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ABSTRACT. Two distinctive forms of cercopagids, first detected in 1998 and identified as Cercopagis
pengoi and C. ossiani using taxonomic keys, were observed to co-occur in Lake Ontario. C. ossiani was
the predominant form in western Lake Ontario in mid-June 1999 but was then replaced by C. pengoi-like
animals over the rest of the season. Mitochondrial DNA analyses revealed that these forms were geneti-
cally identical at the ND5 gene and that they are morphologically distinctive forms of C. pengoi. In 1999,
Cercopagis reached a maximum abundance of 1,759 individuals/m3 (average abundance = 281 individu-
als/m3, average biomass = 5.2 mg/m3). In August, Cercopagis biomass was lowest at nearshore and
embayment sites and highest at offshore sites. Body length of parthenogenetic females was lower at
nearshore (1.16 mm) and embayment (1.19 mm) sites relative to offshore (1.32 mm) ones. Maximal clutch
size of parthenogenetic females was 24 embryos per individual. Cercopagis has already spread to Lake
Michigan and five Finger Lakes. Although waterfowl may disperse Cercopagis, these invasions likely
resulted from human activities.

INDEX WORDS: Cercopagis pengoi, exotic species, Cladocera, biomass, genetics, dispersal, Lake
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INTRODUCTION

Introduction of non-indigenous species to new
habitats is one of the most significant mechanisms
by which humans are altering the planet (Maclsaac
et al. 1999). Ballast water transfer between interna-
tional ports has been the major dispersal vector of
nonindigenous species (Cohen and Carlton 1998).
The Great Lakes have been invaded by an array of
ballast water-borne species over the past century,
with many of the recent invaders native to the
Ponto-Caspian region (Mills er al. 1993, Ricciardi
and Maclsaac 2000). Ponto-Caspian species that
now dominate foodwebs of the lower Great Lakes
include zebra and quagga mussels (Dreissena poly-
morpha, D. bugensis (in Lakes Ontario and Erie),
round gobies (Neogobius melanostomus in Lake
Erie), the amphipod Echinogammarus ischnus in
Lake Erie, and now the cladoceran Cercopagis pen-
goi in Lake Ontario.

Cercopagis, a pelagic zooplankter native to the
Black, Azov, Aral, and Caspian seas, has invaded
brackish waters of the Baltic Sea and freshwater en-
vironments in Russia and the Ukraine (Grigorovich
et al. 2000). First reported outside of its native
range by Ojaveer and Lumberg (1995) in the waters
of the Baltic Sea during 1992, it now has invaded
other coastal and open-water regions of the sea
(Krylov et al. 1999). In July 1998, sport fishermen
on Lake Ontario experienced difficulty retrieving
fishing lines fouled by an organism initially be-
lieved to be Bythotrephes—a similar-looking
species that is related to Cercopagis, that was first
observed in 1988 (Makarewicz and Jones 1990).
Closer examination revealed the s-shaped caudal
process characteristic of Cercopagis (Rivier 1998).
Several independent reports confirmed the exis-
tence of Cercopagis in Lake Ontario in 1998
(Maclsaac et al. 1999; Makarewicz et al. 1999a;
Bertram, Great Lakes National Program Office,
EPA, Chicago, personal communication). Based on
GLNPO data, the central portion of Lake Ontario
appeared to be the population epicenter during Au-
gust of 1998. However, Maclsaac et al. (1999) and
Mills (personal communication) have collected
specimens from several nearshore and embayment
habitats along the north and south shores of Lake
Ontario and the Bay of Quinte in July, 1998. Intro-
duction of Cercopagis into Lake Ontario was attrib-
uted to ballast release from ships (Maclsaac et al.
1999). Grigorovich et al. (2000) reported on the
comparative biology of this species from Lake On-
tario and the Baltic and Caspian seas. Reported here

are the seasonal and spatial distribution, genetics
and life history attributes of Cercopagis pengoi
(Ostroumov) in Lake Ontario, and dispersal of the
species during the summer and autumn of 1998 and
spring, summer, and autumn of 1999.

METHODS

Offshore Seasonal Sampling
(Hamlin Beach State Park)

Lake Ontario, due north of Hamlin Beach State
Park (Fig. 1, 43° 25.110 latitude and 77° 53.986’
longitude), was sampled in 1998 and 1999 for Cer-
copagis with a double Bongo tow (571-pum nylon
mesh net, 50-cm diameter, equipped with flow me-
ters). Comparison of abundance estimates from the
large mesh double Bongo net and a small mesh
Wisconsin net (63-um nylon mesh net, 50-cm di-
ameter, equipped with a flow meter) revealed simi-
lar estimates of abundance (Table 1). Temperature
profiles were measured with a SeaBird CTD. In
1999, water samples (3 m depth) for chlorophyll
analysis were taken and measured fluorometrically
using a Turner Model 111 Fluorometer. Approxi-
mately 800 mL aliqouts were filtered through a
glass fiber filter and extracted with 90% alkaline
acetone (Wetzel and Likens 1994). Secchi disk
depth was determined using a black and white 20-
cm disk.

In 1998, samples were taken in mid June, July,
and August and then biweekly into November. Ini-
tially in 1999, biweekly sampling (5 May to 22
July 1999) was employed until Cercopagis abun-
dance increased in the water column. Thereafter, a
weekly sampling regime was employed (22 July to
27 September 1999) until abundance began to de-
crease when the biweekly sampling (27 September
1999 to 28 October 1999) regime was reinstated.
Depth at the sampling site was 100 m but samples
were taken vertically from 20 m to the surface—
approximating the epilimnion (Table 2) during
thermal stratification. The contents of each net
were washed into separate catch buckets, trans-
ferred to bottles, and preserved with 10% buffered
formalin. Because of the tendency of Cercopagis to
clump together, all samples were counted totally
for individuals, resting eggs, males, and asexual
embryos. Enumeration of asexual embryos proved
to be difficult owing to the presence of nondiffer-
entiated embryos in many brood pouches. Often it
was possible to recognize the dark eyes in the
brood pouch and thus enumerate embryos. Re-
ported here are the number of embryos per female
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m depth).

for those individuals in which it was possible to
differentiate embryos. This value may underesti-
mate fecundity since it was mainly for highly fe-
cund females that it was not possible to resolve
embryo numbers. Number of individuals counted
for embryos often ranged in the hundreds at the
height of the population increase in August. Body
length of the first one hundred individuals enumer-
ated in each sample was measured following Grig-
orovich et al. (2000).

TABLE 1. Comparison of Lake Ontario Cerco-
pagis abundance estimates from a double Bongo
net equipped with a large mesh net (571 um) and
a Wisconsin net equipped with a small mesh net
(63 um). Values are number/m3. For the double
Bongo net, the values represent the mean and the
range.

Double Bongo Wisconsin Net

(571 pm (63 um
Sample Date mesh net) mesh net)
30 July 1999 242 (213-271) 218
1 September 1999 174 (141-207) 192
27 September 1999 64 (25-103) 31

Spatial-Temporal Sampling

“Embayment” habitats were defined as shallow
(approximately 3—10 m) bay sites generally isolated
from offshore waters of the main lake. Relatively
shallow (approximately 10 m) sites along the shore-
line, fully exposed to the main lake, were catego-
rized as “nearshore” habitat and deeper portions of
the lake (> 20 m) as “offshore.” Nearshore and em-
bayment samples were collected biweekly (once
every 2 weeks) from May to October in 1998 and
1999. Nearshore samples were collected at three
western locations along the south shore (Niagara
River east, Niagara River west, and Oak Orchard),
four eastern locations (Galloo Island, Chaumont
Bay, Sandy Pond, and Sodus Bay), and one central
location (Irondequoit Bay)(Fig. 1). Nearshore sam-
ples were also taken at Oakville and Grimsby, On-
tario, Canada. Only fecundity data are reported
from these sites. Embayment samples were col-
lected at Chaumont Bay, Sandy Pond, Sodus Bay,
and Irondequoit Bay. Twelve offshore samples were
collected from EPA’s R/V Lake Guardian from 9 to
13 August 1999 (Fig. 1).

Cercopagis was collected (153-um mesh nylon
net, 50-cm diameter, equipped with a flow meter) at
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TABLE 2. Seasonal abundance, biomass, length, and population structure of Cercopagis pengoi in Lake
Ontario in 1998 and 1999. SWT = Surface water temperature. ET = Epilimnion thickness, ND = No data,
NED = No embryos differentiated. Value in parentheses indicate fecundities for 15 and 29 June at sites at

Oakville and Grimsby, ON.

%

Average Average Average Resting Secchi
Cercopagis Cercopagis Cercopagis Eggs Embryos Disk
Abundance  Biomass Length In Brood % per SWT ET Chl. a Depth

Date (#/m3) (ug/m3) (mm) Pouch Males  Female (°O) (m) (ug/L)  (m)
1998
14-Jun 0 0 0 0 0 0 16.8 ND ND ND
8-Jul 0 0 0 0 0 0 22.6 ND ND ND
7-Aug 0 0 0 0 0 0 229 ND ND ND
3-Sep 323 4,726 1.20 3.5 6.0 2.5 21.0 ND ND ND
17-Sep 141 1,777 1.10 3.1 8.5 1.8 20.7 ND ND ND
30-Sep 10 153 1.23 0.2 4.2 4.0 18.2 ND ND ND
16-Oct 6 113 1.39 0.0 18.0 33 14.1 ND ND ND
9-Nov 2 55 1.74 0.0 27.4 1.5 11.6 ND ND ND
1999
28-May 0 0 0.00 0.0 0.0 0.0 16.1 3 2.2 ND
10-Jun
15-Jun 0.3 5 1.31 0.0 0.0 5.6 16.7 3 2.8 ND
(13.1)
25-Jun 1 15 1.20 0.1 2.5 NED 20.4 4 3.1 ND
29-Jun (11.3)
7-Jul 24 398 1.29 0.7 2.2 7.2 21.9 24 1.7 7.0
22-Jul 7 107 1.23 0.0 0.2 3.2 23.3 ND 2.7 8.6
30-Jul 242 4,958 1.46 1.4 2.0 6.4 24.3 20 2.2 9.5
5-Aug 650 11,790 1.36 8.7 2.0 3.2 23.6 17 2.8 7.0
12-Aug 355 6,278 1.34 5.5 2.2 3.7 22.4 20 4.0 4.2
19-Aug 1,759 34,361 1.42 11.1 2.2 4.2 22.8 20 3.1 5.5
25-Aug 291 5,080 1.33 3.1 34 4.4 21.6 4 4.3 5.5
1-Sep 174 3,156 1.36 1.6 0.01 4.2 20.7 13 4.3 6.0
10-Sep 593 10,352 1.33 2.9 1.0 4.2 21.1 17 4.8 3.6
27-Sep 64 1,117 1.33 2.9 0.9 3.0 18.9 20 34 6.3
8-Oct 46 782 1.31 54 6.4 3.9 14.9 22 3.3 6.8
28-Oct 16 255 1.26 8.2 8.2 2.0 10.8 35 6.6 6.0
1999
Average 281 5,244 1.32 34 2.2 3.7 20.0 15.9 34 6.3

embayment and nearshore sites (top 10 m of the
water column) and at offshore sites (top 40 m of the
water column). Cercopagis was preserved in the
field in 70% ethyl alcohol after anesthetizing sam-
ples with antacid tablets. Lengths of at least 100 in-
dividual Cercopagis were measured following
Grigorovich et al. (2000). In 1998, presence or ab-
sence of Cercopagis was noted while in 1999 Cer-
copagis was counted using a microprojector at
20x magnification and a digitizer interfaced with a
computer.

Finger Lakes Cercopagis Sampling

Cercopagis was sampled with a Wisconsin net
(571-um nylon mesh net, 50-cm diameter, equipped
with a flow meter) during the month of August,
1999. Epilimnetic tows were taken at the deepest
point in the lake.

Length-Weight Relationship

Length-dry weight regressions were developed
for Cercopagis based on live nearshore and alcohol-
preserved nearshore and offshore organisms (length
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range = 0.6 to 2.0 mm) collected in August, 1998
and 1999. Live organisms were sampled and kept
alive for a period of up to 6 hours before measure-
ment and drying at 60°C for 24 hours. Body length
of Cercopagis was measured from the peak of the
head to the base of the caudal process and dry
weights were determined using a Sartorius BP
210D and a Cahn Electrobalance. The resulting re-
gressions were:

Nearshore
Alcohol preserved:
In W =2.2309(In L) + 1.6585
(R2=0.93),n=12 (1)
Live, No preservation
In W=1.7164 (In L) + 2.3703
(R2=0.79),n =18
Offshore
Alcohol preserved:
In W=2.7686 + (In L) + 1.3690
(R2=0.95),n=12

where W is dry weight in micrograms and L is body
length in mm. All Lake Ontario biomass calcula-
tions presented here are based on the length-weight
regression developed from live, nonpreserved or-
ganisms (Eq. 1).

Molecular Techniques

NADH dehydrogenase subunit 5 (NDS5), a rela-
tively rapidly evolving mitochondrial gene, was
employed to screen for genetic variability within
the Lake Ontario population of Cercopagis and to
distinguish between C. pengoi and C. ossiani. This
gene has been successfully employed to distinguish
the genetic differentiation within the Daphnia pulex
group (Colbourne et al. 1998). Total DNA was ex-
tracted from 10 ethanol preserved individuals (5 in-
dividuals of each morph), using proteinase K
methods (Schwenk 1996). A 798 base pair frag-
ment, coding for 266 amino acids, was amplified
using the DpuND5 primers (5-GGG GTG TAT
CTA TTA ATT CG-3’, 5’-ATA AAA CTC CAA
TCA ACC TTG-3") designed by Colbourne et al.
(1998) for the Daphnia pulex group. Each 50-pL
polymerase chain reaction (PCR) contained 10 X
PCR buffer, 1.5 mM MgCl,, 200 uM of each of
dATP, dCTP, dGTP, dTTP, 1 unit of Taq polymerase
(Perkin Elmer), 0.3 um of each primer and 2—4puL
of DNA template. The PCR consisted of one cycle
of one minute at 94°C; 5 cycles of 1 min at 94°C,
1:30 min at 45°C, 1:30 min at 72°C; 37 cycles of 1
min at 94°C, 1:30 min at 50°C, and 1:30 min at

72°C; followed by 1 cycle of 5 min at 72°C. The
DNA product was gel-purified using the Qiaex II
gene cleaning kit (Qiagen) and sequenced in both
directions on an ABI 377 Automated Sequencer
(Perkin-Elmer). The sequences of the ND5 gene
were aligned with the Seqapp 1.9a sequence editor
(Gilbert 1992).

RESULTS AND DISCUSSION
Length-Weight Relationship

Dry weight losses due to alcohol preservation
were size dependent and ranged from 32% for
larger organisms to 53% for smaller organisms.
Over the length range observed in Lake Ontario
(0.8 to 2.0 mm), the average weight of alcohol pre-
served organisms was 42% less than live organ-
isms. Giguere et al. (1989) observed a similar
average reduction in dry weight (range = 37 to
43%) and a similar size dependent relationship be-
tween length and percent reduction in weight.

Introduction into Lake Ontario

It is difficult to pinpoint the date of Cercopagis
introduction to Lake Ontario. At the offshore sam-
pling location north of Hamlin Beach State Park
(Fig. 1), Cercopagis was absent in June, July, and
early August of 1998. Yet Cercopagis was observed
in 1998 on 17 June in the nearshore of Lake Ontario
near Chaumont Bay and within the Chaumont Bay
embayment (Fig. 1) on 29 June, in mid-July in the
Bay of Quinte of Lake Ontario, and on 3 August
along the northwest and northeast shores of Lake
Ontario. In early September of 1998, abundance at
the offshore site north of Hamlin Beach State Park
reached 323 individuals/m3 and was quickly re-
duced to less than five individuals/m3 by early No-
vember (Table 2). Similar high abundances (500/m3
in August, 1998) were observed by the Great Lakes
National Program Office in Lake Ontario (P.
Bertram, EPA, Chicago, personal communication)
and by Maclsaac et al. (1999, 320/m3).

The widespread occurrence and the relatively
high densities during late summer of 1998 in Lake
Ontario and the likelihood that this species prefers
warm epilimnetic water (Rivier 1998) suggest that
Cercopagis may have been introduced in the previ-
ous year. The establishment of Cercopagis in Lake
Ontario in 1998 coincided with the lowest abun-
dance of planktivorous Alosa pseudoharengus (age
1+) in the lake in 20 years (Owens et al. in press).
Nevertheless, alewife abundance was not trivial and
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FIG. 2. Lateral view of parthenogenetic females taxonomically assignable (Rivier 1998) to
Cercopagis (Cercopagis) pengoi (A) and Cercopagis (Apagis) ossiani (B) from Lake
Ontario. The forms are genetically indistinguishable and likely represent parthenogentic (A)
and resting egg (B) generations.

predator pressure provided no apparent resistance to
the establishment of Cercopagis in Lake Ontario.
Ricciardi and Maclsaac (2000) suggest that aquatic
invasions are mediated more by dispersal opportu-
nity and favorability of abiotic conditions than by
the composition of the recipient community. Zoo-
plankton community richness may be constrained
by dispersal limitation at large spatial scales
(Shurin et al. 2000), and biotic processes at local
scales (Shurin 2000).

Co-occurrence of C. pengoi and C. ossiani

Two forms of cercopagids were discovered in
Lake Ontario during 1999. During spring, forms
consistent with taxonomic descriptions of C. pengoi
and C. ossiani (Rivier 1998) co-occurred in both
northwest and south-central regions of the lake
(Fig. 1). At that time, the C. ossiani type accounted
for 72% of total abundance. This form disappeared

by 29 June 1999, and only C. pengoi-like animals
occurred during the rest of the growth season. Dur-
ing 2000, C. ossiani appeared in the Lake Ontario
plankton on 5 May 2000 and remained there until
24 July 2000. Both morphs were represented by
parthenogenetic females.

Genetic analysis revealed that C. ossiani and C.
pengoi were genetically identical at the ND5 gene
as both morphs were characterized by a single hap-
lotype. European populations from the Black Sea,
Caspian Sea and Baltic Sea are characterized by 7,
2, and 1 haplotypes, respectively (Cristescu et al.
2001). Lack of haplotype diversity at a polymorphic
gene for the Lake Ontario populations strongly sug-
gests that the Lake Ontario Cercopagis population
is a single taxon, Cercopagis pengoi. It is possible
that the North America Cercopagis population was
founded by a very small number of individuals,
most likely of Baltic Sea origin (Cristescu et al.
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2001). Taxonomic keys indicate that C. pengoi and
C. ossiani belong, respectively, to the subgenera
Cercopagis and Apagis of the genus Cercopagis
(Rivier 1998). These subgenera differ with respect
to the length and structure of the caudal process. In
Lake Ontario, early growth season average body
lengths (+SD) for instar III parthenogenetic females
of C. pengoi (n = 8) and C. ossiani-type morphs
(n = 8) were 1.72 mm (0.21) and 1.41 mm (0.11),
while average caudal process lengths were 9.61
(0.88) and 3.52 (0.50), respectively. C. pengoi dif-
fered from C. ossiani by its possession of a consid-
erably longer caudal process that was more than 5.5
times the body length and terminated in a distinc-
tive loop, whereas in C. ossiani the caudal process
was less than 2.5 times the body length, relatively
straight and lacking a loop (Fig. 2). Articular spines
on the caudal process were bent posteriorly in C.
pengoi, but anteriorly in C. ossiani-type morphs.

Both morphs exhibited similar spacing and devel-
opment of articular spines on the caudal process
(Fig. 2). The caudal process of C. ossiani-type
morphs consisted of as many as four articular seg-
ments bearing four paired, articular spines, whereas
the C. pengoi form had a maximum of three articu-
lar spines. Four pairs of articular spines on the cau-
dal process, corresponding to four instars, were
reported in sexually-produced individuals of
Bythotrephes hatching from resting eggs (Zozulya
1977, Yurista 1992). During the late stage of brood
development, parthenogenetic females of the two
morphs were characterized by the presence of a
pointed apex on the brood pouch. Average clutch
size for parthenogenetic females of the C. ossiani-
type morph (13.1 embryos per female; n = 10) was
slightly but insignificantly (t-test, P = 0.41) higher
than those of the C. pengoi morph (11.3 embryos
per female; n = 16). Cercopagis ossiani-type ani-
mals were also observed during the early growth
season in the Caspian and Baltic seas (Simm and
Ojaveer 1999; 1.K. Rivier, Institute of Inner Water
Biology, Borok, Russia, personal communication).
Morphological and reproductive peculiarities char-
acteristic of the “first generation” that develop from
dormant stages have also been demonstrated for
other cladoceran taxa including Bythotrephes,
Daphnia pulex and D. cucullata (1.K. Rivier, per-
sonal communication).

It is very likely that C. ossiani and C. pengoi rep-
resent two morphologically distinct stages of the
life cycles of C. pengoi. The first generation of in-
dividuals (C. ossiani-type) may result from hatch-
ing of resting eggs, while later generations (C.

pengoi-type) are produced by parthenogenetic re-
production (Simm and Ojaveer 1999; I.K. Rivier,
personal communication). Similar morphological
differences were reported between parthenogeneti-
cally and sexually produced generations of
Bythotrephes (Zozulya 1977, Yurista 1992).

Offshore Lake Ontario—
Average Length, Resting Eggs, Fecundity

Average Cercopagis body length increased be-
tween September (1.18 mm) and November 1998
(1.74 mm) (Table 2). Males became progressively
more prevalent in the population during this period,
comprising up to 27% of the population. Average
body length varied little (range =1.20 to 1.46 mm)
in 1999. The lack of distinct cohorts is indicative of
continuous reproduction and overlapping genera-
tions of Cercopagis.

Males were again prevalent in the population in
September 1999, and comprised 8.2% of the popu-
lation during late October (Table 2). Sexual females
were present but rare in the population in June and
July of 1999, but did carry resting eggs. Females
with resting eggs constituted 11% of the population
during peak abundance on 19 August 1999, just
prior to a major population decline. Sexual females
decreased in late August and September, but in-
creased thereafter to 8.2% of the population with
the onset of water column turnover.

At the offshore site, average number of partheno-
genetic embryos per female ranged from zero to a
maximum of 7.2 in early July, though some individ-
ual females had much higher values. Females car-
ried as many as 24 embryos during summer 1999.
Females carried more parthenogenetic embyros at
the nearshore stations at Oakville and Grimsby than
at the offshore station in June (Table 2). In the
Caspian Sea, average fecundity of parthenogenetic
females was 13, while for another species, Cerco-
pagis micronyx, it was reported as 20 embryos
(Rivier 1998).

Offshore Seasonal Abundance

Average abundance for the 1999 study period (28
May to 28 October) was 281 individuals/m3. Cerco-
pagis was first observed at the offshore site on 10
June 1999 (Fig. 3) at a surface temperature of
16.7°C. This observation is consistent with those
from the Caspian Sea, where Cercopagis appears
between 17 to 19°C (Rivier 1998). However, this
was not the first sighting in Lake Ontario in 1999.
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FIG. 3. Seasonal abundance of Cercopagis pen-
goi and epilimnion thickness in Lake Ontario.
Destratification began in mid-October.

Cercopagis was observed in the nearshore of Lake
Ontario near Sandy Pond on 20 May 1999 at
12.6°C. Cercopagis tended to appear in vertical
tows earlier at nearshore sites (Sandy Pond and
Chaumont Bay) in eastern Lake Ontario than other
habitats.

Cercopagis abundance in offshore water re-
mained low (less than 30 individuals/m3) until late
July, whereupon it increased rapidly and reached a
peak of 1,759 individuals/m3 on 19 August 1999
(Fig. 3). Densities of Cercopagis of up to 1,000/m3
have also been observed in invaded habitats in east-
ern Europe (reviewed in Krylov ef al. 1999). In the
Dnieper-Bug tidal estuary, average densities range
from 125 to 8,000/m3 (Markovskii 1954), but may
reach as high as 26,000/m3 (Polishchuk and Grig-
oriev 1989).

Abundance in Lake Ontario declined by 83.4%
the week following the population maximum. This
decline was associated with upwelling of cold water
and a decrease in the thickness of the epilimnion
from 20 to 4 m (Fig. 3). Two weeks later, abun-
dance rebounded to 593 individuals/m3, but de-
clined to only 16/m3 on the last sampling date in
late September. The fate of the population during
the upwelling event is not clear, although it seems
likely that animals were swept offshore considering
the species’ limited swimming ability. Upwelling-
induced population declines were also observed
along the north side of the lake during 1998 (J.
Hoyle and H. Maclsaac, Ontario Ministry of Nat-
ural Resources, Glenora, ON, personal observa-
tion). In general, Cercopagis abundance did not

correlate significantly with epilimnetic temperature
or chlorophyll in 1999.

The abundance of age 1+ alewives during 1998
was the lowest in 20 years. However in 1999, the
abundance index of age 1 alewife was the highest
recorded since 1978 (R. O’Gorman, U.S. Fish and
Wildlife, Cape Vincent, NY, personal communica-
tion). Thus, the planktivore population had rela-
tively low and very high predation potentials during
1998 and 1999, respectively. Yearling alewife are
expected to consume Cercopagis. A structurally and
functionally similar species, Bythotrephes, is be-
lieved to remain at low densities in Lake Ontario
owing to high alewife predation pressure (Mills et
al. 1992). The high abundance of Cercopagis in the
presence of large numbers of planktivorous fish is
puzzling. The closely related Baltic herring (Clupea
harengus membras) readily consumes Cercopagis in
the Gulf of Finland (Ojaveer and Lumberg 1995),
and preliminary analysis of Lake Ontario alewife
stomachs indicates consumption of Cercopagis
(Mills, personal observation). Several non-
exclusive explanations may explain the high Cerco-
pagis densities despite fish predation pressure. First,
total alewife abundance and predation pressure may
still be relatively low, despite the number of year-
ling fish during 1999. Second, the long, spined cau-
dal process of Cercopagis may inhibit Cercopagis
consumption by young-of-the-year (YOY) alewife.
Ojaveer and Lumberg (1995) reported that YOY
Baltic herring consumed copepod nauplii rather than
Cercopagis, which were more abundant. Moreover,
Barnhisel and Harvey (1995) demonstrated that
Bythotrephes’ caudal process is an effective deter-
rent to predation by YOY fish. Bythotrephes has a
more robust caudal appendage than Cercopagis,
though this structure may deter fish planktivory for
the latter nevertheless. Third, high fecundity of Cer-
copagis may allow population growth to outpace
consumption by alewife. Fourth, Cercopagis may be
spatially isolated from planktivorous alewife and
smelt when potential predation intensity is highest.
Coulas et al. (1998) suggested that spatial segrega-
tion permitted coexistence of Bythotrephes with
planktivorous lake herring (Coregonus artedi) in
Harp Lake, Ontario. Although Cercopagis may be
spatially separated from smelt during summer,
alewife and Cercopagis both occupy the epilimnion
during the time period (Johannsson and O’Gorman
1991; Johannsson, Sprules and Rudstam, personal
observation). Consequently, it seems unlikely that
Cercopagis has a significant spatial refuge from the
major planktivore in Lake Ontario.
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FIG. 4. Biomass of Cercopagis pengoi at seven nearshore (X) and four embayment sites (O) in Lake
Ontario during late May to early October, 1999. Solids black bars represent nearshore and gray bars

reflect embayment habitats. Stars indicate missing data.

Spatial and Temporal Patterns Lakewide

A maximum Cercopagis density of 2,334 indi-
viduals/m3 was observed at Sodus Bay at the
nearshore site on 23 August 1999 (Fig. 4). For all
other sites and habitats, densities were less than
1,000 individuals/m3 although densities of 1,183
(Galloo Island), 745 (Galloo Island), and 2,286
(Oak Orchard) individuals/m3 were observed on 25
August, 29 September, and 7 October, respectively.
May to early October densities of Cercopagis were
highly variable and there was no significant differ-
ence at nearshore compared to embayment sites
(Paired t-test, n = 10, p = 0.095). Similarly, a com-
parison of Cercopagis density at offshore and
nearshore sites from 9-13 August indicated no sig-
nificant difference between these habitats (ANOVA,
n=23,p=0.32).

Cercopagis tended to appear sooner (early June)

in eastern Lake Ontario (Chaumont Bay, Galloo Is-
land, and Sandy Pond) than in western habitats
along the south shore, where it generally appeared
in late July and early August (Fig. 4). May through
October maximum biomass in nearshore habitats
was observed at Sodus Bay (16 mg/m3) while the
highest biomass in embayments was observed in
Irondequoit Bay (3.7 mg/m3).

Lakewide Cercopagis biomass was highly vari-
able during August; 23 percent of all sites from all
habitats had biomass levels that exceeded 6 mg/m3
(Fig. 5). The lowest biomass during August was ob-
served at nearshore and embayment sites; 20% of
the offshore sites had biomass values between 7.0
and 9.9 mg/m3. At the offshore sampling site north
of Hamlin Beach State Park (Fig. 1), epilimnetic
Cercopagis biomass reached 34.4 mg/m3 on 19 Au-
gust. A synoptic lake-wide comparison of the off-
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FIG. 5. Cercopagis pengoi biomass in Lake Ontario at offshore (open circles), nearshore

(closed circle) habitats on 9-13 August 1999.

shore and nearshore habitats shown in Figure 5 dur-
ing 9 to 13 August indicated that Cercopagis bio-
mass was significantly higher in the offshore
(ANOVA, n =23, p =0.014).

Mean body size of Cercopagis tended to be
higher in the offshore than in nearshore and embay-
ment habitats in early to mid-August. Comparison
of mean body size of Cercopagis between offshore
and nearshore habitats during the 9 to 13 August
period indicated that offshore organisms were sig-
nificantly larger (ANOVA, n = 23, p = 0.003). Sim-
ilarly, mean body lengths weighted by density for
all sites and dates were lower at nearshore (1.16
mm) and embayment (1.19 mm) sites as compared
to the offshore site north of Hamlin Beach State
Park (1.32 mm).

Food Web

In the Baltic Sea, the entire planktivore food web
was impacted by invasion of Cercopagis pengoi.
Cercopagis constituted over 98% and 66% of the
stomach contents of herring (Clupea harengus) and

smelt (Osmerus eperlamus), respectively (Ojaveer
and Lumberg 1995, Ojaveer 1997). Functionally
similar species of planktivorous alewives and smelt
(Osmerus mordax) inhabit Lake Ontario. The rela-
tively high average abundance (281 individuals/m3)
of Cercopagis in the epilimnion of Lake Ontario
suggests that this species may have a major preda-
tory impact on zooplankton abundance and compo-
sition. Unfortunately, data demonstrating predation
rate of Cercopagis on other zooplankton are lack-
ing.

Even though average Cercopagis abundance is
high (281 individuals/m3) compared to the average
abundance of Mysis (~4 individuals/m3) and Lep-
todora (7 to 26 individuals/m3), average Cerco-
pagis biomass is similar to the lake biomass of
these predators (Table 3). Cercopagis has a rela-
tively large total length owing to its long caudal
process. Body length, however, is similar to that of
Daphnia and thus individual mass is low compared
to individual Leptodora or Mysis. Consequently,
Cercopagis’s effect on the Lake Ontario food web
may not be any greater than Mysis or Leptodora
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TABLE 3. Average abundance

and biomass of Mysis relicta, Lep-

todora kindtii, Bythotrephes and Cercopagis pengoi in Lake Ontario.
The average represents the May-November period with the exception of
Bythotrephes which is an annual average. All data are from the same
site and were collected with a 571 um mesh net from a depth of 100 m
(Mysis, Leptodora, Bythotrephes) and Cercopagis (20 m) with the
exception of Johannsson’s (1992) data which were collected from a
depth of 125 m with a 250 um net at a different location on Lake

Ontario. ND = No data.

Average Average Maximum
Abundance Biomass Abundance
Year (ind/m3) (mg/m3) (ind/m3)
Mysis relictal 1984 4.0 7.2 9.2
Mysis relicta 2 1986 4.1 ND 6.2
Bythotrephes?
cederstroemi 1987 13.4 0.23 102
Leptodora?
kindtii 1984 7.3 2.1 240
Leptodora*
kindtii 1987 25.6 7.8 175
Cercopagis’®
pengoi 1999 281.4 5.2 1,759

IShea and Makarewicz (1989)
3 Makarewicz and Jones (1990)
5 This study

over the course of an entire year. During the period
of maximum abundance, when Cercopagis biomass
reaches 34.3 mg/m3, its impact on zooplankton pop-
ulations is likely to be great. Moreover, Cercopagis
is present in the epilimnion through the day and
night, whereas Mysis is generally confined to hy-
polimnetic waters.

Selective feeding by Cercopagis on small zoo-
plankton could adversely affect planktivorous fish
by reducing abundance of their prey and have other
unknown effects on the zooplankton/phytoplankton
link. Because microzooplankton account for 70 to
90% of the consumption of phytoplankton in Lake
Ontario (Lampman and Makarewicz 1999), its sup-
pression by Cercopagis could indirectly result in an
increase in abundance of phytoplankton. In sum-
mary, however, it is not yet clear whether Cerco-
pagis will be an energetic link or sink.

Mechanisms of Dispersal

The mechanism of global dispersal of Cercopagis
is most likely by ballast contamination (Maclsaac et
al. 1999, Cristescu et al. 2001). The lack of genetic
variability in the Lake Ontario Cercopagis popula-
tion suggests that this population was founded by a
small number of colonists. Local dispersal mecha-

2 Johannsson (1992)
4 Koapaha (1989)

nisms potentially include transport by waterfowl,
small boat traffic, or by accidental transport on con-
taminated fishing and sampling gear. Zooplankton
may be dispersed either in plumage or through the
digestive tract of waterfowl (see Maguire 1963,
Charalambidou er al. 2000). Preliminary trials
using dead waterfowl on Lake Ontario revealed that
Cercopagis fouled the plumage of experimental
lesser scaup (Aythya affinis), a diving duck
(Matkovich, pers. observ.). Ducks could facilitate
short-distance invasion of Cercopagis to adjacent
basins. Five Finger Lakes of New York State were
invaded by Cercopagis during 1999 (Table 4).
These invasions may have been the result of either
waterfowl or human-assisted dispersal. For exam-
ple, it is possible that waterfowl could move Cerco-
pagis females with resting eggs from Lake Ontario
south to the Finger Lakes, a distance of approxi-
mately 50 km. While this dispersal mechanism can-
not be discounted, particularly during periods when
Cercopagis is abundant in epilimnetic waters, this
vector is likely far less important than dispersal fa-
cilitated by humans. Higher-risk, human vectors in-
clude accidental transfers by sport or commercial
fishermen, recreational boaters, or researchers.
Contaminated fishing equipment appears to be a
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TABLE 4. Presence of Cercopagis pengoi in the
Finger Lakes and Cross Lake of New York State
and Lake Michigan during the summer of 1999.
Conesus Lake was sampled biweekly. Lake Michi-
gan, Cross Lake, and Canandaigua Lake were not
sampled quantitatively but Cercopagis were
observed on fishing line (Pearsall, Kelly,
Makarewicz; pers. observ.). NO = Not observed.

Lake Date Individuals/m3
Seneca Lake 18 Aug 31.5
Cayuga Lake 25 Aug 11.6
Otisco Lake 24 Aug 29
Canandaigua Lake 17 Aug Present
Skaneateles Lake 16 Aug NO
Owasco Lake 25 Aug 2.1
Conesus Lake April- Oct
(biweekly) NO

Cross Lake 4 Sep Present
Lake Michigan

Grand Traverse Bay 9 Sep Present

potentially potent vector, as individual fishing lines
used on contaminated lakes may accumulate hun-
dreds of Cercopagis individuals (Maclsaac, pers.
observ.). Moreover, commercial gill nets examined
on the Black Sea during August 1999 were fouled
with a film of Cercopagis, easily representing mil-
lions of individual organisms (Maclsaac and Grig-
orovich, pers. observ.). Because contaminated gill
nets could facilitate invasions, separate sets of com-
mercial or research nets should be used on invaded
and uninvaded lakes.

It is not clear which, if any, of the aforemen-
tioned natural and human-assisted dispersal vectors
caused the invasions of systems in the Finger
Lakes. By contrast, invasion of Lake Michigan dur-
ing 1999 almost certainly resulted from movement
of contaminated Lake Ontario ballast water by a
commercial vessel. Ships that discharge cargo at a
Lake Ontario port will often load lake water as bal-
last prior to up-bound movement on the Great
Lakes. This water is subsequently discharged at the
terminal port-of-call and replaced with cargo for the
out-bound voyage. This “cross-transfer” of ballast
water has been identified as a potential source of
nonindigenous species (Weathers and Reeves
1996). All of the dispersal vectors proposed for the
Finger Lakes would be far less likely to account for
invasion of Lake Michigan since both human and
waterfowl “traffic” between Lake Ontario and Lake
Michigan is much reduced.

Expansion of Range

Cercopagis appears to have carved a niche in
the epilimnion of Lake Ontario where a potential
predator, the smelt, is not prevalent in the summer,
and where consumption by abundant planktivorous
YOY alewife may be inhibited by the zooplank-
ter’s caudal process. Currently, little is known
about Cercopagis’ impact on Lake Ontario or other
invaded ecosystems. In the Great Lakes, exotic
species have impacted ecosystem structure and
function in ways we are just beginning to under-
stand. For example, the Ponto-Caspian bivalve
molluscs Dreissena polymorpha and D. bugensis
have altered the food web (Makarewicz et al.
1999b) of western Lake Erie from a pelagic com-
munity to a benthic/pelagic system more compara-
ble to the nearshore marine environment and have
altered water chemistry of the western and central
basin pelagic regions (Makarewicz et al. 2000).
With the insertion of an abundant, predaceous
cladoceran into the middle of the Lake Ontario
food web, reductions would be expected in small-
bodied cladoceran taxa (Lehman 1991, Yan and
Pawson 1997) and, possibly, an increase in levels
of hydrophobic organic compounds in piscivores
because of the additional link in the food chain
(Kiriluk et al. 1995). The potential of this organism
to spread quickly and far is large. As Maclsaac et
al. (1999) point out, asexual reproduction, high fe-
cundity and production of resting eggs and a
“sticky” caudal process promote rapid population
growth, viability during unfavorable periods, and
rapid dispersal.
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