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Abstract

To fill the knowledge gap on Caspian population of stickleback (Gasterosteus aculeatus), a total
of 405 specimens caught near the mouth (in a distance of about 500m from the sea) of the
Siahroud River (a small stream), and examined for the population-specific life history. The
growth type was allometric negative for the studied population of the species. The stickleback’s
lifespan was estimated to be 3.45 and 4.69 years for males and females, respectively. The Von
Bertalanffy Growth Curve estimated as L, = 8.11(1 — exp{#-0.87(t + 0.46)) for males, and
L, = 10.31(1 — expf#-0.64(t + 0.47)) for females. The total mortality rate was 3.47 year for
males, and 2.20 year? for females. Sex ratio was not significant from the ration 1:1. The
reproduction period extended from April to June (late spring-early summer), with a peak in May.
There were two kinds of ova, small colorless ova (0.43+0.08 mm) and large yolk-filled ones
(1.16+0.29mm). Number of all ova ranged from 311 to 4709 and 128 to 885, respectively. The
estimated absolute fecundity varied in a wide range from 235 to 5460 oocytes per ovary with a
mean value of 1837.34+£1028. The relative fecundity varied from 84 to 2441 eggs/g. The mean

relative fecundity (eggs/g) was 799.
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INTRODUCTION

The Gasterosteidae family comprises two closely
related species in Iranian waters; ninespine
stickleback  (Pungitius  platygaster) as
stickleback to the Caspian Sean and Threespine
stickleback  (Gasterosteus aculeatus) as
indigenous "marine" form of the stickleback in the
southern Caspian basin (Coad & Abdoli 1993;
Esmaeili et al. 2014; Joudaleh-Roudbar et al. 2014;
Eagdei et al. 2022). The distribution of Threespine
stickleback includes a wide range throughout the
Holacrtic region between 35° and 70° latitude
(Wootton 1984) and involves various isolated
populations exhibiting differentiated life histories
within its large geographic and ecologically divers
range (Bell & Foster 1994; Baker 1994; Paepke 2001).
In the habitat range of the species in northern Eurasia,
beside Syria, the southern coastal Caspian habitats is
located in its southeastern range distribution,
occurring in most of estuaries of the rivers and
wetlands of this area (Abdoli 1993; Coad & Abdoli
1993; Kiabi et al. 1999). According to the literature
review, this species has unknown mode of

native

non-

introduction into Iran.

Even though, the threespine stickleback has been
investigated for its biological aspects in the
distribution range (e.g. east Russia, USA, Canada,
Alaska, Japan and European areas), to the best of our
knowledge, no comprehensive study on the species
has been conducted in the estuarine habitats of the
southern Caspian basin, northern Iran. The only
reference on the biological aspects of the stickleback
in this area is that of Patimar et al. (2010).
Additionally, Abbasi et al. (1999), Abdoli (2000),
Naderi and Abdoli (2004) and Mouludi-Saleh &
Eagderi (2022) provided some limited information on
the species, dealing with its biology and morphology.

The new established populations of a non-
indigenous species often face environmental
conditions that differ from the habitats of the parent
stock, and the main characteristics producing the
highest fitness in the original population will probably
no longer do so in the new habitats (Wade & Kalisz
1990). The life history characteristics of newly
established populations will depend on the new
environment condition (Land & Arnold 1983), and it
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Table 1. Average of some environmental factors (min—max) of study area from estuarine area of Siahroud River (south Caspian

Sea-Iran).

Characteristics

X (min— max)

Depth (cm)
Width (cm)
Bottom substrate
Water velocity (m/s)
Water t°

DO (mg/l)

PH

EC

Salinity (%o)
Turbidity (NTU)
Pos=(mg/l)

Nosz (mg/l)

85.4 (0-134)
625 (222-1400)
Clay
0.81(0.31-0.98
12.08 (8.1-13.2,
7.21(6.8-8.2)
7.14 (6.8-8.55)
12.6 (1.11-16.0%
0.84 (0.22-1.98
112.4 (24-124)
1.03 (0.14-2.07,
2.35(2.02-2.98

has been demonstrated that adaptation in life history
of fish populations is the response to environmental
conditions (Nikolsky 1962; Kume et al. 2003;
Poumpalie et al. 2000).

We hypothesized that the estuarine habitats of the
southern Caspian Sea result in habitat-specific life
history of the stickleback. Therefore, to develop the
knowledge about life history variability of the
threespine stickleback, the present paper provides the
first more-in-depth information on characteristics of
an estuarine population of the species. These
parameters provide a better understanding on the
stickleback to test whether an estuarine habitat has
promoted locally differentiated demographic
parameters of this model species.

MATERIAL AND METHODS

Many surveys (hereafter the corresponding author's
survey) performed in many areas of the southern
Caspian Sea to provide estimates of fish species status
during last decade (2010-2020). These surveys
provided valuable measures about trends in
population traits of the species, which are essential for
ecosystem conservation programs. The data collected
through these surveys on a riverine population of the
threespine stickleback was used in the present work.
The samples collected out near the estuary of Siahroud
stream (in a distance of about 300 m from the sea with
Latitude: N36°, 437, 46.08”, Longitude: E52°, 51",
07.52”, average depth: 0.75m) which lies in the north
of the Elburz Mountains, and entering to the Caspian

Sea through its southern coast (Mazanderan
Province). The river is certain kind of small permanent
stream of the southern Caspian humid climate (Afshin
1994; Kiabi et al. 1999). Table 1 shows some physical
and chemical characteristics of the sampling area
(estuarine habitat of Siahroud River- southern Caspian
coast). In the laboratory, basic biometric data
including total length (to the nearest millimeter), total
weight (to the nearest 0.01g), weight of gonads and its
sub-samples (to the nearest 0.005g) were recorded for
all specimens. The specimens aged from opercula and
validated by the otoliths readings in about 10%
specimens using a stereomicroscope at magnifications
of 20-30x. The observed lengths at age were back
calculated for all specimens (Johal et al. 2001).

The growth type (allometry or isometry)
determined using power regression of length-weight.
The difference between b being the coefficient of
allometry and 3 (isometric value) checked with the t-
test adopted by Pauly (1984).

The age-length relationship was described using
the parameters of Lo mm, K year~!, and to year using
ELEFAN I method in FiSAT-II package (Pauly 1987;
Gayanilo et al. 2005). Since ELEFAN does not define
the to-value, it was estimated using Pauly’s equation:
log(-to)=  -0.3922-0.2752(log(Le))—-1.038(log(K))
(Sparre & Venema 1997). The results of Lo and K
values were used to estimate of the ¢’- index (Munro
& Pauly 1983; Pauly & Munro, 1984). In order to
estimate lifespan (tmax), we used the following
formula (Taylor 1958; Pauly 1984):
tmax=(2.996/K)+to, where K is the growth coefficient



97

Iran. J. Ichthyol. (2026) 13(2): 95-107

Table 2. Mean observed and back-calculated total lengths (mm) at age for males and females of Threespine stickleback G.
aculeatus from estuarine area of Siahroud River (south Caspian Sea-Iran).

Age (years) 1+ 2+ 3+
Male
Mean observed TL (mm) 52.2245.34 58.34+1.71 69.33+£1.16
Mean back-calculated TL (mm) 51.08+4.77 58.01+1.66 65.99+1.09
Female
Mean observed TL (mm) 53.04+2.41 61.67+3.05 86.50+16.26
Mean back-calculated TL (mm) 52.00£2.40 59.89+2.78 85.54+14.12
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Fig.1. Total length (mm) frequency of males and females of Threespine stickleback G. aculeatus from estuarine area of Siahroud

River (south Caspian Sea-Iran).

(year!). The method of length-converted catch curve
in FiSAT 1II (FAO-ICLARM-Stock Assessment
Tools) was used to determine the total mortality (Z)
rate (Pauly 1984; Sparre & Venema 1997; Gayanilo et
al. 2005). The specimens had all been sexed accurately
based on the examination of the gonads either with eye
or with the stereomicroscope at magnifications of 30-
40x. To determine spawning period, the GSI (%) was
estimated and averaged for each month. to estimate
fecundity and egg diameter, 57 ripe ovaries with stage
of IV maturity caught between April and June used,
all eggs counted, and absolute and relative fecundities
calculated. The size (diameter) of ova determined by
measuring (to the nearest 0.05mm) 30-40 ova
randomly taken from the ovary using an ocular
micrometer stereomicroscope.

Analysis of co-variance (ANCOVA) was
performed to test significance differences between
weight-length regressions of males and females. Chi-
square test (x?) applied to test whether overall sex ratio
is significantly different from 1:1 ratio (Zar 1984).
Any difference in the mean GSI values among the

months (temporally) and between males and female
(inter-sex) checked out by ANOVA. In all statistical
analysis, the level of significant (alpha) is taken at
0.05.

RESULTS

A total of 405 specimens of G. aculeatus were caught
and analyzed. In all specimens, lateral plates extend in
lateral midline from the head to the caudal peduncle
where they form a keel; therefore, the studied
population is monomorphic for the completely plated
form. The largest male had 70mm TL and 3.58¢g
weight, while the maximum total length and weight of
females were 98mm and 4.02g, respectively. Age
readings indicated that the maximum age recorded in
the population is 3* in both males and females. The
measurements showed that females are heavier and
longer than males, implying significant difference
between length and weight of sexes (Table 2)
(ANCOVA, F=141.1, P<0.05). Regarding length
frequency distribution (Fig. 1), the highest frequent
length group in the population was 57-58mm length
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Fig.2. Relative growth curves (Total length-Total weight) for males, females and sexes combined of Threespine stickleback G.
aculeatus from estuarine area of Siahroud River (south Caspian Sea-Iran).

Table 3. VBGF parameters and estimated longevity of of Threespine stickleback G. aculeatus from estuarine area of Siahroud

River (south Caspian Sea-lIran).

Lo K t0 Tmax
Male 8.11 0.87 -0.46 3.5
Female 10.31 0.64 -0.47 4.69

class in males and 63-64mm in females, respectively.
Males were absent in the length class of 70-71mm and
beyond.

All length-weight relationships (LWRs) were
found significant (Fig. 2). The allometry coefficients
(the slope of regressions) imply that growth type is a
kind of negative allometric for males and females, and
whole population as well (t-test, tmale=21.8, tfemale=7.2,
tpopulation=13.0, P<0.05). In spite of similarity in the
growth type, there were significant differences among
the coefficients of allometry (t-test, P>0.05).

In the monthly adjusted growth parameters, males
and females displayed differences in best-fitting von
Bertalanffy growth curves by sex. The estimated
results showed that Leo of males is smaller than that
of females, and K of females has slightly lower values
than that of males, thus the males get their Loo in a
shorter time than female individuals (Table 3). The

index of ¢’ indicated the correctness of the VBGF
estimations with the least possible errors in the
calculations. As expected, the estimated theoretical
longevity was longer for females than males, and
females enjoyed greater longevity than males. Based
on length-converted catch curves, the estimated total
mortality (Z) (Fig. 3) was 2.20 (CI: 0.46-3.14) year"!
for females and 3.47 (CI: 1.56-4.49) year! for males,
showing the longer lifespan of females of the
stickleback. When the total mortality rate is converted
into a percentage, the mortality estimated as high as
88.9% for females and 96.8% for males by the end of
the first age, giving evidences for the shorter lifespan
of males of the stickleback.

Despite the fact that the observed ratio of male:
female was 1:1.2, the statistical analysis revealed no
significant difference from 1:1 ration (%2=3.0,
P>0.05). Regarding the length group distribution (Fig.
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Fig.3. Length converted catch curve of (A) male and (B) females of Threespine stickleback G. aculeatus from estuarine area of

Siahroud River (south Caspian Sea-lIran).
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Fig.4. Monthly distribution of GSI in Threespine stickleback G. aculeatus from estuarine area of Siahroud River (south Caspian

Sea-Iran).

1), the male: female ratio was unequal among the
length classes, where males dominated in medium
lengths of 55- 60mm.

The  females had significantly larger
gonadosomatic index (GSI) than males (ANOVA,
F=281.0, P<0.05). In both sexes, monthly variation of
this index (ANOVA, Fremale=21.1, Fmale=5.2, P<0.05)
was approved during reproductive season. The highest
GSI values were recorded in May as 14.3+8.4 (SD) for
females, and in April as 1.7£1.0 (SD) for males. Based
on the monthly cycle of the GSIs (Fig. 4), the
spawning season for the estuarine population of the
stickleback in the area of the southern Caspian Sea
extended from April to June. Regarding coloure and
size, there were two kinds of ova, small colorless ova
ranging from 0.32 to 0.66mm with an average of
0.432£0.08mm (S.D.), and large yellow yolk-filled

ones ranging between 0.60 and 2.15mm with averaged
size of 1.16mm=0.29 (S.D.) (Fig. 5). For the estuarine
population of the Caspian stickleback, size of both ova
(small and large eggs) correlated negatively to the
length and weight of fish, meaning increase in size
(length and weight) of females would lead to decrease
of diameter of eggs (Fig. 6). The results of the
examination of the eggs showed that the numeric
range of small ova was from 311 to 4709 per female
with an average of 1513+904 (SD), while that of large
ova had a mean 454£195 (SD) ranging from 128 to
885 egg per female.

Since there is no report on this species regarding
being a batch spawner, the fecundity (both absolute
and relative) was estimated based on the calculation of
the total number of ova in the ovary.
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Fig.5. Size frequency distribution of oocytes diameters of female Threespine stickleback G. aculeatus from estuarine area of

Siahroud River (south Caspian Sea-Iran).
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Fig.7. Relationship between absolute fecundity and fish total
length (mm) and total weight (g) of female Threespine
stickleback G. aculeatus from estuarine area of Siahroud
River (south Caspian Sea-Iran).

The lowest absolute fecundity (AF) was 235 in a
female weighing 1.96g and 1% years old, while the
highest AF observed was equal to 5460, which
belongs to a female specimen with 3* age and 2.56g
of weight, and its mean value was 1837.34£1021
(S.D.). The absolute fecundity showed a positive
linear correlation with fish length and weight (Fig. 7).
The regressions were statistically significant
(Fr.=21.9, Frw=18.8, P<0.05) with moderate
correlation coefficients (AF~TL & AF~W: R2=0.38).

Fecundity relative (RF) to fish weight (g) ranged
between 84 and 2442 eggs per gram of females’
weight, averaged out 7991374 eggs/gram (SD), while
its relative to the fish length fluctuated from 2 to 84
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Fig.8. Relationship between relative fecundity and fish total
length (mm) and total weight (g) of female Threespine
stickleback G. aculeatus from estuarine area of Siahroud
River (south Caspian Sea-Iran).

eggs/mm, with an average of 32+15 (SD). It should be
noted that relationships between the relative fecundity
and fish size (length and weight) also were statistically
significant, but had low correlations (RF~TL:
R?=0.23; RF~W: R?=0.15) (Fig. 8).

DISCUSSION

The threespine stickleback developed three plate
morphs in Europe: completely-plated, partially-plated
and low-plated. Black Sea populations belong to the
completely-plated morph (Paepke 2001); without
doubt, southern Caspian basin population is also
monomorphic completely plated form of this species.
Therefore, the present work reports characteristics of
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an estuarine monomorphic type this species from the
southern Caspian Sea, and is important with respect to
demographic parameters that generates variation in
life history among populations of a species.

The parameters of the estuarine population consisted
of four age groups being evident (minimum age: 0* and
maximum age: 3%). This age corresponds to age
reported for this species from Gomishan wetland- SE
Caspian Sea (Patimar et al. 2010; Izadi et al. 2021).
Paepke (2001) noticed that members of the completely
plated morph appear more frequently among the
relatively old individuals than members of the low plate
and partially plated morphs. Maximum ages observed
in this study are in agreement with those of European
completely plated morph populations. It can be
concluded that longevity of threespine stickleback has
minimum variance within this morph; it is almost
independent of habitats.

Many studies show that the life histories of
geographically distinct populations of a species vary
considerably across the species distribution range (e.g.
Lobon-Cervia et al. 1991 and 1996). Compared to the
stickleback populations outside the Caspian Sea, the
estuarine population of this species is similar to
marine type form, which reaches a larger size than the
freshwater inhabitant forms (Mori 1987; Wootton
1984; Paepke 2001). Different maximum size (length
and weight) of a species between freshwater and
marine types may be due to environmental variables
remain constant and greater availability of food
resources, suggesting the existence of higher growth
rate in marine habitats that favors large length and
weight in in marine forms (Snyder 1991; Coad &
Power 1973). It seems that members of the completely
plated morph (Caspian marine form) grow faster than
those of the low and partially plated morphs. Another
biological fact is that there is inter-sex difference in
length and weight of the species. In the studied
population, the general picture is that maximum size
differed significantly between sexes of the studied
population of the species. Males possess smallish size
than females and appear to have a marked size, with
females being significantly larger than males,
although both males and females with 3* years old are
poorly represented in the population.

In the present study, the coefficient of allomtery of
length-weight relationship of G. aculeatus from an

estuarine area showed that the species grows
allometrically, being negative allometry type for the
studied population. The difference between sexes in
the growth (regarding coefficients of allometry) can
be explained by the differences in inter-sexual
differences of growth. These results show that any
estimation related to length and weight should be
considered separately for each gender. The allometry
coefficients (b of LWRs) of the estuarine population
had considerable differences with previously reported
values from the southern Caspian Sea (Esmaeili &
Ebrahimi 2006; Patimar et al. 2010; Izadi et al. 2021),
and from European waters (Wootton 1984; Crivelli &
Britton 1987; Tarkan et al. 2006; Verreycken et al.
2011; Wilhelms 2013). This variability of the
coefficient could be explained as a result of different
habitat conditions forming local fish populations. This
ecological evolutionary force is reflected as a change
in form of body with populations. It can be stated that
that different habitats and its ecological parameters
have a significant impact on the value of coefficient of
allomtery in G. aculeatus populations. Totally, in the
estuarine population from the study river, the b-value
smaller than 3 (as isometric value) indicates that large
individuals of the species have increased in length
more than height or width, and the fish becomes more
elongated as length increases.

The estimated VBGF parameters were different
from those of population form Gomishan wetland- SE
Caspian Sea. Izadi et al. (2021) reported the age-
length growth model as L, = 7.10(1 — e~0:62(t+0:38)y
for males and L, = 7.81(1 — e~041(t+060)) formy
females from Gomishan wetland. The estimated
asymptotic length of the estuarine population of the
species is remarkably higher than that of the studied
population from the Gomishan wetland (southeast
Caspian Sea). Dissimilarity in VBGF parameters
among populations from different locations of range
distribution of a species can be induced by varied
ecological parameters. It is worth noting that these
parameters vary between the males and females of this
species. Therefore, like many of these fishes, these
results indicate the presence of sexual dimorphism in
this species. So far there is no published information
on maximum lifespan of the stickleback in the
literature. However, given the results, the maximum
age for both sexes was 3+ in the estuarine population.
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Regarding the observed maximum age in the studied
population, the longevity of both males and females
sounds reasonable for the species and, is not
overestimated.

To the best of our knowledge, there is no report on
mortality and survival rate of the species in the
literature. However, it may seem that the estimates of
Z to lie in a upper range of total mortality rates, and
assume that the total mortality rate can vary among the
populations of the species. Therefore, the estimated Z
rate is specific to the estuarine population of the
stickleback.

In the estuarine area of Siahroud River, the sex
ratio didn’t differ significantly from parity and was
unlike that observed in Gomishan wetland- SE
Caspian Sea (Patimar et al. 2010; Izadi et al. 2021).
Wootton (1984) reported that the presence of highly
geographical variations in sex ratio throughout the
species range distribution. Since survival rate and
longevity is different between males and females, the
sex ration of 1:1 implies that that more males enter the
estuarine area of the studied. In addition, the even-sex
ratio in the estuarine population of a river from the
southern Caspian Sea is probably the result of
favorable environmental conditions for both sexes in
the estuarine habitat. An observable notable fact in sex
ration is dominance of males in a certain length group,
which may be males defending the nests in the habitats
while females are schooling outside the estuarine area.

Based on the recorded GSI (the mean highest value
of 14.3 for females), it is apparent that total energy
invested in gamete production by females, as opposed
to somatic growth, is much lower in the southern
Caspian basin than in European regions. Based on
Paepke (2001), in Europe, the weight of the gonad’s
accounts for 25.6% of a female’s body weight and in
extreme cases, it can reach 56.4%. Even though
female’s GSI of southern Caspian basin population is
lower than that of Europeans, inter-sex comparison of
GSI shows that investment in reproduction (as energy
allocation in gonads) by females much higher than
males, a general fact for more than 80% of the fishes.
It seems that higher reproduction investment (given as
GSI) and relatively protracted spawning period (~3
months) of the stickleback females are important
reproductive parameters, which, in turn, promotes
high abundance and wide distribution of this species

as a successful species in the introduction pathway
into new environments.

It is acknowledged that the freshwater threespine
sticklebacks has larger eggs than the marine forms
which have small sized eggs of large number
evidencing a kind of adaptions to high availability of
food items in sea environments (Wootton 1984;
Paepke 2001). In the studied estuarine population,
without considering the small sized white opaque eggs
that is recruitment stock eggs, the large eggs had
considerably smaller size than that of reported for
other populations of this species (Coad & Power 1973;
Craig & Fitzgerald 1982; Crivelli & Britton 1987;
Mori 1987; Snyder 1991) and occurs in lower range of
egg diameter that varies from 1.1 to 1.8 mm (Paepke
2001). Another notable thing related to the size of the
ova is that the size variability of the ova produced by
the estuarine population is larger. The high variability
combined with smallish ova might be considered as
the species induced variety in larvae of an estuarine
population of the Caspian marine form of the
threespine stickleback in the southern Caspian Sea. A
reverse effect of fish length and weight on ova
diameter was recorded for the estuarine population of
species, an increase in length and weight of females
caused a decrease of ova diameter. It could be
supposed, however, that the larger females are
incapable of increase the size of ova with length and
weight growth. Therefore, this implies that invested
energy in individual oocyte decreases with increasing
in female size.

Fecundity is one of important biological traits in
understanding life history of a species, which
determines the base of population ability to produce
viable offspring (eggs and larvae). It has been reported
the fecundity, varied in a wide range, of this species in
the literature. Comparison of egg production
(hereafter fecundity) of the studied population of the
species with previous reports shows that estuarine
population of stickleback far more fecund (Wootton
1973; Mori 1987; Mori & Takamura 2004). When
comparing egg production of the stickleback, it should
be taken into consideration that in general the species
has two forms: the freshwater and marine forms, with
low and high fecundity, respectively. Regarding this,
it is evident that the studied estuarine population is a
marine form of the species.
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Assessment of effect of fish length and weight on
relative fecundity is fundamental in determination of
species/population life history. In the present work,
the weight and length-specific relative fecundity was
confirmed and significant. This case is rarely observed
in fish populations. To the best of the knowledge,
there is no previous study about significance of the
effect of fish size on relative fecundity in the
stickleback populations. In the estuarine population,
however, the larger females can increase the number
of ova according to weight unit proportionally to the
total fecundity. This implies that beside higher
investments of total energy in producing offspring by
the larger females (i.e. absolute fecundity), its
proportional investment in reproduction (the energy
allocation per unit of length and weight) tends to be
significant with increasing in length and weight of
females.

In conclusion, it has been shown that the estuarine
population of the stickleback displays a few unique
demographic parameters. These parameters relating to
life history may be interpreted as a kind of growth-
reproductive plasticity and adaptation to habitat
conditions. Such plasticity and adaptation in the level
of population can enhance the number and distribution
of the stickleback in a wide range of areas in the
southern Caspian basin and European waters as well.

ACKNOWLEDGEMENTS

I extent my sincere thanks to my students for their in
the field works.

REFERENCES
Abbasi, K.; Valipour, A.R.; Talebi Haghighi, D

Sarpanah, A.N. & Nezami, S. 1999. Atlas of Fishes
of Iran, Inland water of Guilan Province. Novin Press
Co. Rashat, Iran. (In Persian)

Abdoli, A. 1993. Threespine stickleback in southern
basins of the Caspian Sea. Abzeian 4(5): 10-13. (In
Persian with English abstract).

Abdoli, A. 2000. The Inland water fishes of Iran. Iranian.
Meuseum of Nature and Wildlife. Tehran. (In
Persian)

Afshin, 1. 1994. Rivers of Iran. Ministry of Energy of
Iran (MOE), Tehran. (In Persian).

Bagenal, T. & Tesch, F. 1978. Methods for Assessment
of Fish Production in Fresh Waters. IBP Handbook 3,
Blackwell, Oxford.

Baker, J.A. 1994. Life history variation in female
threespine stickleback. In: Bell, M.A. & Foster, S.A.
(eds), The evolutionary biology of the threespine
stickleback, Oxford University Press, Oxford, UK.
pp- 144-187.

Bell, M.A. & Foster, S.A. 1994. Introduction to the
evolutionary biology of the threespine stickleback.
In: Bell, M.A. & Foster, S.A. (eds.), the evolutionary
biology of the threespine stickleback, Oxford
University Press, Oxford, UK. pp. 1-27.

Coad, B.W. & Abdoli, A. 1993. Exotic fish species in
the fresh waters of Iran. Zoology in the Middle East
9(1): 65-80.

Coad, B.W. & Power, G. 1973. Observation on the
ecology of lacustrine population of the threespine
stickleback (Gasterosteus aculeatus L. 1758) in the
Matamek River system, Quebec. Nature of Canada
100(5): 437-445.

Craig, D. & Fitzgerald, G.J. 1982. Reproductive tactics
of four sympatric stickleback (Gasterosteidae).
Environmental Biology of Fishes 7(4): 369-375.

Crivelli, A. J. & Britton, R.H. 1987. Life history
adaptation of Gasterosteus aculeatus in a
Mediterranean wetland. Environmental Biology of
Fishes 18(2): 109-125.

Eagderi, S.; Mouludi-Saleh, A.; Esmaeli, H. R.,
Sayyadzadeh, G. & Nasri, M. 2022. Freshwater
lamprey and fishes of Iran; a revised and updated
annotated checklist-2022.
Zoology 46(6): 500-522.

Gayanilo, Jr. F.C.; Sparre, P. & Pauly, D. 2005. FAO-
ICLARM Stock Assessment Tools II (FISAT II).

User’s Guide, FAO Computerized Information,

Turkish Journal of

Rome.

Johal, M.S.; Esmaeili, HR. & Tandon, K.K. 2001. A
comparison of back-calculated lengths of silver carp
derived from bony structures. Journal of Fish Biology
59(6): 1483-1493.



105 Iran. J. Ichthyol. (2026) 13(2): 95-107

Kiabi, B.H.; Abdoli, A. & Naderi, M. 1999. Status of the
fish fauna in the south Caspian Basin of [ran. Zoology
in the Middle East 18(1): 57-65.

Kume, G.; Yamaguchi, A. & Ichiro, A. 2003. Variation
in life history parameters of the cardinalfish Apogon
lineatus. Fisheries Science 69(2): 249-259.

Lande, R. & Arnold, S.J. 1983. The measurement of
selection on correlated characters. Evolution 37:
1210-1226.

Lobon-Cervia, J.; Dgebuadze, Y.; Utrilla, C.G.; Rincon,
P.A. & Granado-Lorencia, C. 1996. The reproductive
tactics of dace in central Seberia: evidence for
temperature regulation of the spatio-temporal
variability of its life history. Journal of Fish Biology
48(6): 1074-1087.

Lobon-Cervia, J.; Montanes, C. & Sostoa, A. 1991.
Influence of environmental upon life-history of
gudgeon Gobio gobion (L.) a recent and successful
colonizer of the Iberian Peninsula. Journal of Fish
Biology 39(3): 285-300.

Mann, RHK.; Mills, C.A. & Crisp, D.T. 1984.
Geographical variation in the life-history tactics of
some species of freshwater fish. In: Pottsm, G.W. &
Wootton, R.J. (eds), Fish Reproduction: Strategies
and Tactics. Academic Press, London, UK. pp. 171-
185.

Mori, S. N. 2004. Changes in

morphological characteristics

& Takamuri,
of an introduced
population of the threespine stickleback Gasterosteus
in Lake Towada, northern Japan.
Ichthyological Research 51(4): 295-300.

Mori, S. 1987. Divergence in reproductive ecology of

aculeatus

the threespine stickleback, Gasteroseus aculeatus.
Japanese Journal of Ichthyology 34(2): 165-175.

Mouludi-Saleh, A. & Eagderi, S. 2021. Habitat-
associated morphological divergence of Gasterosteus
aculeatus in the Southern Caspian Sea Basin. Iranian
Journal of Science and Technology, Transactions A:
Science 45(1): 121-125.

Munro, J.L.. & Pauly, D. 1983. A simple method for

comparing the growth of fishes and invertebrates.

Fishbyte 1(1): 5-6.

Naderi, M. & Abdoli, A. 2004. Fish species atlas of
south Caspian Sea basin (Iranian waters). Iranian
Fisheries Research Organization, Tehran. (In
Persian)

Nikolsky, G.V. 1963. The Ecology of Fishes (Trans.; L.
Birkett). Academic Press, London.

Paepke, H.J. 2001. Gasterosteidae Linnaeus, 1758. In:
Banaresu, P.M. & Paepke, H.J. (eds). The freshwater
fishes of Europe, Cyprinidae and Gasterosteidae,
Aula-Verlag GmbH Wiebelsheim, Germany. pp.
206-256.

Pampoulie, C.; Bouchereau, J.L.; Rosechi, E.; Poizat, G.
& Crivelli, A. 2000. Annual variation in the
reproductive traits of Pomatoscistus microps in a
Mediterranean lagoon undergoing environment
changes: evidence of phenotypic plasticity. Journal of
Fish Biology 57(6): 1441-1452.

Pauly, D. & Munro, J.L. 1984. Once more on the
comparison of growth in fish and invertebrates.
Fishbyte 1(21).

Pauly, D. 1984. Fish population dynamics in tropical
waters: a manual for use for programmable
calculators. ICLARM Studies and Reviews 8.

Pauly, D. 1987. A review of the ELEFAN system for
analysis of length-frequency data in fish and aquatic
invertebrates, In: Pauly, D. & Morgan, G.R. (eds),
Length-Based Models in Fisheries Research, Vol.
13., ICLARM Conference Proceedings. pp. 7-34.

Ricker, W.E. 1975. Computation and interpretation of
biological statistics of fish populations. Bulletin /
Fisheries Research Board of Canada 191: 235-264.

Snyder, R.J. 1991. Migration and life history of the

stickleback:
variation in growth rate between populations.
Environmental Biology of Fishes 31: 381-388.

Sparre, P. & Venema, S.C. 1997. IntroduciO a

Avaliacio de Mananciais de Peixes Tropicais. Part I,

threespine evidence for adaptive

Manual. FAO Documento Técnico Sobre As Pescas,
301/1.
Wade, M.J. & Kalisz, S. 1990. The causes of natural



Patimar/ Life history characteristics of Threespine Stickleback (Gasterosteus aculeatus) 106

selection. Evolution 44(8): 1947-1955.

Wootton, R.J. 1973. Fecundity of the threespine
stickleback, Gasterosteus aculeatus (L.). Journal of
Fish Biology 5: 683-688.

Wootton, R.J. 1984. A functional biology of
sticklebacks. Croom Helm, London.

Zar, J.H. 1984. Biostatistical Analysis. Englewoods
Cliffs, N. J. Prentice Hall.



Iran. J. Ichthyol. (2026) 13(2): 95-107 © 2026 Iranian Society of Ichthyology
P-ISSN: 2383-1561; E-ISSN: 2383-0964 doi: 10.22034/iji.v13i2.1108
http://www.ijichthyol.org

JholS” 4o
a0 4>l 5,0 (Gasterosteus aculeatus) o, aw sl wls azsy ;G sbd S g

Ol Rl cimawls QLo geie g o

" el oo

50 55 ol 5 Aiges 0 gaazme 10 ulS Lo ,o (Gasterosteus aculeatus) o,ls-daw olo Cores 4 bgsye (2ils ;0 59250 pEs & sk :a»\,&g
e S0 Comes Ol don U polaiSl o Shg i 5l g oo by 5l (g0 B0 e 0,8 Aol [0 (S sS ailnog, SG) g 0k ailsog, alas o3
oy sl el )b i 0,90 Jles FIFR g YT oS ey lrosle g 1o 5 (sl 0,5 aw olo poe Job 0gr e G ol canlllann 390 Coman o,y (545U) .0 5 )18
Ly =10.31(1 — exp[—0.64(t + &, 504 bosle sl 5 Ly = 8.11(1 — exp[—0.87(t + 0.46)]) & )50 oy sl @YU, 58 0y Jow ululy
Slai Glas V1Y i b (g, pire <glad iz o el oty Jlo 10 VIV aoole (sl g Jlos ;0 YITY Loy sl S 5098 50 £ 55 .u0,5 051, 0.47)])
SoS (laSass 1 olulis alaess j0 Kasd g9 90 .0 oadlivs do olo 10 ;] zgl g cedls aslol (Hlasl bilgl b lar 319D 5956 Jo el 51 Jead g5 0,90
30 e s 09,5 98l Ho LSz slasy . e e VFE /YA Jhad 1 Slo booy) 5l )L 9 55 sloSass 5 i oo +/FVE /oA (a8 Sl L S5 0 9
Ol 0S5 il lawss e gl Sess 0FF B OYYO 5l rwy diels oaiogl s e (5,5l iy SIEAAD B VYA SV B YY) asds
dnle 0,5 50 slilay Sass YA s (555)L (neSilhs 09y yustin 50 (39 £,5 52 lilas Sass YEFY B AT 5150 s (659,L 090 Sz VAYY/YFEY - YA

Wlf ‘_glg.)‘) u>5)cl¢.w 4.5[5;)5) LJAA»\»JSJ ﬁ).»_..aosgjfc LJ..(:)) ‘c)ud.w ssbLo :‘SA*UQLOJS

107



