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Alburnus carinatus Battalgil, 1941 is an endangered fish species, which has a narrow distribution
range in two shallow lake basins in northwest Anatolia. The present study aimed to describe the
reproductive potential of this endemic fish with the relationships between body size, weight, and
fecundity. A total of 101 female A. carinatus were captured from the Manyas Lake between January and June 2019. The standard length and body weight of these samples varied between 8.1–
15.0 cm and 9.38–65.45 g, respectively. The length-weight relationship of the female A. carinatus
was calculated as W = 0.020 × SL2.959 (r2 = 0.866) with isometric growth. Absolute fecundity ranged
from 1512 eggs (8.1 cm SL) to 3203 eggs (10.3 cm SL) with a mean of 2281 eggs (SD = 415.2). Fecundity–length relationship was F = 5.86 × SL2.67 (r2 = 0.702) and the fecundity–length relationship
was F = 476.6 + 116.5 × L (r2 = 0.688). Mean relative fecundity was calculated as 244 eggs.cm−1 (SD
= 34.1) (ranged from 179.8 to 310.9 eggs.cm−1) and 148 eggs.g−1 (SD = 14.9) (ranged from 115.1 to
171.8 eggs.g−1).
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INTRODUCTION
Until recently, most of the Turkish shemayas (Alburnus spp.) have been described as subspecies of Chalcalburnus chalcoides, however recent detailed studies on the morphological and
molecular features of this genus have revealed
that descriptions of some species were incorrect and that the species diversity for Turkish
shemayas was high (Özuluğ & Freyhof, 2007a).
Turkey - particularly Anatolia - is the center of
biodiversity and endemism of the genus Alburnus and a total of 27 species were recognized
with recent studies (Krupp, 1992; Kottelat &
Freyhof, 2007; Özuluğ & Freyhof, 2007a; Özuluğ & Freyhof, 2007b; Elp, Şen, & Özuluğ, 2015;
Özuluğ, Geiger, & Freyhof, 2018; Freyhof & Turan, 2019; Fricke, Eschmeyer, & Van der Laan,
2019). One of these newly described species,
Alburnus carinatus Battalgil, 1941 is a fish en-
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demic to northwest Anatolia living in the
Manyas and Uluabat lake basins. According to
the IUCN Red List (2019), this species is classified as Endangered due to habitat restriction.
Additionally, the Manyas and Uluabat lakes,
where this endemic fish live, are under heavy
environmental pressure from pollution and water extraction (Özuluğ & Freyhof, 2007a; Dorak,
Köker, Sağlam, Akçaalan, & Albay, 2017). Invasive Carassius gibelio (Bloch, 1782) reported
from the Manyas Lake in the 2000s (Emiroğlu,
Arslan, Malkoç, Koç, & Çiçek, 2008) can be considered to be another potential threat for A. carinatus in the lake.
Bagenal & Tesch (1978) have defined the fecundity as the seasonal spawning potential or as
the number of eggs ripening during the spawning period of a female. Fecundity is generally
calculated for commercial fish species due to
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their importance in assessing their economic potential. In terms
of ecosystem management, however, the fecundity of non-commercial fish species is highly critical for the assessment of the ecological roles of these species. The survival of endemic A. carinatus
in the Manyas Lake, where environmental pressures are intense, is
critical. The present study aims to reveal the reproductive potential of this endangered fish with the relationships between body
size, weight, and fecundity. Additionally, this study will contribute
to the gap in knowledge of the length-weight relationship and
some reproductive characteristics of this fish species.

The length-weight relationship (LWR) was calculated using the
equation: W = aLb, where W is the total weight (g), L is the standard length (cm), a and b are regression parameters (Le Cren
1951; Froese, 2006). The equation (W = aLb) was converted into
the natural logarithmic form (lnW = lna + b × lnL), and parameters a (regression intercept) and b (slope) were calculated by the
regression analysis (King, 2007). To determine the growth type
(isometry or allometry) of the species, ninety-five percent confidence limits (95% Cl) of parameter b was estimated by the equation: 95% Cl = x ± (t0.05 × SE) (x: b; t: table value of t (t-test at 95%
confidence)); SE: standard error value of b) (King, 2007).

MATERIAL And METHOD

The gonads were removed and weighed to the nearest 0.0001 g
(Precisa XB 220A). For the estimation of absolute fecundity, the
gravimetric method was used: sub-samples of approximately 1 g
were taken from 3 different parts of the ovaries (the anterior, medial and posterior parts) and the number of eggs in the sub-samples was multiplied by the weight of the ovary using the following
equation; F = number of eggs in the sub-samples × gonad weight
/ sub-sample weight (Le Cren, 1951). Relative fecundity (RF) was
calculated as the ratio between absolute fecundity (F) and body
length and weight (SL and W). The relationships between fecundity and fish length were estimated by exponential regression
analysis (F = aLb) and the relationships between fecundity and fish
weight were estimated by linear regression analysis (F = a + b×L;
where F is fecundity, L is the standard length (cm), a is the regression constant, and b is the regression coefficient).

Study area
The Manyas Lake located in the western part of Anatolia is a shallow (mean depth = 1.7 m, maximum depth = 3.4 m) and a turbid
lake (Albay & Akçaalan, 2003; Dorak et al., 2017). The main water
sources that feed the lake are the Sığırcı, Köydere, Kocaçay, Karadere and Mürvetler streams as well as annual rainfall (Figure 1).
The lake was designated as a Ramsar Site in 1994 in terms of being
on the migration routes of some bird species and used by these
birds as a nesting and shelter area (Yeniyurt & Hemmani, 2011).
Sampling and data analysis
Fish samples were captured by a fisherman in the Manyas Lake between January and June 2019. For fishing, cast nets (10 mm mesh
size) were used in the northeast shorelines of the lake. The captured samples were immediately transferred to the Laboratory of
Istanbul University Faculty of Aquatic Sciences Department Freshwater Resources and Management with cold conditions and then
stored at -18°C until the investigations. The fish samples were
measured for standard length (SL), fork length (FL) and total length
(TL) to the nearest 0.1 cm and weighed for total body weight (W)
on a digital balance with a 0.01 g accuracy. Length-length transformations (FL vs. TL; SL vs. TL; SL vs. FL) in the fish were calculated
using linear regression analysis to be useful in comparing the results of different studies, which will use different length measures.

Figure 1.

RESULT AND DISCUSSION
A total of 109 A. carinatus specimens (101 females and 8 males)
were captured from the Manyas Lake. The standard length and
body weight of the specimens varied between 8.1–15.0 cm and
9.38–65.45 g for females and 8.0–11.8 cm and 9.80–32.03 g for
males, respectively. As the individual numbers of the males were
quite low, they were not used in the following calculations. The
length-length relationships of the female fish specimens were

Sampling site in the Manyas Lake.
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calculated
as
follows;
FL=0.900×TL–0.019
(r2=0.986),
2
SL=0.078×TL–0.010 (r =0.977) and SL=0.868×FL+0.038 (r2=0.985).
The length-weight relationship of female A. carinatus was calculated as W = 0.020 × SL2.959 (r2 = 0.866) (Figure 2). In terms of
growth type, 95% Cl of parameter b was calculated between 2.84
and 3.08 and the results showed that the growth type of the population was isometric (b = 3).
Froese (2006) indicated that the range of the parameter b usually
encountered in fishes was within the expected range of 2.5 – 3.5.
In this study, the value of b for female A. carinatus was within this
expected range and therefore, the result can be used as valid
data for the FishBase database. Because there is no other study
on the length-weight relationship of this endemic fish, a comparison could not be made.

Figure 4. Diagram of the fish weight–fecundity relationships
of A. carinatus living in the Manyas Lake.
Mean relative fecundity was calculated as 244 eggs.cm−1 (SD =
34.1) (ranged from 179.8 to 310.9 eggs.cm−1) and 148 eggs.g−1
(SD = 14.9) (ranged from 115.1 to 171.8 eggs.g−1).
Fecundity is affected by several factors such as fish size, weight,
age, and life-history traits of fishes as well as the environmental
conditions such as food supply, population density, and temperature (Ünlü & Balcı, 1993; Ali & Wootton, 1999). In this study, a
positive correlation between fecundity and fish length and fish
weight was found: fecundity increased with the increase of fish
length and weight and the larger fish produced more eggs.
While the coefficient of the determination (r2) was above 0.7 in
the fish length–fecundity relationship (r2 = 0.702), it was calculated as 6.88 for the fish weight–fecundity relationship. This small
difference might be related to the narrow size/weight range of
the fish samples.

Figure 2. Diagram of the length–weight relationship of A.
carinatus living in the Manyas Lake.

There are many factors threatening the presence of endemic A.
carinatus in the Manyas Lake. The agricultural waste of cultivated
areas, livestock activities, poultry farms around the lake and the
streams are the main pollution sources of the lake and the water
quality was identified as eutrophic due to its nutrient concentrations and biological characteristics (Albay & Akçaalan, 2003; Dorak et al., 2017). Invasive C. gibelio, which was detected in the
2000s in the lake (Emiroğlu et al., 2018) and is accepted as a
sperm parasite (Perdikaris et al., 2012), may threaten A. carinatus
with food and habitat competition. Carnivorous fish species
(Esox lucius Linnaeus, 1758 and Silurus glanis Linnaeus, 1758) living in the lake, waterfowls, which are permanently or periodically
found in the Lake basin, and local fishermen can create prey
pressure on this fish. Additionally, the recently constructed
Manyas Dam is thought to be another threat for A. carinatus,
which migrates to the streams for reproduction.

For estimating the fecundity of the species, a total of 47 individuals captured between April and June (2019) were used. The average absolute fecundity in mature females was 2281 eggs (SD =
415.2), ranging from 1512 eggs (8.1 cm SL) to 3203 eggs (10.3 cm
SL). The relationship between body length, weight, and absolute
fecundity were positively correlated; the fecundity-length relationship was F = 5.86 × SL2.67 (r2 = 0.702) and the fecundity-length
relationship was F = 476.6 + 116.5 × W (r2 = 0.688) (Figure 3, 4).

The conservation status of A. carinatus has been assessed as Endangered because its area of occupancy (AOO) is estimated to
be less than 300 km². However, there is no action plan for the
conservation of this special fish. In order to prevent the extinction of this endemic fish and to ensure the continuity of the population in its limited distribution areas (Manyas and Uluabat lake
basins), its bio-ecological characteristics and habitat requirements should be identified in detail. It is highly important to

Figure 3. Diagram of the fish length–fecundity relationships of
A. carinatus living in the Manyas Lake.
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avoid threats such as pollution, invasive fish introduction, overfishing, and habitat degradation. In addition, local people and
fishermen should be informed about the importance of this endangered species.
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CONCLUSIONS
In conclusion, this study has provided some baseline information
on the length-weight relationship and fecundity features of endangered A. carinatus. Since there is no published information
about these features of this endemic fish, the results are expected to be useful for future studies.
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