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Abstract: Identification of sex and age composition of sprat (Sprattus sprattus phalericus Risso, 1826) collected from the Turkish

waters of the Black Sea between April 1990 and January 1992 is performed. The range of the age groups was found to be be-

tween O and V, and dominant age group was the | age for each sex. Their occurrence in inshore waters decreased in winter and in-

creased in autumn due to their spawning migration from inshore waters to offshore and vice versa. Juveniles were dominant in

the warmer upper layer in winter, and adults were dominant before the intensive spawning season (autumn). Females were pre-
_ dominant in all seasons.
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Turkiye'nin Karadeniz Kiyilarindaki Caca Baligi (Sprattus sprattus phalericus
(Risso, 1826))'nin Cinsiyet ve Yas Kompozisyonu :

Ozet: Nisan 1990 ile Ocak 1992 tarihleri arasinda Tarkiye'nin Karadeniz sularindan toplanan ¢agalarin (Sprattus sprattus phalericus
RISSO, 1826) cinsiyet ve yag kompozisyonlarini belirlemek amaciyla bu ¢alisma yapildi. Kiyr sularindan agik sullara, ya da bunun tersi
istikamette gergeklestirdikleri yumurtlama gégiine bagl olarak bu tir bireylerinin kiyi sularinda kigin az, sonbaharda ise bol olarak
bulundukiar; genglerin kis déneminde, ergin bireylerin ise yogun yumurtlama peryodundan ¢énceki mevsimde (sonbahar) daha 1lik
olan yizey tabakasinda baskin bir sekilde bulunduklari; disilerin ise her mevsim icin erkeklerden daha yogun olarak bulunduklart
saptand.

Anahtar Kelimeler: Tirkiye'nin Karadeniz Kiyisi, Gaga (Sprattus sprattus phalericus Risso, 1826) Cinsiyet ve Yag Kompozisyonu

Introduction from 6,182 thousand tons in 1972 (8) to 105,306
thousand tons in 1989 (9). However, there is no
study at the present time regarding statistics related
to sprat landed in the Turkish Black Sea waters as
this catch is not separated from sardines (10), an-

chovy, or Black Sea Shad (personnel observation) in

Sprat has a wide distribution in the Atlanto-
Mediterranean system (1,2,3) where three sub species
of this genus, namely the Atlantic Ocean form (Sprat-
tus sprattus sprattus), the Baltic Sea form (Sprattus
sprattus balticus), and the Black Sea form (Sprattus

sprattus phalericus) have been distinguished. Black Sea
sprat is the most abundant form along the northern
Mediterranean (especially in the Adriatic) and in the
Black Sea (4,5,6,7).

In the Black Sea, the sprat has become of in-
creasing economic importance in recent years. The an-
nual catch of sprat by the Commonwealth of In-
dependent States, Romania and Bulgaria increased

the western Black Sea coast of Turkey.

While considerable information has been published on
the growth (7,11), food and feeding (12), and condi-
tion of the Black Sea sprat (13,14), very little data
are available on the sex composition and age dis-
tribution of this fish.

In this study, the poorly known sex composition
and age distribution of Black Sea sprat have been ex-
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amined in different seasons from April 1990 to Jan-
uary 1992.

Material and Methods

Material collections were made from 57 sampling
stations located along the Turkish Black Sea coast
(Figure 1). Bottom trawl sampling was begun in April
1990 and continued in  September 1990 and Sep-
tember 1991. Mid-water trawl samples were col-
lected in December 1990 and January 1992. The
hauling period was restricted to half an hour, but was
sometimes changed due to the sea bed topography.

Fish were separated from the trawled material and
sorted by species. In poor hauls, the number of the
total catch was considered as the sample size for fur-

ther analyses. Large catches were sub-sampled ac-
cording to the procedure described by Holden & Raitt
(15). Samples were preserved in solutions of 10 %
Formalin buffered with borax (16).

The following examinations were carried out over a
period of at least two months. Total length measure-
ments were made to the nearest millimeter with each
fish lying on its right side with mouth closed. Ranges
of the total length measurements and number of spec-
imens analyzed for each sex group in each sampling
period are shown in Table 1.

In young individuals, sex differentiation was con-
firmed by means of stereo binocular microscope, and
in older specimens, it was determined by direct examina-
tion of the gonads with the naked eye. The criteria for
the identification of each sex are given in Table 2.
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Location of the Sampling Stations Along the Turkish Black Sea Coast (Solid Circles: April 1990; Empty Circles: September 1990; Empty

Squares: December 1990; Solid Rectangular Boxes: September 1991; and Triangles: January 1992).

Table 1
each Sampling Period.

The Minimum and Maximum Total Length Measurements {mm) and Number of Specimens Analyzed (n) for Ageing in Each Sex and in

Sampling
Period

Juveniles

Min-max  (n) Min-max

Females

Males Examined
(n) Min-max (n) Fish

April 1990
September 1990
December 1990
September 1991
January 1992

58-120
52-125
35-112
65-141
49-137

344 58-130 190 534
51-119 159

238 34-105 118
69-130 47
48-119 887

Overall 35-141

34-130

158




Table 2. The Criteria for the Identification of Each Sex.

GONAD

Characteristic Color Sex

Thin and transparent cord pinkish female

More or less symmetrical whitish male
Tubular and granular

appearance pinkish-yeilow female
Ventral edges with wave-like
outline and with soft tissue whitish to creamy male
Full with large translucent

ripe eggs orange-pink female

Full with soft tissue whitish-creamy male
Shrunken with opaque

and ripe ova darkened or translucent female.

Shrunken with bloodshot

and flabby darkened male

Both sagittal otoliths together with cleithra were
used for age determination of a single fish. Ages were
determined satisfactorily from the external surface of
the whole left sagittal otolith, and the right one was
used as a check. Cloudy or chalky surfaced otoliths
were soaked by rapidly dipping in a 20% solution of
HCL before placing it in water (17). The surface of
otolith was then, examined under a stereo binocular
microscope (magnification X 20) by immersing the ot-
olith in glycerine in a petri dish under which there
was a light source. Some otoliths proved difficult to
read because of their transparency, intensive calcifica-
tion, or indistinctive rings and these could not be
aged. To solve such problems, the cleithra was also
used for age determination. It was accepted that the
pairs of growth bands observed in the otolith or
cleithra as opaque and translucent are of an annual
nature.

Results
Sex Composition

The results of the sex composition studies in each
sampling period are given in Table 3. In the deep
trawl! catches, in April 1990 and September 1990, the
female to male percentage and their ratios were
found to be 64:36 = 1.8:1 and 70:26 = 2.7:1, re-
spectively. The corresponding values were 61:30 =
2:1, 86:14 = 6.3:1, and 62:38 = 1.6:1 in December
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Table 3. Percentage Distribution and Ratio of Sexes for Each

Sampling Period.

Percentage Distribution
Sampling

Period Juveniles Females Males  Sex Ratios

April 1990 - 64 36 1.8:
September 1990 70 26 2.7:
December 1990 61 30 2.0:
September 1991 - 86 14 6.3:
January 1992 - 62 38 16:

Overall 65 34 1.9:

1990 mid-water trawl survey, in September 1991
bottom trawling, and in January 1992 mid-water
trawl survey, respectively. Juveniles were identified
only in September and December 1990 samples. Their
percentage ratio was found to be 4 and 9 in the re-
spective two sampling periods.

The overall female to male ratio was 1.9 (65%) :
1 (34%). Table 3 indicates that females predominated
over the males in all sampling periods. In the samples
taken in September 1990 and 1991, the number of
females was relatively higher (70% and 86%, re-
spectively) than in other sampling periods.

The percentage distribution and ratio of sexes in
each age group are given in Table 4 which shows that
the proportion of females was always high in all age
groups. This ratio which is smaller in age groups "0"
and "I" (1.5 : 1.6), abruptly increases until reaching
age group IV, which seems to demonstrate that the
female-to-male ratio increases with increasing age. The
decrease in the sex ratio at age group V may be re-
lated to insufficient sample size (Table 4) due to the
highest fishing pressure on this age group. Therefore,
age group V may not be representative.

Table 4. Percent Sex Distributions and the Sex Ratios in Each age
Group (Figures in Parantheses are the Number of Fish

Examined).

Age Groups Juveniles (%) Females (%) Males (%) Sex Ratios

0 (54) 10 (286) 55 35 15:
I : (1023) 61 39 16:
(608) 74 26 29:

218) 90 10 87:

(79) 91 9 99:

(18) 78 22 36:

2 (2232) 66 32 21:




Sex and Age Composition of Sprat (Sprattus sprattus phalericus (Risso. 1826)) Along the Turkish Black Sea Coast

Age Composition

Percentage distribution of year-classes for each sex
and for all (pooled) fishes caught in different sampling
periods is shown in Figure 2. The percentage dis-
tribution of the ages shows a great similarity except
for that of the December 1990 sample. In April
1990, a considerable part of the sample is con..0sed
of the age group I, while in both September 1990
and 1991 the age group Il was predominant. April
1990, September 1990 and 1991, and January 1992
samples included a wide spread of age groups and
representatives from all identified 5 year classes. Age
group O was dominant only in December 1990, which
may represent the approximate period of recruitment.
However, to establish the recruitment period, separate
special observations are needed (18).

Figure 2 illustrates that the sex and age groups of

sprat vary with the time of year along the Black Sea

(%) * MALES
404 o FEMALES
304 o POOLED DATA

201 APRIL 1990

n= 534

SEPTEMBER 1990
n= 586

DECEMBER 1990
n= 356

<2 SEPTEMBER 1991
TN n=342

JANUARY 1992
n= 1498

POOLED DATA
n= 3316

Figure 2. Percentage of age Composition of the Population Based on
the Samples from Each Sampling Period and on Pooled

Data (April 1990 to January 1992).

coast of Turkey. Further, the age composition of the
population is shown as pooled data in Figure 2, which
shows that the percentage age distribution of the pop-
ulation is characterized by the increasing percentage
from age group O to age group | and then gradually
decreases until age group V.

There is also a considerable difference in the age
composition data between the samples collected by
mid-water trawl (December 1990 and January 1992)
and by bottom trawl (April 1990, September 1990,
and September 1991) (Figure 2). The yields of mid-
water trawl were composed of relatively smaller age
groups when compared to those of the bottom trawl.
Feldman (19) reported that the young individuals of
Atlantic sprat are found in the intermediate and sub-
surface cold layers. This difference may be caused by
the difference in vertical distribution of the young and
adult Black Sea sprat.

Discussion

Percentage sex ratios which were observed to be
higher in September of both years than during the
other sampling periods (Table 3) are in good agree-
ment with the ratio of DBT-D.E.U (20) given for the
region between Sinop and Ordu. They found that the
female to male ratio was 84% in the same period
(October).

Since the males of sprat tend to attain maturity
earlier than females (21), a considerable portion of
the males migrates to the spawning area earlier than
the females. The emigration of mature males from in-
shore to the offshore waters, or to the northwestern
shelf areas results in an initial increase in the per-
centage of females above the overall mean ratio in the
inshore population pool during September.

Most of the samples collected in September 1990
were generally from the southwestern Black Sea coast
(Figure 1). However, in September 1991 all of the
samples were collected from the southeastern Black
Sea basin and the female to male ratio was found to
be at its maximum during this sampling period. This
result may be related to the aggregation of the fe-
males in nutrient-rich areas such as Samsun and Sinop
Bays before spawning.

The number of females in the inshore population
decreased during their most intensive spawning pe-
riods, winter and early spring (Table 3) (7). The re-
duction in the number of females in December, Jan-
uary and April may be due to the fact that a large




portion of females migrated to the offshore waters of
Turkey or to the northwestern basin of the Black Sea
for spawning. However, repeated samples in con-
secutive years are necessary to confirm this.

The calculated female to male ratios in each age
group (Table 4) are higher than those given by De
Silva (22) for Atlantic sprat collected from inshore wa-
ters off the west coast of Scotland. He 1.und that the
sex ratio varied around 50% and there was no not-
icable relation in the sex-ratio at ages up to five. Dis-
agreement between these results may relate directly to
the selection of the nets used in both studies. It is
clear that there is a positive correlation between the
fraction retained in the cod-ends of nets and the fat-
test of fishes. According to Johnson (23) Atlantic
sprat mature at the end of the first year of their life.
It appeared obviously that after maturation, the body
height of the females increases more due to the more
material deposition in their ovaries when compared
with the males. Therefore, the retained fraction of fe-
males and males in the cod-end has been more or less
the same before maturation (Actually, the sex ratio
has been found to be under the overall mean for age
groups "0" and I). The fraction increases with in-
creasing age, except for age V. The sex ratio for age

group V is substantially lower than that of the pre-
vious two age groups (Table 4). The actual reason for
this decrease is not known, but it may be purely a
coincidental result due to their small sample size.

Because of the gear selection, the age group O
may be represented in relatively smaller percentage in
the catch compared to the age group I. At age groups
greater than I, the percentages of occurrence of older
ages were decreasing due to fishing pressure and also
may be due to senescent stress.

The marked increase in the number of juvenile
sprat (age group O) in December and also the oc-
currence of just-matured individuals (age group I} in
small quantities in January and April may represent
the influx of the new generation of the year (Figure
2), which shows a parallelism with the findings of
Van Den Broek (24) for the Atlantic sprat. This is also
the period of the extensive spawning within the off-
shore waters. According to Uysal (25), inshore waters
along the Turkish Black Sea coast are found to be
more productive than offshore waters in terms of
phytoplankton density in winter. In addition to other
favourable conditions, it seems that juveniles prefer
relatively productive water and are distributed in in-
shore waters during the winter, while adult stock is
distributed relatively more in offshore waters.
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Fish of age O were caught by means of bottom
and mid water trawls during all sampling periods ex-
cept in September 1991. The difference among the
smallest age group of the stock in September 1991
and in the remaining sampling periods should certain-
ly be related to the cod-end mesh size because only
the September 1991 cruise was conducted by RV SU-
RAT1 equipped with a deep trawl which had a larger
mesh size (14mm) than that of the R/V BILIM (7mm).
Unfortunately, catchability of smaller specimens be-
longing to age group O is much less with a larger
mesh sized net. Therefore, no data on age group O
are available for the September 1991 cruise.

According to Ivanov & Beverton (7), sprat spawns
mainly in the northwestern shelves and river deltas lo-
cated along the Black Sea coast. They found that ma-
ture sprats perform extensive spawning migrations to-
wards the offshore of the large river deltas and
northwestern shelf area. In the South, the offshore of
Yesihrmak and Kiziirmak deltas are the most im-
portant areas for sprat along the Turkish Black Sea
coast. The September 1991 cruise was performed
only in the southeastern part of the sea and was in-
tensified in these two largest river deltas (Figure 1).
The presence of one-year and older age groups in the
September 1991 sample, suggests the aggregation of
mature specimens possibly for feeding before spawn-
ing in these areas. This assumption is supported by
the observation of Hoziosky et al. (26) whose findings
imply that adult individuals of the Baltic sprat form
relatively isolated feeding gatherings in the summer-
autumn period of the year.

Conclusion

There is no comprehensive published study on the
sex composition, and age distribution of Black Sea
sprat. The present study was therefore carried out us-
ing the samples collected from the Turkish Black Sea
coast during April 1990 and January 1992.

Females were more dominant than males in all
sampling periods (Table 3), which was also observed
by De Silva (22) in the Atlantic form (S.sprattus sprat-
tus). The percentage of occurrences of female, males,
and juveniles were estimated to be 65%, 34%, and
2%, respectively (Table 3). The decreasing percentage
of the females in winter (December 1990 and January
1992) is most likely due to their spawning migration
from inshore to offshore waters, and their increasing
ratio in autumn (September 1990 and September
1991) is related to the aggregation in nutrient-rich in-
shore waters before spawning.
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¢ Age group (0) occurred almost in all sampling pe-
Friods. However, due to the larger cod-end mesh size
t (=14mm) of the trawl net of R/V/SURAT1, samples
collected in September 1991 are missing this age
group. The highest percentage occurrence of the age
group (0) in the December sample (Figure 2) which
was sampled with a mid-water trawl net shows that
the juveniles are distributed mainly in the upper layer
during the cold season. The occurrence of relatively
older individuals (age groups Il and IlI} with the high
dominancy in September of both years 1990 and
1991 supports the statement related to their aggrega-
tion in inshore waters before spawning. In all sam-
pling periods, the small representation of individuals
older than age group (lll) can be explained by the
fishing pressure and senescent stress.

Acknowledgement

This work is a part of a Ph.D. thesis supervised by
Dr. Ferit BINGEL, which was carried out within the
framework of the project "STOCK ASSESSMENT
STUDIES FOR THE TURKISH BLACK SEA COAST"
sponsored by NATO-Science for Stability Program, the
Turkish Scientific and Technical Research Council (TU-
BITAK) and the Turkish State Planning Office. |
would like to extend my sincere thanks to Prof. U.
UNLUATA, Director of the Institute of Marine Sciences-
METU, for providing facilities. | am also grateful to
Dr. Ali Cemal GUCU, Dr. Zahit UYSAL, Dr. Ahmet E.
KIDEYS, and the crews of RV "BILIM" and R/V "SU-
RAT1" for their help.

References

1. Whitehead, P.J.P., Clupeidae. In fishes of the North-eastern At-
lantic and the Mediterranean. Eds. P,j.p. Whitehead, M.-L. Bau-
chot, J.-C. Hureau. J. Nielsen, E. Tortonese. Printed by Richard
Clay Itd. U.K. 510 p. 1984.

Whitehead, P.J.P., FAO species catalogue. Vol. 7. Clupeoid fishes
of the world. An annotated and illustrated catalogue of the her-
rings. sardines, pilchards, sprats. anchovies and wolfherrings.
Part 1- Chirocentridae, Clupeidae and Pristigasteridae.
FAQO Fish. Synop; (125): 7. Pt. 1: 303 p. 1985.

Fischer, W., M.-L. Bauchot et M. Schneider (Eds.).. Fishes FAO
d'identification des espe’ces pour les besoins de la’ pe'che. (Rev.
1). Me'diterrane’e et mer Noire. Zone de pe'che 37. Vol. Il
Verte'bre’s. FAO & E.C; praject. GCP/INT/422/EEC. ROME, FAQ;
(2): 761-1530, 1987.

Slastenenko, E.. Karadeniz Havzasi Baliklari {The fishes of the
Black Sea Basin). Translated from Russian by Altan, H., E.B.K.
Umum Mud. Yay., Istanbul, 711 p., 1955-1956.

Tortonese, E., Fauna D' Italia Vol. X, Osteichthyes. Bologna. Italy.
565 p. 1970.

Fischer, W.(Ed)., FAO species identification sheets for fishery pur-
poses Mediterranean and Black Sea (fishing area 37). FAQ,
Rome: (I): pag. var., 1973.

Ivanov, L., Beverton, R.J.H., The fisheries resources of the Med-
iterranean. Part two: Black Sea. Etud. Rev. CGPM/Stud. Rev.
CFCM: (60): 135 p. 1985.

GFCM., GFCM Statistical Bulletin, No. 5. Nominal catches

GFCM.., GFCM Statistical Bulletin, No. 7. Nominal catches 1975-
87. GFCM Stat. Bull; (7): 205 p., 1989.

Demir, N., Southward, A.J., The abundance and distribution of
eggs and larvae of teleost fishes off Plymouth in 1969  and
1970. Part 3. Eggs of pilchard (S. pilchardus WALBAUM) and
sprat (S. sprattus (L.). J. Mar. Biol. Assoc. U.K; (54): no.2, 338-
353, 1974.

Ivanov. L.. Populaion parameters and limiting methods of sprat
(Sprattus sprattus L.) catches in the western Black Sea. Izv. Inst.
Ribn. Resours., Varna; (20): 7-46, 1983.

Sirotenko, M.D., Sorokalit, L.K., Seasonal variations in the feed-
ing of the sprat Sprattus sprattus sprattus (RISSO). Vopr. Ikhtiol;
(19): No. 5., 813-829, 1979.

Shul'man, G.Ye.. Shchepkin, V.Ya., Yakovieva, KK.,  Minyuk,
G.S.. Getmantsev, V.A., Levin, S.Yu., The formation of industrial
accumulations and long-term  fluctuations of the fat contents of
the Black Sea sprat. Ribn. khoz-vo; (5): 26-28, 1985.

Shchepkin, V.Ya., Minyuk, G.S., Dynamics of the lipid composi-
tion in sprat muscles during the annual cycle. Ecol. Morya: (27):
61-64, 1987.

Holden. M.J., Raitt, D.F.S. (Eds).. Manual of fisheries science.
Part 2-Methods of resource investigation and  their application.
FAO Fish. Tech. Rap; (115): Rev. 1,214 p. 1974.

Ferreiro, M.J., Labarta. U., Distribution and abundance of teleo-
stean eggs and larvae on the NW coast of Spain. Mar. Ecol. Prog.
Ser; (43): 189-199, 1988.

Chilton, D.E.. Beamish, R.J., Age determination methods for fish-
es studied by the groundfish program at the Pacific Biological
Station. Can. Spec. Publ. Fish. Aquat. Sci; (60): 102 p. 1982.

Ricker, W.E., Computation and interpretation of Biological sta-
tistics of fish populations. Bull. Fish. Res. Board Can; (191): 382
p. 1975.

Fel'dman, V.N., Length and age composition of the Soviet sprat
catches from the North Sea 1975. Annales Biol.. Copenhagen:
(32): 151-152, 1977.

DBT-D.E.U.. Orta Karadeniz (Sinop-Unye)Trol sahalarinin Hi-
drografisi ve verimiiligi birinci dénem arastirmalari, Dokuz Eyiul
Univ.. Deniz Bil. Tek. Enst., Izmir, 50p. 1986.

Polivaiko, A.G., Age-kength composition of the spawning stock of
Baltic sprats in 1971. Annales Biol., Copenhagen; (28): 194-
195, 1973. ’

De Silva, S.S.. Aspects of the reproductive biology of sprat, Sprat-
tus sprattus (L.). in inshore waters of the west coast of Scotland.
J. Fish. Biol; (5): 689-705, 1973.

Johnson, P.O.. The Wash Sprat Fishery. Fish. Invest., London,
Ser. 2, 26 p. 1970.

Van Den Broek, W.L.F., Aspects of the biology of Sprattus sprat-
tus (L.) in the Medway Estuary. J. Fish. Biol: (15): No 4, 437-
447, 1979.




25;

Uysal, Z., A preliminary study on some plankters along the Turk-
ish Black Sea coast, -Species composition and spatial distribution.
Ph. D. Thesis. Institute of Marine Sciences, Middle East Tech-
nical  University, P.O. Box:28. 33731 Erdemli, ICEL-
TURKEY. 138 p, 1993.

D. AVSAR

Hoziosky, S.A., Shvetsov. F.G.. Cradelev E., Seasonal dis-
tribution. and mortality -component dynamics  in sprat of the
eastern and southeastern Baltic. Rapp.
Explor. Mer; (190): 22 -24. 1989,

P.-v. Reun. Cons. Int.




