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Ozet: Menzelet Baraji ve Firniz Gayrndan Agustos 2011 ve Kasim 2012 tarihleri arasinda elektro-soker ile yakalanan Capoeta angorae bireylerinin yas, biiyiime
oranlari ve otolit (asteriskus) morfometrik élgiimleri belirlenmistir. Toplam boy (L) araligi 7.5 ile 27.0 cm arasinda olan C. angorae bireylerinden elde edilen
toplam 175 adet otolit analizlerde kullanilmigtir. Toplam erkek : disi orani (E : D = 1.52 : 1.00) erkekler lehine edimlidir. Student’s t-test cinsiyetler arasinda boy
farklilginin istatistiksel olarak énemli oldugunu gostermektedir (P < 0.05). Boy — agirlik iligkisi disiler icin, W= 0.0128L28703 (R2= 0.975), erkekler igin, W =
0.0103L2%462 (R2 = 0.969) ve tiim bireyler icin W = 0.0097L29%2¢ (R2 = 0.978) olarak hesaplanmistir. Otolit boyu (OL), eni (OW) ve yaricapi (OR) sirasiyla 1.67 —
3.45 mm; 1.39 — 2.82 mm ve 0.89 - 1.70 mm olarak 6lgtlmistir. Von Bertalanffy bliyime denklemi ise disiler igin, L. = 27.55 cm (L), K = 0.465 (yiI""), f = -0.539
(yil), females; L- = 22.84 cm (L), K = 0.772 (yi), to = -0.71 (yil) males; L.~ = 42.25 cm (L), K = 0.102 (yil"), o = -2.84 (yil) olarak hesaplanmistir. Otolit
morfometrik Glglimleri (OL, OW ve OR) ile toplam boy arasinda kuvvetli dogrusal iliski oldugu tespit edilmistir. Gdzlenen yas ile otolit morfometrik Slglimleri
sonucu tahmin edilen yas arasinda istatistiksel olarak dnemli derecede fark bulunamamistir (Mann-Whitney U test; P > 0.05).

Anahtar Kelimeler: Yas, biyiime, asteriscus, otolit morfometrisi, Capoeta angorae.

Abstract: Age, growth rates and otolith morphometry of Capoeta angorae, collected by using electro shocker, were determined from the Firniz Stream and
Menzelet Reservoir between August 2011 and November 2012. A total of 175 otoliths were obtained from C. angorae that ranged between 7.5 and 27.0 cm L
were used in the analysis. The overall male : female ratio (M : F = 1.52 : 1.00) was biased in favour of males. Student's t-test revealed significant differences
between sexes, regarding total length (P < 0.05). The length-weight relationships were calculated as W = 0.0128L.28703 (R2= 0.975) for females, W = 0.0103L29462
(R2 = 0.969) for males and W = 0.0097L29%29 (R2 = 0.978) for all specimens. Otolith length (OL), width (OW) and radius (OR) were ranged between 1.67 — 3.45
mm, 1.39 — 2.82 mm and 0.89 — 1.70 mm, respectively. The von Bertalanffy growth models were L. = 27.55 cm (L), K = 0.465 (year), t = -0.539 (year),
females; L- = 22.84 cm (L), K = 0.772 (year), ty = -0.71 (year) males; L~ = 42.25 cm (L), K = 0.102 (year), t, = -2.84 (year) for all specimens. The otolith
morphometric measurements (OL, OW and OR) showed significant linear relationships with the total length. No significant differences were found between
observed age and predicted ages of the C. angorae estimated from the OL, OW and OR (Mann-Whitney U test; P > 0.05).

Keywords: Age, growth, asteriscus, otolith morphometry, Capoeta angorae

INTRODUCTION

The genus Capoeta Valenciennes, 1842 are widely
distributed from Anatolia to the Levant, Transcaucasia, the
Tigris and Euphrates basins, Iran, Turkmenistan, Northern
Afghanistan, Southern China, Lake Aral and spreads the
upper parts of the Amu-Darya and Syr-Darya drainages
(Banarescu, 1999; Turkmen et al., 2002). These fish inhabit
gravel and stony zones of fast flowing rivers (Tirkmen et al.,
2002), however, some species may also be found in lakes and
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springs (Turan et al., 2008). Levin et al. (2012) have been
reported three main groups of Capoeta genus. First; the
Mesopotamian group, which includes three species from the
Tigris—Euphrates system, second; the Anatolian— Iranian
group, which has the most diversified structure and contains
many species distributed throughout Anatolian and Iranian
inland waters, and the last one; the Aralo-Caspian group,
which consists of species distributed in basins of the Caspian
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and Aral Seas, including many dead-end rivers in Central Asia
and Northern Iran. In recent studies, 16 species (C. tinca, C.
umbla, C. antalyensis, C.erhani, C. ekmekciae, C. sieboldii, C.
caelestis, C. mauricii, C. turani, C. bergamae, C. barroisi, C.
banarescui, C. baliki, C. trutta, C. capoeta, C. angorae)
belonging to Capoeta genus have been reported in the inland
waters of Turkey (Turan et al., 2006a; 2006b; Ozulug and
Freyhof, 2008; Turan et al., 2008; Elp and $en, 2009; Kurutas
et al., 2009; Kigik et al., 2009; Ozcan and Balik, 2009;
Schoeter et al., 2009; Turan and Ozcan, 2009; Demirci and
Ozdilek, 2010; Yilmaz et al., 2010; Aydogdu et al., 2011;
Yildirim et al., 2011; Coban et al., 2013; Yiksel et al., 2014).

Capoeta angorae Hanko, 1925 is the commercially valued
fish around the Menzelet Reservoir and other regions of its
distribution. Relatively few studies have been carried out on
Capoeta genus and focused on the age, growth rates and
reproduction (Tlrkmen et al., 2002; Alp et al., 2005; Kalkan,
2008). However, we have not enough information about age,
growth rates and otolith morphometrics (OL, OW and OR) of
C. angorae. Growth parameters are important data for use in
fish stock assessments (Ofstad et al., 2013). Although growth
of C. angorae in the upper parts of the Ceyhan River, Turkey
have been studied by using scales (Alp et al., 2005), no study
on the age and growth rates have been conducted by using
otoliths. Otoliths are the most preferred structures by fisheries
scientists owing to the precision of age estimates (Hammers
and Miranda, 1991; Maceina and Sammons, 2006). Counting
the opaque and translucent bands in otoliths for age
determination is mostly time consuming procedure (Pilling et
al., 2003). Therefore, we also used the otolith morphometrics
(OL, OW and OR) as an age predictor.

The aim of this study was to determine age, growth rate
and otolith morphometrics (OL, OW and OR) for C. angorae in
the Menzelet Reservoir and Firniz Stream, Turkey. We also
assessed the usage of the otolith morphometrics (Otolith
length (OL), width (OW) and radius (OR)) as an age predictor
of the investigated species.

MATERIALS AND METHODS

Samplings were carried out from Firniz Stream located at
37°45'N, 36°39°E, a small tributary of the Ceyhan River and
collected from Menzelet Reservoir located at 37°42'N,
36°52'E, between August 2011 and November 2012 (Figure

1).

—
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Figure 1. Map of the Menzelet Reservoir and Firniz Stream indicating
locations where samples of Capoeta angorae were collected (e).

Menzelet Reservoir was constructed on the Ceyhan River in
the East Mediterranean region of Turkey. It has a surface area
of 42 km? at 700 m altitude and the maximum depth is nearly
100 m with total water volume is about 12 x 10° m3 (Alp et al.,
2004). The samples were caught using an electro shocker.

Laboratory procedures and data analysis

A total of 178 C. angorae, ranging from 7.5 to 27 cm in total
length (L) were sampled during the study period (Figure 2).
Total length was measured with a measuring board to the
nearest 0.1 mm, and weighed with an electric balance to the
nearest 0.01 g. Sex was determined by gonad examination
according to its shape and structure. The sex-ratio (number of
males to each female; M : F) of the samples were analysed.
Student’s t-test was applied to test the existence of significant
differences between sexes according to the total length.

This study examined the relationships between L and W
for each sex separately by geometric mean functional
regression (Ricker, 1975) in exponential form;

W=al®

where “b” is the regression coefficient and “a” is the
regression constant. Additionally, the Student's t-test (Zar,
1984) was used to test for difference of the parameter “b” from
the theoretical value of 3.

The lagenar otolith (asteriscus) pairs were removed and
stored in plastic vials. One otolith was randomly selected and
immersed in plastic vial with glycerine solution for a while.

Annular ring counts were made blind-read by two readers;
the information about fish length and date of capture was
withheld from the readers. All otoliths were read twice and
final age estimates achieved when the same results were
obtained from the two readers. A third reading was performed
if the first two readings differed from each other. If the
contradiction persisted, the otolith was discarded. A light
microscope with objective lenses with nominal magnifications
of 0.5 - 5.6 X were used for the counts.
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Figure 2. Length—frequency distribution of Capoeta angorae specimens
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Otolith morphometrics Otolith length (OL), width (OW), and
radius (OR) measured to the nearest 0.001 mm using Q
Capture Imaging Software. OL was defined as the longest
axis between the anterior and posterior otolith edge and OW
as a distance from the dorsal to the ventral edge. OR was
measured as the longest axis between the nucleus and
posterior edge (Figure 3). Differences between left and right
otoliths were tested by paired t-test. The relation between the
fish growth and the otolith growth was investigated by linear
regression. Relationships between observed age and otolith
morphometrics were calculated using the power model.
Differences between observed age and predicted age were
compared by the Mann-Whitney U test.
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Figure 3. Morphometric measurements of Capoeta angorae asteriscus otolith
(W=994g,L =233 cm, age 4+, 16 August 2012). N = nucleus.

Age and growth
Ages were determined by counting the number of opaque

and translucent rings from the nucleus to the outer edge of the
otolith (Figure 3). The von Bertalanffy growth curve was fitted

to the length at age data using non-linear least squares
parameter  estimation (von  Bertalanffy, 1938);L =
Loo[l _ e—K(t—to)]

where: L is the fish length at age t (year), L~ the
theoretical asymptotic length, K the growth rate coefficient,
and fo the theoretical age when fish length is zero. Separate
analyses were carried out for males, females and all
specimens.

RESULTS

A total of 178 otoliths (104 males, 68 females and 6
specimens were undetermined sex) were processed for age
counts, however, 3 pairs of otoliths could not be read due to
the age inconsistency between two readers, these otoliths
were excluded from further analysis. Thus, 175 otoliths
obtained from Capoeta angorae that ranged between 7.5 and
27 cm L were used in the analyses (Figure 2). Student’s t-test
revealed significant differences between sexes, regarding L (P
< 0.05). The overall male:female ratio (M : F = 1.52 : 1.00)
was biased in favour of males and it was not significantly
different from a balanced ratio (1:1) (P > 0.05).

The length-weight relationships were calculated as W=
0.0128L.28703 (R2 = 0.975) for females, W = 0.0103L29462 (R2 =
0.969) for males and W = 0.0097L29%29 (R2 = (0.978) for all
specimens. Our data suggested that Capoeta angorae
showed negative allometric growth. The parameter “b” of
length-weight relationships was significantly different from 3
(P <0.05).

Otolith morphometrics

Otolith length, width and radius were ranged between 1.67
- 3.45 mm, 1.39 - 2.82 mm and 0.89 - 1.70 mm, respectively
(Table 1). No significant differences in otolith morphometrics
were found between left and right otoliths (paired ¢ test, P >
0.05). The different otolith measurements (OL, OW and OR)
showed significant linear relationships with the L (Table 2).

Table 1. Otolith length (OL), width (OW) and radius (OR) measurements according to the age of Capoeta angorae from Menzelet Reservoir and Firniz Stream.

AgeClass Sex N Otolith Length (mm Otolith Width (mm Otolith Radius (mm;
Min Max. Mean sD Min Max. Mean sD Win. Max. Mean SD

Femak 2 1738 1738 1735 o 1445 1445 1445 0.000 0912 0912 0912 0.0

g Mae 3 1849 2.041 1956 0008 1534 1684 1612 0077 0.959 1038 1.003 0.041
Undetermined 3 1674 2,058 1818 0.163 1387 1698 1.550 0.148 0.887 1.046 0943 0.068
Al 8 1674 2058 1843 0.145 1.307 1692 1549 0.423 0.887 1.046 0.955 0.061
Femak 1 2218 2.218 2218 1.821 1.821 1.821 . 141 111 111

o Mae 5 2111 2.350 2218 0085 1738 1.850 1.803 0.047 1.040 1421 1.085 0.033
Undetermined 3 1920 1.920 1.920 0083 1780 1.780 1.780 0.088 1.950 0.950 0.950
Al 9 1920 2.360 2476 0437 1739 1.850 1.802 0.040 0.950 1421 1.069 0.060
Femak 2 2100 2750 2388 0120 1720 2140 1964 0.106 1.040 1.370 1.191 0.064

2 Mae 4 2090 2790 243 0148 1720 2340 2005 0117 1.010 1.370 1.203 0.078
Al 60 2090 2790 2420 0147 1720 2340 1992 0.114 1.010 1.370 1.199 0.074
Femak 20 2350 3.180 2859 0170 1770 2340 2144 0.108 1.130 1.480 1301 0.074

* Mae 3 2.250 2870 2561 0140 1900 2450 2131 0.134 0.962 1531 1266 0.108
Al 53 2250 3.180 2617 0.154 1770 2450 2.136 0.124 1.968 1531 1.280 0.098
Femak 14 2723 3201 2904 0171 2100 2664 2320 0.138 1.250 1,555 1.367 0.092

# o pae " 2610 3.240 2798 0174 2.080 2420 2244 0.102 1.310 1570 1371 0.079
Al 5 2610 3.291 23859 0477 2080 2664 2288 0.128 1.250 1570 1.369 0.085
Femak " 2924 3390 3148 0194 2.290 2820 2545 0.185 1.270 1,680 1495 0.120

* Mae ] 2500 3450 3016 0167 2130 2620 2404 0114 1.350 1700 1.451 0.098
Al 20 2900 3.450 3.089 0.190 2.190 2820 2.431 0.169 1.270 1.700 1475 0.110
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Table 2. Parameters of the otolith measurements (otolith length, OL; otolith width, OW; otolith radius, OR) linear relationships with the fish length (L) of Capoeta

angorae from Menzelet Reservoir and Firniz Stream.

Otolith Measurements N a b R2 P
oL 178 0.087 1.018 0.897

ow 178 0.068 0.883 0.882 <0.01
OR 178 0.036 0.616 0.799 <0.01

N is the number of speciemens, “a” is the slope of the regression line, “b” is y-intercept and R? is the coefficient of determination.

The relationships between otolith morphometrics and age
were described in Figure 4. A power model explained between
67.5% and 77.8% of the variation in age. No significant
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differences were found between ages estimated from otoliths
and ages predicted from OL, OW and OR (Mann- Whitney U
test; P> 0.05).
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Figure 4. The relationships between otolith morphometrics and age for Capoeta angorae. A) Otolith Length B) Otolith Width C) Otolith Radius.

Age and growth

The total length of aged specimens ranged from 7.5 to
27.0 cm (Table 3). The age-classes in the otolith sample
ranged from 0+ to 5+ years, while the samples were

dominated by the 2+ and 3+ age-classes (34.3% and 30.3%,
respectively). There were no difference between the age
distributions of males and females, as most of the females
were 2+ (27.9%) and 3+ (32.4%) years old, while males were
mostly the same 2+ (40.6%) and 3+ (32.7%) years old (Figure
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5). From this data we can see that most of the females were
3+ years old while the males were 2+ years old. The von
Bertalanffy growth curves fitted to the length at age data. The
estimated parameters of the equation were: L~ = 27.55 cm

(L), K=0.465 (year"), to = -0.539 (year), females; L~ = 22.84
cm (L), K=0.772 (year"), to = -0.71 (year) males; L. = 42.25
cm (L), K = 0.102 (year'), fo = -2.84 (year) overall.

Table 3. Age-length key for Capoeta angorae with mean total length (L) and weight (W). SE = Standart error

Total length {cm) Age Classes
0+ 1+ 2 3+ 4 5+
75-94 5
95-11.4 3 2
115-134 3
135-154 4 12 1
155-17.4 4 23
175-19.4 6 24 2
195-21.4 1 2 16 1
215-234 2 5 13
235-254 1 1 2
255-21.0 1 4
N 8 9 60 53 25 20
% 46 5.1 3 w3 143 114
Lissa¥SE 9.1+05 13703 1640 178202 20903 232+04
Waesnt SE 7611 2463+26 396613 515623 79.59+55 113637
40 - DOFemale ®mMale 2All
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)
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Figure 5. Age structure of Capoeta angorae from Menzelet Reservoir and Firniz Stream.
DISCUSSION

The asteriscus otoliths of the C. angorae showed
identifiable opaque and translucent bands. We determined
that whole otoliths are suitable for age and growth studies for
this species. In addition, whole otoliths can be more easily
obtained and do not involve time consuming analysis
processes. The results of the present study showed that C.
angorae otoliths have relatively larger bands of at least first
growth increments (Figure 3). In point of fact, it is known that
growth rate drops after the first year which related to sexual
maturity, leading to shorter growth increments in the
forthcoming years (Wootton, 1992).

In the present study only 1.68% of otoliths could not be
read, but also 14% of otoliths were read very difficult. The
analysis of the other 175 otoliths revealed that age-class 2+
was dominant (34.3%). Males were dominant until age 3, but
after then females were became dominant in the population
(Figure 5). Maximum age and length was estimated as 5+
years and 27 cm L for females, and 5+ years and 23 cm L for

males. These results are similar to those reported for the
same species from upper parts of the Ceyhan River, Turkey
(5+ years and 25.6 cm FL, for females; 5+ years and 25.0 cm
FL, for males in Alp et al., (2005).

The von Bertalanffy growth function provided an accurate
description of C. angorae’s somatic growth. The von
Bertalanffy growth functions that were calculated for male and
female C. angorae in this study showed that, female
theoretical maximal length value (L~ = 27.55 cm) were higher
than the males (L~ = 22.84 cm). Growth parameters (L-, K
and to) from the present study and previously published
studies of Capoeta genus in Turkey are given in Table 4. The
differences in the theoretical maximal length value between
regions can be attributed to the difference in the size of the
largest individual sampled in each area. The values of growth
constant (K) determines how fast is the fish reaching L- length
(Sparre and Venema, 1992). The values of growth constant
(K) obtained from this study were close to the values of
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estimated for the C. erhani from Menzelet Reservoir (Ayyildiz
et al., 2014). However, these results differ from other studies
(Erdogan, 1988; Tirkmen et al., 2002; Alp et al., 2005). A

possible explanation for these results may be due to the
samples collected in both lentic and lotic habitats. But in the
other studies, samples were collected only in lotic habitats.

Table 4. Von Bertalanffy growth parameters of the different Capoeta species from different regions in Turkey.

Author Study area Species Sex. Age L= K ts
Turkmen etal (2002) KarasuRiver C.c umhia M 110 4230 0126 —0g8
F 1-12 4570 0.139 0283
Erdodan (1838) Aras River C.c.canoeta M 11 4430 0.118 —1.21
F 1 -1 4840 D11 —079
M+F 1 -1 4750 0112 —102
Alp et al. (2005) Ceyhan River C.c angorse M 1-7 4725 0.133 —076
F 1-10 6225 0.101 —059
Ayyidiz etal (2014) Menzeket Reservoir C erhani M 0-6 3202 0.843 —057
F D -6 3383 0.964 —056
M+F 0-6 3385 0.821 —048
Present Study Menzelet Reservoir and Firniz Stream C. angorae M 0-5 2284 0772 —053
F 0-5 2755 0.465 -0
M+ D-5 4225 0.102 —262

Otolith size - fish size relationships were significantly
linear, demonstrating that otolith growth was proportional to
the somatic growth for C. angorae from Turkey. This result
showed that fish size can be estimated by using the otolith
size. Bostanci (2009) reported that, it is possible to determine
fish length from otolith length or vice versa by using the
relationship between fish and otolith length. Otolith
morphometry informations are very useful to estimate size and
species of prey fishes which are found in digestive stomach
contents (Aydin et al, 2004). Some authors have been
studied the relationships between otolith morphometry and
fish size for different species, however, only otolith length was
used in the analysis (Aydin et al., 2004; Uckun et al., 2006). In
the current study, additional information has been reported
given by the otolith length (OL), width (OW) and radius (OR).
It is more appropriate to determine more than one equation
(OL-L, OW-L or OR-L), because the otolith may be damaged
in stomach.

The average otolith length, width and radius increased
with the age of C. angorae. All models provided precise
estimates, and otolith length was the best predictor of fish age
for C. angorae, accounting for 78% of the variability in age

REFERENCES

Alp, A., Kara, C., Blyukeapar, H. M., 2004. Reproductive biology in a native
European catfish, Silurus glanis L., 1758, population in Menzelet
Reservoir. Turkish Journal of Veterinary & Animal Sciences, 28(3): 613-
622.

Alp, A., Kara, C., Biiylkcapar, H. M., Biilbill, O., 2005. Age, growth and
condition of Capoeta capoeta angorae Hanko, 1924 from the upper
water systems of the River Ceyhan, Turkey. Turkish Journal of
Veterinary & Animal Sciences, 29: 665-676.

Aydin, R., Galta, M., Sen, D., Coban, M. Z., 2004. Relationships between fish
lengths and otolith length in the population of Chondrostoma regium

followed by otolith width then otolith radius. Skeljo et al. (2012)
reported that if a stereomicroscope with digital camera are
available, measuring otolith length may be the best choice due
to the quick procedure and provides better precision than the
otolith width. Even though otolith morphometrics contain some
ageing errors, they could make a better estimation of age
structure than counting otolith annuli rings (Matic-Skoko et al.,
2011). However, in order to determine the utility of otolith
morphometrics for age estimations, it is necessary to compare
observed ages with the predicted ages (Pilling et al., 2003;
Steward et al., 2009; Matic-Skoko et al., 2011; Skeljo et al.,
2012). In the present results, no significant difference was
found between the age predicted from the OL, OW and OR
and counting otolith rings.

The present study provides the first information on otolith
morphometrics, age and growth of C. angorae. The results
derived in this study provide essential information needed for
stock assessment and management. However, this study is
missing monthly data. Further studies of C. angorae are
needed to examine ageing and growth by using otoliths as
well as samplings should be done on a monthly basis.

(Heckel, 1843) inhabiting Keban Dam Lake. Pakistan Journal of
Biological Sciences, 7(9): 1550-1553. doi: 10.3923/pjbs.2004.1550.1553

Aydogdu, A., Emre, Y., Emre, N., Kiigiik, F., 2011. Two new host records for
Pomphorhynchus laevis (Muller, 1776) (Acanthocephala) recorded from
Antalya, Turkey: Small bleak (Alburnus baliki Bogutskaya, Kucuk & Unlu,
2000) and Antalya barb (Capoeta antalyensis Battalgil, 1944). Turkish
Journal of Zoology, 35(6): 897-900. doi: 10.3906/z00-0909-32

Ayylldiz, H., Emre, Y., Ozen, O., Yagc!, A., 2014. Age and growth of Capoeta
erhani (Actinopterygii: Cypriniformes: Cyprinidae) from the Menzelet
Reservoir, Turkey. Acta Ichthyologica et Piscatoria, 44(2): 105-110.
doi: 10.3750/AIP2014.44.2.03

84


http://www.scialert.net/abstract/?doi=pjbs.2004.1550.1553
http://journals.tubitak.gov.tr/zoology/issues/zoo-11-35-6/zoo-35-6-17-0909-32.pdf
http://www.aiep.pl/volumes/2010/5_2/txt/txt_03.php

Age, growth and otolith morphometry of Capoeta angorae (Cyprinidae) collected from Menzelet Reservoir and Firniz Stream (Turkey)

Banarescu, P. M. 1999. p. In: The Freshwater Fishes of Europe, edited: V. 5.
Cyprinidae 2. Pt. I: Rhodeus to Capoeta. AULA-Verlag, Wiebelsheim.

Bostanci, D., 2009. Otolith Biometry-Body length relationships in four fish
species (Chub, Pikeperch, Crucian carp, and Common Carp). Journal of
Freshwater Ecology, 24(4): 619-624.
doi: 10.1080/02705060.2009.9664339

Coban, M. Z., Giindiiz, F., Demirol, F., Ornekgi, G. N., Karakaya, G.,
Tiirkgili, 1., Alp, A., 2013. Population dynamics and stock assessment of
Capoeta umbla (heckel, 1843) in Lake Hazar, Elazig, Turkey. Turkish
Journal of Fisheries and Aquatic Sciences, 13(2): 221-231.
doi: 10.4194/1303-2712-v13_2_04

Demirci, S., Ozdilek, S. Y., 2010. Some population parameters of Capoeta
copaeta in River AS| (Hatay-Turkey). Journal of Animal and Veterinary
Advances, 9(3): 452-454. doi: 10.3923/javaa.2010.452.454

Elp, M., Sen, F., 2009. Biological properties of Capoeta capoeta
(Guldenstaedt, 1773) population living in Karasu Stream (Van, Turkey).
Journal of Animal and Veterinary Advances, 8(1): 139-142.

Erdogan, O., 1988. Growth and reproduction of Capoeta capoeta capoeta
(Guldenstaedt, 1772) and investigation of some physico-chemical
properties of the Aras River. [PhD Thesis]. (In Turkish with English
abstract) Ataturk University, Graduate School of Natural and Applied
Sciences, Erzurum, Turkey.. 101 p.

Hammers, B. E., Miranda, L. E., 1991. Comparison of methods for estimating
age, growth, and related population characteristics of white crappies.
North American Journal of Fisheries Management, 11(4): 492-498.
doi:10.1577/1548-8675(1991)011<0492: COMFEA>2.3.CO;2

Kalkan, E., 2008. Growth and reproduction properties of Capoeta trutta
(Heckel, 1843) in Karakaya Dam Lake. Turkish Journal of Zoology,
32(1): 1-10.

Kurutas, E. B., Sahan, A., Altun, T., 2009. Oxidative stress biomarkers in liver
and gill tissues of spotted barb (Capoeta barroisi Lortet, 1894) living in
the river Ceyhan, Adana, Turkey. Turkish Journal of Biology, 33(4): 275-
282. doi: 10.3906/biy-0812-8

Kiigiik, F., Turan, D., Sahin, C., Giille, ., 2009. Capoeta mauricii n. sp., a new
species of cyprinid fish from Lake Beysehir, Turkey (Osteichthyes:
Cyprinidae).  Zoology in the Middle East, 47: 71-82.
doi: 10.1080/09397140.2009.10638349

Levin, B. A., Freyhof, J., Lajbner, Z., Perea, S., Abdoli, A., Gaffaroglu, M.,
Ozulug, M., Rubenyan, H. R., Salnikov, V. B., Doadrio, I., 2012.
Phylogenetic relationships of the algae scraping cyprinid genus Capoeta
(Teleostei: Cyprinidae). Molecular Phylogenetics and Evolution, 62(1):
542-549. doi: 10.1016/j.ympev.2011.09.004

Maceina, M. J., Sammons, S. M., 2006. An evaluation of different structures
to age freshwater fish from a northeastern US river. Fisheries
Management and Ecology, 13(4): 237-242.
doi: 10.1111/j.1365-2400.2006.00497 .x

Matic-Skoko, S., Ferri, J., Skeljo, F., Bartulovic, V., Glavic, K., Glamuzina, B.,
2011. Age, growth and validation of otolith morphometrics as predictors
of age in the forkbeard, Phycis phycis (Gadidae). Fisheries Research,
112(1-2): 52-58._doi: 10.1016/j.fishres.2011.08.010

Ofstad, L. H., Angus, C., Pedersen, T., Steingrund, P., 2013. Age and growth
of anglerfish (Lophius piscatorius) in Faroese waters. Fisheries
Research, 139(0): 51-60. doi: 10.1016/j.fishres.2012.05.011

Ozcan, G., Balik, S., 2009. Some biological parameters of the bergamae
barb, Capoeta bergamae Karaman, 1969 (Cyprinidae), in Kemer
reservoir (Aydin, Turkey). North-Western Journal of Zoology, 5(2): 242-
250.

Ozulug, M., Freyhof, J., 2008. Capoeta turani, a new species of barbel from
River Seyhan, Turkey (Teleostei: Cyprinidae). Ichthyological Exploration
of Freshwaters, 19(4): 289-296.

Pilling, G. M., Grandcourt, E. M., Kirkwood, G. P., 2003. The utility of otolith
weight as a predictor of age in the emperor Lethrinus mahsena and other
tropical fish species. Fisheries Research, 60(2-3): 493-506.
doi: 10.1016/S0165-7836(02)00087-5

Ricker, W. E., 1975. Computation and interpretation of biological statistics of
fish populations. Bulletin of the Fisheries Research Board of Canada,
191: 382.

Schoeter, C., Ozulud, M., Freyhof, J., 2009. Capoeta caelestis, a new species
from Goksu River, Turkey (Teleostei: Cyprinidae). Ichthyological
Exploration of Freshwaters, 20(3): 229-236.

Skeljo, F., Ferri, J., Brcic, J., Petric, M., Jardas, I., 2012. Age, growth and
utility of otolith morphometrics as a predictor of age in the wrasse Coris
julis (Labridae) from the eastern Adriatic Sea. Scientia Marina, 76(3):
587-595. doi: 10.3989/scimar.03521.07G

Sparre, P., Venema, S. C., 1992. Introduction to tropical fish stock
assessment. Part 1. Manual. FAO Fisheries Technical Paper, 306/1:
376.

Steward, C. A., DeMaria, K. D., Shenker, J. M., 2009. Using otolith
morphometrics to quickly and inexpensively predict age in the gray
angelfish (Pomacanthus arcuatus). Fisheries Research, 99(2): 123-129.
doi: 10.1016/j.fishres.2009.05.011

Turan, C., Ozcan, G., 2009. Threatened fishes of the world: Capoeta
antalyensis (Battalgil, 1943) (Cyprinidae). Environmental Biology of
Fishes, 84(3): 243-244. doi: 10.1007/510641-008-9415-x

Turan, D., Kottelat, M., Ekmekci, F. G., 2008. Capoeta erhani, a new species
of cyprinid fish from Ceyhan River, Turkey (Teleostei: Cyprinidae).
Ichthyological Exploration of Freshwaters, 19(3): 263-270.

Turan, D., Kottelat, M., Ekmekei, F. G., imamoglu, H. 0., 2006a. A review of
Capoeta tinca, with descriptions of two new species from Turkey
(Teleostei : Cyprinidae). Revue Suisse De Zoologie, 113(2): 421-436.

Turan, D., Kottelat, M., Kirankaya, S. G., Engin, S., 2006b. Capoeta
ekmekciae, a new species of cyprinid fish from northeastern Anatolia
(Teleostei : Cyprinidae). Ichthyological Exploration of Freshwaters, 17(2):
147-156.

Tiirkmen, M., Erdogan, O., Yildinm, A., Akyurt, I., 2002. Reproduction tactics,
age and growth of Capoeta capoeta umbla Heckel 1843 from the Askale
Region of the Karasu River, Turkey. Fisheries Research, 54(3): 317-328.
doi: 10.1016/s0165-7836(01)00266-1

Uckun, D., Taskavak, E., Togulga, M., 2006. A Preliminary study on otolith-
total length relationship of the common hake (Merluccius merluccius L.,
1758) in izmir Bay, Aegean Sea. Pakistan Journal of Biological Sciences,
9(9): 1720-1725. doi: 10.3923/pjbs.2006.1720.1725

von Bertalanffy, L., 1938. A quantitative theory of organic growth (inquiries on
growth laws I1). Human Biology, 10: 181-213.

Wootton, R. J., 1992. Constraints in the evolution of fish life histories.
Netherlands Journal of Zoology, 42: 291-303.
doi: 10.1163/156854291X00342

Yildinm, N. C., Benzer, F., Danabas, D., 2011. Evaluation of environmental
pollution at Munzur River of Tunceli applying oxidative stress biomarkers
in Capoeta trutta (Heckel, 1843). Journal of Animal and Plant Sciences,
21(1): 66-71.

Yilmaz, S., Yazicioglu, O., Yilmaz, M., Polat, N., 2010. Length-Weight and
Length-Length Relationships of Capoeta sieboldii from Hirfanli Dam
Lake, Turkey. Journal of Freshwater Ecology, 25(2): 205-209.
doi: 10.1080/02705060.2010.9665069

Yiksel, F., Alp, A., Glindiiz, F., Coban, M. Z., Demirol, F., 2014. Estimation of
the population size of Capoeta umbla (heckel, 1843) in the Lake Hazar
(Elazig) by removal method. Digest Journal of Nanomaterials and
Biostructures, 9(1): 167-174.

Zar, J. H., 1984. Biostatistical Analysis, Prentice-Hall, Englewood Cliffs, NJ,
USA, 620 p.

85


http://www.tandfonline.com/doi/abs/10.1080/02705060.2009.9664339#.VRSJaR05noo
http://www.trjfas.org/pdf/issue_13_02/0204.pdf
http://dx.doi.org/10.3923/javaa.2010.452.454
http://www.tandfonline.com/doi/abs/10.1577/1548-8675%281991%29011%3C0492%3ACOMFEA%3E2.3.CO%3B2#.VRSJux05noo
http://journals.tubitak.gov.tr/biology/issues/biy-09-33-4/biy-33-4-2-0812-8.pdf
http://dx.doi.org/10.1080/09397140.2009.10638349
http://www.sciencedirect.com/science/article/pii/S1055790311003940
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2400.2006.00497.x/abstract;jsessionid=3BA1A1C1B0C56CDF71D5B4D9B6A1B5EE.f04t04
http://www.sciencedirect.com/science/article/pii/S0165783611002797
http://dx.doi.org/10.1016/j.fishres.2012.05.011
http://dx.doi.org/10.1016/S0165-7836(02)00087-5
http://scientiamarina.revistas.csic.es/index.php/scientiamarina/article/view/1348/1441
http://www.sciencedirect.com/science/article/pii/S0165783609001271
http://link.springer.com/article/10.1007%2Fs10641-008-9415-x
http://www.sciencedirect.com/science/article/pii/S0165783601002661
http://dx.doi.org/10.3923/pjbs.2006.1720.1725
http://dx.doi.org/10.1163/156854291X00342
http://www.tandfonline.com/doi/abs/10.1080/02705060.2010.9665069#.VRSIhB05noo

