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Study of natural and fishing mortality and exploitation rate of anchovy kilka Clupeonella 
engrauliformis in southeast part of the Caspian Sea (Babolsar)
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Study of Natural and Fishing Mortality and Exploitation Rate of Anchovy Kilka Clupeonella engrauliformis in Southeast Part of the Caspian Sea (Babolsar)

G. Karimzadeh
Mazandaran Province Fisheries Administration, Postbox: 47419-99798, Babolsar, Mazandaran, Iran.
Abstract: The objective of this study was to estimate natural, fishing and total mortality, survival and exploitation rates of Clupeonella engrauliformis in the southern Caspian Sea. Survival rate and natural mortality were calculated using catch curve and Pauly methods, respectively. Natural and fishing mortality have been estimated up to 0.633yr-1 and 0.437 yr-1, respectively. According to catch curve method, the annual survival rate of anchovy kilka has been estimated up to 0.343 yr-1. With owning this survival rate, the instantaneous coefficient of total mortality of anchovy kilka has been estimated up to 1.07 yr-1. The exploitation rate of anchovy kilka has been estimated up to 0.408. The catch amounts of anchovy kilka decreased gradually mainly due to overfishing, predators and ecological disturbances occurred in the Caspian Sea. The results suggest that the population of anchovy kilka were overexploited in the past years and were vulnerable to their natural predators.
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1. Introduction(
Kilka fishes belong to the family of Clupeidae. Three species of clupeids including anchovy kilka (Clupeonella engrauliformis, Svetovidov, 1941), bigeye kilka (Clupeonella grimmi, Kessler, 1877) and common kilka (Clupeonella cultriventris caspia, Bordin, 1904) exist in the Caspian Sea. These species are pelagic fishes, live in gregarious and are one of the most abundant fishes in Caspian Sea because of  zooplankton feeding, and considered as Caspian Sea bread (because of other aquatic animals feeding from them). All of three kilka species exist in commercial catch using underwater electrical lights and lift net or fish pumps [1]. Anchovy kilka was forming almost 80-90 percent of total kilka catch in the Caspian Sea. Anchovy kilka inhabits in the middle and southern Caspian Sea which forms dense populations in depth 30 m in this region. Anchovy kilka spends a wintering period in southern Caspian and afterwards, has a spring migration to middle Caspian and a summer feeding period often in the middle and southern Caspian and after spawning, has an autumn migration to the southern Caspian Sea. Anchovy kilka tolerates 8-14 ppt salinity fluctuations but most of them are limited to salinities between 10 ppt and 12 ppt [2].
Kilka fishing is an important source of income and protein for Iranians inhabiting in Caspian Sea coastal regions. The collapse of kilka fisheries has adverse effects both on the economy and regional protein consumption. Previous studies about population characteristics of kilka in Iranian waters of the Caspian Sea were to distribution [3] and stock assessment and biology [4-7].Quantitative assessments are necessary for management and effective exploitation of stock. The information such as sex, growth and mortality has special importance because of ecological changes occurring in Caspian Sea now. Moreover, invader Ctenophore Mnemiopsis leidyi which appeared in 1999 [8] has affected on all of ecosystem components used by kilka. The objective of this study was to estimate natural, fishing and total mortality, survival and exploitation rates of Clupeonella engrauliformis in the southern of Caspian Sea, for effective and optimum management of anchovy catch in Mazandaran zone.

2. Materials and Methods

2.1 Sampling
The samples were provided from fishing landing site (Babolsar harbor) in the province of Mazandaran. The samples examined in this study were caught at depths ranging from 40 to 100 meters by conical lift nets equipped with underwater electric lights. Sampling has been done in Babolsar landing from January to December 2008. After identification of species, 150-200 kilka fishes were randomly selected in every fortnight in the port (catch evacuating site). The samples were transported to laboratory for measurement. In the laboratory, species separation has done according to identification key [9]. The samples were initially sorted into size bins according to 5 mm (fork) length intervals. Then, the total weight (to the nearest 0.1 g) and sex were also determined. Age determination of kilka fishes has been done using otoliths. Otoliths were provided in each biometry stage of each length class (10% fishes, male and female, 144 specimens). Otoliths were put in special plate containing glycerin and age determination was done using stereomicroscope in terms that light glinted from top and its background was black [10].

2.2 Methods
Survival rate (S) was calculated using the catch curve method [11]. The instantaneous coefficient of total mortality (Z) was transformed from the survival rate as
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The natural mortality coefficient (M) was estimated from tentative Pauly formula [12].
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which T is the water annual average temperature of fish habitat. In this study, T was 12 ْC.

Fishing mortality coefficient (F) was calculated using the below formula:
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Exploitation rate was calculated using the formula [13]:
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3. Results and Discussion

In the Year 2008, catch of kilka (common, anchovy and bigeye) and fishing effort were estimated to be 11451.9 tons and 5045 VN (vessel × night), respectively. From 2770 kilka specimens collected during January to December in 2008, 2171 common kilka, 338 anchovy kilka and 261 bigeye kilka have been studied. The most abundance belonged to common kilka (87.38 percent) and the least abundance belonged to bigeye kilka (4.29 percent). Anchovy kilka abundance was 8.33 percent. Common kilka is dominant in catch in all months of year. The most abundance was in January up to 91.67 percent and the least was in February up to 75.68 percent (Fig. 1).
The catch amount of anchovy kilka during this year was 953.9 tons. The most amount of its catch was in February up to 259.1 tons and the least amount of its catch was in June up to 5.3 tons. The highest fishing effort was in August (828 vessels per night = VN) and the lowest effort was in June (51 vessels per night). Maximum CPUE (Catch per Unit of Effort) amount for anchovy kilka was in February up to 0.381 tons per vessel per night and its minimum was in April up to 0.065 tons per vessel per night. Overall, catch and CPUE amount for anchovy kilka in studied zone in 2008 were 953.9 and 0.19 tons per vessel per night, respectively (Table 1).

Average fork length of anchovy kilka was 116.44±13.49 mm, ranged from 70 to 140 mm. About 46 percent of length abundance has belonged to 115-125 mm length classes. Average weight of this fish
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Fig. 1  Species composition of three kilka species in Mazandaran zone in the Caspian Sea in 2008.

Table 1  Monthly catch, effort and CPUE of anchovy  kilka in Mazandaran region of the Caspian Sea in 2008.
	Month
	Catch (ton)
	effort
	CPUE (ton)

	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


was 11.47±3.07g. The minimum and maximum weight were 3.29 g and 23.9 g, respectively (N=338) and about 67 percent of weight abundance has belonged to 8.4-13.11 g weight classes (Table 2).

According to catch curve method, the annual survival rate of anchovy kilka has been estimated up to 0.343 yr-1. With owning this survival rate, the 
Table 2  Average fork length and weight of anchovy kilka in the Caspian Sea in Mazandaran region in 2008.
	Average weight ± SD (g)
	11.47±3.07

	Average length ± SD (mm)
	116.44±13.49

	N
	338


instantaneous coefficient of total mortality (Z) of anchovy kilka has been estimated up to 1.07 yr-1. The instantaneous coefficient of natural mortality (M) of anchovy kilka which has been estimated from tentative Pauly method, was 0.633yr-1. The instantaneous coefficient of fishing mortality (F) was 0.437 yr-1.  Therefore, the exploitation rate (E) of anchovy kilka has been estimated up to 0.408.Age composition of catch of anchovy kilka is constituted of 7 age groups including 1-7 years. Age 4 was the largest age group and appropriated 40.97% of catch (Fig. 2). For female and male, age averages were 4.225±0.735 (ranged 2-7 years) and 3.872±0.746 (ranged 1-7 years), respectively. The age average of anchovy kilka population in 2008 was 4-years old.
There is a necessity to fish biology and population
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Fig. 2  Age abundance percent of anchovy kilka in Mazandaran of the Caspian Sea in 2008.

dynamics data in order to constant exploitation and responsibly fishing management. Population dynamics is related to continuous process of in time generation replacing and its production which is in fact, growth and death. General models can help to better prediction of fishing effect on fish population and this is possible when various factors (ecology and exploitation) effects on population is certainly recognized [14].
One of the purposes of catch and biology study is to recognizing the human and natural effective factors on fish population in order to its profitableness continuity in a long time [15]. Kilka catch amount in Mazandaran zone (southeast of Caspian Sea) decreased from 38 thousand tons in 1999 to 8.025 thousand tons in 2003 and then increased and reached to 13.859 thousand tons in 2005. According to the results of the study on catch and CPUE amount, it can be said that relative abundance of common kilka population has shown an increasing process in relative abundance in recent years in comparison with previous years. This is because of increasing fishing effort and habitat expansion and changes in living depths. Anchovy and bigeye kilka population show a decrease process in 2008 in comparison with the previous years which is mainly due to overfishing and natural factors, thus, the stock shows so decreasing process in population. Similar results reported in Iranian region of the Caspian Sea during 1995-2004 [6, 7, 16-20]. Fork length average of anchovy kilka in Iranian waters of the Caspian Sea in 1997 was 95.2 mm. It has been decreased during 1998, 1999 and 2000 and reached to 87.8 mm and increased again after 2001 [7] as reached to 116.4 mm in 2008. Weight average of anchovy kilka in 1997 was 6.1 g and has decreased during 1998, 1999 and 2000 and reached to 4.4 g but increased after 2001[7] and reached to 11.4 g in 2008. According to attained results of changes process study of length and weight average of anchovy kilka can say that anchovy kilka population has been younger from 1997 to 2000 but anchovy kilka has been older from 2001 to 2008 and their length and weight has increased.

Anchovy kilka population is constituted of 7 age groups including 1-7 years. In anchovy kilka, 4-years age group appropriates 40.97 percent of total abundance to itself and forms dominant population. According to the results of the age study, 4 years old anchovy kilka was dominant in the catch. Thus, it can be said that in recent years, young fish population has mainly decreased in catch and older fish has gradually been dominant in the catch due to using nets with standard mesh (during recent years, after kilka stock decreasing), increase of overfishing (during last years) and change in living depth.

Invader ctenophore Mnemiopsis leidyi entered Caspian Sea through balance water of ships, feeds extensively on zooplankton, fish eggs and larvae [21-23]. Invader ctenophore consumes voraciously zooplankton (which is the food resource of zoo-planktivore fishes such as kilka fishes [24]. Kilka fishes main feeding is on zooplankton and feeding competition of M. leidyi with kilka is perhaps an important factor in rigorous decrease of pelagic fishes stocks such as anchovy kilka in Caspian Sea [25]. Before Mnemiopsis leidyi invasion to the Caspian Sea, common kilka fishing has only been done in spring and summer; but after invading of this ctenophore, has been observed with a relative increasing abundance in the catch in all months of year [26]. Kilka fishing in cold seasons occurs in depths more than 60 m while common kilka lives in all parts of the Caspian Sea in depths 10-60 m [5]. Thus, it seems that this species has penetrated to anchovy kilka habitat, which lives mainly in depths more than 30-40 m and pushed this species to the deeper areas. Studies with funnel-shaped net and underwater light shows that CPUE and catch amount decreases severely in regions with high relative abundance of common kilka [3].Therefore, the damage of anchovy kilka stock occued after Mnemiopsis leidyi entering [16], moreover, common kilka presence in depths more than 60 m leads to anchovy kilka pushing and catch decreasing and replacing common kilka.

During recent years, the catch amounts of anchovy kilka in Mazandaran zone in the Caspian Sea has decreased but common kilka catch has been increased more than two other species (anchovy and bigeye). So, fishermen have invaded the levels of common kilka habitat in order to attain more catch (change in fishing depth). Thus, nevertheless the catch amounts of anchovy kilka decreased, common kilka fishing has had an increasing process. It can be said that increasing of fishing effort, overfishing and human and natural factors are the main reasons for decreasing kilka fishes in southeast Caspian Sea in Mazandaran Zone. Similar results reported [6, 7, 18-20, 27].
In this study, the exploitation rate of anchovy kilka has been estimated up to 0.408 which shows the desirable exploitation amount (E
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0.5). In 2008, the natural mortality of anchovy kilka has been estimated up to 0.633yr-1 and the fishing mortality was 0.437 yr-1. Therefore it was revealed that the natural mortality was higher than fishing mortality, suggesting the high vulnerability of this species to natural predators. Results also showed that natural factors had played a significant role in the catch frequencies of anchovy kilka. The results suggest that the stocks of anchovy kilka were overexploited in the past years and showed high vulnerability to natural predators.

4. Conclusions

The catch amounts of anchovy kilka decreased gradually mainly due to overfishing, predators and ecological disturbances occurred in the Caspian Sea. The present study revealed that the natural mortality was higher than fishing mortality, suggesting the high vulnerability of this species to natural predators. Therefore, natural factors had played a significant role in the catch frequencies of anchovy kilka.
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