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ABSTRACT 

The benthic and limnetic distributions, and size-frequency, of the overwintered larval 
populations of three Chnoborus species, C. puncti~ennis ( Say), C. albutus Johnson, and 
C. fhicans (Mcigcn) in Frains Lake, Michigan, were investigated on three dates in May 
and June 1965. The three species made up 91, 3, and 6% of the Chaoborus fauna. Little 
overlap in total length was found between species. C. fhicuns tended to be concentratecl 
in decpcr benthic zones during the day than C. punctipennis. C. ulbutus, but not the other 
two species, underwent an adlittoral benthic migration. 
limnetic zone at night, but none reached the surface. 

All three species migrated into the 
Most limnetic C. punctipennis larvae 

were found higher in the water column than C. fhicuns larvae. 
The larvae of C. ulbutus were stunted, showed late growth, ancl may have been unable 

to avoid competition with larvae of the closely related C. punctipennis. Differcnccs in 
distribution ancl morphology between C. flavicuns and C. gunctigennis, although slight, 
help to cxplnin the apparent lack of competitive exclusion in this genus. 

INTRODUCTION 

The major features of the ecology of 
Chaoborus larvae and pupae are well 
known. In most lakes, including the one 
discussed below, Chaoborus is benthic dur- 
ing the day and planktonic at night (e.g., 
Juday 1921; Eggleton 1932; Berg 1937). 
In some-chicfly meromictic-lakes, C!za- 
ohorz~s larvae are continuously planktonic, 
migrating from the deep water to or near 
the surface at night (Hunt 1958; Northcotc 
1964). The four larval instars differ in their 
migratory behavior, as was shown in detail 
rcccntly by Teraguchi and Northcotc (1966). 
Many lakes contain more than one C1za- 
ohorus species, and Stahl (1966n) examined 
the association of C. punctipennis and C. 
#l&cans in Myers Lake, Indiana; he was 
unable to find important difEerences in the 
spatial or temporal occupation of that habi- 
tat, This study includes information on the 
benthic and limnetic distribution of the 
larvae and pupae of three Chaoborus spe- 
cies, C. (Sayomyia) punctipennis (Say), C. 
(S.) nZP&us Johnson, and C. (Chaohorus) 
flavicans (Meigen), in Frains T,akc, Michi- 
gan, during May and June 1965. 

Dr. G. W. Saunders, Department of Zo- 
ology, University of Michigan, made avail- 
able the field gear and also proviclccl UII- 

published data on the morphometry of 
Frains Lake. His advice has been valuable 
throughout the study. My best thanks go 
to K. Roth and J. Low, who assisted with 
the fieldwork. 

TIIE LAKR 

Frains Lake is a small scepagc lake lo- 
cated in Washtenaw County, 10 km east of 
Ann Arbor, Michigan. The major fcaturcs 
of Frains Lake morphometry are: maximum 
depth 9.5 m, mean depth 3.43 m, area 8.3 
ha. The lake is dimictic and the bottom 
waters are anaerobic in summer and in win- 
ter. Total alkalinity of the water is around 
140 mg/liter. The lake was surveyed in 
1940 by the Institute for Fisheries Rc- 
search, Michigan Department of Conscrva- 
tion, from whom a bathymetric chart is 
available. 

Although a complete overturn occurred 
in spring 1965 (Saunders, personal commu- 
nication), the lake was already anaerobic 
below 7 m by 6 May; on 11 June oxygen 
was absent below 5 m (Fig, 1). 

MF,TIIODS 

Benthic larvae were collected with a 
X.2-cm Ekman dredge, screened in the 
field through a 0.5~mm screen, sorted in 
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IFIG. 1. Vertical distribution of tcmpcrature and dissolvccl oxygen and the Secchi disc limit of visi- 
bility in Frains Lake on G May and 11 jmc 1965. 

the laboratory, and preserved in Kahle’s 
fluid. Each benthos sampling series con- 
sisted of triplicate samples from each of 
the following depths: 5, 7, and 9 m; and a 
single sample from 3 m. A IO-liter Juday 
plankton trap operated from a small crane 
was used to collect planktonic larvae. The 
trap was equipped with a No. 10 bolting 
cloth net and bucket. Plankton samples 
were taken from a buoy site near the lake’s 
maximum depression. In each sampling 
series, triplicate trap hauls were made at 
e,zh meter of depth from the surface to 8 
m. It was assumed that nocturnal avoid- 
ance of the trap by Chaoborus is governed 
more by the turbulence the trap creates as 
it descends than by the sight of the trap, 
so closure was dclaycd for a few seconds 
after the selected depth was reached. Plank- 
ton samples were preserved with formalin. 
T.hc samples were sorted and examined in 
the laboratory, and each larva and pupa 
was identified, counted, and its total length 
measured to the nearest 0.5 mm. Mcasure- 
ments were made of preserved larvae, using 
a dissection microscope equipped with an 
ocular micrometer. Over 7,000 larvae wcrc 
examined. 

The data were gathered on three dates in 
late spring 1965. The benthos was sampled 
at midday on 6-7 May, and plankton sam- 
ples were obtained every 4 hr during the 

day ancl every 2 hr at night, from noon un- 
til noon. In addition, a midnight benthos 
sample (three dredges ) was taken at 9 m. 
The time required to secure each complete 
plankton series of 27 trap hauls was about 
45 min. Benthos was sampled again on 4 
June, On 11-12 June, benthos was sampled, 
and the plankton was sampled hourly from 
1800 to 2200 hours, and every 2 hr there- 
after until 0600. Midnight benthos samples 
were again taken at 9 m. Each plankton 
scrics on that date took only about 25 min, 
since a second bucket was used on the trap. 

BESULTS 

All C. flavicans and C. albatus larvae col- 
lected in May were in the fourth (final) 
larval stadium, C. punctipennis larvae were 
both third and fourth instars, indicating 
that some of them had ovcrwintercd in the 
third stadium. A few first and second instar 
larvae were found in the plankton on 11-12 
June; these were not counted. The results 
thercforc apply only to the overwintered 
populations. Larval instars were determined 
by a study of larval head length, and the 
degree of development of the compound 
cycs and appendages of the head. 

Benthic distribution 
Population sizes were estimated by tak- 

ing the product of larval density in each 
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TAI~LE 1. Total Chaoborus popzllations in Frains Lake, in millions, and j?er cent species composition 
on three dates in 1965. Estimates based on midday dredge samgles 

6 May 9.2 (3.4% ) 239.3 ( 88.0~ ) 16.5 (6.1%) G.7 (2.5%) 
4 Jun 3.0 (1.5%) 175.7* ( 89.9% ) 9.1 (4.6%) 

11 Jun 0.0 (0.0%) 145.4* ( 91.8% ) 4.8 (3.1%) 
* Including rccruitnm~t from molted third instnr larvae. 

depth zone and the area of that zone. The 
lake contained about 272 x 100 larvae on 
G May, of which 91% were C. punctipennis 
(88% instar IV, 3% instar III), 3% C. al- 
batus, and 6% C. fZavicans (Table 1). Be- 
cause no pupae or pupating larvae were 
found then, these figures reflect the over- 
wintering species proportion. Two-thirds 
of the third instar C. punctipennis larvae 
molted between 6 May and 4 June, and the 
remainder had molted by 11 June. Popula- 
tions of C. punctipennis and C. flavicans 
diminished by 27 and 54%, but the C. al- 
batus population did not diminish between 
6 May and 4 June. Therefore, losses to the 
larvae of the first two species probably re- 
sulted largely from pupation and not from 
larval mortality. Other workers (e.g., Borut- 
sky 1939) have also found vernal Chaoborus 
mortality to be slight. IIowever, the possi- 
bility remains that these losses resulted 
from size-specific fish predation, since C. 
albatus is smaller than the other two spe- 
cies, Size-selective feeding by fishes was 
demonstrated recently by Galbraith (1967). 
C. aZbatus apparently began pupating dur- 
ing the week following 4 June; during the 
same period the C. punctipennis population 
continued to decrease, but pupation of C. 
flnvicans was apparently halted. 

There was no difference in lengths of 
larvae collected from different depths, SO 
all benthic larvae from each date are con- 
sidered together, The three species showed 
lit& overlap in total length (Fig. 2); Stahl 
( I966a) also found little or no overlap bc- 
tween the lengths of C. punctipennis and 
C. flnvicans in winter and spring. The mean 
larval lengths (vertical arrows in Fig. 2) 
on 6 May were: C. punctipennis III, 6.29 
mm; C. albatus IV, 7.77 mm; C. puncti- 
pennis IV, 9.15 mm; and C. flavicans IV, 

11.57 mm. Hutchinson ( 1959) speculated 
that a size difference of about 130% is ncc- 
essary to permit two species to cooccur in 
different niches but at the same level of 
a Eood web. The ratios on 6 May wcrc 1.23, 
1.23, and 1.26, respectively. That the mean 
length of fourth instar C. albutus larvae was 
midway between the means of third and 
fourth instar C. punctipennis probably in- 
dicates poor growth of C. albatus, and not 
character displacement (Brown and Wilson 
1956), for two reasons, First, head lengths 
of the last instar C. albatus and C. puncti- 
pennis Erom Frains Lake overlapped 
broadly; ancl second, a few C. albutus 
larvae as long as 10.0 mm were found (Fig, 
2). Larvae of C. albutus are lo-20% longer 
in Munro Lake, where that species domi- 
nates the Chaoborus Eauna (Roth 1967). 

The Chaoborus larvae from Frains Lake 
increased in length during the study period, 
but not all three spccics grew at the same 
time (Fig. 2). Borutsky ( 1939) found that 
about one-ninth of the Chaoborus biomass 
in Lake Beloye was added in spring before 
pupation. Last instar C. punctipennis larvae 
gained 0.51 mm in mean length and those 
of C. flavicans gained 0.42 mm bctwecn 6 
May and 4 June; C. albatus did not change 
then (-0.09 mm). During the following 
week, however, the latter gained 0.39 mm, 
while the other two species decreased in 
mean length ( C. punctipennis -0.15 mm, 
C. flavicans -0.21 mm). The diminution 
in mean length OF C. punctipennis reflects 
recruitment from molted third instar larvae, 
as well as pupation of fourth instars. The 
C. Qavicans dccreasc probably indicates 
that the early spring hatch of adults does 
not involve the entire overwintcring stock, 
as was suggested by the larval population 
estimates Eor this species. C. punctipennis 
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FIG 2. Length-frcqucncy histograms of Rains 
L:akc Chaoborus larvae, based on midday benthic 
samples collected on three dates in 1965. Vertical 
arrows represent mean lengths for each species and 
instnr. 

larvae as small as 9.0 mm, and C. f7micans 
larvae as small as 10.5 mm were found to 
bc pupating. 

Larval densities wcrc highest in the decp- 
est benthic zone in May (Fig. 3), but since 
this zone is relatively small, it did not al- 
w,ays contain the largest scgmcnt of the 
populations. About 85% of the C. puncti- 
pennis population was located in the 4-6- 
and 6-8-m zones on all three dates sampled 
(Table 2). C. flnvicans tended to bc con- 
centrated deeper, 62-93s of its population 
occurring in the 6-8- and 8-9.5-m zones on 
thl3 three dates. Almost half of the C. fhi- 
cuns population was found in the deepest 

l?lC. 3. Bathymetric distribution of midday 
benthic Chaoborus larvae and pupae in l?rains 
Lake on three dates in 1965. IIatches rising to the 
left: instar IV larvae. IIatchcs rising to the right: 
instar III larvae. Horizontal bars show the standard 
deviations between triplicate clrcdgc samples. Num- 
bers in parentheses reprcscnt the total number of 
pupae in three drcdgcs. 

zom on 6 May. The C. albatus population 
was concentrated in the deep-water zones 
in May, but in June 60% of the lnrvac of this 
species wcrc found in the shallowest (2-4 
m ) zone. This adlittoral shift may be the 
shoreward benthic migration observed by 
Borutsky ( 1939) and Wood ( 1956). Borut- 
sky supposed that such migrations are 
tempcraturc-related, pupation being favored 
in the shallower ( and therefore warmer ) 
zone. Since the spring growth of C. albutzls 
in Frains Lake occurred after the apparent 
shift, the movement may also have been 
rclatcd to larval food. The movement of C. 
nlbntus larvae could have been an artifact 
of sampling variability, since numbers of C. 
nlhntus collected wcrc small, and since only 
single samples were taken at the critical 
3-m depth. IIowcvcr, the agrccmcnt bc- 
twccn the data collcctcd on the two dates 
in Julie argues for the reality of the migra- 
tion. Apparently neither C. punctipennis 
nor C. fhicuns undcrwcnt an adlittoral 
migration, although the density of the lnt- 
ter increased at 7 m bctwccn 4 and 11 JLme 
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TABLE 2. Percentages of the total populations of each of three Chaoborus species found in four Frains 
Lake benthic zones on three dates in May and June 1965 

lkpth of Area of 
C. purictijmanis C . f hicam c. nEhnt1cs 

zone (In) zone (ha) 6 hhy 4 Jm 11 Jun 6 ~May 4 Jm 11 Jun 6 May 4 Jun 11 Jnn 

2-4 1.’ 0.0 0.0 0.0 0.0 57.7 61.2 73 0.2 2.9 3.1 
4-6 1.80 37.6 47.7 37.3 22.0 37.4 6.4 15.3 28.6 15.9 
6-8 1.18 48.3 39.3 47.7 30.9 24.6 75.0 60.2 13.1 20.8 
8-9.5 0.34 13.8 10.1 11.9 47.1 38.0 18.6 24.5 0.5 2.0 

(Fig. 3)) so that 75% of its population was 
found in the 6-8-m zone on the later date. 

Pupae found in the bottom samples (Fig, 
3) were not concentrated near shore, as 
might be expected from Borutsky’s observa- 
tions. However, pupae probably are not 
sampled from the sediments with the same 
efficiency as larvae. Workers who have 
used emergence traps have found that most 
of the adults emerge nearer to short than 
where either larvae or pupae arc concen- 
trated in the sediments (Borutsky 1939; 
Lindquist and Deonicr 1942). 

Ilimnetic distribution 

No fourth instar larvae were found in the 
free water during the day (Fig. 4). A few 
third instar C. punctipennis larvae were 
found near the bottom before sundown, but 
most of these were also in the sediments 
then. The nocturnal migration began around 
sundown on both dates sampled. Total 
limnetic catches at diEferent times of the 
night varied considerably, the maximum 
catch for most larval catcgorics occurring 
at 6400. Such variations probably do not 
reflect true changes in planktonic numbers, 
but rather technical errors and changes in 
success of the larvae at avoiding the trap. 
The night’s feeding apparently renclcrs the 
larvae less adept at trap avoidance. 

TAHLE 3. Per cent efficiency of midday dredge 
samples to estimate the densities of Chaoborus 
populations collected at midnight from both free 
water and sediment in Frains Lake during 196s. 

( [day benthos/total night] X 100) 
______-- -- - 

C. puflctipennis C. c. 
flmicnns nlbotue 

lhtc III IV IV IV Pnpnc 
--______ 

6-7 May 37.1 58.6 127.3 104.2 - 
11-12 Jun - 76.8 69.2 7.7 6.2 

Frains Lake Chaoborus did not reach the 
surface in their vertical migration (Fig. 5). 
Most larvae were found at 3-4 m during 
the night, and no larva was found within a 
meter OF the surface. During the night of 
6-7 May thero was a differcncc in the vcr- 
tical strata at which the maximum number 
of larvae of each species was found. The 
maximum for instar III C. punctipennis 
usually occurred about a meter above that 
of the last instar, and the latter were LISU- 
ally about that far above the larvae of C. 
flauicans. Too few C. albatus larvae were 
found to permit conclusions about its dis- 
tribution. Such differences in vertical dis- 
tribution were less well marked on 11-12 
June, although then larvae of C. flauicnns 
entered the water column later than those 
of C. punctipennis. Limnetic pupae of all 
three species were present on II-12 June, 
but no pupa was collected above 3 m (Fig. 
5). 

No difference couId bc found in the 
lengths of planktonic larvae collected Erom 
different depths. The length-frequency of 
planktonic larvae unfortunately could not 
bc compared directly with those from the 
sediments since different preservatives were 
used on the two categories. IIowever, com- 
parison of the lengths of benthic larvae 
collected at night with those found there 
during daylight showed no difference. 

Estimates of Chaoborus population den- 

TABLE 4. Per cent participation in nocturnal mi- 
gration of Chaoborus in Frains Lake during 1965. 

( [night plankton/total night] x 100) 

natc 
C. punctipennis C. C. 

flnviccins cllbrltus 
111 IV IV IV Pupae 

6-7 May 34.0 49.5 81.6 11.7 - 
11-12 Jun - 40.1 62.3 53.0 100.0 

--- 
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sity based on midday drcdgc samples (when 
no larvae could bc collcctcd from the plank- 
ton) were smaller than the totals that could 
be collcctcd at night with both trap and 
dredge ( Table 3). This phenomenon could 
mean either that 1) the benthic larvae arc 
ljcttcr able to escape the dredge during 
daylight; or 2) the night-limnetic part of 
the larval population is located just above 
the mud-water interface during the day, 
z.n d so is not sampled by cithcr trap or 
drcdgc. The second alternative seems un- 
likely, in view of Berg’s (1938) observations 
with the stratification bottom sampler in 
ISsrom Lake, where most of the larvae wcrc 
in, and not above, the scdimcnts. However, 
as noted previously, there is considerable 
variation in the behavior of larvae found in 
dif fcrent localities. Fewer C. punctipennis 
larvae, but more of C. fhzvicnns, wcrc col- 
lectcd during daylight than at night on 6-7 
May, when no larvae were pupating. C. 
atbatus was sampled with equal efficiency 
at either time on that date. On 11-12 June, 
when some of all three species were pupat- 
ing, the day-night discrepancy for C. punc- 
-E;lpennis was smaller than before, but night 
samples were again more cffcctive than day 
s,amples. C. flavicuns on that date was also 
b,etter sampled at night-the reverse of the 
situation in May. Too Ecw C. albatus larvae 
and pupae wcrc collected on 11-12 June to 
permit conclusions. If the first alternative 
c,orrectly explains the day-night discrep- 
ancy, the reversal shown by C. @z&cans 
could be caused by changes in the depth 
within the mud that the larvae occupy. 
Both light and turbulcncc, the most obvious 
dredge-avoidance factors, would bc less im- 
portant deeper in the ooze. This explana- 
tion agrees with Berg’s observation that C. 
fkzvicans larvae were found in the contact 
layer only while pupae were prcscnt. 

IIalf of the mature C. punctipennis larvae, 
and 80% of the C. fluvicam larvae partici- 
pated in the nocturnal limnetic migration 
in. May ( Table 4) , suggesting that at that 
time most C, punctipennis larvae migrated 
every other night and that at least some C. 
f II&cans larvae became limnetic every 
night. Fewer of both species migrated in 
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FOG. 4. Numbers of limnetic Chaoborus larvae 
per scluare meter column (O-8 m) in Frains Lake 
at various times of the day and night, 6-7 May 
and 11-12 June 1985. SS = sunset; SR = sunrise, 

June. Numbers of C. albatus larvae col- 
lccted arc insignificant. Pupae were appar- 
cntly absent from the sediments at night, 
indicating that pupae migrate every night. 
Maximum limnetic catches (collected at 
0400) and night benthic samples were used 
in the calculation of per cent participation, 

DISCXJSSION 

The occurrence of the larvae of more 
than one Chaoborus species in the same 
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FIG. 5. Bathymetric distribution of limnetic Chaoborus larvae and pupae in Frains Lake at various 
times of the night, 6-7 May and 11-12 June 1965. Horizontal bars show the standard deviations bc- 
twecn triplicate trap samples. Hatched areas = larvae; solid areas = pupae. 

body of water presents a problem in intcr- I966b), although this could be an illusion 
specific competition. Such cooccurrenccs created by frequent reinoculation from 
arc frequent enough to suggest that com- nearby waters (Roth 1967). If, however, 
pctitive exclusion does not happen (Stahl the observed species associations are ac- 
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tually long-enduring, one cxpccts the co- 
habiting species to have somewhat different 
biologics. Stahl ( 1966h) has developed the 
point of view that the larvae of the various 
Chnobows species are ecological cquiva- 
lents; he is then forced to assume that when 
such species occur together they are not 
resource-limited. Bccausc it is theoretically 
unlikely that any two species have identical 
requirements (see Hardin 1960), it is proper 
;to look more closely at their association in 
search of properties not in common be- 
i:wecn them. When differences are found, 
it is not always easy to decide whether they 
are important enough to guarantee niche 
differentiation. 

C. nlbatus is morphologically very similar 
to its consubgener, C. punctipennis, and it 
may be that despite the tendency of C. al- 
batus to exploit the shallow parts of the 
lake in spring it is unable to avoid compcti- 
tion with C. punctipmnis. The stunted size 
of C. nlbatus in Frains Lake, as well as its 
relative rarity and late growth all suggest 
that this species is an unstable member of 
t‘he lake’s Chaoborus fauna. C. albatus is 
apparently more successful in unstratified 
lakes of small to moderate size, where it 
frequently dominates C. punctipennis or is 
the only Chaoborus species (c.g., Roth 
1967; Stahl 1966b; Woodmansec and Gran- 
tham 1961) . 

C. flavicans in Frains Lake appears more 
successful than C. dbatus at avoiding com- 
petition with C. punctipennis. C. fluvicans 
tended to be conccntratcd in decpcr benthic 
zones, occupied a decpcr stratum during 
nocturnal migration, and migrated more 
frequently than C. punctipennis. Further- 
more, the two species belong to different 
subgenera, and their feeding organs differ 
both in size and form (experiments are 
cllearly needed to determine the significance 
of this last fact). 

Chaoborus species ecology requires 
studies of greater refinement. Ilowcver, 
the interspecific differences shown here, 
while slight, suggest that the problem of 
cooccurrence in this genus can be cxplaincd 
without postulating identical niches in be- 
nign environments. 
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