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ABSTRACT. The spatial and vertical distribution of a recent exotic species, the predatory cladoceran
Cercopagis pengoi,was studied in Lake Ontario in September 1999. Only typical forms of the species 
C.  pengoi, characterized by a relatively long tail with an S-bend and claws with straight or backwardly
bent tips, were found. Structure of the Cercopagispopulation was rather uniform over the lake, consisting
mainly (over 90%) of parthenogenetic females. Median epilimnetic abundance and biomass was 295/m3

(max. = 2,544/m3) and 13.4 mg DW/m3 (max. = 113.3 mg DW/m3), respectively. Cercopagiscontributed
a median of 15.8%, and at maximum 73.8%, of the total crustacean zooplanktonic biomass (exclusive of
nauplii). Abundances showed a significant positive relationship with distance from shore (r2 = 0.34, 
p < 0.01), but distribution was independent of the depth and temperature of the epilimnion. Cercopagis
did not exhibit any diurnal vertical migration patterns: over 90% of the individuals stayed either in the
epilimnion or within the metalimnion during the day and night. The proportion of individuals, both live
specimens and carcasses of dead individuals, in cooler layers was negligible (< 3%). The following
weight (W) – body length (L) relationship was developed during the study: ln(W) = 2.98*ln(L) – 6.42 
(r2 = 0.85, p < 0.001).
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INTRODUCTION

During the last decades, the modification of
aquatic ecosystems by human activities has in-
creased considerably, as evidenced, for example, by
a rise in unintended releases of non-indigenous
species. If successfully established, these species can
effect substantial changes in the structure and func-

tioning of aquatic ecosystems and may lead to severe
ecological, as well as economic, consequences
(Mills et al. 1993, Niermann et al. 1994, Carlton
1999, Ketelaars et al. 1999, Rutherford et al. 1999,
Nalepa et al.1999). 

Mills et al. (1993) reported the establishment of
139 exotic species in the Great Lakes since the
1800s, most of those species being native to Eurasia
(55%). Of these, however, they claimed that a rela-
tively small number—only 9%—had a substantial
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influence upon the Great Lakes ecosystem. Most of
the recent important invaders to the Great Lakes,
such as Dreissena spp., Neogobius melanostomus,
Gymnocephalus cernuus, and Echinogammarus is-
chnus, are native to the Ponto-Caspian basin (Riccia-
rdi and Rasmussen 1998). These authors have
identified 17 additional Ponto-Caspian invertebrates
that have recent invasion histories and the likely po-
tential to be introduced to the Great Lakes. 

The latest exotic species to invade the Great Lakes
region, first observed in Lake Ontario in 1998, is the
predatory cladoceran Cercopagis pengoi(MacIsaac
et al. 1999). This species had previously invaded
several sub-basins of the NE part of the Baltic Sea
(Ojaveer and Lumberg 1995, Krylov et al.1999) and
expanded its distribution area toward the south and
north in 1999 (Zmudzinski 1999; E. Leppäkoski,
Åbo Akademi University, Turku, Finland, pers.
comm.). C. pengoihas caused substantial changes in
the diet of several fish species in the Baltic and by
fouling fishing gear has caused direct economic loss
for fishers.

Although substantial ecological impacts in the
Great Lakes due to C. pengoihave not been docu-
mented as of yet, ecosystem effects associated with
another recent invader similar to C. pengoi, the
predatory cladoceran Bythotrephes cederstroemi,
have been seen in the Great Lakes. These include,
among others, disappearance or dramatic decline in
the abundance of small-sized crustacean zooplankton
species and changes in zooplankton community
dominance (Yan and Pawson 1997, Lehman and
Caceres 1993), alterations in the structuring factor of
the indigenous zooplankton community (Lehman
1991), and changes in the diet of commercial fish
species (Mills et al.1992).

In this paper, the primary goal was to assess the
distribution pattern, and characteristics and structure
of the newly-established C. pengoi population in
Lake Ontario. In addition, an individual weight-body
length conversion formula for C. pengoiwas devel-
oped for calculating population biomass.

METHODS

Samples were collected on board the U.S. Envi-
ronmental Protection Agency (U.S. EPA) R/V Lake
Guardian in Lake Ontario during 14 to 19 Septem-
ber 1999. Vertical tows through the epilimnion layer,
the depth of which was determined from temperature
profiles taken using a Seabird STE-911 CTD, were
taken with a metered 153-µm mesh net at a total of
24 stations (Fig. 1). In order to study possible diur-

nal vertical migration (DVM) of C. pengoi, zoo-
plankton tows were performed at fixed depth inter-
vals (0–20, 20–40, 40–60, 60–80 and 80–100 m) by
means of a closing net. DVM samples were taken at
6 a.m., 12 p.m., 6 p.m., and 12 a.m. at two offshore
stations (Fig. 1). After collection, samples were nar-
cotized with soda water and preserved with sucrose
formalin solution (Haney and Hall 1973). All indi-
viduals of C. pengoiwere removed from each sam-
ple under a dissecting microscope and enumerated.
To enumerate the rest of the crustacean community
(excluding nauplii), samples were split with a Fol-
som plankton splitter and four stratified aliquots ex-
amined per sample. For biomass calculations, length
measurements were made on the first twenty individ-
uals encountered of each species per sample, includ-
ing C. pengoi,  and biomass computed using
length-weight relationships found in the literature.
In the case of C. pengoi, the relationship developed
in this study was used. Body length of C. pengoiwas
measured from the tip of the head to the tip of the
third articular spine. The laboratory analyses were
performed 1 to 4 months after field sampling.

Comparisons were made of the body size and fe-
cundity of sexual females between 1998 and 1999,
using samples generated from the U.S. EPA Great
Lakes National Program Office (GLNPO) summer
survey in 1998. For these comparisons, individuals
were measured from stations at which C. pengoiwas
found in 1998. In that year, C. pengoiwas found at
four stations in the eastern basin of the lake (Fig. 1;
see also Barbiero et al. in press). Zooplankton tows
from Lake Ontario were taken between 5 to 7 Au-
gust  in 1998, and were made with both a 64 µm
mesh net to a depth of 20 m, and with a 153 µm
mesh net to the shallower of 100 m or 2 meters from
the bottom at each station. A Mann-Whitney Rank

FIG. 1. Location of sampling stations in Lake
Ontario. Filled circles denote stations of migration
study of C. pengoi; stations where C. pengoi was
found in 1998 are indicated by squares.
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Sum test failed to find significant differences in
body length between individuals collected using the
different mesh sizes (α = 0.05), so these data were
pooled in subsequent analyses. All measurements
were done by the same individual (HO). To compare
body lengths of individuals of different instars col-
lected in 1998 and 1999, the nonparametric Mann-
Whitney Rank Sum Test was used. All statistical
tests were conducted using Sigmastat 2.0.

To develop a body length-dry weight relationship,
233 C. pengoi individuals were sorted according to
body lengths (min. = 0.95 mm, max. = 2.55 mm). In-
dividuals were dried for 48 hours at 60°C and held
over silica gel for 2 hours prior to weighing. Up to 8
specimens of similar body lengths were grouped to-
gether. Dry mass was determined using a Cahn C-33
microbalance with a precision of 1 µg. Both body
length and dry weight were ln-transformed to stabi-
lize variance, and the relationship between them de-
termined using least squares regression. It is
understood that some shrinkage typically occurs
after preservation with formaldehyde (Kapiris et al.
1997, Yan and Pawson 1997). The length-weight re-
lationship developed here, however, was specifically
intended to be used with preserved individuals. It
should be recognized, though, that some underesti-
mation is possible due to loss of mass upon preser-
vation (Campbell and Chow-Fraser 1995, and
references therein).

RESULTS

The Cercopagiscommunity of Lake Ontario in
September 1999 was represented by a typical mor-
phological form of the species Cercopagis pengoi,
characterized by possession of a relatively long tail
with characteristic S-bend and claws with straight or
backwardly bent tips. The tail length to body length
ratio averaged 4.68 (SD = 0.56, n = 100). The struc-
ture of the C. pengoi community was uniform over
the lake, with parthenogenetic females contributing
over 95% of all individuals. Sexual females and
males together constituted less than 5% of the popu-
lation.

Medians of epilimnetic abundance and biomass of
C. pengoi were 295/m3 (interquarti le range =
541/m3, max. = 2,544/m3, n = 24) and 13.4 mg
DW/m3 (interquartile range = 25.0 mg DW/m3, max.
= 113.3 mg DW/m3, n = 24), respectively. The me-
dian percent contribution of C. pengoi to the zoo-
plankton community was 15.8% on a dry weight
basis (max. = 73.4%) and 0.6% on an abundance
basis (max. = 5.7%) (Fig. 2). Abundance and bio-

mass of C. pengoitended to be higher in the central
region of the lake than in coastal areas; least squares
regression revealed a signif icant relationship
between abundance and distance from shore 
(r2 = 0.34, p = 0.0015; Fig. 3). However, a signifi-
cant relationship was not observed between percent
contribution of C. pengoi to the total zooplankton

FIG. 2. A.) Abundance of C. pengoi (individu-
als/m3); and B.) Percent contribution of C. pengoi
to crustacean zooplanktonic biomass (excluding
nauplii) in the epilimnion of Lake Ontario, Septem-
ber, 1999.

FIG. 3. Relationship between ln-transformed
epilimnetic abundance of C. pengoi and distance
of sampling station from shore (km) in Lake
Ontario.
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biomass and distance from shore (α = 0.05). Simi-
larly, significant relationships were not found be-
tween abundance and either depth or mean
temperature of the epilimnion (α = 0.05).

Vertical distribution of C. pengoiexhibited similar
patterns at both stations of the migration study. The
majority of individuals were found within the warm
uppermost 20 m water layer during both day and
night; no DVM was evident. However, relatively
more individuals were distributed in the 20 to 40 m
stratum at the eastern station than at the western sta-
tion (Fig. 4). This difference could be explained in
part by depth of the epilimnion, which was substan-
tially thicker at the eastern (20 m) than the western
(12 m) station. However, it also appears that C. pen-
goi can occur rather abundantly within the metal-
imnion. At both stations, less than 3% of the C.
pengoipopulation occurred in deeper (> 40m) water
layers.

A relatively high proportion of C. pengoi individ-
uals without any detectable body fluidum, including
lack of a large pigmented eye, most likely represent-
ing individuals dead at the time of collection, was
observed in deeper water layers—up to 100% of the
total count within a depth interval. However, ab-
solute densities remained at rather low levels, at
most 7/m3, suggesting that sinking of dead C. pengoi
to deeper water layers is probably not intense in
Lake Ontario.

Comparisons of body lengths of females by instar
between 1998 and 1999, using a Mann-Whitney

Rank Sum Test, showed statistically significant dif-
ferences between years for instar three females, both
sexual and parthenogenetic (P = <0.001 in both
cases), while lengths of earlier instars were not sig-
nificantly different (α = 0.05; Fig. 5). The larger
body size of sexual females in 1998 was accompa-
nied by increased fecundity (usually 2 eggs in brood
pouch), whereas only 4.9% of sexual females carried
2 eggs in 1999.

FIG. 4. Depth distribution of C. pengoiduring migration study at A.) Western station;
and B.) Eastern station. Lines denote: (—) temperature, oC; and (---) in vivo chlorophyll
(relative units).

FIG. 5. Comparison of body length (mm) of sex-
ual and parthenogenetic females by instar in Lake
Ontario in 1998 and 1999. Boxes denote 25th and
75th percentile, interior lines denote median,
whiskers denote 10th and 90th percentiles, points
indicate 5th and 95th percentiles.
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Dry weight of females of extreme body lengths
(min. = 0.88 mm; max. = 2.58 mm, respectively) dif-
fered by 24.7 times. A regression formula for ln-
transformed body length (L)—dry weight (W)
relationship, developed during the study and used for
Cercopagis biomass calculations, is given in Figure
6.

DISCUSSION

In the Cercopagispopulation of Lake Ontario in
late summer only typical C. pengoiindividuals were
found, having a long tail spine with a characteristic
S-bend and claws with straight or backwardly bent
tips, a finding consistent with results from the Baltic
Sea. In both water bodies, the occurrence of individ-
uals with morphological features deviating from the
typical C. pengoiwas reported in spring and early
summer. The most prominent difference from the
typical C. pengoiform is the relatively short caudal
process without an S-bend, and forwardly bent tips
of the claws. According to Mordukhai-Boltovskoi
and Rivier (1987), those are characteristic of C.
(Apagis) ossiani. Simm and Ojaveer (1999) hypothe-
sized that these atypical specimens probably repre-
sent the first parthenogenetic generation of the
species C. pengoihatched from resting eggs, and the
morphology of subsequent generations are character-
istic of typical representatives of C. pengoi. This
suggestion is consistent with another recent study
conducted by Makarewicz et al. (2001) who used
mitochondrial DNA analyses to show that C. ossiani

and C. pengoiare morphologically distinctive forms
of a single species.

The maximum population abundance of C. pengoi
observed in this study (2,544/m3) is substantially
higher than has been observed in other invaded
basins (maximum values frequently below 600/m3

with outstanding densities up to 1,800/m3: Krylov et
al. 1999 and references therein, Uitto et al.1999). In
1998, in the first year of identification in Lake On-
tario, C. pengoi reached maximum densities of
322/m3 in coastal areas of the western part of the
lake in late August (~5 km offshore between
Oakville and Grimbsy, Ontario: MacIsaac et al.
1999) and 465/m3 in upper water layers (< 20 m) in
open areas of the eastern part of the basin in the first
week of August (Barbiero et al. in press). However,
C. pengoidensities were probably substantially un-
derestimated in that first study in comparison with
those of this study, since samples were collected
from the bottom to the surface (sampling depth 
< 27 m, MacIsaac et al. 1999), while C. pengoi in-
habits mainly the warmer upper water layers. Thus,
environmental conditions of Lake Ontario both in
1998 (western coastal areas) and 1999 (open basin)
supported relatively high densities of Cercopagis.
Also, the maximum proportion of C. pengoi in the
zooplankton community of Lake Ontario (73%, dry
wt. basis) was remarkably larger than those docu-
mented in the Baltic Sea. According to Ojaveer et al.
(1998), during its population maximum C. pengoi
made up about 25% of the total mesozooplankton
(individuals 0.2 to 2.0 mm in length) biomass (wet
wt.) in the Gulf of Riga. However, in that study body
weight of C. pengoiwas assumed to be equal to that
of the smaller cladoceran Podon, and therefore was
probably substantially underestimated. In 1998, Cer-
copagispopulation abundances remained at rela-
tively low levels in the Baltic Sea. In that year, the
species made up a maximum of 15% of the total zoo-
plankton biomass in the Gulf of Riga (M. Simm, Es-
tonian Marine Institute, Tallinn, Estonia, pers.
comm.). Therefore, relatively larger scale and more
pronounced ecosystem effects caused by the C. pen-
goi, initially on plankton communities, but eventu-
ally through food-web interactions and changes in
energy transfer pathways of the ecosystem, would be
expected to take place in Lake Ontario than in the
Baltic Sea.

In 1998, there were clear differences in zooplank-
ton community composition between sites in the
eastern basin at which C. pengoi was found and sites
in the western basin where it was not.  Bosmina lon-
girostris accounted for between 19 and 60% of the

FIG. 6. Relationship between ln-transformed dry
weight (W, mg) and body length (L, mm) for C.
pengoi in Lake Ontario.
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non-nauplii crustaceans at the latter sites, while at
sites supporting C. pengoi it accounted for between
0.2 and 3%.  The dominant daphnid in the lake,
Daphnia retrocurva, showed the opposite trend,
being on average nearly twice as abundant at sites
with C. pengoi. Other differences were noted be-
tween the two basins, such as a distinct decrease in
cyclopoid copepodites in the east, and a shift in ro-
tifer dominance from Polyarthra vulgarisin the west
to Ascomorpha ovalisin the east (Barbiero et al. in
press). It is unclear whether these differences in
1998 were due to impacts of C. pengoi on the zoo-
plankton community. Populations of most zooplank-
ton species have been shown to develop in the east
and subsequently move west (Patalas 1969), so dif-
ferences in distribution could have been due to dif-
ferences in population timing. 

In the Gulf of Riga (Baltic Sea), after the invasion
of C. pengoi, the abundance level of its potential
prey—Bosmina coregoni maritima—has been signif-
icantly lower than during the pre-invasion period.
Densities of other native, small-sized cladocerans
(Evadne nordmanniand Pleopsis polyphemoides) or
nauplii of copepods did not exhibit any notable
changes after the invasion (Ojaveer et al. 2000). In-
formation on the feeding habits of C. pengoiwould
be necessary to relate the above documented changes
in zooplankton community composition to predation
by C. pengoi, but unfortunately such information is
not available as yet. Therefore, at this point it can
only be stated that similar changes have occurred in
the zooplankton communities of recently invaded
ecosystems, specifically decreases in Bosminaabun-
dance, and hypothesized that these changes may be
the result of direct predation.  

Long-term stomach content investigations of the
most abundant planktivorous fish (herring, Clupea
harengus membras, smelt, Osmerus eperlanus,and
three-spined stickleback, Gasterosteus aculeatus) in
the Gulf of Riga revealed that the mean share of C.
pengoiin fish stomachs did not exceed 7% (Ojaveer
et al. 2000). However, being an energetically prof-
itable prey item due to its relatively large size, the
cladoceran can periodically make up a substantial
portion (up to 100%) of fish diet (Ojaveer and Lum-
berg 1995). Other results from the Baltic Sea, for in-
stance that C. pengoiis not a preferred food either
for juvenile or adult fish, and that utilization of C.
pengoi is dependent upon a species-specific thresh-
old size of fish, are in agreement with those of
Bythotrephesin the Great Lakes (Ojaveer et al.
2000, Barnhisel and Harvey 1995). These studies
suggest that (a) existing knowledge on similar

species (Bythotrephes) can probably be extrapolated
for Cercopagis, and (b) fish stock structure and
abundance is of crucial importance for explaining
spatio-temporal patterns of C. pengoipopulation dy-
namics in invaded ecosystems.

Parthenogenetic females appear initially in the
pelagic zooplankton community in spring, after
hatching from over-wintered resting eggs, and are
the dominant form throughout the growing season
(MacIsaac et al. 1999). Sexual females, which pro-
duce resting eggs, typically appear in late summer
after the appearance of males. Thus, their high pro-
ductivity is very important for the survival of the
Cercopagispopulation over the winter and for pro-
viding a sufficient seed population for the next
spring.

The significantly larger body size of ovigerous
sexual females in the first year of introduction
(1998), compared to that in 1999, was accompanied
by elevated fecundity of C. pengoi. In 1998, they
usually (over 60%) carried 2-egg broods while in
1999 only 4.9% had 2 eggs. Obviously, the elevated
fecundity of gamogenetic females in 1998 facilitated
an expansion of the distribution of the species to all
areas of the lake and supported increases in abun-
dance. However, the larger body size of partheno-
genetic females did not result in elevated clutch size
(Grigirovich et al.2000).

The common pattern of diurnal vertical migration
of zooplankton is to ascend to the surface waters at
dusk and descend back to cold water layers at dawn.
The two most commonly cited hypotheses on the
adaptive value of vertical migration of zooplankton
are the demographic and predation hypotheses (Lam-
pert 1989). The demographic hypothesis assumes
that growth is retarded at low temperatures which re-
sults in greater body size of migrating plankters, and
consequently elevated fecundity (McLaren 1974).
The predation hypothesis assumes that by avoiding
the illuminated surface waters layers during the day,
zooplankton reduce the risk of visual predation
(Zaret and Suffern 1976). Since food is often more
abundant in the surface waters, predator avoidance
usually involves a trade-off between predation and
food availability. In addition, increased temperatures
in the surface water can increase productivity (Lam-
pert 1989), therefore, vertical migration may be a
compromise between several factors (Vuorinen
1987). The data from this study suggest that C. pen-
goi does not exhibit any clear pattern of vertical mi-
gration in the offshore region of Lake Ontario at the
depth intervals examined. Most of the individuals
stayed in the epilimnion, and to some extent within
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the metalimnion. The results from this study on the
vertical distribution pattern of the species agree with
those obtained in the Gulf of Finland (Baltic Sea).
Krylov et al. (1999) have found higher C. pengoi
densities in the warmer upper 10 m layer at both in-
shore and offshore stations, with the exception of
one station located in the central Gulf of Finland
where the highest densities were recorded at 25 to 33
m depth. However, overall densities were very low
at this station (≤ 10/m3). Thus, in general, the risk of
exposure to potential predators in the upper illumi-
nated warm water environment may be compensated
for by elevated productivity of this warm-water pre-
ferring species, and may not be great enough to war-
rant an energy-consuming diurnal migration through
the thermocline to cooler water. In addition, C. pen-
goi might be less vulnerable to predation than native
zooplankton species because of its long tail spine. 

The low abundance of body carcasses (dead indi-
viduals) in deeper water layers probably points to the
fact that energy transfer to higher trophic levels,
stored in the C. pengoi population, takes place
mostly in the upper water layers and a negligible
proportion (< 3%) sinks to deeper layers, below 40
m. However, part of C. pengoiproduction is trans-
ported to deeper waters in the Baltic Sea by being
predated by older smelt and herring that inhabit the
colder water layers. This is probably due to an insuf-
f icient amount of preferred food items (large
calanoid copepods and mysids) in deeper water lay-
ers that forces these fish to perform upward vertical
migrations to search for prey in the surface waters
(Ojaveer et al. 2000). The closely related invasive
cladoceran Bythotrephes cederstroemihas similarly
been identified in small numbers in stomachs of hy-
polimnetic deepwater sculpins, probably having
been ingested as dead animals due to their relatively
high sinking rate as explained by Evans (1988), but
possibly also due to active swimming by fish
(Coulas et al.1998). 

Significantly higher abundances and biomass of
the warm-water preferring C. pengoiwere found in
open deep water than in shallower, near-coastal areas
in Lake Ontario. In contrast to most of the stations in
open parts of the lake and in the eastern basin (mean
surface temperature 21.0°C), several near-coastal
sampling sites in the northern and western part were
characterized by lower temperatures (below 20°C,
min. = 15.5°C) and less pronounced thermal stratifi-
cation. This probably points to recent wind-induced
water movements, such as upwelling events. There-
fore, the driving forces behind the spatial variability
in the distribution of C. pengoiobserved are proba-

bly dynamic and complex, including both abiotic
(stability and thermal conditions of the upper water
column) and biotic (predator abundance and prey
availability) components. 

Based on the current field data, a larger impact on
the Lake Ontario ecosystem due to C. pengoiis
probably to be expected in the open part of the basin,
where more favorable conditions allow the develop-
ment of larger standing stocks. In the Baltic Sea
(Gulf of Riga), in contrast, the highest population
densities were recorded in shallower and relatively
closed areas and Cercopagisabundance was the low-
est in open areas and in stations situating in the re-
gion of currents (Ojaveer et al.1999).
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