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ABSTRACT

The ‘1life cycle, population dynamics, respiration

and feeding ecology of Chaoborus flavicans (Meigen) (Diptepa:
Chaoboridae) in West Blue Lake were examined ovef a two |
year period. The new generation began in early July. Larvae
grew into fogrth instarslbefore winter. Fourth instarslbver;
wintered in the mﬁd in alétate of diapause, emerged next
spring and metaﬁorphosed into pupae. Adults eﬁerged, mated
and proddced'floéﬁing egg rafts dﬁring late June and early
July. Larval abundance declined rapidly after they hatched
and remained low for the rest of the season. Yéunger instars
femained nearer‘the,surface while older instars moved to
déeper daytime dépths'and exhibited more extensive diel ver-
tical migrations. ’

| DéVelopmenﬁal times of C. flavicans instars I-IV
were: 10, 12, 12,‘and 142 days respectively. Biweekly weight
_increments were larger in successive instars. Maxiﬁum dry
weights of instars I-IV were: 0.0193, 0.0493, 0.1543 and
0.9354 mg. respectively. Caloric content per unit'weight
(5.864 kcal. gm:4dry weight) was not.different among larvae
and pupae. Carbon content per uﬁit weight of instafs I-1IV
and»pupae.was{ 661.3, 602.8, 623.6, 468.1, and 389,8 ug., C
‘mgfldry weightirespectively. Net productivity of C. flavicans
larvae was 1982 mg. dry weight mfzyear'l(1.09 x 10 ug. C
mzzyear'%‘ll;625 kda;. mszear'l) according to thé Allen
2year=? |

curve and 2074 mg. dry weight m, according to the

(viii)




- Pechen-Shuskina formula.

Oxygen\uptake rates of fourth instars

and pupae in-

creased exponentially with temperature. In younger instars,

oxygen uptake rates increased linearly with temperature. i

Oxygen uptake per unit weight was significantly higher in

pupae than in larvae. In situ incubation experiments showed -

that diversity in size and type of prey increased in suc-

" cessive instars. First instars fed on rotifers and nauplii

and second instars added larger Cyclops bicuspidatus Thomasi

to their diet. Third instars began feeding on
pulicaria Leydig, Fourth instars preferred C.
and consumed all other types of prey. Feeding

instars were lower in the hypolimnion than in

small DaEhnia

bicuspidatus

rates of all

the epilimnion,

Feeding intensity increased with food concentration and tem-

perature and decreased as larvae grew older.




INTRODUCTION

Research at.West Blue Lake is aimed at quantita=-
tivelybdescribing-energy exchanges and pathways in this
freshwater ecosystem. To help attain this goal, informa-
tion about food web components is required. ILife cycles,

population dynamics, productivity and feeding parameters
'are pertinenttih describing_an organism'é place in the qud
web and its contribution.to the productivity of the whole
ecosystem.

| Chaoborus larvae play an important role in fresh-
water'ecosyétems. They-contribﬁte significahtly to the
total biomass and productivity of the ecosystem. ' Chaoborus
larvae exert significant predatory preSsure on fieshwater
zooplankton. In turn, Chaoborus larvae are an important
‘food source for amphipods and fish.

kChaoborus‘larVae occur in large numbers. Densities
of over 50,000 m."2 are reported (Borutzky 1939, Bonomi_
1962) . Chaobprus'lafvae-can attain a dry weight of 1.3 mg.
(Parma 1971). Parma (1971) estimatéd biomass of benthic
Chaobdrus.lar#ae to be 57.5 kg. ha."l (wet wéight)rand 6.5
————————; .

. kg. ha. .(dry weight). 1In Lake Mendota, winter biomass of

Chaoborus larvae was 558 kg. ha.” % (Juday 1921). Borutzky

l(1939) found aimaxiﬁum biomass in November of 17.5 kg. ha.”%




(dry weight). Deevey (in Brooks aﬁd DeeVey 1963) éstimatedv
prbductivity of Chaoborus larvae to be 15 to 28 kg. (dry
weight) ha. ! year L. Thus'Chabborué larvae contribute
subStantially to total biomass .and productivityvof the
A'freshwater eéoSystem.v i

Chaoborus larvae exert significant predatory pres-
sure on zooplénkton, Kéjak_and Raﬁke Rybicka (1970) found
that 7% and 13% of the gooplankton_population were removed
daily by_Chaobbrus in two Polish lakes. Fedorenko's (1975)

estimated mean percentages of standing crop of prey eaten by.

Chaoborus were: '2% for copepod nauplii, 3% for Diaptomus

tyrelli, Q%vfor'g. kenai, and 4% for Diaphanosoma. Dodson
(1972) found that Chaocborus predation accounted for 93% of
Daphnia mortality in Leechmere Pond, Colorado. Dodson
stated that‘the population growth rate of Daphhia.wés signi-
ficantiy influénced>by.thié predation pressure. | |
Chaoborus larvae and pupae are a substantiaily im-
portant food source for amphipods énd.fish} Anderson

(1970, 1974) observed many Gammarus lacustris feeding on C.

americanus in manyvAlberté lakes. He stated that amphipod
predation on chaoborids is the reason why amphipods and
chaoboridé rarely coexist. G. lacustris and Hyallela -
azteca are present ih West Blue Léke. Biette (1969) ob-
served a maximum density of 223‘Gammarus_per'm;2 in late
June and 334 Hyallela per m.z.in late July. However feediﬁg

of amphipods on Chaoborus larvae was not examined. In West




Blue Lake, Chaoborus is not an'important.food source for
walleje (Kelso 1971) or for yellow'perch fry (Wong 1972).
‘However, Chaoborus larvae and pupae occur regﬁlarly in
older yellow perch throughout the summer. Falk (1971)
found thatvchaoborus comprised.Zl%’(by weight) of perch
stomach contents in early June and 60% on June 22. In
cher lakes, Chaoborus are more important as fish food.
ggaoborus'larvae-QCCur frequently in Kokanee (Northcote and
Lorz 1966) and irregularly in stomachs of cutthroat trout
(Dimick and Mote 1934), rainbow trout (Ctossman and Larkin
1959) , brook trout (Ricker 1932), and lake trout (Martin
1954) . Campbell (1935) found that Chaoborus larvae com-
prised’SO% of whité suckers' stomach contents. Mills (per.
com.) found that Chaoborus comprise 40 - Sb% of the white-
fish diet in the Expérimental Lakes Area, Ontario.

The observations stated above led to the belief that
a study of C. flavicans relative to thevWest Blue Lake éco—
system would be important in attaining the general éoals'of
the West ﬁlue Lake research program. A study of Chaoborus
productivity and feedlng would reveal a new energy pathway,
‘help explain dlscrepanc1es between secondary and £fish pro-
duction estimates and provide new information about Chaoborus'
- predation on West Blue.Lake'zooplankton.‘
| - The objectives of this study are: (1) to describe
» the life history of C. flavicans in West Blue Lake, (2) to

"quantitativelybdescribe population dynamics of Chaoborus




aquatic stages and to estimate iarval pfoducti&itf,'(3$ to
monitof diel verticél migratiohvof C.' flavicans larvae and
their prey, (4) to describe effects of temperature and food
concentration on ingestion rates of g;'flévicans-larvae,
(S)Fto describe effect of temperature on respiration of C.
flayicans larvae, and (6) to relate ingestion rates, respi-
ration and vertical migration patterns of-C. flavicans
larvae to their productiﬁity.

It is necessary to déscribe the life history of C.
flavicans because subsequent studies of éroductivity»and
féeding are based on information obtained from knowledge of
the_life cycle; Parma (1971) described the life history of
C. flavicans in a ﬁutch mén—made pond. I was interésted in
comparing the 1ife cycle cof C. flavicans in Weét.Blue Lake

to the life cycle described by Parma as well as life cycles

of C. trivittatus and C. americanus described by Fedorenko

and Swift (1972).

Estimates of population parameters such as abundance,

~growth, fecundity, population structure, etc., are necessary.
to estimate production. Net production of a specifié popu-
lation for avgivenTtime period is the sum of the growth in-
crements of all membérs.of the population. The Allen curve
was the first method chosen to calculate production of g(

fla&icans larvae in West»Blue Lake. This method is applic-
able because C. flavicans is univoltine. Using the Allen

curve, number in a cohort is plotted against mean weight of




NN PP,

aﬁ individual, The area under this curve is the produétiv—
ity of the cohort. The Pechen-Shuskina formula wés the |
seéond method chosen to calcﬁlate_pxoduction‘of C. flavicans
in West Blue Lake. This method is also applicable because
Chaoborus larvae pass through'four identifiable instars,
eéch of which p;ovide one term in the Pechen-Shuskina produc-
tion fofmula.. | |
The Pechen-Shuskina formulavdiffers from the Allen
-Curve becéuse it‘tékeskintq éccount the population sﬁructurev
(i.e. frequency of occurrence of various life history stages
at different times). I was interested in comparing and |
evaluating the production values estimated by the twq
methods. The main{reason for calculating productivity was
to estimate the'contribution of the Chaoborus population to.
the total productiﬁity of the ecosystem. |
Knowledge'bf diel vertical migration pétterns of C.
flavicans and their prey was deémed impbrtant in this study.
This knowlédgevwould reveal whether or not Chaoborus larvae
were maximizing their exploitation of.prey populations by
sychronizing their migratory patterns"with the migratory'-'
patterns of their prey. |
| As Chaoborus laiﬁae migrate daily through the water
column, they encounter different temperatures and different
-prey densitiés. Studies of prey type selection and the
effect of temperature and food concentration on Chaoborus

ingestion rates would help reveal the nature of Chaoborus




- feeding ecology. Oxygen uptake estimates by g;'flevicane

. larvae at different temperatures would reveal‘whether or not
the larvae spend much'or.little'of their assimilated energy
in'respiration.

Observations on the'feeding ecology of Chaoborus
larvae have been mostly qualitative aﬁd limited in scope.
Parma'(l97l) stated that Chaoborus larvae will ingest all
 crustacean zooplankters, rotifers, oligochaetes, chironomid
larvae, mesquito larvae, algae. and other Chaobo:us larvae.
Deonier (1943Xuand Main (1953) reported éhat different
instars ingest different food types. First and second
instars eat small zooplankters such as rotifers and nauplii.
Older larvae eat -larger copepods and clédocerans. Sikorowa
(1973) confirmed that differences in food of Chaoborus
larval instarsiexist. She pooled crop.contents‘of Chaoborus
collected from_different lecations at various times of the
year and quantitatively analyéed'diets of all four instars

of C. flavicans and C. crystallinus. Roth's (1971) radioiso-

tope approach was indirect and time-consuming.

Kajak and Ranke—Rybickab(i970) used a semewhat'Un—
realistic method. They compared prey numbers before and
after ih situ incubations with Chaoborus. .The eccuracy of
thelr method relied on a very high prey den51ty. Federenkd
(1975) also used the dlfferences in prey numbers before and

~ after in situ incubation experiments. However prey numbers

do not indicate the energy value of the consumed food. "Dry




weight and itsﬂcalorificAthivalent eaten per unit time by
" individual preaaféis of known size are the best means of
expressing the food intake and are easily_iﬁcopporated into
further calculations of the energy budget" (Edmonson and
Winberg, 1971). | ” |
| Thﬁs, studies of ingestion, respiration and diel.

‘vertical migratibn patterns of Chaoborus would help expiain
the magnitﬁde of Chaoborus productivity in West Blue Lake.
For instancé, if ingestion rates were low, oxygen uptake
high, and if fhere were-much'temporal énd spatiél segrega-.
tion of Chaoborus and their prey, one would expect Chaoborus
productivity to be relatively low;

In'fhis stﬁdy;}populatibn dynamics of one.geﬁefationb
of C. flavicans (1974-75) were monitored at three stations
 in West Blue Lake. .Counts of Chaoborus larvae and zO@ﬁlank—
ton do not ﬁecessarily represent true abundance in the lake.
Windfgenerated currents may have altered horizontél distri-
bution; Counts made’at a few stations in a multibasin lake
may not be.represehtative of the whole lake. Average
abundance may have been overestimated by counts made at a
deep station espécialiy if animals were concentrated near
the bottom (Ward and Robinson 1974). Sémpling was confined
mainlyvtO'the ice-free season. Winter sampling was not
deemed critically important in‘this study becaﬁse'Chaoborus

- larvae overwinter in the mud in a state of diapause.




LITERATURE REVIEW

General Biology of Chaocborus sp.

The Chaoborinae (Coréthrinae), once considered to be
a subfamily oﬁ the Culicidae,_aré now considered'to be a
separate family which is ciosely related to the Culicidae
and Dixidae (Dyar 1905, Stone 1956, Freeman 1962, Cook 1965,
~ Peus 1967). The fémily contains éightAgénera of which |
Chacborus Lichtenstein 1800 is best known. |

All palaearctic and nearctic species ofiChaoborus
ﬁay occur in ponds,vpuddles ahd bogs (Peus 1934, Remm 1957).

'All the nearctic species except C. crystallinus and C.

. nyblaei have also been found in relatively deép lakes while
- C. flavicans is the only European species known toboccur
outside the littoral zone of lakes deeper than'5‘m. (stahl

1966). C. flavicans, C. crystallinus and C. nyblaei are all

holarctic species. Only C. flavicans is common throughout

Europe, Siberia and North America. C. crystallinus is

common in Europe and Siberia but in North America it has
been reported only from northcentral Canada. C. nyblaei

is known only from Norwéy; Finland and Baffin Island. ' C.

obscuripes and C. pallidus are known £from all over Europe
(Saether 1972).

- Chaoborus larvae are not restricted to eutrophic and




dystrophic waters (Stahl 1966;_Parmé 1971) gg‘flévicaﬁs»
has beén‘found in large oligotrophié lakes (Brundin 1949,
Fedorenko and Swift 1972). C. obsuripes is very common in
. high mountain lakes of.Fénnoscandia (Saether_l970).
Chaoborﬁs distribution'probably depends more on zooplankton
densities than on physical and chemical factors (Saethef
i972). Highest densities of Chaobbrus larvae have been
found in eutrophic and dystrophic waters. Eggléton (1931)
found 71,000 m. ~2 in Third Sister Lake. ' .
A The hérdiness and tranéparency.of Chaoborus'larvae.
have made them a favorite subject of anatomical,and'physio—
logical studies. Perttunen and Lagerspetz (1956) found that
heart puise‘ratevof Chaoborus increases with temperature and
that the anterior part of the heart pulses slower than the
posteriof part; At Soc; the anterior end pulses 10 times in
273-351 seconds while the’posterior part pulses 10 times in
176-269 seconds{‘ At 4OOC, the anterior part pulses 10 times
bih 28-75 seconds and the posterior part pulses lO_timés in
12-13 seconds. The digéstive system of Chaoborus hés been
‘studied by Montshadsky (1945), Gersch (1952, 1955), Duhr
(1955) and_Schonfeld,(lQS?). The firSt‘digestion of food
occurs in the pharynx. Indigestable parts are expelled
through the mouth. Only fluid substaﬁces reach the gut.
Chaoborus excrétion and osmoregulation were studied by
. Staddon (1962) and Schaller (1949) respectively. In hypo-

tonic solution, water diffuses through the anal tubuli walls
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Which are at the same time actively taking up ibns} In
hypertonic media, Watef‘leaves,via the anal tubuli, causing
the animal to drink. Superfluous ions are expelled through
the rectﬁm. Frolowa (1929) and Rai (1963) described the
four'pairs of chromosomes of C;vcrystallinus. Meinert

(1886) and von Frankenburg (1915) described the anal appar?-

atus of Chaoborus. Peus (1934) suggested that the retrac-

tile anal apparatus functions in stabilization and adherence.

Juday (1921) showed that 67% of the dry weight of C.

' \

" punctipennis is protein and 9.5% is fat. Juday (1921), Berg

{1937). and Wesenberg-Lund (1943) stressed the importance of

Chaoborus as a food source for other organisms. Prokesova

(1963) showéd'that during anoxia, the percentage of'glycogen'

increased in C. crystallinus and C. flavicans larvae while

the percentage of fat increased only in C. flavicans. The

completely closed tracheal system functions as a hydrostatic
apparatus. Respiration occurs thfough the cuticle.  Krogh
(1911) found that pressure changes did not alter the 84%

nitrogen : 16% oxygen content of the tracheal sacs .of

Chaoborus larvae; Von Frankenberg (1915) suggested that the

.stiff-walled sacs are elastic enough to be influenced by

pressure changes and that air diffuses in when pressure is

'increased; Bardenfleth'and Ege (1916) found that the air
sac WallS'Qf lake forms of'Chaoborus were twice as thick as

those of pond forms. {References from Saether 1972).

The life cycle of C. flavicans was described in
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detail by Parma‘(l97l). He found £hat'adultsgeme#ge“mostlyi
at dawn. However Berg (1937) statea fhatichaeﬁdfus emerge
at.night. Jonasson (1972). used floating emergence traps
and found that C. flaV1cans adults emerged over a six weekl
period from July to mld—August; Parma (1971) observed an
adult life spanvof 1.5 - 6 days. Mating swarms of Chaoborus
have been reported for several species both in tropical and
temperate regions (Weeenburg—Lund 1914, Muttkoweki 1918,
Juday 1921, MacDonald 1956, Verbeke 1957) These swarms.
' occur along 1akeshores. :

Lindquist and Deonier (1942) observed a.two to three
day pre—oviéosition period in laboratory culfureS'ef;g.

astlctopus. Parma (1971) observed deposition of unfertilized

eggs one hour after C. crystallinus emergence. C. flavicans
produced one egg raft per female. Each egg raft contained

a mean of 449 eggs (Parma 1971). C. crystallinus egg rafts

contain 351 eggs (Parma 1969) . 'Parma (1971) observed that
100% of the egg rafts of C. flavicans hatch and that 97% of
eggs in each raft hatch. ' Parma (1969) estlmated develop-
mental time of C. flavicans eggs to be 2-4 days;

" €. flavicans first instar larvae are always limnetic
and positively photoactic. Berg'(1937) speculated that this
‘keeps the larvae in surface waters so that they are dis- |
persed from the littoral area by wind-generated currenﬁs;
_Berg (1937) and Lindquist and_Debnier (1942) observed higher

densities of first instars inshore where oviposition occurred.
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Later, young larvae were obsérved in deeper,water.“ g;
flavicans second instar larvae are also strictly limnetic.
Parma (1971) found}only one ‘'second instar‘in several thou-
sand benthic samples. The third instar of gg’fiaviCans.is
Adualistic in its behaviour. Parma (l97i)“found third in-=
stars in the water column and in benthos during day and
night. He observed that the fourth instar lérvae are'ben—
thic during the déy and that some'fourth'instérs migrate ﬁo—
wards the surfaCe.ét night} Roth (1968) obsérved'the'same"
phenomenon in C. flavicans larvae in Frains Lake, Michigan.
However, fourth instax g;gflaviéans,lérvae in qubett Lake,

B.C.;were never benthic but remained in the hypolimnion

during the day (Teraguchl and Northcote 1966). . trivitta-

" tus and C. americanus larvae in Eunlce Lake, B. C.,also did

not occur in the benthos (Fedorenko and Swift, 1972).

Paima (1971) observed that g;,flavicans pupae are
buried in the mud during the day and migrate toward the 
surface at night. |

" In North'Ameriéa/_g;'flaVicans fourth instar larvae
overwinter in or near the benthOS'aﬁd pupate after £he'ice
| melts (Roth 1968, Stahl 1966). 'In Laké Esrom,_Denmark, g;
flavicans larvae remained in the mud all winter long |

(Jonasson-1972). The overwintering stage of C. crystallinus

" is the third:and/or fourth instar (Pérma 1969, Roth 1968,
'Malueg 1966, Stahl 1966). In Eunice Lake, B.C.,C. trivitta-

tus has a two year life cycle. The. fourth instar over-




- 13

winters twice before it pupates (Fedorenko and SWift.1972)}v'

Population Dynamics and Productivity of Chaoborus -

biotope.  Shallow pond species: may be plurivoltine while

species living in stratified lakes may be univoltine. Also

~ within one species such as C. flavicans or C. punctipennis,

voltinism varies according to latitude and biotope. Both

species occur separately or coexist in small shallow ponds
(Judd 1957, 1961) and in deep stratified-lakes (Stahl 1966,
Malueg 1966, Roth 1968). |

~ Von Frankenberg (1915) and Deonier (1943) showed.

'thatigeneration time can be as short as one or two months

under favorable laboratory conditions. In nature, pluri-

voltinism has been observed for C. crystallinus, C. puncti-

pennis, C. astictopus and C. anomalus (Meinert 1886, Peus

1934, Miller 1941, Lindquist énd'Deonier 1942, MacDonald
1956, Snell and ﬁazeltine 1963,.Parma 1969). In stratified
iakes, C. flavicans is always univoltine (Lundbeck 1926,
Lang 1931, Valle l936, Borutzky 1939, Berg and Petérsen.
1956, Judd 1960, Parma 1971). |

Parma (1971) estimatéd mean body length of over-
wintering fourth instar’' larvae of C. flavicans to be 9.64 mm.

Mean wet and dry weights of these larvae were 3.61 mg. and

0.405 mg. respectively. Mean wet and dry weights of third

~“instar larvae Wére 1.22 mg. and 0.085 mg. respectively.
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Pérma (1971) did not estimate mean length of C. flévicéns
~third instar;larvae or the mean lengths and weights of the
first and second»instars; Mean wet and drvaeights of
pupae were 5.18 mg. and 0.79 mg. respectively. Mean wet
and dry weights of adult'maleAand female C. flavicans were:
1.50 mg., 0.455 mg. (male) and 2.61 mg., 0.795 mg. (female).
Parma- (1969) foundvthat mean céphalic capsule
lengths of C. flavicans instars I to IV were: 0.227, 0.415,
~0.744 and 1.152 mm. respectively} Teragﬁchi and Northcote
(1966) used pfobit analyéis to distingui;h the followingdg.'b
flavicéns cephalic capsuié length classes:. instar If: 0.1 -
0.3, instar II ; 0.35— 0.5, instar II : 0.6 - 0.9, instar
Iv : 0.9 - 1.5 mm. Instead»ofAmeasuring total body length
as Parma kl97l).did, Teraguchi and Norﬁhcote (1966) measured
"inter-bladder" lengths. Their inter-bladder length classes
 for Q.‘flaVicanSjinstars I.— IV were: 1.00 - 1.75 mm.( 1.75 ;
3.00 mm., 3.00 - 4.50 mm., and 4.50 - 6.50 mm. respectiyely.
Teraguchi and'Northcote did not perform weight analyses of
c. ;lgzigggg larvae. Rch-(1968)veXamined preserved o&er—.
wintered fourth instars of C. gla&icans and found that their
total body length ranged from 10 - 13 mm. McGowah (l§74)_

determined instars of C. anomalus and C. ceratOpogones'inv

Lake George, Uganda, by measuring antennal base lengths.
She expressed sizes of various life history Stages in terms

 of carbon content. For C. anomalus and C. ceratopogones,

mean carbon content was: instar II : 4 ug, 2 ug; instar III

: 23 ug, 21 ug; instar IV : 143 ug, 139 ug; pupae : 105 ug,
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111 wug respectively. Other estimates of Chaoborus carbon
or calorific content are not reported in the literature.

Fedorenko and Swift (1972) stated that the mean cephalic

capsule lengths of C. americanus and C. trivittatus were
"instarvI : 0.4 mm.; instar II ; 0.5, 0.7 mm;}_instar III :
1.0, 1.3 mm. ; instar IV : 1.6, 2.2 mm.'réspectively.
FedorenkovanafSwift did not weigh larvae accdrding_to instar
type. |
| Fedorenko and Swift (1972) plotted growth curves of

g; americanus and g.'trivittatus larvae irrespective of

instar. They found that C. americanus grew faster than C.

trivittatus. In the first yvear of their'twoAyear life

cycle, C. trivittatus larvae grew to a maximum of 0.5 mg.

(dry weight). In their second year, C. trivittatus grew

from 0.7 to 1.9 mg. - C. americanus larvae_gréw to a maximum‘

of 0.8 mg. »Parma?(l97l) uséd changes in weight frequency
“histograms to calculate biweekly growth increments of
-benthic fourth instar larvae of C. flavicans; He did not -
~ state these grthh_increments. In Lake Esrom,-Dehmark,,
C. flavicans larvae weighed 0.53 mg. before the beginning of
“winter diapause.._Overwintered'larvae grew quickly to 0.71
mg. in May and .final mean weight in June was 0.97 mg. (dry
weight) (Jonasson 1972). |

Estimates»of developmental times of Chaoborus in-

. stars are rare. Fedorenko and Swift (1972) estimated dura-

tion of g. americanus and C. trivittatus instars II, III and
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IV'to be lZ'and 23 days, 17 and 48 days, 318 and 635 days
.respectively. Fedorenko and Swift did not estimate duration
of firstvinstars. Patma (1971) experimentally determined .
duration of C. flavicans instars by culturing larvae in an

. artificial food suspension_atFZOOC and:constant daylight.

- Parma estimated duration of instars I, 11 aﬁd IIT to be 9
odays, 20 days;and 14 days respectively. Parma did not esti-
mate fourth inStar-duration. However he etated thatrtemperae
'~ ture, quantity and guality of food, photoperiod and pre-
dsence or absence of burrowing behav1our tnfluence fourth
'instar duration.‘ The life span of Chaoborus_pupae ranges
from‘one'day<(Muttkowski 1918)vto lO‘—-lZ.days (Reaumur

~1740) . This variation can be attributed to different tem-

peratures. Pa;ma (1969) showed that C. crystallinus pupae
.~lfast 3 days at 20°C.and 12 days at 1o°c. | Pama (1971)
showed that C. flavicans pupae last 3 - 4 days at 20 C and
10'; 15 days at lO_C, Meinert (1886) reported the p0551—
bility of pupai‘diapause under cultur;ng conditions.

Parma (1971) recorded a sex ratio of 1.22:1.0 '-
to for inéiézigéﬂe adults raised in'thellabOratory;l
Pafma (1969) found a decreasing perceatage‘with time of

males in a C. crystallinus population. He experimentally

showed that males developed faster from pupae in laboratory
cultures.
Reported estimates of Chaoborus abundance vary with

latitude and lake type. In tropical Lake Lanao, Lewis
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'(1975) found that larval densities‘of Chaoborus'renged fromv

. 3800 to 19,000 individuals mnzf McGowan (1974) recorded a

maximum planktonic density of 31.7 x lO2 m. -2 and a maximum
benthic density of 79.9 x 102 m. 2 for C. anomalus and C.

‘ceratopogones in Lake George, Uganda. Eggleton (1931) found
.a maximum density of 71.0 x 103 Chaoborus larvae m.—2 in‘a
eutrophic lake. Roth (1968) estimated total benthic popula-
tion (comprised of three. chaoborid species) to be 27.2 x 10
larvae in an oligotrophic.lake with a surface area of 8.3
hectares. Dodson_(ié?Z) found 1230-1arvee m._3 in Leechmefe

Pond, Colorado. Fedorenko (1975) found maxima of 1100 -

C. trivittatus m. 2 and 200 C. americanus m.fznin Eﬁnice

" Lake, B.C.  Parma (1971) reported a maximum benthic density

of 13.0 x 10° m,_z, In Lake Esrom, Denmark, density Of-g.'
ﬁlavieéns larvae varied ffom 600 m._g to 5000 n. "~ 2 (Jonasson |

1972).

Few estlmates of Chaoborus biomass and product1v1ty
are reported in the llterature. Blomass of benthic C.v
Eli!igéﬂi larvae 1n Lake Vechten, Netherlands, was 57 5 kg.
"ha.-‘-l (wet weight) and 6.5 kg. ha. -1 (dry weight) (Parma
1971). In Lake Mendota;'winter biomass of Chaoborus larvae
was 558 kg. ha. % kJﬁdey 1921). Borutzky (1939) found a
maximum biomass in November of 17.5 kg. ha.-l (dry weight).
'DeeveY-(in Brooks and Deevey 1963) estimated productivity of
) benﬁhic Chaoborus larvae to be 15 to 28 kg. (dry weight)
”ha.— .year—l'in some American lakes. Above estimates were,

caléulated using‘Allen curves (Allen 1951). Jonasson (1972)

-
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‘calcuiated.biomass.and productivity of C. flavicaAS larvae
in Lake Esrom, Denmark. -3onasson's-biemass-estimates were
based on monfhly saﬁples; Biomass of overWintefing larvae
‘(300 - 3000 mg. dry weight m.—z) Was,-ia_general, lower than-
spring biomass estimates (373.— 4927 mg. dry weight m}_z).
Summer biomass was loweet-in Lake Esrom. It ranged from

39 —.252 mg. dry weight m._?. Jonasson (1972) found thatbg.
flavicans productivity was, in general, lower in winter
(=5.15 - 92 mg.:dry weight m. 2 month—l)»than in summer (35 -

457 mg. dry weight m;f? month™ 1) .

- Vertical Mig;ation of Chaoborus Larvae

In most lakes, Chaoborus is benthicvduring the.day
and plaﬁktoﬁic a£ hight (Juday 1921, Eggleton'l932,lBerg
1937). In some lakes, Chaoborus are contlnuously planktonlc,
mov1ng from deep water durlng the day to surface waters at
.nlght (Hunt 1958, Northcote 1964, Fedorenko and Sw1ft 1972).

MacDonald (1956) and Teraguchi and NQrtheote (1966)
observed that Chaoborus larval instars differ in theirA
migratory behaViouf. MaeDonald (1956) observed that younger
instarsvremaiﬁ-in thevlimnetic'zone'while’the older instars
inhabit it only temporarily at night. Teraguchi and North-
-eote (1966) found that C. flavicans first instars showed no
ﬁigration into sarface waters."They were concentrated at
2 to 6 m. in June. Second instars were also abundant be-
“tween 2 and 6 m. - Teraguchi and Northcote observed a weak

~ . vertical migration of second instars into surface waters
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.auring the night; Third instars occurred between l and 11 m.
and exhibited a stronger diel vertical mlgratlon. Durlng the
day, third instars were concentrated at 9 to 11 m. At mid-
night, third instars.were'concentratea‘at'B - 5 m. The most
pronounced vertical migration WaS'exhibited by‘fourth‘in— |
_stars."During»the day, they_Were“concentrated at 8 to 13 m. -
Ascent-by'fonrtn instars was progressively earlier in the |
~ evenings as the season advanced and .descent occurred later in
the mornings. Teraguchl and Northcote (1966) noted Cushing's
(1951) mldnlght 81nk1ng" phase 1n the dlel mlgratlon patterns
-of fourth 1nstars. Mldnlght 31nk1ng occurred at 12 p.m. {(two
"hours after ascent) in July. Later in the season,_m;dn;ght‘
-slnklng began at 11 p.m. Teraguchi and Northcote (1966) pos—’
tulated that light intensity influences vertioal migration.

Fedorenko and Swift (1972) monitored diel vertical migration

patterns of C. trivittatus and C. amerlcanus in Eunice Lake, -
B.C. Seasonal changes in noon vertical distribution of these
larvae were similar to those found by Teraguchi and Northcote

(1966) . The first two instars of both species and C.

 americanus larvae were found above the thermocline. As the

season progressed, €. trivittatus third instars moved below

the thermocline. Young and old C. trivittatus fourth instars

occurred below the thermocline. Spatial overlap between the
two species occurred for first, second and young third instars.

Fedorenko and Swift-(l972) recorded marked differences

-in diel migration of instars of the two species. C. americanus
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fourth instars began migrating at about 7 p.m., completed
ascent by 9 or 10 p.m. and remained concentrated at 1 m. until

6 a.m. C. trivittatus third instars had a migration pattern

similar to that of C. trivittatus young fourth instars. C.

trivittatus old fourth instars began evening ascent at 6 p.m.,"

completed ascent by 9 p.m. and began midnight sinking at mid-

night. During the day, C. trivittatus third and young fourth

- instars were spatially'iSOlated from all other instars of
both species. Roth (1968) found that C. flavicans were con-

 centrated deepér than C. punctipennis and C. albatus in Frains

Lake, Michigan. All three species exhibited similar migration
pafterns. Rofh (1968) suggestéd‘that‘slight differences in
: morpholpgy and distribution were sufficient to explain their

coexistence. Migration patterns of C. punctipennis and C.

flavicans in Myers Lake, Indiana were found to be alike in
all respects (Stahl 1966).

| Cushing‘s‘(lQSl) general_scheme'for-migration’patfeins
of'all.vertically migrating zooplénkton was based on 1ight as
the initiatingvand_controlling factor. The four phases of
" Cushing's migration patterns were: (1) dawn rise, (2) sharpl.
descent to day depth; (3) ascent from day depth, and
h (4)-midnight sihking., Cushing developed this pattern from
observétions of marine_iooplanktqn} ,Hutchinson (1967) stated
that the migration pattern was applicable t6 freshwater
uzboplaﬁkton;.’ |

" Many thebries hypothesizing adaptive values of
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Vertioal’migration_have been proposed. These theoties are
as.follows:-.escape from'predators (Manteifel 1959, Pearre
1973),'horizontal transport (Hardy ‘and Gunter 1935, Hardy
1956, David 1961), social control of pOpulation size
(Wynne-Edwards 1962).,. energy gain (McLaren 1963, Kerfoot
1970) , combination of the above theories (Hutchinson 1967,
Mauchline and Fisher 1969), and demographic effectst(McLaren-
A1974).

McLaren's (1963) theory concernlng adaptlve value of
Vertlcal mlgratlon is the only one that con51ders the energy
budget of the mlgratlng animal. McLaren concluded that
‘migrating animals accrue an energy gain from the more effi-
cient partltlonlng of energy to growth at low temperatures
and that thlS energy galn can be used for fecundity,_growth,‘ _
etc. .' |

Swift (1974) stated that McLaren's (1963) theory on
the energetic advantage of temperature alternation.dependS’
on assumptiohe which are not jostified. Considering ener- -
‘fgetics only, animals should stay at the surface or follow a
. physiological migration pattern'in ordei to maximiée_growth.
Swifts's simulation model of thebenergetics of vertical

- migration in C. trivittatus larvae confirmed that, on an

energetlcs ba51s, the two mlgratlon patterns c1ted above are
better for larval growth than McLaren' s (1963) migration
. pattern.

La Row (1968, 1969) demonstrated a persistent
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diurnél rhythm in emergence of Chaoborus larvae from sédi—'
ments. He also demoﬁstrated'a 24 hour periodicity of larvaé
kept Uﬁder constant light conditions in sediment cores.

When light intensity was low, larvae emerged from sediments.
and became planktonic. When 1ight_intensity was high,
'Alarvae re—enteréd~sediﬁents., In darkness, larvae maintained.

a 24 hour rhythm. At SOC,_diurnal activity ceased.

Respiration and Feeding Ecol6gy of Chaoborus Larvae

| Chaoborus iarﬁée'respire through the cuticle. The .
~tracheal SYStém has no respiratory’functionv(Sae£her 1972) .
‘ Swift (1974) measured 02 consﬁmption of g; trivittatus

fourth instars. He used constant pressure respirometers

and the micrb—Winkler technique tb'measure'respiration and‘
found significant differehces in results.of»the two methods.
Using cénstant preséure_respirometers, Swift found that 02,
consumption_at-S, 10, 15; 20 and'250C was 0.48, 0.95, 1.0,
©1.25 aﬁd 2.0 ul. larvaml hour_l.A Swift stated that 02 con-
sumption of Chaoborus larvaé increases linearly with teﬁ—
perature. Berg et al. (1962) and Berg and Jonasson: (1965)
used a dropping mercu?y electrode to‘monifor 02 consumption
'bf g.'flavicans-larvae. They found that'.o2 consumption in-
creased linearly withvtemperature‘and with_animal activity.
A larva that remained still, consumed 1 - 2 pl 0, hoﬁr—l
while a larva that>moved 1 or 2 times per second at the same

1

" temperature consumed 10 pl hour ~. At 8°c, 0

1

, consumption

rate was 6.0 ul 0., gm. ~ hour t. At 20°c, it was 21.4 pl

2
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gm._l hourgl. Berg and Jonasson (1965) aléo'found that C.

flavicans larvae have a higher Qz.consumption rate in well-
oxygenated water than in anoxic water. NO other reports |
of‘ggagggrgg respiration exist in the llterature.

EEEQEQEEE adﬁlts and éupae do net‘feed. Chaoborus
adults have shorf piercing - sucking mouthparts (Cook‘1956)
but novobservatione of adult feeding have been reported.

Crops of C. flaviCans larvae from Lake'Vechten,
Netherlands,contalned cladocerans (Bosmlna Sp.. and Leydigia

sp ). copepods (Cyclops vicinus and Cyclops flmbrlatus),

copepodlds, and rotlfers (Notholca squamula and.Keratella
quadrata) (Parma 1971). Chaocborus predation on larvae of

cullcld genera, Culex, -Aedes, and Anopheles has been ob-

'served (Tw1nn ‘1931, James and Smith 1958, ‘Skierska 1969) .

Chaoborus fourth 1nstar larvae also prey on ephemerid larvae
(Mlall 1903, Sikorowa 1968) and dixid larvae (Melnert 1886).

Parma (1971) observed cannibalism-amopg all larval stages of

€. flavicans and C. crystallinus. Felt (1904) observed

Chaoborus 1ngest1ng newly hatched flSh larvae.
Benthic Chaoborus larvae~feed on harpacticoids

(Lundbeck 1926, Sladecek 1952), oligochaetee (Parma 1971)

and chironomid larvae’(Alverdes 1926, Tubb_and Dorris 1965).

Fish are the main predators of Chaoborus larvae and

pupae. bLindquist, Deonier and Hancey (1943) found‘Chaoborus

. eggs and larvae in Cyprlnus carplo stomachs. Chaoborus

larvae occur frequently in Kokanee (Northcote and Lorz 1966) ,

- B
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‘_cutthroat trout (ﬁimick'and-Mote'l934), rainbow trout
(Rickervl932) and lake trout (Martin 1954). Campbell (1935)
found that Chabboruselervae comprise 50% of white suckers'
stomach contents. Mills (per. com.) revealed that Chadborts'
larvae may comprise 40 - 80% of the whitefish diet in -the
Experimental Lakes Area, Ontario. Parma (1971) observed
Coledptera larvae‘eating Chaoborus larvae in the field. 1In

' laboratory -experiments, Parma (1971) found that one Cyclops

' Sp. ingests 25 Chaeborue first instars per day. Anderson

and Raasveldt (1974) stated that there is heavy predation ofA

ggaoborus larvae by Gammarus lacustris in some Alberta lakes.

Chaoborus larvae prefer copepods over cladocerans
(Deonler 1943 ‘Main 1953, Sw ust et al. 1973, Anderson and
4Raasveldt 1974). Flrst and second'iﬁstars prey oﬁ small
organisms such as nauplii, copepodids and rotifers'(Kolmer
1904, Deonier 1943, Prokesova 1959, Sikorowa>1968). The
above food éreferences are based on laboratoryhstudies..

There have_been few quantitative studies of Chaoborus
predation. Deonier (1943) stated that one Chaoborus larva: ‘
‘can inéest 12 Cyclops in'45 minutes. Sikorowa (1973) pooled
crop contents of chaoborids collected from different Polish
lakes at various times of the year. She found that first
~and second instars preferred small zodplenktere such as

- rotifers and nauplii while third and fourth instars preyed

. more on larger'QOpepods and cladocerans. Kajak and Ranke-

"~ . Rybicka (1970)'performed in situ feeding experiments with -
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s;iglavicansvlérvaeiin two Polish lakes. Expéfiménts lasted
6 hours. Predator density was 3.3 fourth instars 1,71, |
Incubation chambers containing various known mixtures of
copepods and_cladocerans'wére'suspended'at 1.5 and 6 m.
depth. Kajak and Ranke—Rybické,found that Chaoborus :larvae
consumed 0.81 - 0.88 crustaceans larva ' hour L. Maximum
daily fdod'consumption of larvae was 12.5% of théir body‘
weight.  |

Fedorenko (1975) performed iE §iEE,feeding experi- -

ments.with'second, third and fourth instars of‘g::américanus

and C. trivittatus. She used various densities. of predators
and prey and suspendéd the feeding containers. at various

depths for 24 hours. Fedorenko féund that,g;‘americanus

second and third instars preferred Bosmina sp. Diaptomus

tzrelli'was the majéf prey of g.'tiivittatus second and third

instars. Second and third instars of both species also con-

sumed some rotifers. C. americanus fourth instars showed no

obvious food preference. They consumed rotifers, Bosmina,

Holopedium, Diaptomus kenai and Diaptomus tyrelli. . Young

and old fourth instars of C. trivittatus also ingested most

types of available zooplankton. - C. trivittatus young-fourth

instars seemed to prefer'Holopedium‘and'Q; tyrelli. C.

trivittatus old fourth instars preferred D. kenai.
Fedorenko (1975) stated that prey size determined diets of
_ the first three instars of both species and that "spatial

availability" of prey determined diets of fourth instars.
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Kajak and Ranke~Rybicka (1970). observed that C.
flavicans fed mostly at night. Ten percent of larvae caught
'at night had full guts while 0.9% to 2.8% of larvae caught

during the day had full guts. Fedorenko (1975)'observed,

feeding activity peaks at dawn and dusk for C. trivittatus
~ fourth instars feeding on D. kenai.
Fedorenko'(1975) reported that feeding rate of

second 1nstar C. trivittatus was 2 D. tzrelll per day;

third instars ate 6 - 7 D. tzrelll per day These experi-

ments had an’ 1n1t1al food concentratlon of 5 D. tyrelli 1. { '

Fourth instar larvaevof C. trivittatus‘and C. americanus

ate 20 D. tyrelli larva-l day—l at an initial concentration

of. 70 Q; tyrelli l.—l. Experiments were not performed on

second and third instars of C. americanus. Fedorenko stated

that‘feeding rates of young instars increased directly with
temperature and food concentration. Feedlng rates of

fourth instar C. tr1V1ttatus were 1ndependent of temperature.

Fedorenko s (1975) estimated mean percentage of
standing crop of prey eaten by ggaoborus was: 2% for cope-
pod’nauplii, 3% for D. tyrelli, 9% for D. kenai and 4% for

Diaphanosoma. Kajak and Ranke~-Rybicka (1970) estimated that

C. flavicans daily removed 7% and 13% of the zooplankton
standing crop in two Polish ;akes. Dodson (1972) estimated
- that Chaoborus predation accounted for 93% of DaEhnia mor-
,htality in Leechmere Pond, Colorado. . _
Authors of some of the above species are listed in

appendix P.
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METHODS AND MATERTALS

" Description of Study Area

West Blue Lake is located in weét central Ménitoba
(fig. 1). The lake is 4.8 km. long and is narrow and steep-
sided. vMaximum and mean depths are 31 m.ﬂand 11;3 m. res-
?ectively. There are no permanent inlet or outle£ streams.
Bell and‘Ward'(1970) and Ward and Robinsén (1974) presented
detailéd descripﬁions of West Blue Lake and its'dominant

flora and:fauna.

Life History, Population Dynamics and Production ofﬁg.
flavicans ' '

Stations-1, 2 and 5 (fig. 1) were used throughout

this study.» Stations 1, 2 and 5 were 17, 31 and 20 m. deep

respectively. All stations were in the pelagic zone.

Larval and pupal densities were sampled weekly at
stéﬁidns 1; 2 and 5. Sampling was carried out from May 2b,
1974, to August 26, 1974, and from May 14, 1975 to June 25,
1975. - Additional samples were taken on Sept. 16, 1974 and
Oct. 16, 1974. Samples were collected at 0, 1, 3, 5, 7, 9,
11,,13, 15, 17, 19, 21, 23,‘25 énd 30 m. depth at station 2.

At stations 1 and 5, samples wére collected at 0 meters and

two meter intervals from top to bottom. Triplicate samples

'at each depth were obtained with a 29 1. Schindler-Patalas
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Fig.1. Map of West Blue Lake showing sampling stations.

Contour intervals are in meters.
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-plankton trap. Sampling began at 9:30 a.m. on edsh sampl-
ing date. |

' The water colﬁmn was sampled from top to bottom.
This decreased disturbance.of C. flavicans about to be
sampled. Each sample was funneled into a 35 ml. labelled
. bottle.l Two ml; of 100% formalin were added to each sample.
Samples were counted at 20 xyqr40 x under an Olympus bino-
cular micfoscope.

Weekly behthic samples weredtaken at Stations 1, 2
and 5 from May 20, 1974, to August 12, 1974. Additional
samples were collected on Oct 16, 1974. A multiple corer

( Hamllton et al. 1971) was used to obtaln trlpllcate samples

on each sampllng date. Cores were washed in a 500 ¢ mesh

o bucket and contents were labelled and preserved in 5° forma—

lin solution. Benthlc Chaoborus larvae were sorted and
counted under an Olympus binOCular'microscope at 20 x or
40 x. | | |

Diel vertical migrations of first,second, third and
fourth instar larvae of C. flavicans were_monitored on July 6,
July 20, August 7, ahd June 5, 1974, respectively at station
5. . Samples were taken at three meter depth intervals from 0
te 21 m. One sample was collected at each depth with a 29 1.
SchindleréPatalas plankton trap. Sampling began at 10:00
a.m. and continued at four-hour intervals for 24 hours on
each sampling date. Each sample was labelled, preserved in

a 5% formalin solution and counted at 20 x or 40 x under a
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binocular microscope.

Imago emergence of C. flavicans was monitored in
1975. Conical floating transparent_polyethylene'traps con-
structed according to Sublette and Dendy (in Edmondson and

Winberg ;971) were used. Five traps were evenly spaced on a

shore to shore transect across station 1. Traps were moni-

tored once-a'day'from June 25 to July 9,11975. 'Imagines
were' sexed and counted after removal from traps. -

- Five series of submerged conical traps evenly spaced

- oh a shore to shore transect across station 1 were used to

monitor,long term movements of C. flavicans larvae and pupae
and amphipods. ‘Traps were submeiged at 5 m. depth intervals
from the top to the bottom of each vertical series. -Sub-
merged traps were monitored once at the end of a 24-hour
period every wéekvfrdm Juné 28 to July 19, 1975. " Chaoborus
larvae and pupae were temoved and preserved in 5% formalin
solution. They were counféd at 20 x or 40 x ﬁnder a binocu-
lar micfoséope. |

Instar succession of C. flavicans larvae was moni-

tored weekly from May 20, 1974, to Augﬁst 12, 1974, and on

Sept.‘lG-and Oct. 16, 1974. Once each week, a series of.
vertical tows WAS taken from the bottom to the top of the
water columﬁ at statibn 5. A iarge Wisconsin plaﬁkton net
(mesh size : 243 ﬁ).was used. Cephalic capsule lengths
(fig. 2) of 1001— 150 live‘larvae were measured wéekly.,

Larvae were placed on a water film in a petri dish. Their
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Fig. 2,

Head capsule length.,
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cephalic capsule lengths were measured at 10 X, 20 X, 30 x-
or 40 x (depending on larval size) under an Olympus blnocu—
lar microscope equlpped with an ocular micrometer. The
micrometer was calibrated into 10 p divisions.

Growth of ‘C. flavicans larvae and pupae was moni-
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tored weekly from May 20, 1974, to August 26, 1974; on Sept.

16, 1974, Oct:. 16, 1974, and weekly from May 14, 1975 to
June 25, 1975. Instar—specific‘growth was monitored from“
July_l,'l975,'to Aug, 12; 1975. Growth was measured in -
terms of dry weight, Carbon‘cdntent-andﬂealories. Larvae
and pupae were caught in long vertical tows with a 243 y

‘ plankten net. 'in 1974, larVae from tows were picked,ran—
domly (i.e..ifrespeCtive of instar) for the purpose of con-
structing an Allen curve.(Allen 1951)' Lots of 10 - 100
1arvae (depending on larval size) were dried at 105 °c for
two days. Dry Weight of each lot was determined on a CAHN
electric microbalance. Caloric content of dried larvae and
pupae was determined by combustion'in a Phillipson Microbomb
Calorimeter (Pnillipson 1964) . If the-weight of a lot of
dried larvae or pupae was too light to be used as a caloric
sample (< 2.0 mg.), then lots were comblned. To-determlne
-carbon content fresh larvae and pupae were placed on GFA
precombusted glass fiber fllters. These samples were drled
at 105 °c for two days. Carbon content of each sample was

determlned in a Perkln-Elmer Model 240 Elemental Analyzer.

In 1975, estlmates of 1nstar—specific dry weight, caloric




content and carbon content were determined as above except
that larvae were sorted’according_to instar, and dry weight
samples were obtaihed‘every 3 or 4 days.

In June 1974, C. flavicans fourth instar larvae and

pPupae were caught in a plankton net and were placed in out-
door rearing tanks (appendix A). ~ After adult C. flavicans
émerged, mated and laid eggs, they were removed from the

tanks and were sexed and counted. .Thirty—three egg rafts

collected from the tanks were placed in petri dishes con-

i B
1

taining well-oxygenated water. Numbers of eggs per raft

were cdunted at 60 x under~a binocular microscope. Aftér n
counting, -each raft was placed in a SOO.mli'jar of Well—
ongenated Water.~ Jars. were stored in the reéringttank
Shelter:for 3 to 6 days. Numbers df unhatched eggs in each

raft were counted to determine hatching success.
Respiration and Feeding of C. flavicans
A series of respiration experiments using second,

third and fourth instar larvae and pupae of C. flavicans

were performed‘in the laboratory duringAl975.‘ Chaobofus-
larvae and pupae were collected with a plankton net. They
were sorted according to instar type and were held at ex-

perimental temperatures of 2 - 3 hburs before each experi-

" ment. Oxygen consumption of Chaoborus larvae and'pupae was
,measured'with-a,Scholander-respirometer.according to methods
of Scholander et g;. (1952) . Nine test chambers and one

control chamber were used in each experiment. Experiments
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were performed at 5, 10, 15, 20 ahd 25°¢. Each ekperiment
lasted one hour. For eachrinstar,‘the same_larvae'were.
used for each temperature.

In 1975, a series of in situ feeding experiments
- was conducted on C"flav1cans larvae to determine food type
and food size preferences and the effect of temperature and
food concentration on ingestion rates of C. flavicans
larvae. v _

}Transparent poljvinyl chloride (PVC) 15 1. feeding‘
chambers (appendlx B) and opaque 10 l. plastlc bottles were
used as 1ncubatlon chambers for feedlng experlments.

A trial experrment to determine predator density
needed to oroduce optimum feeding in the chambers and to
test relative efficiencies of the two types of chambers was
, conducted (a?pendix.c);

Experiments to determine size and type of prey
selected by C. flavicans larvee were performed on each in;
star in 1975. Each experiment wasvexecuted as follows:

Two equal lots-of an instar‘were starved for 24 hours.
Three Vertical tows taken with'a 73 H plankton net were in-
dividually strained through 1050 u and 73 utfilters. This -
removed C. flggigggg and large D. pulicaria but retalned
prey organisms 73 u - 1050 yu in size. Contents ofrone tow
werevretained as a control sample. Each of the remaining
two tow contents were individually placed'in a PVC feeding

chamber. One lot' of starved instars (appendix D) was placed

5
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~.in each chamber. Chambers were suspended at 5 m. depth in
the lake and were iIncubated for 24 hdurs.» At the end of
the incubation period;'Chabborus-larvae and remaining prey
were removed from tﬁe chambers. Chaoborus larvae were
sorted out of these test samples. Test and coﬁtrol samples»
were diluted to 15 l;.(vo}ume of feeaing chamber). Two -
one liter subsamples from test and contrqllsamples were
strained.through aigraduated set of filfers'(783‘u, 500 1y,
243 y, and 73 u). Numbers and types of prey organisms from
each filter were counted ih a Sedgewidkeﬁaftér-cell at 100 x
under a compound micfoscépe. | |
;v£E §iEé'experiments to determine effects of food
vconéentratibn and temperature on ingestibn rates of C.
flavicaﬁs_larval instars were performed ét-station 5 dqring
1975; Four expe:iments per instar were performed.\anch ex-
' perimeht was executed as follows: ‘Eight equal létsbof‘an »
‘inétar were collected - with a plankton net and were starved
for 24 - 48‘hours.' Thirteen vertical’tbws were taken with
a 73 u plankton:net on station 5 and were strained through
a set of filters:(50011- 73 p for instar I, 783 u - 73 u for .
instar II, 1050 p - 73 u for instars III and IV) to elimin-
ate large'Daphnia_and Chaoborué larvae. Contents of three:
tows were retained as control sampies. Food from the re-
maining tows was‘dilutgd by either a half, once, one and a
half times or twice the natural‘density using lake_ﬁater
filtered through a 73 n filter. Each portion of diluted

fqod'was placed in a feeding chamber along with one lot of




were dried for two days at 105 C.-Test'and control samples

yzer to determine carbon content.

comparable due to different efficiencies of the samplers.
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starved larvae. Four chambers containing the above series
of diluted food were suspended at four meters depth in the
epilimnion. A duplicate set was suspended at 12 meters in

the hypolimnion. Temperature at 4 and 12 meters was mon-

itored with a thermistor. After 24.hours,'contents of feed-
ing chambers were removed. Chaoborus larvae were picked
out of these samples. Test and control samples were fil-

tered‘through.pre—combuSted GFC glass fiber filters and

Wére analyzed in a Perkin-Elmer‘Model 240 Elémental Anal- T

Calculations
No. larvae mr2 were calculated by multiplying no.
larvae 1.-1 by ‘1000 to obtain no. larvae m.~3 . No. larvae

m:3. between samplihg.depths was interpblated so that no.

larvae m. =3 fbrvevery one meter depth were obtained. These
values were added to yield no. larvae m.~2 . Benthic den-
sities of Chaoborus larvae were not used in the calculation

of no. larvae m. - because benthic and pelagic densities

were based on samples collected with different Sampling de-

vices. Density data from two different‘samplersvare not

Depth—weighted.peaks of vertical migration polygons
were calculated by multiplying no. larvae at each samp-

ling depth by the sampling depth and_édding the products.

this. no,‘larvaé X depth was then divided by the total
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number of larvae caught té yield a dépﬁh-weighted'peak in
the vertical distribution of larvae; Data on copepod ana
‘cladoceran vertical migration in West Blue Lake were pro-
vided by Pat:ick (unpublished) and Ward (unpublished) res-.
pectively. | .

The Allen curve method for aetermining productivity
is based on the concept that, as a cohort grows older, the
animals grow;'butrtheir numbefs decrease because soﬁé die.
The Allen,curve represents the product of the.age—specific
growth function and the age-speCific sur;ivorship curve of
a cohort; Actﬁal net production is the pfoduct of mean den=-
Csity of animals and the mean individual weight inc?ement
diyided by-an appropriate time intervél. The first point
on the Allen curvé in this study was‘obtainéd by‘applying
fecundity and sex faﬁio dété to the density of fourth instaf
larvae that survived until the end of the generafion (ap- |
'pendix N).'The first point on the Allen curve represents
mean dehsity of first insﬁarS'thaﬁ”have just hatched, i.e.,
larvae at 0 wéightL

| 'In the calculation of Pechen-Shuskina production,
instar densities were obtained by‘multiplyingbtherper cent
frequency of a given instar at a givenxtime by the mean
density of all.larvae at that given time. Biomass at a .
éiveh fime waé calculated by mﬁltiplying thé mean density
of an instar by the mean individﬁal weight of that instar

at that time.
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RESULTS

Life History and_Population Dynamics of C. flavicans
g.‘flavicans larvae iarely occurred above 5 m. in the
lake. In early summer, Chaoborus larvae were most dense at

7 and 9 m. depth at all stations. ToWards late summer and

~autumn, highest larval densities‘occurred'deepér, at 9 to

15 m. (fig. 3).

-Highest densities of Chaoborus larvae occurred at
station 5 throughout the growing season-(fig. 4). Tablebl_
summarizes-iarval'density changes during'the study periéd.
Numbers per square meter were obtained by éxtrapblating den-
-sities shown in‘fig;‘3 to numbers per cubic meter and iﬁte—
grating-the curve thus obtained. The highest mean density
occurred on July 8, 1974, aﬁd'declined éteadily until June 25,

1975 (table 1).

Benthic densities of C. flavicans larvae were rela-

t

tively high in spring, 1974, decreased in summervand increased
again in fall, 1974 (fig. 5). Chaoborus larvae were never

found in benthos from station 2. Appendix D lists numbers of

larvae per sqﬁare‘meter of benfhos.

| Fig. 6 illustrates vertical migration patterns of C.
. flavicaﬁs larvae and shows depth-weighted peaks (appendix E)
ih the migrating populatiéns of 2. pulicaria and C. bicus-

pidatus.
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Fig. 3.

Verticalkdistribution-oi C. £
larvae during 1974. '
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' C. flavicans larvae at three stations
during 1974 - 75.

Fig. 4. Temporal changes in density of




3wk . : .
. o , (777 SR . : V' vzel
SRR 11 L 8z 14 1z Vi €T 6 9T Tt ot st t
"ANNr ANNE AVW AVW 120  ‘1d0 *1d3s "Ld3s  ‘dSnv BV Anre xnr Amnr
B . 1 1 1 . Pyl | 1 74 1 1 1 1 . S | 1 0
Sy T
o
Y Z U
4
par

< :
—~ :
-9 3 m
o :
3
1 m
» m
-8 2 m
° |
w |
-0l
-z




41
Table 1. Temporal changes in pelagic densities (no. m.—z) of
' C. flavicans during 1974-75.

_ Station mean ~ standard

Date C ' B 5 density deviation
May 20, 1974 1912.02 544,18  935.92  1130.7  704.42
May 27, 1974 2103.47 . 1804.645  1316.09  1741.4  397.48
June 3, 1974 larvae 1729.90  1307.35  1063.0  1366.7  337.40
- pupae  281.61  948.18 247.83  492.5  394.96

Jume 10, 19781 1rvae  1701.14 - 155.16 942.54  932.9 - 773.04 -

pupae - 264.36 91.95 114.94,  157.1 93.61
S Jme 17, 1974 rvae 6895 68.96 168.92 68.9 0.02
[  pupae  229.89  137.94 45.97  137.9 91.96
| June 28, 19741 arvae  114.93  68.96 68.96 84.3  26.54
| pupae  68.96  22.99 22.99 .38.3 26.54
- July 1, 1974 0 . 0 0 i .
3 July 8, 1974 - 5603.4  6953.7  10994.27  7850.5  2805.09
July 15, 1974 4135.0 35785  10608.81  6107.4  3908.22
July 22, 1974 35745  2342.0  11427.0  5781.2  4928.12
July 30, 1974 5477.0  3874.0  6007.5  5119.5  1110.77
Aug. 5, 1974 4117.0  4053.0 7587.0  5252.3  2022.13
Aug. 12, 1974 - 3949.0  5754.75  5772.25  5158.6 - 1047.64
Aug. 19, 1974 3189.3  4096.92  4343.5  3876.6  607.83
‘Aug. 26, 1974 2931.5  3898.5  2970.0  3266.6 - 547.52
Sept. 16, 1974 2701.5  2183.0  2468.5 - 2451.0  259.69
Oct. 16, 1974 2453.5  18{96.0 = 2097.4  2148.97-  282.30
May 14, 1975 2316.14  1028.77  2074.74  1806.55  684.31

May 21, 1975 2161.0 724.13  902.36  1262.49  783.21
May 28, 1975  996.46  © 806.36  2187.45  1330.09  748.56

June 4, 1975 1373.65  1482.7 1137.96  1331.44  176.20
Jome I, 19751, vae © 666.68  298.84  2195.42  1053.65  1005.76
| pupae  431.03 68.96 603.45  367.81  272.81
Jme 18, 19751 0rvae  76.84 59.36  60.44 . 65.55 9.79
pupae  84.97 94.32 146.25  °108.51  33.01
Jme 25, By arvae  120.49 43.68  68.96 - 77.71 - 39.15

pupae 47.82 34.48 34.48-  38.93 7.71
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Fig.

S.

Temporal changes in benthic density of

' C. flavicans larvae during 1974.
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Fig. 6.

Dlel vertical migration of C. flavicans larvae.
Depth—welghted peaks of C. flaV1cans,

" D. pulicaria’ and Cd blcuspldatus lndlCated by

‘D , and C
respectively. Total numbers of Chaoborus
larvae caught are below each polygon.
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-Chaoborus fdurth’insﬁar larvae~of'the-l973r74 Qenera—
tion migrated 5.52 meters between 7.06 and 12.58 m. depth
(fig. 6). Chaobcrus‘first instar 1arvae of the new 1974—75
generatlon mlgrated 3.47 m. between 5. 29 and 8 76 m. depth,
(£ig. 6). | Chaoborus second instar larvae mlgrated 3.3 m. be—
tween 5 33 and 8.63 m. depth (fig. 6). Chaoborus third in-

- star larvae migrated 3.73 m. between 7.6 and ll.33_m..depth
(fig. 6)..vDepth—weighted peaks of vertical migiation of suc- .-
cessive.chaoborus instarsvocCurred deeper in the lake. Migra-
ting distances;of successive instars were, in general,‘g:eatér
than'ﬂkse'of previous instars. |
| ‘Depth—weighted peaks in migrating populations of D.

‘pulicaria and C. blcuspldatus did not often coincide with

depth—welghted peaks of C flav1cans (fig. 6).

C. flavicans f;rst instars had a head capsule length .
between .1 and 0.3 mﬁ. Head capsule length.of second instars
was between 0.3 and 0.6 mm. Third instdr head capsule length
was between 0.6 and'l,O_mm. Head capsule length of fourtn
instars was between 1.0 and i.5 mm. (fig. 7).

| Fig. 8 illustrates instar succession and'pcpulation
structure changes. The overwintered fourth instar of the
1973-74 Qeneration of Chaoborus occurred with 100% frequency
until June 17. Pupaeioccurred_until June 24. Adult emer-
gence, matiné'and egg—-laying dnriné late June gave rise to
the new_l974—75 generation._ The frequency of first instars
- rose to 87% on July 8 and then declined sharply to 0% on July.

30. The second instar appeared on July 8. Its occurrence
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Head capsule length histograms of

- C. flavicans larval instars, 1974.




n ' 2 w o 2 )
> > > U U b - .
-d -d od [- 9

- L b ) L oo | - (¥ .
3 3 3 2 F u -
lll.ll_ lllrlplﬁu —_———— B - = | e oy L&
.I|.|..| - . — e e e e = - . I.I..llvluhl lll.lll-“l. - on i — —— e = e Lo
. o= G R I S S
) L) 4 L L ) ] 1 v 5 ¥ | ¥ ¥ L] L
2 > - 2 = - @
% % z z z o _ 5

- = - =) - o - = .5 -2
b4 b 4 = = =4 ...ﬂ 3 0
|||.,I |||||| T b e e e o= - L. — e wm - - - - - - |.|.|||nl|m
llllllllll - Illl..nllll[ [N .'Illnll' -— o = e ame Il",'ll‘..
- ——— - —_—— e = b e L B . l..-IIH - Ln
v ¥ 1 ] ¥ r L] L} ¥ ¥ LS 1 | ¥ i °
[-3 -3 o o -3 (-] Q (-3 (-2 o -2 (-] (-] (-3 (-] - o © [-] [-] (-3
g . = g = g = g = e = I g -

HEAD CAPSULE LENGTH (mm.)




be

. Instar succession of Cv
larvae, 1974.

flavicans




PERCENT FREQUENCY

804 .

704

30-
20

101

pupal duration

C pemmm———————

MAY
20

JUNE ' . JUNE JULY JuLY
3 17 1 15

TIME

JuLyY
30

" AUG

12




7

.rose to 81% on July 22, declined and ended on Augﬁst 12.
Instar-IIIvappeared on July 15. Its occurrence‘rose to 72%
on August 15. The fourth instarvappeared on August 5 and its
~occurrence increased steadily tb‘100% on September 16.
In general, instar succession curves sﬁowed decreés—'

ing heiéhtiaﬁd‘iﬁcreasing'width wifh time.

'-Imago.emergencefof the 1974475 generétion begah-on
June 26, 1975, slowly increased to a maximum of 7.8 adults

-1

trap dayml on July 5, 1975, and ended on approximately July

11 or 12, 1975 (fig. 9, appendix F). '

Most of-ﬁhe Chaoborus adults emerged near the lake-
shbres; The least amount of emergence occurred;in thé‘middle‘
of the lake‘(figﬁ 10, appendix F).

| The sex ratio of Chaoborus adultsvcaughtbin emergence

traps was 0.91:1.0 é=6‘ (appendix F).'»

'Ih’the outdoor rearing tanks (appendixlA) 109 females
and 101 malés occqrred after adult emergence. . The d:9
‘sex ratio'of adults in.the rearing tanks was 0.92:1.0 . This
sex ratio closely approximates the sex ratio'of}adults caught
in emeréence traps. |

A few cases of multiple insemination of females were
observed in the rearing £anks. Females laid eggs 24 to 36
‘hours after'emeréing.-”Each female produced one egg'raft.
Mean number of eggs‘per raft was 216.606; Meén number of
first instar lafvae hatching from each egg raft was 211.73.
Hatching success was 97.73% (appendix L). |

During the first week of July, néwly‘hatched'chaoboruS‘
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 Fig. 9.

Temporal. changes in emergence rate

of C. flavicans adults.
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F:-.Lgo : 10 .

Horizontal distribution of
adult emergence -across station 1.
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first instar laryae (75-76 generation) occurred at 5 and 10
m. depth in all five submerged trap series. During the
second and third weeks of July, new Chaoborus instars moved
deeper and away from the shores (fig. 11). |

C. flavicans pupae of the old 74-75 generation occur-

red at 0 to 10 m. depth in all five trap series. Overwintered'

fourth instar.larVae of the 74-75 generation were trapped at
10, 15, and 20 m. depth. They occurred in all five trap
series mostly at 10 m. depth (fig. 11, appendix G).

Amphipods were present only from'0 to 5 m. depth in

all five trap series throughout the sampling season (fig. 11).

Production of C. flavicans in West Blue Lake

The g?owth curve of the 1974—75.generation of C.
flavicans'(irrespective_of instar) shows a relatively faster
growth rate during ﬁhe ice;free season (fig. 12). Over-
Wintered.fourth instar larvae attained a weight of 0.9354 mg.
(dry weight) in spring_l975. Average weekly growth inére—
"ment.of the overwintered_l973;74_generatiopvwas'.0243 mg.

AVerage weekly grthh incremeht of the 1974-75 popﬁlation was

.0318 mg. (appendix H). Negative growth occurred in pupae of .

_’the 1973-74 and 1974-75 generatidns‘(fig. 12).
Instar specific growth curves of the 1975—76'genera—
tion show relativély'slow growth in larval instars I and II

and a faster growth rate in instar III larvae (fig. 13).

Differences in caloric content per unit weight of dif-

ferent Chaoborus instars and pupae were statistically'insig—
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Fig. 11,

Presénce.or absence of  C, flavicans -
and amphipods at station 1 transect.
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Fig. 12. Growth curve (irrespective of instar)
- of overwintered 1973-74 generation
~and 1974-75 generation of C. flavicans.
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Fig.

13. Instar - specific growth curves of the

11975=76 C. flavicans generation.,
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nificant (appendix -J). The mean Calotic content of oﬁé mg.'
(dry weight) of Chaoborus is .0058638 kcal.

Growth in terms of carbon content (fig. 14) of
Chaoborus. instars I, Ii, and IITI showedltrends'similar to dry
weight growth curves (fig. 13). Carbon content of fourth |
_ instaf larvae and pupae varied irregularly during'Spring l975

'(fig. 14, appgndix K). Carbon content per unit dry Weight

- decreased from the beginning to the ehd of the growth périodS'

of larval instars I, II, and III. Differences in carbon Conf
~tent per-unit dry wéight of the four lafVal_instarS andvpupae
wefebsiQnifiéaﬁt (appendix.K).
| The §rowth curvefshown in fig. 12 was ugéd'to con-
struct an Allen cﬁrve'(fig. 15). From July 8,_1974,'£o JuneJ
| 25, 1975, the Allen curvé]production:was 1982;55‘mg. dry
.weight m;—z yearfl. Production under»the hassured line is
2094.70fmg. m.—2 week_l.' Thié representS'productioh.between
the}time of oviposition'(July 1, 1974) and July 8}‘1974
(appendix N) . . | | |
‘ Allen curve pfoduction of larvae froﬁ July 8, 1974
to Juﬁé‘25; 1975 in terms of calories  and carbon content was
11.6253 kcal. m.” 2 year ! and 1.09 x 10° ng. ¢ m.”? year ™t
respectively (appendix N). | '
Inétar specific_grOWth»curves‘(fig.Ai3) were used to

calculate Pechen-Shuskina production (table 2). Total pro-

duction of larvae calculated according to the Pechen-Shuskina

method was 2074 mg.. dry weight m."2 year—l. This'estimate is

B 91 mg. m.,—2 year—; higher than the Allen curve production




55

Fig. 14.-

Growth in terms of carbon content of
- C. flavicans larvae and pupae, 1975.
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- Fig. 15. Allen curve production of 1974-75

~generation of C. flavicans larvae,

¢ N
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estimate. Carboh and caloric conversions are ptesented in
-table 3. Instar IIi showed the highest production rate
(54.34 mg. m 2 week ™) followed by instar IV (50.94‘mg. m. 2
week—l. Instar I showed lowest production (15.46 mg. m?z'

weekgl) (table 2).

Meah‘P/B ratios of larval instars I - IV were .5460,
. 8568, .6444 and .2278 respectively (table 2). The ?/B
ratio of the entire populatlon was highest at the beglnnlng

of the new generation and declined slowly and 1rregularly

untll the end of the 1974 75 generation' (table 4) .

‘Respiration aﬁd Feeding of C. flavicans:

O#ygen ‘uptake by larval instars II, III and IV and
_éupae of C. flaV1cans 1ncreased with an increase in tempera—
ture (flg. -16) . Oxygen uptake increased faster per unit
change in temperatﬁre in pupae and fourth instar larvae than
in instars III and iIIg(fig. 16) . | _

- Oxygen uptake of pupae differedlsigniftcantly from

larval oxygen uptake (F = 55.356, d.f. = 3, 13, P <0 05) .

No 51gn1f1cant dlfferences occurred between oxygen uptake-
.per unit we;ght of different larval instars. - Oxygen uptake
rates per unit weight of larvae and pupae (fig. 17) were

'81gn1f1cantly different (F = 4.386, d.f. = 3, 12, P <0.05)

(appendix M).
Successive instars of C. flavicans showed a tendency
to cheose laxger and different prey types than previous in-

1stars.i First lnstar C"flav1cans fed mainly on rotifers and




62

Table 3. Carbon and caloric conversions of Pechen-Shuskina

production.
Instar type ’ Production .
mg. dry Weight.m.'2 ug.C m."2 week™L - kecal. m."2 week™!
‘ week ™! : '
1 | I5.4606 - 10223.7546 .09066
11 ' 17.2010 10368.8488 ~.10086
IIT . 54.3409 33888.6155 31864 i
v | 50.9425 © 23844.1975 | ©.29872
- total , .
production’ 2073.71 1138697.939 o - 12.1598
' mé. m.~2 year'.'I ug.C m.=2 year'I kcal. m."2 year'I

* See appendix K for conversion.

! See appendix J for conversion.
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: Fig. 16. Effect of temperatﬁre on O, consumption
i - rate of C. flavicans larvae aﬁd‘pupae.
! Bars indicate standard deviation.
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Fig. 17.

Effect of body size on 02:uptake per
unit weight of C. flavicans larvae and

pupae'at_five'temperatures.
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nauplii. . The'second inétar‘began feeding on copepods (g.

bicuspidatus) to a small extent. However, instar II still

showed a‘preferenqe for_rotifers and nauplii; “Instar III
was the first larval stage to feed on small (500 - 783 u) -
D. pulicaria. Instar III also showed an increased prefer- :
ence for éopepods. Instar IV fed mainly on copepods and
nauplii. Ingtar'IV also ingested rotifers and some small
and large (783 - 1050 ») D. pulicaria. Size range and
diversity of food eaten by Chaobérus larvae inéreased from
one instar to the next (fig. 18, appendix 0).

Ingeétion fates of all instars increased with an in-
crease in food concentrétion up-té various asyﬁptotes (fig.
19, table 5). Successive instars had higher ingestion
rates at the same initial food concentration than previous
vinétars. All‘instars incubaﬁed in the hypolimnion fed
slower than the same instaré incubated in the epilimnion
(fig. 26), Multiple regression analysis of ingestion as a
fuhction of foédvconcentration and temperaﬁure in the epi-
limnion and in fhe hypolimnion showed that temperature was
~not significant in the regressions for all instars (eg.: for
instar II, F (d.f. = 1, 12, P <0.01) = 4.89. Therefore for
each instar,:a simple regression,bf ingestion rate, I, on
food concentration, x,; in the epilimnion and in the hypof
limnion was éaldulatedA(table’S). These simple curves
showed high r vélues. An analysis of covariénce performed
on thé epilimnetic and hypolimnetic feeding curves of each

instar showed differences in slopes to be non-significant
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Fig. 18. Food selection by C. flavicans instars
- I = IV..' R - rotifers, N - nauplii,
' C = Cyclops bicuspidatus, D1 - small
~ Daphnia pulicaria, D2 -~ large Daphnia pulicaria.
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Fig. 19.

Effect of food concentration on ingestion
rates of C. flavicans larval instars I - IV

- incubated in the epilimnion (———) and
‘in the hypolimnion (— - =).
. / . .
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(table 5). common ‘b values decreased in successive instars.
Analysis oficOvariance_also.showed a significant tem?era—
ture effect on the feeding curves for. all instars. Feeding
curve asymptotes were always higher in the epilimnion than

in the hypolimnion for a given instar (table 5).

Feeding intensity (in terms of amount eaten per
unit body-weight of larva) of successive instars was lower
than feeding intensity of previous instars. Feeding in-

tensities of all instars were highly variable at all food

concentrations.. In general, feeding intensities of all in-
~stars were higher in the epilimmion than in the hypolimnion

(fig. 20, appendix-0).
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Fig. 20.

Feeding intensities of C. ‘flavicans instars
I - IV at various food concentrations in the
epilimnion ( ) and in the hypolimnion

(==—-).
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DISCUSSION

Life Hlstory and Populatlon Dynamics of C. flav1cans in West
Blue Lake

| C. flavicans fourth instar larvae overwintered in
the mud of West Blue LakeAin a state of diapause. BAs fall
approached, benthic density increased from about 25d larvae
- m. "2 td_abOutYGOOO»Ia;veelm._Z(fig. 5). Reth (1968) feund

that overwintered larvae of C. flavicans, C. punctipennis,

and C. albatus were benthic dufing'the daf and planktonic at
hight. | |
| C. flavicans larvae occurred in benthos of stations 1
and 5 but not in station 2 benthos. Stations 1 and 5 were 17
. and 20 m., deep'respectively, while station 2 was over 30 m.
deep. Anoxia at 30 m. (Ward and Robinson 1974) probably pro- -
hibited Chaoborus larvae from inhabiting statioﬁ 2 benthos._

After the ice melted in sprlng, C flavicans fourth
'lnstars began emerging from the mud. Borutsky (1939) specu-
lated that shoreward benthic migrations are temperature-
regulatedAand that pupation is‘fevoured in.shallower,_warmer-
zones.

C. flavicans pupae'oceurred in plankton samples for
,four weeks (June 3 - June 24) in'1974 and for 3 weeks (June 11
- June 25) in 1975. Parma (1969, 1971) found that c.

- flavicans pupae last 10 - 15 days at lOoC and 3-6 days at

lSoC. C. crystallinus.pupae'last 12‘days at 10° and'about
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30 days’atYSOC. Pupal life span of C. flavicans in West
_Biue Lake is longer than that observed by Parma (1971) pro-
bably because lower temperatures dectéase developmental rate
of pupae.

The univoltine nature of the C. flavicans population
in West Blue Lake is partly refleCted by one fairly short
'period of éduit'emergence'per year. Imagines of the 1974-75

generation began emérging during late June. Emergence lasted

13 days (fig. 7). Emergence of C flavicans.adults from Lake
Eérom, Denmark iasted much longer. vJonasson (1972) observed.
that adult eme#gence oqcurred from early Ju%y to mid-August.
More Chaoborus-adults emerged near theé shores of Westhiue
Lake than in the-Cénter of the lake (fig. 10). This indi-
cates that pupae prqbébly.migrated shoreward before meta- - '%
morphosis. ;Ulﬁimately, this littoral emergence would in- .
crease the prqbability of successful mating by concentfating
adults‘in ohe‘place. |

| Sex ratio of adult g; flavicans emerging in rearing

 tanks (.92:1cf':9.) and caught in emergence traps (.90:1 @ :

0') indicate a 1:1 sex ratio in the West Blue Lake popula-
tion of C. flavicans. Parma (1971) also found a 1:1 sex

ratio in the C. flavicans population of Lake Vechten,Holland.

Parma (1969) observed a temporal decrease in the proportions -

of male C. crystallinus and experimentally showed that this

decrease was due to a faster developmental rate of males.

C. flavicans adults formed mating swarms along the-
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‘shores of West Blue Lake during early July. Swarming of
_Chaoborus has been'reported for several tropical and tem-
perate species (Wesenberg-Lund 1914, Muttkowski 1918,‘Berg
1937, Macbonald 1956; Verbeke 1957).,,Assuming each pair of

adults mates once, a short emergence period in which all

- adults emergence at once would increase probability of re-

production since adult Chaoborus have a relatlvely short llfe .

span. Parma (1971) experlmentally showed that adult life
span of C. flaV1cans is 1.5 - 6 days. Adult life span of C.

crystalllnus is l - 3 days (Parma 1969). I observed a few

cases of multlple 1nsem1natlon of C flaV1cans females in
the- rearlng tanks. Multiple insemination is a behav1oural
mechanism that-would increase probability of successful ovi-:

poSition by females of the population. Herms (1937) ob-

served C. astictopus males copulating-with many females and
- females copulatlng W1th many males. |

I found c. flavicans egg rafts in the rearlng tanks
about two days after adults had begun to emerge. ThlS-dlS-
agrees w1th Berg's (1937) observatlon that oviposition
occurs in a few hours after emergence. = The two'day pre- -
OleOSlthn perlod of C. flaV1cans 1s s1m11ar to the 36-48

hour pre- ov1p031tlon period of C. astlctOpus (LlnqulSt and

Deonier 1942). .Ultimately, a long pre-oviposition period
would reduce the number of eggs laid by a Chaoborus popula-
tion since the probability of death or wind dispersal of

females_away from the lake would be higher; Each C.flavicans

S5
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female laid one egg raft on the water surface of the rearing
tank. The mean number of eggs per raft (217) that I observed

was lower than the 449 eggs per raft counted by Parma (1971).

A The mean number of eggs per raft differs 1nterspe01f1cally

and 1ntraspe01f1cally. Intraspec1f1c dlfferences may'be due
to different food conditions during the larval perlod |
Wesenberg-Lund (1914) counted 200-300 eggs per raft of C.
flav1cans.

I observed that floatlng egg rafts of C. flavicans
were. occa51onally suspended under water or stuck to littoral
vegetation above water, due to wave actlon. Parmag(l97l)

observed the same. mishaps with C. flavicans and C. crzstal—

- linus eggs. Insect eggs requlre a constant supply of oxygen

(Chapman 1969). Presumably, floatlng egg rafts are advan—
tageous to survival because oxygen is more readlly available
at the lake surface than at the lake bottom.

The 1974—75 generation of C. flavicans larvae began

in early July (fig.9). -Newly hatched first instars seemed .

- to move away from shore and deeper into the lake (fig. 11).

I chose to use presence or absence data from submerged traps
rather than numerical abundances since the numbers of larvae

caught in submerged traps were much lower than numbers of

- larvae caught by the Schlndler-Patalas plankton trap. First

instar larvae hatching from eggs pushed to shore by the wind

probably drifted or migrated lakeward in search of food and
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to escape predation by 1ittorai animals. Carnivorous cope~
peds such as Czclqgs‘(?arma 1971) , amphipods (Anderson and
Raasveldt 1974) and perch (Falk 1971) prey on Chaoborus
larvae. Amphipods occurred only from 0 to 5 m. depth ia all
five submerged trap series.and probably preyed on newiyA
~hatched C. flavicans larvae occurring in this depth zone.

First instars were also probably preyed on by perch (Falk

1971) which migrate'inshore in the evening in search of food

(Wong and Ward 1972). By moving away from shore and deeper

~ into the lake, young Chaobprus larvae would avoid predation
'by'littorai and epiiimaetic animals. Saether'(1972) stated
that young Chaoborus larvae are pos1t1vely phototactlc and
remain near the lake surface. They. are carried lakeward‘by
Wlndfgenerated currents.
First instat larvae occurred in surface waters to a
small extent for one to two weeks after hatching.‘-Three
weeks after hatching, no larvae occurred from 0 +to 5 m.

depth (fig. 3).

As C. flavicans larvae passed through the four instar

'stages, they moved deeper into the lake from 9 m. in early
July to about 15 m. in late August (£ig.3). Larvae seemed

to prefer the'water stratum just below the thermocline.

Teraguchi and Northcote (1966) observed the same downward

. Shlft from 4 m, to 10 m, in the C. flavicans populatlon of

- Corbett Lake,_B.C. Fedorenko and Swift (1972)vobserved that
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C. americanus and C. trivittatus larvae "... moved deeper

with age." Light intensity seems to be.a ciitical'factor
in determining vertieal.movements and distribution of
‘Chaoborus larvae (Befg 1937, LaRow 1968,1969, Chaston 1969) .

Highest larval densities near the bottoms of sampl-
' ing stations occurred in October (fig.3). Benthic larval
densities in October were also high compared‘to benthic -
densities during the summer (fig.5).-These,tWO observations
indicate fhat, as winter approached, g;_flayicans lar?ae
moved into the benthos to overwinter in a'state of diapauee.
Jonasson (1972) observed that as winter apprbached, C.
flavicans larvae moved ihto the benthos of»LakerEsrom;'
.Denmark and.remained inlthe sediments until the following
-séring. |

Highest‘mean iarval densityvoccurred on July 8, 1974,
after new instars had hatched (table 1). From July to
 September, larval densities decreased quickly and sOmewhat

irregularly. From September 1974 td May 1975, larval'den—

sities remained low and showed little temporal change (fig. 4).

Densities of overwintered fourth instars showed a great deal
of temporal and spatial variation during spring,‘1975.(fig.3,
table 1). This variation could have been caused by wind-
generated currents during isothermal conditions and by»great
motility of feurth;instar_lafvae.'All density estimates of
g; flavicans larvae froﬁ West Blue Lake are conservative be-

cause larvae could have been avoiding sampling devices and
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some larvae (especially first instars) could have been lost
due to their becoming lodged in the screens of samplers.
Highest larval density (11427 m.”%) occurred at

Stafion 5 on July 22, 1974. nghest mean larval den31ty

A(7851 m. ) is, in general, lower than those occurrlng in
' tropical or eutrophlc lakes and ponds. - In tropical Lake
Lanao, Lewis (1975) recorded a maximum of 19000 larvae m. 2

in a 45 m. water column In Lake George, Uganda, maximum

den31ty of Chaoborus- larvae was only 3170‘m. =2 (McGowan
l974).v However Lake George has a maximum depth of only 3 m.
Eggleton (1931) recorded a?maXimum densiﬁy of 71000 larvae
m.”“ in a eutrophic temperate lake. Maximum larval density
in Leechmere Pond; Colorado‘was“lZBO m.'—3 (Dodson 1972).

Maximum larval densities of C. flaViCans in WeSt Blue Lake

were much hlgher than those of C. trivittatus (1100 m. 2) and

C. americanus (200 m. ') in Eunice Lake, B.C. which is an

oligotfophic lake whose mean depth is 15.8 m. (Fedorenko and
Swiftvl972). Possibly low Chaoborus densities in Eunice Lake

were due to 1ntraspe01flc competltlon between the two co-

‘ex1st1ng Chaoborus speCLes.
Most of the horizontal variation in station densities

-occurred immediately after the new first instar larvae

~hatched (fig.4). This variation can be explained by the
: ovipositionibehaviour'of female Chaoborus and the nature of

the eggs in the littoral zone (Saether 1970, McGowan 1974).
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C. flavicans eggs are laid in the form cf floating rafts.
Dispersion of egg rafts by wind from the littoral zone to
other areas Qf West Blue Lake could have given rise tc the
large differences in station densities.

| Absence of major peaks in larval density'curves
(fig.4) after early July reflects the univoltine nature of
the Chaoborus populatlon in West Blue Lake. cher Chaoborus
populations in Canada are also unlvoltlne (Teraguchi and_
Northcote 1966 , Fedorenko and Swift 1972).

Estimates of pupal density were,,in_general, low
and variable. Validity of.these'estimates is dcubtful since
C. flavicans'pupae were highly motile and probably avoided
capture. McGowan (1974) also experienced difficulty in cap-
turing pupae.

Estimates of C. flaV1cans abundance do.not neces-.
sarily represent thelr true abundance in the lake. . Ward and
Robinson (1974) stated that ". . . horizontal dlstrlbutlon '
can be affected by wind-produced currents, ‘Counts made at
a single station in a multibasin lake may not be represen-
tatlve of the whole lake. Estlmates made at a single deep
station may ‘overestimate average abundance in the lake when
the animals are concentrated nearvthe bottom." Sampiing
error was at least partly decreased by collecting triplicate
samples at each sampling depth at each station. Ward (unpu-

blished) found a high correlation of D. pullcarla density
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~ and station depth. A correlation analysis of Chaoborus
‘density and station depth did not reveal any relationship
probably because Chaoborus larvae are more motile than D.
pulicaria. |

As‘g. fiavicans larvaevgrew older, the depth raﬁge
- of their diel vertical migration patterns deepened (fig.G).
In early July, most first instar larvae occurred in the epi—
limnion at all times'of the day. Based on changes in depth—
weighted den51ty peaks (fig. 6), first 1nstars migrated the
least distance of all instars. Similarly, C. flav1cans
first instars in Corbett Lake, B.C. remained in the upper
6 m. and exhibited no diel‘vertical m;gration (Teraguchi and -
Northcote l966)..iFirst instars began evening ascent at
10 p.m. and began morning descent betweeh 2 a.,m. and 6 a.m.
(fig.6). Second 1nstars mlgrated further and began evenlng
ascent earlier than first instars. Teraguchl and Northcote
(1966) noted a weak migration of second instars. However,
Teraguchi and Northcote could not determine ascept ahd des-
cent times because theyimoﬁitored vertical migratioh patterns
only three times per day{' C. flavicans third 1nstars ml—
- grated a greater distance than second instars and began
evening ascent later»than second 1nstars. In Corbett Lake,
g; flavicans thirdvihstars began evening ascent earlier
than third instars in West Blue Lake.

OVerWintered Chaoborus fourth instars showed the




82

most proneunced vertical migratioﬁ of all instars in West

© Blue Lake. AThey migrated the greatest distance. The migra-
| tion'rapge of fourth instars was deeper than migration
ranges of instars I to III (fig.6).

In Corbett Lake, C. flavicans overWintered fourth in-
stars moved from 10 m. depth during the day to 3 m. depth at
11l p.m. Evening ascent of fourth instars in-CQrbett Lake
began about two hours earlier than it did in West Blue Lake.
Teraguchi and Northcote observed a midnight sinking phase of

}fourth instare,in Corbett Lake which was not observed in
West Blue Lake. Morning descent times (3—6>a.m;5 were com-
parable in bdth lakes. Cushing‘s‘(1951) "dawn rise" phase
was not observed in Corbett Lake or in‘West Blue_Lake.

Validity of vertical migration comparisdns between
the C. fiavicans poéulations of West Blue Lake and Corbett
Lake is confounded.by differences in (1) sampling times
during the day and year,.(2) sampling depths, (3) plankton
traps employed in the studles and (4) multimodal vertlcal
dlstrlbutlons of larvae in Corbett Lake as opposed to uni-
modal distributions in West Blue Lake.

Verticai migration.patterns of Chaoborus larvae‘in

‘West Blue Lake were based on only one sample per sampllng
~ depth and four hour sampling intervals at only one statlon.
- More precision and more information could have been gained

by collecting triplicate samples more frequently at more
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sampling depths.
Some Chaoborus larvae always occurred near the sur-
face of»EUnice Lake during the day (Fedorenko and Swift

1972). There were no carnivorous copepods, amphipods or

fish present in Eunice Lake. Fewer larvae inhabited the
surface waters of Corbett Lake during the daytime (Teraguchi

-and Northcote 1966). Some rainbow trout and brook trout

were present‘in_Corbett Lake. In West Blue Lake, C.

flavicans larvae did not inhabit surface Wwaters except for

a very short time after hatching;\ Czélogs, amphipods and
 fisH are_presént in West Blue Lake. These‘animéls are known
predators of Chaoborus larvae (Parma 1971, Anderson and
Raasvelat 1974). 'TheSe observations lead'me to believe that‘
the presence of invertebrate and'fish'predators of Chaoborus
in epilimnetic wateré cause Chaoborus larvae to avoid éur-
face waters during the day. N _ | - §-

In West Blue Lake, the growing season of C. flavicans

~

is restricted to the ice-free period from mid-May to mid-

November. Consequently, durations of the first three instars
of C. flavicans were relatively short while the fourth in-
star lasted from early August of one year to late June of the

following year.

Temporal changes in the population structure of C.

flavicans larval instars were determined by measuring head

capsule lengths (fig.2). This method is most frequently used
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. (Teraguchi and Northéote 1966, Pérma 1969, 1971} Fedorenko
‘énd Swift 1972, MacDonald 1956) although some researchers
measure antennal base lengths (McGowan 1974). The head
capsule length classes used to determine the four instars of
C. flavicans in West Blue Lake (fig.7) were very similar to '
those used by.Teraguchi and Northcote  (1966). Teraguchi and

Northcote (1966) found that instars COuidvbe determihed by

measuring inter-bladder lengths (distance between anterior

'andvposteriot air bladders). The'use of inter-blédder,
lengths to determine instars is tedious and'time—consuming
because larvae flex rapidly when they are being.éxamined
under the microscope.

First instars of C. flavicans in West Blue Lake were
present for five weeks from June 24 to July 30. Successive
instars were preseht.for ionger periods. Instars II, III
and IV occurred.for 6 weeks, 8.weeké and 11 months respec-
tively (£ig.8). These durations are much longer than‘those

reported by Parma (1971). Parma cultured larvae in an arti-

ficial food suspension at 20°C under constant light. Parma
estimated durations of instars I, II and III‘to be 9 days,
20 days and 14 days respectively. These éstimatés are not

realistic because, in the natural situation, Chaoborus

larvae experience daily and seasonal changes in temperature,
food type, food size, food density, and photoperiod. These

factors must influence duration of larvae to some degree.
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Therefore, one would expect different durations of instars
from different lakes and'frdm the same lake at different

times. Fedorenko and Swift (1972) estimated duration of C.’

americanus and C. trivittatus instars II, ITT and IV to be
12 and 23 days, 17 and 48 days and 318 and 635 days respec-
ftively. Developmental times of C. flavicans instars I - IV

were 10 days, ‘12 days, 12 days, and'142 days respectively.

These developmental times were estimated by calculating

Tl+i - Ti where T is the date on which the median of the.
- percent fréquehcy curve of a given instar occurred. The

developmental times of the first three inStars in West Blue

; . Lake were similar to the developmental times of C. americanus
instars I - III in Eunice Lake (Fedorenko and Swift 1972).
However the developmental time of C. flavicans instar IV is

about half of the mean duration stated for C. americanus

instar IV in Eunice Lake. I suspect that Fedorenko and
-Swift (1972) used width of instar frequencyvcurves rather

_ than the distance between medians of curves to estimate mean

duration times. If this is not the case, then they confused

duration with developmental time. - For instance, in West
Blue Lake;'duration of instar IV is much longer than its

'developmental time.

C. flavicans pupae occurred for 3-4 weéks'in'West
Blue Lake (table 1) . vVvariation in pﬁpal life span can be

attributed to temperaturé since Chaoborus pupae do not feed.
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‘Parma (1971) showed that g;'flaV1cans pupae last 3-4 days at
20°C and 10-15 days at 10°C. These durations are not com-

, parable to the lengths of time pupae occurred in West Blue .
Lake because in the natural situation, pupae experience a
wide range of temperatures daily and seasenally. _Alse‘the

' length of time pupae odeﬁrred in samples was partly a func-
tion of differential developmental rates of overwintered
Afourth instars and pupae. | |

Growth, Feedlng and Resplratlon of c. flaV1cans in West
. Blue Lake

Growth of C. flavicans larvae in West Blue Lake was
monitored irrespecfive.ofvinstars during 1974 in order to
construct an Allen curve'for thevpurpeSevof,Calculating pro-
ductivity. Meanvweekly grthh increment of the 1974-75
~generation was 0.032 mg. dry weight (appendix H). Mean in-
dividual weights of larvae increased regularly in spite of
the fact that they were based on eamples coméosed'of varying
proportions of different instars (fig. 12). Similerly,.the

‘growth curve of"C americanus in Eunice Lake increased regu-

larly until November when the mean dry welght was about
0.7 mg. (Fedorenko and Swift 1972). This weight was much

" higher than that of West Blue Lake larvae in October (fig.lZL

_:During~the winter months, dry weight of C. americanus larvae
decreased about 0.1 mg. (Fedorenko and Swift 1972). This

is expected since Chaoborus larvae overwinter in a state of




~ diapause and ‘do not feed iFedorenko 1975). Although larval
weights.of Chaoborus were not monitored in West Blue Lake
during the winter, they probably remained constant or de-
\creased slightly. Jonasson (1972) observed that C. flavicans
. larvae grew to.0.53 mg. dry weight duting the summer and that
larval weight.remained-eonstant all winter until spriﬁg when:
larval‘weight increased rapidly to. 0.71 mg. dry weight. 1In
spring 1975, oVerwintered‘larvae grew faster than smaller
vlarvae did during the prev1ous summer. OVerW1nteted larvae
attalned a maximum dry weight of 0.9 mg. which is the same
as the mean dry weight of overwintered C. flavicans larvae

in Lake Vechten (Parma 1971). Pupal growth curves fluc-
tuated iriegularl§~becau9e.somefpupae in the weight samples
contalned developlng adults while others had recently pup- |
ated from larvae. Pupae were sllghtly heavier than fourth
instats (fig.l2)‘because they contained developing adults

in addition to their_own weight. Maximum dry weight of

' Chaoborus pupae in West Blue Lake was 0 2" mg. hlgher than

~ the dry weight of pupae from Lake Vechten (Parma 1971).

| The amount of information obtained by monitoring
growth of larvae irrespective of instar is limited and does
not allow further calculations of the biomass and productiv-
ity of Various»instars. The major source of error in mea-
suring growth of larvae irrespective:of_instar is that larvae

are_not>selected;randomly‘from tow samples, i.e., bigger
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larvae are more easily chosen than smaller larvae because
‘they are easier to see. Thus when the population is com-

' posed ofAmany small instars and relatively fewer large in—__
stars, méan‘individual weight will be overestimated. The
only advantage of'monitoring larval growth irréspective of
‘instar is that a great deal of time is saved by eliminating
the sorting of larvae adcordiﬁg to instar. '

Growth of instars I, II and IIT (fig.lB)Iand over-
wintered“féurth‘instars (fi§.12) was monitored for use in
calculatihg production according'to the‘Pechen—Sﬁuskina
method (1964). ~g; flavicans instars I and II grew relatively
slowly and showed the'leést weight’increment of all instars.
Instar III Showedja greatly'acceleréted growth rate in’

August (fig. 13). The length of the field season did not

permit a complete monitoring of third instar growth. Conse-

quently; maximﬁm weight"of third instars is unknown.  When
second instars firét-ocdurred in the water column, their
.dry weight was less than that of first instars (fig.13).
This discrepancy was due to loss of exuviae as firsf instars
moulted. Parma (1971) showed tﬁat a Chaoborus eXUVium con- .
tributes a maximum~of 6%'t0’thé total dry weight of the
ahimal. Parma (1971) plotted water content of Chaoborus
instars versus their dry weight and found that an increase
in dry weight offthird~and fourth instars‘was attended by a

decrease in their water content. I did not measure fresh
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weights of C. flavicans_laxvae becausé'fresh weight is more
vafiable than dry weight (Parma 1971). 'Drf weight is a more
realistic.indicator of the amount of Chaocborus flesh avail—
able‘as food for»invertébrate'and fish predators. Dryv
wéight of Chaoborus larvae was a valuable factor because it
was easily converted to carbon content and caloric content |
of.larvae; Conversion of dry wéight production to carbon
- production of.Chaoborus larvae was especially useful in this
study beéause itlpermitted compérison-of Chaoborus production
to production of other zooplankters and fish in West'Blue |
Lake. |

Caloric content per unit dry wéight was not signifi- -
cantly different émong C. flavicans instars and pupae;
Slobodkin and Rlchman (1961) determlned that caloric content
of Slxteen 1nvertebrate species representing six phyla
ranged between 5.4 and 6.9 kcal. gm. ~l. Caloric content
per unit dry welght of g. flavicans falls‘within the above
range. | |

Grthh,curves in terms of carbon content-ofvthe_firét
’three C. flavicans instars’(fig; 14) were similar to dry
weight grthh curvés of instars I.—'III."Carbon content of
fourth instars and pupae fluctﬁated irregﬁlarly(with time
(fig.l4). Inbgeneral, carbon content per unit dry weight
decreased in successive instars and decreased with time

within'each-instar. This trend is anomalous assuming that
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carbon content refléqtsgstored energy ih'Chaoborus larvae.
One would expect carbdn content per unit wéight to increase
with_time'and from one instar to the next. Fourth instars -
were expected to_have the highest carbon concentration be-
cause this instar overwinters in diapause and a store of
 fat or lipids.would be selectively advahtageous during dia-
pause. |

Mchwan's (1974) estimates of carbon content of
second, third, fourth Chaobofus instérs and pupae (4 ug,
23 ug, 143 ug and 105 ng respectively) are much lower than
maximum carbon content.ofvcdrresponding C. flavicans' 1life
”stages in West Blue Lake (fig.fl4). ‘ | |

These discrepancies are due to two factors:
(1) McGowan analyzed carbon content of Chaoborus life his-
‘tory stages on only one date in August. It isvnot known
whether carbon content QfAChaoborus larvae and pupae in-
creased after the time of McGowan's'analysis, and.
(2) MchWan uséd a,éonductrimetric-method to determine car-
bon content of live larvaeland~pupae whereas dry lérvae and
pupae were analyzed in this stuay. Use of dry samples in
analyzing carbon content is more réalistickthan using wet
samples. Ward and Robinson-(l974) found that carbon values
determined by a wet combustion prodedﬁre were loWér than
carbon values determined bybusing dry samples in an eiemen—

tal analyzer. Ward speculated that wet combustion of some
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components of organlsms is incomplete.

Relatively large error terms occurred in the estl—
,mation of mean carbon content of C. flavicans fourth in-
stars and pupae. This error could have been inherent, i.e.,
real differences in carbon content of larvae and pupae were |
due to dlfferentlal developmental rates and presence or ab-
'sence of developlng adults in pupae. The error could also
haVe been caused by contamination of some samples during
their preparation and analysis. _ '

The use of carbon and caloric analyses in monitor-
ing growth of C. flavicans larvae andApupae was not-only
tedious and timeeconsnming, but‘methodological errors were.
introduced in sample preparation'and analysis. For instance,

loss of even a small part of a calorific sample while trans-

ferring the sample from the balance to the calorimeter would -

result in underestlmatlng caloric content per unit weight
‘of sample. Although dry Welghts were ea51ly and quickly
determlned they were less useful in relatlng Chaoborus
production to productlon of other zooplankters in West Blue
Lake and in providing a food value of2Chaoborus as fish and
.invertebrate food. | | |
The increase in the size range and types_of'food con-
‘sumed by C. flavicans larvae as they passed through the‘four
instar stages (fig. 18) was similar to the 1ncrea81ng di-

ver81ty of food type and size 1ngested by C. trivittatus
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and C. americanus larvae in Eunice Lake, B.C. (Fedorenko

1975). Diet of first 1nstar C;'flavrcans was restricted to
rotifers and nauplii (fig. 18). This agrees with findings

of Deonier (1943), Prokesova (1959) and Sikorowa 01968).

g.'flavicans second instars added Cyclops bicuspidatus

' copepodids to_their diet but still consumed rotifers and
nauplii to a great eitent‘(fig. 18). 1In contrast, C. ameri-
canus second instars ingested more andtlarger prey types.

They preferred Bosmina and ingested Daphnia, Holopedium and

other cladocerans to a small extent. C. trivittatus second

instars also preferred Bosmina but, in contrast to C. -

.americanus second-instars, they consumed DiaptOmus tyrelli
(Fedorenko 1975) Chaoborus second 1nstars in Eunice Lake
selected prey that was not only larger than the preferred
Pprey of C. flaV1cans second instars in West Blue Lake, but
of a different type. The first C. flavicans life history

stage to begin ingesting~small Daphnia pulicaria was the

'thlrd 1nstar while, in Eunice Lake, thlrd instar C. american-
‘us relled heavily on Bosmlna and D. tzrelll-and'consumed

some Holopedium. Third instar C. trivittatus preyed on

more food types than'g. americanus third instars or C.

flavicans third instars ate. C. trivittatus third instars

preyed on 2..tyreili; Bosmina, Daphnia, Holopedium and other

cladocerans and on rotifers. C. flavicans fourth instars

ingested the following prey in order of preference: Cyclops
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nauplll, rotifers, small Daghnla and large DaEhnla. C.

americanus fourth instars in Eunice Lake seemed to revert
back to consuming more rotifers and less Bosmina although
they had grown large enough to ingest all prey types pre-

sent in the lake. Perhaps this is an indication of the

nutritional value of rotifers. Although they were much

- smaller than Bosmina, C. americanus larvae could have been

.. selecting them because of their higher nutritional value.

C. trivittatus fourth instars, in the first year of their

two year life cycle, preferred D. tyrelli, rotifers, Bosmiﬁa,

Holopedlum and consumed a few D. kenai and Polyphemus. In

their second year, C. tr1v1ttatus fourth instars showed a

high preference for D. tyrelll and D kenal and 1ngested all
other avallable prey to a lesser extent (Fedorenko 1975).
Fedorenko's analy31s was performed by collecting Chaoborus
larvae‘once'a month and counting numbers of different prey
types present in Chaoborus-crops‘while the food preferences'

of g;.glazicans in this study were determined from in situ

incubation experiments. In spite of obvious differences in - -
experimental approaches, in species of Chaoborus, and in

prey types used in these two studies, it’can be said that

. . as Chaoborus larvae matured, they fed on w1der ranges of

food. sizes and types.

In this study, species of rotifers consumed by C..

- flavicans .larvae were not separately ‘enumerated. :Keratella
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cochlearis, K. quadrata, Filinia longiseta, and Asplanchna

sp., the most common rotifers in West Blue Lake (Ward and

Robinson 1974), are all possible prey of C. flavicans.

Most of the Cyclops bicuspidatus pre-adult life history
stages (except nauplii)'were present on the 243-500u filter
from which number of copepods eaten by Chaoborus larvae was
determined. . Thus, selection of specific copepod life his-
tory stages by Chaoborus larvae is unknown.

Chaoborus food preference experiments in this study
were crude because they were based on counting numbers of
prey before and after each experiment. Naturalivariations
within control and test samples as well as errors induced
by sampling and loss of prey organisms (especially rotifers
and nauplii) during analysis obscured to some degree the true
numbers and types of prey consumed by C. flavicans larvae.
Fedorenko (1975) stated that second and third instars of
both Chaoborus species could swailow all prey except large

Daphnia and Holopedium and that larval size was not the pri-

mary factor determing their d.et.

The majority of other Chaoborus feeding reports in
the literature differed fundamentally from the food prefer-
ence studies presented by Fedorenko (1975) and in this re-
port because they were based on laboratory experiments in
which predator and prey densities were artificially manipu-

lated.
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There have beenfyery few qﬁantitative studiésiof
.Chabborus predation. Deonier (1943) observed'that'Chaoborus
larvae ingest 12 Cyclops per larvé in 45 minutes. Présum— a
ably, Deoniér was working with fourth instars. éhaoborus
- feeding eXperiﬁenté of Kajak and Ranke—Rybicka (1970),
 Fedorenko (1975) and the experiments presented in this étudy‘

are the only in situ Chaoborus feeding experiments reported

in the literature.‘ Kajak and Ranke—Rybicka (1970) performed.
in situ feeding experiments with C. flavicans fourth in-
stars in two Poliéh lakes. Kajak and Ranke-Rybicka found
that Chaoborus larvae consumed 0.81 - 0.88 crusfaceans
1ér§a_l hQurfl. Maximum daily food consumption of larvée
rwaé 12.5% of their body Weight. Kajak and Ranke—Rybické did
not examine the temperature effect createdvby suspending
feeding chambers at‘different depths. Kajak énd'Ranke—
Rybicka sampled larvae during the day and during the night.
Ten percent of larvae caught at night had full crops while
6.9% to 2.8% of larvae caught during the day had fuli crops.
. Fedorenko (1975) .concluded thatvchaoborus lérvae in
Eunice Lake fed most intehsely at'dﬁsk and dawn in spite of'
the fact that a X° analysis showed no significant différ—
ences in proportions of larvae with full crops during the
day and night. Fedorenko (1975) performed in situ feeding

experiments with C. trivittatus instars Ii, III'and.IV and

C. americanus instar IV. Prey was D. tyrelli, D. kenai
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and Diaphanosoma. One larva was incubated with a known

number of prey in 0.37 to 30.0 liter plastic bags. Differ-

ence in prey number before and after a 24 hour incubation at

various depths was considered the feeding rate. Feeding
rates on D. tyrelli increased with increasing-prey density

'and,>except for old C. trivittatus - fourth 1nstars, w1th in-

Creasing temperature. Max1mum feeding rate of C. tr1v1t—
tgtgs second instars was 2 prey larva -1 day_l. Third in-
stars’éonsumed‘6—7‘prey larva_l_day— at a coﬁcentration
of S'Q;Atzrelli 1,71, These feeding'rates are very similar

to those of second and third C. flavicans iﬁstars feeding

on copepods in West Blue Lake. Max1mum feeding rates of

fourth instars of both Chaoborus species in Eunice Lake werev

20 prey larva -1 day at a density of 80 ‘D. tyrelli 1. l.,

This:feeding'rate was much higher than that of C. flavicans
fourth instars feeding on copepods. However, initial prey

density was lower aad several types of prey were offered'to
. C. flaﬁicans fourth instars in this study. Fedorenko (1975)

assumed that second and thlrd 1nstars of C. americanus fed

at the same rates as C. trivittatus second and thlrd 1nstars.

In Eunice Lake, max1mum rates of Chaoborus feedlng
onAQ. kenai occurred at prey densities that were much lower
than the D. tyrelli densities which elicited maximum feedlng.

old c. terlttatUS fourth lnstars consumed their maximum

ration of 2.5 - 4.0 D. kenai per day at a prey density of

’

i
i
i
|

i
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1 - 2 prey 1.7} (Fedorenko 1975).
In 1aboratory'experiments performed to assess tem-
perature effect on feeding rates of‘Chaoborus larvae,

Fedorenko (1975) found that feeding rates increased linearly

with temperature in all instars except old C. trivittatus

- fourth instars. Fedorenko (1975) extrapolated results of

feeding experiments to estimate impact of Chaoborus preda—

tion on standing crops of prey in Eunice Lake. Estimated

1@  mean percentage of standing crop of prey eaten by Chaoborus

was: 2% for copepod nauplii, 3% for Diaptomus tyrelli,

9% for Diaptomus kenai and 4% for DiaphanOSOma.' Fedorenko

stated [ have determined the effects of temperature,v
prey type and prey denSity on chaoborid feeding, evaluated
the impact of larval predation on the zooplankton populations

: in Eunice Lake . . ;h In reaiity, her experimental designs
and results fell short of her objectives in some regards:

(1) incubationiexperiments were performed at randemly sel-

ected depths and temperatures for different instars so it is

~ difficult to compare feeding curves over a common temperature
range. Perhaps‘an analysis of covariance would have been
appropriate, (2) experiments on.first instars of both

Chaoborus spe01es and C. americanus 1nstars II and III ‘were

not performed Fedorenko (1975) assumed that feeding rates

of C. americanus instars IT and III were similar to feeding
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(3) experiments on Chaoborus feeding on.Qg Eggéi_were per-
formed at prey densities of 1 - 10 prey 1ﬂ—l while experi-
ments on Chaoborus feeding on D. tyrelli were performed at -
0 - 200 prey 1.”%. Fedorenko (1975) assumed there was no
interaction effect of mixed prey on Chaoborus feeding. Per-
'haps some expgrimenté employing various proportions of the
tWo‘experimental'copepod species would have contributed
some information_about‘an interaction effect,'(4) Fedorenko
(1975) criticized Kajak and Ranke-Rybicka' (1970) for using
high prey densitiés in their experimenté but used 200 érey
1. " in some of her own experiments, and (SY-Fedorenko did
not estimate interaction of temperature and'pfey density on
feeding raﬁes of Chaoborus larvae. This interaction pre—:
sumably would be important in extrapolating feeding experi-
ment results to deteimine impact of Chaoborus prédation on
200p1ankton populations because Chaoborus larvae experience
changes in both temperature and prey density and prey type
during diel migratidns.

| Fischer aﬁd Lawton (in Edmondson and Winberg.l97l)
reviewed the different ways in which feeding rates can be
expressed and stated that dry weight and its calorific
_equivalent eaten per unit time by individual predators of
known size is the best meahs of'exéfessing food intake. The
in situ feeding>experiments performed in this study moni-

tored ingestion rates (in terms of. carbon) of the foux
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instars of C. flavicans as affected by food concentration

and temperature. Use of naturally occurring proportions of

prey types in in situ incubations as opposed to single prey

species experiments performed by Fedorenko (1975) hopefully
provided more realistic estimates of natural'feeding by -
" Chaoborus larvae. |

- ‘As found by Fedorenko (1975) ingestion rates of C.
-flaV1cans larvae were proportional to food concentratlons
(flg. 19). The fact that older instars 1ngested more food‘
than younger instars at the same initial food dens1ty re-
~flects their increasing body size and consequently, thelr
blncrea51ng ablllty to consume more food. All 1nstars were

presented with a substantially wide range of prey sizes.

Younger 1nstars consumed only smaller prey organisms (fig. 18)
A Consequently their 1ngestlon rates were much lower than those

of older instars at the same initial food concentration (fig.

19)."Proportionatelyvmore feeding by instars III and IV
occurred in the eplllmnlon than in the hypolimnion at the
~highest experlmental food concentratlons (fig. 19). At low
food concentratlons, differences between feeding rates in
the eplllmnlon and hypolimnion for a.specific instar were

lower. This implies that the slopes of the epilimnetic and

and'hypolimneticvfeeding curves of a particular instar should
be different but an analysis of covariance revealed no dif- -

’_ferencevin slopes (table 5). This means that differences in
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epilimnetic éndvhypolimnetic feeding rates were equal at all
experimental food concentrétions. Temperature had a signi-
ficant effect on feeding rates. Feeding rates of C.
£lavicans instars were consistently higher in the epilimnion
than theylwefe in the hypolimnion. HoweVér, the effect of
temperature on feedihg fateé could notfbe>quantified in this
 stﬁdy due to the experimental design; Incubation experi-
ments were performed either in the épilimnion'orlin the
hypolimnibn. ‘In each case, temperature variation over the
course of experiments on anparticular instar was small but
there was a large temperature difference betweén'tﬁe epi-
limnion and hypolimnion. Consequently, a-multiplexregres—
sion analysis of.ihgestion_rate on food concentration and
temperature in each environmenfal situation showed that
’temperéture»was a noﬁ—significant factor. Hence a-simple

- regression of ingestion rate on food concentration was cal-
culated for the epilimnioh.and for the hypolimnion. However
theftemperaﬁure differenceé between the epilimnion and hypo--
limnidn obviously,caused”differences between the feéding
rates in the . eipilimnion and hypblimnion. ‘More information
about Chaoborus féeding would have been acquired if feeding
experiments had been conducted at more deptﬁs in the lake.
This experimentai design wouldvhaVe given rise to a multiple
_regression equation of ingestion rate on food cdncentratipn

and temperature for each instar, allowing determination of
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temperature X food density. interaction. Bell and Ward

(1970) conducted experiments relating incorporation rates

of Daphnia pulicaria to food concentration and temperature.

Their experimental design allowed them to determine whether

~ or not the independent variables interacted. Bell and
Ward's experimental design would have been more appropriate

in this study.

Estimated a values in the epilimmetic and. hypolim-

netic feeding equations theoretically représent ingeStion
rates when food concentration is equal to 0. Tt is interest-
ing to observe that‘e.values were always higher‘ih the hypo-
3' § | limnetie equatien_than they were in the epilimnetic equation
“for ell inStare except instar IV. These differences seem

to imply that for instets I to III, a higher initial food

concentration was required to initiate feeding at lower

temperatures. In instar IV, feeding at a lower temperature
| was initiated by a food cohcentration lower than that re-

quired to initiate feeding at a -higher temperature. Fourth

instar C. flavicans occurred deeper in the lake during day-
time than previous instars. Fourth instars also exhibited
the most extensive diel Vertical~migrations. Since it

‘would be energetically advantageous for fourth instars to

maximize ingestion, initiation of feeding at lower food
concentrations would be advantageous in spite of low hypo-
limnetic temperatures.

‘Because body size of C. flavicans instars increased
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during the course of feeding experiments en each instar,
feeding intensities of the'four instars were calculated.
Feeding intensities were highest in first instars and de-
clined as age and size of larvae increased (f£ig.20). This
trend reflects the'adaptive strategy of Chaoborus feeding.
Considerable numbers of first instars of a new generation
must survive if the'species is to continue ifs existence

in the lake. By optimizing their feeding, Chaoborus first

o instars increase their developmental rate' and thus are ready

to become larger 1nstars (capable of consuming a wider size
range and types of food) sooner than they would 1f their
feeding 1ntens1ty was low. ngher feeding intensity of

. younger 1nstars would tend to 1ncrease the probability of
survival of the population and thus counteract probability
of extinction refleeted by high mortality rates of younger
instars (fig. 15) . Decreasing feeding intensities in older
instars are due,to-the increasing diversity of food types
and sizes that they consume. If older instars can consume
more types and sizes of prey, then they do hot'havelto feed
as ihtensively as YOungbinstars.whose diet.is relatively re-
stricted. Also the more extensive diel migrations of older
instars will increase the numbers of prey that they encounter
so they can afford to feed less intensively et epeeific |
depths. |

The feeding.experiments performed in this study
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represent‘én initial attempt to eétimate feeding rates of
C. flavicans larval instars under natural conditions and
thus are burdened with many érrors. Natural variation in
‘prey densities uéed to estimate initial and final food con-
lgentrations caused considerable deviations of many points on .
- the feeding curves. Clﬁmps éf phytoplankton growing inside |
feeding chambérs and retained during filtration could have
caused uﬁderestimates of feeding rates. Cénﬁamination of
giass fiber filters during processing andvanaljsis, varia-
tions in feeding rateé of individﬁal-g. fiavicans larvae,
vgrowth; reproduction and death of preyfo:ganismé Qurihg incu_
bations, crop eversion bf experimehtal larvae during haﬁdl—
ing,vsinking of pfey to'thg bottom of'feeding chambers and
other factors are sources of error unaccounted for in this
study. Replication 6f experiments would have improved pre-
cision. ThiS'vaSt array of poésible-sources of efror miti-
" gated against extrapolating the feeding data to estimate the
impadt of ggggggég§ predation on the zoqplankton populations
{ovaest Blue Lake as Fedorénko (1975} did. | |

C. flavicans first insﬁars consumed a maximum of
about 70% of their body weight éer day at high food concen- -
txations.(fig.ZO).> The amoﬁnt of food ingested as a per-.
centage of larval Body weight decliﬁedbin succeséiveiinstars
~.as well as with decreasing food concentrations within each

instar. These estimates are higher than those observed by
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Kajak and Ranke-Rybicka (1970). They estimated that maxi-
mum daily food consumption of fourth instar C. flavicans

larvae was 12.5% of their body weight. However, Kajak and

Ranke-Rybicka used a high predator density in their experi-
,ments; This could have increased competition between larvae,
'resulting in reduced feeding rétes. Experlments performed
by Kajak and Ranke Ryblcka lasted six hours during the day

but‘Kajak and Ranke-Rybicka observed that Chaoborus larvae

fed?more at night. This could have caused an -underestimate

~ Energy loés due to respiration is a majo?‘factor
that affects_Chaoberus production. Factors that incfease
respiration indirectly decreaee net productivity. 02 uptake
rates of West Blue Lake Chaoborus fourth 1nstars (fig. 16)

- were substantlally hlgher than 02 uptake rates of C.

trivittatus fourth instars. C. trivittatus consumed O0.48,

0.95, 1.0, 1.25 and 2.0 pl 0, larva © hour ! at 5, 10, 15,

2
20 and 25°C respectively'(Swift 1974). Discrepancies may be

due to different respirometers, different larval sizes and
intraspecific differences.
.02 uptake rates of'g. flavicans instars II and III

_increased linearly while O2 uptake rates of fourth instars

and pupae increased exponentially with temperature (fig.16).
Swift(1974) and Berg and Jonasson’(l965) both stated that

respiration of Chaoborus fourth instars increases linearly
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with temperature whereas_respiration of fourth instars in-
creased exponentially in this study (fig, 16). B8wift (1974)
indicated the possibility of a "plateau" in his graph of O2
uptake versus temperature. Because insects are poikilother—'
mic, one would expect a linear relationship of their res-
piration and temperature as well as a linear relatlonshlp
of. their resplratlon rate and body welght. In this study,
only the second and third 1nstars showed a linearly increas-
'ing respiration rate with'increasing'temperature. The non-
llnear increase of resplratlon rate of fourth instars and
pupae could reflect a behavioural control of resplratlon.
Perhaps at hlgh temperatures, larvae and pupae are much
more active than'they are at low temperatures.

Berg aud Jonasson (1965) determined'that at 8°C ana
20° c, C. flav1cans larvae consumed 6.0 ul 02 gm -1 hour":'l
- and 21.4 yul O2 gm. -1 hour l. These results area_bithigher
than O2 uptake per unit body weight of C. flavicans fourth
instars at comparable temperatures (£ig.17). |

It'is.difficult to relate the results of laboratory
studies of respiration to the natural situation. Chaoborus
vlarvae’experience a wide daily‘and seasonal temperature
- change due to diel mlgrations and their respiration must
-alter accordingly. Duval and Geen' (1975) demonstrated a

diel circadian rhythm in the respiration rate of Eunice Lake

zooplankton at various temperatures; Such factors must be
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evaluated before one can include them in energy budget cal-

culations.

Productivity of C. flavicans in West Blue Lake .

The first major fraction of yearly production of C.
': flavicans larvae that occurred in early July was due to the
extremely higﬁ numbers of newly—hetched larvae. ~In spite
of progressi&ély larger'weight increments in:successive'in-
stars, productlon decllned after early July because larval
abundance qulckly decreased |

Another_major fraction of production seemed to occur
during the winter,(fig.VIS). vHowever,'fourth instars over-
w1nter in dlapause and thelr welght remalns constant or de—
creases slightly during this time (Jonasson 1972). Thus the
large fractiqn of production that seemed to occur between
October 6, 1974 and May 14, 1975 in reality probably occurred
over a much shorter time interval in spring when larvae
emerged from sediments and resumed feedipg.

Pupal cfep is represented by the area between the
x - axis and an imaginary line drawn from the iowest larval‘
density, paraliel to the x - axis of the Allen curve (fig.
15) (Nees and Dugdale 1959);' This area is insignifieant_com—
‘pared to #he rest of the.area'uhder the Allen curve. 'Lowl
pupal productivity can be attributed to irregularly fluc-

tuating pupal weights (fig. 12).
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Errors associated with estimating bothjdénéity and
weight of Chaoborus larvae are ‘inherent in the Allen curve.
The Allen curve‘may overestimate Chéoborus productivity be-
cause smaller‘instars are under-represented in dry weight
samples. The Allen curve may also underestimate production
~ due to avoidance of the plankton trap by larvae ahd loss of
larvae, especially young instars, during the processing of
sémples; | |

Because instar densities and Weights were monitored
‘weekly, it was:poésiblehtb‘calculate weekly production esti-
mates according to the Pechen-Shuskina formula for all C.

fiavicans instars (table 2). Since no newly-hatched first

- instars occurred at sampl;ng stations on July l,'thé first
density shown in table 2 Was 0._,iﬁ réality, there were many
nery—hatchedviﬁstafs, but . they were. inshore and had not yet
‘drifted out to the pelagic zone of West Blue Lake. If the
density of newly-hatched first instars calculated from fe-
cundity data to provide the first point‘on the Allen curve
had been used in the Pechen-Shuskina calculation, wéeklf pro-
duction of instar I betweeanuly 1 and'Jﬁiy'S on table 2
would have.been'233 mg. dry weight m. "2 week—l, " This would
have increased the mean weekly production of instar I to
70.6 mg. dry‘weight m.—z week_;.. Mean weekly production of
‘third instai g.'flavicans was relatively high (table'Z).,

This was partly due to an accelerated growth rate of third




108

instars (fig. 13) and the aberrant numerical density esti-
mated on Aug. lZ’(fig.lS). Assuming that the mortality rateA
of E. flavicans larvae was constant, the density of larvae
recorded on Aug. 12 was too high. This could have been due
to sampling a population whose distributien is highly con-
'tagiOus; The relatively'high production valﬁe of fourth
instars (table 2) probably overestimated their true produc-
tion for the same reason etatedlin'the discﬁssion of the
"Allen curve. Relatively low productivity' of secqnd instars
waevdue tofrepidly declining abundance and relatively small
weight increments.

The~Pechen—Shuskina_formula provided a productiqnv
estimate‘that was‘only 91 mg. dry weight m."2 y'ear.-l higher
than the Allen curve production estlmate in splte of the fact
that the two productlon estimates were based on dlfferent
sampling schemes and dlffereht types of calculations.

Although the Pechen-Shuskina method is more tedious
"and time- consumlng than the Allen curve method, it ellmlnates
Athe under—representatlon of small instars. ass001ated with |
the Allen curve. . - Unllke the Allen curve, the Pechen—Shusklna
formula prov1des 1nformatlon about production of each life
history stage of a cohort. The calculation of productlon by
each instar according to the Pechen—Shusklna method is ex-
actly the same as plotting and calculating the area under an.

~ Allen curve for each instar. Presumably, if the relative
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proportions of different instars in dry weight samples had
been Similar to true relative proportions of different in-
stars in the lake, Allen curve and Pechen-Shuskina produc- -
tion estimates would have been almost equal. Thus the dis-

crepancy between the two production estimates is due to in-

 duced or methodological differences. Theoretically, there is

no real difference between the Allen curve production and

Pechen-Shuskina production of a cohort because the total pro—v

duction of a cohort’ (estimated by the Allen curve) iSuequal

to the sum of. production values of each life history stage of
that cohort (estimated by the Pechen Shuskina formula)
If the initial density of newly—hatched first instars

shown on the Alleu curve had_been used in the Pechen-Shuskina

‘calculations, first instars would have had the highest pro-

duction:i'biomass (P/B) ratio. The P/B ratioscorrespouds to
the turnover rate and indicates what part of the biomass of
a population will be replaced during a unit of time. De-
creasing‘P/B ratios of successive C. flaV1cans instars
(table 2) reflect slower developmental times of instars
stated on page |6_.

P/p ratios of the C. flavicans larval cohort irres-
pective of instar decreased during the first summer and

winter of the 1974-75 generation and then increased in May

as overwintering larvae emerged from sediments and began

feeding“(table 4) . The slight decrease in /g ratios after
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the;end of May probablyvrepresénts to some degreevthe'"loss"
of larvae 'as they pupated.

FPew éstimates.of“chaoborus biomass and productivity
are reported in the literature. Parma (1971) calculated the
'biOmass,vproduCtion and P/B ratios of overwintering benthic
' g;'flavicans larvae in Lake Vechten, Holland,'fdr three

years.'vYéarlyvbiomass ranged from 2.9 kg. dry weight ha.—l

to 3.8 kg. dry Weight hag—l_according to one of Parma's esti- "

mates. According tb Parma‘s Allen curve,' biomass of benthic
Chaoborus larvae ranged from 5.3 to 7.3 kg. dry weight ha.—l.
- Parma did not explain the discrepancy between thése'two esti-
mates. Net»productiqn of overwintering‘fourth‘instarsvin
Lake Vechten was 70-90 kg. Wet weight ha. * year—l. P/y
ratios based on wet weights rahged from 2.i.to 2.4. Biomass
of overwintering g.'flavicéns larvae in West Blue Laké was
911.7 mg. dry weight m. 2 for the period from Oct. 16, 1974
tb May 14, 1975 (téble 2). When converted to Parma's units,

- this biomass estimate becomes about 90 kg. ha. L which is

much higher than Parma's biomass estimates. However, convert-

ing the West Blue Lake estimate to kg. ha.” ! is not valid be-
cause Chaoborus larvae were not distributed homogeneously

- throughout the lake. For instance, Chaoborus larvae did not

occur in the benthos of station 2 (fig.5) and their densities -

varied from station to station (fig.4). Biomass and produc-

C tivity estimates in this study were based on data.from‘only
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3-relatively deep stations. EXtrapolation of these esti-
mates to extensive areas of the lake is deemed unrealistic.
In Lake Mendota, winter biomass of Chaoborus larvae
(558 kg. ha:—l)_was five times greater than that of C.
fiavicans in West Blue Lake (Juday 19215. Borutzkf'(l939)
- calculated Chaoborus biomass to be l7.5'kg. ha‘.—l for a one
monthfperiod.. Deevey (in Brooks and Deevey 1963)'estimated
that Chaoborus larvae produce 15-28 kg. ha;-l_yearvl in somé
American lakes.. The above biomass and productivity eétimates
‘are based on different sampling intervals in differenﬁ lakes
and the use of different samplers and analyticai methods.
.Thus, a comparison bf-the biomass and productivity of West
'Blue Lake C. flavicans to the above estimates is of little
value. Parma (1971) stated ". . . I have no information
about the rate of gfowth and mortality of the younger larval
stages [insﬁars I, II and III] and thus the production of
[these] larvae is unknown." Parma's (1971) Allen curvé_con—
tained four points Whereas'the Allen curve in this study
contains 18 points. These types of differences-make it dif-
fiéult tovobjectively compare production‘paraﬁeters of dif-
ferent studies. Jonasson (1972) calculated biomaés and pro-
-ductivity:df g.nflavicans larvae (irrespective of instar)
based on monthly samples. Biomass of overwinteiing g;
flavicans larvae in‘Lake Esrom'ranéed from 1878 to 2969 mg.
- dry we‘ight'.m.—2 except for one year in which the Chacborus

population decreased tremendously for unknown reasons.
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'éiOmass of overwintering g;‘flavicans laryae in Lake Esrom
was at least.twiée'aS'large'as that of overwintering larvae
in West Blue Lake. VYearly production estimates of C.
'flavicans larvae in lL.ake Esrom were‘l495.ll,'262.93.and
12652.5 mg. dry weight m. > year ! for 1953, 1954 and 1955
'respectivelyQ The production of Lake Esrom Chaoborus larvae
during 1953 and 1955 was Vefy similar to production of C.
flavicans larvae in West Blue Lake. Because old Chaoborus
~generations in. Lake Esrbm ended in July, one of the Highest
production périods occurred in éutumn when young larvae
hatched and grew. From September to October, g;'flavicans
production in Lake Esrom was 241.24, 56.82 and 366.66 mg. dry
weight m.—2 month;'l for 1953, ‘1954 and 1955 respectively;
Win?er produétion was negative during the three years oflob—.,
servations. In.spring, production of Lake Esrom Chaoborus
increased to 74 - 864 mg. dry weight m.fz month—l. No other
estimates of Cﬁaoborus productibn are reported in the liter-
ature although many workers (Fedorenko and Swift 1972,
McGowah 1974, Lewis 1975) seemvto haVevall the_data.necessary
to.plot Alleﬁ éur&es.

Chaoborusllarvae are not distributed homogeneously;
théir-distribution is highly'contagious (McGowan 1974).
bTheréfore‘caution should be exercised in extrapolating
Chaoborus production parameters beyond areas greater than a
few square meters.

Although C. flavicans larvae are among the largest
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members of the zooplankton community in West Blue Lake, they
~contribute less net production to the ecosystem than copepods
and cladocerans. Ward. (unpublished) estimated that yearly

production of Daphnia pulicaria ranged from 2530 mg. C m?z

year ! to 4090 mg. ¢ m7? year ! during 1972 to 1974. Thus,
.yearly production of Daphnia is 2 to 3.5 times greater

than Chaoborus’ production in West Blue Lake. Patrick

(unpublished) estimated that production of Cyclops bicuspidatus

in West Blue Lake was 2650 mg. C m?z year_l during 1974-75.

 Production of C. bicuspidatus was about 1500 mg. C m?z yearfl

higher than that of Chaoborus larvae. Production of D. pulicaria

and C. bicuspidatus was expected to be higher than Chaoborus

productioh‘bécause Chadborus is stfictly carnivorous and
“thus is in a higher trophic level. Conversely, Chaoborus
production was hiéher'than walleye prodqction (25 mg. C
'm72 year—l)‘in West BluebLake (Ward and Robinson 1974)
because walleye are in the highest trophicAlevel of the West
Blue Lake-ecdsystem.

| Reiativéiy lowfproductivity of C. flavicans. larvae
can be attributed in part to some features of their life
history strategy and feeding characteristics. Abundance
of C. flavicans'in West Blue Lake-is partly_limited by'the fact.
- that Chaoborus is univoltine., In other lakes and ponds,
other Chaoborus'species aré plufivoltine (Meinert'1886; Peus
1934, Miller 1941, Lindquist and Deonier 1942, MacDonald |

1956, Snell and Hazeltine 1963, Parma 1969). Abundance of .
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C. flavicans in West Blﬁe Lake is also partly'limited by the
fact that each female reproduces iny,once a year and that
the number of eggs laid by each female is much lower than the
fecﬁndity reported bnyarma (1971). C. flavicans abundance .
would increase if there were proportiohately more females
than males. Each female would_still have a high probability1
of being inseminated due té the-multipie insemination be-
‘haVior'qf males.
High mortality of younger instars feduced abundance

greatly during the firét few weeks of the new genefation

and the population remained at a low leVel of abundance:for
the rest of the year. High ﬁortality ofvyoung Chaoborus
larvée Can‘be atfributed to the fact that first instars hat-—
ched in the littorél zdné, mdQed into the pelagic zone and
showed extremely limited diel vertical migrationé; This
probably subjectéd them to éoﬁstant predation from copepods
(Parma 1971), amphi?ods,(Anderson and Raasveldt 1974), and
fishv(Falk 1971) . Because first iﬁstars remained in the warm
epilimnion and fed most intensively, they'developed in a
.relatively short time, Older instars were able to consume
more types‘and sizes bf prey and fed less intensively. Old-
er instars‘avoided predation iﬁ the epiiimnion to some deg-
ree by remaining deeper in the lake during the day and mov-
ihg towards the surface at night to feed. Kajak and Rénke-

Rybicka (1970) reported that Chaoborus larvae feed more at
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night than during the day.'However, because older-instars
moved deeper into the lake, they'deVeloped slower, fed lesé
intensively and consumed less food than they would have con-
sumed at higher temperatures. Large depth differences bet-
ween dep;h—weighted density peaks of Chaoborus larvae and
their prey, Cyclops and Daphnia, seem to indicate that pred-

ation of the whole population of Chaoborus on Cyclops and

Daphnia populations was reduced by spatial and temporal seg-
fegation of.predator and prey'during'diel vertical migrations
(£1g.6) . o | ' |
Respiration rates of C. flavicans larvae ﬁere sub-
stantially.high especially at highef temperatufes. Ehergy
loss by reépiration was the energy that lar&ae used in their
ﬁetaboiic procesges and represented fhe cost of living.
Jonasson (1972) conVerted oxygén consumption of benthic.
C. flavicans larvaé to caloric values. He estimated that the
average annual population respiration was 51.2 kcal. m,

year . McNeill and Lawton (1970) showed that aquatic invert-

-

ebrates respire 1.1 to 5.5 times more energy than they pro-
duce on a yearly basis. Thus a substantial amount 6f the
potential productivity of Chaoborus is used in respiration,
reducing their net production.

This study represents aﬁ initial attempt to relate
.Chaoborusvproductivity in West Blue Lake to the life history,
population dynamics and feeding ecology of Chaoborus. Obvious'

refinements and additional information about Chaoborus




116

excretion, egestion, and assimilation would provide a com- .
plete energy budget of_g.vflavicans ‘which could then be
" inserted into the energy flow and food web patterns of the

West Blue Lake ecosystem.
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APPENDIX A. Rearing Tanks

Two metal containers set into a wooden frame covered-
with fly screen were used as rearing tanks to study adult emer-
gence, matlng and egg-laylng (fig. Al). The tdnks were locat-
ed outdoors.

15 to.20 gallohs of lake water placed in each contain-
er were oxygenated with an air pump; Fourth instar larvae
and cheir natural prey were caught with a plankton net and’
were placed in the tanks. Larvae were allowed to metamerphose

.and emerge. After egg dep051t10n, adults were collected with

an aspirator 1nserted through the fly screen.
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Fig., Al.

Rearing tanks. 1 - screen cover,
2 - alr pump, 3 - table, 4 - rearing.
tank, . :







135

. APPENDIX B. Feeding Chambers

A transparent polyvinyl chloride (PVC) plastic feed-
ing chamber (fig.Bl) was ﬁsed in in situ incﬁbation exper=-
iments to study larval feeding.

Chamber volume was 15 liters., PVC parts were giued
together with epoxy cement. Two inch square ventilation
openings covered with 73u.mesh were cut out of'two,sides.

"A section of PVC pipe was fitted into the chamber's bottom.v

A conical net .and collection bucket were fastened to the

- pipe with a hose clamp. Ansmall opening in the top was plug-

‘ged with a rubber stoppér.

Galvanized "O" rings fastened to the chamber's sides
accomodatea a rope cradle (fig.B2). A dépth-calibrated rope
attached to the rope.cradle suspended the feedihg chamber

- from a surface float ( fig.B3 ).
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Fig. BI1.

Transparent PVC,feeding chamber. 1 - rubber

'plug, 2 - hole, 3 - feeding chamber,

4 - "0" ring for rope cradle, 5 - screen-
covered opening, 6 - PVC pipe, 7 - hose clamp,
8 ~ fine mesh.-conical net, 9 - collection
bucket.
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- Fig. B2.

‘Rope cradle, This cradle is fitted through -
-"0" rings on the sides of the feedlng chamber.

1 - "0" ring, 2 - pipe, 3 -~ "Q" ring, .
4 - plastic rope, 5 - galvanized disc.
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Fig. B3. Feeding chamber suspended in the water,
‘ .1 - float, 2 ~ depth-calibrated rope, .
3 -~ rope cradle, 4 - feeding chamber.




ql
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APPENDIX C.  Trial Feeding Experiment

An experiment to determine the density of C. flavicans
larvae needed td produce optimum feeding rates in the 10 l.‘
and 15 1. feeding chambers wasvperformed on June 2, 1975. i
'This experiment also provided an estimate of relative
efficiencies of the two types of feeding chambers.

A Wisconsin plankton net (mesh size 73 u) was used

to take 20 vertical tows from the bottom to the top of

'

the lake at_StationVS. Tow contents were filtered through

a 1050 uvfilter to remove C. flavicans larvae and

large D. Eulicarié. The filtrate was diluted'ﬁo 6.875.liters.
The dilutedAfiltrété was stirred énd divided into eleven 375 ml.
aliquots and eleveh 250 ml., aliquots. Three 375 ml..éiiquots

and three 250 ml. aliquots were kept as control'samples.

One 375 ml. aliquot was poured into each 15 1. chamber.

[ ’ .

‘One 250 ml. aliguot was poured into each 10 1. chamber.
Varying'numbers of fourth instar Chaoborus larvae

~ (table Cl) that.had'been starved for 24 hours were placed

in each dhamber. Chambers were suspended at 5 m. depth from
a float and were incubated for 24 hours.
At the end of the incubation period, midge larvae

and remaining food were removed from feeding chambers. In

the laboratory, experimental larvae were removed from test

samples. Test and control samples were dried at 105°C
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Table. CI. Numbers and densities (no. li\ter'I ) of larvae used in
‘ " trial feeding experiment.

Feeding Chamber number

chamber '

volume I 2 3 4 5 6 7 8

15 1. 5(.34) 10(6.7) 15(1) 20(I.34) 25(1.7) 30(2) 35(2.3) 40(2.66)
10 1. 5(.5) 10(1)  I5(L.5) 20(2) 25(2.5) 30(3) 35(3.5) 40(4)
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for 2 days. Dried samples were weighed on a Sartorius

balance.

Results (table C2, fig. Cl) indicate that a predator
density of about 1.5 to 2 larvae liter -1 produces optimum
feeding in the chambers.

| A,ohe—way'analysis of variance testing the hypothesis
that chamber type does not affect feeding of C. flavicans
larvae yieldedlanvinsignificant F value of 0.012 (P ¥ .05,

d.f. = 1, 14).
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I0 1.

" Table C2. Amounts of food (mg. 1arvé-1')"eaten in feeding chambers.
Feeding Chamber number
chamber »
volume I 2 3 4 5 6 7 8
I5 1. ..0IT .023 .0I5  .024 .03  .027 .028 .019
.0I5 .09  .027  .026  .02I  .0I9 .020 .015
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'

Fig.Cl. . Effect of predator density .on
ingestion in 10 1. and 15 1.

feeding chambers.
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APPENDIX D.

Table DI1. Benthic_densit’ies+ of Chaoborus larvae during 1974.

144

Benthic Densities of Chaoborus larvae,41974.

Mean number of " Standard . -2
Date Station Chaoborus per core deviation Number m.
May 20 1 8 3.37 4081.68
_ 5 10.25 3.59 5229.65
May . 27 1 6.25 3.77 3188.81
5 7.75 4.11 3954.13
June 3 1 8.5 2.08 4336.79
5 7.25 .3.40 3699.02
June 10 1 - 3.50 2.38, 1785.74
: 5 4.25 2.75 2168.39
June 17 1 1.00 0.82 - 510.2
' 5 1.75 . 1.26 2892.87
June 24 1 0.5 0.58 255.1
5 1.0 0.82 510.2
July 1 1 0 ———— e
5 0 ———= -——-
July 8 1 0 -——— ———-
5. 0 ———— —-———
July 15 -1 0 ——— —-———-
v 5 0 ———— -————
July 22 -1 0 -——— -———-
5 0 ———- ———=
July 30 . 1. 0.5 0.58 255.1
. 5 0.75 0.96 . 382.65
Aug. 5 1 0.75 0.96 382.65
' -5 1.0 0.82 510.2
Aug. 12 1 - 1.25 0.96 637.75
5 1.00 0.82 510.2
Oct. 16 1 13.00 4.97 6632.6
‘ ' 5 11.75 5994.85

3.30

+.One core
multiplied by (lOOOcm

= 19;6 cm2

19.6cm

. 2To extrapolate to no. m—2,'densities‘were
2=) 510.2.
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Depth-weighted Peaks of Vertical Migration of
C. flavicans,.g. pulicaria and C. bicuspidatus.

Table El. Depth-weighted vertical migration peaks of C. flavicans.

%te

Time animals animals x depth peak ( meters)
me 5, 1974 10a.m. 17 189 11.12
‘ ' 2p.i. 26 327 12,58
6p.m. 28 309 11.04
10p.m.- 31 270 . 8.71
2a.m. 34 240 7.06
6a.m, 39 393 10.08
1ly 6, 1974 10a.m. 144 1176 8.17
‘ _ 2p.m. 101 885 8.76
. 6p.m. 115 846 7.36
- 10p.m. 110 651 5.92
2a.m. 119 630 5.29
6a.m. 92 624 6.78
ily 21, 1974 10a.m. 152 1290 8.49
5 . 2p.m. 131 1131 8.63
6p.m. 116 891 7.68
10p.m. 84 561 6.68
2a.m. 89 474 5.33
6a.m. 94 687 7.31
igust 7, 1974 10a.m. 83 882 10.63
‘ 2p.m. 81 918 11.33
6p.m. 85 885 10.41
10p.m. 105 1095 10.43
2a.m. 109 828 7.60

6a.m. 825

76

10.86
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Table E2. Depth-weighted vertical migration peaks of D. pulicaria.

e - Time , animals animals x depth peak (meters)
28, 1974 l0a.m. 531 2606 - 4.91m
| 2p.m. 1055 9158 | 6.68
6p.m. 688 5326 7.74
10p.m. - 1190 13257 . T 11.14
2a.m. 1494 18184 12.17
6a.m. 1187 10815 ' 9.11
11, 1974 - 10a.m. . 941 9787 10. 40
| 2p.m. - . 1408 14692 | 10.43
6p.m. 1499 15592 o 10.40
10p.m. 1423 15844 0 11.13
2a.m. 2476 25352 . 10.24
6a.m. 2876 29406 10.22
; 9, 1974 10a.m. 557 : 9326 16.74
' 2p.m. - - 999 16275 . 16.29
6p.m. 783 10582 13.51 |
~ 10p.m. 812 7673 | 9. 45 | B
2a.m. 1596 9009 - 5.64 |
6a.m. 1442 22664 15.72
ist. 16. 1974  10a.m. 585 6992  11.95
| ' 2p.m. 617 4919 7.97
6p.m. 433 3707 - 8.56
10p.m. 830 . 4314 5.20
2a.m. 1305 7544 5.78

6a.m. 728 4573 6.28
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Table E3. Depth-weighted vertical migration peaks of C. e

C. bicuspidatus.

;te; _ Tiﬁe - animals animals x depth peak(meterS)_
;jly 21, 1974 10a.m. 1110 15838 "1 14.27
2p.m. - 1018 14622 o 14.36
, 6p.m2 910 12900 - 14.18
10p.m. 883 14317 A - 16.21
2a.m. 1376 ,_. 14782 , 10{74

6a.m. 929 - 12914 | 13.90
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' APPENDIX F. _Emérgence and Sex Ratio of C. flavicans Adults.

Table F1l. Numbers of male and female C. flavicans caught

in emergence traps on station 1.

Date - o Trap number ' mean no. standard
' : ' 1 2 3 4 5 of adults deviation
.d’: ¥ og: 9 o: 9 o: 9 o’: @ : :

‘June 25 0 0 0 | 0 0 0

: 26 0 0:1 | .45
27 0 0:1 0 ' . .89
28 . : : 1:0 1.0 .71
29 : 1:1 1:2 1.6 1.14

| 30 : : 0 0:2 1 2.4  1.14

July 1 : 3:1 s 1.14

| 2 4:3  2:4.  2:1 1:2 2. 30
3 4:5 3:4 2:2 . 2.39
4 4:3 41 252 4:2 2.70
5 5:7 5:2 - 3:2 3:3 7.8 2.77
6 6:2 2:2 2:4 - 2.61
7 2:3 2:1 - 1:1 1:3 1.58
8 2:1 1:0 0 1:0 1.14
9 0:3  1:1 0:1 0 0 1.2 1.30

Mean no.  4.53  2.80  1.73  2.67  4.27

of adults L : '

Total number 6f adults = 240

Total number of males = 126

Total number of females = 114

114

9;d”seg rat;o = 13 = .9047
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- Numbers ofbc; flavicans and am

in Submerged Traps at Station 1.
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Numbers of C. flavicans and Amphipods Caught

Table Gl. C phipods caught in submerged
: ) traps at station 1. P - pupa, IV - old instar 1v,
+ N - new instars I and II, A - amphipodsf

: 4 Depth ? a
Date (meters) 1 2 3 4 5
June 28, 1974 5 2P, 6A an 2P, 5A 1P, 2A 3A
| g 10 4P, 6IV 2P, 2IV 3P, 5IV 1P, 1IV 7P, 3 IV

15 1 1V 41V 1 1v 21V

- 20 no trap 1 1Iv ' no trap
July 5, 1974 5. 1P, 18N, 5A 7N, 2A 12N,4A ON, 33 11N, 4A

o 10 4N 2N, 2IV 6N, 2IV 5N 4N

15 1.1v 31V

20 - no trap 1 1Iv no trap
july 12, 1974 5 3n 2N, 3A 4A 3A 1N, 3a

o 10 4N 1 IV,8N ' 7N 2IV,5N 3N

15 ‘1 IV 2 IV,IN: 3N 2N

20 no trap no trap
fuly 19, 1974 5 1a 3A A 4A 2A

B 10 5N - 5N 3N
15 2N 1N
20 no trap no trap.
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APPENDIX H. Dry Weights of C. flavicans Larvae and Pupae.

‘able H1l. Mean dry weights of,g.‘flavicans larvae and pupae.

Number - Number 6f Mean individual. Standard. LW

ate of lots animals/lot dry weight (mg) deviation (mg)
ay 20/74 10 20 .6032 . 021
ay 27 : 10 20 ‘ .6888 .006 .0856
une 3 larvae - 10 20 ' .7162 . .014 .0274
o pupae 10 10 » .8162 .062
une 10 larvae 10 20 .7765 .019 .0603
' " pupae 10 10 : . 8948 . 072 .0786
une 17 larvae 1o - 20 - - G7772: -.019 ©.0007
.~ pupae 10 10 - . . 8155 , .0074 - .0793
une 24 larvae © 10 - - 20 .7946 . . 031 .0164
, pupae 10" 10 =~ .8204 . .0106 . .0049
uly 1 0o - 100 : .00191 .000736 X=.0243
g ‘ o S.D.=.053
uly 8 - 10 100 _ .0291 .000943 .02719
uly 15 10 . 100 .0425 .00103 .0134
uly 22 ‘ 10 : 100 ‘ .0647 .0188 .0222
uly 30 .10 - 100 - ©.0924 .025 .0277
ug. 5 - 10 50 o .1030 . .152 .0106
ug. 12 10 _ 50 .1489 .004 .0459 |
ug. 19 10 50 - .1563 .022 .0074 ;
ug. 26 , 10 50 . .1683 .057 .0120
=pt. 15 10 50 . L2122 .086 .0439
ct. 16 ‘ 10 10 .2934 , .114  .0812
ay 14/75 10 20 - : .6286 ..0415 .3352
ay 21 ) : 10. . - 20 .6377 .025 .0091
3y 28 10 - 20 .6996 4 .013 .0619
ane 4 - - - 1o 20 7262 .019 - .0266
Pne'll larvae - . 10 ’ 20 . , .7940 - .089 .0678
' pupae 10 10 . 8920 077 :
une 18 larvae 10 20 .8692 .097 .0752
ﬁ pupae * 10 ' 10 - .9049 W 112 .0129
ane 25 larvae 10 20 .9354 .086 .0662

pupae 10 10 .9015 ' .068 - .0034

' o X=.03175

S.D.=.027




APPENDIX I. Instar-specific Growth Data.

Instar-specific dry weights.
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able I1.
nstar . Date Time Sample No. of Mean dry
ype (days) size samples weight (mg) S.D.
I ~July 1, 1975 0 - 100 1 .0019
July 4 3 100 1 .0023
July ‘8 - 7 100 1 .0055
July 12 11 100 1 .0097
July 15 14 50 1 .0124
July 19 18 50 1 .0153
: July 22 - 21 50 1 .0168
§ July 26 25 25 1 .0182
July 30 29 20 1 .0193
II July 8, 1975 0 20 1 .0036
\ July ‘12 4 50 1 .0047
July 15 7 75 1 .0087
“July 19 11 100 1 .0136
July 22 14 100 1 .0188
July 26 18 . 100 1 .0273
July 30 22 50 1 .0348
August 2 25 50 1 .0408
August 5 28 50 "1 .0462
August 9 - 32 25 1 .0481
August 12 35 15 -1 .0493
[I July 12, 1975 0 15 1 .0019
July 15 3 20 1 .0123
July 19 7 25 1 .0179
July 22 10 50 1 .0228
July 26 14 50 1 .0363
July 30 - 18 50 1 ..0556
“August 2 21 50 1 .0744
August 5 24 50 1 .1025
August 9 28 .50 1 .1287
August 12 31 50 1 .1543
[V (1974-75 generation)
: August 26, 1974 0 50 10 .1683 .057
Sept. 16 21 50 10 .2121 .086
Oct. 16 51 10 10 .2934 114
May 14, 1975 261 " 20 10 .6286 .0415
May 21 268 20 10 .6377 .025
May 28 275 20 10 .6996 .013
June 4 282 20 10 .7262 .019
June 11 289 20 10 . 7940 -.089
June 18 296 20 10 . 8692 - .097
June 25 303 20 10 .9354

.086




‘able Il. Instar-specific dry weights. (cont'd)
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‘nstar Date Time Sample No. of Mean dry 4
ype. (days) size samples weight(mg) S.D.
IV (1973-74 generation) :
f May 20, 1974 0 20 10 .6032 .021
- May 27 7 20 10 .6888 .006
June 3 14 20 10 .7162 .014
-June. 10 21 20 ‘10 .7765 .019
June 17 28 20 10 L7772 .019
June 24 35 20 10 . 7946 .031
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A one-way analysis of variance with instar types 
as treatments yielded an F value of 1.15. Critical F

(P = .05, d.f. = 4, 162) is 2.43. Thus there are no

differences in kcal. per unit weight among larval instars

and pupae.
Mean caloric content of ‘any larval instar or

pupae is 5.8638 kcal. gm;_l'(S.D. = 0.5019).
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APPENDIX K. Carbon Content of C. flavicans.

Table Kl1. Mean carbon content (ug.C) of C. flavicans

larvae and pupae.

nstar ‘Sample no. _ Sample
ype Date 1 2 3 X S.D. size
I ‘July 1, 1975 1.335 1.485 l.605  1.475 = .135 20 0
- July 8 , 3.79 - 3.99 3.44 - .3.74 .278 20
July 15 8.23 7.735 8.345  8.103  .324. 20
July 22 » 10.85 11.93 8.96  10.58 1.503 10
July 30 . 11.25 10.64 10.93 '10.94 .305 10
©July 8, 1975 " 2.605 2.235 2.82 " 2.553 .296. 20
; July 15 5.69 5.13 5.765 5.528 <347 20
} “July 22 o 11.43 12.26- 10.84 11.51 .713 10
5 July 30 21.54 - 20.87 21.21 21.207 .335 10
i Aug. 5 25.42 26.61 24.97  25.667 = .847 10
b Aug. 12 . 24.25 ~25.18 23.79 24.407 .708 10
{
T July 15, 1975 7.68 8.24 . 7.93  7.95 .281 10
| July 22 14.37 - 15.12 13.63 14.37 .745 10
! July 30 : 36.68  35.56 37.24 36.49 . 855 5
Aug. 5 63.9 68.3 58.7 63.63 4.806 1
"Aug. 12 93.2 79.7 88.4 87.1 6.843 1
v May 14, 1975 309.7 - 394.9 269.6 324.73 63.988 - 1
f _ May 21 330.4 381.1 486.2 399.23 79.467 . 1
May 28 273.3 382.9 . 358.1 338.1 57.472 1
June 4 405.1 324.4 264.0 331.17 ~70.793 1
June 11 . 437.8 344.1 367.2.-- 383.03 48.815 1
June 18 © 254.2 339.1 375.6 322.97 62.287 1
June 25 384.7 296.5 274.3 318.5  58.40
ipae June 11, 1975 321.6 336.9 303.7 320.733 16.617 1
‘ - -June 18 340.8 387.0 264.3 330.7 61.98 1
June 25 403.4 426.0 372.3 -~ 400.567 26.962 1
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Table K2. Carbon content per unit dry weight of C. flavicans.

star Individual dry Mean individual

pe Date weight (mg.) carbon content (ug) ungngdry wt.+
I July 1, 1975 v .0019 "1.475 776.32
July 8 © .0055 . 3.74 : 680.00
July 15 _ .0124 8.103 : 653.47
July 22 .0168 '10.58 629.76
July 30 .0193 10.94 - _ 566.84.
' ' ' X = 661.278
S.D.=76.743
I July 8, 1975 .0036 2.553 o 709.17
. July 15 . .0087 5.528 , . 635.40
~July 22 .0188 11.51 612.23
July 30 , . .0348 - 21.207, . 609.40
JAug. 5 . .0462 25.667 ' - 555.56
Aug. 12 .0493 24,407 __— 495.07
' . ' ‘ . X = 602.805
S.D.= 72.591
I - July 15, 1975 .0123 - 7.95 . 646,34
: July 22 . .0228 - 14.37 . ’ _ 630.26
‘July 30 .0556 36.49 . 656.29
Aug. 5 .1025 - 63.63 ' 620.78
Aug. 12 ‘ .1543 87.1 ‘ ' 564.48
. : 623.63
S.D.= 35.823
Y May 14, 1975 .6286 _ 324.73 516.59
May 21 - .6377 399.23 - 3 626.05
May 28 .6996 - ' 338.1 ' 483.28
June 4 . .7262 331.17 ' 456.03
“June 11 T .7940 383.03 482.41
June 18 . 8692 332.97 ' 371.57
June 25 .9354 : 318.5 340.50
' X = 468.061
S.D.= 94,411
bae June 11, 1975 .8920 320.733 "359.57
June 18 . .9049 330,700 365.45

X = 389.783
S.D.= 47.33

June 25 .9015 ’4005567 , 444.33

ne way ANOVA testing to see if differences exist between carbon  content
- unit dry weight of dlfferent instars and pupae ylelded F = 10.612
tical F (4 21 d4.f., P 0.05) = 2.84. Differences do exist between
boncontent per unlt dry weight of different instars and pupae.

r 549 lll4ug. . C per unit dry welght, S.E. = 51.465.
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ny weights of larval instars and pupae were converted
to carbon content by multiplying the dry weight of a given
life history stage by the mean carbon content per unit
dry weight of that life history stége.

Allen curve production in terms of carbon was
obtained bY‘multiplying'the dry weight production value by

549.1114 ug. C'mg?l (dry weight).
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APPENDIX L. Hatching Success of C. flavicans Eggs.

Table Ll.

5.61

5.55

Numbers of eggs and numbers of hatched eggs of
C. flavicans.
Sample Number Number of
Number of eggs hatched eggs % hatched

-1 249 244 928
2 175 164 94
3 247 242 98
4 263 255 97
.5 231 229 " 99
6 264 251 95
7 186 182 98
8 193 189 98
9. 248 246 99
10 239 1232 97
11 1278 272 98
12 181 177 98
13 193 .187 97

14 170 168 99
15 209 205 98
16 218 207 95
17 280 274 98
18 218 216 99
19 199 195 98
20 182 180 99
21 234 232 99
22 248 243 98
23 191 185 97
24 175 172 98
25 182 178 . 98"
26 194 186 96
27 223 221 99
28 219 215 98
29 243 241 929
30 169 164 97
31 212 208 928
32 208 202 .97
33 227 225 99
X 216.606 211.73 97.73

S.D.x 32.23 "31.89 1.257

S.E.x .2188 .
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APPENDIX M. C. flavicans Respiration Data

Table M1. O2 uptake (ul. O2 hour—lanimal—l) of C. flavicans

larvae and pupae at various temperatures.

Life History Sample Temperature (°C)

stage Number -5 10 15 20 25
instar II 1 .0984 .1181 .1299 .1889  .2125
: -2 .1181 .1299 .1259 1614 .2322

3 L1102 .1259 L1141 .1535  .2479
4 .1220 L1181 .1299 L1417 .2400
5 L1141 0 .1141 .1181 .1889 .2283
6 .1181 .1299 .1259 .1388 .2361
-7 .1220-  .1102 .1378 .1574 L2440
| 8 .1063 .1220 .1220 .1535 L2479
; 9 L1417 L1259 . .1417 .1732 .2400
f 10%* - .0276 .0315 .0354 .0315 .0276
| : X .1168 L1216 L1273 L1673 .2366
| - ~ 8.D. .012 .007 .009 .020 . .01l
| T
‘instar III 1 .3857 L4211 L4407 .5470 .7988
L 2 .3975. -.4132 .4329. .5509 . 8185
| 3 .3739  .4171 .4357 .5509 .8303
| 4 ©.4014 L4211 .4368 .5981 .8264
§ 5 .3778 L4171 .4357 . .5903. .8342
6 L4053 .4132 .4289 .6021 - . 8499
7 .3935 L4211 .4289 .5903 - .8224
8 L3975 L4211 .4357 .5863 . 8382
9 3975 .4132  .4329 . .5981 . 8499
10* . .0276 .0433 .0354  .0394  .0315
' X .3922 .4176  .4343 - 5793 .8299
S.D. .01l .004 .004 .023 .0l6
 instar IV 1 2.479  2.636  2.479 3.384  6.060
: ' 2 2.400 2.558 2.912 + 3.581 5.509
3 2.440 2.873 2.676 3.423. 5.116
| 4 2.282 2,440 2.755 3.738 4.329
z 5 2.243  2.676 2.715  3.660 5.037
: 6 2.204 2.518 2.794  3.699 5.194
: -7 - 2.479 2.794 ° 2.951 3.778  4.879
4 8 2.204 2.715 2.597 ...3.502 5.706
\ 9 2.164  2.400 2.833 3.384 5.784
' 10% .079  .079 . .079 .079 .079

X 2.322 2.623 2.746 3.572 5.290
s.D. .128 . .159 .150 .155 .531




Table Ml. O

uptake (ul. O

hourf;animaljl) of C. flavicans

2
‘larvae and pupae at various temperatures. (cont'd)
ife History Sample " Temperature (°C) .
stage Number 5 10 15 20 - 25
upaé I 2.597 3.030. 7.083 8.106 9.287
2 2.322 3.187 7.398  8.382 8.972
3 '2.715 3.266 7.122 . 8.224 8.342
4 ~2.361  3.502  5.627 8.303 - 9.090
5 2.479 3.109 7.240 8.421 9.680
6 2.282 3.345 ~ 7.870 8.460 .9.405
7 2.636 3.227 - 7.437 8.499  9.483
8 2.518 2.991 7.240 7.831 9.601
9 2.361 2.991 7.319 8.618 8.185
10% _ .118 .079 .039' - .079 .079
X 2.475  3.183 7.149 8.316 9.116
S8.D.  .153 .173 .616 .237 .535

¥ Control sample




162

Table M2. O2 uptake per unit dry weight of C. flavicans larvae

and pupae at various temperatures.

Life history temperature mean O2 uptaké individual 0 uptake per unit¥t

stage (°c) (ul.02 hour~1l ary weight dry weight (ul. O3
: animal-l) (mg) hour—1 mgTl)
instar II 5 .1168 .0330 ~ 3.539
' 10 .1216 ' o o 3.685
15 1273 ’ 3.858
20 - _ .1673 5.070
25 .2366 o ~7.170
instar III - 5 o .3922 .1183 3.315
: 10 .4176 - 3.530
15 + 4343 - . - 3.671
20 .5793 " 4.897
25 _ . 8299 . . 7.015
instar IV 5 , 2.322 .7262  3.197
o 10 ©2.623 3.612
15 = . 2.746 : - 3.781
- 20 . 3.572 4,919
25 ~5.290 : 7.284
pupae 5 2.475 ' .8920 2.775
10 ‘ . 3.183 3.568
15 7.149 : 8.015
20 ~8.316 ' 9.323

25 ©9.116 - 10.220

* Two way ANOVA testing Ho:d, = dy = ... =d, =0 yielded F = 55.356.
Critical F (3, 12 d.f., P 6.05) = 3.49. Differences exist between
O2 uptake rates of various instars and pupae. '

+ Two way ANOVA testing Ho: d; =4d, = ... =d. =0, yielded F = 4.386.
Critical F (3, 12 d4.f., P 0V05) = 3.49, Differences exist between

O2 uptake rate per unit dry weight of various instars and pupae.
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Table N. Population densities and weights used to calculate

Allen curve production.

Date.

mean density

(no. m—2

mean individual

July 8, 1974
JulivlS
July 22
July 30
‘August 5
August 12
August 19
August 26
September 16
»October 16
May 14, 1975
‘May 21 |
May 28
June 4
June 11 larvae
pupae-
June lS-lérvae
pﬁpae
June 25 larvae

pupae

7850.456
6107.436

5781.16

5119.5

5252.3

5158.6

3876.57 -

3266.6
2451.0
2148.97
1806.55
1262.496

1330.09

1331.436

1053.646

367.813

65.546
108.513
77.71

33.69

dry weight (mg.)

.0291
.0425
Y .0647
.0924
.0130
.1489
.1563
.1683
.2122
2934
.6286
6377
.6996

© L7262
.7940

. 8920
. 8692
.9049
.9354

.9015
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No significant differences in caloric content
exist between various larval instars and pupae (appendix J).

Therefore the Allen curve production in caloric terms is

1982.551 mg. m_2 yr._l x .0058638 kcal. mg_; = 11.6253 kcal.

-2 -1
m “yr. ~.

Mean carbon content per unit weight of any larval
instar pupa is 549.1114 ugC,mg—l. The Allen curve
production in terms of .carbon content is 1982.551 mg. m—2yr_l

1088641.355 ug.cm. Zyr. 7L,

x 549.1114 ugC.mg._l

The first point on the Allen curve was calculated
accordingvto'thé IBP handbook‘no, 17 (Edmonson and Rigler
1972) as follows:

1053.646

i

" Mean density of larvae on June 1], 1975

Méan density of pupae on June 11, 1975 367.813

= 1421.459 (1)

Sex ratio ='.9047:l.000'$:0ﬂ ' (Appendix F)
fecundity = 216.606 eggs female—l (Appendix L)
hatchingvsuccess‘ =_97.73%‘ : (Appendix L)
number of $ in (1) = 1421.459 x =292 = 642.9969

total number of eggs laid = 642.9969 x 216.606 - 139277.0036
total number of first instar
larvae hatching from eggs = 97.73% x 139277.0036 = 136115.4156

' production from time of egg-laying (about July, 1974) .

to July 8, 1974 is 2094.70343 mg. (dry weight) m. 2.week I*
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APPENDIX O. Feeding Experiment Results

The four categories of food sizes used in the food

type and size preference experiments were: .- 73=-243u,

243-500u, 500-783 u, 783—1050 u. Rotifers. and naﬁplii were
. predominant in the first size Category, copepods in the
- second, smail'DaEhnia in the third and large Daphnia in
the fourth. | | | |

30 larvae per chamber were used in experiments

voh the first three instars. 20 larvae per chamber were_used
in the last expériment;

The number of prey ingested per piedatorbper-day was
calculated és’foliows: | |
(mean control value - mean:test value) x 15 liters 7 number
of Chaoborﬁs larvae. .

Table O1l. Results of food type and size preference experiments.

1star Sample Sample no. of prey pér iiter'

type type no. . _
73 =243 u 243-500u. 500-783u _ 783-1050u
-rotifers nauplii copepods small Daphnia large Daphni:
I control 1 41 . 38 33 20 . 12
: 2 32 43 4 45 , 14 : 17
X 36.5 40.5 39 17 ' 14.5
test 1 19 33 .35 11 | 11
‘ 2 15 28 ' 48 24 - 15
: X - 17 30.5 - 41.5 17.5 13
no. eaten  9.75 .5 - - ' .75
per larva : '
$ of total 6.6 3.4 - -~ ‘5

- prey eaten
‘per larva
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able Ol. Results of food type and size preference experiments. (cont'd)

nstar Sample Sample

type . type no. : . no. of prey per liter
II- control 1 33 42 29 18 L 11
2 26 35 38 12 15
X 29.5 38.5 33.5 15 137
test 1 10 16 32 13 10
2 6 22 21 20 16
X 8 19 26.5 16.5 13
no. eaten  10.75 9.75 - - 3.5 - -
per larva . ’ ' . :
% of total 8.3 7.5 2.7 ., - S -
prey eaten : :
per larva
II control 1 31 46 43 16 12
2 .24 34 28 11 7
X 27.5 40 35.5 13.5 9.5
test © 1 17 27 19 15 12
2 11 20 26 8 8
X T1a 23.5 22.5 11.5 10
no. eaten  6.75 8.25 6.5 1 --
per larva : '
$ of total 5.4 6.5 5.2 .8 0
" prey eaten : ' ‘
per larva
v control 1 46 34 39 24 18
: 2 31 47 31 15 : 12
_ X 38.5 = 140.5 35 19.5 15
test 1 34 32 26 19 10
2 27 26 19 12 15
X 30.5 29 22.5 15.5 12.5
no. eaten 6.0 8.625 9.375 3.0 _ 1.875
per larva : ' g ‘ ' ‘
$ of total 4.0 5.8 6.3 2.0 1.3

.prey eaten
per larva -
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Table 02. Ingestion rates of first instar C. flavicans

larvae at different temperaturesland_food

concentrations.
e Temperature Initial food Ingestion Mean Ingestion rate . -
(°C) concentration rate (mg, individual per unit weight
(mg.Cl'l) C larva~l dry weight of larva (mg.C
day~1) (mg) _mg~1)
Epilimnion ’ S v :
ly 3 19.0 - 0.746 .00038 .0022 L1727
~19.0 - 1.003. .00049 ' ©.2227
9.0 1.375 .0078 : . 3545
19.0 1.577 .00088 - . 8545
y 8 - 19.3 - 0.761 .00091 . - .0055 .1655
19.3 - 1.522 _ .00191 .3473
19.3 . ' 2.283 . .00331 : ..6018
19.3 2.764 - .00292 : .5309
y 10 - 19.4 ©1.872 . .00264 .0076 .3474
C 19.4 2.815 . .00368 : .4842
19.4 ~2.975 . .00421 .5539
19.4 3.598 - .00526. ’ .6921
y 12 19.6 ' 4,038 .00525 .0097 .5412
' 19.6 . 4.583 .00622 .6412
19.6 © 5.248 .00630 . . .6495
19.6 6.007 .00642 ' .6619
Hypolimnion - ' :
y 3 6.1 0.746 : .00022 - .0022 .1000
. ' 6.1 1.003 : .00044 o : ‘ .2000
6.1 1.375 v .00073 ' .3318
6.1 1.577 .00088 - - .4000
y 8 6.2 0.761 .00067 .0055 .1218
6.2 1.522 .00187 . 3400
6.2 2.283 = - .00328" . : .5964 -
6.2 2.764 .00346 .6291
y 10 6.3 1.872 ' ..00231 .0076 : .3039
6.3 2.815 .00377 ' .4961
6.3 2.975 .00357. .4697
6.3 3.598 . .00446 : ' .5868
y 12 6.4 4,038 .00506 -~ .5216
o 6.4 4.583 .00566 _ .5835
6.4 5.248 .00578 : .5959
6.4

6.007 ' .00580 .5979
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Table 03. Ingestion rates of second instar C. flavicans _
larvae at different temperatures and food

concentrations.

te . Temperature Initial food Ingestion Mean . Ingestion rate

(°c) concentration rate (mg, individual per unit weight
(mg. CL™7) C lafva_l dry weight of larva (mg.C
day”-) (mg) mg~1)
Epilimnion o ' :
ly 14 19.1 0.594 .0014 .0074 .1892
-19.1 - 0.897 .0019 : ; +2568
19.1 1.283 .0024 ‘ : .3243
19.1 1.645 .0056 .7568
ly 16 =~ 19.2 . 0.833 . .0023 .0099 .2323
: 19.2. 1.576 : .0042 _ .4242
19.2 - 2.198 .0062 - . .6263
19.2 : 2.904 . 0068 .6869
ly 20 19.3 - 1.134 . .0051 . .0153 ©.3333
o . 19.3 2.067 .0069 ‘ .4510
-19.3 2.781 . ...0087 - .5686
19.3 = 3.925 ' .0098 .6405
v 24 19.5 1.843 .0087 .0231 .3766
. 19.5 3.819 : .0116 .5022
19.5 - 5,324 .0129 ' .5584
19.5 6.849 .0131 , .5671
Hypolimnion - ' o .
y 14 6.4 0..594 _ .00098 .0074 .1324
A 6.4 0.897 ' .0018: .2432
6.4 1.283 ' .0021 o .2838
6.4 1.645 " .0047 ' o .6351
y 16 6.4 0.833 .0021 . .0099 .2121
6.4 1.576 .0038 ’ .3838
6.4 2.198 .0057 ' .5758.
6.4 2.904 .0059 .5960
v - 20 7.1 1.134 .0046 : .0153 - 3007
7.1 2.067 .0063 .4118
7.1 2.781 » .0079 - .5163
7.1 3.925 .0089 ' .5817
y 24 7.2 1.843 .0083 - .0231 .3593
. 7.2 3.819 .0110 . L4762 .
7.2 5.324 : .0118 . .5108
7.2

6.849 .0120 .5195
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Table 04. 1Ingestion rates of third instar C. flavicans
‘larvae at différent temperatures and food

concentrations.

e Temperature Initial food Ingestion. Mean Ingestion rate
(°C) - concentration rate (mg, individual per unit weight
(mg.CL.—1) C larva~! dry weight of larva (mg.C
day~1) (mg) mg~1) -
Epilimnion - .
y 28 19.4 ' - 0.639 , - .0073 .0460 .1587
19.4 1.102 .0103 T .2239 .
- 19.4 : 1.662 : .0136 : .2957
19.4 . 2.314 .0327 ’ : .7109
y 30 19.0. ‘ 1.054 _ .0119 .0556 .2140
) , 19.0 . 2.138 - .0232 .4173
19.0 3.125 .0344 . .6187
19.0 3.987 .0370 ' .6655
ust 1 18.2 : 1.498 .0217 .0681 .3186 :
©18.2 - 3.210 .0281 .4126
18.2 4,625 . .0350 .5140
18.2 ‘ 6.147 .0414 _ o .6079
ust 3 18.1 1.526 : .0315 : .0838 . .3759
- 18.1 . " 3.752 .0417 ’ .4976
18.1 5.854 = .0448 .5346
18.1 7.415 .0468 : .5584
Hypolimnion - ‘ ' .
y 28 7.1 - 0.639 , .0058 .0460 .1261
- 7.1 - . 1.102 - . .0096 _ .2087
7.1 - 1l.661 .0116 » - .2522
7.1 2.314 : .0281 ' .6107
y 30 7.0 1.054 .0108 .0556 .1942
' 7.0 2,138 .0201 : .3615
7.0 - 3.125 - .0292 : .5252
7.0 . 3.987 , .0305 .5486
ast’ 1 7.0 1.498 . .0208 .0681 . 3054
7.0 -.3.210 .0265 : .3891
7.0 4.625 .0337 " .4949
7.0 - 6.147 ' .0396 : ' .5815
ist 3 7.0 - 1.526 .0255 .0838 .3043
' 7.0 o 3.752 , .0394 » .4702
7.0 5.854 .0417 ‘ .4976
7.0

- 7.415 .0423 » .5048
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Table 05. Ingestion rates of fourth instar‘g.Aflavicans
larvae at different temperatures and food
concentrations.

e Temperature Initial food Ingestion Mean Ingestion rate .. ..
(°C) concentration rate (mg individual per unit weight i
(mg. C liter—l) C larva~™ dry weight (mg. C mg‘l)l
v - day’l) _(mg) g
Epilimnion_ 4
just 6 r 17.8 .0:576 .0134 .0883 .1518
. 17.8 1.123 .0182 . 2061
17.8 1.620 .0199 .2254°
17.8 1.956 . .0367 .4156
just 9 17.1 0.934 .0193 .1046 .1845
‘ 17.1 2.047 .0335 .3203
17.1 - 2.835 .0456 .4359
17.1 3.746 .0420 .4015
just 12 16.8 1.326 .0232 .1294 .1793
16.8 2.513 .0359 .2274
16.8 3.738 .0453 .3501
16.8 4.689 .0523 .4042
ust 14 16.3 1.573 .0234 .1557 .1503
16.3 3.591 .0332 .2132
16.3 5.316 .0452 .2903
16.3 1 6.983 .0616 .3956
Hypolimnion ' ‘
just 6 .6.9 0.576 .0151 .0883 .1710
6.9 1.123 .0213 2412
6.9 1.620 .0314 .3556
6.9 . 1.956 .0340 .3851
just 9 6.8 0.934 .0152 .1046 L1453
6.8 2.047 .0283 .2706
6.8 2.835 .0391 .3738
6.8 "3.746 .0399 .3815
yjust 12 6.8 1.326 “.0201 .1294 .1553
' 6.8 2.513 .0254 .1963
6.8 3.738 .0286 .2210
6.8 . 4.689 .0442 .3416
just 14 6.7 1.573 .0205 . 1557 L1317
ce 6.7 3.591 .0288" .1850
6.7 5.316 .0367 .2357
6.7 6.983 .0485 . 3115




Table P . Authors of some species listed in the text

APPLNDIX P. AUTHORS OF SPECIES

1O

_Species Author
Chaoborus flavicans (Meigen)
C. crystallinus (De Geer)
punctipennis (Say)
C. trivittatus (Loew)
C. americanus (Joh.)
C. astictopus Dyar and Shannon
C. nyblaei (Zett.)
C. obscuripes (V.D. Wulp)
C. pallidus (Fabr.)
Léydigia Sp. Leydig
Daphnia pulicaria. Leydig
Diaptonus tyrelli Poppe
Cyvclops fimbriatué (Fischer)
Cvclops bicuspidatus Thomas i
Keratella quadrata (Muller)
‘Keratella-cochlearis (Gosse)
llvallela azteca {Saussure)




