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Population dynamics and biological parameters ohawy kilkaClupeonella
engrauliformis have been studied. The age structure of populagogth-weight
ratio, sex ratio, sexual maturity stages, growthapeters, natural and fishing
mortality coefficients have been estimated. It vimsnd that anchovy kilka has
gradually decreased in catches during 1997-2008t@wseveral factors including
fishing pressure, invasion of species using the esagsource base. It was
concluded that alongside with the main factor hdiy, other environmental fac-
tors also influence anchovy kilka population anchalative effect of all the factors
may lead to stock depletion.

Growth — sexual maturity stage — Caspian Sea—over-fishing — kilka

Ppuljuinugyly £ wisnnuught Yhyuyh (Clupeonelia engrauliformis) YEupuwuljul
gmguiihputph b wnwmpughnt  tmpnfumpymbttph  hbunwgounud: ©— Spdly B
ununjjughugh hwuuljughtt juemgduisph quhunnuljuim, Yohn-Epljupmpub b uknbkph
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IIpoBeneHO HCCIEOBAHUE MOMY/IALMOHHON THHAMHUKH M OHOIOIHYECKHX
napamerpoB anudoycHod kuibku (Clupeonella engrauliformis). Jlana orneHka
BO3PACTHOM CTPYKTYPBI MOMYJSLMH, COOTHOLICHHUS BECa-AIHHBI, IOJIOB, CTAIUN
3pENOCTH, MapaMeTpoB pocTa, KOAI()(OHUIHEHTOB €CTECTBEHHOH U MPOMBICIOBOM
CMEpPTHOCTH. BBIsIBICHO, YTO 10N aHYOYCHOW Kuibku B ynoBax 1997-2008r.
MOCTEIIEHHO CHHU3WIACh BCICACTBHE PA3IMYHBIX (DAKTOPOB, BKIFOYAOLINX
MPOMBICIIOBYIO HATPY3KY, BTOPIKCHHE MMUIIEBBIX KOHKYPEHTOB.
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Bb110 cnenano 3aKiroYeHne, YTO Hapsmy C IVIABHBIM (PAKTOPOM - IIPOMBICIIOM,
CYIIECTBYIOT TaKkKe M Jpyrue (akTopbl, BIMSAIONIME HA HOMYJIALHMIO aHYOYCHOH
KWIBKH, U UX KYMYJISITUBHBII 9 (EeKT MOXKET NPUBECTH K MOJPHIBY €€ 3aracoB.

Pocm —cmaouu 3penocmu — Kacnuiickoe mope —nepenoe — Kunvka

Three species of kilka fishes, belonging to Clupeidamily - anchovy kilka
(Clupeonella engrauliformis, Svetovidov, 1941), bigeye kilkaClupeonella grimmi,
Kessler, 1877) and common kilk€l(peonella cultriventris caspia, Bordin, 1904) are
inhabiting in the Caspian Sea. Kilka fishes areagiel fishes living in schools and are
one of the most abundant fishes in Caspian Seaibead feeding on zooplankton. They
are considered as Caspian Sea bread as many afhaticaanimals feed on them.
Distribution of these fishes in the middle and keuh Caspian Sea is related to
existence of specific sea currents and feedingepattl]. All three kilka species are
present in commercial catches with use of undeemelectric lights and fishing pumps.
In the past, anchovy kilka amounted to 80-90 pero€total kilka catch in Caspian Sea.

Anchovy kilka forms dense population in the depth36 m in the middle and
southern Caspian Sea. In Winter, anchovy kilka iiveouthern part of the Caspian Sea,
in Spring it migrates to middle Caspian. Feedinggokein Summer often takes place in
the middle and southern Caspian [2]. Anchovy kiigawns at depths of 50-200 m in
southern part of Caspian Sea [17, 18, 19].

Previous studies on population characteristicsnahavy kilka in Caspian Sea’s
Iranian waters were limited to studies in distribnt[2] and stock assessment [1, 3, 4].
However, quantitative assessments are necessarymbmagement and effective
exploitation of the existing stock [13]. Despiteitsf economic and ecologic importance
as a main commercial and food species in the Oaspéa, there are no sufficient data
on sex, growth and mortality of kilka in the sowtkepart of the Caspian Sea (territory
of Mazandaran province). However, such data areecésly important related to
ecological changes occurred in the Caspian Seaeder, invader species ctenophore
Mnemiopsis leidyi which appeared in 1999 [5] haféeaed all components of the
ecosystem used by kilka. Also, one of the purpasfesatch and biology study is
recognition of human and natural factors affecfisg population [14]. Thus, the aim of
the present study is filling in the information gapanchovy kilka population biology,
catch assessment and creating a base for effentideoptimal management of anchovy
kilka catch in Mazandaran zone.

Material and Methods.During the sampling period (January-December 2@IBkg of
kilka fishes have been used, 2770 fishes wereathocto biometry study, from which 338 were
anchovy kilka. The samples were provided from lagdin Babolsar harbor in Mazandaran
province. The samples for this study were caughdegtths of 40-100 m by conical lift nets
equipped with underwater electric lights.

The samples were transported to the laboratorgdaducting measurements. The samples
were initially sorted into size bins. Then, theatoweight (to the nearest 0.1 g), sex and maturity
stages of ovary were determined. Sexual maturigsification was carried out based on six
macroscopic stages in ovarian development (staigenbt ripe; stage Il is almost ripe; stage IV is
ripe; stage V is ripe and running and stage Vpins) as defined by Biswas [6].

Age determination method. Age determination of anchovy kilka has been dorta wse of
otoliths. Otoliths were provided at each biometigge and of each length classes (144 specimen
including both females and males). Otoliths weré ipuspecial plate containing glycerin. Age
determination was done using stereomicroscopeligith glinted from top with background being
black [7].

Data analysis method. The length-weight relationship was calculated alovieng by
statistical package in SPSS 11:

W= al b
where W is the fish weight (g), L - fork length (fa and b are the parameters [8].
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Van Bertalanfi growth parameters were estimatedguai non-linear estimation method [9]
with use of software FISAT:
_ —k(t-t,)

L "L exp
where t is age, Lt - fish length at t adg, age virtual assay in length of OgL- computed
possibly maximal length for this species, k - gtowbefficient.

Survival rate (S) was calculated using the catctveeumethod [10]. The instantaneous
coefficient of total mortality (Z) was transform&dm the survival rate as Z=-In S.
Natural mortality coefficient (M) was estimatedrrdentative Pauly formula [11]:

log (M) =-0.0066~ 0.279|og|(_0o ¥ 0.6543log(K) 0.46B4(T)

where T is the water annual average temperatufistohabitat. In this study, T was %2
Fishing mortality coefficient (F) was calculatedngsthe following formula:

Z=M+F
Exploitation rate (E) was calculated by [12]:
_ F
T F+M
For determination of reproduction time, gonadosagriatiex (GSI) was used [8]:
GS =2 x100
W

wherew is gonad weight (g) and W is body weight (g).

Results and discussion.

Catch composition of three kilka species

All three kilka fishes (common, anchovy and bigege¢ present in catches. The
most abundant in the catches are common kilka §8pedcent) and the least - bigeye
kilka (4.13 percent). Anchovy kilka abundance anmtednto 7.81 percent. The most
abundance occured in February (up to 27.2 peraemd)the least - in June (up to 5.5
percent).

Catch, effort and CPUE for anchovy kilka

Total catch of anchovy kilka in 2008 was 954 tohaske 1).

Table 1. Catch, effort and CPUE of anchovy kilka in soatstepart
of Caspian Sea in 2008

Month Catch Effort CPUE
Jan 22.8 327 0.07
Feb 259.1 681 0.381
Mar 51.7 417 0.124
Apr 8.1 125 0.065

May* 0 0 0
Jun 5.3 51 0.104
Jul 91.5 643 0.142
Aug 160.7 828 0.194
Sep 69.8 453 0.154
Oct 24.8 218 0.114
Nov 138.5 523 0.265
Dec 121.6 779 0.156
total 953.9 5045 0.19

The highest catch was observed in February (up®l2tones) and the lowest - in
June (up to 5.3 tones).

The highest fishing effort was in August (828 vésgeer night) and the lowest
effort was in June (51 vessels per night).
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Maximum Catch Per Unit of Effort (CPUE) amount fanchovy kilka was in
February up to 0.381 tons per vessel per nightitanainimum was in April up to 0.065
tons per vessel per night.

Average length and weight for anchovy kilka

The study of the year 2008 shows that in the h#defish, females have a more
extended length range but there is no significéfferénce about the weight. Fork length
average of anchovy kilka (male and female) was 4168 mm. About 46 percent of
length abundance has belonged to 115-125 mm ledgitses. Average weight of
anchovy kilka was 11.4+3 g, about 67 percent ofgiveabundance has belonged to 8.4-
13.6 g weight classes (Fig 1).

W mean length
O mean weight

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Fig. 1. Monthly fork length and weight average of anchailiga in southeast part
of Caspian Sea in 2008

Van Bertalanfi population growth parameters and equation for anchovy kilka

Growth parameters ¢b, k, t0) for anchovy kilka have been estimated adiog to
length and age data (Fig 2).

Species: anchovy ()
Parameters: Loo=151 .94 ; K=028 ;andto=-112

1528

147

765

Length (cm)

382

00 1 1 1 ]
oo 14 38 5.6 75
Ane (years)

Fig. 2. Van Bertalanffi growth curve of anchovy kilka iautheast part of Caspian Sea in 2008.
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The growth equation used is as follows:
L, =151 .94[1— exp

- 028((+1.12)]

Relation between fork length and weight for anchovy kilka
The fork length and weight regression of anchoigakivas  w =0.00034¢c| ***

(R = 0.908). With considering that calculated b #ak3 (b < 3), growth pattern of this
fish is negative allometric (p < 0.05).

Sex ratio for anchovy kilka

The sex ratio of female:male was 1:0.5 for adulthawy kilka (n = 338) where
females were dominant (Table 2).

Table 2. Sex ratio (%%) of anchovy kilka in southeast part
of Caspian Sea in 2008

Month Male Female
Jan 26 74
Feb 28 72
Mar 22 78
Apr 32 78
May 35 75
Jun 29 61
Jul 35 65
Aug 42 58
Sep 56 44
Oct 53 47
Nov 44 56
Dec 22 78

It can be seen that males of anchovy kilka were idamt in September and
October.

Fawning and GS changes for anchowvy kilka

Study of sexual maturity stages in various montiteved that the abundance of 4
and 5 sexual maturity stages increased starting Apd reached to its maximum level
in October, November and December. Spawning has bempletely done in January
and February, relative share of immature fishessfages 2, 3) was above 60 percent

(Fig. 3).

100% -

80% 1

60% - O stage 5
Flstage 4
Ml stage 3

— | O stage 2

40% -

20%

Abundance (percent)

OOV

0% ; ; T T T T T : : : :
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Month

Fig. 3. Monthly abundance percent of sexual maturity stafenchovy kilka
in southeast part of Caspian Sea in 2008.
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GSI amount of anchovy kilka begins to increase fiday. The highest amount of
GSI was in December. It decreases from Januanhigdthe minimum in February
which indicates end of spawning. Afterwards, GSloant does not tangibly increase
during early spring and gonads are in rest. In Bpeing and Summer, GSI amount
begins to increase (Fig. 4).

GSl average
o b M w B2 A o ~ ® ©

Fig. 4. Monthly GSI average of anchovy kilka in southeast part
of Caspian Sea in 2008

Natural, fishing and total mortality coefficients, survival rate and exploitation rate
for anchovy kilka
According to catch curve method, annual survivad raf anchovy kilka has been

estimated up tc0,34?y|,_1. Based on this survival rate, total mortality coa#fint (Z) of
anchovy kilka has been estimated up ¥d@7,, 1. Natural mortality coefficient of
anchovy kilka, estimated by tentative Pauly (199®thod, wasO,633yr71.Fishing

mortality coefficient for anchovy kilka wa®, 437,,. ... Therefore, the exploitation rate

of anchovy kilka has been estimated up to 0.408.

Age structure for anchovy kilka

Anchovy kilka population consisted of 7 age groupgear age group appropriates
40.97 percent of total abundance and forms a domipapulation. Age average in
females was 4.225+0.735 and its minimum and maximuere 2 and 7, respectively
(n=78). Age average in males was 3.872+0.746 anthihimum and maximum were 1
and 7, respectively (n=66) (Fig. 5).

a
Age (year)

Fig 5. Age abundance percent of anchovy kilkaautheast part
of Caspian Sea in 2008
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Catch at age analysis for anchovy kilka

From January to December 2008, 4-year old fishe® tiae highest catch (up to
40.97 percent, 390.86 tons) followed by 5-yearfides with catch amounting to 20.14
percent (192.12 tons) and 2-years-old catch ameast13.19 percent (125.87 tons) and
3 and 6-year old ones (each of 11.11 percent aéddt3) (Table 3).

Table 3. Catch at age of anchovy kilkasoutheast padf Caspian Sea in 2008

Age 1 2 3 4 5 6 7 | Total
Number 2 19 16 59 29 16 3 144
Abundance | oq | 1319 | 1111 | 4097 | 2014 | 1111 | 208 | 100
(per cent)
Catch (ton) | 13.25 | 125.87 | 106.00 | 390.86 | 192.12 | 106.00 | 19.87 | 954.0

Kilka catch in Mazandaran zone decreased from @8sdnds tons in 1999 to 7.8
thousands tons in 2003 and then increased ande@dohl3.2 thousands tons in 2005
(adopted from Mazandaran fisheries administratidgatistics during 1999-2005).
Anchovy kilka catch decreased during this peric@9@8t2008) from about 26 thousands
tons to 954 tons and CPUE decreased from 3.736pens/essel per night) to 0.19 tons.

Anchovy kilka age study shows that 3-year old faginstituted the largest age
group during 1997 and 1999 but 2-year old fish hiaeeeased in 2000. Afterwards, 3-
year old fish were dominant again in 2001-2003 4year old fish have appropriated to
the most catch in 2004 [4].

Fork length average of anchovy kilka in southeassptan in 1997 was 95.2 mm.
Then, it gradually decreased during 1998, 1999 20@D and reached to 87.8 mm but
increased again after 2001 [4] reaching to 116.4im2008.

Weight average of anchovy kilka in 1997 was 6.1ggrdually decreasing during
1998, 1999 and 2000 and reaching 4.4 gr, but isargafter 2001 [4] and reaching 11.4
gr in 2008.

Exploitation rate of anchovy kilka in this studyafch per fish stock) has been
estimated up to 0.41. Also, their catch amount efesed by 2008 and as a result their
age in catch increased.

Based on these data, it might be concluded thalhoamgckilka stock decreased
during 1997-2000 mainly due to over-fishing. Thiasnaccompanied with juvenilization
of the population, reflected in reduction of averdgngth and weight of population.
Further increase of stock followed by increase w&rage length and weight and age of
the fish was a result of regulated fishery andiappbn of nature protection measures in
Southern Caspian areas by Iranian government. Bgeref the fishing pressure is also
reflected in decrease of share of fishing mortadityl consequently in increase of the
share of natural mortality in the total mortality 2008.

Investigation in 1997-2004 shows that male wereidant in the catches, whereas
change of female:male ratio towards increase ofafemwas observed for 2008. This
also confirms existence of relatively improved haticonditions. Observed peak of
males during September-October 2008 can be atdbub seasonal variation of
responses to light disturbance by different seBes-Yami [15] reported that there were
different responding behaviors of fish to light.k&y hypothesis is that fish are attracted
to light for feeding. It is well-known that artifed light attracts many aquatic organisms
[16] and perhaps the motivation for attractionakated to increased prey density within
the lighted area. With development of gonads, femappear to be less attracted to
light. As they approach spawning time, they ceasedihg and disappear from the
catches. In the case of males, they continue fgedlining spawning period and it seems
that their response to light disturbance remairchanged [15].

It should also be noted that these changes coithcwligh ecological changes
caused by invasion of ctenophore species. Negatiwenetric growth of anchovy kilka
observed for 2008 shows that the fish feeds ingefitly, which might be a result of the
effect caused by the invader. Besides, globalatitrchanges such as Caspian Sea level
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change might affect the numbers of anchovy kilke& do changes of conditions of
natural reproduction. Also, anchovy kilka is affsttoy predators such as seal, sturgeon,
etc. Thus, alongside with the main factor — fishehgre still exist other environmental
factors influencing anchovy kilka population andmdative effect of all factors may
lead to stock depletion.
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