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Open-water field studies were conducted to clarify the reproductive biology of crucian
carp in mono- and multispecies fish communities in eastern Finland. Between late May
and mid-July, ready-to-spawn (ripe) crucian carp entered traps mainly during periods
of rising water temperature. The males tended to be smaller but remained ripe longer
than the females. In all populations the gonadosomatic index of females was variable
throughout the summer, but in May it was higher in fish from the multispecies commu-
nity than in those from the monospecific communities. Crucian carp is a batch spawner
in all the water bodies studied. After a minimum temperature of ca. 18 °C, the timing of
spawning is set by any clear increase in water temperature. Normally there were two
spawnings during the 65-days reproductive period. The higher the mean temperature in
May, the earlier the first spawning was.

1. Introduction

For maximum fitness a fish should reproduce at
the time of year which would maximize its life-
time production of offspring. Timing of seasonal
reproduction is affected mainly by changes in tem-
perature and in hours of daylight, which is clearly
illustrated by species living at high latitudes (e.g.
Bye 1984, Wootton 1990, Bone et al. 1995). Most
fish species in northern inland waters are single
spawners, each species using one of the three typi-
cal periods for spawning: early spring, mid-sum-

mer or late autumn (Bye 1984, Wootton 1990,
McEvoy & McEvoy 1992, Bone et al. 1995).

When biotic and/or abiotic environmental fac-
tors are stable throughout the year, alternative
patterns of spawning, continuous or multiple
spawning periods, could be advantageous. A mul-
tiple or batch spawner typically produces eggs
over an extended period of time (Wootton 1990)
and lays them in several batches during the repro-
ductive year (Bye 1984, Wootton 1990, McEvoy
& McEvoy 1992). Although multiple spawning
patterns are most common at low latitudes (Bye
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1984), a few fish species such as bleak (Alburnus
alburnus (L.)) and bream (Blicca bjoerkna (L.))
(Pihu 1961, Rinchard & Kestmont 1996), also dis-
play multiple spawning strategies (within a sea-
son) at higher latitudes. The advantage of excep-
tional spawning patterns in northern regions, like
the batch spawning in bleak, is likely to be re-
lated to balancing fitness costs, e.g. allocating en-
ergy between somatic growth and reproduction
(Wootton 1990).

Crucian carp (Carassius carassius (L.)), a
common cyprinid fish in Eurasia, is well known
for its wide tolerance of abiotic environmental fac-
tors, such as variable temperatures and anoxia in
winter (Blaîka 1958, Holopainen & Hyvärinen
1985). Crucian carp also shows great phenotypic
plasticity in individual morphology and physiol-
ogy, as well as strong variation in population den-
sity in different fish communities (Holopainen &
Pitkänen 1985, Brönmark et al. 1995, Poléo et al.
1995, Holopainen et al. 1997a, Holopainen et al.
1997b). Small fish with shallow bodies and large
heads typically form overcrowded monospecific
fish communities in small forest ponds. In the
multispecies fish communities in large lakes,
crucian carp are large and deep-bodied with low
population density (Brönmark et al. 1995, Poléo
et al. 1995, Holopainen et al. 1997a).

Crucian carp is one of the batch-spawning cyp-
rinids found in northern Europe. Most previous
studies on the reproduction of this species have
been conducted with fish from monospecific com-
munities (e.g. Pihu 1961, Astanin & Podgorny
1968, Seymour 1981, Piironen & Holopainen
1988). In addition, previous studies have focused
mainly on cell-level data (histology, gonadoso-
matic index) or been conducted at lower latitudes
and thus under different environmental conditions.

The present paper gives data on crucian carp
reproduction in three natural bodies of water in
eastern Finland. In two small forest ponds, crucian
carp is the only fish species present. The third
study site is a small lake with many species of
fish. Water temperature and crucian carp swim-
ming activity, spawning stage, size distribution
and juvenile size frequency were used to deter-
mine the type of spawning pattern used by crucian
carp in these different communities.

2. Materials and methods

2.1. Study sites

Three natural bodies of water were used for data
collection. The Hermanninlampi (PH) is a small
forest pond (1 ha, max. depth 1.6 m) in eastern
Finland (62°41´N, 29°41´E) ca. 11 km north of
the town of Joensuu (for a detailed description of
the pond see Holopainen 1991 and Holopainen &
Oikari 1992). Another monospecific pond, Nime-
tönlampi (PN) (1.5 ha, max. depth 16 m) is lo-
cated ca. 2 km south-west of PH. The water is
brown and slightly acidic (pH 6.3), and the veg-
etation (mainly wild calla Calla palustris and the
yellow water lily Nuphar lutea) is limited to small
areas close to the shore. Due to anoxic conditions
in winter, crucian carp is the only fish species pre-
sent in these ponds. Lake Varaslampi (LV) is a
small eutrophic lake (4.5 ha, max. depth 4 m) in
Joensuu. It is partly covered by lush macrophytic
vegetation (mainly yellow water lily) and harbours
a multispecies fish community, including perch
(Perca fluviatilis (L.)), pike (Esox lucius L.), roach
(Rutilus rutilus (L.)), tench (Tinca tinca (L.)) and
crucian carp.

2.2. Fish trapping and measurements

In PH, three Finnish-type metal fish traps (ca. 200 l)
were used during one open water season from 11
May to 30 October 1998. One trap had 5 mm mesh
and two had 20 mm mesh. All traps were emptied
twice a week (every Tuesday and Friday) and then
returned to the same spot. In PN crucian carp were
trapped between 13 May and 18 October1996 with
three traps similar to those used in PH. The traps
were emptied 1–2 times a week. In LV fish were
trapped during three different years. In 1989, from
8 May to 24 August, crucian carps were trapped
continuously with four traps (200 l, 20 mm mesh).
Traps were emptied two to four times a week.
During the spawning season, crucian carp were
also captured with one gill net (50 mm mesh)
placed for 24 hours at a time. In the second year,
in LV (11 May to 30 August 1997) fish were
trapped with three traps (200 l, 20 mm mesh).



ANN. ZOOL. FENNICI Vol. 37 • Batch spawning of crucian carp 103

These traps were emptied twice a week. In the
third year, (11 May to 11 September 1998) crucian
carp were trapped continuously with three traps
(200 l, 20 mm mesh) and also in eight 24-hour
periods with two gill nets (50 mm mesh) between
9 June and 3 July.

Total length (TL), maximal depth (to nearest
mm) and fresh weight (to nearest 0.1 g) of all the
fish caught in PH, and in LV during 1989 and
1998 were measured. In LV in 1997 and in PN,
only part of the trapped fish were measured. All
trapped fish were checked for sex and gonad stage
(if ripe, i.e. ready to spawn) by compressing the
fish slightly for protruding eggs or sperm. Fish
that were not ready to spawn (mature or imma-
ture) were classified as non-spawning individu-
als. Possible tubercles in the epithelium (nuptial
dress) were checked and recorded for all captured
fish in PN and in LV in 1998. After measurements
the fish were released. To record the wet weights
of the ovaria, 57 crucian carp (17 non-spawning
fish, 3 males and 37 females) from PH were sacri-
fied and dissected in 1998. In 1996, the wet
weights of the ovaria of 106 females from PN were
measured. Wet weights of the ovaria of 25 females
from LV were measured in 1989 only.

In addition, to determine the size distribution
of the 0+ juveniles, six active samplings by hand
net (2 mm mesh) were made in PH between 15
August and 30 October 1998. The captured juve-
niles were counted and measured for total length
and maximum body depth (nearest mm).

2.3. Temperature data

In PN and LV, temperatures were recorded with a
manual thermometer ca. 20 cm below the water
surface each time the trap was checked. In PH
detailed air and water temperature data were col-
lected by an automatic weather station (Weather
Wizard III, Davies Instruments Corp., USA)
placed in the study area on 11 May 1998, a day
after the ice cover had melted, and removed on
30 October, four days before a new ice cover
formed. This automatic station recorded both air
and water (sensor placed at a depth of 25 cm) tem-
peratures every 30 min.

2.4. Statistics

All results are given as mean ± S.D. Differences
between populations were tested by one-way ana-
lysis of variance (ANOVA) and post-hoc Student-
Newman-Keuls (S-N-K) tests. In cases where two
groups were tested, only a t-test was used. All
regression analyses were conducted using a lin-
ear regression model.

3. Results

3.1. Temperatures

In PH, the average daily water temperature (cal-
culated from 48 daily records) followed (r2 = 0.85)
the average air temperature closely throughout the
season in 1998. Three clearly warmer periods of
water temperature were seen during the open water
season: in mid-May, mid-June and throughout July
(Fig. 1). In late July, the water temperature began
to decrease slowly. A permanent ice cover formed
on 1 November. The average air temperature dur-
ing the season was 12.0 ± 5.7 °C, the minimum
being –3.2 °C and the maximum 31.4 °C. In PN,
two warm-water periods can be seen in 1996 (Fig. 1).
The variation in temperature was not as pro-
nounced as in PH, and the highest temperature
was not reached until late August. In spring, the
ice melted in the beginning of May, and a new ice
cover formed in late October. In each study year,
LV was free of ice from early May to the end of
November. Three (1998) to four (1989 and 1997)
warm-water periods were observed (Fig. 1).

3.2. Sex, size and spawning stage of the cap-
tured fish

3.2.1. Pond Hermanninlampi

A total of 1142 crucian carp were captured in metal
traps. The average capture success was 23 ± 37.3
(range 0 to 217) fish per three traps and ca. three
days. The number of fish caught was positively
related with water temperature (regression analy-
sis, r2 = 0.15, p = 0.005) and especially any clear
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increase in temperature appeared to induce activ-
ity (Fig. 2). The number of trapped fish was clearly
highest in the beginning of the three warm-water
periods and lowest during the colder-water peri-
ods (Fig. 1). The traps were totally empty only on
25 August, 25 September and 27 October.

The average total length of the fish in the traps
varied between capture dates (One Way ANOVA
F46, 1095 = 6.469, p < 0.001), and the variation could
not be explained by changes in water temperature
(r2 = 0.004, n = 1 142, p = 0.02).

The average body sizes of male, female and non-
spawning fish differed (Table 1): females were
longer than males and immature fish, and males
were longer than non-spawning fish (TL and body
depth ANOVA F2, 1139 = 213.299, p < 0.001, S-N-K
test p < 0.05 ). In addition, the relative body depth

(body height as a percentage of total length) of fe-
male crucian carp was significantly greater than that
of males or non-spawning fish (ANOVA F2, 1139 =
6.405, p = 0.002, S-N-K test p < 0.05), but there
was no difference between males and non-spawn-
ing fish (S-N-K test p > 0.05) (Table 1).

The ready-to-spawn (ripe) fish (n = 430) were
captured between 19 May and 21 July, all within
64 days. This gives a theoretical 64-day repro-
ductive period during the open-water season in
1998. The males remained ripe longer than the
females did: the first ripe males were captured on
19 May, the first female on 5 June, and the last
ripe crucian carps of both sexes were captured on
21 July (Fig. 3). Ripe males were captured almost
throughout the whole 64-day reproductive period,
whereas ripe females were trapped only eight
times. During the short periods of colder water,
only non-spawning fish were captured.

The smallest (< 6 cm in TL) crucian carp cap-
tured were immature fish. On the average, the ripe
females were larger than the ripe males (Table 1).
The average length of the captured ripe males
varied during the summer (ANOVA F12, 363 =
6.921, p < 0.001), whereas the average length of
the ripe females did not vary (ANOVA F7, 18 =
2.582, p = 0.06).

3.2.2. Pond Nimetönlampi

A total of 1 193 crucian carp were captured in
traps; the average success was 30.6 ± 32 fish per

Fig. 1. Water temperatures (lines) and number of
crucian carp captured (bars) from each study site. In
the top figure the air temperature is shown as a dashed
line. A shallow-bodied fish figure indicates a mono-
specific fish community, and a deep-bodied fish figure
indicates a multispecies community.

Fig. 2. Regression between the daily change in water
temperature (°C) during the three or four days before
trap check, and number of fish trapped in pond Her-
manninlampi in June–July 1998 (r2 = 0.32, y = 9.25x +
11.17).



ANN. ZOOL. FENNICI Vol. 37 • Batch spawning of crucian carp 105

capture (range 0 to 153). There was no clear rela-
tionship between number of fish trapped and wa-
ter temperature (r2 = 0.08, p = 0.09) which re-
mained exceptionally low until late July (Fig. 1).
All the ripe fish were trapped during a 26 day
period between 9 June and 4 July (Fig. 3). Ripe
females were caught mainly on 10 June and 24
June. Ripe males, which were more abundant than
ripe females, were trapped for a short period be-
tween 9 June and 24 June (Fig. 3).

3.2.3. Lake Varaslampi

In 1989, altogether 96 crucian carp were caught
(54 fish with traps and 42 fish with gill nets). The
average success was 5.6 ± 6.6 fish per capture
(range 0 to 24) per four traps and in ca. three days.
Although the number of trapped fish was not re-
lated to water temperature (r2 = 0.004, p = 0.676),
the capture success appeared to be best when the
water temperature rose quickly (Fig.1). The traps
were empty during most of June and after mid-
July.

The average length of the fish varied from one
capture date to another (ANOVA F16, 79 = 8.636,
p < 0.001), but the length variation showed no
obvious pattern. The average body size of males
was smaller than that of females or non-spawn-
ing fish (ANOVA F2, 93 = 4.373, p = 0.015, S-N-K
p < 0.05). The relative body-depth index of fe-
males was lower than that of males or non-spawn-
ing fish (ANOVA F2, 89 = 7.139, p = 0.001, S-N-K
p < 0.05), but there was no difference between
males and non-spawning fish (S-N-K p > 0.05)

Table 1. Size distribution of the captured crucian carp in pond Hermanninlampi (PH) and lake Varaslampi (LV).
—————————————————————————————————————————————————
Study Maturation n Body Range Body Body depth Fresh
year length (cm) (cm) depth (cm) index weight (g)
—————————————————————————————————————————————————
PH 1998 nsf * 688 7.13 ± 2.2 2.5–19.9 1.96 ± 0.7 27.57 ± 2.7 12.5 ± 10.41)

males 381 8.95 ± 1.8 6.3–15.2 2.47 ± 0.6 27.44 ± 1.3 10.5 ± 6.12)

females 73 11.69 ± 2.2 7.8–19.1 3.34 ± 0.7 28.46 ± 1.3 31.2 ± 20.03)

LV 1989 nsf * 33 31.33 ± 4.4 23.1–38.3 13.31 ± 1.8 42.61 ± 3.1 836.3 ± 377.3
males 38 28.90 ± 5.5 13.9–35.7 12.36 ± 2.4 42.84 ± 2.1 640.2 ± 288.74)

females 25 32.86 ± 6.2 14.9–39.7 12.96 ± 2.45) 40.43 ± 1.85) 933.3 ± 339.4
LV 1998 nsf * 4 18.83 ± 7.5 11.5–25.5 8.06 ± 3.6 42.32 ± 2.8 231.4 ± 217.5

males 8 23.28 ± 4.6 14.8–28.5 9.96 ± 2.1 42.63 ± 0.9 302.7 ± 137.2
females 9 23.39 ± 2.3 19.3–27.5 10.09 ± 1.6 42.93 ± 2.6 311.7 ± 100.1

—————————————————————————————————————————————————
* = non-spawning fish, 1) n = 17, 2) n = 4, 3) n = 37, 4) n = 32, 5) n = 21.

Fig. 3. Water temperatures and the presence of ripe
males (dots) and females (circles) at each study site.
The start of the assumed spawning period is marked
with an arrow. A shallow-bodied fish figure indicates a
monospecific fish community, and a deep-bodied fish
figure indicates a multispecies community.
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(Table 2).
The ripe crucian carps (63 fish) were captured

between 17 May and 17 July, all within 60 days
(Fig. 3). Male crucian carp remained ripe longer
than females did: the first ripe males were cap-
tured on 17 May and the first female on 25 May.
The last time that ripe crucian carp of both sexes
were captured was on 17 July. Ripe females were
trapped mainly in late May and early July. The
average TL of both sexes clearly varied, but dur-
ing the summer this variation was random (males
ANOVA F9, 32 = 11.881, p < 0.001, females
ANOVA F12, 41 = 4.391, p < 0.001).

In 1997, only 17 crucian carp were captured
(12 fish in traps and 5 fish in gill nets). The aver-
age capture success was 0.3 ± 0.7 fish per cap-
ture, and the number of captured fish correlated
positively with water temperature (r2 = 0.083, p =
0.04). Four warm-water peaks were observed
during the season (Fig. 1). Traps contained no fish
31 times, especially after early August. Three fe-
male crucian carp (18%), nine males (53%) and
five non-spawning fish (30%) were captured. Ripe
fish were captured within 37 days between 4 June
and 11 July. Ripe males were captured during a
longer period than females (Fig. 3).

In 1998, a total of 21 crucian carp were cap-
tured (9 in traps and 12 in gill nets). The average
capture success was 0.6 ± 1.5 fish per capture
(three traps, catch varying from 0 to 6). There was
no correlation between the number of fish trapped
and water temperature (r2 = 0.069, p = 0.571) al-
though crucian carp were caught mainly during
the warm-water periods (Fig. 1). The traps were
empty during May, and only one crucian carp was
captured after early July. The average total length
of the captured crucian carp did not vary between
capture dates (ANOVA F6, 14 = 1.007, p = 0.459).
The average body sizes (TL) of males, females and
non-spawning fish were similar (ANOVA F2, 18 =
1.649, p = 0.220) (Table 2).

Ripe crucian carp (n = 17) were captured be-
tween 10 June and 14 July (within 34 days). The
first ripe fish of both sexes were trapped on 10 June
(Fig. 3). The last ripe male crucian carp was cap-
tured already on 23 June but the last female was
not captured until 14 July. Non-spawning fish (n =
4) were trapped on 19 June, 14 July and 14 Au-
gust. The average TL of ripe crucian carp males
(n = 8), females (n = 9) and non-spawning fish
did not differ (ANOVA F2, 18 = 1.649, p = 0.220)
(Table 1). The average TL of both sexes did not
vary over time during the reproductive season
(males ANOVA F3, 4 = 3.958, p = 0.109, females
ANOVA F5, 3 = 6.096, p < 0.08).

3.3. Gonadosomatic index

The gonadosomatic index (GSI, gonad fresh
weight as a percentage of fish weight) was calcu-
lated for the female fish from PH, PN and LV in
1989. For the fish from all the sites studied, the
GSI varied throughout the season (Fig. 4). The
average GSI in May was higher in LV than in PH
(ANOVA F2, 40 = 6.577, p < 0.003, S-N-K p <
0.05), but there was no difference between PN
and PH or LV and PN (S-N-K p > 0.05) (Table 2).
In LV, the GSI (during May) correlated positively
with body weight (Fig. 5).

In the PH, GSI was calculated for fish cap-
tured on ten occasions between 19 May and 7 July
1998. It varied (Fig. 4), but the differences were
not statistically significant (ANOVA F9, 26 = 1.509,
p = 0.197) and were not affected by changes in
water temperature (r2 = 0.086, p = 0.08). In PN,
the GSI was calculated for fish from the 26 sam-
ples taken between 14 May and 1 September 1996.
Again, the GSI was variable (Fig. 4); furthermore,
the differences were statistically significant
(ANOVA F25, 50 = 7.493, p < 0.001). More inter-
estingly, the GSI decreased with increasing water

Table 2. Female gonadosomatic index in May, and length of the observed reproductive period at three study
sites.
—————————————————————————————————————————————————
Study n GSI Length of the
site ———————————————————— reproduction period

Average ± S.D Range
—————————————————————————————————————————————————
PH 1998 9 5.51 ± 1.36 3.92–7.91 64 days
PN 1996 12 8.59 ± 1.80 5.60–11.8 32 days
LV 1989 22 11.56 ± 5.78 3.63–20.98 60 days
—————————————————————————————————————————————————
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temperature (r2 = 0.339, p = 0.002). In LV, the
GSI was calculated for fish from 12 samples taken
between 8 May and 24 August 1989. The GSI
was variable (ANOVA F11, 25 = 6.418, p < 0.001)
but this variation could not be explained by water
temperature (r2 = 0.02, p = 0.411) (Fig. 4). Both
GSI and body weight were positively correlated
in fish from LV (r2 = 0.419, p < 0.001), but not in
those from PH or PN (r2 = 0.410, p = 0.063 and
r2 = 0.012, p = 0.738, respectively) (Fig. 5).

3.4. Tubercles in the epithelium (nuptial dress)

Tubercles in the epithelium were recorded in fish
in PN and LV in 1989. During the spawning sea-

son, both males and females developed small tu-
bercles in the epithelium when ready to spawn.
At both study sites some sexual dimorphism was
observed. In males, the tubercles were more abun-
dant, covering both head and body, but in females
they were limited to the head region only. Nearly
all ripe male crucian carps had tubercles. At the
beginning of the reproduction period, tubercles
covered only the head (forehead and operculum);
but a few days later they were found on the body
as well. In female fish the tubercles were found
only on the head and operculum. By the end of
the ripe period tubercles were absent in both sexes.
At neither study site did the size of the fish corre-
late with the presence or number of tubercles.

3.5. Size distribution of juveniles

To observe the size distribution of crucian carp
juveniles in PH, six captures were made with a
hand net between 15 August and 30 October. The
average size (TL) of the 833 captured fish was
4.25 ± 1.35 cm (range 2.0–13.2 cm). There were

Fig. 5. Regression between GSI and body weight at
three study sites in May. — A: Lake Varaslampi (r2 =
0.42, y = 0.0093x + 2.4); — B: C: Pond Nimetönlampi
(r2 = 0.01, y = 0.0085x + 8.3); c: Pond Hermanninlampi
(r2 = 0.41, y = 0.038x + 4.1). A shallow-bodied fish
figure indicates a monospecific fish community, and a
deep-bodied fish figure indicates a multispecies com-
munity.

Fig. 4. Gonadossomatic index (GSI) of crucian carp
females from the three study sites. The start of the
assumed spawning period is marked with an arrow. A
shallow-bodied fish figure indicates a monospecific fish
community, and a deep-bodied fish figure indicates a
multispecies community.
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no crucian carp 3.8 to 4.0 cm long, and this par-
ticular size class was assumed to be the step be-
tween 0+ and one-year-old fish (Fig. 6; see also
Tonn et al. 1994). The average size of the cap-
tured crucian carp less than 4 cm long was 3.01 ±
0.34 cm (n = 376, range 2.0 to 3.7 cm, skewness
= –0.56).

4. Discussion

4.1. Temperature and fish catchability

In general, sexual development and spawning of
cyprinid fish are modulated by temperature and
photoperiod (Wootton 1990). In most species (Bye
1984, Wootton 1990), including crucian carp
(Seymour 1981), temperature, rather than pho-
toperiod, has been reported to control the timing
of spawning. Moreover, spawning is not likely to
occur until the water temperature reaches 17–
20 °C (Kryzhanowskii 1949, Schäperclaus 1953,
Seymour 1981) especially in harsh climatic con-
ditions as those in Finland (Astanin & Podgornyy
1968).

In the present study, all the ripe female crucian
carp were captured during warm-water periods
(temperature above 18 °C), but the ripe (ready-
to-spawn) males were not as sensitive to tempera-
ture and were trapped even at a water tempera-
ture of only 11 °C. A rapid rise in water tempera-

ture (several degrees in a few days) even when
the temperature was already relatively high, seemed
to be the most important abiotic factor triggering
the high mobility related to spawning (Fig.1).
However, probably due to inadequate gonad de-
velopment and to photoperiod, temperature peaks
in early spring, late summer or fall were not ef-
fective.

4.2. Size of ripe fish and length of the repro-
ductive period

The size of the ripe crucian carp varied within
and between sexes in all populations during the
reproductive period, but there was no clear pat-
tern to this variation. The more abundant (or easier
to capture) male crucian carp appeared to remain
ripe longer (mid-May to mid-July) than the fe-
males, which appeared to be ready to spawn only
during warm-water periods.

Length of the reproductive period (the time
between the first and the last captures of ripe fish)
varied from 32 to over 60 days at the study sites
and in the different years. Except for the short
reproductive period during the cold summer of
1996, the reproductive period was about the same
length at all study sites. Timing of the first batch
(start of the reproductive period) varied from late
May (LV 1989) to mid-June (LV 1997). The vari-
ation between years apparently was caused by
different temperature conditions during May. The
officially recorded mean air temperatures in May
at Joensuu airport were 10.2 °C in 1989, 7.3 °C in
1996, 7.0 °C in 1997 and 8.1 °C in 1998 (Ilmatie-
teen laitos, Meteorological Institute). The earliest
start of the reproductive period (LV in 1989) took
place during the warmest May of the study years,
whereas the latest start of the reproductive period
(LV in 1997) occurred during the coldest May of
the seasons studied (Fig. 7).

According to Piironen & Holopainen (1988),
the last ripe crucian carp of both sexes were trapped
toward the end of July (in the present study 21 Ju-
ly), even though the water temperature still re-
mained suitable for spawning for several weeks.
The late summer, however, is used to restore the
large carbohydrate reserves in the liver and mus-
cle needed for overwintering in anoxia (Holopai-
nen & Hyvärinen 1985, Piironen & Holopainen

Fig. 6. Length distributions of young crucian carp cap-
tured by hand net from pond Hermanninlampi in 1998.
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1988).
The average and minimum sizes of ripe males

were smaller than those of ripe females. Com-
pared with sperm, each egg represents a massive
cytoplasmic investment (Wootton 1990), and this
often leads to a positive correlation between ab-
solute fecundity and body size (Bagenal 1978,
Wootton 1990) also in batch spawners (Lowerre-
Barbieri et al. 1998). A positive correlation be-
tween body size and absolute fecundity has pre-
viously been reported in crucian carp (Astain &
Podgornyy 1968, Holopainen & Pitkänen 1985,
Holopainen et al. 1997a). Here a positive correla-
tion was shown between body size (weight) and
GSI in fish from lake Varaslampi. The correla-
tion was, however, not so clear in fish from the
ponds studied, perhaps due to the small number
of fish measured.

The sex ratio of the captured fish was male
dominated in all the communities studied. In pond
Hermanninlampi the sex ratio was 16:84 (fe-
males:males), in lake Varaslampi 40:60 in 1989,
25:75 in 1997 and 47:53 in 1998. The sex ratio
for crucian carp has previously been reported to
be approximately 25:75 (Astanin & Podgornyy
1968). Obviously, trapping is not an ideal method
for determining the real sex ratio because any fe-
male entering a trap may attract many males to
enter as well.

Mating itself is likely to take place at night or
in early morning, when crucian carps are known
to be most active (Holopainen et al. 1988). In the
mating process the tubercles in the epithelium
(more abundant in males) play a role which, un-
fortunately, is not known in detail for this spe-
cies. In addition, the female reproductive hor-
mones in crucian carp are known to function as
pheromones that help synchronize reproductive
activity in males and females (Bjerselius 1994).

4.3. Gonadosomatic index

Differences in the gonadosomatic index (GSI) of
different fish species partly reflect differences in
the temporal pattern of egg development and
spawning (Wootton 1990). Among total spawners,
the GSI is usually high (e.g. 30%) just before
spawning; but multiple spawners have generally
lower GSI values (Bye 1984, Wootton 1990).

The average GSI of the trapped ripe female
crucian carp varied over time and among popula-
tions (Table 2). Similar GSI values for crucian
carp from monospecific communities was previ-
ously reported by Seymour (1981) and by Holo-
painen & Pitkänen (1985). To our knowledge,
there are no previous GSI data available for multi-
specific communities. The GSI comparisons in
females are said to reveal only which groups are
most ready to spawn (Siems & Sikes 1998). More-
over, the present GSI values for each capture time
are averages for different numbers and sizes of
fish, which leads to large variation.

In the present study, the GSI decreased rap-
idly in the beginning of the warm-water periods
at about the same speed at all the three study sites.
Thus, low GSI values were found from June on-
wards, even though ripe fish were present more
than a month later. This indicates that after the
first batch of eggs has been released, the numbers
and/or the sizes of eggs in the next batch are clearly
lower. However, female crucian carp are said to
produce similar numbers of eggs during each re-
productive period (Pihu 1961).

4.4. Size distribution of juveniles

The batch-spawning pattern used by crucian carp
should result in separate size-classes of young-
of-the-year fish (Piironen & Holopainen 1988).
The 1998 size distribution of juveniles showed

Fig. 7. Mean air temperature in May and the start of
the crucian carp reproductive period during four years.
C: Lake Varaslampi 1997; c: Pond Nimetönlampi
1996; A: Pond Hermanninlampi 1998; D: Lake Va-
raslampi 1989.
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two peaks for fish smaller than 4 cm, indicating
two separate spawnings. This is supported by
Holopainen & Pitkänen (1985), who claimed that
crucian carp grow 2.4 to 5.0 cm during their first
summer. Laurila et al. (1987) and Piironen &
Holopainen (1988) have reported three size classes
of 0+ fish from the same pond, which indicate
three separate spawnings during one reproductive
season.

4.5. Number and timing of spawning periods

The present data from pond Hermanninlampi
(water temperatures, trapping success, GSI, num-
ber of ripe fish and juveniles size distribution),
suggest two spawnings in 1998. The first period
started in early June (9 June) and the second pe-
riod at the start of July (1 July). There was one
relatively warm-water and high fish-activity pe-
riod after mid-May, but no ripe fish were trapped
during that time. The absence of ripe fish was prob-
ably due to the temperatures being too low for
spawning or to inadequate development of gonads.

In the pond Nimetönlampi, due to the rela-
tively cold summer summer of 1996, the first and
the only spawning period clearly detected was in
mid June (12 June). However, in the end of June
there was a slight increase in water temperature, a
few ripe-to-spawn female fish were trapped and
the GSI also decreased slightly, indicating a sec-
ond batch.

In lake Varaslampi in 1989, two spawning
periods were detected: one after mid-May (20 May)
and another in early July during the second warm-
water period. In 1997, the first batch was released
in mid-June (starting on the 15th) and an uncer-
tain or modest second batch (small number of
captured ripe females) in the beginning of July.
In 1998, only one definite spawning period, start-
ing on 10 June, was detected. A small second batch
started on 1 July, but only a few ripe fish were
trapped during that period.

4.6. Conclusions

In all the bodies of water studied, crucian carp is
a batch spawner. The length of the reproductive
period and the number of batches in a season are

dependent on the water temperature in spring and
early summer. The number of spawning periods
varies from one to three. In warm springs (the
mean air temperature in May is ca. 10 °C), the
first spawning occurs during late May. Male cru-
cian carp remain ripe throughout the reproduc-
tive period (ca. 65 days from May to July) while
the females reach ripeness only during periods
when the water is warm. As clearly shown by the
larger trap catches, an increase in water tempera-
ture induces female spawning and male mobility.

ACKNOWLEDGEMENTS: We thank Hannu Moisander and
Virpi Halonen for their contribution in the field studies in
LV in 1989 and in PN during 1996. We also thank Mika
Sipura for assistance during the hand-net captures in 1998.
We gratefully acknowledge support from the Biological
Interactions Graduate School to J. Aho. Joann von Weissen-
berg kindly checked the English language.

References

Astanin, L. P. & Podqornyy, M. I. 1968: Features of the
fertility of Carassius carassius (L.) and C. Auratus gibe-
lio (Bloch). — Probl. Ichtyol. 8: 209–214.

Bagenal, T. B. 1978: Aspects of fish fecundity — In: Ger-
king, S. D. (ed.), Methods of assessment of ecology of
freshwater fish production:  75–101. Blackwell, Ox-
ford.

Blaîka, B. 1958: The anaerobic metabolism of fish. —
Physiol. Zool. 31: 117–128.

Bjerselius, R. 1994: Responses of male crucian carp (Caras-
sius carassius) and goldfish (Carassius auratus) to hor-
monal sex pheromones. — Acta Univ. Ups. Uppsala.
42 pp.

Bone, Q., Marshall, N. B. & Blaxter, J. H. S. 1995: Biology
of fishes. — Blackie Academic & Professional, Glas-
gow. 332 pp.

Brönmark, C. R., Paszkowski, C. A., Tonn, W. M & Harge-
by, A. 1995: Predation as a determinant of size struc-
ture in populations of crucian carp (Carassius carassius)
and tench (Tinca tinca). — Ecology of freshwater Fish
4: 85–92.

Bye, V. J. 1984: The role of environmental factors in the
timing of reproductive cycles. — In Potts, G. W. &
Wootton, R. J. (eds.), Fish reproduction: strategies and
tactics: 187–206. Academic Press, London.

Holopainen, I. J. 1991: The effects of low pH on plankton
communities. Case history of a small forest pond in
eastern Finland. — Ann. Zool. Fennici 28: 95–103.

Holopainen, I. J. & Hyvärinen, H. 1985: Ecology and physi-
ology of crucian carp (Carassius carassius (L.)) in small
Finnish ponds with anoxic conditions in winter. — Verh.
Internat. Verein. Limnol. 22: 2566–2570.



ANN. ZOOL. FENNICI Vol. 37 • Batch spawning of crucian carp 111

Holopainen, I. J. & Oikari, A. 1992: Ecophysiological ef-
fects of temporary acidification on crucian carp, Caras-
sius carassius (L.): a case of a forest pond in eastern
Finland. — Ann. Zool. Fennici 29: 29–38.

Holopainen, I. J. & Pitkänen, A. K. 1985: Population size
and structure of crucian carp (Carassius carassius (L.))
in two small natural ponds in Eastern Finland. — Ann.
Zool. Fennici 22: 397–406.

Holopainen, I. J., Tonn, W. M., Paszkowski, C. A. & Pitkä-
nen, A. K. 1988: Habitat use, diel activity, and growth
of crucian carp in a manipulated pond. — Verh. Internat.
Verein. Limnol. 23: 1743–1750.

Holopainen, I. J., Aho, J., Vornanen, M. & Huuskonen, H.
1997a: Phenotypic plasticity and predator effects of cru-
cian carp in nature and in the laboratory. — J. Fish
Biol. 50: 781–798.

Holopainen, I. J., Tonn, W. M. & Paszkowski, C. A. 1997b:
Tales of two fish: the dichotomous biology of crucian
carp (Carassius carassius (L.)) in northern Europe. —
Ann. Zool. Fennici 34: 1–22.

Kryzhanowskii, S. G. [Kwyåanovskij, S. G.] 1949: [The
morpho-ecological development of cyprinid and silu-
roid fish (Cyprinoidei & Siluroidei)]. — Trudy Inst.
Morfol. Zhivothnky 1: 1–332. [In Russian].

Laurila, S., Piironen, J. & Holopainen, I. J. 1987: Notes on
egg development and larval growth of crucian carp (Ca-
rassius carassius (L.)). — Ann. Zool. Fennici 24: 315–
321.

Laurila, S. & Holopainen, I. J. 1990: Features of embryonic
and larval development of crucian carp, Carassius ca-
rassius (L.) with a note on species identification. —
Ann. Zool. Fennici 27: 361–367.

Lowerre-Barbieri, S. K., Lowerre, J. M. & Barbieri, L. R.
1998: Multiple spawning and the dynamics of fish
populations: inferences from an individual-based simu-
lation model. — Can. J. Fish. Aquat. Sci. 55: 2244–
2254.

McEvoy, L. A. & McEvoy, J. 1992: Multiple spawning in
several commercial fish species and its consequences
for fisheries management, cultivation and experimen-
tation. — J. Fish Biol. 41 (Suppl. B): 125–136.

Paszkowski, C. A., Tonn, W. M., Piironen, J. & Holopainen,
I. J. 1990: Behavioral and population-level aspects of
intraspecific competition in crucian carp. — Ann. Zool.
Fennici 27: 77–85.

Penttinen, O.-P. & Holopainen, I. J. 1992: Seasonal feed-
ing activity and ontogenetic dietary shifts in crucian
carp, Carassius carassius. — Env. Biol. of Fishes 33:
215–221.

Pihu, E. 1961: The fertility of white bream, rudd, bleak,
crucian carp, tench and ruff in lake Vortsjärv. — Hüdro-
bioloogilised uurimused 2: 235–260.

Piironen, J. & Holopainen, I. J. 1988: Length structure and
reproductive potential of crucian carp (Carassius caras-
sius (L.)) populations in some small forest ponds. —
Ann. Zool. Fennici 25: 203–208.

Poléo, A. B. S., Øxnevad, S. A., Østbye, K., Heibo, E., An-
dersen, R. A. & Vøllestad, L. A. 1995: Body morphol-
ogy of crucian carp Carassius carassius in lakes with
or without piscivorous fish. — Ecography 18: 225–229.

Rinchard, J. & Kestmont, P. 1996: Comparative study of
reproductive biology in single and multi-spawner cypri-
nid fish. I. Morphological and histological features. —
J. Fish Biol. 49: 883–894.

Schäperclaus, W. 1953: Die Züchtung von Karauschen mit
höchster Leistungsfähigkeit. — Zeitschr. Fischerei 2:
19–69.

Seymour, E. A. 1981: The effects of powdered carp pitui-
tary on ovarian development, ovarian ascorbic acid and
ovulation in Carassius carassius L. exposed to various
photoperiod and temperature regions. — J. Fish Biol.
19: 675–682.

Siems, D. P. & Sikes, R. S. 1998: Tradeoffs between growth
and reproduction in response to temporal variation in
food supply. — Environmental Biology of Fishes 53:
319–329.

Tonn, W. M, Holopainen, I. J. & Paszkowski, C. A. 1994:
Density-dependent effects and the regulation of crucian
carp populations in single-species ponds. — Ecology
75: 824–834.

Wootton, R. J. 1990: Ecology of teleost fishes. — Chapman
& Hall, London. 404 pp.


