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Abstract Cohorts of common carp, Cyprinus carpio Linnaeus, were monitored from hatch through the next
spring in two South Dakota, USA lakes to identify factors affecting year-class strength. Hatching occurred over
37- and 47-day periods in the two lakes. Common carp that hatched earlier achieved greater total lengths at the
end of the first growing season (Brant Lake: r = )0.84, d.f. = 77, P < 0.001; Campbell Lake: r = )0.87,
d.f. = 78, P < 0.001). Mean daily growth rates were approximately 1.0 mm day)1 and similar between lakes.
Total length was positively related to daily growth rate in the two lakes, indicating that members of the cohort that
grew faster achieved greater total lengths by time of capture. Hatch date was inversely related to daily growth (fish
hatched earlier grew faster) in one lake (r = )0.44, d.f. = 77, P < 0.001) but not the other (r = )0.04,
d.f. = 78, P = 0.678), suggesting that length at the end of the growing season can be affected by length of
growing season and growth rate. Overwinter survival of age-0 fish appeared to be size dependent because age-1
common carp length–frequency distributions from both lakes comprised only of the larger cohort members
present the previous autumn.
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Introduction

Management strategies for common carp, Cyprinus
carpio Linnaeus, tend to differ for native and intro-
duced populations. In Europe, the common carp is a
highly desired sport and food fish (e.g. Vacha 1998),
and most management practices involve population
enhancement (Panek 1987; Wedekind, Hilge & Steffens
2001). In contrast, the common carp typically is viewed
as a nuisance in North America where it has been
introduced, and most carp management efforts involve
population elimination or control (Cahn 1929;
Wydoski & Wiley 1999). For example, a substantial
body of evidence indicates that common carp can
reduce the abundance of aquatic plants (e.g. Threinen
& Helm 1954; Tryon 1954; King & Hunt 1967; Crivelli
1983; Fletcher, Morrison & Hume 1985; Engel 1995),
which in turn adversely affects fish community dynam-
ics (e.g. Cahn 1929) and waterfowl (e.g. Chamberlain
1948; Robel 1961). Whether desirable or undesirable,
information concerning common carp recruitment is
important for effective management.
Because year-class strength is determined during the

early life stages in most fishes (Rice, Crowder & Holey

1987; Sammons & Bettoli 2000), evaluating population
parameters during this critical time period could
provide insight into the complex mechanisms that
affect common carp recruitment. Few studies have
described common carp recruitment and subsequent
year-class strength (Starrett & Fritz 1965; Wichers
1976; Mueller & Downen 2000). Survival during early
life stages often is size dependent (Rice et al. 1987);
thus, recruitment may be related to growth rates of
age-0 common carp. Hence, the purposes of this study
were to determine hatch dates, measure daily growth
rates, and compare autumnal size structure of age-0
common carp to that for age-1 carp the following
spring as means to understand recruitment better.

Materials and methods

Common carp sampling was conducted on two natural
lakes in eastern South Dakota, USA. Brant Lake
(latitude 43º55¢16.87, longitude 96º56¢47.87) has a
surface area of 405 ha, a maximum depth of 4.3 m, a
shoreline development index of 1.40, and a fish
community consisting of 13 species. Campbell Lake
(latitude 44º12¢23.45, longitude 96º50¢51.21) has a
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surface area of 322 ha, a maximum depth of 2.1 m, a
shoreline development index of 1.82, and a fish
community consisting of 12 species. Both lakes are
considered hypereutrophic based on trophic state
indices and do not thermally stratify during summer
(Stueven & Stewart 1996).

Age-0 common carp were sampled in Brant and
Campbell lakes by diurnal electric fishing at 2-week
intervals beginning the second week of July 2004 and
continuing through the end of growing season (second
week of September) in 2004. Age-1 (2004 year class)
common carp were then sampled the following spring
(May) 2005 using the same methods. Electric fishing
was continued until 75 age-0 common carp were
collected or, when fewer fish were collected, until all
potential habitats had been sampled. All fish were
measured to the nearest millimetre total length (TL).
Relative abundance was indexed for each sampling
period by calculating the number of individuals cap-
tured per hour of electric fishing.

Lapilli otoliths were removed from age-0 common
carp and analysed to estimate hatch date and daily
growth rate. Unlike many other species commonly
aged with saggital or asteriscus otoliths, Vilizzi (1998)
reported that the lapillus otolith was the only structure
that had distinguishable microincrements. Otoliths
were examined using transmitted light and a dissecting
microscope at low magnification (10-50·); each trans-
lucent zone and distal opaque band was considered a
daily ring (Vilizzi 1998). For each otolith, three
separate daily ring counts were made by two individual
readers and average daily ring counts were used to
estimate hatch dates.

Hatching dates were determined from age-0 com-
mon carp captured 27 July at Brant Lake and 15 July
at Campbell Lake because no newly hatched fish were
collected on subsequent dates. Hatch date was esti-
mated by subtracting mean daily ring count from
collection date because ring formation is assumed to
occur at onset of hatch (Vilizzi 1998). Daily growth
rates from hatch until time of capture in July were
calculated as (TL at capture – TL at hatch)Æ(average
daily ring count))1. Panek (1987) and McCrimmon
(1968) reported that total length of common carp at
hatch was approximately 6 mm. Finally, to determine
if overwinter survival was size dependent length–
frequency distributions of autumn age-0 and spring
age-1 population samples were compared using a
Kolmogorov–Smirnov test by lake. The relationships
between hatching date and both fish total length and
daily growth were evaluated using regression analysis.
Relations between total length and daily growth were
qualitatively evaluated using bivariate plots.

Results

Mean total length of age-0 common carp cohorts
increased throughout the growing season in both lakes
(Figs 1 and 2). The relative abundance substantially
declined in both lakes from autumn to spring, and
survival appeared to be size specific. Comparisons
between age-0 common carp length distributions at the
end of the first growing season and distributions of
those sampled the following spring indicated larger
individuals experienced greater survival than smaller
members of the age-0 carp cohort (Brant: Kolmogo-
rov–Smirnov test, Ksa = 2.25, P < 0.001; and Camp-
bell; Ksa = 3.26, P < 0.001). Specifically, age-1
common carp longer than 78 mm in Brant Lake and
longer than 114 mm in Campbell Lake apparently had
greater overwinter survival than smaller members of
the same cohorts.

Hatching of common carp in Brant Lake during
2004 occurred during at least a 47-day period begin-
ning on May 17 (day of year 137) and continuing until
July 3 (day 183). Hatching duration in Campbell Lake
in 2004 occurred during a 37-day period from May 9
(day 129) to June 14 (day 134). Hatch date was
negatively related to fish total length at time of capture
in both Brant Lake (r = )0.84, d.f. = 77, P < 0.001)
and Campbell Lake (r = )0.87, d.f. = 78, P <
0.001) (Fig. 3). Age-0 common carp in Brant Lake
grew approximately 0.96 mm day)1 (range = 0.56-
1.37, n = 78, SE = 0.02) while those in Campbell
Lake grew 1.03 mm day)1 (range = 0.73-1.30,
n = 79, SE = 0.01). Daily growth appeared to be
positively related to total length at time of capture in
both lakes (Fig. 4). Daily growth was not related to
hatch date in Campbell Lake (r = )0.04, d.f. = 78,
P = 0.678, Fig. 5) but negatively related to hatch date
in Brant Lake (r = )0.44, d.f. = 77, P < 0.001).

Discussion

Age-0 common carp overwinter survival appeared size
dependent in these two South Dakota lakes in 2004.
Common carp hatching occurred during at least
37 days in our two study lakes. The earlier-hatched
members of the cohort in each lake achieved greater
total lengths by time of capture in July. Consequently,
these earlier hatched fish may have achieved greater
total lengths by the end of the first growing season and
may have experienced greater overwinter survival, as
previously documented for other fishes such as bluegill,
Lepomis macrochirus Rafinesque (Cargnelli & Gross
1996), largemouth bass, Micropterus salmoides (Lace-
pède) (Goodgame & Miranda 1993; Miranda &
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Hubbard 1994; Ludsin & DeVries 1997), smallmouth
bass, Micropterus dolomieu Lacepède (Oliver, Holeton
& Chua 1979; Post, Kitchell & Hodgson 1998; Curry,
Currie, Arndt & Bielak 2005), walleye, Sander vitreus
(Mitchill) (Toneys & Coble 1979), white crappie,

Pomoxis annularis Rafinesque (Sammons, Bettoli &
Grear 2001) and yellow perch, Perca flavescens (Mit-
chill) (Post & Evans 1989). Additionally, age-0
common carp in both lakes grew approximately
1.0 mm day–1, but direct comparisons of daily growth
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Figure 1. Length distribution for common carp captured throughout the first growing season in 2004 and the following spring in 2005 from Brant

Lake, South Dakota.
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rates for common carp across their range was not
possible because of an apparent lack of studies
describing age-0 carp growth.

Earlier hatched common carp in Campbell Lake
likely were larger by the end of the growing season
primarily because they had a longer growing season

than later hatched fish. In contrast, earlier hatched fish
in Brant Lake likely were larger by the end of the
growing season because they had a longer growing
season and a faster growth rate than later spawned
fish. The inverse relationship between growth rate and
hatching date was based only on growth during the
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Figure 2. Length distribution for common carp captured throughout the first growing season in 2004 and the following spring in 2005 from

Campbell Lake, South Dakota.
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first half of the growing season and should be
interpreted cautiously. Estimating growth rate from
fish collected in July was necessary because accurate
enumeration of daily increments became more prob-
lematic as fish age. The inverse relationship between
growth rate and hatching date at Brant Lake but not at
Campbell Lake may be related to interspecific compe-
tition for available resources. The fish community in
Brant Lake includes several species of centrarchids in
addition to the percids and esocids that are present
there and in Campbell Lake. The later-appearing age-0
centrarchids in Brant Lake may provide the basis for
interspecific competition for food resources with later-
hatching members of the age-0 common carp. In
contrast, the percids and esocids in Lake Campbell
hatch earlier and thus have already peaked in abun-
dance prior to appearance of the age-0 common carp.
Further research is needed to verify this speculation.
If overwinter survival of age-0 common carp is size

dependent, as suggested by these two populations, then
fish that hatch earlier or grow faster may achieve
greater sizes prior to winter, thereby increasing their

probability of survival. Furthermore, the minimum
length that appeared to be required to survive winter in
these two study lakes was considerably different
(78 mm in Brant; 114 mm in Campbell). These differ-
ences could be attributed to dissimilarities in amount
of available overwinter habitat, food availability or
predator density; but these data were not measured or
available.

This study documents size selective overwinter
mortality of age-0 common carp, which subsequently
affects recruitment to age 1. This insight into over-
winter survival of age-0 common carp should allow
ecologists and managers to better predict population
changes of common carp. Research is needed to
identify the causes of overwinter mortality (e.g.
overwinter habitat, starvation or predation), as well
as to identify factors affecting the magnitude of inter-
annual recruitment variability. A secondary contribu-
tion is that mechanisms driving size attained by age-0
common carp may vary by water body. Given that
this study was based on only two waters, such a
conclusion is tenuous. Future research should
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Figure 3. Relation between total length at time of capture and hatch

date for age-0 common carp collected on 27 July at Brant Lake, South

Dakota and 15 July at Campbell Lake, South Dakota. Day of year

130 = 9 May 2004.
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daily growth for age-0 common carp collected on 27 July 2004 at Brant
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examine intra-cohort common carp growth rate and
hatch timing at weekly time intervals throughout the
first growing season to understand the relative
importance of these factors better and how they
influence overwinter survival and eventual recruit-
ment. Additionally, multiple waters and multiple
years should be evaluated to determine potential
mechanisms (such as hatching date and growth rate as
determined in this study) that may drive the resulting
autumn size structure and overwinter survival of the
age-0 fish.
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Erratum

In Phelps, Graeb & Willis (2008), the sixth length-frequency histogram in figure 2 on p. 88 was published with

errors.

Figure 2. Length distribution for common carp captured throughout the first growing season in 2004 and the following spring in 2005 from

Campbell Lake, South Dakota.

The sixth length-frequency histogram in this figure should have read:

We apologise for this error.
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