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Abstract- Sex ratio, morphometric characteristics, age and growth for four fish species from Bulgarian Black Sea were examined. A total
of 2013 individuals from 4 families, were caught between May 2006 and December 2010. Female: male sex ratio varied from 1:0.3 in
Trachurus mediterraneus ponticus to 1:1.9 in Sarda sarda. According to the age readings, distribution varied from | to VI year. The von
Bertalanffy equation and growth performance index were determined by FiSAT Il software in Alosa imaculata, Engraulis encrasicolus,
Trachurus mediterraneus ponticus and Sarda sarda. Asymptotic values for total length (L.,) ranged from 82.97 cm for S. sarda to 14.60 cm
for E. encrasicolus. Growth rates (k) varied from 0.4794 year* for E. encrasicolus to 0.1044 year* for T. mediterraneus. The data sets
were limited in most cases, thus this study provides preliminary population parameters only, but for species for which information is

scarce.
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. INTRODUCTION

Population parameters of bonito, anchovy and pontic shad
are not frequently reported from species and populations
along the Bulgarian coast. Such data are useful for various
purposes. Examination of age and growth is very important in
ichthyol ogic investigations, because fish growth is one of the
four main factors (recruitment, natural mortality coefficient
and fishing mortality coefficient) determining stock condition
(Mikhailov and Prodanov, 1983). In this study report data for
four species obtained by trawl fisheries in the Black Sea
(Bulgarian territorial waters), where there is little or no data
availablein the scientific literature.

The general biology and population dynamics of the
anchovy have been well researched in various countries
(Ozdamar, 1991; Diizgiines and Karagcam, 1989; Erkoyuncu
and Ozdamar, 1989; Unsal, 1989; Karacam and Diizgiines,
1990; Ozdamar et al., 1994; Ozdamar et al., 1995; Cihangir
and Uslu, 1992; Kayali, 1998; Avsar et al., 1999; Lee and
Lee, 1996; Gordina et al., 1997; Kideys et al., 1999; Bellido
et al., 2000; Mullon €t al., 2002; Giicii, 2002, Samsun €t al.,
2004).

Scientific concern about the sustainability of  horse
mackerel populations have lead to several studies of the
population biology and distribution of T. mediterraneus in
Black Sea waters (Sahin et al. 1997; Prodanov et al. 1997;
Y ankova, 2009; Y ankova and Raykov, 2009; Y ankova, 2010
a 2011; 2013 a, b,c ; Yankova et al. 2010 a, b; Y ankova et
al. 2013).

Regarding pontic shad (Alosa immaculata) many
histological studies on the territory of Bulgaria have been
carried out (Kolarov, 1958a; 1958b; 1960a, 1960b; 1961,
1963; 1964; 1965; 1978; 1980; 1982; 1983; 1985; 1989;
lvanov and Kolarov, 1979 and Prodanov and Kolarov, 1983)
but in the recent years the studies are rare (Ciolac and
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Patriche, 2004; Yankova et al. 2013; Rozdina et al. 2013).
The species is vulnerable according to IUCN and Bulgarian
Red Data Book (http://e-ecodb.bas.bg/rdb/bg/ vol2/ Alpontic.
html; http://www. iucnredlist.org/apps/redlist/ details/907/0.
It is also included in Annex 2 and 4 of the Bulgarian
Biodiversity Act (http://www.biodiversity.
bo/files/File/zak_bg_biodiv.pdf).

A better understanding of the life and growth parameters of
the individual species is crucial for management of these
marine fishes (Musick, 1999).

Recent papers on length—weight relationship (LWR) for
bonito of Bulgarian Black Sea waters include only Yankova,
et al. (2013). Information on morphometric characteristics,
sex ratio, age and growth of bonito fish speciesin thisareais
still absent. The present contribution aims to compensate for
thislack of information.

II. MATERIALSAND METHODS

The investigated area includes the Bulgarian Black Sea
waters in front of Cape Kaliakra, Varna, Cape Emine,
Bourgas, and Sozopol (Figure 1), and the study was
conducted from May 2006 to December 2010. A total of
2013 specimens from 4 fish species were collected by
different fishing techniques (gill net with mesh size 2a=400
mm; trawl net with an “effective” part of the mouth of 16 m,
vertical opening of 4 m, mesh size of the cod end of 6.5 mm;
and trap nets). The samples were transported to the research
laboratory in polythene bags containing ice blocks to prevent
spoilage and were then stored in a deep freezer (-30 °C) to
avert deterioration. The total length of each fish (measured to
the nearest 0.1 cm) was taken from the tip of the snout to the
extended tip of the caudal fin using a measuring board. Body
weight was measured to the nearest gram using a balance.
Sex of individuals was determined by macroscopic
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observation of gonads. After omission of juvenile fish,
mature fish were used to calculate female: mae (F:M) sex
ratio. Chi-square (x?) test was used to test deviations from the
expected sex ratio (1:1). One-way ANOVA was used to
determine differencein length (TL) and body weight between
sexes. Growth was determined by fitting the von Bertalanffy
growth function to length-at-age data using FiSAT |l (version
1.2.2) software (Gayanilo et al., 2005). This allowed a non-
linear estimation of growth parameters L., and k where L, is
the asymptotic length and k is the growth coefficient.
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Figure 1. Sampling area.

The hypothetical time at which the length equas zero (to)
was subsequently calculated from the known length-at-age
data and estimated L., and k according to the von Bertalanffy
plot based on linear regression (Sparre and Venema, 1998):

AIn (1-Lt/L,) = - K*to + K*t

where -In (1-Lt/L., is the dependent variable and age (t) is
the independent variable.

The growth performance index (¢’) was calculated using
FiSAT Il (version 1.2.2) software according to the equation
(Sparre and Venema, 1998):

o = logio (K) + 2 10g10 (L..)

where K is the growth coefficient and L., is the asymptotic
length.

The present study used otoliths to determine age (for
E.encrasicolus, T.mediterraneus, A. imaculata and Ssarda)
which was determined from otolith rings. Otoliths removed
from the fish were stored dry in paper envelopes, and were
then examined in glycerin under a digital microscope
(Microbiotest, Ltd.). Two independent observations of each
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sample were performed with reflected lights and unreadable
otoliths were eliminated from age determination.

1. RESULTS

Mean + S.E. values for total length, body weight and sex
ratio in investigated fish species are presented in Table 1.
One-way ANOV A showed that differencesin total length and
body weight between sexes were statistically significant in
Ssarda (P=0.019, P=0.022, respectively). Chi-square (4°)
analysis showed that female: male sex ratio was significantly
different from the expected sex ratio (1:1) in S sarda (y°
=8.2, P<0.05). According to the age readings, distribution
varied from first year to six year (Table 2). The most
dominant age groups for A. imaculata and Ssarda -1l and V,
for E.encrasicolus-Il and Il and for T.mediterraneus | and
IV, respectively). The estimated growth parameters (L.,, k)
and the growth performance index (o) are given in Table 3.
The maximum estimate of asymptotic length L, was
observed for Ssarda (82.97cm), and the minimum for E.
encrasicolus (14.60 cm). On the whole, the studied speciesin
the Bulgarian Black Sea waters we received low values of
growth rates k (<0.60 year). The smallest k values were
found for T.mediterraneus (k = 0.1044 year’) and A.
imaculata (k = 0.2738 year'). The S sarda and E.
encrasicolus presented the growth rates k = 0.3298 and
0.4794 year?®, respectively. The maximum growth
performance (¢') estimated was 3.3565 for Ssarda and the
minimum value was 1.6160 for E. encrasicolus. Fitted von
Bertalanffy curves in Pontic shad, Anchovy and Bonito are
presented in Figure 2.

Table 1. Length and weight (mean+S.E.) by sex and female:
male (F: M) sex ratio in fish species from the Bulgarian
Black Sea coast.

Species Sex N BW TL Sex ratio
Clupeidae
A. imaculata ° 260 318.6626.041 27.4£3.45 1:0.8
d 218 201.10£1.95 28244412
Total 478 302.75£2.34 26175570

Engraulidae

o

E.encrasicolus 348 13.94:083  13.39£132  1.0.82

d 296 14.03£149  1247£179
Total 644 13.58£1.63 12132117
Carangidae
T.mediterraneus 0 356 22401212 14781318 103
g 71 27165192 12.924242
Total 627 24005151 13.9782.13
Cybiidae
S.sarda 0 137 920£10.35  30.14£252  L:1.9*
d 264 965£6.75  39.14£1.66
Total 264 880£7.41 33354187

*N - number of individuas, BW - body weight, TL - total
length, * statistical significance P<0.05
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Table 2. Length and weight (mean+S.E.) by age categories in 80 -
fish species from the from the Bulgarian Black Sea coast. 70 e
60 -|
EER
Age gﬁ 40 -
Species I II m v v VI E 30 -
Clupeidae 20 +
O Observed length
A imaculata N 51 112 78 89 95 53 10 4
. - Predicted length
BW 13472849  15765:712 194205692 290681252 382741561 465161608 0 . . ‘ . ‘
TL 12955149 20002135 23615=105 27395163 30865275 33022017 0 r 2 3 4 5
Engraulidae Age (ears)
Eencrasicolus N 152 181 174 137 C
BW 826231 129341 WMBIS9T 1636532 Figure 2. Fitted von Bertalanffy growth curve for: (A) Black
2 2 -
TL 1032142 1198076 12.86£0.56 1362114 Sea shad: (B) anchovy; (C) bonito.
Carangidae
Tmediterraneus N 211 119 79 150 50 18
BW 8635375 12442536 15375445 22755604 283371 3559105 ,
TL 98133 117:090 12722030 1424058 1526:057  1652:081 Table 4. Von Bertalanffy’s growtli lmodel (VBGM)
Cybildae parameters. L, (cm), k (year ), to (year).
Ssarda N 50 80 49 24 61
BW S3125:1772 5856421239 63081944  715:1541 821432086 Species Water body and autor Lm [E Tt
TL 37154602 5212083 STI0:L65 6312320 72056 gf" (yar
*N — number of |nd|V|dualS, BW — bOdy wei ght, TL — total Pom%cxhad[i mmacwlata) | DanubeRiver (Rozdma efal 2013) %J.Tj(rm) 04932103411
Pontic shad (4. fmmaculata) | DanubeRiver (Kolarov, 1980) 57.38(cm) | 0.1067 | -1.727
Imgth Pontic shad (4 mmacwlats) | DanubeRiver, Black sea (Kolarov, 1983) 40.43(cm) [ 02703 | 0218
) A 3 Pontic shad (4. fmmaculata) | Black sea (Prodanov, Kolarov, 1983) 4043(cm) [ 027 [ -0218
Table 3. Growth parameters in the most abundant fish species Toremetkerd (7 “Tutkih Black S22 (Selim & 2 199T) T35 | 04071 | 03056
from the BL"garlan Black Sea coast. Horsemackerel (T Black sez (Prodanov ef al. 1997) 19.25(cm) | 03481 | 03914
meditierameus)
Horsemackerel (T Bulgatian Black Sea (Yankova & Raykov, 2006) 18.9%(cm) | 0.3066 | -0.4912
Species L, (cm) K (year’) 1 ¢ Horsemerkerd (T Bulgerian Black Sea S (Takova & Raykov, 2003) 755 | 05 | 182
. meditisranels)
A imaculata 3982 02738 041101 264 Horsemadkerel (T, ulgerizn Black Sez (Vamkovael 2l 2011) T0.80(cm) | 02962 | 03768
meditiaranels)
L gnfr&;im?us 1460 04794 154417 201 Horsemackerel (T Bulgarian Black Sea (Yankova, 2013h) 19.93(m) | 064 | 053
neditieraneus)
Im?difen’m?fﬂs 2597 0.1044 185 Anchovy (E encrasicolus) Black Sea (Ozdamar otal 1991) 16.77(em) | -
Anchovy (E.encrasicolus) Turkish Black Sez (Karagam & Dizgime; 1990) 16.83(cm) | -
Ssarda 8297 (3298 -1.75967 336 @ Turkish Black Sea (Dizginey & Karagam, 1959) @) |-
. . _ Aoy £ “Turkish Black Sea (Unsdl 1089) T | -
*L,, - asymptotic length (cm), k- growth coefficient (year™), Ao Tk Bk S Octemer @ 990 )
_ i i i v~ Anchovy (F. ‘Turkish Black Sea (Bingel ef af. 1996) 16.16(cm) | -
to hyPOtEthlcal ti me at which length equals zero (year)' 9 £ (E Turkish Black Sea( Ozdamar ef af. 1993) 16.83(cm) | -
. Anchovy (E encrasicohis) Turkish Black Sea ( Kayah 1998) 1742m) | -
growth performance index
40 - Anchovy (E encrasicols) ‘Turkish Black Sea (Gézler and Ciloglu 1928) 16.97(m) | -
Anchovy (£ encrasicols) | TurkishBlack Sea (Samsun et al 2004) 13.66(cm) | -
354 Anchovy (E encrasicous) | Turkish Black Sea (Samsun et af. 2006) 17.07(m) | - -
30 4 Bonito (5. sarda) Black Se2 and Eastern Meditetramean (Zusser, 1934) 103 0132 [-18
T Bonito (5. sarda) Black Sea md Eastern Meditetramenn (Tkacheva, 1938) 678 0793 |-
S 25 Bonito (5. sarda) Black S22 md Esstern Maditstrmean (Mavorova and Tkachevs, 1939) | 813 0323
= 20 - Bontto (5. sarda) Black Sea and Eastern Medi Demir, 1963) & 0% |-
2 15 Bouito (8 crda) Black S22 and Eastern Meh Kutzyel, 1967) 51 037 (1%
L Bouito (8. cardd) Gibraltr Steait (Rey ot al 1986) W8 [03%2 1]
10 Bonito (5. sards) Medi Tonizn Sez (Santamartz of 2/ 1998) 80.6 036 |-137
s | O Observed length Bonito (5. sardd) West Mediteranean (Valeirs et . 2008) 3 |omg [da0
- Predicted length Bonito (5. sarda) Black Sez and Sea of Marmara (Ates of ol 2008) 68.0 082 [-039
0 T T T T T | Bonito (5. sarda) Northem Aezean Sea (Cengiz, 2013) 60.8 076 |04
0 1 2 3 4 5 6
Sy IV DISCUSSION
A Morphometric data of horse mackerel did show differences
when compared to previous research (Y ankova, 2009; 2010g;
20 2011; 20134, b, c) of this investigated area. Lower values in
total length and body weight were observed in horse
_ 154 mackerel. These differences are mainly caused by differences
§ @/W in age categories, where less intividual s of higher age groups
'*En“’ 1 (V and V1) and more individuals of the lower age groups (I
3 and 1V) were caught in the present study. Total length of the
5 ©Observed length hor_se macke_rel samples ranged from 9.83 cm to 16.52 cm.
- Predicted length This range differs from those reported by Sahin et al. (1997)
0 o 1 3 3 3 and Geng et al. (1999) for horse mackerel populations of the
AgsiGyears) Turkish Black Sea coast (7.4-14.5 cm) and the Eastern Black
Sea (6.5-19 cm), respectively. There were however,
B
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differences in mean length val ues between the investigations.
Higher variability in length was observed in fish from the
Turkish Black Sea coast (Sahin et al., 1997). According to
Ozaydin et al. (2000), such differences may be attributed to
the sampling strategy used, such as the sampling period, as
well as to variations in temperature and probable differences
between the trophic potential of various localities.

Kolarov (1978) has established 19 size classes for Pontic
shad in the area of Silistra and Svishtov. The most abundant
were 21-22 and 23-34 size classes for the both area. Other
authors describe smaller number of size classes (Paviov,
1953; Kolarov, 1964; 1980). Rozdina et al. (2013) reported
that the biggest individual was male with length 37 cm, and
weight 225 g. The specimen with the highest weight (W =
351 g) wastwo years old male with alength of 29 cm.

The average length and weight increases with increasing
the fish age. Similar results were obtained for other
populations of A. immaculata (Kolarov, 1960a; 1964; 1965;
1978; 1980; 1983; 1985; Ciolac and Patriche, 2004 and
Ergiiden et al., 2007).

Mean lengths of anchovy stated in our study (13.39 cm for
females and 12.47 cm for males) were dightly greater than
those found in other studies carried out in the Turkish Black
Sea waters (Ozdamar et al., 1991); Karacam and Diizgiines,
1990; Diizgiines and Karacam, 1989; Unsal 1989; Ozdamar
et al., 1994; Bingel et al., 1996; Ozdamar et al., 1995; Kayal
1998; Gozler and Ciloglu 1998; Samsun et al., 2004). The
mean values of anchovy in our study is similar to the values
recorded by Samsun et al. (2006), which confirmed that the
females are larger than males.

The length and weight value for S sarda, calculated in the
present study could not be compared with those of previous
studies due to the absence of available data.

The average weight increases with increasing the fish age.
Similar results were obtained for other populations of A.
immaculata (Kolarov, 1960a; 1964; 1965; 1978; 1980; 1983;
1985; Ciolac and Patriche, 2004) and of T.meditteraneus
(Yankova, 2009; 2010a; 2010b; 2011; 20133).

Sex ratio is an important characteristic of fish populations,
given that this relationship depends on reproduction, growth
or stagnation of certain species (Budakov et al., 1983). When
comparing present sex ratio data of horse mackerel with
results of Yankova et al. (2010 c), significant differences are
observed. These differences are most likely caused by
sampling periods. Mentioned authors conducted researches
during spawning periods while the current research was
conducted outside the spawning period and therefore there
were no significant differences in sex ratio in horse mackerel.
Values of growth parameter L., observed in E. encrasicolus
were slightly smaller when compared to research conducted
by Ozdamar et al., (1991); Karagam and Diizgiines, (1990);
Unsal (1989); Ozdamar et al., (1994); Bingel et al., (1996);
Ozdamar et al., (1995); Kayal1 (1998); Gozler and Ciloglu
(1998); Samsun et al., 2004 and Samsun et al., (2006). These
differences in growth might be caused by differences in food
supplies, competition for food between species, differencesin
water temperature, length, age and other (Ricker , 1975, cited
from Okgerman et al., 2010). In this work our results on
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asymptotic length (L,) for anchovy are more similar to
estimates by Diizglines and Karagam, (1989).

The asymptotic length (L.,) values calculated of Ssarda
for the Black Sea and Eastern Mediterranean (Zusser, 1954)
and values of the studies by Kutaygil (1967) are higher than
those of other studies as well asthat of our study. In addition,
the table shows that the L., values of the studies by Tkacheva
(1958), Demir (1963), Valeiras et al. ( 2008), Ates et al.
(2008) and Cengiz (2013) are lower than those of 10 other
studies. Comparing the temp of growth with the coefficient k
from the von Bertalanffy’s equation the population studied by
us shows the lowest growth rates (Table. 3). Fastest temp of
linear growth had the population studied by (Tkacheva, 1958;
Mayorova & Tkacheva, 1959; Demir, 1963; Valeiras et al.
2008; Cengiz, 2013; Ates et al. 2008) and lowest growth
rates had the population studied by (Zusser, 1954; Kutaygil,
1967).

L., values of horse mackerel in the present study was 25.97
cm. Prodanov et al. (1997) calculated an L., value of 19.25
cm for horse mackerel. Yankova and Raykov (2006)
estimated the L, value to be 17.55 cm. The L, value given by
Sahin et al. (1997) for the Turkish Black Sea Coast is 18.36
cm. Raykova-Petrova and Zivkov (1987) reported that the
interrelationship between the growth rate and asymptotic
length is inversely proportional, as in the present
investigation. Zivkov et al. (1999) identified the biological
reasons for the unsuitability of growth parameters and indices
in comparing growth rates, including the absence of
biological significance at such high levels of L., as well as
growth self-regulation and compensation. The growth
coefficient k= 0.1044 year of horse mackere! is lower than
the k reported in previous studies (Yankova & Raykov, 2006;
Yankova et al. 2011, Table 4). Sahin et al. (1997) determined
that the growth coefficient k is a characteristic that is at least
partly genetically determined and that L., is phonotypical.
According to Ricker (1975) this variation may be due to
different stages in ontogenetic development, as well as
differences in environmental conditions, length, age, sex, and
gonad development. The size, quantity and quality of food, as
well as water temperature are closely linked to the growth
parameters of a population (Santic et al., 2002).

The range of L., values (39.82 cm) in our study is almost
similar to the values (40.43 cm) recorded by Kolarov (1983),
which studied the parameters of A. imaculata in the Danube
River of Black sea. It is aso similar to the L., values (40.43
cm) obtained in Prodanov, Kolarov (1983) which studied the
fish gspecies in Black Sea. Other studies have described
different values of L, for Pontic shad (Kolarov, 1980;
Rozdina et al., 2013). Reasons for the differences in growth
among the watersin our study are not known, but may be due
to the availability of food resources. Comparing the temp of
growth with the coefficient k from the von Bertalanffy’s
equation the population studied by us shows the lowest
growth rates (Table. 3). Fastest temp of linear growth had the
population studied by Rozdina et al. (2013) in Danube River.

Almost similar values of ¢' can be observed for species
such as A. imaculata (2.64 in this study and 2.80 in Danube
River by Rozdina et al. (2013) and T.mediterraneus (1.85 in
this study and calculated by Raykov and Yankova (2005) in
the Bulgarian Black Sea (1.74). Among investigated species,
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E. encrasicolus in the present study provided the biggest
growth performance (2.01) as compared to reported by
Samsun et al. 2004 (1.87) for the same species in Turkish
waters by. For Ssarda, the computed value of ¢' (3.36) was
in the range of those reported by Tkacheva, 1958 in Black
Sea (3.56).

Population parameters for E. encrasicolus and Ssarda were
not yet available in the Bulgarian Black Sea and hence these
results contribute to our knowledge of this species.

REFERENCES

(1

2

(3

(4

(el

1

(10

[11]

[12]

[13]

[14]

[15]

[16]

Ates, C., Deval, C.M., Bok, T. 2008. Age and growth of Atlantic
bonito (Sarda sarda Bloch, 1793) in the Sea of Marmara and Black
Sea, Turkey. J. Appl. Ichthyol. 24: 546-550.

Avsar, D., Celik M., Cicek, E. 1999. Comparision of the food
compounds of anchovy (Engraulis encrasicolus Linnaeus, 1758)
from North-eastern mediterranean and the eastern Black Sae. Ege
Uni. Fac of Fis, J. of Fis. and Aqua Sci., 16(3-4): 327-334 (in
Turkish).

Bellido, JM., Pierce, G.J., Romero, JL., Millan, M. 2000. Use of
frequency analysis methods estimate growth of anchovy (Engraulis
encrasicolus L.1758) in the Gulf of Cadis (SW Spain). Fisheries
Research, 48: 107-115.

Bingel, F., Giicii, A.C., Nierman, U., Kideys, A.E., Mutlu, E., Dogan,
M., Kayik¢i., Y., Avsar, D., Bekiroglu, Y., Geng, Y., Okur H.,
Zengin M. 1996. Stock Assesment Studies of the Black Sea Coast,
Tubitak, Final Report, 172.

Budakov, Lj., Pujin, V., Maletin, S, Mugenski, V. 1983. Prilog
poznavanju ihtiofaune Koviljskog rita. [Contribution to knowledge of
Kovilj wetland ichthyofauna] Biosistematika, 9: 51-59. (in Serbian).

Cihangir, B., Uslu, B. 1992. A preiminary study on fecundity of
anchovy, Engraulis encrasicolus (Linneaus, 1758) from Aegean Sea,
Tr. J. Zool., 16: 301-310.

Ciolac, A., Patriche, N. 2004. Structure of danube shad (Alosa pontica
Eichwald, 1838) spawner flocks migrating for reproduction in Danube
River. Applied Ecology and Environmental Research, 2(2): 53-58.

Cengiz, O. 2013. Some biological characteristics of Atlantic bonito
(Sarda sarda Bloch, 1793) from Gallipoli Peninsula and Dardanelles
(northeastern Mediterranean, Turkey). Turk J Zool 37: 73-83.

{9} Diizgiines, E., Karagam, H. 1989. Studies on some population
parameters and growth of the European anchovy (Engraulis
encrasicolus, Linneaus, 1758) in the Blak Sea. Tr. J. Zool., 13: 77-83.

Diizgiines, E., Karagam, H., 1989. Investigation on some population
parameters and growth characteristics of anhovy (Engraulis
encrasicolus L., 1758) in the Black Sea. Doga Zooloji, (13): 7-83.

Demir, M. 1963. Synopsis of biological data on bonito Sarda sarda
(Bloch) 1793. FAO Fish. Rep. 6(2):101-129

Erkoyuncu, U., Ozdamar, E. 1989. Estimation of the age, size and sex
composition and growth parameters of Anchovy Engraulis
encrasicolus (L) in the Black Sea. Fisher. Res., 7: 241-247.

Ergiiden, D., Turan C. Cevik, C. 2007. The growth features of Pontic
Shad Alosa pontica (Eichwald, 1838) in the Sea of Marmara, Turkey.
Journal of Biol. Sc., 7 (4): 685-688.

Gordina, A.D., Nikolsky., V.N. Niermann., U., Bingel, F., Subbotin,
A.A. 1997. New data on the morphological differences of anchovy
(Engraulis encrasicolus L.) in the Black Sea. Fisheries Research, 31:
139-145.

Gozler, A.M., Ciloglu, E. 1998. A research on some population
parameters of european anchovy (Engraulis encrasicolus L., 1758)
caught in the Rize-Hopa coasts (in Turkish). Eastern Anatolia Ragion
I11. Fisheries Semp. 10-12 June 1998, Erzurum, Turkey, 373-383.

Giicii, A.C. 2002. Can over fishing be responsible for the successful
establishment of Minemiopsis leidyi in the Black Sea? Estuarine,
Coastal and Shelf Science 54: 439-451.

ISSN: 2278-5299

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]
[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32

[33]

(34]

(39]

[36]

[37]

Gayanilo, Jr., Sparre C., Pauly P. 2005 FAO-ICLARM stock
assessment tools (FiSAT I1). Revised version. User’s manual. Food
and Agriculture Organization of the United Nations, Rome. Available
athttp://www.fao.org/docrep/ 009/y5997e/y5997e00.htm.

Geng, Y., Zengin, M., Basar, S., Tabak, 1., Ceylan, B., Ciftci, Y.,
Ustiindag, C., Akbulut. B., Sahin, T. 1999. Research Project on
Economical Fishery Products. Proje No: TAGEM/1Y/96/17/3/001,
Sonug Raporu, TKB Su Uriinleri Merkez Arastirma Enstitiisii,
Trabzon, 157 pp. (in Turkish).

lvanov, L., Kolarov, P. 1979. Relation between the catchments of
Pontic shad (Alosa kessleri pontica, Eichw) and solar activity.
Societas internationalis limno-logiae — SIL, XIX, Jubilaumstagung
donauforschung, pp. 389-396.

Karacam, H., Diizgiines. E. 1990. Age, growth and meat yield of
European Anchovy (Engraulis encrasicolus L.,1758) in the Black
Sea. Fisheries Research, 9: 181-186.

Kayali, E. 1998. A research on bioecological properties of anchovy
(Engraulis encrasicolus) and mackerel (Trachurus mediterraneus)
fises in the Eastern Black Sea Ecosystem. Msc. Thesis, K.T.U., Sci.
Tech., 238 p. (in Turkish).

Kolarov, P. 1958a On the reasons for depletion of Pontic shad
catchments on our territory. Ribno Stopanstvo,1: 6-8 (in Bulgarian).

Kolarov, P. 1958b. On Pontic shad (Alosa kessleri pontica Eichw.,
Pisces) movements along Bulgarian Black Sea shore. Priroda, 1: 70—
72(in Bulgarian).

Kolarov P. 1960a Status and prospects of Pontic shad catchments
along Bulgarian shore. Priroda, 4: 54-58 (in Bulgarian).

Kolarov, P. 1960b. Some biologica observations on Pontic shad
(Alosa kessleri pontica Eichw.). SRIFFI, 2, pp. 13-34 (in Bulgarian).

Kolarov, P. 1961. Regarding to the oncoming of the Pontic shad to
the Bulgarian Black Sea shore. Ribno Stopanstvo, 6: 6-7 (in
Bulgarian).

Kolarov, P. 1963. Biologica notes on Pontic shad caught along
Bulgarian Danube River shore in 1962. Ribno Stopanstvo, 8 (in
Bulgarian).

Kolarov, P., 1964. Some features on age structure changes of Pontic
shad (Alosa kessleri pontica Eichw.). Reports of the Institute of
Aquaculture and Fisheries 5: 93-116 (in Bulgarian).

Kolarov, P. 1965. On the biological characteristics of Alosa kessleri
pontica Eichw. from the Bulgarian sector of Danube River. Reports of
SIFO, 6: 87-87(in Bulgarian).

Kolarov, P. 1978. Some changes in Alosa kesderi pontica Eichw
population during the spawning migration. Digest Limnologia na
Balgarskiya Sector na Reka Dunav*, pp. 238-340 (in Bulgarian).

Kolarov, P. 1980. Particularities of Pontic shad (Alosa kessleri
pontica Eichw.) in 1979 in Bulgarian aguatory. Fisheries, 27(4): 17—
19(in Bulgarian).

Kolarov, P. 1982. Dynamics of Pontic Shad (Alosa kessleri pontica
Eichw.) Stocks. Reports of IFR, vol. XIX, Zemizdat, pp. 35-55 (in
Bulgarian).

Kolarov, P., 1983. Some basic parameters of the Pontic shad (Alosa
kesleri pontica Eichw.) population. Hydrobiologiya, 19:60-69 (in
Bulgarian).

Kolarov, P., 1985. Biological particularities and population dynamics
of the anadromous fish species. Dissertation to obtain the ,,Doctor of
Science ,,degree, 300 pp. (in Bulgarian).

Kolarov, P. 1989. State and stocks of some Bulgarian Black sea
anatropous fish species. Hydrobiologiya, 34:50-58 (in Bulgarian).

Kideys, A. E., A.D. Gordina., Bingel, F., Nierman, U. 1999. The
effect of the environmental conditions on the distribution of eggs and
larvae of anchovy (Engraulis encrasicolus L.) in the Black Sea. ICES
Journal of Marine Science, 56 Suplement: 58-64.

Kutaygil, N. 1967. Preliminary age analysis of Mullus barbatus L.
and Merluccius merluccius L. in the Sea of Marmara and some
pelagic fish of Turkey. Proc. Tech. Pap. Gentile. Fish. Counc. Medit.
FAO 8: 361-383.

50



[38]

[39]

[40]

[41]

[42]

[43]

[44]

o)

[45]

[46]

[47)

[48

—

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

International Journal of Latest Research in Science and Technology.

Lee, M.A,, Lee, K.T. 1996. The larval anchovy (Engraulis japonicus)
fishery in relation to the environmental factors in coastal waters of
Franglio, Taiwan. Fisheries Research, 26: 37-48.

Mullon, C., Cury, P., Penven, P.2002. Evolutionary individual-based
model the recruitment of anchovy (Engraulis capensis) in the
Southern Benguela. Can. J. Fish. Aquat. Sci., 59: 910-922.

Mayorova, A.A., Tkacheva, K.S. 1959. Distribution and conditions of
reproduction of pelamid (Sarda sarda) in the Black Sea according to
data for the period 1956-1957. Proc. Tech. Pap. Gent. Fish. Counc.
Medit. FAO 5:509-514.

Mikhailov, K., Prodanov, K. 1983. Approximate assessment of the
natural mortality rate of the anchovy in the Bulgarian Black Sea coast.
Pross. IRR, Varna, 20: 173-182.

Musick, J. A. 1999. Criteria to define extinction risk in marine fishes.
The American Fisheries Society initiative. Fisheries, 24(12): 6-14.

Ozdamar, E. 1991. A research on estimation of some paameters of
anchovy (Engraulis encrasicolus L. 1758) stock in the Black Sea as
viewpoint of population dynamics, Ph. D. Thesis, Ondokuz Mayis
Universsity, Samsun, pp. 85.

Ozdamar, E., Khiara, K., Erkoyuncu, I. 1991. Some biological
characteristic of European anchovy Engraulis encrasicolus L. in the
Black Sea. Journal of the Tokyo University of Fisheries,(78)1: 57-64.

Ozdamar, E., Khiara.,, K. Sakuramato, K., Erkoyuncu, i. 1994.
Variation in the population structure of European Anchovy, Engraulis
encrasicolus L. In The Black Sea. Journal of the Tokyo University of
Fisheries, (81)2: 123-134.

Ozdamar, E., Samsun O., Erkoyuncu, I. 1995. The estimation of
population parameters for anchovy (Engraulis encrasicolus L.) during
1994-1995 fishing seasons in the Turkish Black Sea region (in
Turkish). Ege Uni. Fac of Fis,, J. of Fis. and Aqua. Sci., 12(1-2), 135-
144,

Ozaydin, O., Bilecenoglu, M., Kaya, M. 2000. Age and growth of the
Curled Picarel Centracanthus cirrus Rafinesgue, 1810 (Osteichthyes:
Centracanthidae) in Northern Cyprus, Eastern Mediterranean Sea
Acta Adriatica, 41(2), 35-42.

Okgerman, H.C., Elp, M. Atasagun, S. 2010. The growth and
reproduction of white bream (Blicca bjoerkna L. 1758) in an oligo-
mesotrophic lake in northwest Anatolia (Sapanca, Turkey). Turkish
Journal of Biology, 36: 125-134. doi: 10.3906/biy-1012-157.

Prodanov, K., Mikhailov, K., Daskalov, G., Maxim, K., Chashchin,
A., Arkhipov, A., Shlyakhov, V., Ozdamar, E. 1997. General fisheries
council for the Mediterranean FAO. Environmental management of
fish resources in the Black Sea and their rational exploitation. Studies
and Reviews 68: 73-81.

Pavlov, P. 1.1953. Biological and commercial characteris-tics of the
spawning schools of the Pontic shad. Tr. Inst. Hydrobiology AN
USSR, vol. 28.

Prodanov, K., Kolarov, P. 1983. On the question of the rationa
exploitation of the fish populations. Reports of IFR — Varna, 20:47—
70 (in Bulgarian).

Raykov, V., Yankova, M. 2005. Growth dynamics and mortality
estimation of the Horse Mackerel (Trachurus mediterraneus
ponticus,Aleev) migrating along the Bulgarian Black SeaCoast,” in
Proceedings of the 1st Biannual Scientific Conference Black Sea
Ecosystemand Beyond, pp. 765778, Istanbul, Turkey, May 2005.

Raykova-Petrova, G., Zivkov, M. 1987. Biological meaning and
practical use of the parameters from Bertalanffy equation in fish.
Contemporary achievements of the Bulgarian zoology, Institute of
Zoology - BAS, 105 (in Bulgarian).

Rozdina, D. Rakova-Petrova G., Mirtcheva P. 2013. Age
composition and growth rate of the spawning partof the population of
pontic shad Alosaimmaculata (Bennett, 1835) in the Bulgarian sector
of Danube river. Bulgarian Journa of Agricultural Science, 19
(Supplement 1) 2013, 118-125.

Rey, JC., Alot, E. Ramos A. 1986. Growth of the Atlantic bonito
(Sarda sarda Bloch, 1793) in the Atlantic and Mediterranean area of
the Strait of Gibraltar. Inv. Pesq. 50 (2): 179-185.

Sahin, T., Genc, Y., Okur, H. 1997. Investigation of the growth and
reproduction of horse mackerel (Trachurus mediterraneus ponticus

ISSN: 2278-5299

(57]

(58]

[59]

(60]

(61]

[62]

(63]

[64]

(65]

[66]

[67]

(68]

(69]

(70

(71]

[72)

(73]

[74]

Aleev) population in Turkish Black Sea coast. Turk. J. Zool. 21: 321-
328 (in Turkish).

Santi¢, M., Jardas, 1., Pallaoro A. 2002. Age, growth and mortality
rates of horse mackerel, Trachurus trachurus (L.), living in the
eastern central Adriatic. Period. biol. 104, 165-173.

Samsun, O., Samsun., N., Karamollaoglu A. 2004. Age, growth and
mortality rates of the European anchovy (Engraulis encrasicolus L.
1758) in the Turkish Black Sea Coast. Turkish Journal of Veterinary
and Animal Sciences 28(5): 901-910.

Samsun, O., Samsun N., Kalayci F., Bilgin S. 2006. A Study on
Recent Variations in the Population Structure of European Anchovy
(Engraulis encrasicolus L., 1758) in the Southern Black Sea. Journal
of Fisheries & Aquatic Sciences 2006, Volume 23, Issue (3-4): 301-
306. ISSN 1300 - 1590

Sparre, P., Venema, S. C. 1998. Introduction to tropical fish stock
assessment. Part 1. Manual. FAO Fisheries Technica Paper N°
306.1. Rev. 2. Rome, FAOQ, 407 p.
http://www.fao.org/docrep/W5449E/w5449e00.htm.

Santamaria, N., Sion, L., Cacucci, M., Metrio, G. De. 1998. Eta ed
accrescimento di Sarda sarda (Bloch, 1793) (Pisces, Scombridag)
nello lonio Settentrionale. Biol. Mar. Medit. 5 (1): 721-725.

Tkacheva, K.C. 1958. Conditions of pelamid stocks in the Black Sea
and fishery prospectives. Rybn. Khoz. 34 (12): 10-13.

Unsal, N. 1989. A study on age-legth-weight relationship and
determination of the smallest catching size of anchovy, Engraulis
encrasicolus (L., 1758) in the Black Sea. Ist. Univ., J. of Aquatic
Products. 3(1-2): 17-28. (in Turkish).

Vdeiras, X., Macias, D., Gomez, M.J., Lema, L., Alot, E., Ortiz de
Urbina, JM. and De la Serna, J.M. 2008. Age and growth of Atlantic
bonito (Sarda sarda) in western Mediterranean Sea. Collect. Vol. Sci.
Pap. ICCAT 62(5): 1649-1658.

Yankova, M., Raykov, V. 2006. Approximate assessment of the horse
mackerel natural mortality rate, Trachurus mediterraneus ponticus,
Aleev in the Bulgarian Black Seaterritorial waters. Secretary marine
I.N.C.D.M. 36, 341-348.

Yankova, M. 2009. Condition factor, sex ratio and length-weight
relationship, of Horse mackerel (Trachurus mediterraneus) from the
Bulgarian Black Sea coast. Proceedings of the Union of Scientists-
Varna, Series “Technical Sciences” 2°2008/1°2009, 70-72.

Yankova, M., Raykov, V. 2009. Resent investigation on population
structure of Horse mackerel (Trachurus mediterraneus ponticus
Aleev., 1956) in the Bulgarian Black Sea coast,” Proceedings of the
Institute of Fishing Resources Varna, vol. 27, pp. 39-46.

Yankova,M. Mihneva V. Radu G., Mehanna S. 2010a. Genera
biology of horse mackerel Trachurus mediterraneus (Aleev, 1956) off
the Bulgarian Black Sea coast. Proceedings of the Union of Scientists
— Varna Series “Marine Science” 2°2010, 73-77, ISSN 1310-5833,
73-77.

Yankova, M., Raykov, V., Gerdzhikov, D., Bogomilova, P. 2010b.
Growth and Length-Weight Relationships of the Horse Mackerel,
Trachurus mediterraneus ponticus (Aleev, 1956), in the Bulgarian
Black Sea Coast. Turkish Journal of Zoology, VVolume 34, Issue 1, 85-
92.

Yankova, M. 2010a. Some biologica aspects of the horse mackerel
catch of the Bulgarian Black Sea Coast. Cercetari marine -
Recherches marines, 39, NIMRD, 239-249.

Yankova, M. 2011. An overview on the distribution of horse
mackerel Trachurus mediterraneus in the Black Sea. Proceedings of
the Union of Scientists — Varna, Series “Marine Science”, 89-91pp.,
ISSN 1314-3379.

Yankova, M., Pavlov, D. Raykov V., MichnevaV., Radu Gh. 2011.
Length-Weight Relationships of Ten Fish Species from the Bulgarian
Black Seawaters. Turkish Journal of Zoology, 35 (2): 265 - 270.

Yankova, M., 2013a. Population Dynamics of Horse Mackerel
(Trachurus mediterraneus ponticus) in the Bulgarian Black Sea
Coast. ISRN Zoology, vol. 2013, Article ID 127287, 6 pages,
doi:1155/2013/127287.

Yankova, M., 2013b. A study on the growth of horse mackerel
(Trachurus mediterraneus Aleev, 1956) from Bulgarian waters of the

51


http://www.fao.org/docrep/W5449E/w5449e00.htm.

International Journal of Latest Research in Science and Technology.
Black Sea using length frequency analysis. J. Black
Sea/Mediterranean Environment Vol. 19, No. 1: 111-120.

[75] Yankova, M. 2013c. An overview on the biology of horse mackerel,
Trachurus mediterraneus, off the Bulgarian Black Sea coast. Animal
Diversity, Natural History and Conservation, Daya Publishing House,
New Delhi, (Edited by V. K.Gupta and Anil K. Verma), Vol.2.,
ISBN: 978-81-7035-831-2, 165-179.

[76] Yankova, M., Pavlov, D., Mihneva, V. 2013. Length-Weight
Relationships of Eight Fish Species from the Bulgarian Black Sea
waters. Animal Diversity, Natural History and Conservation, Daya
Publishing House, New Delhi, (Edited by V. K.Gupta and Anil K.
Verma), Vol.3., ISBN: 978-81-7035-830-5, 189-195.

[77] Zusser, S.G. 1954. Biology and fishery for bonito in the Black Sea
Tr. VNIRO 28:160-174.

[78] Zivkov, M., Trichkova, T., Raikova-Petrova, G. 1999 Biological
reasons for unsuitability of growth parameters and indexes for
comparing fish growth. Environmental Biology of Fishes 54: 67-76.

ISSN: 2278-5299



