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ABSTRACT

The life cycle, population dynamics, respírat,ion

and feeding ecology of Chaoborus flavicans (Meigen) (Diptera:

Chaoboridae) in West Blue Lake vrere examined over a two

year period. The new generation began in early Juty. La'rvae

gre\¡r into fourth instars before winter. Fourth inst.ars over-

wintered in the mud in a st,ate of diapause, emerged next

spring ancl metamorphosed into pupae. Adults emerged, mated

end producecl floating egg rafts during fate June and early

July. Larval abundance declined rapidly after'they hatched

and remained low for the rest of the season. Younger instars

remained nearer the surface while older instars moved to

deeper daytime clepths an<1 exhibited more extensive diel ver-

tical migrations.

DeVelopmental times of C. flavicans instars I-IV

r¡rere: 10, 12, 12, and 142 days respectively. Biweekly weight

increments were larger in successive instars. Maximum dry

weights of instars I-IV rtrere: 0.0193, 0.0493r 0.1543 and

0.9354 mg. respectively. Caloric content per unj-t weight

(5.864 kcal. gr*.-1dry weight) was not clifferent among larvae

and pu¡>ae. Carbon content.per unit weight of instars I-IV

and pupae was: 661.3, 602.Bt 623.6, 468.1r and 389.8 ug. C

mg:lclry weight respectively. Net productivity of C. flavicans

larvae was 1982 rng. dry weight mî2year-I (1.09 x 10 ug. c

mlzyear-l rr .625 kcal. mî2year-l) according to the Allen

curve ancl 2074 mg. dry weight mî2y"tt-laccording to the

(víii )



Pechen-Shuskina formula.

oxygen uptake rates of fourth instars and pupae in-

creased exponentíally with temperattlrêo In younger instars,

oxygen uptake rates increased linearly with temperature. i- r'i

Oxygen uptake per unit weight was significantly higher in

pupae than in Larvae. Ig silu incubation experiments showed

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

cessive instars. First instars fed on rotifers and nauplii

ancl second instars added larger Cyctgps ,bicuspidatus Thomasi

to their diet. Third instars began feeding on small Daphnia

pulicariâ. Leydig. Fourth instars pt"f"tt"d g. bicuspiclatus

and consumecl all other types of prey. Feeding rates of aII

instars were lower in the hypolimnion than ín the epilimnion.

Feeding intensity increased. with foocl concentration and tem-

perature an<l clecreased as Iarvae grew o1cler.

1ix)



INTRODUCTION

'..' ..'lResearch at Vüest Blue Lake is aimed at quantita- ::i :

tively describing energy exchanges and pathways in this
freshwater ecosystem. To help attain this goal, informa-

,,:1.: .

tion about food web components is required. Life cycles , ; i,,,''.
1 : 

",population dynamics, productivity and feeding parameters

are pertinent in describing an organismts place in the food

web and j.ts contribution to the productivity of the whole

ecosystem.

Chaoborus larvae play an important roLe in fresh-

water ecosystems. They contribute significantly to the

total biomass and productivity of the ecosystem. Chaoborús

larvae exert significant predatory pressure on freshwater

zooplankton. In t,urn, Çhqgborus larvae are an import,ant
^food source for amphipods and fish.

Ch?oborus larvae occur in large numbers. Densities

of over 501000 m.-2 are reported (Borutzky 1939, Bonomi

L962) . Chaoborus larvae can attain a dry weight of I.3 mg.

(Parma L97L). Parma (1971) estimated biomass of benthj-c
-1Chaoborus.Iarvae to be 57.5 kg. ha. À (wet weight) and 6.5

-1kg. ha. ¿ (dry weight). In Lake Mendota, winter biomass of
-1Chaoborus larvae was 558 kg. ha. ¿ (Juday l92L). Borutzky

-1(1939) found a maximum biomass in November of L7.5 kg. ha.-r

-:: ri



(dry weight). Deevey (in Brooks and Deevey 1963) estimated

productivity of Chaobgrus larvae to be 15 Lo 28 kg. (dry
-1 -lweight) ha. - year *. Thus Chaoborus. larvae contribute

substantially to total biomass .and productivity of the

freshwater ecosy.stem.

Chaoborus larvae exert sígnificant predatory pres-

sure on zooplankton. Kajak and. Ranke Rybicka (1970) found.

thaÈ 7z and 13% of the zooprankton popuration were removed

daily by Chaoborus in two Polish Iakes. Fedorenkots (1975)

estimated. mean percentages of st,anding crop of prey eaten by

Chaoborus lvere: 2e" for copepod nauplii, 3eo for.Diaptomus

tyrelli, 9Z for 9. kenai, and 42 for Diaphanosoma-. Dodson

(Ig72) found that Chaoborus predation accounted for 93? of
Daphnia mortality in Leechmere Pond, Colorado. Dodson

stated that the population growth rate of Daphnia was signi-
ficantly influenced by this predation pressure.

Chaoborus larvae and pupae are a substantially Ím-]--
portant food source for amphipods and fish'. And.erson

(1970 | L974) observed many Ganmarus lacust,r,is feeding on C.

americanus in many Alberta lakes. He stated that amphipod

predation on chaoborids is the reason why amphipods and

chaoborids rarely coexist. g. lacustris and Hyalle1a

azteca are present in West Blue Lake. Biette (1969) ob-

served a maximum density 223 Gammarus p.r *.2 in late
June and. 334 Hyallela per m.2 in late July. However feeding

f

m

of amphipods on Chaoborus larvae was not examined. Tn West'



Blue Lake, CÞaoborus is not, an important^ food source for
walleye (Kelso l97L) or for yellow perch fry (Wong 19721.

However, Chaoborus larvae and pupae occur regularly in
older yellow perch throughout the summer. Falk (1971)

found that Ch@-oruq compriseð, zle" (by weight) of perch

stomach contents in early ufune and 60å on June 22. In

other lakes, Çþaoborus are more important as fish food.
i.: ......,,..

Chaoborus1arvaeoccurfrequent1yinKokanee(Northcoteand
':

Lorz J:966) .""d irregularly in stomachs of cutthroat, trout 
i,,l,,.,'..'..,

(Dimick and Mote 1934), rainbow trout (Crossman and Larkin 
':.i:"''ì'

1.959), brook trout (Ricker Ig32) | and lake trout, (Martin

1954). Campbell (1935) found that Chaoborus larvae com- r

prised 508 of white suckersr stomach contents. Mills (per. 
,

com, ) found that ChaOborus comprise 40 80% of the white-

fishdietintheExperimenta1LakesArea,ontario.
ì

The observations stated above led t.o the belief that 
,

a study of C. flavicans relative to the lrlest. B.lue Lake eco- 
,

. system would be important in attainirig the general goals of ,, ,,,,r,,

. ,r:,::,,:,.¡;;

. the West Blue Lake research program. A study of Chaoborus i-,,.,:r,
:.: i.:.:.ii:::

productivity and feeding would reveal a neT¡¡ energ1¡ pathway, 
.::"::'

help explain discrepancies between secondary and fish pro-

ducLion estimates and provide new information about Chaoborus
,ia.:.:f..
i,.l ,r,=,,predation on Vfest Blue Lake zooplankt,on.

The objectives of this study are: (1) to describe

the life hist,ory of C. flavicans in lVest Blue Lake , (2) to
:

quantitatively describe population dynamics of Chaoborus



aquatic. stages and to estimate larvaI productivity, (3) to
monitor diel vertical migration of C.; fla-vicans larvae and

their prey' (4) to describe effects of temperature and food

. concentration on ingestion rates of C. fi-avicans larvae t -

(5) to describe effect, of temperature on respiration of C.

fla]¡icans larvae, and (6) to refate ingestion rates, respi-
rat,ion and vertical migration patterns of C. flavicans
larvae to their productivity.

It is necessary to describe the life history,of C.

flavicans because subsequent studies of proauctivity and

feeding are based on information obtained. from knowledge of

the life cycle. Parma (1971) described. the life history of
g. flavicans in a Dut.ch man-made pond. I was interested in
comparing the life cycLe cf C. flavicans in Vüest Blue Lake

to the life cycle describea ; *ill"-*"r, as life cycles

of C. trivittatus and C. amerícanus described by Fedorenko

and Swift (L972).

Estimates of population parameters such as abundance, 
1.,._,

l'.'ì'.growth, fecundity, population structure, et.c., are necessary 
,;;,;:_r,

to estimate production. Net production of a specific popu- :

lation for a given time period is the sum of the growth in=

crements of all members of the populatíon. The Allen curve
I r._.:

was the first method chosen !o calculate production of C. 1.;,.

f.lavicans larvae in West Blue Lake. This method is applic-
able because C. flavicans is univoltine. Using the A1len

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



an individual. The area und.er this curve is the productiv-

ity of the cohort. The Pechen-shuskina formula was the

second method chosen to caLculate production of C. flavicans
. in West Blue Lake. This method is also appl.icable because

Chaoborus larvae pass through four identifiable instars,
each of which provide one term in the Pechen-shuskina produc-

tion formula.

The Pechen-Shuskina formula differs from the Allen

Curve because it takes into account the population structure
(i.e. frequency of occurrence of various life history st.ages

at different times). I was interested in comparíng and

evaLuating the production values estimated by the two

methods. The main-reason for calculating productivity was

to estimate the contribution of the Chaoborus populatíon to

the total product.ivity of the ecosystem.

Knowledge of diel vertical migrat,ion patterns of C.

flavicans and their prey r^ras deemed important in this study.

This knowledge would reveal whether or not Chagborus larvae

were maxiruizing their exploitation of prey populations by

sychronizíng their migratory patterns with the migratory

patterns of their prey

As Chaobqrus larvae m:igrate daily through the water

column, they encounter different temperatures and different
prey densities. Studies of prey type selection and the

effect of temperature and food concentration on Chaoborus

r::.::
L:r'

ingestion rates would help reveal the nature of Chaoborus



s by C. flavicans

larvae at different temperatures would reveal whether or not

the larvae spend much or little of their assimilated energy

in respiratiqn.

Observations on the feeding ecology of Chaoborus

larvae have been mostLy qualitative and linuited in scope.

Pa.rma (1971) stated that Chaoborus larvae will ingest all

crustacean zooplankters, rotifers, oligochaetes, chironomid

larvae, mosquito larvae, algae and other Chaoborus larvae.

Deonier (1943) and Main (1953) reported that different

instars ingest different food. types. First and..second

instars eat small zooplankters such as rotifers and nauplii.

Older larvae eat larger copepods and clad.ocerans. SÍkorowa

(1973) confirmed that differences in food. of Chaoborus

larval instars exist. She pooled crop contents of Chaoborus

collected from different, locations at various times of the

year and quantit.atively analyzed diets of a1l four instars

of C. flavicans and C. gllinus.. Rothrs (1971) rap.ioiso-

tope approach was indirect and. time-consurning.

Kajak and Ranke-Rybícka (1970) used a somewhat r-ur-

realist.ic method. They compared prey numbers before and

after in situ incr¡bations with Chaoborus. The accuracy of

their method relied on a very high prey densíty. Fedorenko

(1975) al-so used the differences in prey numbers before and

after in sj-tu incubation experiments. However prey numbers

do not indicate the energy value of the consumed food. t'Dry



weight and its'calorific equivalent eaten per unit time by

individuaL pred.ators of known size are the best means of

expressing the food intake and are easily incorporated ínto
further calculatÍons of the energy budget" (Edmonson and.

Vfinberg, L97l\ .

Thusr, studies of ingestion, respiration and dief
vertícal migration patterns of Chaoborus. would help explain

the magnitude of Chaoborus productivity in West Blue Lake.

For instance, if ingestion rates rlrere low, oxygen uptake

high, and. if there were much temporal and spatial segrega-.

tion of Chaoborus and their prey, one would expect Chaoborus'_-_
product,ivity tcj be relatively 1ow.

In this study, population dynamics of one. generation

of C. flavicans (Lg74-7ü v¡ere monitored at three stations

in West Blue Lake. .Counts of Chaoborus trarvae and zooplank-

ton d.o not necessarily represent true abundance in the lake.

Wind-generat,ed currents may have altered horizontal distri-
bution. Counts made at a few stations in a multibasin l-ake

may not, be representative of the whole lake. Average

abundance may have been overestimated by counts made at a

deep station especially if animals were concentrated near

the bottom (Ifard and Robinson Lg74l. Sampling was confined

mainly to'the ice-free season. Winter sampling was not

deemed critically important in this study because çhaoboqqq

larvae overwinter in the mud in a st,ate of diapause.



LITERATURE REVIEVü

C,eneral Biology of Chaoborus sp.

The Chaoborinae (Corethrinae), once considered to be

a subfamily of the Culicidae, arê now considered to be a
separate fanily which is closely related to the Culicidae .',,'.,,',','

All palaearct,ic and nearctic specíes of Chaoborus

may occur in ponds, puddles and bogs (Peus L934, Remm I?ST).

All the nearctic species except C. crystallinus and C.

. nyblaei have also been found in relativery deep lakes while

C.: flavicans ís the only European specíes known to occur

outside the littoral zone of lakes deeper than 5 m. (Stahl

1966). C. flavi_cans, 9. qstgllilus. and C. nyblaei are all
holarctic species. Only C. f'lavicans is common thr:oughout

Europe, Siberia and North America. g. slyglal¿i!3s is
coInmon in Europe and Siberia but in North America it has

been reported only from northcentrat Canad.a. C. nvblqei

is known only from Nor:v,ray, Finland and Baffin Is1and. g.

obÊsuripes and C. pal,lidus are known from all over Europe

tsaether lg72).

Chgoborus larvae are not restricted to eutrophic and

and Dixidae (Oyar f905, Stone 1956, Freeman L962, Cook 1965,

Peus L967). The family contains eight génera of which

Chaoborus Lichtenstein 1800 is best known



dyst,rophic waters (Stahl 1966 r Parma 197I). C., flqvicans

has been found in large oligotrophic lakes ,"ru"*
Fedorenko and Swift Lg72). C. oÞsuripes is very common in
high mountain lakes of.Fennoscandia (Saether 1970).

Çþqoborqg. distribution'probably depends more on zooplankton

densities than on physicaS- and chemical factors (Saeth-er

Lg72). Highest densities of Chaoborus larvae have been

found in eutrophic and dystrophj.c waters. Eggleton (1931)

found 7L,O0O m.-2 in Third Sister Lake.

The hardiness and t,ransparency of Ct aoboro= larvae

have made them a favorite subject of anatomical.and physio-

logical studies. Perttunen and Lagerspetz (1956) found that
heart pulse rate of Chaoborgs increases with temperature and

that the anterior part, of the heart pulses slower than the

posterior part. At 5oC, the anterior end pulses 10 times in
273^351 seconds while the posterior part pulses 10 times in
L76-26g seconds. At 40oC, the anterior part pulses 10 times

in 28-75 seconds and the posterior part pulses 10 times in
L2-L3 seconds. 

. 
The digestive system of Chaoborus has been

studied by Montshadsky (1945), Gersch (L952, 1955) r Duhr

(1955) and Schonfeld (1957). The first digestion of, food

occurs in the pharynx. ïndigestable parts are expelled

through the mouth. Only fluid substances reach the gut.

Chaoborus excretion and osmoregulation were studied by

Stadd.on (L962) and Schaller (L949) respectively. In hypo-

tonic solution, water diffuses through the anal tubuli wal.ls

i.:.. ;::.



10

which are at the same time actively taking up ions. In
hypertonic media, !¡ater leaves via the anal tuburi, causing

the animal to drink. superfluous ions are expetled through

the rectum. Frolowa (1929) and Rai (1963) described the

four pairs of chromosomes of c. crystallinus. Meinert
(1886) and von Frankenburg (1915) d.escribed the anal appar-

atus of Chaoborus. Peus (1934) suggested that the retrac-
tile anal apparatus functions in stabilization and adherence.

Juday (1921) showed that 672 of the dry weight of,C.
punctipennis is protein and 9.5å is fat. Juday (1921) , Berg

(1937) and lnlesenberg-Lund (1943) stressed the importance of
chaoborus as a food source for other o¡ganisms. prokesova

(1963) showed.that during anoxia, the percentage of glycogen

increased in C. cla/stat-linus and C. "flavicans larvae while
the percentage of fat increased only in c. flavicans. The

completely closed tracheal system functions as a hydrostatic
apparatus. Respirat,ion occurs through the cuticle. Krogh

(1911) found that pressure changes d.id not. alter the B4S

nÍtrogen : 16å oxygen content of the tracheal sacs of
Chaoborus larvae. Von Frankenberg (1915) suggested that the

stiff-walred sacs are elastic enough to be infruenced by

pressure changes and that, air diffuses in when pressure is
increased; Bardenfleth and Ege (1916) found that the air
sac walls of lake forms of chaoborus were twice as thick as

those of pond forms. llìeferences from Saether 1972).

The life cycle of C. flavj-cans !ìras described. in

t.



d.etail by Parma (19 71) . Ite found that adults emerge mostly
at dawn. He\^¡ever Berg (1937) stated that Chaoborus emerge

at night. Jonasson lLg72) used, floating "-*n""O" araps 
-

and found that c. flavicans adurts emerged over a six vieek'-
period from ,rury to mid-August. parma (rg7rl observed an

adult life span of 1.5 - 6 days. Mating swarms of chaoborus r

have been reported for several species both in tropical and

temperate regions (!üesenburg-Lr:nd rg] 4, MutÈkowski 191g,

'Juday L92!, MacDonald 1956, verbeke 1957)l rrt."" swarms.

oêcur along lakeshores.

Lindquist and Deonier (Lg42) observed a.two to three
day pre-ovíposition period in laboratory cultures of c.

astictqpus. Parma (1971) observed depositíon of unfertilized
eggs one hour after c. crystallinus emerglence. c. flavicaps
produced one egg raft per female. Each egg raft contained
a mean of 449 eggs (parma I9TL). ç.. crvstallinus egg rafts
contain 351 eggs (Parma 1969). parma (1971) observed that
100å of the egg rafts of c. fravicans hatch and thaL g7z of
eggs in each raft hatch. parmê (Lg6g) estimated develop-

mental time of C. flavicans- eggs to be 2-4 days.
--c. flavicans first instar rarvae are arways rimnetic

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 current,s.
Berg (1937) and Lindquist and Deonier twaz) observed higher
densities of first instars inshore where oviposition occurred.

.i

t.:
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Later, young larvae were observed in deeper water. C.

flavicans second instar larvae are also strictly limnetic.

Parma C1971) found only one second instar in several thou-

sand benttric samples. The third instar of C. flavicans is

d.ualistic in its behavíour. Parma (1971) found third in- :,,,',,'

stars in the water column and in benthos during day and

night,. He observed that the fourth instar larvae. are ben-

thic during th-e day and that some fourth i nstars migrate to- i,.,i,,,.":: .:

wards the surface at night. Roth t1968) observed. the same

phenomenon in C. flSvicglns larvae in rrains Lake, Michigan..

Hor,r¡ever, fourth instar C.' flavicans larvae in Corbett Lake,

B.C.rwere never benthic but remained in the hypolimnion i
l.i

dr:ring the day (Teraguchi and Northcote Lg66).. C. trivitta- 
,

tus and C. americanus larvae in Eunice Laker B.C.r also dÍd

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

Parma (1971) observed. that C. flavicans pupae are

buried in the mud during the day and migrate toward the

surface at night

In North Ameríc d, C. flavicans fourth instar larvae

overwinter in or near the benthos and pupate after the ice

melts (Roth 1968, Stahl 1966). ,In Lake Esrom, Denmark, C.

flavicans larvae remained. in the mud all winter long

(Jonasson'L972). The ovennrintering stage of C. crfstal'linus 
i,,l.;i:

is the third and,/or fourth instar (Parma 1969 ' Roth 1968,

Malueg 1966, Stahl 1966). In Eunice Lake, 8.C., C. !r:.vrt!e-
tus has a two year life cycle. The fourth instar over-
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before it pupates (Fedorenko and Swift !g72).

Populat,ion þrnamics and Productivíty of Chaoborus

Q[aoborus life c¡cle duration is correlated with the

biotope. shaltow pond specÌes.may be prurivortine whire
species living in stratified Lakes may be univortine. Also

within one spe.cies such as g. flavlcans or g. punctipênhis,

voltinism varies according to latitude and biotope. Both /:

species occur separately or coexist in smarl shallow ponds

(.fu¿¿ Lg57, 1961) and in deep stratified,lakes (Stahl Lg66, 
.

Malueg 1966, Roth 1968)

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

that generation t,ime can be as short as one or two months

under favorable laboratory conditions. ïn nature, p3-uri-

voltinism has been observed for c. crystallinus, c. puncti-
pennis, 9. astictgpus and C. qngmalus (¡,leinert 1g86., peus

L934, Mi11er L94L, Lindquist, and Deonier 1942, MacDonald

1956, snel1 and Hazelt.ine 1963, Parma 1969). rn stratified
1akes, C. flavicans is always univoltine (Lundbeck Lg26,

rg and. Petersen

1956, Judd 1960, Parma 1971)

Parma (1971) estimated mean body length of over-

wintering fourth instar rarvae of q. flavicans to be 9.64 mm.

Mean wet and dry weights of these larvae hrere 3.61_ mg. and

0.405 m9. respectively. Mean wet and dry weights of third
inst,ar larvae r,t¡ere L.22 mg. and 0.085 mg. respectively.



Parma (1971) did not estimate mean length of C. flavicans

third instar larvae or the mean lengths and weights of the

first and second instars. Mean wet and dry weights of
pupae were 5.18 mg., and O.7g mg. respectively. Mean wet

and dry weights of adult male and female C. flavicans weres

1.50 mg., 0.455 mg. (male) and 2.61 mg., 0.795 mg. (female).

Parma. (1969) found that mean cephalic capsule

lengths of C. fla¡4j.cqnq instars I to IV .were: 0.227, 0.4L9,

0.744 and 1.152 mm. respectively. Teraguchi and Northcote
:1 (1966) used. probit analysis to dist.ingui"f, tfr" following q.

flavicans ceptralic capsule length classes: instar I : 0.1 -

ì 0.3, instar II : 0.3 - 0.5, instar II : 0.6 0.9, instar
:, Iv : 0.9 1.5 mm. Instead of measuring total body length
:

ì as Parma (1971) did, Teraguchi and Northcote (1966) measured

I ¡'inter-b1adder" lengths. Their inter-bladder tength classes

i for C. flaúicans instars I - IV were: 1.00 I.75 fltm., L.75

3.00 mm., 3.00 4.50 mm., and. 4,50 6.50 mm. respectively.

Teraguchi and Northcote did not perform welght analyses of

C. flavicans larvae. Roth (1968) examined preserved over-

wintered fourth instars of C. flavicans and found that their

total body length ranged from 10 - 13 mm. McGowan lCról+l

determined instars of 9. anomal-us and C. ceratopogones in

Lake George, Uganda, by measuring antennal base lengths

She expressed sizes of various life history st,ages in terms

of carbon content. For !. anom4us- and C. €ratopogones,
mean carbon content \^¡as: instar Iï '. 4 ilg, 2 ugt instar III

z 23 u9.r 2I ugr instar IV : 143 ugr 139 ugr pupae : 105 ilgr

l'-.
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111 ug respectively. Other estimates of Chaoborus carbon

or calorific content'are not reported in the literature.
Fedorenko and Swift (Lg72) stated that the mean cephalic

' capsule lengths of C. americanus and C. trivíttatus were

. instar I z 0.4 nm.i instar fT : 0.5, 0.7 mm.; instar III :

: 1.0, 1.3 mm.; instar IV : 1.6, 2.2 rrm.. respectively.

Fedorenko and'Swift did not weigh larvae according to instar

: type

Fedorenko and Swift (L972) plotted growth curves of

instar. They found that C. amerÍcanus grevr faster than C.

tEivittatus. In the first year of their two year tífe
cycle, C. !er_y¡!!etus larvae grew to a maximum of 0.5 mg.

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

, from 0.7 to 1.9 mg. C. americanus larvae grew to a maximum

I "t 0.8 mg. Parma (1971) used changes in weight frequency

i histograms to calculate biweekly growth increments of
: benthic fourth instar larvae of C. flavicans. He did not

state these growth increments. In Lake Esrom, Denmark,

9. flavicanl larvae weighed 0.53 mg. before the beginning of
winter diapause. Over:v¡intered larvae grew quickly to 0.71

mg. in May and final mean weight in June was 0.97 mg. (dry

weight) (Jonasson Lg72) .

Estimates of developmental times of Chaoborus in-

stars are rare. Fedorenko and Swift (L972) estimated dura-
:

tion of C. americanus and C. trivittatus instars If, III and



TV to be 12 and. 23 days , 17 and 48 days, 3lg and 635 days

respectively. Fedorenko and swift did not estimate duration
of first instars. Parma (1971) experimentally determined

d.uration of c. flavicanF instars by cu:Lturing larvae in an

artificial food suspension at 2ooc and constant daylight.
Parma est,imated. duration of instars T., II and III to be g

days, 20 days.and 14 days respectively. parma did not esti-
mate fourth insta:i duration. However he sLat.ed that tempera-

ture, quantity and quality of food, photoperiod and pre-

sence or absence of burrowing behaviour influence fourth
instar durat.ion. The life span of chaoborus pupae ranges

,-
from one day (ttuttkowski 1918) to 10 - LZ days (Reaumur

L740). This variation can be attributed to different tem-

peratures. Parma (1969) showed that C. gy.glg.U$us pupae

last 3 days at 2Ooc.and 12 d.ays at lOoc. parma (I97I)

showed that C. fle.vicans pupae last 3 - 4 d.ays aE 20oC and

10 15 days at 10oC. Meinert (1886) reported the possi-
bility of pupal diapause under cult.uring conditions.

Parma (1971) recorded a sex ratio of I.22¿L.0

to for C. Elryicens adults raised in the laboratory.

Parma (1969) found a decreasing percentage with time of
males j-n a C. gly;.!ef$rrus. populatíon. He experimentally

showed that males developed faster from pupae in laboratory

cultures.

Reported' estimates

latitude and lake type. In

of Chaoborus abundance vary with

16
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(Tg75) found that larval densities of chaoborus ranged from

3800 to 19,000 individ.uals m-2. McGowan (Lg74) recorded a

maximum planktonic density of 3r.7 x 102 ^.-2 and a maximum

benthic density of 79.9'x Lo2 m.-2 for c. anomalus and c.

ceratopogones in Lake George, Uganda. Eggleton (193I) found
?^a maxi.mum density of 7L.o x rOJ 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 107

larvae in an oligotrophic lake with a surface area of g:3

hectares, Dodson (Lg72) found I23O t"r.rae m.-3 in Leechmere

Pond, colorado. Fedorenko (L975) found maxima of 1100

g. trivittatus m.-2 and 200 C. americanus m.-2,. in Eunice

Lake, B.c. Parma (1971) reported a maximum benthic density
"-tof 13.0 x 10t ^.-". In Lake Esrom, Denmark, density of C.

flavicans larvae varied from 600 m.-2 to 5000 m.-2 (Jonasson

1972) .

Few estimates of chaob.orus biômass and productivity
are reported in the:literature; Bj-omass of benthic C.

flgIa-c34s- larvae in Lake Vecht.en, Netherfrrr¿=, r^ras 57.5 kg.
't

ha.-I (wet weight) and 6.5 kg. h..-1 (dry weight) (parma

1971). rn take Mendota, winter biomass of chaoborus larvae
-1 ry ,*.rnd.raras 558 k9. ha. 4 (Juday L92L). Borutzky (1939) foun

-1maximum biomass in November of 17.5 kg. ha.-' (dry weight).
Deevey (in Brooks and Deevey 1963) estimated product.i.vity of
benthic Chaoborus larvae to be 15 to 28 kg. (dry weight)
.-1-1ha. year * in some American lakes. Above estimates were

carôulated using Allen curves (A11en 1951). Jonasson (Lg7Z')

: .:.- -
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calculated bíomass and productivity of c. fl-avicans larvae

in Lake Esrom, Denmark. jonasson's bior4ass estimates were

based on monthly samples. Biomass of ove:¡¡¡int,ering larvae
-2.(300 3000 mg. dry weigh't m. -) \^ras, in general, lower than

spring biomass estimates (373 - 4927 mg. dry weight m.'2).
summer biomass was lowest in Lake Esrom. rt ranged from

2-39 - 252 mg. 'dry weight m.-'. Jonasson (Lg72) found that C.

flavicSns productivity was, in general, lower in winter
-') -1(-5.1592m9.dryweightm.-omonth-.),thaninsummer(35

457 mg. dry weight *.'2 month-I) .

Verþica1 Migration of Chaoborus Larvae

In most lakes, Chaoborus is benthic during the day

and planktonic aÈ night, (Juday I92L, Eggleton L932, Berg

l-937)¡ rn some lakes, 9Þggþottå .r" continuously planktonic,
moving from deep .water during the day to surface waters at
night (ttunt 1958, Northcote 1964, Fedorenko and swift Lg72).

MacDonald (1956) and Teraguchi and Northcote (1966)

observed that Chaoborus larval instars differ in their
migratory behaviour. MacDonald (1956) observed that younger

instars remain in the limnetic zone while the order instars
inhabit it only temporarily at night. Teraguchi and North-

cote (1966) found that, c. fravicans first instars showed no

migration into suiface waters. They \^rere 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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during the ni.ght. Third instars occurred between 1 and 1l m.

and exhibited a stronger dieL vertical mÌgration. 'During the
d.y, third instars r,úere concent.rated at 9 to 1l m. At mid-
night, third instars were concentrated at 3 - 5 m. The most

pronounced verticar migratíon r4¡as exhibited by fourth in-
stars. During the d.y, thêy were concentrated at g to 13 m;

Ascent by fourth instars was progressively earríer in the
evenings as the season advanced and descent occúrred later in
the mornings. Teraguchi and. Northcote (Lg66) noted. gushingrs

(1951) "midniglrt sinking" phase in the ¿ier migration patterns
of fourth instars, Midnight sinking occurred at .L2 p.m. (two

hours after ascent) in July. Later in the season, midnight
sinking began at 1l- p.m. Teraguchi and Northcote (l-966) pos-

tulated that light intensity influences verticar migration.
Fedorenko and Swift (L972) monitored diel vertical migration
patterns of c. trivlttatus and c. aTeriianus in Eunice Lake,

B.C. Seasonal changes in noon vertical distribution of these

larvae rnrere similar to those found by Teraguchi and. Northcote
(1966). The first two instars of both species and C.

gmerrqaquq larvae r^rere found above the thermocline. As the
season progressed, g. tsívittatus third instars moved berow

the thermocline. Young and old C. trivittatus feurth inst,ars
occurred below the thermocline. spatial overlap between the

two species occurred for first, second and. young third instars.
Fedorenko and swift (Lg72) recorded marked differences

in diel migration of instars of the two species. c. americanus



20

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. g. trrJittatus third instars had a migration pattern
simil.ar to that of c. trivittatus young fourth instars. g.

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

completed ascent by 9 p.m. and began midnight sinking at. nid-
night. During'the day, c. trivlllglus- third and young fourth
instars were spatially isolated from all other instars of
both species. Roth (1968) found that q. llavicans \^/ere con-

centrated deeper than c. ptrlrgg¿pgrrrrÞ and c. arbatus in Frains
Lake, Michigan. ,411 three species exhibited similar migration
patterns. Roth (1968) suggested that slight differences in
morpholggy and distribution v/ere sufficient to explain their
coexistence. Migration patterns of c. punctlpêhnis and c.

f lavicans in Myers Lake, rndiana \¡rere found. to be alike in
all respects (Stah1 1966).

cushing!s (1951) general scheme for migration patterns
of all vertically migrating zooplankton was based on J-ight as

the initíating and conLrolling factor. The four phases of
Cushingrs migrat,ion patterns were: (1) dawn rise, (2) sharp

descent to day depth, (3) ascent from day d.epth, and

(4) midnight sinking. cushing devel-oped this pattern from

observations of maríne zooplanktgn, 
. 
Hutchinson (1967) stated

that, the migration pat,tern was applicable to freshwater

zooplankton.

Many theories hypothesízlng adaptive values of

:,
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verLical migratìon have been proposed.. These theories are 
.

as follows: escape from predators (Manteifet Lgsg, pearre

1973) , ltorízontar transport (Hardy.and Gunter 1935, Hardy

1956, David 1961), social control of populatÍon slze
(wynne-Edwards Lg62), energy gain (Mclaren 1963, Kerfoot,

l-970) , combination of the above theories (Hutchinson 1967,

Mauchline and'Fisher rg69) , and demographic effects (Mclaren

rs7 4)

Mclarents (1963) theory concerning adaptive value of
vertical migration is the only one that consíders the energy

budget of the migrating animal. Mclaren concluded that
migrating animals accrue an energy gain from the more effi-
cient partiti-oning of energy to growth at low temperatures

and that this energy gain can be used for fecundity, growth,

etc.

Swíft (I,974) stated that McI,atenrs (1963) theory on

the energetic advantage of t,emperature alternation depends

on assumptions which are not justified. considering ener-
getics onry, animals should stay at the surface or forlow a

physiological migration pattern in order t.o maximize growth.

swiftsrs simulation model of the energetics of verti-caI
migration in C. tïivittatus larvae confirmed that, on an

energetics basis, the two migratíon patterns cited. above are

better for larvar growth than Mclarenrs (1963) migration
pattern

i::::

La Row (1968, L969) demonstrated a persistent
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diurnal rhythm in emergence of ChegÞssgs larvae from sedi-

ments. He also .demonstrated a 24 hour periodicity of larvae

kept under constant light. conditíons in sediment cores

When light. intensity \Aras lowr larvae emerged from sediments

and became pl-anktonic. When light intensity was high,

larvae re-entered sediments. In darkness, larvae maintained

a 24 hour rhythm. At, 5dc, diurnal activity ceased.

Respiration and Feeding Ecology of Chaoborus Larvae

Chaob.o.rus larvae respire through ,the cuticlê. The

tracheal system has no respiratory function (Saether L972).

Swift Ã974) measured 0Z consumption of C. trivittalus

fourth instars. He used constant pressure respirometers

and the micro-Winkl-er technique to measure respiration and.

found significant differences in results of the two methods.

Using constant pressure respirometers, Swift, found that 0,.,.¿
¿0 and 25oc was 0.48 | 0.g5, 1.0,consumption at 5, 10, 15, 20 and 25-C was 0.48t O.95'

L.25 and 2.0 ul. larva-l ho,rr-l. swift stated that Oz con-

sumption of Çhaob,orus larvae increases linearly with tem-

perature. Berg gþ 4. Ã962) and Berg and Jonasson (1965)

used a dropping mercury electrode to monitor 0D consumPtíon.¿
of C. flavicans larvae. They found that. 0, consumption in-

creased tinearly with temperature and with animal act,ivity.

A larva that remained stilI, ionsumed I - 2 vL 0Z hour-I

while a larva that moved 1 or 2 times per second at the same

-1temperature consumed 10 uI hour-r. At 8oc, 0Z consumption

rate was 6.0 ul 0 2 gm.-l hoor-l. At 2ooc, it, was 2L.4 uI



-1- -1gnÌ. - hour i Berg and üonasson [1965) also found that C.

flavicans larvae have a higher 0., consumption rate in werr-¿

oxygenated water than in anoxic water. No other feports
of chaoborus respiration exist in the literature.

-- 
*"*=- adults and pupae do nôt feed. châoborus

adults have short piercing - sucking mouthparts (Cook 1956)

but no observati-ons of adurt feeding have been reported.
crops ,of c. flavicans larvae from Lake vechten ,

Netherlands, contained cladocerans (Bosmina sp. and LeyÈigia
' T,

sP. ) , copepods (Cyclops vicinus and Cyclops fimbriatus) ,

copepodid.s, and rotifers (uothorca sguamula and.Keratelra
quadrata) (Parma L}TL). Chaoborus predation on larvae of
culicid genera, guleë, Aedes, and Anophglee has been ob-
served (rwinn 1931, James and smith 1959, skierska 1969).

chaoborus fourth instar :Larvae also pïey on ephemerid larvae
(uiatt 1903, Sikorowa 1968) and dixid larvae (Ivieinert 1886).
Parma (1971) observed cannibalism among all larval stages of.\
g. flavicans and C. crvstal,linus. Felt (1904) observed

Chaoþorus ingesting newly hatched fish larvae
Benthic châoborus larvae feed on harpacticoids

(tundbeck L926, sladecek 1952), oligochaetes (parma lgTL)

and chironomid larvae (Alverd.es 1926, Tubb and Dorris .1965).

Físh are the main predators of chaoborus l-arvae and

pupae. Lindquist,, Deonier and Hancey (1943) found Chaoborus

eggs and larvae in cv.p_gingg carpio 'ètomachs. chaoborus
-T--larvae occur frequently in Kokanee (Northcote and Lorz Lg66)
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cutthroat trout (Dinick and Mote Lg34), rainbow trout
(Ricker L932) and lake t::out [Martin ]-,9S4). Campbell (1935)

found that chaobor:us larvae comprlse r50å of white suckers'

stomach contents. Mills (per. com.) revealed that, Chaoborus

larvae may comprÍse 40 80å of the whitefish diet i-n the

Experimental Lakes Area, ontario. parma (1971) observed

ccleoptera la?vae eating chaoborus larvae in the field. rn
laboratory éxperiments, Parma (1971) found that one Cy:clops

sp. ingests 25 chaoborus first inst,ars per day. And.erson

and Raasveldt (Lg74l stated that there is heavy predation-of
Chaoborus larvae by Gaïünarus lacustris in some Alberta ]akes.

chaoborus larvae prefer copepods over cladocerans

(Deonier L943, Maín 1953, Sw tste g! al. Lg73, Anderson and

Raasveldt Lg74). First and second instars prey on small

organisms such as nauplii, copepodids and rotifers (Kolmer

1904, Deonier I943r'Prokesova 1959, Sikorowa 1968). The

above food. preferences are based on raboratory studies.

There have. been few quantitative studies of Chaoborus

predation. Deonier (1943) stated that one Cþggþery larva,
can ingest L2 cyclops in 45 minutes. sikorowa C1973) pooled

crop contents of chaoborids collected from different, Polish
lakes at various times of the year. she found that first
and second insta.rs preferred small zooplankters such as

rotifers and nauplii while third and fourth instars preyed

more on larger copepods and cladocerans. Kajak and Ranke-

Rybicka (1970) performeq in situ feeding experiments with
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c. 'årrvi"atts. ,larvae in two polish lakes. Experiment,s rasted
6 hours. Predator densíty was 3.3 fourth instars 1,-1
Incubation charqbers containing various known mixtures of
copepods and cladocerans werê suspended at 1.5 and 6 m.

depth. Kajak and Ranke-Rybicka found that chaoborus ,larvae

consumed 0.81 - 0.88 crustaceans larva-l holrr-r. Maximum

daíIy food consumption of larvae was Lz.se, of their body

weight.

Fedorenko (1975) performed in siËu feeding experi-
ments with second, third and fourth instars of c., a¡nêricanus

and c. trivit.tatus,. she used various densities.of predators

and prey and suspended Lhe feeding containers at various
depths f.or 24 hours. Fedorenko forind t,hat c. amerj-canus

second and third instars preferred Bosgina sp. Diaplomus

Fyrelli was the major prey of c. trivittatus second and third
instars. seôond and third. instars of both species a].so cen-

sumed some rotifers. c. americahus fourth instars showed no
--_obvious food p.reference. They consumed rotifers, Bosmina,

itolgsdium, qlgp_tom"s kenai and Diaptomus tyreÀIi. young

and old fourth instars of c_.' trivjittafus. also ingested mest

types of available zooplankton. C. !!iv:!tg!gs,youlrg fourth
instars seemed to prefer þloped.ium and D. tyreIli. g.

!¡i_Iillgtug o1d fourth instars preferred p. kenai.

Fedorenko (1975) stated that prey size determined, diets of
the first three instars of both species and that, rtspatiar

availability" of prey determined d.iets of fourth instars.
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Kajak and Ranke-Rybicka (tg70). obseryed that c.
flavicans. fed mostty at nighÈ. Ten percent of larvae caught
at' night had. ful1 guts wh.ile 0.9? to 2.BZ of larvae caught
during the day had fulI guts. Fedorenko (Lg7S) observed

feeding activity peaks at dawn and dusk for c. trivittatus
fourth instars feeding on D. kenai.

Fedorênko (1975) reported that feeding rate of
-.:'.i; 

:. 
-second instar C. trivittatus was 2 D. tyrelli per dayì , :.,t.,.

;" æ *r-u*. These experi- :r ,.
third instars

ments had an initial food concentration of 5 D. tyr"rri 1.-1. 
li''"'

Fourth instar larvae of c. trivittatus and c. americanus

ate 20 D. tyre$i ,rrrr-i a*-t "a "" ,rritiar ""ffit"" .

-1of 70 D. tyrelli r.-1. Experiments \^¡ere not performed on
l

second and third inst,ars of c. americanus. Fedorenko stated
I

that feeding rates of young instars increased directly with
.ltemperature and food concentration. Feeding raÈes of

i

fourth instar c. trivitt,atus were independent of t.emperature.

Fedorenkors (1975) estimated mean percentage of
standing crop of prey eaten uv gþ"ou_orus. rÁras: 2z for cope-
pod nauplii, 3å for p. tvrelr!, 98 for p. bgl*! and 4å for
Diaphanosoma. Kajak and Ranke-Rybicka (19ZO) estimated that
c. flavicans daily removed 7z and r3g of the zooplankton

standing crop in two porish lakes. Dodson (rg7z) esÈimated

that chaoborus predation accounted for 93å of Daphnia mor-

tality in Leechmere p.ond, Colorado

/\uthors of some of the above species are listed. in
appencli>< 

. 
P. :
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METHODS AI\TD MATERTALS

Description of Study Area

West BIue Lake is located in west central Manitoba
(fig. 1). rhe lake is 4.8 km. long and is narro\^/ and steep-
sided. Maximum and mean depths are 3l m. and 1r.3 m. res-
pectively. There are no permanent inlet or out,let st,reams.

Bell- and Ward. (1970) and Ward and Robirr=ó* Og74) presented

d.etailed. descriptions of lrÏest Blue Lake and its dominant.

flora and fauna.

Life History, Population Srnamics and production of, C.flavicans

Stations I, .2 and 5 (fig. 1) r¡¡ere used throughout
this study. stations l, 2 and 5 were L7, 3t and 20 m. deep

,r"spectívely. All stations were in the pelagíc zor,e

Larval and pupal densities r,rrere sampled weekly at
st,ations r, 2 and 5. sampling was carried out from May 20 ,

Ig74, to'August 26, Ig74, and. f,rom May L.A, ;1975 to June 25,

rg75. Additional samples were taken on sept. 116, rg74 and

Oct. 16 , Ig74. Samples were collected at 0, L, 3t S, 7, g,

1I, 13, 15, 17, 19, 2\, 23, ZS and 30 m. d.epth at station Z.

At stations 1 and 5, samples were collected"at 0 meters and

two meter intervals from top to bottom. Triplicate samples

at, each depth were obt,ained with a 29 1. Schindler-patalas
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Fis.1. I.{ap of !'trest Blue Lake

Contour intervals are

shovrinq sampli-ng

in meters.

stations.
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plankton tfap. SAmpling began at 9 :30 ê..ilt, on each_ sampl-

ing date.

The water column was sampled from top to bottom.

This decreased. disturbance of C. flavicans about to be

sampled. Each sample was funneled into a 35 mr. rabelred

bottle. T\¿o ml. of 100? formalin vrere added Lo each sample.

sampres r^¡ere counted at 20 x or 40 x under an orympus bino-
cular microscope.

Weekly benthic samples $¡ere taken at Stations I, 2

and 5 from May 20, 1974, to August 12, L974. Additional
samples \^rere collected on oct. L6, Lg74. A murtiple corer
( narnilton g! al. L97L) was used to obtain triplícate sampres

on each sampling date. cores were washed in a 500 ¡.r mesh

bucket and contents \^rere labelled and preserved in 5? forma-

lin solution. Benthic chaoborus larvae \,vere sorted and

counted und.er an Olympus binocular microscope aL 20 x or
40 x.

Diel vertical migrations of firsÇ second, third and

fourth instar larvae of C. flavicans h/ere monitored on July 6,

July 20, August 7, and June 5, L974, respectively at, station
5. samples were taken at three meter depth intervars from 0

to 21 m. one sample was collected at each depth with a 29 1.

schindler-Patalas plankÈon trap. sampring began at 10:00

a.m. and continued at four-hour intervars for 24 hours on

each samBling date. Each sample was laberled, preserved in
a 53 formarin sorution and counted at 20 x or 40 x under a.

Í: , li

:

i



binocular microscope.

Ima'go emergence of C. flav.icans was monitored in
1975. Conical fi-oating transparent. polyethylene traps con-

structed. according to Sublette and. Dendy (in Edmondson and

' $Iinberg Lg7lJt were used. Five traps were evenly spaced on a

shore to shore transect across station 1. Traps \Àrere moni-

tored once a day from June 25 to July g, Lg7S. Imagines

r were sexed and counted. after removal from traps.

Five series of submerged conical traps evenly spaced

on a shore to shore transect across station 1 were used to
monitor long term movements of q. flavicans larvae and pupae

and amphipods. Traps rnrere submerged 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 2ir;nour

period every week from June 28 to July J.9, Lg75. Chaoborus

larvae and pupae were removed and preserved in 5Z formalin

solution. They r^rere counted aL 20 x or 40 x under a binocu-

lar macroscope

Instar succession of C. flavicans larvae was moní-

tored weekly from May. 20, L.g.74, to August L2, Lg74t and on

Sept. 16 and Oct. L6, 1974. Once each week, a series of
vertical tows was taken froni the bottom to the top of the

water column at station 5. A large v'riscons j-n plankton net
(mesh size z 243 u) \^ras used. Cephalic capsule lengths

(fig. 2) of 100 - 150 live farvae were'measured weekly.

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

3o

1 .. -..-;.,:. :

i._. :-: .:..:: ..
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Fig. 2. Head capsule length.
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cephaLic capsure lengths were measured at l0 x, 20. x, 30 x 
32

or 40 x (depending on larval size) under an olympus binocu-
1ar microscope equipped with an ocular micrometer. The

micrometer r.rras calÍbrated into 10 u divisions.
Growth of ,C. flavicans larvae and pupae was moní-

tored weekly from May 20, Lg74r. to August 26, r974i on sept.
16, 1974, Oct¡ 16, L974, and. weekly from May ].4, L}TS to
June 25, 1975. rnstar-specific growth was monitored frorn

July I, Lg75, to Aug. L2, l97S. Growth was measured in
terms of dry weight, carbon cJntent ana carord-es. Larvae

and pupae were caught in long vertical tows with a 243 u

plankton net. rn L974, larvae from tows lvere picked ran-
domly (i.e. irrespective of instar) for the purpose of con-

structing an All-en eurve (A1len l-951). Lots of 10 1Q0

larvae (depending on larvar size) r^¡eïe dried at 1Q5oc for
two days. Dry weight of each lot was determined. on a CAHN

el-ectric miciobalaïr.ce. caloric content, of dried. larvae and

pupae $ras determined by combustíon in a phillipson Microbomb

Calorimeter (Phillipson L964). If the.weight of a lot of
dried larvae or pupae r^¡as too light to be used as a caloric
sample (< 2.0 mg.) , then lots hrere combined.. To determine

carbon content, fresh larvae and pupae v¡ere placed on GFA

precombusted glass fiber filters. These samples were dried
at lo5oc for two days. carbon content of each samBle was

determined in a Perkin-Elmer Model 240 Elemental Analyzer.
rn Lg75, estimates of instar-specific dry weight, caloric
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content and carbon content were determined as above except

that Larvae were sorted according to instar, and dry weight

samples were obtained every 3 or 4 da1rs.

rn June L974, c. flavicans fourttr instar larvae and

pupae \¡¡ere caught, in a plankton net and were placed in out-
door rearing tanks (appendix A). After adult C. flavicans-----..-
emerged, 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-

taining well-oxygenated. water. Numbers of eggs per raft
\^rere counted at 60 x under a binocular microsco¡¡e. After
counting, each raft was placed in a 500 mI. jar of well-
oxygenated water.. Jars vrere stored in the rearing tank

shel-ter for 3 to 6 days. Numbers of unhatched eggs in each

rafL v¡efe counted to d.etermine hatching success.

Respirat,ion and Feeding of C. flavicans

A series of respiration experiments using second,

third and fourth instar larvae and pupae of c. f.lavicans._T--
\,!¡ere performed in the Laboratory during L97s. chaoborus

larvae and pupae \^rere collected with a p]-ankton net. They

r^rere sorted according to instar type and were held at ex-
perimental temperatures of. 2 3 hours before each experi-
ment. oxygen consumption of chaoborus larvae and pupae was

measurecl with a. scholander respirometer according t,o methods

of Scholander e! al. (1952). Nine test, chambers and one

control chamber were used in each experiment. Experiments
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\^rere performed at 5, 10, 15, 20 and 25oC. Each experiment

lasted one hour. For each- instar, the same larvae were

used for each temperature.

In L975, a sefies of in situ feeding experiment,s

was conducted on Ç. llavicqls larvae to determine food type

and food size preferences and the effect of temperature and

food concent,ration on ingest,ion rates of c. flavicans-.---
larvae

Transparent polyvinyl chloride (pVC) 15 1. feeding

chambers (appendix B) and opaque 10 1. plastic bottles were

used as incubation chambers for feeding experiments.

A t.rial experiment to determine predator density
needed to produce optimum feeding ín the chanbers and to
test relative efficiencies of the two types of chambers hras

conducted (appendix C) .

Experiments to determine size and type of prey

selected by c. flavlcans larvae were performed on each in-
star in 1975. Each experimenÈ was executed as follows:
T\uo equal lots of an instar were starved for 24 hours.

Three vertical tows taken with 'a 
73 p plankton net were in-

dividually strained through 1050 p and. 73 p filters. This

removed c. flavicans and large p. pulicaria but retained
prey organisms 73 U F 1050 il in size. Contents of. one tow

\^rere retained as a control sample. Each of the remaining

two tow contents \^rere individually placed in a pVc feeding

chamber. One lot of starved instars (appendix D) was placed.
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.in each chamber. ch,ambers were suspended at, 5 m, depth in
the lake and were incubated for 24 hours'. At. the end of
the incubation period, chaoborus larvae and remaining pïey

\^rere removed from the chambers. chaoborus larvae were

sorted. out of these test, samples. Test and control samples

were diluted to 15 1. (volume of feeding chamber). Two -
one litei sr:bsamples from test and control samples were

strained through a graduated set of filters (7g3 lrr 500 u¡

243 ur and 73 u). Numbers and types of prey organisms from

each filÈer \^¡ere counted in a sedgewick-Rafter cell at l0o x

und microscope

rn 
}t!! 

experiments to determine effects of food

concentration and temperature on ingestion rates of C.

flavicans larval instars v¡ere performed at stat.ion 5 d.uring

1975. Four experiments per instar were performed. Each ex-

periment was executed as follows: Eight equal rots of an

instar vrere coJlected with a plankton, net and were starved
for 24 - 48 hours. Thirteen vertical tows were taken with
a 73 p plankton. net on sÈation 5 and were strained through

a set of filters (500 y - 73 v for instar I, 7g3 u - 73 ¡r for
instar rr, 1050 u - 73 p for instars rrï and ïv) to elimin-
ate large Daph-nia and ch-aoborus rarvae. contents of three
tows \,i¡ere retained as control sampres. Food from the re-
maining tows was diluted. by either a half, once, one and a

harf times or twice the natural density using lake water
filtered through a 73 p filter. Each portion of diruted
food was placed in a feeding chamber along with one lot of
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starvecl larvae. Four chambers containing the above series
of diluted food v¡ere suspended at four meters dept,h in the

epilimnion. A duplicate set was suspended at 12 meters in
the hyporimnion. Temperature at 4 and 12 meters was mon-

itored rvith a thermistor. After 24 hours, contents of feed.-

ing chambers were removed. chaoborus rarvae hrere picked

out of these'samples. Test and control sampres rdere fil-
tered through.pre-combusted GFC glass fiber filters and

were dried for two days at, r05 c. Test and contror sampres

htere analyzed in a Perkin-Ermer l.fodel 240 Elemental Anal-
yzer to determine carbon content..

CaLculations

by multiplying no.

larvae 1. -1 by 1000 to obÈain no. lárvae *. -3 . No. larvae

m;3 between sampling depths was interpolated so that no.

larvae ¡1. -3 for every one meter depth were obtained. These

values \^rere. added to yield no. larvae m.-2 . Benthic den-

sities of chaoborus larvae $/ere not used in the calcuration
of no. larvae m. because benthic and pelagic densities
were based on samples collected with different sampling de-

vices. Density data from two different samplers are not

comparable due to different efficiencies of the samplers.

Depth-weighted peaks of vertical migration polygons

were calculated. by multiplying no. larvae at each samp-

ling .depth by the sampling depth and adding the products.

this no. Iarvae x depth was then divided by the total
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number of larvae caught to yield a depth-weighted peak in
the vertíca1 distribution of larvae. Data on copepod and

cladoceran vertical migration in Vlest Blue Lake were pro:

vi<led by Patrick (unpublished) and tnlard (unpublished) res-
pectively. 

:

The ALlen curve method for determining productivity

is based on t'he concept thatr âs a cohort gror^is older, the

anÍmals gro$/, but their numbers decrease because some die.

The AlLen curve represents the product of the.age-specific
. growth function and the age-specifíc survivorshíp curve of

a cohort. Actual net production is the product of mean den-

sity of animals and the mean individual weight increment

divided by an appropriate time interval. The first point

on the AL1en curve in this study \das obtained by applying

fecundity and sex ratio data to the density of fourth instar

_.r,': : ._. :.:1.:ì .:- ::ì: 
)::r: 

.. ::i: : i

.larvae that survived until the end of the generation (ap-

pendix N). The first point on the Allen curve represents

mean density of fírst instars that have just hatched, i.e. ¡

Iarvae at 0 weight.

In the calculation of Pechen-Shuskina production,

frequency of a gÍven instar at a given time by the mean

; density of atl lar:vae at that given time. Biomass at a

given time was calculated b1z multiplying the mean densi-ty

of an instar by the meart ind.ividual weíght of that Ínstar

at that time
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RESULTS

Lífe History and Population Dynamics of C. flavicans

I

decreased in sunmer and increaæd

Chaoborus larvae were never

9. flavicans larvae rarely occurred above 5 m. in the

rake. rn early suilrmeï, chaoborus larvae r^rere most. dense at
7 and 9 m. depth at all stations. Towards late summer and

autumn, highest larva1 densities occurred deeper, at 9 to
15 m. (fig. 3 ) .

Highest densities of Chaoborus larvae occurred at
stat,ion 5 throughout the growíng season (fig. 4): Table 1

summarizes larvar density changes during the study period.

Numbers per square meter were obtained by extrapolating den-

sities shown in,fig. 3 to numbers per cubic meter and intè-
grating the curve thus obtained. The highest mean density
occurred on July 8,'Lg74, and declined steadÍIy until June 25,

L975 (table 1) .

Benthic d.ensit,ies of c. flavicans rarvae \^rer.e rela-
tively

again

found

larvae

high in spring, 1974,

in falI, 1974 (fig. 5) .

in benthos from st,ation 2. Appendix D lists numbers of
per square meter of benthos.

Fig. 6 illustrates vertical migration patterns of
flavicans larvae and shows depth-weighted peaks (appendix

in the migrat,ing populations of p. pulicaria and c. bicus-
pidatus

ç.
E)
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Fig. 3. Vertical distribution
larvae during L974.

of C. flavicans
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Fig. 4.

ll0

Temporal changes in density of
C. flaVicans larvae at thlee stationsã'urñs-FZ-- 7s.



la
ir:

.
'li

1:
\'j

.,.

:¿

l' o .8
c{ I E o ró E vl z t¡

¡ 
.l

o

.jÌ
 l

:

o J 
U

LY I
19

74

JU
LY

 
J 

U
LY

15
 

30

:I

A
U

G
;

t2
A

U
G

. 
S

E
P

T
.

26
9

S
E

P
T

. 
O

C
T

. 
O

cT
.

23
72

1

T
¡M

E

H
M

A
Y

t4
19

75

l.l
A

Y
2A

JU
N

E
 

JU
N

E
tt 

25



41

Table l-. Tenporal- changes ín
C. fLavicans duríng

pe1-agíc densitÍes (rro. r.-2)
t974-75

ot

Date
Station

2
nean sËandard

density deviaËion

lttay 20,

lulay 27,

June 3,

Jr:ne 10,

Jure 1-'7,

June 24,

L974

L974

L974 Larvae
PuPae

L974-l.arvae
pupae

L974_Iarvae
pupae

L974-larvae
pupae

July 1, L974

July 8, L974

Ju1-y 1-5, L974

JuIy 22., L974

Ju1y 30, L974

Aug. 5, L974

Aug. L2, L974

Aug. L9, L974

Aug. 26, L974

Sept. L6, L974

Oct. 16, L974

May 1-4 , L975

May 21-, L975

May 28, L975

Jr:ne 4 , L975

Jr:ne 11. L975-' Iarvae
puPae

Jrrre 18. L975-Iarvae
pupae

Jr:rre 25. L975-Iarvae
pupae

L9L2.02

2L03.47

L729.90
28L.6L

L70L.'1"4
264.36

6 8.95
229.89

LL4.93
68.96

0

s603.4

4135.0

357 4.5

5477,0

4Lt7.0

3949.0

3L89. 3

293L.5

270L.5

2453.5

23L6.14

2L6L.O

996.46

L373.65

666.68
431-.0 3

76.84
84.97

r20.49
47;82

s44.L8

L8ß4.645

t-307.35
948.18

l_55. t_6

9L;95

68.96
L37.94

68.96
22.99

0

6953.7

3578.5

2342.0

387 4.O

405 3.0

5754.7s

4096.92

389 8.5

2 183.0

18Y96.0

L028.77

724.L3

806. 36

L482.7

298.84
68.96

59.36
94.32

43.68
34.48

935,92

1316.09

1_06 3.0
247;83

942.54
t]-4.94.

68.92
45'.97

68.g6
22.99

0

L0994.27

1_0608.81

LL427.0

600 7. 5

7587.0

57 72.2s

4343.s

2970.0

2468.s

2097.4

2074.74

902.36

2L87.45

LL37.96

2L95.42
60 3. 45

60.44
L46.25

68.96
34.48

L130.7

L74t.4
L366.7

492.5

932.9
L57.L

6 8.9
L37.9

84.3
. 38.3

7850.5

6107.4

578L.2

511_9.5

5252.3

5L5 8. 6

3876.6

3266.6

245r.0

2L48.97

1806.55

L262.49

1330.09

L33L.44

l-05 3. 65
36 7. 81

65.ss
'l-08.51-

77.7L
38.9 3

704.42

397 .48

337.40
394.96

773.04
93.6L

0.02
9L.96

26.54
26.s4

2 805 .09

3908.22

4928.L2

LLLO.77

2022.L3

L047.64

607.83

547.s2

259.69

282.30

684.3L

783.2L

7 48,56

L76.20

1-005. 76
272.8L

9.79
33.01-

39. r-5
7.7.r
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Fig. 5. Temporal changes in
C. flavicans Larvae

benthic density
during L974.

of
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Diel vertical migratÍon of c. flavicans larvae.Depth-weighted þeaks of C. Flav-jc--ffif-
D. pullcârla rnd c. UiculpfGEFElt-icared by____:_r,D , ànd c _respectively. Total numbers of Chaoboruslarvae caught are be1or,,¡ .each pofygon. 
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chaoborus fciurth instar larvae of the 1973-74 genera-

tion migrated. 5.52 meters between 7.06 and 12.5g m. depth

(fig. 6). chaoborus'first instar larvae of the new Lg74-75

generation migrated 3.47 m. between 5.29 and 8.76 m. depth
(fig. 6) . chaoborus second instar larvae migrated 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 11.33 m. depth

(fig. 6). Depth-weighted peaks of vertical migration of suc-

cessive chaoborus instars occurred deeper in the rake. Migra-

ting distances of successive instars \^rere, in general, greater

than those of prevíous instars
Depth-weighted peaks in migrating populations. of D.

pulicaria and c. bicuspidatus did not often coincíde with
depth-weighted peaks of C. flavicans (fig. 6).

C. flavicans first instars had a head. capsule length
between.l and 0.3 mm. Head capsule length of second instars
was between 0.3 and 0.6 mm. Third instár head capsule length
was between 0.6 and 1.0 mm. Head capsule length of fourth
instars was between 1.0 and 1.5 mm. (fig. 7).

Fig. I illustrates instar successi-on and population

structure changes. The ove::v¡intered fourth instar of the

Lg73-74 generation of chaoborus occurred with ro0a frequency

until June L7. Pupae occurred until June 24. Adult emer-

gence, mating and egg-layíng during late June gave rise to
the new rg74.75 genération. The frequency of first. instars
rose to 872 on July I and then declined sharpry to 0u on Jury

30. The second instar appeared on July B. rts occurrence

t. .'
:::
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Fig. 7. Head capsuLe
c. f'lavicans

length histograms of
larva1 instars; I974.
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1 .ì'

Fis. 8. Instar successlon
larvae, L974.

of C¡ 'flavicans
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rose to 81U on July 22, declined and ended on August L2. : '

rnstar rfr appeared on July 15. rts occurrence rose to 722

on August 15. The fourth inst,ar appeared on August 5 and it.s
occurrence increased steadily to 1003 on September 16.

In general, instar succession curves showed. decreas- 1:. :;1;,;.;
.: t:....-........

íng height and increasing width !,rith time

Imago. emergence of the L974-75 generation began on

June 26,7975, slowlli.increased to a maximum of 7.8 adults
. -1- -1trap - day - on July 5, L975, and. end.ed on approximately July
.1I or L2, L975 (fig. g, appendi-x F).

Most of the Chaoborus adults emerged near the lake-

sho.res. The least amount of emergence occurred. tr, an" middle

of the lake (fig. 10, appendix F).

The sex ratio of Chaoborus adults caught in emergence

traps was 0.91:1.0 9:d (appendix F).

In the outdoor rearing tanks (appendix A) 109 females i

and 101 males occurred. after adult emergence. The ê t ?

sex rat,io of adults in the rearing tanks was 0.922L.0 . This
.:, 

. ..: :...:. 
.. 

,.

sex ratio closely approximates the sex ratio of adults caught i.':rl'.'.,,:,'t:i¡

in emergence traps

A few cases of multiple insemination of females were

observed in the rearing tanks. Females laid eggs 24 to 3G

hours after emerging. Each female produced one egg raf,t.
Mean number of eggs per raf t. was 2\6.606. Mean nuniber of

first instar larvae hatching from each egg raft was ZLL.73.

Hatching success was 97.tl3? (appendix L).

During the first week of July, newly hatched chaoborus , .: :.
1...,1a, .i j

r1'-:iì:r:-:.
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Fig.9. Temporal clr.anges rn emergence rate
adults.of C. 'f'lavicans

lr'.:'ri'i
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Fig. 10. Horizontal distribution of
ad.ult emergence across station l.
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first insÈar larvae L75-76 generation) occurred at'5 and I0

m. depth in all five submerged trap series. During the

second and third weeks of Ju1y, ne\^z Chaoborus instars moved

deeper and away from the shores (fig. 11).

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

red at 0 to 10 m. depth in all five trap series. Over:r^¡intered

fourth instar. larvae of the 7 4-75 generation \4/ere trapped at,

10, 15, and 20 m. dgpth. They occurred in all five trap

series mostly at 10 m. depth (fig. LL, 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 Vüest Blue Lake

lr.:.:.) i¡

.--',

.::

lThegrowthcurVeoftheLg74-75generationofC.

flavicans (irrespective of instar) shows a relatively faster
Igrowth rate during the ice-free season (fig. L2). Over- 
i
I

wintered fourth instar larvae att.ained a weight of 0.9354 mg.

(dry weight) in spring L975. Average weekly growth incre-
ment of the ovenrrintered Lg73-74 generatio¡r^ \^ras .0243 mg.

Average weekly growth increment of the Lg74-75 population was ,'.,
' "'

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

the Lg73-74 and tSl4,-lS generations (fig . L2) .

Instar specific growth curves of the Lg75-76 genera-
|i...;

---^--!L .! -^ 1 ----- --- ^1 ,., ,,'tionshowre1ative1ys1owgrowthin1arva1instarsIand'II

and a faster growfir rat,e in instar III larvae (fig. 13)

Differences in caloric content per uni't weight of dif-
ferent, Chaoborus i4stars and pupae were statistically insig-
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I

Fig. lt. Presence or absence of.C. flavi,cans
and amphipods at station fEffi.
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n:il

Fig. L2. Growttl curve (irrespective of instarlof ove:rnrintered Lg73-7 4 generation
and L974-75 generation of C. flavicans.
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Fig. 13. Instar - specific Arowth curves of the

1975-76 C. flavicans generation.
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nificant (appendix J). The mean caLoric content of one mg.

(dry weight) of Chaoborus is .0058638 kca1.

Growth in terms of carbon contenL (fig. 14) of
chaoborus instars r, rr, and rrf showed trend.s similar to dry

weight growtTi curves (fig. 13). Carbon content of fourth
instar larvae and pupae varied irregularly duríng spring rgTs

(fig. L4, appendix K) . Carbon content per unit d.ry weight,

decreased from the beginning to the end of the growth periods

of larval instars r, rr, and rrr. Differences in carbon con-

tent per unit dry weight of the four 1ãrVal instars and pupae

\^¡ere significant (appendix K)

The growth curve shown in fig. 12 was used to con-

struct an A1len curve (fig. 15). From July 8, 1974, Eo June

25, 1975, the Allen curve.production-was J'gB2.55 mg. dry
-) -1weight m. - year -. Production under the hassuired line is

20g4.70 mg. m.-2 week-I. This represents production between

Lhe time of ovípositíon (July !, Ig74) and July I, Lg74

(appendix N).

Allen curve prod.uction of larvae from JuIy 8t Lg74

to June 25, L975 in terms of calories and carbon content was

11.6253 kcal. *.-2 year I and 1.09 x 106 ug. C m.-'O.rr-t
respectively (appendix N) .

Instar specific arowth curves (fig. 13) were used to
calculate Pechen-Shuski.na production (tabte 2) . Tota1 pro-

duction of larvae calculated according to ttre Pechen=Shuskina

method was 2074 mg. dry weight m.-2 y"rt-I. This estimate is
-') -l91 mg. m. - year * higher than the Allen curve production

i4,. .

i.ì ...-
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Fig. L4. G-rowth in terms of carbon content of
C.' flavi.cans larvae and pupae, 1975.
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rig. 15. A1len curve
generation

producti.on of
of C. flavicans

L97 4-75
larvae.
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èstimate. carbon and caloric conversions are presented in
tabre 3. rnstar ïrï showed the highest production rate
(54.34 m9. *-2 *."k-1) followed by instar ïV (50.94 mg. m.-2

-1h¡eek-'- rnstar r showed lowest production (15.46 mg. ;'2
-1week *) (table 2).

¡a.rn P/g ratios of larval instars r - rv !ù.ere .s46ol
.8568, .6444. and .227g respectively (table 2) . l;ne P/e

ratio of the entire population was highest at, the beginning
of the new generation and decrined slowly and irregurarly
until ttre end of the Ig74-75 generation'(table 4).

Respiration and Feeding of C. flavícans

o>q¿gen uptake by larvaI instars rr, rrr and rv and

pupae of c. flavicans increased wiÈh an increase in tempera-
ture (fig. 16). oxygen uptake íncreased faster per unit
change in temperature in pupae and fourth instar larvae than
in instars IIï and IIï (fig. 16).

oxygen upt.ake of pupae d.if,fered significantly from
larval oxygen uptake (F = 55.356, d.f. = 3, L2, p < 0.05).
No significant differences occurred between o>qrgen uptake
per unit, weight of different larvar instars. o>q¿gen uptake
rates per unit weight of larvae and pupae (fig. J7) hrere

signÍficantly different (F = 4.386, d.f. =.J, L2, p < 0.05)
(appentiix M) .

successive.ínstars of c. fr-avicans showed. a tendency

to choose rarger and different prey types than previous in-
stars. First instar C. f,lavicans fed mainly on rotifers and
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Table 3. Carbon and caloric conversions of Pechen,shuskina
product, ion.

Instar type Production------ --- tr 1 t 
',i',,mg: dry weight m.-2 ug.C m.-2 reek-I kcal . m.'2 week-r l

,oeek-t

I

:

1 15.4606

rr Í7,2010

rrr 54.3409

rv 50.9425

10223.7 546

r0368.8488

33888.6r55

23844.r97 5

.09066

. r0086

.3r864

.2987 2

total
producËíon' 2073.7I 1138697.939 I2.l-5g8

mg. m. -2 year'r ug.C m .-2 year'Í kcal. ¡¡.-2 ysay'r

,"c See appendix K for conversion.

I See appendix J for conversion.
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l:.,:.:.:: .:. ::1."1

Fig. 16. Effect of temperature on 02 consumption

rate of C. flavicans larvae a4d pupa".

Bars indicate standard deviation.
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Fig.17. Effect of body size on 0, uptake per
unit weight of C. flavicans larvae and
pupae at. five temperatures.
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naupl-ii. The second instar began feeding on copepods iq.
bicuspidatus) to a small extent. However, instar II still
showed a preference for rotifers and nauplii. rnstar rrr
\Áras the first larval stage to feed on smarl (500 zgg u )

q. pulicar.ia. rnstar rrr arso showed an increased prefer-
ence for copepods. ïnstar rv fed mainly on copepods and

nauplii. rnstar rv also ingested rotifers and some small
and large (783 - 1050 u ) D. pulicgria. Size range and

diversity of food eaten by chaoborus larvae increased from
one instar to the next (fig. 1g, appendÍx 0).

rngestion rates of all instars increased with an in-
crease in food concentration up to various asymptotes (fig.
L9 , t.abLe 5) . Successive instars had higher ingestion
rates at the same initial food concentration than previous
instars. All inst,ars incubated. in the hypolimnion fed
slower than the same instars incubated in the epilimnion
(fig. 20). Multiple regression analysis of ingestion as a

function of food concentration and temperature in the epi-
limnion and in the hypolimnion showed that temperature was

not significant, i-n the regressions for all instars (eg. : for
instar rr, F (d.f. = I, L2, p <0.0r) = 4.gg. Therefore for
each instar, a simple regression of ingestion rate, r, on

food concent¡ation¡ x, in the epilimnion and. in the hypo-

limnion was calculated (tabIe 5). These simple curves

showed high r values. An analysis of covariance performed

on the epilimnetic and. hypolimnetic feeding curves of each

instar showed differences in slopes to be non-signj-ficant,
.:1- ,-._-.-
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Fig.18. Food select,ion by C, flaVicans instarsI - Iv. R - rotifãrsfji-:ã!1ptÍi,
C ; Cyclops b'icuspidatus, D1 - small
uaphffi-FüIicaiilálT7=1arge oaphnia pu.licaria.
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Fig. 19. Effect of food concentration
rates of C. flavicans ,larval
i n c ub at e d-i nffiþ-TLimn i on
in the hypolimnion (- - -).

on ingestion
instars I - IV
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(tabIe 5) . Common â values decreased in successive iristars.

Analysis of covariance also showed a signíficant tempera-

ture effect on the feeding curves for all instars. Feeding

curve asymptotes h/ere always higher in the epilimnion than

inthehypo1imnionforagiveninstar(tab1e5).

Feeding intensity (in terms of amount eaten per

unit body weight of larva) of successive instars was lower

than feeding j-ntensity of previous instars. Feeding in-
tensities of all ínstars were highly variable at all food.

concentrations. In genenal, feeding intensities of all in-
stars were higher in the epilimnion than in the hypolimnion

(fig. 20, appendix 0) .

t.'."
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t- ;, ..- ¡i
!:.",.--t-

Fig. 20. FeedÍng intensities of
I - IV at various food
epilimnion (-) and
(---- )

C. 'flavicans instars
ãonõõEffins r-n Ene
in the hypolimnion
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DISCUSSION

l,ife History and Population [rnamícs of C. flavicans in V{est
¡JIUe laKe

c. flavicans fourth instar rarvae ovêrwintered in
the mud of vÍest Brue Lake in a state of diapause. As farr
approached, benthic density increased from about 250 larvae

-) _.,*.-" to about 6000 larvae m.-2 (fig. 5) . Roth (1969) found

that oven¡intered larvae of c. flavicans, c. punctipênhis,
and c. albatuq were benthic during the day and planktonic at
night.

c. fravicans larvae occurred in benthos of stations I
.

and 5 but not in station 2 benthos. stations I and 5 were L7

and 20 m. deep respectively, whire station 2 was over 30 m.

deep. Anoxia at 30 r-n. (ward and Robinson rg74) probably pro-
hibited Chaoborus larvae from inhabiting statj-on 2 benthos.

After the ice melted in spring, C. flavicans fourth
instars began emerging from the mud. Borutsky (1939) specu-

lated that, shoreward benthic migrations are temperature-

regulated and that pupation is favoured in shallower, rvarmer

c. flavicans pupae occurred in plankton samples for
four weeks (June 3 - June 24') in J-g74 and for 3 weeks (June 11

June 25) in L975. parma (1969, L97L) found that C.

flavicans pupae Last 10 15 days at 10oc and 3-6 days at
15oc. 9. crystallinus. pupae last 12 days at trOoc and about

i'::,":3:: -:::-.:i'ií:,:
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30 days at soc. pupal life span of c. flavicans in v[est
Blue Lake is longer than that o¡""rrr"a ; t** (1971) pro-
bably because lower temperatures decrease developmental rate
of pupae.

The univoltine nature of the c. flavicans population
inVfestB1ueLakeispart1yref1ectedbyonefair1yshort
period. of aduit emergence per year. rmagines of the Lg74-75
generation began emerging duríng late June. Emergence lasted
13 days (fig. 7) . Emergence of c flavicans, adults from Lake
Esrom, Denmark lasted much longer. Jonasson (1972) observed
that adult emergence occurred from early July to mid-august.
More chaoborus adults emerged near the shores of lrrest Blue
Lake than in the center of the lake (fíg. 1o), This indi-
cates that pupae probably migrated shoreward before meta-
morphosis. ultimatery, this littoral emergence would in-
crease the probability of successfur mating by concentrating
adults in gne place

sex ratio of adult c. fr-avicans emerging in rearing
tanks (-92216 t| ) and caught in emergence traps (.9011 g
cr ) indicate a 1:l sex ratio in the !üest Blue Lake popula-

tíon of C. flavicans. parma (1971) also found a 1:I sex
ratio in the c. fravicans population of Lake vechtenrHolland.
Parma (1969) observed a temporal decrease in the proportions
of male c. cryqtallinus and èxperimentarly showed that this
decrease was due to a faster developmental rate of males.

-q- flavicans adults formed mating swarms along the
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shores of west Blue Lake during early ,Jury. swarming of
chaoborus has been reported for severar tropical and. tem-

, perate species (vtesenberg-Lund rg] l, Muttkowski 1918, Berg

adults mates once, a short emergence period in which all
I 

- ------ r--

r ad.ults emergence at once would increase probability of re-
production since adult chaoborus have a relativery short life

,j span. Parma (1971) experimenÈally showed that adult life

I span of c. fla.vicans is 1.5 - 6 days. Adult life span of c.
crystallinus is 1 3 days (parma 1969). I observed a few
cases of multiple insemination of c. flavicans females in
the rearing tanks. Multiple inseminatíon is a behavioural
mechanism that would increase probability of successfur ovi_
position by fema,j-es of the population. Herms (1937) ob-
served c- astictopus males copulating with many females and

females copulating with many males

r found c. flavicans egg rafts in the rearing tanks
about two dalrs after adults had begun to emerge. Thís dís-
agrees with Berg's (1937) observation that oviposition
occurs in a few hours after emergence. The two day pre-
oviposition period of 9.. flavicans is similar to the 36-4g
hour pre-oviposition period of C. astictopus (Lindquist and . : :-_::-:.1.: : : :

Deonj-er 1942). Ultimately, a 1ong pre-oviposition period i:r:,i:':,::.i:

wou1dreducethenumberofe9gs1aidbyaChaoboruspopu1a-

tion since the probability of death or wind dispersaL of
females away from the rake would be higher. Each c. flavicans
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female laid one egg raft on the water surface of the rearing
tank. The mean nunber of eggs per raft (2L7) that ï observed
f¡ras l0wer than the 44g eggs per raft counted by parma (1g71).
The mean number of eggs per raft differs interspecificarry
and intraspecifically. rntraspecific differences may be due
to different food conditions during the larval period.
wesenberg-Lund (rgL4) counted 200-300 eggs per raft of c.
flavicans.

r observed that froating egg rafts of c. flavicans
hrere occasionalllr suspended under water or stuck to littoral
vegetation above water, due to wave action. parma (1971)

observed the same mishaps with c. frayicans and Ç. c,rygE!-
linus eggs. Insect eggs require 

" """"a""a ='nn* ;;""
(chapman 1969). presumably, froating egg rafts 

,ur. advan-
tageous to survi-var because o>qrgen is more readiry avairable
at the lake surface than at the lake bottom.

The Lg74-75 generatíon of c. fravicans rarvae began
in early July (fig.9). Newly hatched first instars seemed
to move a\^ray from shore and deeper into the lake (fig. 11).
r chose to use presence or absence data from sr.rbmerged traps
rather than numericar abundances since the numbers of larvae
caught in submerged traps were much lower than nr¡nbers of
larvae caught by the schindler-patalas plankton trap. Fírst
instar larvae hatching from eggs pushed to shore by the wind
probably drifted or migrated lakeward in search of food and

i'ì.i
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to escape predation by littoral animars. carnivorous cope-
pods such as cyclops (parma L}TL), amphipods (Anderson and

Raasveld.L L974) and perch (F'alk I7TL) prey on Chaoborus

larvae. Amphipods occurred only from 0 to 5 m. depth in arr
five submerged trap series and probably preyed on newly

hatched c. Erefr.i..n= rarvae occurring in this depth zone.

First instars were also probabry preyed on by perch (Falk

]:gTl') which migrate inshore in the evening in search of food
(Wong and VÍard L972). By moving a\^ray from shore and deeper

into the lake, young Çhaobgrus larvae would avoid predation
by littoral and epilimnetic animals. Saether ,(1972) stated
ttrat young chaoLolus larvae'are positively phototactic and

remain near the lake surfa.ce. They are carried lakeward by

wind-generaÈed currents

First instar larvae occurred in surface waters to a

small extent for one to two weeks after hatching. Three

weeks after hatchingr rro 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 (fig.3). Larvae seemed

to prefer the wat.er stratum just below the thermocline.
Teraguchi and Northcote (1966) observed the same downward.

s.hift from 4 m. to 10 m. in the c. flavicans population of
Corbett, Lake, B.C. Fedorenko and Swift (Lg7Z) observed that
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g. americanus and C. trivittatus Larvae r'... Ittoved deeper

with age. I' Light intensity seems to be a critical factor
in determining vertical movements ancl distribution of
chaohrorus Larvae (Berg 1937, LaRow 196811969, chaston 1969).

Highest larval densities near the bottoms of sampl-

i.,g stations occurrecl in october (fig.3). Benthic rarval
clensities in october \^rere arso high compared to benthic

d.ensities during the suûrmer (fig.5). These two observations

indicate thatr âs winter approached, C. f1a:¡icans Larvae

móved into the benthos to overwinter in a state of diapause.

Jonasson (I972) observed that as winter approach.ed, g.

flavicans larvae moved into the benthos of Lake Esrom,

Dennark and remained in the sediments untir the following
spring

Hj-ghest mean larva1 density occurrecl on JuIy B, L974t

after new instars had hatched (table 1). From .TuIy to

Se¡:tember, larval densities clecreased quickty and somewhat

irregularly. From September J.974 to May I975, Iarval <len-

sities remained row and showecl little temporal change(fig. 4l.
Densities of overwintered fourth instars showed a great deal

of ternporal ancl spatial variation rluring spring , l:g75 (fig.3,

table 1). This variation could have been caused by wind-

generated currents during isothermal conctitions and by great

motility of fou::th instar larvae. AII density estimates of
q. flavicans larvae from West BIue Lake are conservative be-

cause l-arvae 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 samprers.

Highest larval density (IL427 m.-2) occurred at
station 5 on July 22, 1974. Highest mean larval d.ensity ,,,.,

--) s. in crcnara] - lar"rar thrn + -.:-(7851 m. ') is, in general, rower than those occurring in
tropical or eutrophic lakes and ponds. rn tropical Lake

Lanao, Lewis (1975) recorded a maximum of 19000 larvae m.-2 r,';,,::::.
ì:. -:.j r'::::
¡,r,._,,,i,:,in a 45 m. water column. rn Lake George, uganda, maximum ,''', t,'

j:.:-:: .:.density of chgoborus larvae was only 31,70,m.-2 (¡lccowan ,::;,:. ,:

L974).HoweverLakeGeorgehasamaximumdepthofon1y3m.

Eggleton (1931) recorded a maximum density of 71000 larvae
-2m. - in a er.rtrophic temperate lake. Maximum rarvar density .

?in Leeehmere pond, colorado was l-23o m.-t (Dodson rg72). :

Maximum larvaI densit,ies of c. iravicans in west Blue Lake--_--
\¡¡eremuchhigherthanthoseofg.tÏiVitt'atuS(110o*.-2)andi

-)C. am--ic.anus (200 *r-') in Eunice Lake, B.C. which is an 
I

o1igotrophic1akewhosemeandepthis15.8m.(Fedorenkoand

Swift Ig72) . ,Possibly low ÇhqoborUs densities in Eunice Lake ¡,,r.,,,.,,.l,.,,...

were due to intras¡lecific competition between the two co-
existing Chaoborus species.

Most of the horizontal variatíon in station densities
occurred immediately after the new first instar larvae
hatched (fig.  ). This variation can be explaíned by the l

oviposition behaviour of female chaoborus and the nature of
--

the eggs in the littoral zone (saether rg7o, McGowan Lg74).
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c. fl,avicans eggs are laid in the form of floating rafts.
Dispersion of egg ra.fts by wind from the rittorar zone to
other areas of west Blue Lake courd have given rise to the
large dífferences in station densities.

Absence of major peaks in larvar density curves
(fig- a) after early July reflects the univortíne nature of
the chaoborus population in west Blue Lake. other chaoborus
populations in canada are also univoltine (Teraguchi and

Northcote ]:966 , Fedorenko and Swift Lg72') .

Estimates of pupal density \^rerer..in gãnera1, Iow
and variable. validity of these estimaËes is doubtfur since

9.. flavicans pupae were highly mot,ile and probably avoided
capture. Mccohran (L9,74) also experienced difficulty in cap-
turing pupae

Estimates of q. flavicans abundance do not, rrêcês-.
sarily represent Èhei-r true abundance in the lake. ward and

Robinson (1974) stated that ". horizontal distribution
can be affected by wind-produced currents. counts made at
a síngle station in a multibasin lake may not be represen-
tative of the whole lake. Estimates made at a single deep

station may overestÍmate average abundance in the lake when

the animals are concentrated near the bottom.', sampling

error was at least part.ly decreased by collecting tripricate
samples at each sampling d.epth at each st,ation. ward (unpu-

blished) found a high correlation of p. pulicaria density
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and station depth. A correlaÈion

densíty and station depth did not
probably because Chaoborus larvae

analysis of Ctraoborus

reveal rrr, rlñrn
are more motile than D.

pulicaría.

As c. flavicans rarvae grew older, the depth range

of their diel vertical migratíon patterns d.eepened (fig.6).
rn early July, modt first instar larvae occurred in the epí-
limnion at ar1 times of the day. Based on changes in depth-
weighted density peaks (fig.6), first instars migrated the
least distance of all instars. simirarry, c. flavicans
first instars in corbett Lake, B.c. remained. in the upper

6 m. and exhibited no dier verticar migration (Teraguchi and

Northcote ]]966) . ¡'irst instars began evening ascent at,

10 p.m. and began morning descent between 2 a:m. and 6 a.m.

(fig.6) . second instars migrat.ed further and began evening

ascent earlier than first instars. Teraguchi and Northcote
(1966) noted a weak migration of second instars. However,

Teraguchi and Northcote could not determine ascent, and des-

cent times because they monitored vertical m:igration patterns
only three times per day. c. flavicans third instars mi-

r;";"stars and besangrated a greater distance than second instars and begi

evening ascent later Èhan second instars. rn corbett, Lake,

c. flavicans third instars began evening ascent earlier
than third instars in Vüest Blue Lake.

overwintered chaoborus fourth instars showed the

r.:,-



most pronounced vertical migration of alt instars in West

Blue Lake. They migrated Èhe greatest, distance. The migra-

. t.ion range of fourth inst,ars was deeper than migration

,, ,anges of instars I to III (fig.6). ::-, 
,

:r::'.::.: : -.

i Ïn Corbett Lake, C. flavicans overwintered fourth in-
stars moved from 10 m. depth during the day to 3 m. depth at 

:

:l 11 p.m- Evening ascent of fourth instars in Corbett Lake ,,,.,,,-.,,.,,
- .i.:1.

''I 
borrt twô horrrq êârl i ar .l.lr ¡' ^L D 1.-^ r ^r-- 

:::': : : '

beg.an about two hours earlier than it did in West Blue Lake.
'1. .1 .:.

,j Teraguchi and Northcote observed a midni$ht sÍnking phase of ;¡,..',',',',

'' fourth instars in Corbett Lake which was not observed in

I West Blue Lake. Morning d.escent times (3-6 a.m.) were com_

parable in both lakes. Cushing,s (1951) ,,dav¡n rise,, phase

vras not observed in corbett Lake or in west Blue Lake.

, Validity of vertical migrat.ion comparisons between

ì the C. flavicans populations of Vüest Blue Lake and. Corbett
Lake is confounded by differences in (1) sampling times

during the day and year, (Z) sampling depths, (3) plankton
:.

traPs employed in the studies and (4) multimodal vertical

I distribut.ions of larvae in corbett Lake as opposed to uni-

. modal dístributions in Vtest Blue Lake.

Vertícal nr:igration patterns of Chaoborus larvae in
lrlest Blue Lake \^rere based on only one sample per sampling

depÈh and four hour sampling intervars at onry one station.
More precision and more informat,ion could have been gained

by collecting triplicate samples more frequently at more

B2

i.-
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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
'

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

i .td Northcote 1966). Some rainbow trout and brook trout,

. were present in corbett Lake. rn west Btue Lake, c.

I flavicans larvae did not inhabit surface r^¡aters excepÈ for
I a very short time after hatching.. cvclops, amphipods and

fish are present in Vüest Blue Lake. These animals are known

, predators of Chaoborqe larvae (parma Lg7L, Anderson and,----
I Raasveld| Lg74I . These ob.servatíons lead me to believe that

i ane presence of invertebrate and fish pred.ators of Chaoborus
: " imnetic waters cause chaoborus larvae to avoid sur-rn epLJ.l

face waters during the day.

In !üest Blue Lake, the growing season of C. flavicans

, i" restricted to the ice-free period. from mid-t1ay to mid-
I 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 1ate ,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 frequent.ly used.

."::'
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(Teraguchi and Northcote L966, parma 1969 | rgTLt Fedorenko

and Swift, L972, MacDonald 1956) although some researchers
measure antennal base lengths (McGowan ];g74). The head

capsule lengt'h 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

NorthcoÈe (1966) found that instars could be determined by

measuring inter-bradder lengths (distance between anterior
and posterior air bladders). The use of inter-bladder
lengths to determine instars is tedious and time-consuming
because larvae flex rapidly when they are being. examined

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 present for longer períods. rnstars rï, ïïr
and rv occurred for 6 weeks, g weeks and 1l months respec-
tively (fig.8) . These duratíons are much longer than those
reported by Parma (197r). parma cultured larvae in an arti-
ficial food suspension at 20oc under constant light. parma

estímated durations of instars rr.rr and rrr to be 9 days,

20 days and 14 days respectively. These estimates are not
realistic because, in the naturar situation, chaoborus

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

factors must influence duration of larvae to some degree.

lr'.
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Therefore, one would. expect different durations of instars
from d.ifferent lakes and from the same lake at different
times. Fedorenko and Swift (Ig7Z) estimated. duration of C.

americanus and c. trivittatus instars rr, ï'ïr and ïv to be

L2 and 23 days, L7 and 48 days and 318 and 635 days respec-
tively. Developmental times <¡f c. flavicans instars r ïv
r^¡ere 10 days, 12 days, 12 days, and, r42 days respecÈively.
These developmental tímes \^rere estímated by calculating
Tt*i Ti where T is the date on which the median of the
percent frequency curve of a given instar occurred. The

deveropmental times of the first three instars in vüesË Blue
Lake ÌÀ¡ere similar to the deveropmental times of c. americanus

instars r rrr in Euni.ce Lake (Fedorenko and swift rg72).
However the developmental time of c. fl,avicans instar rv is
about half of the mean duratíon stated for c. atnericanus

instar rv in Eunice Lake. r suspect that Fedorenko and

swift (L972) used width of instar frequency curves rather
than the distance between medians of curves to estimate mean

duratíon times. rf this is not the case, then they confused

duration with developmenlal time. For instance, in west
Blue Lake, d.uration of instar ïv is much longer than its
development,al time

c. flavicans pupae occurred. for 3-4 weeks in vfest

Blue Lake (table 1). Vàriation in pupal

attributed to temperature since Chaoborus

life span can be

pupae do not feed.
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Parma (1971) .showed that c. flavicans pupae rast 3-4 d.ays at
20oc and 10-15 days at lOoc. These durations are not com-

parabre to the lengths of time pupae occurred in west Brue

Lake because in the natural situationr pupae experience a

wide range of temperatures daily and seasonalry. Also the
length of time pupae occurred in samples was partly a func-
tion of differential developmental rates of over:v¡intered

fourth instars and pupae.

Growth, Feeding
Blue Lake

and Respiration of C. flavicans in West

Growth of c. flavicans larvae in vüest. Blue Lake was

monitored irrespect.j-ve of instars during 1tg74 in order to
construct an Allen curve for the purpose of calculating pro-
ductivity. Mean weekly growth increment of the Lg74-7s

generation was 0.032 m9. dry weight (appendix H). Mean in-
dividual weights of larvae increased regurarly in spite of
the fact that they v/ere based on samples composed of varying
proportions of different instars (fig. 12). Similarly, the
growth curve of g. ameri'canus in Eunice Lake increased regu-

lar1y untll November when the rnean dry weight was about

0.7 mg. (Fedorenko and swift Lg72). This weight was much

higher than that of west Blue Lake larvae in october (fig. l2).
During the winter months, dry weight of c. ame:iicanus rarvae.
decreased about 0.1 mg. (Fedorenko and Swift Lg72). This

is expected since chaoborus larvae overv¡inter in a state of
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diapause and do not feed (Fedorenko 1975). Although larval
weights of chaoborus v/'ere not monitored in vtest Blue Lake

,d'uring 
the winter, they probably remained constant or de-

creased slight1y. Jonasson (lg7í,) observed that C. flavicans . ,..
. I ''

larvae grew to 0.53 mg. dry weight during the summer and that
larval weight.remained constant all winter until spring when
1arva1weightincreasedrapid'1yto0.71mg.dryweight,.Ïn

spring Lg7s, overwintered rarvae gre\¡¡ faster than smaller 
: ''

larvae did during the previous sunmer. oVerwintered larvae ..,'',,

attained a maximum dry weight of 0.9 mg. which is the same 
,asthemeandryweightofove:*ginteredC.f1avicans1arvae

in Lake vechten (parma LgTl). pupal growth curves fruc- 
l

tuated irregularly because. some pupae in the weight samples
contained. deveroping adults while others had recently pup- 

t,

:ated from larvae. pupae were slightly heavier than fourth 
l

ults
in ad.ditíon to their own weight. Maximum dry weight of
ihaoborus pupae in west Blue Lake was 0.2'mg. higher than ,,',";

]t - 'the d.ry weight of pupae from Lake Vechten (parma L¡TI). ,,,,, 
,

The amount of information obtained by monitoríng
gro'v'th of larvae irrespective of instar is limited and does
not al1ow further calculations of the bÍomass and productiv- ,,,.,.,.:

f,i1',,.'.:: ..;.

ity of various instars. The major source of error ín mea-

suring growth of larvae irrespectj-ve of instar is that 1arvae
are not, selected randoml-y 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 of many smalL instars and reratively fewer large in-
stars, mean individuar weight will be overestimated. The

only advantage of monitoring larvar growth irrespective of
instar is that a great deal of time is saved by elimj.nating
the sortirrg of larvae according to instar

Growth of instars I, II and III (fig. 13) and over-
wintered fourth instars (fig.12) was monitored for use Ín
calculating production according to the pechen-shuskina

method (1964). g. flavicans instars I and II grew relatively
slowly and showed the least weight increment of all instars.
ïnstar ïrr showed a greatry accelerated growth rate in
August (fig. 13). The length of the field season did not
permit a complete monitoring of third inst^ar growth. conse-

quently, maximum weight of third instars is unkno¡rn. when

second instars first occurred in the water corumn, their
dry weight was less than that of first instars (fig. f3) .

This discrepancy was due to loss of exuvj-ae as first ínstars
moulted. Parma (1971) showed that a chaoborus exuvium con-

tributes a maximum of 6? to the total dry weight of the

anímal. Parma (1971) plotted water. content of Chaoborus

instars versus their dry weight and found that an increase

in dry weight of 'third and fourth instars r¡¡as attenáed by a
decrease in their water content. r.did not measure fresh

Ì.í:i-
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weights of g. fJ-avicans larvae because fresh weight is more

variable than dry weight (parma L|7II. Dry weight is a more

realistic indicator of the amount of chaobgrus flesh avail-
able as food for invertebra-te and fish predators. Dry
weight of chaoborus rarvae was a varuable facÈor because it
was "."rn"llãu ao carbon content and caroric content
of larvae. conversion of dry weight production to carbon
production of chaoborus larvae \¡ras especially useful in this
study because it permitted comparison of chaoborus production
to production of other zooplankÈers and fish in lvest, Blue
Lake

caloric content. per unit dry weight was not signifi-
cantly different, among c. flavicans instars and pupae.

Slobodkin and Richman (1961) determined that caloric content
of sixteen invertebratejspecies representing six phyla
ránged between 5.4 and 6.9 kcal. gm. -1. caloric conÈent
per rmit dry weight of c. flavicans falls within the above

range l

Growth curves in terms of carbon content of the first
three C. flavicans instars (fig. 14) \^rere similar to dry
weight growth curves of instars ï - rrr. carbon content of
fourth instars and pupae fructuated irregularly with time
(fig- la) . rn general, carbon content per unit dry weig-ht,

decreased in successive instârs and decreased with time
within each instar. This trend is anomarous assuming that

¡.-
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carbon content, reflects stored energy in chaoborus rarvae.
one would expect, carbon content per unit weight to increase

with time and from one instar to the next. Fourth instars
hrere expected to have the highest carbon concentration be-

cause this instar overvuinters in diapause and a st.ore of
fat or lipids.would be selectivery advantageous duríng dia-
pause

second,

23 rg¡

maxl-mum

st,ages

McGowanrs (L974) estimates of carbon content of
thírd, fourth Châoborus instars ãnd ouoae (4 rcr-

143 ug and 105 ug respectively) are much 1ower than

carbon content of corresponding C. flavicans Life
in West BIue Lake (fig. 14).

These discrepancies are due to two factors:
(1) MçGowan analyzed carbon content of chaoborus rife his-
tory stages on only one date in August. It is not known

whether carbon content of chaoborus larvae and pupae in-
creased after the time of McGowan,s analysis, and

(2) Mccov¡an used a conductrimetric method to determine car-
bon content, of live larvae and pupae whereas dry rarvae and

pupae \Â¡ere analyzed in this study. Use of dry samples in
analyzing carbon content is more rearistic than using wet

samples. I,riard and Robinson (L974) found that carbon values

determined by a wet combustíon proced.ure were lower than

carbon values determined by using dry samples in an eremen-

tal analyzer. lfard speculated that wet combustion of some

r ;:.:
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components of organisms is incomplete.

Relatively large error terms occurred in the esti-
mation of mean carbon content of c. fLavicans fourth in-
stars and pupae. This error could have been inherent, i.e.,
rear diffelences in carbon content of larvae and pupae were
due to differential developmentaL rates and presence or ab-
sence of developing adults in pupae. The error could arso
have been caused b1z contamination of some samples during
their preparation and analysis

The use of carbon and caroric analyses in monitor-
ing growth of g. flávicans larvae and pupae v¡as not only
tedious and time-consuming, but methodologicar errors were

introduced in sample preparation and analysis. For instance,
loss of even a small part of a carorific sample while trans-
ferring the sample from the balance Èo the calorimeter would
result in underestimating caloric content per unit weight
of sample. Although dry weights were easiry and quickry
determined, they were less useful in- relating Chaoborus

.nkters in West BIue
Lake and in providing a food varue of chaoborus as fish and

invertebrat,e food¡

The increase in the size range and types of food con-
sumed by c. fravÍcans larvae as they passed through the four
instar stages (fig. 18) was similar to the increasing di-
versity of food type and size ingested by c. trivittatus

[:t::"t



'and. C. americanus laryae in Eunice Lake, B.C. (Fedorenko

L975). Ðiet of first instar c. frg.vicans was restricted to
rotifers and nauplii (fig. 18). This agrees with findíngs
of Deonier (1943) , Prokesova (1959) and Sikorowa tl96g).
9.. flavicaqs second instars added cyclops bicuspidatus
copepodids to their diet but sti1l consumed rotifers and

itent (fig. 18). In contrast, C. ameri- ,,,,.
i:::. î:r sanus second inst.ars ingested more and larger prey types.
:: :. ...

,'i They preferred Bosmina and ingest,ed Daphn'ia, Holopedium and '.;,;',:;,;,,,.,.',.,,

other cladocerans to a small ext,ent. c. lrivittatus second

instars arso preferred Bosmina but, in con rast to c.

. americanus second instars, they consumed Diaptomus tyrelli
(Fedorenko 1975). Chaobgrus second instars in Eunice Lake

selected. prey that was not only larger than the preferred
prey of c. flavicans second instars in lrlest Blue Lake, but,

of a different type. The first, b. flavicans life history
stage to begin ingesting small Daphnia puricaría was the
third instar while, in Eunice Lake, third instar c. american-

f us relied heavily on Bosmina and l-)_. tyrelli and consumed

-

:

some Holopedium. Third instar c. trivit.tatus preyed on

more food types than c. americahus third instars or c.

flavicans third instars ate. c. trÍvittatus third inst,ars
preyed on P. tyrelli, Bosmina, 'Daphnia, Holopedium and other
cladocerans and on rotifers. c. flavicans fourth instars
ingest,ed the following prey in order of preference: cyclops
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nauplii, rotifersr small Dqphnia and large Daphqia. C.

americanus fourth ínstars in Er-¡nice Lake seemed to revert
back to consuming more rotifers and less Bosmina although
they had grown large enough to ingest arl prey types pre-
sent in the lake. perhaps this is an indication of the
nutritional value of rotifers. Although they ÌÂ/ere much

smaller than Bosmina, c. americanus larvae could have been

selecting them because of their higher nutritional varue.
c, trivitt¿rtus fourth instars, in the fiy'st year of their
two year tife cycre, preferred D. tyrelli, rotifers, Bosmina.,

Holopedium and consumed a few D. kenai and polyphemus. ïn
their second year, c. trivittatus fourth instars showed a

high preference for D. tyrerli and D. kenai and ingested aII
other available prey to a lesser extent (Fedorenko LgTs).

Fedorenkors analysis was performed. by collect.ing chaoborus

larvae once a month and counting numbers of different, prey

types present in chaoborus crops while the food preferences

of C. flavica4s in this study \^rere determined from in sit,u.:-
incr¡bation experiments. rn spite of obvious differences in
experimentar 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 wj-der ranges of
food sizes and types.

In this study, species of rotifers consumed by C.

fravicans .larvae r^¡ere not separately enumerated. I Kerate,lla

I

l_..'

l':' .

':
l.

l' .'

1,.,
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cochlearis, K. guadrala, Filinia rongiseta, and AspLanchna

sp" r the most cofitmon rotifers in Vüest Blue Lake (Ward and

Robinson L974), are ar1 possible prey of c. flavicans.
Most of the cyclops bicuspidatus pre-adult rife history
stages (except nauplii) were present on the 243-500¡r firter
from which number of copepods eaten by chaoborus. larvae was

determined. Thus, serection of specific copepod life his-
tory stages by Chaoborus larvae is unknown.

chaoborus food preference experiments in this study

were crude because they \^rere based on counting numbers of
prey before and after each experiment. Natural variations
within control and test samples as well as errors induced.

by sampling and loss of prey organisms (especialry 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 çbgobor.gg s¡recies could swa]low all prey except large
Daphnia and Holopedium and that larvar size was not the pri-
mary factor deLerming their d*et.

The majoriLy 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 \¡¡ere based on laboratory experiments in
which predator and prey densities v¡ere art.ificially manipu-

lated.
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There heve been verr few quantitative studies of
Chaôborus predat,ion. Deonier CI943) observed that Chaoborus

larvae ingest 12 cyclops per larva in 45 minutes. presum-

ably, Deonier \^ras working wíth fourth instars. chaoborus

feeding experiments of Kajak and Ranke-Rybicka (1970),

Fedorenko (1975) and the experiments presente.d in this study
are the only in sitr+ ch-aoborus feeding experiments reported.

in the literature. Kajak and Ranke-g,bicka (1970) performed

in situ feeding experiments with c. flavi'cans fourth in-
stars in two Porish rakes. Kajak and Ranke-Rybicka found

that chaoborus rarvae consumed o.gr - o.gB crustaceans
-'t -1larva ' hour -. Maximum daily food consumption of larvae

\^¡as t2.52 of their body wqight. Kajak and Ranke-Rybicka did
not examine the temperatu¡:e effect, created. by suspendíng

feeding chambers at different depths. Kajak and Ranke-

Rybicka sampled larvae during the day and during the night,.
Ten percent of larvae caught at night, had furl crops while
0.93 to 2.82 of larvae caught during the day had full crops.

Fedorenko (L975) concluded that, Chaoborus larvae in
Eunice Lake fed most intensery at dusk and dawn in spite of
the fact that a X2 anallzsís showed no significant differ-
ences in proportions of larvae with full crops d.uring the
day and night. Fedorenko (1975) performed !n situ feeding
experiments with c. trivittatus instars rr, rrr and rv and

g. americanus instar IV. prelr was D. tylelLi, n. kenai
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and Diqphanosona. one larya was incubated with a known

number of prey ín 0.37 to 30.0 riter plastic bags. Differ-
ence in prey number before and afte r a 24 hour incubation at
varíous depths was considered the feeding rate. Feeding
rates on D- tyïelli increased with increasing prey density
and, except for old c. ttivi!!e!',r" fourth instars, with in-
creas.ing temperature. Maximum feeding rate of c. trivit-
tatus second instars was 2 prey larva-l auo-l. Third. in-
stars consumed 6-7 prey larva-l d.y-l at ä concentration
of 5 D.-tyrelli 1.-1. These feeding rates are very símilar
to those of second and third c. flavicang instars feeding--on copepods in west Blue Lake. Maximum feeding rates of
fourth instars of both chaoborus species in Eunice Lake v¡ere
20 prey larva-I day at, a density of go D. tyrelri 1.-1.,
This feeding rate hras much higher than that of g. flavicans
fourth instars feeding on copepods. However, initial prey
density was Lower and severar types of prey \¡/ere offered. to
9.. flavicans fourth instars in Èhis study. Fedorenko (r975)

assumed that second and third instars of c. americanus fed
at the same rates as c. tril4ttglgq second and third inst,ars.

rn Eunice Lake, maxjmum rates of chaoborus feeding
on D. kenai occurred at prey densities that were much rower
than the D. lyrel-li densities whÍch elicited maximum feeding.
old c. trivittatus fourth instars consumed their maximum

ration of 2.5 ' 4-o D. ke:ra! per day at a prey density of
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I - 2 prey l.-1 (Fedorenko 1975).

rn laboratory experiments perforrned 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. Fedórenko (]:g7s) extrapolated results of
feeding experiments to estimate impact of chaoborus preda-
tion on standing crops of prey in Eunice Lake. Estimated

''
mean percentage of standing crop of prey eaten by chaoborus
wass 2z for copepod nauplii, 3a for Diaptornus tyrelli,
9z for Diaptomus kenai and 4z for Diaphanosoma. Fedorenko

stated ". r have d.etermined the effects of temperature,
prey type and. prey density. on chaoborid fe.eding, evaruated
the impact of larval predation on the zooplankton popuratíons
in Eunice Lake .i' rn reality, her experimental designs
and result,s fell short of her objectives in some regards:
(1) incubation experimenÈs \^/ere performed at randomly 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 fírst instars of both
chagbgrus species and c. americanus instars rr and rïï were

not performed. Fedorenko (1975) assumed that feeding rates
of c. americanus instars rr and rrr v¡ere similar to feeding
rates of c. trívittatus instars rr and rrr respectivery,

a: '.a --- .:.
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(3) experiments on chaobo-rus feeding on D. kenai were per-
formed at prey densities of i- - r-0 prey l.-1 while experi-
ments on chaoboruq feeding on D. tyïêrli were performed at
0 - 2OO prey l.-1. Fedorenko (l-975) assumed there was no

interaction effect of mixed. prey on chaobgrus feeding. per-

haps some experíments employing various proportions of the
tvio experimentar copepod species would have contributed
some information about an interaction effect, (4) Fedorenko
(1975) criticized Kajak and Ranke-Rybicka' (1970) for using
high prey densities in their experiments but used 200 prey
1.-1 i., some of her own experiments, and (5) Fedorenko did
not estimate interaction of temperature and prey densiÈy on

feeding rates of chaoborus. rarvae. This interaction pre-
sumably would be important in extraporatíng feeding experi-
ment results to determine impact of chaobo'rus predat,ion on

zooplankton populations bêcause chaoborus rarvae experience
changes in both temperature and prey density and prey type
d.uríng d.iel migrations.

Fischer and Lawton (in Edmondson and lrlinb erg L97L)

reviewed the different ways in which feed.ing rates can be

expressed and stated that dry weight and its calorific
equivarent eaten per unit time by individual predators of
known size is the best means of expressing food intake. The

in situ feeding experiments performed Ín this study moni-

tored ingestion rates (in terms of. carbon) of the four
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instars of c. flavicans as affected by food concentration
and temperature. use of naturally occurring proporÈÍons of
prey types in in situ incubations as opposed to single prey
species experíments performed by Fedorenko (Lg7s) hopefurly
provided more realistic estímates of natural feeding by.
Chaoborus larvae.

As found. by Fedorenko (rg75) ingestion rates of c.
flavicans larvae r¡rere proportional to food concentrations
(fig. 19). The fact that older instars ihgested more food
than younger instars at the same initiar food density re-
flects their increasing body size and consequently, their
increasing ability t,o consume more food. ALl instars \^zere

presented with a substanti.arly wide range of prey sizes.
Younger instars consumed onry smaller prey organisms (fig. rg) .

Consequent'ly their ingestíon rates were much lower than those
of older instars at the same initial food concentration (fig.
19). Proportionately more feeding by instars rrr and ïv
occurred in the epilimnion than in the hypolimnion at the
highest experimental food. concentrations (fig, 19). At low
food concentrations, differences between feeding rates in
the epilimnion and hypolimnion for a specific instar rÂrere

lower. This impries that the slopes of the epilimnetic and

and hypolimnetic feeding curves of a particular instar should
be different but an analysis of covariance reveared no dif-
ference in slopes (tabIe 5). This means that differences in

tr: i
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epilimnetic and hypolimnetic feeding rates were equal at all
experimental food concentrations. Temperature had a signi-
ficant effect on feeding rates. Feeding rates of C.

fravj-cans instars vrere consistently higher in the epilimnion
than they $¡ere in the hypolimnion. However, the effect of
temperaÈure on feeding rates could not be quantified in this
study due to the experimental design. Incubation experi-
ments were performed either in the åpilimnion or in the

hypolimnion. In each case, temperature variation over the

course of experiments on a particular instar was smarl but

there was a large temperature d.ifference between the epi-
liinnion and hypolimnion. Consequently, a multiple regres-

síon analysis of ingestion. rate on food concentration and

temperature in each environmental situation showed that
temperature was a non-significant fact,or. Hence a símple

regression of ingestion rate on food concentratíon was car-
culated for the epilimnion and for the hyporimnion. However

the temperature differences between the epilimnion and hypo-

limnion obviously .caused differences between the feeding

rates in the.eipilimnion and hypolj-mnion. More information

about ChaÈgus feeding would have been acquired if feed.ing

experiments had been conducted at more d.epths in the lake.

This experimental design would have given rise to a multiple
regressÍon equation of ingestion rate on food concentration

and temperat,ure for each instar, allowing determinat,ion of

.. ::
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temperature x food density. inÈeraction. 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 variabres interaeted. Bell and

lrlardrs experimenÈal design would have been more appropriate
in this st.gdy

EsÈímated a values in the epilirnnetic and hypolim-
netic feedíng equations theoreticarly represent, ingestion
rates when food concentratíon is equal to 0. rt is interest- l

ing to observe that a values \^¡ere always higher in the hypo-
limnetic equation than they were in the epilimnetic equatíon
ror arr inst.ars except ins.tar rv. These differences seem

to imply that for instars r to rrï, a higher initiar food
concentration was required to initiate feeding at lower
ternperatures. rn instar rv, feeding at a rower temperature

was initiated by a food concentration rower than that re-
quired to initiate feeding at a higher temperature. Fourth

. instar g. flavicans occurred deeper in the lake durÍng day-
tíme than previous instars. Fourth instars also exhibited
the most ext,ensive diel vertical migratíons. since it,
would be energeticarly advantageous for fourth instars to
maximize ingestion, Ínitiation of feeding at. lower food

concentrations would be advantageous in spite of low hypo-
limnetic temperatures

l.::.:,,:.::

Because body size of c. flavicans instars increased
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during the course of feeding experiments on each instar,
feeding intensities of the four instars were calculated.
Feed.ing intensit.ies were highest in first instars and de-
clined as age and size of Larvae increased (fig.20) . This
trend refrect,s the adaptive strategy of chaoborus feeding.
con-siderable numbers of first inst,ars of a new generation
must survive if the species is to continue its existence
in the lake. By optimi zLng their feeding, chaoborus first
instars increase their d.evelopmental rate, anil thus are ready
to become larger instars (capabre of consuming a wider size
r¿u1ge and types of food) sooner than ttrey would if their
feeding intensity was low. Higher feeding intensity of
younger instars woulà tend to increase.the probability of
survivatr of the popuration and thus counteract probability
of extinctíon reflected by high mortality rates of younger

instars (fig. 15). Decreasing feeding intensities in older
instars are d.ue to the increasing diversity of food types
and sizes that they consume. rf older instars can consume

more types and sizes of prey, then they d.o hot have to feed
as intensively as young instars whose d.iet 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 at specific
depths

The feeding experiments performed in 'this study
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represent an initial attempt to est.imate feeding rates of
9.. fl3.vicans larval instars under natural conditions and

thus are burdened with many errors. Natural variation in
prey densities used to estímate initial and final food con-
centrations caused considerablê deviations of manlz points on

ttre feeding curves. clumps of phytoplankton growing insid.e
feeding chambers and retained during filtrat,ion could have .

caused underestimates of feeding rates. contamination of
i grass fiber filters during processing and,analysis, varia-:-

tions in feeding rates of individ.ual c. flavicans larvae,

ì bations, crop eversion by experimentaL farvae d.uring handl-
ing, sinking of prey to the bottom of feeding chambers and

other factors are sources of error unaccounted for in this

I "Ludy. Replicatíon of experiments would have improved pre-
I cisíon- This vast array of possible sources of error miti-

, gat'ed against extrapolating the feeding data to estimate the ,

ì i*nact of ch""þor"s. predation on Èhe zooplankton populations 1,,..'';i'.;,.;:t,:.,

'of !üest Blue Lake as Fedorenko (1975) did.
c. f l-avicans first instars consumed a maximum of

about 70? of their body weight per day at high food concen-

trations (fig.20). Ttre amount of food ingested as a per_

centage of larval body weight declined. in successive instars
as well as with decreasing food concentrations within each

instar. These estimates are higher than those observed by



Kajak and Ranke-Rybicka (1970). They estimated that maxi_
mum daily food consumption of fourth instar c. flavicans
larvae was r2.sz 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 rates. Experiments performed
by Kajak and Ranke-Rybicka lasted six hours during the day

but Kajak and Ranke-Rybicka observed that chaoborus larvae
fed more at night. This coutd have causeil an,underestímate
of daily food. consumptíon.

Energy loss due to respiratíon is a major factor
that affects c_rrao¡orug. production. Factors that increase :

respiration indirectry decrease net productivity . 02 uptake ,

rates of west Blue Lake chaoborus fourth instars (fig. 16)

vi/ere substantially higher than 0z uptake rates of c.
t{ivittatus fourth instars. ç,. trivittatus consumed o.49,
0.95, 1.0, L.25 and 2.0 ul 0, Iarva-I horrr-l at 5, I0, 15,¿

20 and 25oC respectively (Swift Lg74). Discrepancies may be
due to different respirometers, different larvar sizes and

intraspecific differences.

.02 uptake rates of c. flavicans instars rr and rrr
increased linearly whire o) uptake rates of fourth instars

¿.

4nd pupae inêreased. exponentially with temperature (fig.16).
swift (Lg74) and Berg and Jonasson (1965) both stated that
respiratíon of chaoborus fourth instars increases linearly

104
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with temperature whereas respiration of fourth instars in-
creased exponentiaLly in this study (fig, 16). Swift (1974)

ind.icated the possibiliÈy of a "prateau,, in his graph of oz

uptake versus temperature. Because insects are poikilother-
mic, one would expect a linear relationship of their res-
piratÍon and temperature as well as a rinear relationship
of.their respirat,ion rate and body weight. rn this study,
only the second and third instars showed a linearly increas-
ing respiration rate with increasing temperature. The non-
linear increase of respiration rate of fourth instars and

pupae could reflect a behavioural control of respiration
Perhaps at high temperatures, larvae and. pupae are much

more active than they are.at 1ow temperatures

Berg and Jonasson (1965) determined that at goc and

-1 -120oc, c. flavigans larvae consumed 6.0 ul 0z gm. - hour -
-1 -]and 21.4 ur 02 gm. ' hour -. These resurts are a bit higher

than o. uptake per unit body weight of c. flavicans fourth
instars at comparable temperatures (fig. 17) .

rt, is diffícult to relate the results of laboratory
studies of respiration to'the natural situation. chaoborus

larvae experience a wide daily and seasonal temperature

change due to diel migratíons and their respiration must

alter accordingly. Duvar 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.

Product.ivity of C. flavicans in Vfest Blue Lake

The first major fraction of yearly prod.uction of c.
flavicans larvae that occurred in early July was due to the

extremely high numbers of newly-hat,ched larvae. rn spite
of progressively larger weight increments in successive in-
stars, production declined after early July because larval
abundance quickly decreased.

Another major fraction of production seemed to occur

during the u¡inter (fig. 15). However, fourth instars over-
wi nter in diapause and the.ir weight, remains constant or de-

creases srightly during this time (Jonasson L972). Thus the

large fraction of production that, seemed to occur between

october 6, 1974 and May L4, rgTs in reality probably occurred

over a much shorter time interval in spring when larvae
emerged from sediments and resumed feeding.

Pupal crop is represented by the area between the

x - axis and an imaginary line drawn from the lowest larval
density, parallel to ùhe x - axis of the Allen curve (fig.
15) (Nees ànd Dugdale 1959). This area is insignificant com-

pared to the rest of the area und.er the Allen curve. Low

pupal productivÍty can be attributed to irregularly fluc-
tuating pupal weights (fig. L2l.
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Errors associated with estimating both- density and

weight of chaoborus larvae are inherent in the Allen curve.
The A1len curve may overestimate chaoborus productivity be-
cause smaller instars are under-represented in dry weight
samples. The Allen curve may also underestimaÈe production
due to avoidance of the plankton trap by larvae and loss of
larvae, especially young insÈars, during the processing of
samples

Because inst,ar densities and weights were monitored

weekly, it was possible to calculate weekly production esti-
mates according to the pechen-shuskina formula for all c.
flavicans instars (table 21. Since no newly-hatched first
instars occurred at sampling st,ations on July 1, the first
density shown in table 2 was 0. rn reality, there were many

newly-hatched instars, but they urere inshore and had not yet,

drifted out to the pelagic zone of lrlest Blue Lake. ïf the
density of, newly-hatched first instars calculated from fe-
cundity d.ata to provide the first point on the Allen curve

had been used in the Pechen-shuskina carculation, weekly pro-
duction of instar r between July I and. July g on tabre 2

would have been 233 mg. dry weight m.-2 week-l. This would

have increased the mean weekly production of instar r to
-) -170-6 mg. dry weight m. 'week -. Mean weekry production of

ttrird instar C. flqvicans was relatively high (table 2).
This was partly due to an accelerated growth rate of third
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instars (fig. t3) and the aberrant numerical density esti-
mated on Aug. 12 (fig.15l . Assuming that the mortal-ity rate
of i. flavicans larvae was constant, the density of larvae
recorded on Aug. 12 was too high. Thís could have been due

to sampling a population whose d.istribution is highry con-

tagious. The relatively high production vaLue of fourth
instars (table 2') probably overestimated their true produc-

tion for the same reason stated in the discussion of the

Allen curve. Relatively row prod.uctivity'of second instars
was d.ue to rapidly decrining abundance and relatively smarl

weight increments.

The Pechen-shuskina formula provided a production

estimate that was only 9l mg. dry weight m. -2 y"ut-l high.t
than tlre A11en curve production estimate in spite of the fact
that the two production estimates hrere based on different
sampling schemes and different types of carculations

Although the pechen-shuskina method is more tedious
and time-consuming than the Allen curve method, it eliminates
the under-representation of smarl instars associated with
the Allen curve. unrike the Arlen curve, the pechen-shuskina

formula provÍdes information about productíon of each life
history slage of a cohort. The carculation of production by

each instar according to the pechen-shuskina method is ex-
actry the same as plotting and calculating the area under an

Alren curve for each instar. presumabry, if the relative

t..:.:--:.t.i .....

il ..i:
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proportions of different instars in dry weight samples had

been similar to t,rue rerative proportions of different in-
stars in the lake, Al1en curve and. pechen-shuskina produc-

tion estimates would have been almost, equar. Thus the dis-
c.repancy between the two production estimates is d,ue to in-
duced or methodological differences. Theoretically, there is
no real airrerence between the Al1en curve nrou.u.ri-on and

Pechen-shuskj-na prod.uction of a cohort because the total pro-
duct.ion of a cohort (estimated by the AII'en curve) is equal

to the sum of production values of each li.fe history stage of
that cohort (estimated by the pechen-Shuskina formula).

rf the initial density of newry-hat.ched first inst,ars
shown on the Al1en curve had been used in the pechen-Shuskirra

calculations, first. instars would have had the highest pro-
duction: biomass (P/e) ratío. rrre F/e ratio corresponds to
the turnover rate and indicates what, part, of the biomass of
a population will be replaced during a unit of time. De-

'Þ/
creasing'/B ratios of successive c. ffgvicans instars
(table 2) reflect slower developmentar times of instars
stated on page 16 .

Þ/'t B ratios of the c. flavícans larval cohort irres-
pective of instar decreased during the first summer and

wint,er of the rg74-75 generation and then increased in May

as overwintering larvae emerged from sedÍments and began
D/feeding (table 4). The slight decrease in P/e ratios after
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the end of May probably represents to some degree the,,loss,,
of larvae as they pupated.

Few estimates of chaoborus biomass and productivity
are reported in the literature. parma (1971) calculated the .....:

',,,,.'.D/biomass, production and '/B ratíos of ove:ruintering benthic
c.f1avij:ans1arvaeinLakeVechten,Ho11and,forthree

y biomass ranged. from 2.9 kg. dry weight ha.-I ,,,,,
years. Year1.

to 3.8 kg. dry weight ha.-l .".ording to one of parmars est,i- ,'''''

mates. According to parmars Allen curver,biomass of benthic ::,',,

chaoborus larvae ranged from 5.3 to 7.3 kg. dry weight ha.-I.
Parmadid.notexp1ainthediscrepan-cybetweenthesetwoest.i-

mates. Net production of overwinteríng fourth instars in 
i

Lake Vechten was 70-90 kg. wet weigËrt ha.-1 y"ur-l . n/"
''ratios based on wet weight,s ranged from 2.1- Lo 2.4. Biomass

of overwintering c. flavicans larvae in west Blue Lake was 
i

911.7 mg. dry weight m.-2 for the period from oct. L6, lg74 ,,

to May L4, L975 (table 2). When converted to parma¡s units , l

tlris biomass estimate becomes about 90 kg. ha.-I which is i,.,,'.,

!L--^ n-----¡- 
;-;l;i'' much higher than Parmats biomass estimates. However, convert- ,,:.,,-,

ing the west, Brue Lake estimate to kg. ha.-l is not valid be-
cause chaoþorus larvae were not dist,ributed homogeneously

throughout the 1ake. For instance, chaoborus larvae did not
occur in the benthos of station 2 (fig.s) and their densities
varied from station to station (fig. a) . Biomass and produc-
tivity estimates in this study were bàsed on data from only

:.i.i
;1. : 1.-:
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3 relatively deep stat,ions. Extrapolation of these esti-
mates to extensive areas of the lake is deemed unrealistic.

rn Lake Mendota, winter biomass of chaoborus larvae
'-1.

(558 kg. ha. *) was five times greater than that of C.

fla]¡icans in vtest Btue Lake (Juday 192r). Borutzky (1939)

-1calculated chaoborus biomass to be L7.s kg. ha.-'for a one

month period. Deevey (in Brooks and Deevey 1963) estimat,ed

that, Chaoborus larvae produce |-S-}B kg. ha.-l y.rr=l ín some

Amerícan lakes. The above biomass and productivity estimates

are based on different sampling intervals in different lakes

and the use of d.ifferent samplers and analytical methods.

Thus, a comparison of the biomass and productivity of west

Blue Lake c. flavicans to.the above estimates is of little
value. Parma (Lg7L) stated 'n. ï have no information

about the rate of growth and moritality of the younger larva1

stages linstars I, II and. III] and thus the production of

lthese] larvae is unknown." Parmats (1971) Allen curve con-

tained four points whereas the A1len curve in this study

contains 18 points. These types of differen.ces make it dif-
ficult to objectivery compare production parameters of dif-
ferent studies. Jonasson (]:g72) calculated biomass and pro-

ductivity of g. flavicans larvae (irrespective of instar)
based on monthly samples. Biomass of overwintering C.

flavicans larvae in Lake Esrom ranged from lBzB Eo 2969 mg.

-)dry weighL m. - except for one year in which the Chaoborus

population decreased tremendously for unknown reasons.
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Biomass of overn¡intering 9. flayican= laryae'in Lake Esrom

was at least, twice as large as that of ovenrrintering larvae
in West Blue Lake. YearLy production estimates of !.
ftavieans larvae in Lake Esrom h¡ere L }S.IL, 262.93 and
--2652-5 il9. dry weight m.-t ,"u.r-t for 1953, 1954 and 1955

respectively.. The production of Lakê Esrom chaoborus rarvae
during 1953 and 1955 was very similar to production of c

flavicans larvae in west BLue Lake. Because o1d chaoborus

generations in Lake Esrom ênded in July, one of the highest
production periods occurred in autumn when young rarvae

hatched and grew. From september to october, c: fravicans
production in Lake Esrom was 24L.24, s6 . gz .nu-tuful-in--*

2 -] -â r^F, - i ,weight m. - month 4 for 19.53, IgS4 and 1955 respectively. 
I

vfinter production v/as negative during the three years of.ob- 
]

i

servations. rn spring, production of Lake Esrom chaoborus
iincreased to 74 864 mg. dry weight m.-2 month-l. No other 
i
l

estimates of chaoborus product.ion are reported in the liter-
:

i..,, , .,,tature although many workers (Fedorenko and Swift ]tg72, :...:.:..

McGowan L974, Lewis J'9'75) seem to have all the data necessary i'',,',,','l

: :i : .:-.

to plot Allen curves.

Chaoborus larvae are not distributed homogeneously;

their distribution is highly contagious (McGowan 19741. :: :

,' . . ' 'Therefore caution should be exercised in extrapolating r'r':r':'

chaobgrus production parameters beyond. areas great,er than a

few square meters. :

Although C. flavicans larvae are among the largest

-

' 
' !: ::'-':
. i . .,:..
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members of the zooplankton community ín 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 ml,2

-] ) -1year ¿ to 4090 mg. C m.'year'during L972 to 1974. Thus,

yearly production of qepLqi-a is 2 Lo 3.5 times gieater

than Chaoborus'production in West Blue Lake. Patrick
(unpublished) estimated that production of Cyc]ops bicuspidatus

in West Blue Lake was 2650 mg. C ml2 y".r-l during Ig74-75.

Pr'oduction of C. bicuspidatus was about 1500 mg. C mlz y"ut-I
higher than that of Chaoborus l-arvae. Production of D. pulicaria

and C. bicuspidatus was expected to be higher than Chaoborus

production' because Chaóborus is strictly carnivorous and

thus is in a higher trophic level. Conversely, Chaoborus

production was higher than walleye production (25 mg. C

-2 -1.m.- year *) in West Blue Lake (Ward and Robinson L974)

because walleye are in the highest trophic level of the West

BIue Lake ecosystem.

Relatively low productivity of C. flavicans larvae

can be attributed in part to some features of their life

history strategy and feeding characteristics. Abundance

of C. fl-avicans in West Blue Lake-,is partly limited by the fact
that Chaoborus is univoltine. In other l-akes and ponds,

other Chaoborus species are plurivoltine (Meinert 1886, Peus

1934, Miller 1-941., Líndquist and Deonier 1942, MacDonald

1956, Snell and Hazel-tine 1963, Farma Lg6g). Abundance of
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g. flavicans in West Blue Lake is also partly limited by the

fact that each female reproduces only.once a year and that
the number of eggs laid by each femal-e is much lower than the

fecundity reported by Parma (1971). C. flavicans abundance .

would increase if there vrere proportionately more females

than males. Each female would still have a high probability
of being inseminatecl due to the multiple insemination be-

havior of males.

High mortatity of younger instars reduced abundance

greatly during the first few weeks of the new generation

and the population remainecl at a low level of abundance for

the rest of the year. Hígh mortality of young Chaoborus

Iarvae can be attributed to the fact that first instars hat-

ched in the Littora.l zone, moved. into the pelagic zone and

showed extremely limited diel vert.ical migrations. This

probably subjected them to constant predation from copepods

(Parma 1971), amphipods (Anderson and Raasveldt, l-g74), and

fish (FaIk f971). Because first instars 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 of prey and fed less intensively.. OId-

er instars avoided predation in the epilirnnion to some deg-

ree by remaining deeper in the lake during the day a-nd mov-

ing towards the surface at night to feed. Kajak and Ranke-

t-^

Rybicka (1970) r.eported that Chaoborus larvae feed more at
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night than during the day. Ilowever, because older.instars
moved deeper into the l-ake, they developed slowen, fed less

intensively and consumed ress food than they would have con-

sumed at higher temperatures. Large depth differences bet-
ween depth-weighted density peaks of Ctraoborus larvae and

theír prey, $.þpg and Daphnia, seem to indicate that pred-

ation of the whoLe population of Chaoborus on $_!gps and

Daphnia populations hras reduced by spat,ial and temporal seg- , .,. . .,,,.
regation of predator and. prey during diel verticar migrations 1''"t.''.¡'''r:..t'r'

(f ig.6) .

Respiration rates of C. flavicans larvae were sub-

stantially high especially at higher ter,:peratures. Energy
:

loss by respiration was the energy that larvae use<l in their

I 
metabolic processes and r.epresented the cost of living.

r Jonasson (Lg72) converted oxygen consumption of benthic

g. flavicans larvae to caloric values. He estimatecl that the

' 
average annual populatíon respiration was 5I.2 kcal. m.

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

i "brates respire 1.1 to 5.5 times more energy than they pro-

duce on a yearly basís. Thus a substantial amount of the

, potential productivity of Chaoborus i s used in respiration,
reducing thej-r net productíon.

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

refinements and additional information about Chaoborus
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excretíon, egestion, and assimilation would provide a com-

plete energy budget of C. flavicans which could then be

insertecl into the energy flow and food web patterns of the

Vrjest BIue 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 stu<ly adult emer-

gence, mating ancl egg-laying (fig. AI). The t.anks were locat-

ed outdoors.

t5 to 20 gallons of lake water placecl in each contain-

er were oxygênated With an air pump. Fourth instar larvae

and their natural prey were caught with á plankton net and

were placed in the tanks. Larvae were allowecl to metamòrphose

and emerge, After egg deposition, adults l^¡ere collected with

an aspirator inserted through the fly screen'

l. 'i)
il r':i:-::'
i::.l:'
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Fig. 41. Rearing tanks. 1 - screen còver,
2 - air pump., 3 * table, 4 - rearing
tank.
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APPENDIX B. Feeding Chambers
. A transparent polyvinyl chloride (PVC) plastic feed-

ing chamber (fig.Bl) was used in in situ incubation exper-

iments to study larval feecling

Chamber volume was 15 liters. PVC parts were glued

together with epoxy cement. Two inch square ventilation
openings covêred with 73u mesh were cut out of two sid,es.

A section of PVC pipe was fitted ínto the chamberrs bottom.

A conical net and collection bucket were fastened to the

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

ged with a rubber stopper

Galvanized 'Ou rings fastened to the chamberrs sides

accomodated a rope cradle (fig. B2). A depth-calibrated rope

attached to the rope. cradle suspencled the feecling chamber

from a surface float ( fig.B3 ).
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Fig. 81. Transparent PVC feedi-ng chamber. J - rubberplug, 2 - ho1e, 3 - feeding chamber,
4 - "0r' ring for rope craäie, 5 - såreerr-
covered opening, 6 - pVC pipe | 7 - hose clamp,8 - fine mesh.conical net, 9
bucket.
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Fig.82. Fgpe cradle, This crêdte is fitted throughtt0tr rings on the sides of th-e feeding châtrber.
1 - nOrr ring, .2 ^ pipe, 3 - rr0rr rinbrr
4 - p3.astic rope, 5 - galvanized disc
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Fig.83. Feeding chanber suspended in the water.
1 - float n .2 .^ depth*calibr:ated ropef
3 - rope cradle, 4 = feeding chambèr.
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APPENDIX C. Trial Feeding Experiment

An experiment to determine the density of q. fl-avicans
' Iarvae needed to produce optimum feeding rates in the 10 1.

i and 15 1. fèeding chambers was performed on June 2, 1975.

This experiment al-so provided an estimate of relative

' efficiencies of the two types of feeding chambers.

, 1--1-!^- 
-^! 

t. -\ ---^ IA Wisconsin plankton net (mesh size 73 u) was used

to take 20 vertical tows from the bottom to the top of
I the lake at Station 5. Tow contents \^rere filtered through

r a 1050 u filter to remove C. flavicans farvae and

i l.nge D. pulicarj-a. The fil-trate was dih:ted to 6.875 liters.
: The diluted filtrate was stirred and divided into eleven 375 mI.

, aliquots and eleven 250 m1'. aliquots. Three 375 ml-. aliquots

i and three 250 mI. aliquots were kept as control samples.

', One 375 mI. aliquot \n/as poured into each l-5 l-. chamber.
'I

One 250 ml. aliquot 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 chamber. Chambers were suspended at 5 m. d.epth from

a fl-oat and were incubated for 24 hours

At the end of the incubation period, midge larvae

and remaining food were removed from feedíng chambers. In

the laboratory, experimental larvae were removed. from test

samples. Test and control samples were dried at IO5ò'C

t':.
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Table CI. Numbers and densities (no. liter-I ) of larvae used in

tríal feedíng exPeriment.

Feeding

. chamber
Chamber number

volumeI2345678

rs l. s(.34) r0(6.7) rs(r) 20(r.34) 2s(r.7) 30(2) 3s(2.3) 40(2.66)

10 1. s(.s) r0(r) rs(I.s) 20(Ð 2s(2.s) 3o(3) 3s(3.s) 40(4)
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for' 2 days. Dried samples hrere weighed on a Sartorius

bal-ance

Results (table C2, fig. Cl) indícate that a predator

densi.ty of about 1.5 to 2 larvae l-iter -f produc"s optimum

feeding in the chambers

A one-way analysis of variance t.esting the hypothesis

that chamber tip. does not affect feeding of C. flavicans
I

I larvae yietrded an insignificant F value of 0.012 (p = .05,

i d.f. = I, 14).

'

i.r--: -
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Table C2. Amounts of food (mg. latl,r.-f ) eaten ín feedÍng chambers.

FeedÍng
chamber
volumeT2345678

Chamber number

15 1. .0rr .023 .0r5 .024 .03r .027 .028 .0r9

r0 1. .0r5 .0r9 .027 .026 .O2r .0r9 .020 .0r5
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Fig. C1. Effect of predator

ingesti-on in 10 1.

feeding chambers.

density on

and 15 1.

L::;
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APPENDTX D. Benthic Densi-ties of Chaoborus larvae, I974.

Table Dt. Benthic densities* of Chaoborus larvae during Lg74.

Mean number ot
Chaoborus per core

Standard
devi-ation Number m. -2Date Station

May 20

May 27

June 3

June 10

June 17

June 24

July 1

July B

July 15

July 22

July 30

Aug. 5

Aug. 12

Oct. 16

I
5
l-
5
T
5
I
5
I
5
I
5
t
5
t-
5
1
5
I
5
1
5
1
5
I
5
t
5

B

10.25
6 .25
7.75
8.5
7 .25
3. 50
4 ;25
1.00
L.7 5
0.5
r.0
0
0
0
0
0
0
0
0
0.5
0.75
0.75
1.0
L.25
r.00

13.00
11.75

3 .37
3.59
3.77
4.II
2.08
3. 40
2 .38
2.it 5
0. 82
I.26
0.58
0. 82

4081.68
5229 .65
3188. B1
3954.13
4336.79
3699.02
L7Bs.74
2168.39

5L0 .2

":892. 
87

255.L
510.2

0.58
0.96
0.96
0. 82
0.96
0 .82
4 .97
3.30

255.I
382.65
382.65
5I0 .2
637.75
510.2

6632.6
599 4. 85

* orr" core = rg .6 .*2. To
murtipried by tffffi3=l

extrapolate to no.
5r0.2

^-2, densities were
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APPENDTX E. Deptn--weighted Peaks of Vertical l4igration ofg. fl-avj,cans, D. pulicaria and C. bicuspidatus.

Table 81. Depth-weighted vertical migration peaks of C. flavicans.

lte Time animal-s animal-s x depth peak ( meters )

rne 5, I974

l

rly 6, T974

ily 2I, J-97 4

Lgust '7 , L97 4

10a. m.
2p. in.
6p. m.

10p. m.
2a. m.
6a. m.

l-0 a. m.
2p. m.
6p. m.

10p.m.
2a. m.
6a.m.

10a. m.
2p. m.
6p. m.

10p. m.
2a. m.
6a.m.

10a. m.
2p. m.
6p. m.

10p.m.
2a.m.
6a. m.

T7
26
2B
31
34
39

L44
101
r15
110
119

92

152
131
116

84
B9
94

B3
BT
B5

105
109

76

l_ B9
327
309
270
240
393,

IL7 6
BB5
846
651
630
624

L29 0
1t_31

891
56r
474
687

B82
918
BB5

1095
82B
825

11.12
12.58
11.04

B. 71
:7.06

10.08

B. 17
8.76
7 .36
5.92
5 .29
6.78

8.49
8.63
7 .68
6.68
5.33
7 .3r

l-0.63
11. 33
10 . 4l-
10.43

7 .60
10. 86

.:,a:-.
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Table 82. Depth-weighted vertical migration peaks of D. pulicaria.

Time animals animals x depth peak (meters)

28, 1974 10a.m. 531

2p.m. 1055

6p. m. 6BB

lOp.m. 1190

2a. ¡n. I49 q

6a.m. 1187

e l-l- | l.97 4 l-0 a. m. 94I
2p.m. 1408

6p. m: 1499
lOp.m L423
2a.m 2476

6a.m. 2876

{ 9, :-.974 10a.m. 557

2p. m. 999

6p. m.

10p.m.
2a. m. 159 6

6a.m. L442 22664

:st 16. L97 4 10a.m.

2a.m. 1305
6a. m. 728

2606

91s B

5326

L3257

IBlB4
10815

97 87

I4,69 2

Ls592

1sB4 4

25352
29 406

9326
1627 5

105 B2

7673

9009

6992
4919

37 07

43I4
7 s44
457 3

4. 9 l-m

6.68
7.74

11. 14

12. L7

9. 11

10.40
l-0 . 43

10.40
t_r. 13

:.0.24
L0 .22

L6.7 4
16.29
r3.5t_

9 .45
5.64

15.72

r1.95
7 .97
B. 56

5.20
5.78
6 .28

i

:

i

-:.
.i:-:r::l:.

2p, m.

6p. m.

10p. m.

783
BL2

585

6L7

433

830
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I _' 1- (.'Table 83. Depth-weighted vertj-cal- migration peaks

q. bicúspidatus.

rte Time animals animals x depth peak (meters )

lly 2L, L974 l-0a.m.

2p. m.

6p -m'.

lOp. m.

2a.m.

6a. m.

11r0

1018

910

BB3

l-37 6

929

15838

L4622

12900

L43L7

T47 82

T29L4

L4.27

L4.36

14.18

L6.2L

r0.74

13.90
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Emergence and Sex Ratio of C. flavicans Adults.APPENDIX F.

Table FI. Numbers of male and female C.

in emergence traps on station l-.

flavicans caught

Date Trap number
23

mean no.
of adults

s tandard
deviation

i June 25

26

27

2B

29

30

July 1

2

3

4

5

6

7

B

9

Mean no.
of adul-ts

0

0

I:l
f:1
220

1:3
222

423

425

423

527

622

223

2zL

,ot3
4. 53

0'

0

0

I:0
1:0
0:2
Lz2

224.
324
4zI
522
222

2zL
l-: 0
1¡.1

2.80

0

0

0:l-
0

0

L:0
l-:l-
2:I
L-.2

222

322
2-.L

1:l
0

0:1
1.73

0

0:1
0

1:0
l:1
022

3:1
Iz2
222

422

3:3
224

l-: 3

1:0
0

2 .67 4.27

0

0

0
I

1:0
Iz2
22L

223

3:5
422

724

425

624

422

l-: 1
0

0

0.2
0;6
t_. 0

1.6
'2.4

3.6
5.4
5. B

6.6
7.8
6.4
4.0
r.4
L.2

0

.45

.89

.7r
L. 14

r. 14

r. 14

2.30
2.39
2.70
2.77
2.6I
I.5B
1. 14

1.30

Total- number of
Totat number of
Total number of
? r& ="* ratio =

adults 240

males = L26

females = 114

# = .s047
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APPENDïX G. Numbers of c. flavícans and Amphi-pods caught

in Submerged Traps at Station 1.

Table G]. Numbers of c. flavicans and amphipods caught in submerged. traps at stãtion-Fp-- pupa, rv - old iÃstar rv,N - new instars I and II, A -'amphipoAs.-

Date
Depth
(meters ) f 23 4s

June 28, L974 5 2p, 6A 4A 2p, 5A lp, 2A 3A

r 15 1 rv 4ïv l- rv zrvi ' 20 notrap lrv no trap

ruly 5, Lg74 5 l-P' l-BN, 5A 7N, 2A l-2N,44 9N, 3A rr-N, 4A
l-0 4N 2N,2rv 6N,2]lv 5N' 4;
15 l.rv 3fv
20 no trap 1 IV no trap

Iuly 12, L97 4 5 3A

10 4N

15 1IV
20 no trap

Iuly L9, Ig74 5 l-A

IO

l-5

20 no trap

2N, 3A 4A 3A fN, 3A
l_ IV,8N , 7N 2IVf 5N 3N

2 rv 'IN'i 2N 
no trap

3A 5A 4A 2A

5N 5N 3N

2N ]-N

no trap
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APPENDIX H. Dry Weights of C. fl-avicans Larvae and Pupae.

'abfe Hl. Mean dry weights of C. flavicans larvae and pupae.

;ate
Number Number of
of lots animals/Iot

Mean individual
dry weight (mg)

Standard AVü
deviation (*g)

ay 20/7 4
ay 27
rune 3 larvae
] pupae
¡lne 10 larvae

pupae
ìJne 17 l_arvae
i pupae
une 24 larvae

pupae
uly I

B

15
22
30
5
t2
19
26

.15
16

ay L4/7 5
ay 2I
ey 28
¡ne 4
une 11 l-arvae
I pupae
une 18 larvae
: Pupae'
rne 25 larvae

pupae

10
10
10
10
10
10
10.
10
i_0
10
10

l0
10
10
10
10
10
10
10
10
10

l-0
10
10
l-0
10
10
10
10
10
10

20
20
20
IO
20
10
2o
l0
20
10

t-0 0

r00
100
100
100

50
50
50
50
50
10

20
20
20
20
20
10
20
10
20
10

.6032

..6BBB

.7 162

. BL62

.7765

.89 48

.7772,

.8155

.79 46

.8204

.00191

.029L

.0 425

.06 47

.0924

.1030

.1489

.1563

.1683

.2122

.2934

.6286

.6377

.6996

.7 262

.7940

.8920

.8692

.90 49

.9354

.9015

.000736 ff.fr[i

.02L

.006

.0r4

.062

. 019

.072

.01_9

.007 4

.031

.0106

.000943

.00103

.OTBB

.025

. I52

.004

.022

.0s7

.0 86

. 114

.0415

.025

. 013

. 019

.089

.07 7

.097

. ILz

.0 86

.068

.0856

.027 4

.0603

.0786

.0007

.0793

.0L6 4

.00 49

X=. O¡f ZS
S.D.=.027

S.D.=.053
. 027 19
.0134
.0222
.0277
.0106
.0459
.007 4
.0120
.0439
.0812

.3352

.009r

.0619

.0266

.0678

.07 52

.0I29

.0662

.0034

Erv
ufy
uly
uly
ug.
ug.:'tr9'
F9.
3pt
a!
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APPENDIX I. Instar-specific Growth Data.

able II. Instar-specifíc dry weights.

hstar ;- ' Date Time
YPe (days )

Sample
size

No. of
samples

Mean dry
weiqht (mq) S. D.

July It J-975
July 4
JuIy B

July 12
July 15
July 19
JuIy 22
July 26
July 30

July B, 1975
July 12
July 15
July 19
JuIy 22
Jufy 26
July 30
August 2
August 5
August 9
August L2

II July 12, L975
July 15
July 19
JuLy'22

. .fufy 26

August 2
August 5
August 9
August 12

IV (I974-75 generation)
August 26, 1974
Sept. 16
Oct. 16

May L4, L975
May 2I
May 28
June 4
,June tl
June 18
June 25

0
3
7

t_1
L4
1B
2L
25
29

100
100
100
I00

50
50
50
25
20

20
50
75

r00
I00

.100
50
50
50
25
15

15
20
25
50
50
50
50
50
50
50

50
50
1g

20
20
20
20
20
2o
20

I
I
t
I
I
I
1
1
I
1
1
I
I
1
I
1
I
1
I
I

1
1
I
I
L
I
I
I
1
1

10
l-0
t-0

10
l_0
t0
10
l_0
t0
1o

.0019

.0023

.00s5

.0097

.0L24

.0153

.0168

.01_82

.0193

.0036

.0047

.0087

.0136

.OlBB

.027 3

.0348

.0408

.0 462

. O4BI

.0493

.0019

.0123

.0179

.0228

.0363

.0556

.07 44

. L025

. L2B7

.1s43

.1683

.2I2L

.29 34

.6286

.637 7

.6996

.7262

.79 40

.8692

.g354

II 0
4
7

t-1
L4
1B
22
25
2B
32
35

0
3

7
10
L4
1B
2L
24
2B
31

0
2I
51

26l
268
275
282
289
296
303

.057

.086

. 114

.0415

.025

.0r3

.019

.089

.097

.0 86
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lable I1. Instar-specific diy weights. (cont'd)

-nstar Date Time Sample No. of Mean dry
:vpe (days ) si ze samples weight (mq) S . D.

IV (l-973-7 4 generation)
May 20, L97 4 0 20 10 .6032
May 27
June 3
June 10
June 17
June 24

7 20 10 .6888
14 20 10 .7162
2L 20 r-0 .77 65
28 20 l0 .7772
35 20 r0 .7946

.02L

.006

. 014
: 019
. 019
.031
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A one-way anarysis of variance with ínstar types

as treatments yielded an F vaLue of 1.15. critical F

(P =.05, d.f. - 4, L62) 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
' 

-lpupae is 5.8638 kcal_. gm. ¿ (S.D. = 0.5019).
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APPENDÏX K. Carbon Content of C. flavicans.

TabLe KI. Mean carbon content (ug.C) of C. flavicans

l-arvae and pupae.

-nstar
lvpe Date

Sample no.
123 X

Sample
S.D. size

JuIy l-, 1975
JuIy I
JuIy 15
July 22
July 30

July B, Lg75
July 15
July 22
JuIy 30
Aug. 5
Aug. L2

July 15, L975
July 22
JuJ.y 30
Aug; 5
Aug. L2

May 14, L975
May 2I
May 28
June 4.

June 11
June IB
June 25

June 11, I975
June tB
June 25

1.33s
3.79
I .23

IO. B5
LL.25

' 2.605
5 .69

t_r. 4 3
2r.5 4
25 .42
24.25

7 .68
14 .37
36.68
63.9
93.2

309.7
330.4
27 3.3
405.1
437.8
254.2
384.7

32t.6
340.8
403 .4

1.485
3 .99
7.735

11.93
10.64

2.235
5. 13

12.26
20 .87
26 .67
25.18

8.24
15. 12
35.56
68.3
79 .7

394.9
38I.1
382.9
324.4
344. r
339.1
296.5

336.9
387.0
426.0

1.605
3.44
8.34s
8.96

10.93

2 .82
5.765

10.84
2I.2t
24.97
23.79

7.93
r3.63
37 .24
58.7
BB.4

269.6
486 .2
358.1
264.0
367.2
375.6
274;3

30 3.
264.
372.

I.475
3.74
8.103

r0.58
L0.94

2.553
5.528

r1.5t-
2L:207
25.667
24.407

7 .95
L4 .37
36 .49
63.63
87.1

324 .7 3
399.:,23
338.1
3 31. 17
383.03
322.97
318.5

.135 20

.278 20

.324 '20
1.503 10
.305 t0

.296 20

.347 20

.7l-3 10

.335 t0

.847 r0

.708 10

.2BL IO

.745 r0

.855 5
4.806 r
6.843 I

63.988 1
79 .467 r
57.472 I
70.79 3 1
48.815 I
62.287 1
58.40

:I

I

liI

iV

¡pae 7
3
3

320.733 16.617
330.7 61.98
400.567 26.962

I
1
I
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Table K2. ca::bon content per unit dry weight of c. f lavicans.

s tar Iridividual dry

f,ae

Date

JuIy L, L975
July B

Ju.ly 15
July 22
July 30

July B, 1975
July 15
JuLy 22
July 30

"Aug. 5
Aug. L2

July 15, 1-975
July 22
,Jufy 30
Aug. 5
Aug. L2

weisht (mq. )

.001-9

.0055

.0L24

.0168

.0193

.0036

.00 B7

. OlBB

.0348

.0 462

.0 493

.0123

.0228

.0556

. l-025

.1s43

.6286

.6377

.699 6

.7262

.79 40

.8692

.9354

.8920

.90 49

.9015

Mean individual
carbon content

L.475
3.74
8.103

l_0.58
10.94

2.553
s .528

1l_.5r
2L.207 ,

25 .667
24.407

7.95
L4.37
36 .49
63.63
87. I

324 .7 3
399.23
338.1
331.17
383.03
332.97
318.5

320.733
330.700
400 .567

[ = 66I.278
S..D.=76.743

709.L7
6 35. 40
612.23
609.40
555. 56
495 .07

wt.

776.32
680.00
6s3.47
629.76
566.84,

X =-oõZlEõE
S.D. - 72.59L

646.34
630 .26
656 .29
620.78
564.48

May 14,
May 2J-
May 28
June 4
June 11
June 18
June 25

L975

X = 623.63
S.D.= 35.823

5l_6. 59
626.05
483 .28
456.03
482.4L
37L.s7
3 40. s0

June 11, 1975
June tB
June 25

S.D.=
468.061

9 4.4rr
359.57
365. 45
444.33

[= 389.783
47.33S. D.=

Ine h/ay ANOVA testing to see if differences exist between carbon content' gnit dry weight of different instars and pupae yielded F = ;'0.6L2tical F (q 21 d.f ., P 0.05) : 2.84. Oiffeienc-es do exist between'boncontent per unit dry weight of different j_nstars and pupae.
549.11i¿u9.. C per unj_t dry weight, S.E. = 51.465.
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Dry weights of Larval- instars and pupae were cnnverted

to carbon content by multiprying the dry weight of a given

life history stage by the mean carbon content per unit
dry weight of that life history stage.

All-en curve production in terms of carbon was

obtained by murtiplying the dry weight production varue by

549.1114 ug. c'm9î1 (dry weishr) .

ì:'..
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APPENDIX L. Hatching Success of C. flavicans Eggs.

Table LI. Numbers of eggs and numbers of hatched eggs of

C. flavicans.

Sample
Number

Number
of eggs

Number of
hatched eggs % hatched

I
2
3
4
5
6
7
B

9
10
ll-
T2
13
L4
15
16
,r7
1B
19
20
2L
22
23
24
25
26
27
28
29
30
31
32
33

249
L7s
247
263
23L
264
186
193
248
239
278
181
l-9 3
L70
209
2IB
280
2tB
199
TB2
234
248
19r
L75
TB2
l-94
223
2L9
243
r69
2L2
208
227

x 216.606
S.D.x 32.23
S.E.x 5.61

244
t64
242
255
229
25r
L82
189
246
232
272
177

.LB7
168
205
207
274
2L6
l_9 5
180
232
243
185
l.72
17B
186
22L
215
24r
164
208
202
225

9B
94
9B
97'gg
95
9B
98
99
97
9B
9B
97
99
9B
95
9B
99
9B
99
99
9B
97
9B
9B
96
99
9B
99
97
9B
97
99

2rr .7 3
31.89
5.55

97.73
L.2s7

.2188



160

APPENDIX M. C. f l-avicans Respiration Dat.a

Table Ml. OZ uptake (uf . OZ
. -t _ -l_.nour anl_maJ- ) ot c. flavÍcans

larvae and pupae at various temperatures.

Life History
stage

Sample
Number

Tempe:cature ('C)
10 t5 20 25

instar II

r-nsÈar Il.l-

instar IV

.09 B4
118 1

. I102
1220

.114r

.1181

. r22o

.1063
L4L7

.027 6X .T168s.D. .0r2

3857
.3975.
.3739
.40L4
.3778
.4053
.3935
.397 5
.397 5
.0276x 3qz1

s. D. .01-l-

2.479
2.400
2.440
2.282
2.243
2.204
2. 479
2.204
2.L64

.079
X2T

S.D. .I2B

. t-l81

. r299

. 1259

.1181

.l_141

. l.299

. ï102

.l-220

. 1259

.031_5:Eß

.007

.421l-
..4L32
.417L
.42LL
.4T7L
.4132
.42IL
.42TL
.4L32
.0433
:4T76
.004

2.636
2.558
2.873
2.440
2.676
2.5L8
2.794
2.7L5
2.400

.07 9
Æ

.159

. L299

. L2s9

.1141

. r299

.1181

. rzsg

.1378

. l-220

. I4I7

.0354
:D13
.009

.4407

.4329

.4357

.4368

.43s7

.4289

.4289

.4357

.4329

.0354
Æß
.004

2.479
2.9L2
2.676
2.755
2.7L5
2.79 4
2 .95L
2.597
2 .833

.079re

.150

.1889

.1614

.1535

. I4T7

.1889

.1388

.L574

.1535

.r732

.0315
:TîT1
.020

.5470

.5509

.5509

.59 81

.5903

.602r

.s903

.5863

.s981

.0394

.s7ß

.023

3.384
3.581
3.423
3.738
3.660
3 .699
3.778
3.502
3.384

.079T:IT

. r55

.2l-25

.2322

.2479

.2400

.2283

.236L

.24 40

.2479

.2400

.027 6
7z:-166
.011

.79 B8

. B1B5

.8303

.8264

.8342

.8499

.8224

. B3B2

.8499

.0315
ÆØ
. 016

6.060
s. 509
5. 116
4.329
5.037
5.L94
4 .879
5:706
5.784

.079
î:Tqo

.531

I
2
3
4
5
6
7
B

9
l-0 *

I
2
3
4
5
6
7
B

9
l0*

I
2
3
4
5
6
7
B

9
10*
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-r -'tTable Ml. oruptake (uI. o"hour-'animal:'¡ of C. flavicans
¿-L

larvae and pupae at various temperatures. (cont'd)

¡upae 1 2.597 3.030 7.083 8.l-06 9.287
2 2.322 3.187 7 .398 8.382 8.972
3 2.7L5 3.266 7.122 8.224 8.342t 3'.1tr1 3:i33 ;'.iî¿ 3: Î3Î 3:3?3
6 2.282 3. 345 7 .870 8.460 9 . 405

B 2. 518 z.ggL 7 .240 7. 831 9 .601
g 2.361- 2.991 7.3L9 8.618 8.185

10t .1rB .079 .039 ' .079 .079
X TM6 3.Tß TTT' E-I6- 9fI6

s. D. . 153 .L73 .6L6 .237 . 535

,if e H.istory Sample Temperature ( "C)
staqe Number 5 10 15 20 25

k Control sample

ì.--
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Table M2. OZ uptake per unit dry weight of C. flavicans larvae

and pupae at various temperatures.

Life history
stage

temperature
('c)

mean 02 uptaEë
(uI.OZ hour-f
animal- f)

individual-
dry weíght

02 uptake per unit*
dry weight- (ul-. 02
hour-f mq;1)(

instar II

r-nstar -LII

instar IV

pupae

5
10
l_5
20
25

5
IO
t5
20
25

5
10
15
20
25

5
l_0
15
20
25

.1168

. T2L6

.l-273

.1673

.2366

.3922

.4r7 6

.4343

.5793

.8299

2.322
2.623
2.7 46
3.572
5.290

2.475
3.183
7.:-49
B. 316
9.116

.0330

.1183

.7 262

.8920

3.539
3.685
3.858
5.070
7.170

3.315
3.530
3.67r
4.897
7.015

3.L97
3.612
3.781
4.919
7.284

2.775
3.568
B. 0t-5
9 .323

L0 .220

* Two way ANOVA testing Ho:d.,, = d, = -.dr = 0 yielded F = 55.356.
Critical F (¡, 12 d.f., P t.05¡'= 3.49. Dtfferences exist between
02 uptake rates of various instars and pupae.
+ Two way ANOVA testing Ho: dr = d. = = d.: = 0, yielded F = 4.386.
Critical F (S, L2 d.f., P 0i05) É 3.49. Oifferences exist between
02 uptake rate per unít dry weight of various instars and pupae.
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APPENDIX N. Allen Curve production

Table N. Population densities and weights used to carcurate

Al-Ien curve producti.on.

- - - 
¡;.::.:

Dat.e mean density mean individual
(no. m-¿') dry weight (mg.)

JuIy 8, 1974

July 15

Jufy 22

July 30

August 5

August 12

August 19

August 26

Septembe:: 16

October 16

May L4, 1975

May 2L

May 28

June 4

June 1l- l-arvae

pupae

June lB larvae

pupae

June 25 larvae

7850 .456

6L07 .436

s781. 16

s119.5

5252.3

5158.6

387 6.57

3266.6

245L.0

2L48.97

180 6. 55

L262.496

1330.09

1331,436

1053.646

367. 813

65 .546

10 B. 513

77.7I

33.69

.029 L

.0 425

' .0647

.0924

.0130

. I4B9

.l-563

.1683

.2L22

.2934

.6286

.6377

,6996

'.7262

.7940

.8920

. 8692

.90 49

.9354

.9015pupae
i r-.
r. i,-
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No significant differences in caloric content

exist between various l-arval instars and pupae (appendix J).
Therefore the A1len curve production in caloric terms is
1982.551 mg. ^-2 yt.-1 * .0058638 kcal. mg-I = LL.6253 kcat.
_-2___- -Lm yr.

Mean carbon content per unit weight of any larval
.'linstar pupa is 549.1114 ugC.mg-t. The Al-len curve

production in terms of .carbon content is Lg82.551 mg. m-2yr-1

x 549.L1I4 ugc.mg.-1 = 1088641-.355 ug.Cm.-t4t.-t.
The first point on the Allen curve was calculated

according to the IBP handbook no. L7 (Edmonson and Rigler
I972) as follows:

Mean density of larvae on June 11, 1975 = 1053.646

Mean density of pupae on June 11, Lg75 = 367.8I3

= L42L.459 (1)

Sex ratio

fecundity

hatching success

= .90 47 2I.000 ? r¿ (Appendix F) 
i
I

= 2L6.606 eggs female-l (Appendix L) i

= 97.732 (Appendix L)
.::.::, :.....

n (t) = 142L.45g * '99a7 = 642.9969 ' 
"j"¿ r'- -.: .:

total number of eggs laid = 642.9969 x 2L6.606 - I3g277.0036 " 
"t'

total number of first instar
larvae hatching from eggs = 97.732 x I3g277.0036 = 136115.4i-56

production from time of egg-laying (about Juty, Ig74) 1.,.,;,,,,t.

-) .-1. 
:

to July 8, L974 is 2094.70343 mg. (dry.weight) m. '.week
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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: . J3-243u,

243-500u, 500-783 u, 783-r050 u. Rotifers. and nauplii were

predomi-nant in the first size category, copepods in the

second, small'Daphni? in the third. and rarge Daphnia in

30 larvae per chamber were used in experiments

on the first three instars 20 larvae per chamber were used

in the l-ast experiment.

The number of prey ingested per predator per day was

ca.lcul-ated as foll-ows:

(mean control value - mearrl test value) x 15 liters ; number

of Chaoborus l-arvae.

Table 01. Resul-ts of food type and size preference experiments.

:s tar Sample SampIe
no. no. of prey per literL t

control

test

4L
32x 56;l
L9
15
L7

9.75

6.6

3B
43

ad-s

33
2B

3õT
5

3.4

1
2

l_

2

73 -::243 :Lr

rotifers nauplii
243-500u
copepods

33
45
39

35
4Bars

500-783u
small Daphnia

20
I4-n-
1t
24ï7-

l:-

7 B3- l-050u i,r'

large Daphni¿,,

L2 ',ì:

11J-t+
L4.5

'r 't

15
t3

;5

X

no. eaten
per larva

Z of total
prey eaten
per l-arva
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'abIe 01. Results of food type and size preference experiments. (cont'd)

nstar Sample Sample
type type no. no. of prey per liter

IT

IÏ

IV

control 1
2

x

test I
2

X.

no. eaten
per larva

Z of total
prey eaten
per larva

control I
2

X

test I
2

x

no. eaten
per larva

å of total
prey eaten
per larva

control I
2

X

test

tro.
per

?of
prey
per

X

eaten
larva

,total
eaten

larva

27 .5

T7
11-TT-

6.75

5.4

46
3t-

3E-
34
27

3¡;5
6.0

4.0

39
31

-
J5

26
19

TT:5

9.375

6.3

13. 5

15
B

TT3

1

.B

24
15

æ-

19
L2

T5.5

3.0

2.0

L2
7

9.5

L2
Blr

:-

0

10
15

Tß
1.875

1.3

33
26

E:5
t0

6

-E--
10. 75

8.3

31
24

42
35

3E-
I6
22-rt-

9.75

7.5

46
34
40

27
20E6

8.25

6.5

34
47

40 .5

32
26T

8 .625

5.8

29
3BFF
32
2L

ß3
3.5

2.7

43
2B

3s.5

L9
26

Ð:5
6.5

5.2

1B
L2

-
I5

13
20ï6-

11
I5-T3-

10
16-Tr

I6
11

18
L2TT

I
2
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Table 02. Ingestion rates of

larvae at different
concentrations.

first instar
temperatures

C. flavicans

and food

Temperature
("c)

Initial- food
concentration

(ms. cr-1¡

Ingestion Mean
rate (mq.
c larva=f

individual
dry weight

Ingestion rate
per unit weight
of larva (mg. C-1

.00038

.00049

.0078

.00088

.00091

. 0 0191

.00331

.00292

.00264

.00368

.00 42l-

.00s26

.00525

.00622

.00630

.40642

.00022

.00044

.00073

.00088

.00067

.00187
¡00328'
. 003 46

.00231

.0a 37 7

.00357

.00 446

.00506

.00566

.00578

.00s80

(mq) -1¡

Epilimnion
Lv3

-yB

.v 10

.y ,I2

yB

v l-0

t-9 .0
19. 0
19. 0
19 .0

19.3
19.3
l_9.3
19.3

L9 .4
L9 .4
19 .4
L9 .4

L9 .6
L9 .6
19 .6
19. 6

0.746
1.003
t_.375
L.577

0.761
L.522
2.283
2.764

L.872
2.815
2.975
3.598

4.038
4.583
s.248
6 .007

0.7 46
l-.003
L.37s
r:577

0.76L
I.522
2.283
2.764

L.872
2 .8T5
2.975
3.598

4.038
4.583
5.248
6.007

.0022

0055

.0076

.0097

.0022

.005s

.00 76

.L727

.2227

.354s

. B54s

.1655

.347 3

.6018

.5309

.347 4

.4842

.s539

.692r

.54r2

.6 4r2

.6495

.66L9

.1000

.2000

.3318

.4000

. I2L&

.3400

.5964

.629 I

.30 39

.496L

.4697

.5868

. s216

.583s

.5959

.597 9

Hypolimnion
.y3 6.1

6.1
6.1
6.1

6.2
6.2
6.2
6.2

6.3
6.3
6.3
6.3

6.4
6.4
6.4
6.4

Y12
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Table 03. Ingestion rates of

]arvae at different
concentrations.

second instar
temperatures

C. flavicans

and food

te Temperature
('c)

Initial food
concentratíon

(mg. CL-1)

Ingestion
rate (mg;

r -------I

Mean
individual-
dry weight

Ingestion
per unit

C larva-
dav-t)

of larva
mo-1)

rate
weight.
(mg. c

(mq)

Epilimnion

ty 24

Hypolimnion
-v 14

Ly 14 19.1
19.1
19 .1
t-9 .1

19.2
L9.2
L9 .2
19 .2

t-9.3
19. 3
19.3
19. 3

t-9.5
19. 5
19.5
19.5

0.594
0 .897
r_.283
r.6 45

0. 833
1.57 6
2.L98
2.90 4

1.134
2 .067
2.7 BT
3.925

1.843
3. 819
5 .324
6 .849

0.594
0 .897
L.283
L.64s

0.833
I.57 6
2. L9B
2.904

1.134
2.067
2.78L
3.925

1.843
3; Bl-9
5.324
6 .849

.00r4

.0019

.0024

.0056

.0023

.00 42

.0062

.0068

.0051

.0069

.0087

. 009 B

.00 B7

.0116

.0L29

.0131

.00098

.0018

.0021

.00 47

.0021

.0038

.0057

.0059

.00 46

.0063

.0079

.00 B9

.0083

.0110

.0t_l8

.0120

.007 4

.0099

.0153

.0231

.007 4

0099

.01s3

. IB92

.2568

.3243

.7 568

.2323

.4242

.6263

.6869

.3333

.4510

.5686

.6 405

.3766

.5022

.5584

.567 L

. r324

.2432

.2838

.6351

.2T2I

.3838

.5758

.5960

.3007

.4118

. s163

.5817

.3593

.4762

.5108

.5195

Ly 16

Ly 20

-v 16

.v 20

6.4
6.4
6.4
6.4

6.4
6.4
6.4
6.4

7.L
7..L
7.r
7.L

7.2
7.2
7.2
7.2

v24 .0231
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Table 04. Ingestion rates of

larvae at different
concentrations.

third instar
temperatures

C. flavicans

and food

e Temperature Initial- food Ingestion Mean
( 'C) concentration rate (mq. individual_

(mg . Cr,. - 1¡ c l-arva:] dry weight
dav-t) (mq)

Ingestion
per unit
of l-arva

rate
weíght
(mg. c

mq- 1)

Epilimnion
v28

v30

ust 1

ust 3

Hypolimnion
V28

r30

ust l-

19 .4
19 .4
19 .4
19 .4

t9 .0
19 .0
19.0
1'9 .0

IB .2
IB .2
LB .2
IB .2

l_8. I
18. I
r8. 1
18. I

7.r
7.L
7.L
7.L

7.0
7.0
7.0
7.0

7.0
7.0
7.0
7.0

7.0
7.0
7.0
7.0

0.639
1.102
I.662
2.3L4

1.054
2.138
3. l-25
3.987

L.498
3.2L0
4..625
6 .I47

L.526
3.752
5.854
7 .4l5

0.639
1.102
1.661
2.3L4

1.054
2. l.3B
3. t_25
3.987

I.498
3.210
4 .625
6.r47

l.'.526
3.752
5. 854
7 .4L5

.0073

.0103

.0136

.0327

.0119

.0232

.03 44

.0370

.02r7

.0281

.0350

.04L4

.0315

.0 4I7

.0448

.0468

.00s8

.0096

.0116

.0281

.0108

.0201

.0292

.0305

.0208

.0265

.0337

.0396

.0255

.0394

.0 4L7

.0 423

.0460

.0556

.0681

. OB3B

.0 460

.0556

.0681

. t5B7

.2239

.2957

.7r09

.2L40

.4l-73

.6T87

.6655

.3186

.4L26

.5140

.6079

.37 59

.4976

.5346

.5584

. 126I

.2087

.2s22

.6l-07

.].942

.3615

.5252

.5486

.3054

.3891

.4949

.5815

.3043

.4702

.4976

.5048

¡st 3 .0838
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Table 05. Ingestion raùes of

larvae at different

concentrations.

fourth instar

temperatures

C. flavicans

and food

_ô Temperature
(oc)

Initial food
óoneentration
(mg. C liter-l)

Ingestion Mean
rate (mg_ indívidual
c laçva-f dry weight
dav-') (mq )

Ingestion rate
per unit wgight
(mg. C mg-J-¡

Epilimnion
Just 6 I

Just 9

¡ust L2

¡ust L4

¡ust 12

17.8
17 .B
17.8
17.8

17 .1
17.1
17 .1
17 .1

16.8
16.8
16.8
16 .B

16.3
16. 3
16.3
16.3

6.8
6.8
6.8
6.8

6.8
6.8
6.8
6.8

6.'l
6.7
6.7
6.7

.0:576
1,.I23
L.620
1.9 56

0.934
2.047
2 .835
3.7 46

L.326
2:5L3
3.738
4.689

1.573
3.591
5.316
6.9 B3

0.576
L. I23
L.620
r.956

0.934
2.047
2. 835
3.7 46

r.326
2.513
3.738
4 .689

1.573
3. s91
5.316
6.983

.0134

.0182

.0199

.0367

.0193

.0335

.0456

.0 420

. ozzz

.0359

.0453

.0523

.0234

.0332

.0 452

.0616

. OI5I

.0213

.0314

.0340

. 0l-52

.0283

.0391

.0399

.020r

.0254

.0286

.0 442

.0205

.O2BB

.0367

.0485

.0883

.1046

.r29 4

. r557

.OBB3

.1046

.L294

.l_518

.20 6L

.2254

.4r56

.1845

.3203

.4359

.4015

.L793

.227 4

.3501

.4042

. r503

.2L32

.2903

.3956

. r710

.24I2

.3556

.3851

.1453

.2706

.3738

.3815

.1553

.1963

.22L0

.3416

.13L7

. tB50

.2357

.3115

i. ... t: ::

Hypolimnion
¡ust 6 .6.9

6.9
6.9
6.9

¡ust 9

Just 14 .1557
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APPX}TDÏ}I P . AUTTiORS OF SPXCÏES

Tal:l-e P. Arrthors of sonÌe species listecl in ilre text.

Species Author

t.
: Chaobo::us flavicans (I,teigen)

' C. crystallinus

- g. punctipennis
I: e. trivittatus
I:j C. arnericanus

1

C. astictopus

C. nyl>1ae.i

----q. glscu5lpeS

g. palli<lus_

(lle Geer)

( say)

(Loev¡)

(Jc¡h. )

Dya:: and Shannon

( zett. )

(\/.D. Vlulp)

(Fabr. )

I"eycligia sp. Le1¡c1íg

I)aphnia pulicaria Leydig

Di,aptomrrs tyrelti poppe

Cl¡clops finl:riatus lFischer)
Cl¡clops iricuspiclatus Thomasi

I(eratella cfuad::ata (Mul1er)

I(eratella cochlear:ís (Gosse)

IlI¡allela aZteca (Saussure)


