, birth rates varted cOnsiderably. It is difficult
to determine whether this reflects the actual birth rate or is :

‘the consequence of small sample sizes

Brachlonus angularis occurred at statlion C at approximately the
L .

same time as if occurred at stations A an& B, but the pdpulation deqfity
at station C was much greater than in the main basin., The populatior
at station C remained small during June and early July. but- a rapid
increase was recorded in Mid- July. As numbers rose in July, birth
rates dropped sharply from 0.56 eggs/female/ﬁay to a minimum of

0.10 eggs/female/day. In August, the/population density levelled off
and remained high for appioxima£e1y four wéeks. As soon'as'the dénsity
levelled off the birth fate rose to approximately 0.20 eggs/female/aay
and remained at 0.15 eggs/female/hay until August 25 when 1? declined
to 0.06 eggs/fenale/day. This dro§ in birth rate preceded a rapid ’
‘drop in numbers through Sepiember until mid-October when no individuals
were found. It appeaied that thg birth rate rose during the decliné

in numbefs but agaln, sample sizes were small, In 1976 spécimens

were first found in early June at station C. Numbers inpreaégd

122

suddenly and were still increasing on July 2. During this increase the ;

birth rate dropped, in a manner almost identical to the 1975 -
population. An interesting situation arose during 1975 and 1976
when the populat1ons.were increasing; *During'nid-itly 1975 a slight

©

/
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‘reduction. in rate of pOpulation growth was accompanied by an increase

in birth rate, In late June 1976, a elight decline . in density was
accompanied by a small but distinct increase in birth rate.

Brachionus angularis showed no preference for any particular

stratum of water (Fig, 38). It was found in water between 12 and’

24%¢, In 1975 the population at station C remained low until the water

temperature was nearly 20°C while in 1976 the population‘increased

rapidly in water at 14 to 16°C ~ Ruttner-Kolisko (1974) calls

B. angularis a "eurythermous" species, but the absence of this animal

at temperatures below 10°C and the long duration time of eggs below
10 suggests 1t is restricted to warm water in Hastings Lake,

Allan (1920) found B. angularis to prefer temperatures around 20°C and °
Chandler (1940) found 1t between 21 and 26°C while Arora (1966)

.fbund it between 21 and 35°C. The correlation coefficient between

temperature and birth rate was 0.46 (P< o0, 05)

Brachionus anzularis appeared during the blue-green algal bloonms,

- Allan (1920) found that it preferred "organically enriched areas"

and Arora (1966) ‘Tound maximum population densities in sewage. ponds,

Chandler (1940) also fbund B. angularis in association with blue-

' green algae and PeJler (1957b) deseribes it as a "eutrophic™ species,

-~ These findings, coupled with my observations of B. angularis feeding

on Oscillatoria. indicate the importance of blue-green algae to this

" specles, I noted that rapid increade in numbers of B, an gglaris

‘began while the Aohanizomenon-Oscillatoria ‘group rose from "present*

to "common,. However, the population of B. angularis at station C

~ declined in September, well before,the'majorrdecline in Aphanizomenon-

Oscillatoria, o ‘ Co /
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Brachionus angularis was found in waters well-supplied with oxygen,

The few speciﬁens found during early July'1975 at station A Wwere near

the surface in uelisoxygenated waters,

Brachionus angularls was cbmmbn‘while the zooplankton communlty
. - -
was dominatéd by crustaceans such as Diavtomus nauplil and copepodites,*

.Bosmina, and Chydorus. At station A it was'moét common when predators

Were numerous.

Notholca squamula ‘(Muller) .

Notholea squamula posseéseg a small malleate mastax, Beauchamp

(1938 1n Pejler, 1957a) reported that it eats the snall cells of
Chlorella, but he ¢ould not maintain population growth on this diet..

Notholca sgquamula was always rare in HastingS@Lake with small

populations in spring and early winter. In late May 1975 a few
_animals were collected from station c while none were found in the
main basin.‘ In mid-December 1975, 1/liter were found at station A
while 10/11£er were fbuﬁd at station C. The poplation at ‘station C
" had disappeared by ﬁidLJanuary 1976.'bu£ the population at statioh §
peréisted(untii late January. The 1976 spring populétion at station A 
first appeared in mid-May. Population density remained at 1)iiter
until early June when the population apparently disappeared. but
two animals were found on July 2, ‘

‘The 1976 spring population at st;;ioﬁ C,appearedfat ;6ugh1y
the same time as the station A population. Numbers remained low'
'.unti; an 1ncreasé was noted in lgte May ffomkl/iiter on May 28
to 13/1iter oq;;une 7. Immediatelyvafter this maximum the pSpulation |

declined and no specimens were found after June 11,
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’published on,temperature ranges and geographicllocations of N. squamula,

.PeJlerﬂ(1957b) also fbund it 1n summer 1n lakes-below the tree 1ine

2
£

. Keratella.sgadrata Muller

Notholca squamula appears .to be a cold water specles; it was found

in water from 1°C to 15°C, while population increases Were seen in
D

temperatures as low as 2°C, These results concur with 1nfbrmsfion

Amren (1964c) found N, squam ula in arctic ponds and. Pe jler (1957&)

noted its presence during summer in ponds above the tree line.

but noted it was only present'in~the hypolimnion,

Hith the exception of the early July 1976 recording, N. squam ula
was present during times of high concentrations of the edible cells,
It was normally found in well-oxygenated water but appeared able

~

to withstand low oxygen concentrations since it was fbuné during

.January 19?6 when the oxygen concentration was 30 to 40%.

Notholca squamula was present with cycIOpQ\d cOpepodites and’

nauplii, It appeared with Polyarthra dolichoptera and was present

while the Keratella specles were 1ncreasing during spring., The
1976 spring and early summer populations of N. sgu anula were assoc-

1ated with numerous predators.

Keratella hiemalis Carlin

[

A single specimen of Keratella hiemalls was found on Marchﬁgzw

1976 in water at 19C and with sn'oxygen concentration of 5 to 104,

a4

Keratella quadrata was one of the most common rotifers in

‘Hastings Lake during the,study period, It is a very conspicuous

animal in the plankton, attaining lengths over 150 uy and possessing -

125
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early fall increasa in numbers. but started to decline-during October

two caudal spines, Nothing is known of its\feeding habits, but its
malleate mastax prohably equips it to. grind emall phytOplankton

cells and detritua.

Keratella_g‘adrata was most abundant during spring nnd fall

and 1t showed the same basic pattern of occurrence at all’ thrae
stationsi(Fig.-b?). Numbers in the madn basin population were
increasing when sampling began in;laﬁa,nay:‘frbpulatioﬁ densities

rose to a maiinum'in the second week. of June, Birth rates. were high

during late Hay and early June. but dropped as the: poﬁﬂlation

1ncreased. After the maxime.. numbers at both stations dropped
rapidly but rose again during late.June and stabllized somewhat
until mid—July:\ﬂBirth ratcs rose during and 1mmed1ate1y after the
major decrease in dqnsity. Vhile pOpulations were stable 1in early
July the birth,rate was stable at station A, but appeared‘to rise at
station B, After mid-July, the numbers declined at both statlons and
continucd drOpping until August when a slight peak was noted. During
the ‘decline in July and early August, the birth rate peaked twice,
once when the population declined eharply in the third week of July
and once in early August. 1mmediately before the small peak in

pOpulation density. The denaity remained low during August and through

\\ the first half of September. Birth rates were relatively high -

during this period but fluctuated‘at station B, Numbers began to
increase in mid-September and continued increasing;“reaching a maximum

An late October.- Birth rates remained relatively high during the

£

_ and were lou by lape October when populatlon growth had stopped.-

Despite low birth rates in late fall the pOpulation density

126
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Figure 47. Population density and birth rate of Ktaratella

at stations A, B, a.nd C. 197 1976,

densi,ty

-———--birth ra'tg
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- of K. quadrata at*etation A increased during December and Jenuery.

In Decemberr'27% of the animals cafried an egg. but egg duration
data (Fig. 34) indicated that duration timee vwere extremely long,.
thus resulting in low birth rates, In mid-January. the density

declined but appeared to etabilize in nid-February. After February

‘ Population density rose elowly to a maxinum in late May 1976, tut

was much lower than the 1975 maximum, Birth rates were very high -

‘during late April and early May,jbut dropped- as the pOpulation

' increased. In early June a drop in deneity was associated With a _'

pulse in the birth rate. followed by an irregularly increaeing
density during the remainder of June,

Population growth at etation C was similar to the growth in the
main basin, The initial increase in numbers during late May and

early June was accompanied by a decrease in birth rate, while a

J

‘8light decrease in numbers on June 2, 1975 was’ accompanied by a pulee

"in birth rate. " The population density reached a maximum in the
third week of June while the birth rite was low. Numbers at etation

. C at this time were higher than those at stations A and B. but drOpped

during the remainder of June and early July, This period of decline

lasted longer than the correSponding decline in the me.ix' 'baein.
)

.ALike the main baein, a eecondary pulee occurred in the north-eeet

basin during July, fbllowed by a decline during_lete July and‘early i :

_ August, The ninimum in early August was acconpenied by a peak in

birth rates. A elight peak in density occurred during mid-Auguet.
followed by a gradual decline to a ninimun in mid-September, - '
Birth ratee appeared einilar to thoee in the nain hﬁein with a
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peak in late August and then a decline to a minimum in- early
.Séptember, ‘Nuubers increased in an irregular fashion during lato
‘September and October and stabilized somewhat during mid-October,

Birth rates climbed during the second and third week of September,

hut ducliued in late Septembér and . early bctuber. 5uring early winter,
numbers.dropped;quickly at station C. An increase was noted during
January but by mud-February nuuberu were very low and femaineu low
until May 1976, Population.density of K. quadrata 1ncfeased“very |
slowly during late Mayj majdr-increages were not seen until June,
During this period the birth rate fluctuated but remained high.

The first maJor drop occurred 1n June when the population showed

- a major increase to a peak in mid-June, followed by a decline during
late.June and early July, The 1976 peak at station C was similar

‘in timing but much emaller than the peak in 1975. Also, the 1976 -

| peak at,statibn C was qimilar.in slze to that at station A but occurred
almost a month later. |

Keratella quadrata ‘showed a uniform depth distributior for most

of. the year '(Fig. 48). During July 1975, it appeared to prefer\the
warm surfaQe waturs thay wefe'superﬁaturated with.qxjgen. In mid- .
December the fopulation concentrated in deeper water but as winter
‘uiogréssedAand oxfﬁen.uas depleted at.;oyer depths thu population

moved to surface waters, : % ' o -

Keratella quadrata was found throughout the year in temperatures
of 0°C to 2k, 5°C. _Populations 1ncreased in both warm water (above |
20°C) and cold (below 5°C) although the birth rate was always low
below 5°C, High population densities were maintained during the

‘winter despite temperatures of 0 to 2°C.1,A11an (1920)‘fbund



-

Figure 48, Vertical distribution of Keratella quadrata at station

A, May 30-July 25, 1975; October 13, 1975-May 4, 1976,
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. guadrata common up to 23 C and noted increases during January
) - and June, Amren ( 196ha) found that his Spitzbergen populations
increased rapidly above 5°C and Davis (1954) found this species
most commcn betwwen 4°C and 10°C., Ahlstrom (1943) found specimens
in the hypolimnion of Lake Michigan during the warm months, George
and Fernando (1969). found' that numbers. of- K. guad increased
during the winter at all depths. while during summer it was only
- found in the hypolinnion, , _ , - .
- Keratella quadrata populations usually increased vhen the L

' phytoplankton community was rich in edible cells, but, small increases
Were noted during July when blue-green algae were dominant, Allan |
(1920) fbund K. quadra ta more common near sewage outlets and Chandler
- (1940) fbund’it most common when members of the Chlorophyceae were
present. Amren (1964&) found marked reductions in birth rate of
K. qu ad ta that did not coincide with changes in the "small monad™
populations. He suggested that changes‘in age structure df ths
population and changes in fecundity of generations could be: responsible
for changes in birth rate, '

" _Filgure 49 ghows the relationship between birth rate and temperb o
ature, The border, delineatlng the left side of the graph. from the
right side,’ probably represents maximum possible birth rate under

E _the temperaturs conditions, The correlation coefficient between
birth rate and temperature is 0.56 (P< o0, 01). The fact that ths '

_ highest birth rate was recorded when the water temperature was 1490
and that the border on the graph slopes downward at tempsraturss
ahdve 15 C may indicate a temperaturs inhihdtion of birth rats

- above 15°C, It 1s also possihle, however, that the declino in
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bifth rate above 15°C was partly due to reduction in concentration
of the total edible cells. during summer.
The relationship between birth rate and concentration of
edlble cells is more obscure than that between birth rate and tempera-

ture, The correlatlon coefficient between birth rate and concentrarion ‘
”f_of.edible cells is 0.10 (Ne8.) wheri” data’ ‘for the-entire ‘year are ugpd.
If points fiom the ice~free period oniy are used, the correlation
coefficient is 0. 48 (p < 0. 01) This discrepancy is a result of
..uinter water temperatures. Amren (196ha) showed that at 1°C,

typical of the 1ce—covered pertod, the development time of

g. guad ata eggs would be extremely long; thus the birth rates would

be low despite high edible cell counts.’ '

Deepite these positive relatiqnships betweeﬁ temperature and birth
rate and between birth rate and edible cell concentrations. interpreta~
",tion of Figure 50 still poses a few problems. As expected the border
is lined with points of high edible cell concentrations, but a e
, number of pointe of high edible cell concentratione are found well
below and to the right of the border...In other words a high concen-
tration of edible cells and a suitable temperatﬁre are nd@)alxays
associated with a relatively high hirth rate.

Keratella quadrata was found in a wide range of oxygen eatura-

‘tions. During calin weather in July 1975 and during winter,  the -
mejorityfof the population noyedxfron poorlyfoxygeneted'ﬁeters

near the bottom to surfece weters. 'Deepite‘this apparent preference'<r:
fOr well-oxygenated waters. K. que ta survived during the - winter

when oxygen eaturation was low., For example, during Harch 1976

vaninals were found in water less than 10% saturated with oxygen.

i
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-'Figure 50, Relationship between temperature, total edible cells.
and birth rate of Keratella quadrata. -
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Keratella quadrata was common in Hastings Lake when theé zooplankton

connunity was dominated by ‘the congeneric species K cochlearis and
and XK. earlinae, In 1975, the first magor peak of K., quadrata
Preceded that of the other two Keratella species, while the'secondary
peaks of K. quad coincided with the first peaks of K, cochlearis
and K. earlinae. During fall 1975. K. quadrata increased at the same
time as K. cochlearis while K, earlinae started 1ncreaaing more than
a week earlier. In spring 1976, K. quadrata increased at the same
time as K. cochlearis. Copepod nauplii were often abundant immed-

lately before and after K. quadrata peaks; Danhnia_g_licaria persisted

at high populatlon densitkea while populations of K. quadrata
declined in early sumner,

Keratella quadrata showed rapid population growthlin late May

and early June 1975 while predator density was low, The population gg?'w

declined in June as predators increased and the density was low

‘ during July and August when predators were comnon. The fall increaao

in nunbers of K. guadra occurred as the predator population o

declined. During Hay and June 1976 the pOpulation growth rate of

S)

K. quadrata was low when Cyclops bicuspidatus thomasi vas abundant,

_The correlation coeffecient between density of K. g ta and density

of predators was -0, 22 (N.S.) (Table 5)e
Average lorica and spine lengths of K. quad are shown in

.Figure 51, During late Hay and June 1975, when the water was uaxning

rapidly and the population was growing, lorica length at ‘both atations

.uas decreasing while. ‘spine length was increasing. In Ju39. spine

length decreased suddenly and lorica length continued to decrease.—

v
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TABLE 'S5

Correlation coefficients between rotifer density, spine length and
lorica length, and cyclopold copepods. "Predators" represents the

summation of the density of Cy

clops bicuspidatus thomasi IV - VI and

Cyclops vernalis IV - VI,

C(N.s.)

Cyclops : .
bicuspidatus Cyclops
N Copepodites thomasi vernalis
I - III IV - VI IV - VI  Predators
Keratella Spine Length -0.20 =0,35 -0, 50 -0.68
quadrata ‘ (N.s.) (N.S.) (N.s.)  (P<o0.05)
Lorica Length 0.260 ~0,09 -0.84 -=0.55
: (N.8.). (¥.8.) (p<o0.01) (N.S.)
Density 0.008 -0,01 -0.44  <-0,22
(N.S.) ~(N.s.) (un.s.) (N.s.)
" Keratella Spine Length 0,001 0. 54 0,30 0,63
earlinae (N.S.) (N.S.) (N.s.) (F<0.05)
Lorica Length 0,01 -0.55 -0.40  -0.7%
' (N.S.) (N.S.) . (N.S.) (p<o0,01)
Density o.lu -0068‘ ' -O.QZ . -0-65
(N.s.) (F<o.01) (N.S.)"  (P<o0.05)
'Keratella Spine Length 0,03 0.7 0.17 0.46
“‘cochlearis ~ (N.s) (r<0,01) (N.s.) * (N.S.)
Lorica Length 0.36 ~0.05  20.75 . 0,22
' ' (N.S.) (N.S.) . (P<0,01) (N.S.)
Derlsity ‘0006 0027 -0'06 0.24
' , (N.s,) (N.5.) (n.s.
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.Fgure 51, Average lorica ahd spinéllengths of Kerﬁtelia‘gpadrata
- at stations A and C.r1975-1976. Thick bars indicate
one standard deviation, thin bars indicate the range.
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The sudden decrease in spine length occurred during the warmest
, time of the year and imnediately after the maximum ;enuletion.
density. During late July and August, while water temperatures were
dropping and the population was low, both'spine and lorica lengths
increased witb‘animele_ae etationlc showing lafgef increases than
tnese‘at station A. During fall, lorica and spine lengths continued
" to increase. The graph for station A shows a sudden inerea.ee in
both spine and lorich'lengths'during‘September, but both lengths
~ appeared to decline egain_in late Oetober. These increases in length
occurred while the water temperature was drOpping quickly and the _
p0pu1ation was growing. The population was stable when the lengths
declined in October. During»early winter both of these measure-
ments increased'slowly.‘ The population at station C was declining
during this period while the population at station A showed some
increases. After February. the spine lengths at both stations declined
while the lorica lengthe remained constant, This.decline in apine
length continue? through the spring and early snmne: of 1976, Tne'
lorica length remained.constan£ through early spring but dropped
during June.' The water temperatures were increasing‘ﬁuring‘nay
and eerly June but dropped in late June.' The population showed
‘elow growth during the period of declining spine and lorica lengthe
in spring 1976 Thefcorrelation.coeffecient between temper&ture,and
~ spine length was -0.73 (P < <01), and the cOeffecient“betneenn
. temperature and lorica length was -0, 57 (P < .01)

Figure 52 ghows the relationship between spine 1ength and .

lorica length. The correlation coeffecient between the two lengthe
was 0,56 (P < .01) at station A and 0,48 (< .01) at statipn C.
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Figure 53. Spine length of Keratella quadrata, K. cochlearis,
‘ and K. earlinae with density of predators, 1975-1976,

X K spine.lehgth

...... predator density
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Despite general increases in spine length-uith increases in lorica -
‘length, there is a large range of spine lengths for any particular
lorica length, A eign teet (Sokal and Rohlf, 1969) was used to
determine any difference in both spine and 1or1ca length between '
stations A and C, Average lorica and spine lengths were computed
from each measured eample from station A and compared to the corres-
ponding sample from station C. No eignifigant differencse between :
stations was found in either spine or lorica length,

During early summer 1975, spine lengths increased and lorica
lengtha decreased as the predator population grew (Fig. 53). However,
both lengths dropped in July when the predator population was still
lgrowing. A sudden increase was noted in both lengths as numbers of
predators declined in October 1975. Both spine and lorica lengths LR
were long in winter while predator populations were low, 15 spring
1976 spine lengths decreased as predator populations grew and
lorica lengths dropped in June when predators were still numerous
but declining. The correlation coeffecient between epine lengthk
and 'predator density was -0,68 (P < ,05) and the coeffecient between
lorica length andzfredator density vas 40.55 (N.S.), (Table 5).
Neither spine norkiorica lengths were cofrelated~wifh nunbers of

: lclogs bicu ;gidatus thomasi, but a signifigant (p < .01) nega.tive

,relationehip occurred between the density of Cxclops vernalis

and lorica length (Table 5)

I

Taxonomy'of'Keratella cochlearis and Keratella earlinae

Taxonomy of the "cochlearis group” (Ruttner-Kolisko, 1974),

genus Keratella, is a difficult area of study. Ahlstrom (1943)
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determined several species and numerous varieties in this group,

Ruttner-Kolisko (1974) prefers to call the entire group Keratella:

cochlearis and describes three major series, noting that morphological

varieties seen 1n¢each serles are often assoclated with environmental
factors. Two easily distinguished forms were found in Hastings

Lake, one corresponding toARuiiner—Koldsko'snfecta-series,'(Ahlstrom's

| K. cochlearis) and one to Ruttner~Kolisko 8 1rregu1aris series

(Ahlstrom's K. earlinae). In my study Ahlstrom 8 original classifi-

“catlon is used for the following-reasons. _The two forms showed an

obvious and consistent difference in dorsalbsculpturing of the lorlca
(Fig. 54). a characteristic considered to be of great taxonomic

1mportance (Ahlstrom, 1943) ‘Keratella cochlearls possesses a mid- ‘ | ;.

dorsal keel while K. earlinae possessqs irregular facets, Kerateila.
earlinae was consistently bigger tﬁsnig. cochlearis and showed a less »
exhuberant form of c}clomorphosis, although timing of majer cyclo-
rorphic events were sidiier; Birth rates of K. cochlearis were almost
always higher than those of K. earlinae, When specimens were observed

suimming, the rate of spiralling was clearly faster 1n K. cochlearis

than in K. earlinae. The two forms also showed differences in vertical

' distribution during the calﬁ period 1n July 1975. Keratella cochlearis

concentrated 1n surface waters while K. ‘earlinae preferred deeper '§%w£
water, Although criteria such as these may not warrant separating -
two fomms. 1nto species, the fbrms seemed distinctlive enough to warrant

separate consideration of their pOpulations.



e
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Keratella cochlearis

o

Keratella earlinde -—/j -

' Figure 54..Dorsal views of Keratella cochlearis and K, earlinae

to show sculpturing. (After Ahlstronm, 1943.)
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Keratella cochlearis (Gosse)

.Keratella cochlearis has a relatively large malleate mastax,

Naumann (1923 in Pejler, 1957a) noted that 1t shows 1ittle preference
in selecting food particles. His experiments ‘showed that SpeciNens

would fill thelr guts.with carmine particles. Luntz (1926 in,Pejler.

-»1957a)-Msintained»a»pOpulation of K. cochlearis on the flagellate. ..

. . . ». | .
. Polytoma,. and de Beauchamp (1938 in Pejler, 1957a) showed that K,

.cochlearis could eat Chlorella. but his populations died after one

generation. Pejler (1957a) noted that K. cochlearis eate particles

" below 10-12 yy in diameter.

Like K. quadrata, K. cochlearis was most comgon during early

summer and fall (Fig. '55).- Populations at stations A and B were very
low in late May 1975 and remained low with minor increases until -
late June,when'they increesed-rapidly. Birth rates were high in
early June.'but droppedfrapidly'in,midJJune. A few days before the '
rapid increase in density.the trth retes.rose again, After
increasing, the population appeared to level off andfremained high
for most of July with ‘stable birth rates for most of this period.

In late July, at both stations, a major decrease in density occurred.

leaving very low numbers in early August. Numbers remained low

" until mid-August when a minor pulse was seen at both stations.

Birth rates increased as the population dropped, and remained high

.during early August. A drop in birth rate occurred during the ghort

pulse in density. Population density dropped again after the August

- pulse’ and remained low until nid-September and appeared to stabilize

during October. Birth rates climbed during late August and remained
e T
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Figure 55. P0pu1ation density and birth- rate of Keratella cochlearis

at stations A, B, and C. 1975—1976
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' increasing. b.xt the rate of decline was not as. rapid as: the decrease - R

| 149
¥

%3

high until early 'October when an obvious decline was observed. The

'egg ratio was high during October. but - cold water temperatures caused

A

-

| low ‘birth rttu. ‘. é;’j

Winter was a period of slow decline in mmbers. Numbers
nained high during Decanber but declined during January, Febﬁmry, )

and Ha.rch to low denﬂies in early April, . Num,'bers increased slowly

through May a.nd garly Juna. followed by a rapid incréase‘-‘.'in ny be
during the aecond week in June. Numbers dropped during ln\.e June,
but rose again immediately a.ftmard and wvere a,till increa.sj,pg in
. early July. Birth ﬁttea rose rapidly in la.te April and remained

high for most of May, then.dropped in early June. but rose again

in-odiatolﬂbefore the period of rapid population increase. ‘

Birth rates dropped again when the poPula.tion was increasing .

\ rapidly.‘ Bate of population growth appeamd much faster is 19]6 o

than in 1975 a.nd max¥mum population size was higher in 1976 tha.n

in 1975, - e N P R
Soasonal occurrence of K.-‘é’ochggris at station C was similar W e
L ST
to that in thg main basin. The population showed% rapid increase., '
‘that. eta.rted in mid—June and rose to a ma.ximum in ea.rly July. :

This ‘Increase occurred approximately two ueeks earlier tha.n i‘ﬁcr&a.ses

a.t stations ‘K; d B. Birth rates drOpped while the popula:l'.ion was
P

. \» . 1\/

in birth rate seen in the nain hasin. Both numbers a.nd 'birth rates
levelled off for noet of July although a drop 1njnumbers during ‘

lid—Juiy was a.ceourpanied by a pulse in birth J,a};e ‘and a Bul‘Sequent - gy
.ﬂ.,..\fl . )

pulse in density. The population dropped 'rapidly in 1a.te July a.nd
ruained lou, with minor peaks during Avkust. Birth rates ::ose |

@ .
’ B

— o

-
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>immadiately after the_declinelin density and were very high in . ‘
‘earlf Augus;. but‘dropped again during the next two weeks, Population
density increased slowly during September and reeched a maximum in

late September., Numbers dropped Bnghuy 1mecuate1y after the.

eexigum but appeared stable for the rest of October. Birth rates ' O
rose in mid-August when numbers were low.’ They~continued to rise with
the population in the first two weeks of Septemier, but d;opped
during,latejSeptember and was very 10w in late O tober. The vinter .
popul&flqn at ;&ation C. uae similar to that at station A, Numbers
dropp:;d ﬂpid}f)ﬁ Jenuary and Febw and remeined very low durlnpr

PR

,Mﬁich and, Aﬁrfl. POpulation densityqincreaeed slouly during May while

,mﬂ"._‘;ates vere'ﬁigh. A very rapid increase 1n deneity was noted
\Jja 57 durihg early June, reachleg a maximum on June 18 Numbers decreased
o fhmediagely after the maximun and were still decreaeing in early
‘“auly.l Birth rates rema}ned high, even increasing elightly during the
.ﬁ phase of rapid growth tn early June$ and did not drop until the

- pOpulation naximum was reached. The 1976 spring population increase
at station C occurred earlier tha7 the 1975 incroaee and e:;lier '

N

than the 1976 spring 1ncrease at hiation A, B . 1 )
.IN" : /

- Ve#tical distribution of K. cochlearis is shown in Figure 56.‘“

During spring and early squgr. /distribution was unifbrm, but 1n early

July a preference for the eurf' e vee oheerved before the oxygen
] saturation declined in the dee water. Ae the caln period 4n July

| ;econtinuag and oxygfn was degidted near the bettom, the population moved
(eu;fgaaay frﬁm the bottom layers. |In Decenber. concentretione were tbund

near the egszace and ﬂeer the bottom, As the oxygen was depleted 1n

P R .
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"“,_ Cae el . »;z b

.

Ly



© 151

. . S . )
. . ~
L TN Ty i e SR A L 5 st il

. Figure 56. Vertical d'is'tributiof_;f of Keratella cochlearis at
" x . .- statlon A, May 30, 1975-July 2, 1976, = :
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:lower depths the populafion-concentrated in the top metre., The
'epring 1976 pOpuiAtion showed a uniform distribution pattern but
during late June and early July the majority‘of the animals
concentrated near the bottom, quite unlike the pattern seem in

early July 1975,

Yeratella cochlearis was found in a wide range of temperatures

“from 0°C to 2&.5°c.“'1t was noted,ihbweyer, that major Increases in
j o
‘density did not occur| below 12°C and that birth rates were low

.below 10°C, an obvious result of long egg duration at teuperaturee

below 10°C. Numeroue'references exist LV the literature cqncerning
v : e

the relationahip betveen .53 cochlearis and temperature. Many authors

-

report that maximum- populatlon densities occur: in :pring or early e

summer and Farf {Allen, 1920; Beach, 1960! Campbell, 19u&h'

LY ,w‘”

1940), Ahlstrom (1943) found maxima in summer 1n the

of Lake Michigan, Campbell (1941) and Chandler {1940). botuapgt.d RN
o : ? A
5{‘

that spring maxima occurred 1n cooler water than fall ;:xina
Davis (1954) found population maxima over. 13°c and noted that o
K. cochlearis was rare under. 5°c, George and &e;nando (1969)

found K. cochlearis to. be a’ cold stenothern r%.i:nfish Lake, ’
Ontario with maxina 1n January, but in nearby Paradise Lake they : |
fbund maxima in June with small populations during winter. ‘ ' o
‘Edmondson (1965) showed a etrong relationship between birth rate o
and temperature. The upper temperature linit of K, cochlearia
appears unknown, Edmondson 8 data ‘show high birth ratee at 20°% |

and Arora (1966) found npecinens at temperaturee over 21°c. Horkan . qg? .

Hajor inareasee in population density of K. cochlearis occurredv

(19?1) found K. cochlearis eggs at temperaturee as high as 26 6°c, A
6 'l.-: . ’
!



cochlearis was more pleniiful 1n\ereea of high coocentfotions ofri

cochlearis An association uith epring diatom blooms and Chandleé‘
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\

while the.edible cellslkere 1n.relatlvely high concentratione.
However. concentration of edible cells of%en dropped as ndmbers
of K. cochlearis rose and maximum densltles of K. cochlearie were
often found with relatively low cell populations,. The early summer
population of K.jcochlearis uae stable during the dominance of the
Cyanophyta. At station A, changes in the birth rate of K. cochlearis
closely fbllowed changee in the OOncentration of edible cells during -
spring and fall of 1975. ;Houever, high birth'ratee were‘noted.dg¢pummer F
when the condentration of edible~cells was low, ’

It 1s difficult to lntergret literature _congerning food -

resources and K. cochl

g;?many early researchers collected

'»phytoplankton samples with a net, thereby losing the saall cells

now realized to be 1mportgnt to rotifers.. Allen<(1920) found K.

.organic matter. Bofh Chahdler (1940) and‘Davis (1954) found K. | A

found numefous K} cochlearie during'fall when blue-green algae were-

5’;:ouunon. Davis found fall’ pOpulatione assoclated uith green algae

'but-did hot collect the snal-l cells‘. Edmondson (1965)"aasoc1a.ted

certain phytOpla.nkton species with high birth rates. -He. §6und ,

'frate.. In another uork (Edmondeon, 1960) he found an 1ncre‘%e in

.Chrysochromulina. Stichococcus and- miscellaneous flagellatee to be

significantly correlated with birth rate, . He reported that

Rhodomonaa was of ninor importance whlle Cryptononas, Chlaqydomonae,

and colourless flagellatea«did.not eignifigantly affect the’ birth

s
.~
kel

‘.‘birth rutee after fertilizing the lake. Increased birth ratea were *

L 3



R oy
-~ Figure 57 shows the relationship between Wrth rate and

temperature. As with’ ‘the eimilar graphs for Pompholyx eulcata

and Keratella quadrata, the bOrdfr probably repreeents the maximum .f
,birth rate possible under the temperatures indicated. It is important
to note that the border extends farther to the upper right ei%gvof
-the graph- than it does on the graph of X, guadrata. The second
 highest hirth rate-ocourred at a temperature of 22°C.'.It‘seema,b"‘”
therefore.'that'the effeet of temperature on the 6irth rate is.linear
uithin the range found in Hastinga Lake and that the birth rate uas
not adversely affected by high tenperatures.‘ The correlation |
coefficlent of temperature and birth rate was 0,73 (P < .01),

ﬁigure 58 shows the relationship bet;een tirth rate, temperature
and pnytoplankton; “The correlation'between‘birth rate and the
concentration of phytoplankton cells measured during the ice-free

~

periods was 0,42 (P <. .05) As expected, the border consists largely
of points of high edible cell concentration; and the right side of the
graph consists of points of low edible cell concentrationa. Several
_exceptions to this generaliza n are apparent, however. For example
it is noted that a. dark squar,e,g indica.ting edible cell ogoncentrations
of 5ooo/h1 to 10 ooo/hl, is positioned well below‘the border, as are
two' open squpres repreeenting phytoplankton concentrations of 1ooo/h1
.1to 2500/&1. Thue, as with K. g adrata a high concentration of cells
is not alnays associated with a relstively high ‘birth rate. -
_ _" Since K. cochlearie was present during the entire sampling period, i%.
d‘it uithstood a wide range of oxygen concentratione. During the calni?é
iperiod in July 1975, animals avoided the depths that were less than

10% saturated.; During early winter, imany animals were”fbund near
i
I

.y P
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Figure 57. Relationship between temperature and birth rate of
‘ Keratella cochlea.ris.
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Figure 58. Relationship between temperature, total edible cells,
a.nd the birth ra.te of Keratella cochlearis.,
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the bottom a.J..(though the water was less the.n. ZO%t{i"saturated. As 1in
July, however; the population avoided areas less thdn iO% eaturated.
Oxygen Baturdtions.at station C were below 10% for most of February .
and March 1976, and although K, cochlearis was present at this time,
the pOpulation was much smaller than the main basin p0pu1ation

where oxygen depletion was less severe.

Keratella cochlearis was dominant in early summer and fall along

with K. quadra ta and K. earlinae, It was noted, however, that K.

. guadra sometimes peaked earlier than K. cochlearis, It was also
noted that when K. earlinae was dominant in early summer 19?5. K.
cochlearis wes relatively rare, while in summer 1976 when K. cochlearie

. was very abundant, K, earlinae was rare, Daphnia pulicaria populations

wé%e often denee when K. cochlearis was abundant but most of the other

crustacean Specles were rare at these times. Elgmork (1964) found - .ﬂ¥

- maximum K. cochlearis ropulations when cladoceran populations were

low and suggested a competitive relationship between the two, .
The ma jor increase in density at st&tion A during late June 19?5{~ ix

occurred uhile the density of predators was increasing. Predator . .

- population: density was still increasing in July while numbers of

K. cochlearis were etable, and low densities of K. cochlearis in

August Were correlatp§ with a peak in predator density, The fall

increase An K. cochlearis occurred as predators declined to low

densities in October.- Keratella cochlearis showed slou p0pulation

growth, deSpite high birth rates, in May 1976 when numbers of Czclogs
O

blcuspidatus thomasi uere high, Rapid growth of the X, cochlearis

populationI ¥as seen in Jun” when predators vere still numerous but

declining. The correlation coefficient between the density of K,

\

@« - wnadahi
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redators was 0, A (N.S,). The correla-
tion ccefficient;;bEE#é/
or the two predatory copepods, [+ bicuspidatus thomaei and C, !$rnalis.'
Were 0,27 (N.S.) and -0.06 (N.S.), respective}y (Table 5)

the density of K. cochlearls and the densitiee

Lorice and spine lengths of K. cochleaxis are shown 1n Flgure 59.

B

During. June 1975, when- water temperatures were rising and numbers

increasing slowly, average lorica lengths remained constant,” Spine
lengths. however, showed mejor'increéses in June, During late June
and July, both Spine and lorica lengthe decreased. These decreases
occurred during the warm spell in July when numbers were reletlvely

high and stable. Both 1engths remalned small during August and

: September with somé ‘minor 1ncreeses. During late September~end early

‘the population increased slowly, A slight decline

L

October, both lengthe‘increased while the temperature dropped ‘and

-rica and .

U

spine lengths ocelrred at station C in late Octo-;- ring early

.win er, spine lengths decreased again Hhile lorica lengths increaped.

Starting in January, spine lengths 1ncreased again while lorica
lengths remained stable._ During early spring 19?6 spine lengths
increased at both‘&tations but the increase at station C was much

less than the increase at*ptation A, Sp;nevlengths declined during

”May end June while water temperaturee 1ncreased.v The populations‘

showed rapid growth at both stations with etation C reaching msximun

o~y
e

numbers in mid—June. The correlation coefficient between temperature

i

- and,lorica length was -O 14 (N.s, ) and the coefficlent between

' temperature and. spine length was 0 A9 (P < .01),

Figure 60 shows the relationship ‘between the log of spine length

'and the log of loriea length. The-ccrreletiou-coefficlent betweeh

<«
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Figure 60, Relationship between lorica. length and spine length of .
*
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- July while predators were still increasing and g%ort spine and ‘

) with an increase in density of Czclogs

- 9 ' S

0 46.(p< ,01) at station C. As with the similar graph'%br‘K
quadrata, Figure 60 shows a general increase in dbine length wiih

lorica length. but there is a wide range of spine lengths for any

particular lorica length. A sign test showed no\significant difference

between average spine 1engths at'atations A and C, but did show that oo

average lorica lengths at station A were larger (P < 05) than

those at station C. , A -

’

Avera&e spine lengths of K. cochlearis increased (Fig. 54) and
~and avggage lorica lengths decreased during*ﬂune 19?5 as the predator
population grew. However, ‘peak spine length was repched in early

”y

lorica lengths were associated with high predator density 1n August.
N

| Small increases(ln both spine and lorica lengths Were found in fall

when the predator population declined. Spine lengths dropped in
winter when predators were ' rare, but increased in spring when predators
Were abundant. ) Lorica lengths increased slightly d,uring wint‘xd
renained high“throsgh spring when predators were‘numerous. The"
correlation coefficient between spine length and predator density
was" 0;46 (N S. ) and the coefficient between lorica'iength and predator
density was =047 (N S. ).L Despite insﬂgnificant correlations with
‘Ldensity of total predators ) spine lerigths» did wzmc'gsase (P < .o1)
hicus_i )

Soveeny

lorica lengthe decreased (P G .01)‘ui€§ an increase in density of

~”s thomasi. and

u¥"

'Cyclops vernalis (Table 5).

!1
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Keratella ea.rlinae Ahlstrom . : e ' »"

The structure of K, earlinag is eim}.;lar to K. cochlear_ie. Toow
LittJ,e ecological data on this species exiet in the literature. but

ite feeding habits a.re proba.bly similar t::o;‘g thoee of K. cochlear‘&e.
. v

Liké*’i(. cochlearie, !(. earlinae was most common in! ea.rly eummer

o a.nd fall. The three ponulations at etatione A B, and C will be

- a.gain in late. July and sta.bilized eomevhat until early Auguet when ~

W

@.-~

: ?

1t dropped aga.in. rth ratee were lov when t!\xe populetion declin

: nunbé‘rs decreased in Auguet. ‘A ethell geask in
" maximum in early;Oc

Z‘birth rate drop?d during A.he mid-ATnst peak. ‘ut etarted to increase

in late Auguat.: Birth rates ,Climbed with density in early Septenber

trea.ted eeparately eince the pepu\ietion graphe (Fig., 61) ehg.g; 'éome i 'j."f

intereeting differencee.l A rapid'giowth in numbers was seen at- %tation

4

-~
A in- late 'Hay 1975. Numbere rose to a pea.k in mid-June, dropped IS

during 1ate Jurie, but ross agaln 1n July maxinum on July 11
Bir@h mtes rose in early June, but dmppe?i nunbers increaeed.
./ Decline in numbers during mid-June was a,esociated with a dietihct
peak ‘in birth rate which dropped again in early July as the numbem

rose. Population density declined drastica.lly in. mid—July, but rose

15,7 "&

e .
in mid—July. but rose eloulx through .?1113' a.nd

@

) started ih early September aad continued to a -

/

a.fter which the mmbere stabilized. " The
: ]

but dmpped quickly after the n&ximun deneity was reached in ea.rly
October. Popula.tion d%nsity rela.ined high during Decenber a.nd '
Janua.ry. The popula.tion increase in Jg.nuary is eomewhat eurprieing
coneidering the wgy low birth rate. A steady dec_;li‘ne -1"‘4"‘,‘.‘.—‘1"?’"

- . 2 - . B . e . "“_.{"i_
. ’ . “ . . o PO
»
'
\

.quite high when Lo
""re wae eeemin '

mid-Auguet but the density decreased again during 'late August. .\.s. * a <
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'F‘igure 61. POpula.tion dens_ity and birth ,wf Keratella. ear,lina.er o

a

at stations A, B, and C 1975- 976, ‘ o
{" density Lot S, - I S
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- begen 1n late’ J uary and contlnued until late April. Durlng’ May
;‘\ ) . i,
umbere remained‘ low. A small increase was seen S e

and 4une 1976, 7 AT

dn la.te June 7d early July, Birth rates were high during most of

Ma..y.v. b&% declified in ea?ly June. They rose agaln and were high in mid-n :
) &

X

wf - Y "» .‘ v e

Rapid ps'p latlon gmuth wae not seen a.t etation B 1n early spring-

11975, but pappling did not start at tnis station until a few days - |

vn

. | after the initial eampling at etatlon A. Untll earlﬂ.luly. Qopula.tlon

- ,growth nnd birth ratee at* qtation B were eimilar to growth and Mm 3
' ¥ B : . N
rates at Statlon A,’W 'I‘be e‘b&tion B populatien declined .quickly during f, .

ot sy’

' early ft&x»{j(hile nunbers &t etatlon A were still increa.aing. Birth

, 1th birth ratee at station - EETN ‘

oo o

"ased again during the eecond -

ratee at gta.tlon B were

4 o - L ,

. ’ueek of - July u maximun on July dl& Numbgfe "oppedﬁ'ftqr &Z v .
2® -:. S
o 2&:1 low on July 25. ﬂ,rt%ratee declined as the n;%:tiauu vas re ched, R I

g& bd'j. 1ncfeaeed again vhen the nmb& dro%'ped Afte@ Jnly, population - tow ?
o 4 3 ¢ ' o TR

¥
growth,,,and }l)irt,h ratee at etatione A andWere eimilar. SR ‘ g S '{

. I} o an
)

. ,,.,;gw | 'l‘he lpprgg i975 imex;ea.se in numbers at etation Cap@eary 1a.ter L ‘_‘

Lo > - :'::«;3:1 0
¢ »A at thleﬁ;me. - The popiisisigmp Y

LI

< ‘than the mo%ee at et,ation A, Numbers 1ncreased rapidly ﬁﬁg RS VAL AP
-ﬂﬁ ~Numbers rema,zned high, durtrg

»

June. reaching a maximun on-.Jun

i

i

.lﬁfune andﬁgea,rly July. - Bir ¥
' Q- *, .3

x}-red ae*»‘the numbem 1ncreased. 'Population greuth slowed around a : é

'tee were h’lgh in early June, bot .+ -~ -

June 20 while birth ratee inbrea.sed slightly. @opulation density /,,‘ N
decrea.sed in early July. but then stabillzed until July 19 wheh a . e _
" second decline was observed. Birth rat.ee rose after the early July L co ]

‘A elight pulse in birth rate pccurred as numbers declined. Both

. . : - . . - .y
s . : \ B R T - .
. : o e
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'. 1‘: . g P [y .
v the surfa.ce wa.ter. On July 7 the rﬁjority of the po{hon was

r} :{

-,

f"‘“

LX)

g
numbers and birth rates rose during late July and early August, but
decreaaed again in mid-August. Fall population growth be elouly~
in nid-August; rapid growth was Seen’ dnring la.te gptember and early

 August with numbers: reaching a maximum in mid-‘October. Birth ratee

were etable durrgg lape August a.nd 'early September although a pnall )

lacrease was noted 1n mid-September. In .late September birth rates
‘7 _1d-0ctober. Durﬂ’g eﬂly wlnter T

declined and wex;e vegy _‘ :

'numbers dropped at statio’ C. A surprieing increase was seen 1n

166

Jahuary but numbers dropped after this pea.k and population deneity .

* was Vei-y low during late wintero rema.ining low durins Hay and early _

. T , .
1ncrease in numbere in late June, ‘Birth rates dropped as num_bera "

&Ea‘l;&

increased The 1976 epring pOpulatlon a'g station C was similar to o _
e Ppw X

.the population at sta.tion 6 butém&n smaller xthan the 19? spring

’ --4.» N £} e -

N'; ’ - *’ )
o When the lake watem ¥as well-mixed' K ea“rlihae showed a uniforn ,
gepth d:l,stribution (Fig. 62) In late June and oearly July 1975, the
pulatfbn concentrated in deep\water uhich was 4.¢°% colder than

’\

near the bottom despite an oxygen saturation of only On Ju@y |

11, oxygen concentration was less than 10% near the bottc;in and the

'.‘ population concentrated in waters' directly a.bove the area of oxygen .

[d\)\letion. In mid—Septeaber, the population concentratéd néar. the

, botton Where: the water was W% saturated, with oxygen and the e

t‘perdture was 3 C less tha.n the surface water. 1In December. the '

ﬁ
population concentrate_d near the bot% where the water was’ 25%

- ) e . : . « . toee ) 4
1 . NG N . - - . - e

MR RS T e _ - o
nEEL o ’ '

‘Population, UL oeo et A ER
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PFigure €2, ‘Vefticéll distribution’of Keratella earlinae at - '
~ . station A, May 2321975-May 4, 1976, '
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in the spring, but pulses were seen in mid-—summer. Bir_

@ September.‘ Horkah (1@?‘1) found specimens frOm O c to 26 6°C a.nd

of edibl?*ce’l

~Were low, The spring 1976 population showed high birth rates, but .

' poor population growth, deSpite relatively high concentration of

‘._a concentration at sta.tion C,

- 4 ; - " 168

B
\

satura.ted with oxygen. In January, the bottom three metres gere less'
vy,

than 5% saturated and the populatiOn concentrated above the 1imit

v

of 10% oxygen saturation., After ice break-up, the population Has ’

sma.ll. but. appeared unifom in distri'bution

Keratella earlinae was present in temperatures form 0% to A

21& 5° C. Dense populations were found during the warm, calm period o i_;?'

in July and und% the lce in December. High birth rates were common‘_.‘v.r; - S

q‘r_

‘\\“‘ ’ O i
low below 10 c ’because of long egg duration. ’I‘he vertical distribution
Lol at .
graph (Fig. 62) indicates that K. earlinae ma}’.%voidgwam temperatures,e g !
N
when given the Oppurtunity. For exa.mple ’ this species a.voided the o

warm surface waters during calng periods. Ahlstrom (191&3), notes athat@ v

oy ,"‘ ‘v

K. a&%inae has been coll&ted in Nortlm Americe. from April @ T

i’ W .

“ i» . e '):\?:‘3;

noted eggs betweerf9 8% and 26 6°C. o

‘ "Keratell" y linae“ was present o@er a, uide ra.nge of concentra'gone

i, .
L .-

w . - STege e
when the con'cehtration of cells was high. High 'birth rates occurred '

at times of” high cell concentrations during spring and falla ‘However,

high birth rates uere also noted in ‘summer when cell concentrations-

LI X

,.Populatiorgbth wasvseen in spring and fall 1975

W3

edible cells. : It. wag: also noted that the winter population at sta.tion

wa.s Iower than tk@at station A despite Jche higher edible cell

The graph_ of birth rate vandi temperature {F‘ig.‘63) s'hows a-_" o

4
v
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eituation almost identical to that of K. cochlearie. It is nq@sd.
however. that the border appears furthe?“left in K. cochleégis than

- : My
fh K. earlinae. This iﬁ; ind}cdte'that K. cocﬁiearie sustains a
higher birth rate at any particular temperature than K. ei*iinae.
The correlatﬁgn coefficient between bérth rate and temperature is
‘ 0, 57 (p < ,01), The relationShip between temperature. edible cell
concentration a.nd birth rate is ehown vin Figure 64, .Ae éxpected,
the border is lined with pointe of é‘i&tively high edible cell

concentrations. Low cell concentrations are found near the botton »

’ riéht hand corner of the graph. The correlation ooefficient between‘

the edible cell concentration and birth rate during the ice-free g

Coara, L

period was O 46 (?“ﬂa‘OI) As with the corresponding graph for
| \' T w

K. EQEE}EEEiSo some unexpected results are found, For example, at "

B

approximately 17°C a number of“pointe of high edible cell concentra—

X4

tions-are‘well bs%’a the border. The graph also shows differea&;?

..., are’ concentrated between birth rates of 0 20 to 0 25 egge/?emale/day.

4

'at particular edible cell concw%trations.

:3. YA

The same points on the K. cochlearie graph are concentrated between ‘?; R

birth rates of O 35 to 0. 40 egge/female/day, possibly indicating

$
that K. cochlearis can maintain a higher birth rate than K earlinae

8 .
_ Keratella earlinaeinas found%over a ‘wide range of oxygen concentra-~

tions from 5% saturatiom ho éupersaturation., The‘vertical distrfbution i'bll
" -;h , ’

gr% Bhows K. earlinae moved a,yay from areas 'below 10% oxygen o

saturation but remained in areas of only 20% saturation. In Jul

19?5, the pOpulation concentrated in areas of 20% saturation even
.o N \‘\‘
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‘and the birth ray

/

Figure 64 Relationship betwe temperature;-tdﬁalAedfbié éélls:,
: Keratella earlinae.
e >10,000 cells/ml _ w
= 5,000-10,000 cells/ml L
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though muéh higher oxygen concentmtions were a.vaila.ble a few metres -

fligher in the ﬂater column. Kergt.ella garlinae was present at station

‘ f *,)C during late winter when oxygin sartura.tion was less than 10%.

3 e

Population density at station C, howe%erb was less than the deﬂsity -

A at station A where oxygen depletion wasyless severe,

Keratella earlina.e was ofte:P;nt with K. guadrata. and X,
_cochlearis, - However, the maximun” density of _xg. _guadrata;occurred e

| earlier in spring 1_975 than» the X. e'arlinae ma:ximum and the maximum

? o of g. cochlearis occurred after the maximum of‘K. earlinae, Daphnia

[pulicaria pOpulations were high dur:lng early summer 1975 wh’en K.

L.
earlinae was dominant. The low sunmer populations of.K. earlinae

- M‘

 wWere assoclated with ma.ny of the other crustacea.n species. Small

pt o
popula.tions in early summer 1976 were a‘ssociated with high densities

v v‘? ..'.'
8

. of K. cochlearis. ‘

R

i . X
K. earlinae 1n July a.nd August were associated with pesk densities ,

L og predators. The fa.ll incree.ee of K. earlinae occurred a.s the

: predator popula.tion dropped. Popula.tion densi% K. earlinae o "t

Yo
« . !

.. . remalned very low during aas and June @76 wﬁen Cyc10ps bicu Jgida.tus
C

W tboma.si were numerous. orrelation coefficient between popule.tion‘ E ~
,density of K. ea.rl ae and.density of pre‘da'tors wa.s -0 65 (P < 05)
‘) The correla.tion coe ficient between densities of K. earlinae and- ' o

- relationship with c. verna.lis was -o .02, (N S. )

.x. N L. L B P .
oo T . e PR C e
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_rapidly at both stationsg Spine lengths continued to increa;se‘at“' u\ ‘/ S\

- _lengths decreased a.t both stations during May and June. Water

increased slightly at station C. . In spring 1976 Spine lengths increas

. o > . . ey AR
- station( A during Jine while they decreased at statipn C. I*brica S ' % ‘

was very low with a small numerical increase in late June. The

e

F‘igure 65. The cyclomorphic pattern exhibited by K e linae Was .

almost the same, with respect to timing, as that of K. cochlearis

During May and June 19?5, spine lengths were increasing while lorica

lengths remained fairly constant. Water temperatures were rising
/
at this time a.nd the population was growing. Decreases |in both
' ¥
lorica lengths and spine lengths were noted during July. These iii L e y
44\ -

decreases coincided with the wa.rmest time of year, and with the ma
\ i \7‘ ’

‘ population crash seen during July at sta.tion A, However, decrease

in size came before the major decrease in numbers at staticn C.

During August, when the water was: coolihg, lorica lehgths appeared to‘ o

ﬂ

be increasing while spine lengths continued to’ decrease. 'Both

‘ lengths increa.sed during Septembe& ﬁhile tl?e Hater temperature wag .
[ 2

'dropping and numbers were %ncreasingu. During Octpber. spine lengths ;

"'at both stations decreased whiléfi@,pri:ca“ lengths at stati.on A increased //

~and‘*'lorica lengths at station C appeared 'to decrea.se. During early J;’:&» .
winter, spine lengths continued to decrg.se while' tNe lorica. lengthh \M,‘i
bwere stable, After *February, spine lengths incre{sed slooyly\ at. both h - ;
stations while lorica 1éngths remained qgt%a.'ble at station A but e l&';w Q |

y

°temperature was increasing during May and June 1976 but the population '

corre].ation coefficient between t'

'1".'

"i"’"_era.ture end spine length was - _—
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| Figure 65. Average lorica and spine leﬁgths of Keratella earlinae

.at stations A and C. 1975—1976 Thigk bars indicate i

r
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' length was 0429 (N.S. ) [

. at statioh G) A sign test showed no significant difference between

. K
average spine lengths;at station A and C. but average lorica lengths

~ S
5o - : . SN

0:77 (P < .0f") and the coeffi%ient between temperature and lorica
Figure 66 shows thelaelationship between spine length and .

lorica 1ength foer. aar nae. The correlation coefficient was

not significant at either station (0 002 at etation A and -0, 04

. at station A were 1arger (P <\ 01) than average lorica lengths at

t

. \

'.station C. o '/f, . 3 s '

g
‘ During early summer 19?5, lorica lengths of K. earlinae were

stable, but average spine lengths increased with increasing numbers

.5 "lr
of

K

;were gll increasing and were gpite short during the peak of the-.”

predator population in August. During fall 19?5, spine end lorica

' ;were rare. eginé lengths declinqd.and lorﬁ%a 1engths were stablei

'*.;The correlation coefficient between sPine lengthf#nd predator density

j:.with either of the two separate pred7&0r egecies (Table 52

v '1was 0. 63 (P < .05) wh!le the coefficient between horioa Iength and
‘Effpredaior density was: -0 74 (P < .01) Deepite signiffiggt coz la#l;{',

'J'tions between spihe and lorica lengths end tqi density

y,{_qr'_

;ﬁg;s (Fig..éb) Both lengths dropped 1n July when pred&tors ‘%‘“ S

-é@ in 1975. spine lengths increasedﬂwith increaﬁi 6 pre:ftor densitiee 1 @' PR
. ¥ A S :
.'-during spring 1976; however lorica lengthe appear?d tﬂ__ecrease..";

: 1_76 -

~

N O

f lengths increased as predators declined. During winter, when prgdators N - bﬁf

R G
’;,3&4"‘!
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B ﬁgis;d“



O N O
0 @) C).
1 | ']

Sp| ne Length ()

W

o]
O
O

A

gy O .
O o -
L ]

Spine Length ()
S
1

/

W,
O/

Lorica Length (u)
|

I

W
o

Figure 66. Relationship

Lorica Length (u)
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tween lorica length and spine length |

of Keratella earlinae at stations A and C.
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- © POPULATION DYNAMICS

Two basic theories can be defined concerning pOpulation‘regulation o

v

(Krebs, 1972). One achool maintains that factors external to.popula-
_ tions are responsible for comtrol, ie limiting fectors, whether they
be density independent or density dependent, are the agents of

control. 1 The other achool maintaina that oontrol 1s mediated through

qualitative changes vithin a populationb ie controlling feotore are -

evolved mechanisms which. are separate from the external limiting
factors, These two points ‘of view can be applied in connection
with studies of planktonie rotifer populations. ‘ \*Q

)

EXTERNAL CONTROL ’ \\\\
Concerning the first or\;e\ternal control" theory, factors such
as temperature, food, predation, oxygen. and parasitiem have been
" viewed as 1mportant in controlling dietribution and abundance of
H rotifers (Edmondsgn,.12§5; Pejler, 19573,55 Ruttner-Kolisko, 1974).
_ 5 | o
Temperature Ti .g S ’~\ _j,(,,/~//'9;;"11/
Temperature can directly affect populatieh growth in two wayss
by acting as a limiting factor% and by altering the rate of change
of density through 1ts effect on birth'rate, death rate and 1ength
of 1ife, Indirectly, temperature‘can affect population growth by
\‘affecting food availability. competition coefficiente, degree of -
paraeitism, predator life history, eto. In considering temperature

.as a 1limiting factqr, Pejler (1957a) has deemed it possible to .

roughly classify rotifer species according to thelr observed

. 178
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temperature ranges, Using data from northern Swedieh Lapland he

defines Polyarthra dolichoptera, Keratella hiemalie and Nothalca -

squam amula as “exclusively cold water” speciee. Keratella cochlearie

as eurythermal, and Collotheca mutabalis as a yarm water specles. ‘ /)

°  Ruttner-Kolisko (1974) aleo‘classified many planktonic rotifers
_ according to their temperature 1imits, Results of my study often‘.
concur with such claseifications ut some exceptions are noted.
Polyarthra dolichoptera increaeed in warm water despite its cold

A
water classification and eetgg;gglla‘pgting was only found in warm

water,.despite Ruttner—Kolisko's‘comment. ”maximum at low tempera- .
tures- if at all”,- In my study, seasonal distribution of certain

epecies suggests the importance of temperature as a 1imiting factor.»

‘Data on egg duration (Fige 34) predict ne population growth below N

9°C for Brachionus angularis and helow 13% for Pompholyx sulcata.

These predictions are horn out since neither rotifer population .
increased below 129¢, Amren's (196#3) egg duration data for K.
quadrata predicts no population growth ‘below 1, 5 c, yet increases
were seen during January at 0-1°c, Tt is possible that the increase L
was due to a movenent of\animals into the deeper part of the lake,
It is aleo possihle, however, that the lower end of the line shoving
. egg duration fbr/K. g_gdrg__ in Figure 3# is not linear as shown
" but approaches the x axis asymptotically. 1f such a situation

" exists then the’ 1arge number of eggs in November and December could

. " have developed and caused the nunerical peak in January. Decreases

\_\\

| _3\\\\\\\\}n birth rates of K. ta at temperatures ahove 15°c=euggest "
Eigh temperatures a linitihg\and may explain low nunbers of K.
) ] .
\l < . - R '

quadra rata in summer.

T
o ' .



' Eﬂmondson (1965) showed the effect of temperature on the birth

rates of Keratella cochlearis. Polyarthra vulgaris, and Kellicottia

1ongispina. He found significant correlations betueen temperature :
and birth rate for all three epeeies, with birth rates of K.. cochlearis .
showing the strongest relationsbip uith temperature and Kellicottia

longispina the weakest relationship of the three speeies.~ Unfortun-:v o

- ately, Edmondson could not include data on population size in his SRR

study so, although ‘the effect of temperature on birth rate is
indicated, effects on population size can only be inferred In ly

study. birth rates of K. cochlearis, K. earlinae. X. quadrata )

Pomoholx; sulcata, and Brachionus A;gularis were significantly

related,to‘temperature. However effects of birth rate on density
remain‘unclear.~ High birth rates often failed to increase\population :

{density and etrong population growth occurred despite relatively

B
-

low birth rates, : e \ .

& A point that shouldcbe disoussed here is effect of population
age structure on>bdrth rate. Pulses in pOpulation density cf rotifbrs
" were often associated with sudden drops in birth rates. Also sudden

~ declines in density were often associated with pulses in birth ratea.‘b
-‘Hhen a population increases rapidly the age struoture tends: towards
'7 Juvenile animals (Krebs,‘1972) Thus when a particular rotifer |
population increases rapidly, th:'pOpulation is flooded with non-
" ovigerous, juvenile animals and the per capita bdrth rate will
ldecrease. It is. important to note that such a decrease in hirth

rate uill occur despite stable environmental conditions; that i%, jt

a sudden drop in birth rate is not necessarily indicatié% of declining g
Vo .
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environnental conditiens, Pulses of'birth rate occdrring inmediately
after a rapid decline in population density may indicate death of
a large number of senile, non-ovigerous animals and again. do not

necessa _ly indicate improving environmental conditions. This effec;.. .

of age structure on‘birthirate'nay=explain'some of-the‘unexpected

data points.shoun in.Eiguree»bz 51' 58, andféb Ifa system could,
"be devised whereby non-ovigerous adults could‘he discerned from B
- juvenile animals birth rates eould be expressed in terms of eggs/

adult/day and would alleviate this problen.

Food N } ,
Severai authors have suggested that food is important in
controlling rotifer populations (Edmondson. 1965; Pejler. 195?a;
King, 1967) However, analyses of rotifer populations pertaining.to '
-food availability are rare due to difficulties in determining\fbod‘
'ﬂhabits. gype and‘eize of’the mastax gives general clues as to diet, ’
but some reports indicate that distinct preferences are shown by C
“1 some rotifers, preferences that cannot be predicted- from the feeding
apparatus. Fbr example, Dieffenbach and Sachse (1911 in Pejler, j
1957a) showed tha{i?olxarthra gxpte will eat gryptomonas ovata YJ

but refuses other cells of the same size. Ednondson (1965) showed ;"

that for”three species of rotifers, certain\phytoplankton species were
more important than others in affecting birth rateS. -0f the phyto-
plankton species studied, Chrysochromulina was the most important y

in affecting birth rates of Kerateila cochlearis and Kellicottia ' ‘, .

longispina. He notes 8 striking relationship betweep the rate of

O

. . . e W N ot
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reproduction in ?olx rthra and the ahundancebof ngptononas'
Edmondson'e observations on the importance of food in controlling
birth rates were supported in my study.l Significant_correlations
between birth rates and concentration of total edible cellslwere

o

fbund for Keratella guadrata, X.\cochlearis; and K; earlinae. It

must be remembered that phytoplankton counts are. at best a rough

“edtimate of fbod availabiIity. Desirability of cells to- zooplankton oo

changes according to the grouth phase of cell populations (Rigler,
1971), and production of cells cannot be determined i‘rom counts, -

' Thege problems may be compounded by seasonally changing nutritional
requirements of rotifers. A certain concentration of phytoplankton
vi may be sufficien; to sustain rotifer populati:ns at '50C but identical

concentrations may be insufficient at 20°C.f

By studying a laboratory population of Euchlanis dilatata,

~ King (1967) showed that rate of population growth was "related to "
both food species afd foodfconcentration“’but "ultimate density
of ‘the population depends only on food concentration". He showed -

, ’that a diet of Chlamydomonas reinhardti maintained the highest rate

. of population growth, Euglena gracilis an intermediate rate of grouth, -

- and’ Euglena geniculata the lowest rate of . growth. His results on

. birth rate agree with Edmondson 8 beliefs that different food species "

‘ determine different birth’rates. He fbund that Chlamydomonas

Fop

reinhardti maintained the highest birth rates and glena geniculata

the lowest birth rates, thus, control of density during the growth 5f
h

‘”phase was mediated through Mrth rate. King (1967) also noted that '

rate of population growth was directly related to food concentrqgion

up to a certain level, above which the population a1a not increase V'f = '

\ e

K N
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Parasitism ) ' .

any faster with further inoreases in food level. Thus, blrth rate

“Inereases with food concentration until some other factor becomes

limiting.

*~ )

?uttner—Kolisko (1974) notes that planktonic rotifers are not :

‘ infrequently" infested with parasites ‘and »that’ parasites may ‘reduce
“even dense populations near to extinction . Edmondson (1965)

found that parasitic infestations did not affect birth rates of

Keratella cochlearis. but did appear to lower birth rates of

Kellicottia longigpina.- He noted that tbe importance of paraeitisn

in‘g. cochlearis nay have been underestimated owing to long periods

. between sampling dates, Unidentified parasites were seeniinispecimens;

collected from Hastings Lake. but owing to the manner of counting, _

© 1t was impossible to quantify the degree of infestation. The

Keratella specles and Brachionus angglaris were the specles most

often infected, Specimens of K. gﬁadrata«appeared to be particularly

troubled by parasites. One live specimen of K. quadrata was so

'£1116d with a black, apparently fungal material that the mastax was
- Rl .

/

pushed to one side of the body.

/
Predation /!

Few reports exist on the importance of predation on planktonic ;

rotifer_populations. " Edmondson (1965) fbund no significant_'

~correlation between presence of the predatory rotifer Asplanchna

J

' and Brth rates'oflgp cochlearis, This is to be expected unless

. Asplanichna preferentially takes either ovigerous or non-ovigerous



females., He also notes that the presence of Trichocerca capucina,

which 1s known to attack eggs of other planktonic rotifers, made

no apparent change in birth rates, .
.McQueen (1969), in a study on feeding rates of Cxclops

bicuspidatus thomasi from Marion Lake, B, C., ‘showed that the IV. V.

and VI copepodite instars readily ate Keratella cochlearis when the

rotifers were the sole préy offered. Rate of feeding increased
. ‘ o

with prey concentrations. and at a prey concentration of 700
per liter, each copepod ate approximately five rotifers per day. .

. However, when rotifers vWere present along with other prey such as I,

Diaptomus.oregonensis. D, hesperus. and Cyclops nauplii. the rotifers

were virtually untouched, suggesting that although rotifers can

be taken, they- are not preferred prey. It is: difficult to fully ;
interpret McQueen 8 ‘results since no data were given concerning
ratios of prey specles- used in mixed prey experiments. althou\h\he
mentions ratios were similar to those fbund in -the lake, Marion
Lake 1s a small “very oligotrophic" lake (Dickman and Efford, 1972),
During periods of high rainfall the lake flushes in less than 2,5
days and thus is better described as a stream than a lake (Dickman,
1969) It appears, therefore. that Marion Lake is not a typical
‘habitat of K. cochlearis and it may be assumed that the rotifers are
rare relative to other zooplankton. P. Pearistone (personal_- |
‘communication) also noted loW numbers of rotifers in Marionplake.fl
Thus low feeding rates of C. blcuspidatus thomasi on.K cochlearis

. »
in McQueen's mixed cultures may reflect this assumed paucity of

rotifers. If rotifers 1n Marion Lake were dominant. as they Were - -

in Hastings Lake, the feeding rate.may have been,much higher,
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: Concerning the predatory behaviour of Cyclops vernalis; Fryer (1957),
stated that it was "markedly carnivorous", consuming oligochaetes,

copepods, chydorida, and rotifers,

v

c c10ps bicuspidatus thomasi and C. vernalis were the only
o p’ .

- predators studied from Hastings Lake. No, predatory rotifers were

- found although the feeding habits of_Trichocerca,nnlticrinisumayA

include.eome predation on rotifer eggs. Chaoborus were found in'the

lake and McGowan (1974) showed that young instars of Chaoborus

e anomalus and Chaoborus ceratOpcgones feed on rotifers in Lake George,

Uganda. Unfortunately, effects of Chaoborus predation on rotifer
populations could not be analyzed in my study. as the plankton trap
‘rseemed ineffective in catching the agile larvae. ) A |

Table 5 shows correlation coefficients between densities of
tne three Keratella species and . densities of the cyclopoid copepods._

Keratella earlinae was the only species that appeared affected

by presence of cyclcpoids. The most obvious relationship is with

chlops bicuspidatus ‘thomasi where a strong negative correlation is '

fbund. The fact that copepodites I to IIT did not sI“'ificantly

affect density of K. earlinae supports McQueen 8 (1969) aseumption , '_é -
| that the older copepodite instars are . the predators. ' |
Despite insignificant correlations between predator density and
kdensity of K. guadra and K.. cochlearie, predation may 8till be

| affecting the populations. For example, in spring 1976 birth rates
of both K. guadra and K. cochlearis were high, but the population
’densities remained low, suggesting conditione were adequate fbr

reproduction but: some factor was reducing the number of animals.-



- The predator population,vparticularly c. bicuspidatus thomasi,

was very dense at this time and could have maintained the rotifer
u' i

populations at low densities\withou\ affecting the birth rates*

W

Oxygen | R o ; o \V &
. 5‘ J/.“ oo .
Im any discussion of the freshwater,?gbitat,; oncentration
T
must be included as an importa.nt ‘wironménta]s RpT is
R L b
RN

difficult, however, to determinefthq7BXact ef*gi_”of various ~oxygen

concentrations on planktonic rotifer:%§§ the concé@trations are
b’ f/__.

related to other factors, partidﬁlarIy temperature.
Pejled (1957a) noted that of the several species inhabiting
the hypolimnion of deep lakes in northern Swedish Lapland, only

“two species, Keratella hiemalis and Filinia terminalis, oould '\

withstand low oxygen concentrations. He also noted‘that Polxarthra

l | dolichOptera-and Conochilus natans were collected from "tarns"‘
with a "deficiency of oXygen" in iate uinter when the water
tempe!ature was low. In my study, inferences on effects of oxygeh
cOncentration are obtained mainly from the vertical distribution

data. During the caln period in July 19?5, all rotifer species

., avoided areas belou 10%. saturation, however, several species such ‘

as K. earlinae and Pompoi}x sulcata often appeared most numerous

in waters only slightly above 10% saturation., It is doubtful

- that rotifers were selecting areas df low oxygen concentration but
rather uere moving to these areas to avoid some other factor,
perhaps high temperature. Thus their position in the water column
~can be viewed as a balance between poor oxygen concentrations below
and high temperatures above. Concentrations of K. guadra snd

al
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K. cochlearis near the surface during July 1975 may indicate a
greater tolerance for high temperature, although the relationship
Between birth rates of K. guadrata and temperature (Fig.)50) may

indicate an inhibitive effect above 15 C. The three Keratella speclies

and Polyarthra dolichqptera were the only major specles to exist

under the ioe and P dolich_ptera vas the only species to show rapid

.lpopulation growth during periods of low oxygen concentration. The

Keratella species generally declined,in numbexs through the winter as,

the okygen'cOncentration droppeds decline infnumbers was quicker at

station waherehoxygen depletion_was more severe.

It'is'clear_that externalgfactors such as'thOSe discussed

uabove affect rotifer populations, HoWeVer. ‘the. importance, if any,

of each factor in controlling populations remains obscure. In

z discussing control, Edmondson (1965) noted that much of the literature

concerning population growth assumes a rather static reproductive .v>

schedule and only discusses mortality is a factor in controlling

populations. It is obvious that changes in birth rate can also be

a mechanism of control. Given auset mortality rate, a population

will. grow or decline depending on the difference between birth rate '
and death rate. Edmondson argues, therefbre, that faetors such as .

temperature and food availability can control population growth

.through-their effect on birth rate, He suggests that food avalle

. ability may be a density dependent control, noting that large

. the birth rate.

187
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populations of zooplankton can reduce fbod levels, thereby lowering __i‘



T in Figure 674,

- o N 1
SN . ® ’ " \
External Control and Seasonal Abundance |
| In an effort to summarize effects of extrinsic factors, it 1s . )
helpful to utilize the graphical models concerning aspects of cohtrol
in seasonal environments proposed by Fretwell (1972) _ Fretwell
describes a simple model in which the carrying capacity of the
environment is allowed to risenand fall in a seasgnal pattern and .. nﬂu;“~—¥~
rates of population growth' and decline are density independent.
ie the rate of pOpulation change is positive and constant when N< K\\
negative and constant wheén N D K, and zero when N = =K (Fig. 6?A)
Despite density independent‘growth, perturbations in N will return
to equilibrium (Fig. 67B) Fretwell complicates his model by assuming - "Aq‘u

R 1

density dependence (Fig. 67C) ‘but notes the similarity to the situation

-

o

- It is apparent from Fretuell's graphs that, although the
population is ultimately controlled by the carrying capacity,-the K
density recorded at any particular t may be largely independént V
of it. In other words. when K N i:ige, N'is a function of the
rate of increase and the duration of that increase. As K 1s approached
(in a density dependent system) or reached (in a density independent

: system) the value of N depends on the value of K, ‘ A -

Figures 68 and 69 are population graphs of K. cochlearis,

K. earlinae. K. gyadrata, Pompholyx sulcata and Brachionus gu

plotted with total edible cells, on semi-log paper, to allow comparison '

3 of the data with Fretwell's models. The graphs show-obvious seasonal
—
Q- trends ie K. cochlearis, K. earlinae and K g adrata show rapid |
" growth and large populations in spring and fall and low populations
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* Figure 67. Theoretical pOpulation growth in 3 seasona.l environment,

See text for details. (Redrawn from F&-etuell. 1972)
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Figure 68, Logarithmic plots of the densities of Keratella quadrata,
. K. cochlearis, and K. earlinae with logarithmic plots
. of the total edible cells at station A. 197521976,

denslty Sf rotifers

concentration of cells -——ceomecaen

S



192

0 :
[
Q .
(o} o]
o [ B
- £ | g
o 5 3
o 2 L S
o o ) <
o s o
[3] - 9 <
Pl
o o / -
[ “ ’ o]
: S / 5
; K h’4
8 @ - .sf

0O
1
504

O

7T . L T 1
Y . o Q el
W/ OLX SIIRD ¢ J9YT/ OLX S43n0y

- . »
- . .




—b
A4

1004 ook
S50+

Brachionus angularis ———ww-

Rotifers x107/Liter , Cells x10%Y ml,

101
501

N

Pomphol_‘yx sulcata ————

10-
05+

Figure 69, Logarithmic plots of the densities of Keratella cochiea.ris,
with totad edible cells, and logarithmic plots of

Pompholyx sulcata amd Brachionus angularis at station.C,
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during summer, Pompholyx sulcata and Brachionus angularis show‘the ;

reverse pattern with‘high population densities'in summer, There
are also some striking similarities between some populations,
particularly K, g adrata and K. cochlearis, and concentrations of
¢ total edible cells, : J p \

With Fretwell's concepts in mind, and considering;the environmental o
Tactors discussed earlier, it is possible to sketch some aspects -
of population growth of a perennial rotifer specles in>Hasting Lake.
Immediately after break—up in spring. the concentration of edidble

cells 1s usually high but rotifer birth rates are low owing to
low water temperatures, As-water temperatures rise, birth rates
increase and the population-grows rapidly if there are few predatorsv
or parasites. Such a situation was seen.in spring 1975. If the B |
predator population is large in the spring, such as in 1976, rotifer
birth rates will be high owing to large food supplies and increasing
temperatures but population density will be low due to predation.

. \
"As: spring progresses. the concentration of edlble cells will decrease -

owing to changes in nutrient concentrations\\light levels, etc, and
; perhaps zoopl&nkton grazing. When the-rotifer population reaches
the maximum density that can - be maintained by the fbod levels it
_will level off or drop. If the population levels off, it may in ~cate\'
that the carrying capacity is stable._ If the population drops T
quickly after reaching a maximum, it could suggest that the carrying -
. .capacity has beqn reached while it is declining. This could possihly»
) j:"explain the Bprj;g 1975 population of K. g rata at station A,
A The levelling off\and subsequent decline in the population density

could also be ‘caused by increased predation. Small summer populations
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may .be limited by low concentrations of edible cells and high densities'

of predators. High Keratella birth rates ip‘Summer 1975 may indicate

that food resources were sufficient for reproduction and suggest -

that predators were important in maimtaining low population densities,

In autmmn,'theACCncentration of edible cells will increase again

and birth rates will incresse with it., If predators are rare, theb

>'popu1ation will grow, although less quickly than the spring population

owing to colder water. Population density may level off in late

fall and early winter, possibly because it approaches the carryling

capacity but more probably because the cold water slows the reproduc-

tive rate. During early winter, pOpulation dens}ties will remain

high as long as food supplies remain stable,v Population density,‘

- will decreasﬁ.duringrlate winter because é?ydecreases,in the food:

‘level, declining oxygen'concentrations, and the ingcreasing senility

of the population., Population curves fOr the Keratella species L

!

during winter suggest that rotifers live far longer than previously

’expected (Ruttner—Kolisko, 1974), I believe no: reproduction took

-«

place after January yetAanimals were still present 1n April.

Numbers of”animals remaining in spring are important in determining

uhen the sPring maximum will be reached and may possibly affect the

.the density at the maximum. It early spring pOpulation density is

high, the spring carrying capacity may be reached very quickly, ‘

whereas if the early spring population is small it will take longer

“ to reach the carrying capacity; perhaps the rotifer populations will -

not reach the carrying capacity until it Starts.declining. iSimilar’

results can be expected 1f the early spring population is hatched
. o . -2

2
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from resting eggs laid the previous fall. Iﬁ this case, the number -

of resting eggs produced and not the wintef survival,rate is fmportant

in affecting the spring maximum. | ff . \' . ® » 4'f‘

’ ‘ ""Dv

- e .
"EVidence‘for an "internal control"”of rotif

pOpulations comes
from work of Amren (196&a, c) and Hesenburg-Lund (1930) In his
pioneering workAon life cycles of rotifers, Weseriburg-Lund classified
habltats and 1ife Histories of rotiferglinto severa1~groups, paying
particular attention to the seasons and environmental conditiOns
under which sexual phases occurred. He studied a spectrum of habitats
from small ‘ephemeral woodland ponds to permanent lakes, In the ponds,

he noted that the rotifer deatina hatched from resting eggs in spring.

‘reproduced asexually for a certain number of generations and
-‘disappeared after a single sexual generation, even if the pond
remained filled for some time, He also noted that populations of

deatina in permanent waters also entered a resting stage after. an

apparently set number of generations; He recorded that some Sp601e8

of Conochiloides and Brachionus also appeared to have a set number

of generations, but.noted that in €ertain localities ‘'some amictic
females remained after sexual periods and continued to give rise to
more amictic females. He describes the Keratellastype of life

history as maintaining amlctic production all year ‘round but capable_'

. of producing gggl&l stages in any ‘season. . From such studies

Wesenburg -Lund concluded that timing of sexual- periods, including

those of tel;g is an innate mechanism that protects rotifers

&
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from "exceptivnal conditions, which ,.. would expose then to the

greatest specific dangers”. In other words the set time of sexual

reproduction apparently evolved as an adaptation to ensure that the

pOpulation enters a resting stage before it is decimated by rapid

/A 'd .
//1
. Amren (1964a c¢) studied populations of K. guadrata and Polyarthra

development of poor conditions. ”

.‘dolichoptera in a,pond on Spitzbergen Island., He found that birth - o

‘rates of both species were not correlated uith water temperature nor

with concentrations of ”small monads”, considered to be the food

source. Resting eggs of K. guadrata appeared in late July despite

I3

warm temperatures and a large population-of monads. By measuriz; ;
\ ! ’ / -

lorica and spine lengths of K, guadrata Amren Wﬁé able to identify

animals from the/first four generations. His results show that egg

ratios on any.particular-date Wwere highest in the first generation; .

'second highest in the second generation, etc, Using theSe data,

K

Amren argues that decreases- in birth rates seen during the study

"' were not a result of changing|environmental_conditions but rather a

result of differences in,each‘generation's‘"internal reproductive
ability". Therefore,-the decrease in.birth rate was due to the
first generation dying out and being replaced with less productive
individuals. Amren s claim that declining fertility was the maJor

cause of lowered birth rates is debatable on a number of points.
\’

For example, his raw. data indicate that certain changes in birth

;rates,are‘relatedvto_temperatures. However, his recording of the

decline in fertility of sequential generations seens sound‘and ‘could -
o S o : ' C e . 0
certainly affect blrth rates as he suggests, thereby acting as the

j
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mechanism in the processes recorded by Wesenburg-Lund. In general
'Amren concurs with Wesenburg-Lund's ideas concerning the adaptive
significance of limiting periods of amlictic reprodhction. noting
'that it ﬁmay be interpreted as a- sign of the rotifers having adapted
‘their life cycles to the most extreme conditions,°ie to the years
when the drying out or ice-covering takes\plade unusually early"

He further states "In this way the pOpulations avold the risk of

drastic decimation +ee and marked annual fluctuations in the

\ frequency are less liable to happen”,

Although much is unknown cdncerning the importance of certain
environmental factors to rotifer populations. many of the changes
in population density in Hastings Lake can be discussed from the,
view of external}control. In contrast, data from this study do not
support the internal control point of view. Considering that . Amren
studied small arctic ponds and that I studied a temperate lake.’
the contrast in results is not surprising. If internal controls
do 0perate on rotifer populations as suggested by Amren, they would
most likely have evolved in distinctly ephemeral habitats, In Hastings
}'Lake where the seasonal changes are not as severe. a mechanism of
internal control may not be necessary.' However, it can and should
be argued that an internal control could be opérating in Hastings
Lake, but was not discovered due to a deficiency in methodology
for measuring SUch a phenomenon. Specifically, the ma jor perennial

specles were not observed to reproduce sexually, so the timiﬁg of

‘this period could not be compared to the favourableness of the
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envirunment as Hésehhurg-Lund,dould. " No method for détermining“'
generations was discovered; therefore, reproductive ratgs of‘eaqh.
gengration cuuld not be calculated as Amren could. The pqint
t reméihs.}however. that while the measured environmental»fﬁctors do
not completely explain my results, they do indicate some control
. of the rotifer populations and. it would appear most profitable "
.-to pursue this particular investigation by concentrating on aSpéutsbi

»

of external control. ‘ \



CYCLOMORPHOSIS

Cyclomorphosis in theﬂﬁenus Keratella is a poorly understood
;phenonenon. There are many contradictory results (Hutchinson. 196?)
that apparently stem from the inherent complexity of the material.‘
Lack of expertnental data, and linited and often poorly destgmed
field studies add to the ‘confusion. Compoundingvthesefproblems
are the taxonomic difficulties with the genus Keratella, It is .
essential, ‘but. often‘difficult; to determine whether different forms
.collected over time are genetically linked and ‘thus are exhibiting
true cyclomorphosis, or whether the forms represent different .
. -

3pecies appearing at different “times (Gallagher. 1957)

Desplte such problems, a few authors have attempted to summarize

the existing data and present theories on the mechanism and adaptive_'

value of: cyclomorphosis. Hesenburg-Lund (1900 in PeJler, 1962)
pr0posed that the cyclomorphic pattern displayed by planktonic

rotifers is an adaptation to maintain bouyancy.; He suggested that

changes in the water's specifec gravity. caused by changes in temperer

ture, would be sufficient to warrant a change in the bouyancy-~
enhancing structures of rotifers. Ostwald (1902 An Pegler. 1962)
disputed the importance_of specific gravity and suggested that
temperature-induced viscosity changes were the controlling factors.
Pejler (1962) criticized both of these ideas by noting that several
authors have found . the longest spines of K. cochlearis in wintsr '
when the specific gravity and viscosity are the grestest. He
suggested that the cyclomorphosis of rotifer spines as in. K.

cochlearis. is an example of allometric growth, le larger rotifers

- 200



‘develop disproportionately longer splnes than do smaller forms, He

- suggested that low temperatures, by slowing the developmental rate, . :

cause large ‘forms to develop;'these are forms requiring larger
spines for bouyancy. Lindstiom'and Pejler (1975) showed experiment-
ally that spine lengths of‘K. gchlgag;g increase when the rotifer
is cultured at low temperatures. Therefore, PeJler viewed the
Atmbouyancy of large forms as the aAaptive significance of the spine
variation and allometric growth as its mechanism, This begS‘the
question; namely, what is the significanceAof/tne‘change in body.
length with ’r.emperature'> Pejler (1962) referred to’ Margaleff (1955)
on this point, Margaleff suggesting that larger animals ‘are more
'efficient than smaller animals in terms of oxygen consumption at

: low temperatures.

'In contrast to Pejler's‘obserﬁations of longer spines in winter,
Gallazher (1957)'foundvthe‘spines of K 'cochlearis.to-increase with
increases in temperature during spring, and the longest spines were
~found at maximum water temperature, approximately 24~ C.. Gallagher
‘also suggested temperature as the controlling factor in cyclomorph-~
osis. He suggested " the rate_of growth_decreases in winter and _
‘the determination of the final goal oi tissues proceeds on an

independent‘time scale, the amount of tissue for determination will

o be less and the structure might behsmaller. In summer‘the*reverse

will be true." Gallagher did not attempt to eXplain the adaptive
signigicance of cyclomorphosis. ; |
“Anren: (1964b) studied the cyclomorphosis of X, quadrata in _'

connection with his studies on population dynamics of rotifers

-
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'from ponds on Spit%bergen. 'His'results show an increase in average
spine lengths during epring and summer., He provides evidence that
'temporal variation is controlled by intrinsic factors, but acknow-
ledges that‘environmental factors may have a modifying effect.
-Similar to Gallagher. Amren did not attempt an explanation of
cyclomorphosis adaptive significance.

"”D5£5”£§83imy‘s£ﬁay do'notusnpport.fejler;e>(1962)“theories.
The.posterior Spines‘df K. cochlearis.and K. earlinae were ehort
during winter, longest spines being found at temperatures of 16°¢
to 20° C. The correlation coefficient between Spine length and
temperature was 0, 49 (P < .01) for K. cochlearis and 0,77 (P < 01)
'for K. earlinae;,the correlation coefficlents betweeh lorica length
and temperature were ~0. lh (N,S. ) and -0.29 (N. S ) respectively.,
.Pejler 's thepr; would have predicted a negativevcorrelation |
"coefficient between temperature and’Spine length. 1 found negative
correlation coefficients for X.. QUadrata between temperature and '
spine length and temperature and lorica 1ength (=0,73 P < 01
and -0.57 P < .01 respectively) This would support*Pejler s theory;
however;average spine length did increase in the Spring of 1976 and

" data for X. guadrata, contrasting with data for K. cochlearis and K.

earlinae, would indicate that\the theory cannot be applied generally,

The relationship between spine length and lorica length is also '
difficult to explain by PeJler 8 theory. Graphs of spine: length

‘ versus lorica length fbr K. quadra ta and K. cochlearis|show a very
- wide rangﬂ/ef spine lengths for. any particular lorica length
‘although the general. relationship is significantly positive. If o
- Pejler's bouyancy Qheory is corfect, a more precise relaticnship

\

A
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between the two lengthe uould have bEen expected. The data for L '

K. earlinae indicate no relationshlp at all between epine and lorica

.length. | | S - - e
My data resemble Gallaghér's (195?) observations; ie increasing

' spine lengths in spring wlth maximunm spine lengths 1n early summer -

. and short spine lengths 1n ¥inter. . Keratellapguadrata, however.

posgsessed long spines in the winter.A Pejlexr (1962) doubted the
importance of’Gallagher's work for a number of reasons that do not
relate to my study. For example, Gallagher studied a small pond
and Pejler suggested "In such small water bodles the seasonal .
variation can sometimes be the. reverse of that occurring in real -
lakes." However Hastings Lake is a "real” lake, and yet the pattern
" of cyclomorphosis was similar to that found by Gallagher, PeJIer
also noted that Gallagher's population disappeared in the winter
and appeared to be "degenerate forms that'sometlmes appear in small
‘populations.” The‘p0pulations of‘rotifers in Hastings Lake were

’ perennial as were those described by Pejler; but the cyclomorphic &

S \

pattern that I found was similar to the pattern shown by Gallagher 8

temporal population. . ' '
Despite the similarity between the results of my study and

those of Gallagher's, it seems unlikely that Gallagher's ideas on

the mechanlsm of cyclomorphosis are correct. Although Pejler's

results do not compare favourably with my study or Gallagher s,

Pejler's observations of longer %pines in winter is a well-documented o

phenomenon, a phenOmenon that Gallagher's hypothesis cannot explain.

These two workers have recorded radically different cyclomorphic P

patterns, yet both have regarded temperature as the controlling

°
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factor. Neither Pejler's nor Gallegh@r's ﬁyp@%hesls can explain one

another's data nor the data ffom‘my study, despite Pejler's (1962)

“claim "It seems, after all, as tLough we havé detected a common

3

‘althdugh>§. cochlearis and K. earlinae showed a bositive relationship -

denominator to all seasonal varilation of ZOOplankters” and despiie
Gallagher 8 (1957) claim ”This uOrk e brings ‘cyclomorphosis in the.
Rotifera into line with thatﬁin Cladocera and Protozoa. Therefore
it now seems ;ropér'to discuss the ﬁdséibie}uddériying ﬁechan%sms‘
of ‘eyclomorphosis as lf‘iﬁ ﬁére common to all ghree groups,” |

\'As wiéh'data on population dynagics, it ia difficult to fit
my results in with Amren's hypothesis of intrinsic control of

cyclomorphoais. An intrinsic mechanism could operate but go

dlunnoticed because of undeveloped methodology needed for measuring

such a phenomenon._ However, in contrast to. Amren's uork, my data

" definitely indiéate that tempg;éture is related to the cyclomorphosis

a

- of Keratella. All three Keratella species showed significant

correla@ion'coefficients between_spihe length and temperature,

and K. .uadrata shqwed: a negative relationship. The corfelation
nd o S“‘T““ Qred: : ; .

,coefficienfpbetweén temperature and lorica length was not significant

for both K. cochlearis and K. eariinae, Eut_it was negative and

significant (P < .01) for K. quadrata, Also, the timing of the major

A\

_cyclomorphic:changqg in K. cochlearis and K.. earlinae was similar -

9]

-and apparently 1ndependent of population density, suggesting they

were both responding to the same environmental cues and were not the
g ] : :

result of changing age structure as suggested by Amren (196bb)
One possible factor in the cyclomorphism of Kératella,'not

discussed by any of the aforementioned authors, is predation.

-«

208



©

‘Several researchers working with cxclomorphic clado¢erans have
suggested predation as belng the ultimate cause of cyclomorphOsis
(Brooks, 1965,1968; Jacobs, ‘19653 G;;en. 19673 Zaret, 1972).

Brooks (1965) noted that predation by fish 1s highly size selective,
( ie preferential selection of large prey), and he suggested that
thefreductionpin body size, observed in many planktonic cladocerans
during the summer'months, is .an adaptation to avoid suchﬂpredation.
He noted that the 1arge helmets produced during the period of body
size reduction are hyaline and suggested that they maintain a “critical"

_ biomass necessany for reproduction but are invisible to the fish.v
' thereby m intaining the appearanhe of an undesirably small food item,
However, Jacobs (1967 in Dodson, 1974) pointed out that helmets
increase the volume by only 1.1%.- Dodson (1974) suggested that the
long helmets are "a response to 51Zelselective.inyertebrate predation",

vie the lengthening of the linear measurements is viewed as an effort
to extend body size beyond the invertebrate predators capabilities.

‘ Dodson's ideas and the results of my study appear contradictory,

Spine length of K« earlinae increased (P < .05) with an inérease in |
the numbers of total predators; however, lorica length decreased
(p < .01) and no significant relationships were found with either of
the two predator sPecies taken separately (Tabl% 5) Spine length

of K. cochlearis increased (P < .01) with the density of Cyclops ’

bicaspidatus thomasi, while lorica length did\not change sign,ficantly;

but lorica length decreased (p< 01) with an increase in the Cyclops
vernalis density, while the spine length did not change significantly.

Average spine length»of K. quadrata did not change significantly

205
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' with elther of the two predator species, but decreased (P < :05)
- with an 1ncrease 1n-:he total numbers of predatofs. Lorica length
also decreased (P < .01) uith an ihcrease in the density of c. vernalis.
If cuanges in body ‘size and shape are due to predation.-the fact that
no siguificant relationships Were found between rotifer measuremente
and the number of copepoddtes stages-I-III»éuppopts-McQueen's (1969) -
assumption that the young copepodite instars are Aot predacious.
Despite the poor fit of Dodson's hypothesis to my results,’
predation may still act as‘a factor in affecting cyclomorphosie.
fStrickler and Townby (19?5) argued that the wake left behind a moving
zooplankter is more impo;tant in determining the behaviour of potential -
predators than the actual size of tﬁe zooplankter, They descpibed
.the "prey-following" behaviour'of two predaceouschPepods,.gpischura .

nordenskioldi and.cxclope scutifer, Epischura nordenskioldi

glided smoothly thfough water until encountering the wake of a
potential prey, The'predator then followed the direction of the
uake, belng positioneddslightly above it.-YWhen the predator reached

" the prey, the predator dropped on it from above, clops scutifer:

" also followed the wake of potential prey; but followed directly

’~down “the #ake and - approached and- captured the prey through a serles
.of rapid "jumps. Strickler (19?5) found that C.. scutifer does not |

- follow all the uakes 1t encounters. He presented photOgraphs showing L
copepods actively avolding one another's wakes and a single cOpepod
avoiding a pulse of water pressure from a pipet. Copepods must,
therefore. deternine uhether a wake is to be.fbllowed, avolded, or

ignored, 'Possibly‘cyclomorphosis of Keratella is an adaptation to
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.d1lter the wake. ' Spines may function to diSperee or 1n some way
mask the normal wake, and hence reduce the prgbabiiity of a predator
'follouiﬁg the wake. Unfortunately, nothing is known oflzooplankton
wakee.'and etudies on the hydrodynamlcs of such animals are neceesary '
before such a hypothesis of predator/avoidanceucan be proposed.
Another'possiblé”TUnction'of cyclomorphosis in thé‘presenoe'oft
predators is the change in the cyclomorphic animal’s swimming path,
Short-spined individuals of K. sochlearls rotated in a tight helix;
however; long-spined'g. cochlearis moved in a large open helix
(Pig. 70). 1If the predator followed directij down the»wake»of ai
rotifer the {orms with°1on¢ spines may be more difficult to catch,
because they would be further from the line of direotion.‘ When
‘a rotifer was tohched,by a copepod (or a pipet), it immediately
stopped swimming and sank passively for several seconds before
resuming normal swimming behaViour. ~If the prey 's wake is important
as suggested by Strickler and Twombly (19?5). this method of sinking
on contact may be advantageous. For example. the rotifer would
escape the: area ‘of the predator by leaving as small a wake as possible.
Cerritsen and Strickler (197?) have shown mathematically'that
| one of thenbeet etrateéies for aiplanktonic'prey species to avoid
invertebrate predation is to slow the swimming rate. This redhction'
“4n Speed'lowers the probability of an encounter Hith‘a_predator{“
i-found‘that, because of the wide spiral swihming path, long-
spined K.ﬁcochiearis eﬁam slower than the short-spined forms,
‘Hence, if spine elongation is a reaction to predation. it may function
through slowing the swimming rate. ’ ®

If cyclomorphosis of Keratella is a reaction to predation.

\
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. Figure .70, Stylized swimming paths of long-spined Keratella cochlearis
o (upper figure), and short-spined Keratella cochlearis (lower -
_figure). e ‘
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'Brachionus calygiflorus[(cilbert and Waage, 1967), Aeplanchna

209

there must be some mechanism whgreby the rotifer can determine or

at least "predict" with a certain degree of accuracy, the presence

of copepods, And in this respect, temperature may dbe important in \
affecting cyclomorphosis. If predators life cycles are controlled “

in part by temperature, as is documented for Cxclops strenuus -

abyssorum (Smyly, 19?3) and other Cyclops, the rotifers may react

"~ to the predators' preSence through a common temperature’ cue.‘j\'

Hence, the relationship between temperature and cyclomorphosis may

be stronger, as’ in my study. than the relationship between predator

density and cyclomorphosis. If the prey responded directly to the

presence of the" predator, a more sophisticated control is possible.
Such a control has been found in the relationship between the

predatory rotifer Asplanchna brightwelli and the prey rotifer

releases a substance into the water that stimulates the’ precleavage
eggs of: Brachionus to develop large lateral spines (Gilvert, 1967)
These spines make 1t difficult for Asplanchna to swallow Brachionus,
and this therefore reduces predation pressure. Perhaps cyclomorphosis

in Keratella i1s in-“some way related to chemicals released from

‘ crustacean predatQ{s. o ‘ L

If Keratella specles do not reSpond to predation pressure

through cyclomorphosis, then the observed patterns of lorica and

. spine- lengths and predation (Fig. 54, Table 5) may reflect a size

selective pattern of predation. For example, in Figure 54 the peaks
of predator density in sumner of 1975 and spring and summer of 1976

were accompanied by a decrease in ).8 g rata's spine length,
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When prédatorvdensity dropped in fall 1975,.8pine length rogg

abruptly. This may indicate that predators are selectinq the largest:

forms, and removal of these large forms causes the average spine |

length to drop.’ However, the lower range of K. g ad rata's spine
.lengths (Fig. 51) in July and August, 1975 is much lower than the lower

*‘range a-month'previons1y. This also’ hqlds fon-late spring. 19?6

, Although size-selective feeding may lower average spine length by

reducing the upper range of values as described. it cannot extend

'l the lower range of spine lengths, It would appear, therefore, that

the decrease in spine lenzth of.K\'guadrata is at least partly dne _

{
to cyc10morphoeis. WThe ranyes in spine 1ength of K. earlinae,

present a problem. Keratella earlinae s spine length increased

(P < .05) with an increase in the density of total predators.‘

However, the average spine lengths and’ the 1ower range of spine

lengths were lower during the peak of predator denslty in summer. 1975

than they were in late June when predators ‘were less abundant (Fig. . 53,

65). Thus although the general trend is for the spines of K. earlina

%o increase in length with total predator density, there was a

distinct decrease in spine lengths during the peak of predator '
'density of 19?5.A The same conflicting pattern-is seen with' spine

lengths of K. cochlearis, The spine 1ength was very short during

‘”peak population density of Cyclops - bicuspidatus thomasi in the" summer

of 1975 despite the generally positive relationship (P < 01)
between spine length- and density of Cyclogs.

'f It is obvious. that controlled experiments are necessary to
‘elucidate effects of predation on cyclomorphosis. Statistical meth?ds
are useful in analyzing fleld data and indicating what type of ‘/.‘

_ oo |



assume that all‘Species of rotifers should. change shape in the‘same

T

© will the causes Qf'cyclomorphosis be discovered.

211

|
experiment would be most profitable, but are insufficient to determine

'cause and effect relationships.

'
\

Cyclomorpnosis of freshwater'animals is a:fascinating subject,

yet‘it is a difficult field, filled with numerous conflicting

- hypotheses. ~Many researchers -apparently-do not understand the
N\ .

difference between the ultimate reason for a structure and the

environmental cue that triggers the development of a structure.

'Clearly. temperature is important in controlling cyclomorphosis,

but it is now becoming appaz%nt that temperature functions as a cue or \
mechanism_for cyclomorphosis and is not the actual cause of cyclomorph-

osis. Another problem is that several researchers attempt to explain i
\

all cases of cyclomorphosis with one basic hypothesis. There is no ~

\

a priori reason to assume that protozoans, rotifers, and crustaceans

~should change %gape'in the same manner, There is also no reason to .

~ manner; ‘indeed, there is no reason to assume that populations of the

same speciesgtliving under different selective regimes, should 5
S ° '

ch;nge shape according to some speciee-Specific format. Only by

understandingvthe'selectime pressures imposed by a-given environment

A
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- APPENDIX I

LN

Duration of development (hrs) of rotifer eggs at specific tempera-
tures, Values expressed are minimum and maximum times of each

duration, . ‘ ; , \
- Keratella coc#g;aris T e o
. Temperature
10,0 - 11.0% 20,0°C . . 20,59
_ 71.0-77,0° 56.0-60,0 21,0-28,0 21,0-23.0
Eh ,  70,0-74,0 ' 21,0-28,0- 24,0-26,0
- ' : 21,0-28,0
- . 24,0-27,0
. 26. 0’28.0 »
22.5-24,0 -

Erachionus angularis

! ‘ R " Temperature .
15.0°c 19,09
4200"’4‘505 L 2500-2700

L e 43,0-46,0 26,0-28,5
. 43,0-46.0 23,5-26,5

3
‘Pompholyx sulcath ‘
' Temperature
L 19.0°¢  22,0%
27.0‘2905> ’ 2000-2205 ) -
31'.0-34'05 18-5'21-5 »



