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Abstract

During summer, Chaoborus punctipennis larval densities in the water column of fishless, eutrophic Triangle
Lake become very high, and coincidently, the spined loricate rotifer Kellicottia bostoniensis becomes the
dominant zooplankter . Research was done to test the hypothesis that selective predation by Chaoborus
on soft-bodied rotifers controls species dominance in the mid-summer zooplankton of this lake . In situ
predation experiments showed positive selection by Chaoborus for the soft-bodied Synchaeta oblonga,
negative selection for K. bostoniensis, and intermediate selection for Polyarthra vulgaris, a species with
rapid escape tactics . However, during a 21 day in situ mesocosm experiment, zooplankton dominance
and succession in Chaoborus-free enclosures was identical to that in enclosures with Chaoborus at lake
density. Despite the selective predation, Chaoborus larvae may not exert significant top-down control on
rotifers, whose intense reproductive output during mid-summer in temperate eutrophic lakes results in
new individuals at rates that exceed predatory losses .

Introduction

In the fifteen years since Dodson's (1974) state-
ment of the Balanced Predation Hypothesis, con-
siderable research has been done to assess the
impact of invertebrate predation on the zoo-
plankton. One of the most intensively studied
predators is the larva of the `phantom midge'
Chaoborus. This animal is an important com-
ponent of the limnetic food web, because it is a
consumer of zooplankton (Yan et al., 1982) and
a food source for fish (Pastorok, 1980) . Numer-
ous studies have documented its predatory
behavior and selective feeding (Swift &
Fedorenko, 1975 ; Kajak & Ryback, 1979 ;
Pastorok, 1980, 1981 ; Smyly, 1980 ; Winner &
Greber, 1980 ; Chimney et al ., 1981 ; Riessen

et al., 1984), and the impact of its predation on
crustacean zooplankton community structure
(Yan et al., 1982; Vanni, 1988) and morphology
(Stenson, 1987 ; Dodson, 1988, 1989) . It has also
been shown that the larvae feed on rotifers
(Hillbricht-Ilkowska et al., 1975 ; Lewis, 1977),
and that high Chaoborus densities coincide with
dense rotifer populations (Neill & Peacock, 1980 ;
Neill, 1985). However, only one study (Moore &
Gilbert, 1987) has assessed the vulnerability of
various rotifer species to Chaoborus predation,
and no studies have examined the impacts of
Chaoborus predation on rotifer species dominance
in the limnetic plankton community . The objec-
tive of the present study is to examine the inter-
action between Chaoborus and the rotiferan
zooplankton in fishless Triangle Lake, Ohio
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USA, where rotifers account for over 90% of the
limnetic zooplankton biomass . Specifically, I
tested the hypothesis that selective predation by
Chaoborus controls the mid-summer dominance
among the rotiferan species assemblage.

Methods

Triangle Lake is a small (Area 0.38 ha, Zmax 8 m)
glacial kettle lake located in Portage Co ., Ohio,
USA. The naturally acidic lake is highly stained
with humics, such that the euphotic zone is
limited to the upper meter, and is eutrophic, based
on summer total phosphorus and chlorophyll
levels (Cotner, 1984). The phytoplankton is domi-
nated by large flagellates, and the zooplankton is
rotifer-dominated year round (Havens, 1989).
During summer 1989, a series of in situ predation
experiments were performed to determine the
feeding selectivity of Chaoborus punctipennis on
the natural zooplankton assemblage . In July, an
in situ mesocosm experiment was performed, to
evaluate the effects of Chaoborus exclosure on
zooplankton community structure .

In situ predation experiments were performed
on 16 May, 30 May, 12 June, 7 July and 21 July .
Chaoborus larvae were collected from the lake via
several hauls of a 363 pm plankton net (20 cm
mouth opening) . The contents of the first haul
were preserved with chilled formalin/sucrose,
while Chaoborus from subsequent hauls were
placed into a small plastic chamber and covered
with a black plastic cover, for later use in the
experiment . Lakewater was collected from the
upper 0 .5 m of the water column, and placed into
a 20 1 plastic bucket . After gentle mixing, the
water was used to fill ten 1 1 plastic bottles . Five
Control bottles were immediately capped, while
five Predation bottles each received 10 Chaoborus
larvae. The larvae were added to the bottles using
a transparent plastic dropper, and additions were
done under a dark tarp, to minimize disturbance
of feeding habits . The Predation bottles were
capped, and all ten bottles were suspended at a
depth of 0.5 m in the lake . Water temperature was
determined at the incubation depth, and five repli-
cate 300 ml samples from the 20 1 bucket were

preserved with formalin/sucrose . After a 4 hr
incubation (0900 to 1300), the bottles were
retrieved, mixed by gentle shaking, and 300 ml
from each poured into seperate Whirl-Pak bags .
These samples were immediately preserved with
formalin/sucrose . The remaining contents of each
bottle were filtered through a 363 µm mesh, and
the number of retained Chaoborus larvae counted
on site. Later, these numbers were added to those
determined from scanning the preserved portions
of the samples . With only a single exception, ten
larvae were recovered from each Predation bottle,
and none were found in the Controls . At the end
of the 7 July experiment, one of the Control
bottles contained a single larva . Counts from that
bottle were not used in subsequent calculations .

In the lab, the preserved samples were concen-
trated to a known volume, using a small plastic
cup with a 20,um mesh port . In May and June,
when zooplankton densities were low, the entire
concentrated samples were enumerated in a plexi-
glass chamber at 30 x . In July, when densities
were high, triplicate 1 ml aliquots were enumer-
ated in a Sedgewick-Rafter cell at 30 x . The mean
density of each prey species in the environment
was determined from counts of the three samples
from the 20 1 bucket . These mean values were
never significantly different from mean densities
calculated from the final Control bottle counts
(t-tests, p > 0 .5 in all cases) .

Chaoborus predation rates on the various prey
types (prey Chaoborus - ' hr') were calculated
by subtracting the mean final density of each prey
type in the Predation treatment from its density in
the Control, and dividing the resultant values by
40, to correct for feeding time (4 hrs) and the total
number of larvae (10) in each Predation bottle .
Indices of selectivity (W) were calculated from
normalized predation rates, as described in
Vanderploeg & Scavia (1979). W values range
from 0 to 1, with neutral selectivity corresponding
to 1/n, where n equals the total number of prey
types in the experiment .

Chaoborus densities (No . m - 3) in the lake were
determined by counting the entire unconcentrated
net haul samples at 10 x . Counts were not cor-
rected for sampling efficiency, since the net was



unmetered . Hence, it is likely that the densities
presented herein are underestimates, especially
since the chloromonad Gonyostomum semen was
very abundant in the lake from May to August .
This alga has trichocysts which discharge mucila-
genous threads when disturbed (Cronberg, 1988),
and hence, it caused marked clogging of the
plankton net . However, the underestimated larval
densities do not affect the conclusions of this
study.
An in situ mesocosm experiment was per-

formed from 5 to 26 July . On day zero, six trans-
parent polyethylene bags (0 .5 m diameter, 1 .5 m
deep, open at the top and sealed at the bottom)
were suspended from a wooden raft in the lake .
The bags were filled manually, by pouring in lake-
water collected in a 20 1 bucket from the upper
0.5 m of the water column . The final volume of
each enclosure was 250 1 . Numerous net tows in
the upper 1 m of the water column at the start of
the experiment showed that Chaoborus larvae
were located below that depth in the lake . There-
fore, unfiltered surface water was used .

Immediately thereafter, Chaoborus larvae were
collected from the lake with several 8 m hauls of
the 363 µm net . The contents of the first haul were
preserved with formalin/sucrose and unumerated
on site, to determine their density in the water
column . Larvae from the later hauls were placed
into a plastic holding chamber until addition to
the bags. Three bags were untreated, and as such,
represented the Chaoborus-free Exclosure treat-
ment. The remaining three Control bags each
received 40 Chaoborus larvae, which produced the
measured lake density of 160 larvae m - 3 . During
the experiment, additional larvae were added to
the Control bags (20 each on day 10, and 100 each
on day 13), as lake densities increased . Following
sampling on day 21, the contents of each bag were
mixed with a wooden stirrer . Five successive
water samples were collected from each bag with
a 4 1 trap, and the contents poured through the
363 ym net, to collect Chaoborus larvae. Final
larval densities (No . m -3 ) in the bags were calcu-
lated, assuming bag volumes of 244 1, since 6 1
were removed from each bag during sampling on
earlier days .
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Sampling was done on days 0, 1, 2, 4, 6, 9, 12,
14, 16, 19 and 21 . Zooplankton were collected
with a 6 cm diameter PVC integrated sampler,
which sampled the entire 1 .5 m water column in
the bags, and the upper 1 .5 m in the lake . After
collection, the contents of the sampler were
released into a 5 L bucket, and after gentle mixing,
a 200 ml subsample was placed into a Whirl-Pak
bag and fixed with formalin/sucrose . The remain-
ing contents of the bucket were then returned to
the sampled bag, to minimize volume reduction .
On each sampling date, a single 8 m vertical haul
of the 363 pm net was done in the lake, to collect
Chaoborus larvae. The animals were placed into
Whirl-Pak bags and preserved as above. The ver-
tical hauls were not replicated, due to net clogging
by Gonyostomum .

All zooplankton samples were concentrated to
a known volume, as described for the predation
experiments, and triplicate 1 ml aliquots were
enumerated at 30 x in a Sedgewick-Rafter cell .
Densities (No . ml - ') were determined by multi-
plying counts by a factor which accounted for
sample size and percent of sample volume
counted (10 to 30%). I assumed a sampling
efficiency of 100% for the integrated sampler .
Chaoborus densities were determined by counting
entire unconcentrated net haul samples at 10 x,
and were expressed as No . m-3, uncorrected for
sampling efficiency .

Data organization, calculation of means and
standard errors, t-tests and linear regressions
were done using SAS (SAS Institute, 1985) . All
zooplankton data presented from the mesocosm
experiment are means of three replicate bags per
treatment, and unreplicated lake samples . An
exception is that for the Exclosure treatment, data
after day 16 are means of only two replicates,
since one bag developed a hole below the water
line .

Results

There was a highly significant (p = 0 .01) positive
relationship between Kellicottia bostoniensis fre-
quencies and Chaoborus punctipennis densities in
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the limnetic plankton of Triangle Lake during
summer 1989 (Fig. 1) . This is similar to the rela-
tionship seen in previous summers .

Table 1 shows the abundances of the
zooplankton prey during the predation experi-
ments . On 16 May, 30 May and 12 June,
zooplankton abundances in the lake were low,
and the soft-bodied rotifer Synchaeta oblonga was
the dominant prey. On 7 and 21 July, zoo-
plankton abundances were much higher, and the
dominant prey were Kellicottia bostoniensis and
Polyarthra vulgaris . For the two May experiments,
second instar Chaoborus larvae were the preda-
tors. In June and July, the predators were both
second and third instars .

The results of the experiments are shown in
Table 2 . During May and June, when the
zooplankton was dominated by S. oblonga, the
selectivity indices for the various prey indicated
near-neutral selection (random feeding) . An
exception was that on 12 June, K. bostoniensis
accounted for 2 % of the available prey, but none
were consumed . Hence, for this species, a W
value of 0 indicates maximally negative selection .
In the two July experiments, when the prey con-
sisted of the three rotifer species, selective preda-
tion was observed. The selectivity values indicate
positive selection by Chaoborus for S. oblonga,
highly negative selection for K. bostoniensis, and
intermediate selection for P. vulgaris .

Chaoborus Density (No. m3 )
Fig. 1 . The relationship between Kellicottia bostoniensis frequencies and Chaoborus punctipennis larval densities in the limnetic

plankton of Triangle Lake during summer 1989 .
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Table 1 . Prey densities (means ± one standard error) and incubation temperatures during the five in situ predation experiments .
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Fig. 2 . Chaoborus larval densities in the treatments and lake during the in situ mesocosm experiment . The lake data represent
unreplicated 8 m net haul samples ; day 0 to 19 treatment data are estimates based on larval additions to the bags : day 21
treatment data are means of densities calculated from trap samples in the bags of each treatment . The vertical bar is ± one

standard error.

Experiment

16 May 30 May 12 June 7 July 21 July

Prey Densities (No . 1 - ' )
Synchaeta oblonga 220+ 17 717 ± 17 230 ± 21 208 ± 38 320 ± 35
Kellicottia bostoniensis 0 0 4 ± 2 996 +62 3751 +423
Polyarthra vulgaris 0 0 0 871 ± 168 1400 ± 177
cyclopoid nauplii 27 ± 2 14+2 8± 3 0 0
cyclopoid copepodids 0 7± 3 0 0 0

Temperature ('C) 12 16 19 19 20
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Table 2 . Selectivity values (W) for Chaoborus preying on the various zooplankton during the five in situ predation experiments .
The values corresponding to neutral selectivities are also given for each experiment . Values above this level during an experiment
represent positive selection; values below this level represent negative selection .
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Fig. 3 . Total zooplankton densities in the treatments and lake during the in situ mesocosm experiment (vertical bars are ± one
standard error) .

Prey Type Experiment

16 May 30 May 12 June 7 July 21 July

Synchaeta oblonga 0.48 0 .30 0 .44 0 .78 0 .67
Kellicottia bostoniensis - - 0 0 .05 0 .02
Polyarthra vulgaris - - - 0.17 0 .30
cyclopoid nauplii 0.52 0 .35 0 .56 -
cyclopoid copepodids 0.35 -

Neutral Selectivity 0.50 0 .33 0 .50 0 .33 0 .33
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Chaoborus densities increased in the lake during
the in situ mesocosm experiment, from an initial
160 m - ' to over 800 m - ' on day 21 (Fig . 2) .
They also increased in the Control enclosures, as
a result of larval additions, from the initial
160 m - 3 , to a final 690 m - 3 . Chaoborus densities
were zero in the Exclosure treatment throughout
the experiment, as confirmed by the results of
sampling on day 21, when no larvae were col-
lected in 20 1 samples from the bags .

Total zooplankton densities were roughly
7 ml - ' on day zero in the lake and treatments,
and remained at that level through day 14 in both
the Control and Exclosure (Fig . 3). Densities then
increased in both treatments, to roughly 12 ml - '
in the later days of the experiment . There was no
significant treatment effect on total zooplankton
density (P > 0 .05 for t-tests on any given day) . In
the lake, zooplankton densities declined after day
zero, and were roughly 3 ml - ` throughout the
experiment.

LAKE
100

25

9

	

12
DAY

Fig. 4 . Percent of total zooplankton abundances due to the various dominant species (those accounting for > 1 % of total
abundance) in the lake and treatments during the in situ mesocosm experiment.
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The relative abundances of the various
zooplankton species in the lake and treatments
are shown in Fig. 4. Only species accounting for
> 1 % of total zooplankton density are shown .
Because the four dominant zooplankton species
(Synchaeta oblonga, Polyarthra vulgaris, Kellicottia
bostoniensis and Ascomorpha ecaudis) are of simi-
lar size, the relative density data also reflect rela-
tive biomass . On day 0, the lake and treatments
showed dominance by P. vulgaris, which
accounted for roughly 70% of the zooplankton .
In the lake, P. vulgaris declined over time, and
K. bostoniensis became increasingly dominant. As
noted previously, this was coincident with in-
creasing Chaoborus densities . S. oblonga account-
ed for < 10 % of the lake zooplankton until day 4,
increased to roughly 15 % on days 6 xoto 12, and
then declined to less than 10% on days 14 to 21 .
A . ecaudis, an important littoral rotifer in Triangle
Lake, increased in importance in the lake during
the later days of the experiment. In both treat-
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ments, this same succession occurred . The only
difference was a more rapid increase in
K. bostoniensis dominance in the bags, and greater
A . ecaudis importance than in the lake after
day 16 . The latter was probably due to the
increasingly littoral conditions of the bags after
day 16, when clumps of algae became common .
This would favor the proliferation of A . ecaudis
and other littoral species . In fact, on day 21, a few
Chydorus sphaericus individuals were also found
in the bags of both treatments . C. sphaericus is
common in the littoral of this lake .

The most noteworthy feature of Fig . 4 is the
almost identical rotifer succession seen in the
Control (where Chaoborus densities were high)
and in the Chaoborus-free Exclosure treatment
during this experiment .

Discussion

Chaoborus larvae are `ambush predators' (Riessen
et al., 1984), which lie motionless in the water
column, and strike quickly at prey as they pass by .
Because larger zooplankton are difficult to cap-
ture and ingest, Chaoborus prey heavily on small
species (Fedorenko, 1975a, 1975b ; Stenson,
1976 ; Vinyard & Menger, 1980 ; Chimney et al.,
1981), which are more likely to be captured once
contact is made (Swift & Fedorenko, 1975), and
which require a shorter handling time for inges-
tion (Pastorok, 1981) . Because Chaoborus larvae
have a high feeding rate (Riessen et al., 1984), they
can significantly affect crustacean zooplankton
community structure when they are abundant
(Kajak & Rybak, 1979), resulting in dominance
by the most resistant prey species (Sprules, 1972) .
Chaoborus predation can also induce the develop-
ment of morphological devices like enlarged cap-
sules in Holopedium (Stenson, 1987) and elon-
gated helmets, spines and neck teeth in Daphnia
(Kreuger & Dodson, 1981 ; Dodson, 1988, 1989),
which deter Chaoborus predation .

Rotifers are the major food source for early
Chaoborus instars (Neill & Peacock, 1980). How-
ever, only Moore & Gilbert (1987) have examined
the interaction between Chaoborus and various
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rotifer prey . They showed that soft-bodied rotifers
are more susceptable to Chaoborus predation than
loricate ones .

Triangle Lake represented the ideal situation in
which to further examine this important predator-
prey interaction . I was especially interested in
determining whether selective predation on soft-
bodied rotifers could control dominance in a
natural community. Triangle Lake is dominated
year-round by rotifers (Havens, 1989), and
Chaoborus is the only significant planktonic
predator. Dense rotifer populations are common
in precipitation-acidified lakes (Yan & Geirling,
1985) and in naturally acidic bog lakes
(Stoneburger & Smock, 1980) in North America,
as well as in eutrophic non-acid waters (Neill,
1985) . Chaoborus densities in Triangle Lake
(which peaked at over 800 m - 3 ) were high rela-
tive to those recorded in the literature (Pope et al.,
1973 ; Stenson et al., 1978 ; Yan et al ., 1985). Such
high densities are likely the result of the abundant
rotifer prey, which can exert a bottom-up control
of Chaoborus populations (Neill & Peacock,
1980). During May to July, I found a highly sig-
nificant positive relationship between Kellicottia
bostoniensis dominance and Chaoborus densities .
Also, the predation experiments showed that
Chaoborus II and III larvae were feeding preferen-
tially on the soft-bodied Synchaeta oblonga, show-
ing negative selection for the loricate species
Kellicottia bostoniensis . These results are con-
sistent with those of Moore & Gilbert (1987) who
compared selectivity for S. oblonga versus
Keratella . They suggested that soft-bodied species
are more vulnerable because they are easily
deformed and packed into the crop, allowing
more rapid feeding than on loricate species . It is
unclear whether the long spines of K. bostoniensis
hinder ingestion by Chaoborus, since it was the
only loricate species used in this study . Chaoborus
larvae are known to align loricate rotifers and
ingest them lengthwise, and Moore & Gilbert
(1987) suggested that only lateral spines, such as
those of Keratella taurocephala, are an effective
deterrent to Chaoborus predation. However, their
conclusion is based upon a comparison of preda-
tion rates on Keratella morphs, where spine length
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is considerably shorter than in Kellicottia . Future
research should compare predation rates on
Kellicottia versus Keratella of similar lorica size
(not including spines) . In the predation experi-
ments, I also found selectivity for Polyarthra vul-
garis to be intermediate between that for
S. oblonga and K. bostoniensis. This suggests that
the escape tactics of P. vulgaris (Stemberger &
Gilbert, 1987) are moderately effective in prevent-
ing capture by Chaoborus larvae, but not as effec-
tive as a hard lorica . It is not surprising that the
rapidly-attacking Chaoborus larvae captured a
substantial number of P. vulgaris in the experi-
ments. Gilbert & Williamson (1978) found that
Polyarthra could effectively escape predation by
Asplanchna, but not the more rapidly-attacking
Mesocyclops. It is likely that the ambush predator
Chaoborus captures some P. vulgaris individuals
before they are able to utilize their escape
maneuvers .

Taken together, the significant positive rela-
tionship between K. bostoniensis dominance and
Chaoborus densities in the lake, and the demon-
stration of selective predation on soft-bodied
rotifers suggested Chaoborus control of zoo-
plankton community structure. However, exclo-
sure ofthe predators from mesocosms resulted in
no significant changes in the species dominance
or in the succession observed in the lake . This was
despite the fact that the 21 day duration of the
experiment was several times the generation time
of rotifers at 20 °C (Lindstrom, 1983 ; Walz,
1983). Two important conclusions can be drawn
from these results :

First, the existance of selective predation does
not necessarily imply that a predator significantly
impacts prey populations in nature . Future preda-
tion experiments should be coupled with whole-
community biomanipulations, involving either
mesocosms, as done herein, or the whole-lake
approach. In previous studies (Kajak & Ryback,
1979; Smyly, 1980 ; Winner & Greber, 1980 ;
Chimney et al., 1981 ; Riessen et al., 1984 ; Moore
& Gilbert, 1987) this has not been done, and
hence, the extent to which the demonstrated
selective predation affects the prey in nature is
unclear.

Second, the results suggest that the effect of
Chaoborus predation on rotifers is minimal, com-
pared to that on crustacean prey . At the typical
mid-summer water temperatures of temperate
eutrophic lakes, the intense reproductive output
of planktonic rotifers may greatly exceed losses
due to Chaoborus predation. In contrast, because
crustacean zooplankton have markedly longer
generation times than rotifers (Gannon &
Stemberger, 1978), they are impacted to a greater
extent by Chaoborus predation. In fact, intense
Chaoborus predation in Triangle Lake may
exclude Ceriodaphnia (which is abundant in the
littoral) from the limnetic zone . Future research
should examine the Chaoborus-rotifer interaction
in lakes of lesser productivity, to determine the
extent to which this statement can be generalized .

If K. bostoniensis dominance during summer is
not the result of selective predation, then what is
the controlling factor? This question cannot be
answered conclusively without further research .
However, it is likely the result of competition .
During spring, cryptomonads dominated the
phytoplankton of Triangle Lake. They were
replaced by Gonyostomum semen in summer. Dur-
ing the Gonyostomum bloom, bacteria represent
the major food source for the zooplankton .
K. bostoniensis may be better able to utilize bac-
teria than P. vulgaris, and hence, replaces it as the
dominant species in mid-summer . This hypothe-
sis is consistent with the results of Bogdan &
Gilbert (1984), who found that Polyarthra spe-
cializes on small flagellates such as Cryptomonas,
and the results of Sanders et al. (1989), who found
that Kellicottia is a bacterivore but Polyarthra is
not . Kellicottia's long spines may also give it a
hydrodynamic advantage (Stemberger & Gilbert,
1987), such that less energy expenditure is
required for maintaining its position in the water
column during summer, when edible algal bio-
volume (and perhaps food availability in general)
in Triangle Lake is low .
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