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E0.1  The value of E at which marginal increase in Y′ ∕R is 10% 

o its value at E=0  

E0.5  The value of E at 50% of the unexploited relative B’/R 

Ema x The value of E given maximum relative Y’/R 

F Instantaneous fishing mortality coefficient 

FAO Food and agriculture organization 

Fi Frequency of occurrence 

FiSAT FAO-ICLARM stock assessment tools   

FL Fork length 

Fp Frequency of percentage 

GaSI Gastrosomatic Index  

GSI Gonadosomatic index  

H´ Shannon-Wiener diversity index 

ICES International council for the exploration of the Sea 

IFRO Iranian fisheries research organization 

IRI Index of relative importance 
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ISI Important species index 

K Growth rate per unit of time 

L¯ Mean length of all fish  

L′ Smallest length of fully recruited fish (cut off length) 

L∞ Asymptotical length  

Lm Size at 50% maturity 

Lmax Maximum length 

Lt The length of the fish at age t 

M Instantaneous natural mortality coefficient 

M Number of stomachs containing food 

MCS Monitoring, control and surveillance 

MEY Maximum economic yield 

Mi Number of stomachs containing prey component i 

MSY Maximum sustainable yield 

N∑ Total number of prey detected 

Ni Number of prey specimen of prey group i 

ǿ Growth performance index 

oC Degree centigrad 

P Mature proportion in each size classes 

PFC Pare fishing cooperative 

Q Break-even point 

S Survival rate 

SHILAT Iranian fisheries organization 

t0 Theoretical age 

Tc Age-at-first capture 

TC Total fixed and variable cost 

TFC Total fixed cost 

tmax Maximum age 

TVC Total variable cost 

USSR Union of Soviet Socialist Republics 

VBG von Bertalanffy growth 

VBGF von Bertalanffy growth function 

W Weight 

W∑   Total weight of prey detected 



xxi 

 

Wi Weight of prey group i 

Y Yield 

Y′/R Yield per recruitment  

Z Instantaneous total mortality coefficient 
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PERIKANAN DAN DINAMIK POPULASI KUTUM CASPIAN,  

Rutilus frisii kutum  DI LAUT CASPIAN 

 

ABSTRAK 

Laut Caspian merupakan tasik terbesar di dunia. Airnya tidak begitu masin 

atau payau. Tujuam projek ini dijalankan untuk menentukan panjang-matang (length 

maturity) Lm50%, menilai item makan, menyelidik beberapa aspek biologi 

termasuklah nisbah jantina, pertumbuhan dan struktur umur, pekali mortaliti 

seketika, hasil kelestarian maksimum (MSY) dan titik pulang modal bagi Rutilus 

frisii kutum yang terdapat di Selatan Laut Caspian. Spesimen Kutum dikumpul 

daripada tangkapan di 131 buah tapak sampel, sepanjang perairan Iran di Laut 

Caspian.   

Panjang cabang dan berat yang minimum dan maksimum adalah 21 dan 58cm 

dengan min 38.4±6.3 cm; 104 dan 2450g dengan min 775.2±382.5 g,               

masing-masing. Nisbah jantan dan betina adalah 0.65: 1 (jantan: betina). Faktor   

keadaan di Guilan adalah melebih jika dibandingkan dengan di Mazandaran dan        

wilayah Golestan. Panjang-matang (Lm50%) Kutum mencapai 39.1 cm. Kefekunan 

mutlak minimum dan maksimum didapati berubah-ubah iaitu daripada 15,713       

kepada 130,737 biji telor dengan min 69,961.7±3,836.4. Fasa pembaikan bertambah 

panjang iaitu daripada Februari-April. Pembiakan puncak adalah pada Mac, dengan 

nilai purata tertinggi 5.52 bagi jantan dan April dengan purata tertinggi 17 bagi 

betina. Disebabkan itulah, migrasi jantan daripada laut ke sungai lebih cepat daripada 

betina.  

Diet terdiri daripada mangsa yang berbeza, dwicengkerang mewakili       

kumpulan mangsa paling penting (59%), dan diikuti oleh Cerastoderma lamarki 
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(57%). Kadar mortaliti seketika semula jadi dianggarkan M= 0.46 y
-1

.  Berdasarkan 

pekali mortaliti seketika total (Z) daripada keluk tangkapan ikan yang berbeza      

panjang berdasarkan musim, diperoleh F (pekali mortaliti perikanan seketika)       

sebagai 0.82 y
-1

 melalui perkaitan: F=Z-M, dan memberikan kadar eksploitasi       

semasa E (=F/Z) sebagai 0.64 y
-1

. Length-at-first capture dan age-at-first capture   

adalah  Lc = 36.8 cm dan 3.92 tahun, masing-masingnya.  

Hasil kelestarian maksimum (MSY) berdasarkan analisis kohort bagi Kutum           

diperoleh sebagai MSY= 20,004 tan dengan biojisim B adalah 51,937 tan. Prosedur 

ogif pilihan memberikan ringkasan berikut: Emax=0.76, E0.1= 0.65, E0.5= 0.39. Hasil 

per analisis mencadangkan bahawa stok spesies ini mempunyai kadar eksploitasi 

yang sederhana E=0.64. Kutum menyumbang lebih kurang 76% daripada jumlah 

ikan      bertulang yang dijual di utara Laut Caspian, dan jumlah pendapatan daripada 

jualan Kutum dianggarkan sebanyak US$ 30,415,998. Pendapat nelayan melalui 

jualan R. f. kutum daripada jumlah pendapatan ikan bertulang adalah 74% di Guilan, 

85.8% di Mazandaran, dan 26% di wilayah Golestan. Oleh itu, R. f. kutum 

memainkan peranan yang signifikan dalam pendapatan nelayan  di perairan selatan 

Laut Caspian. Titik pulangan modal daripada Kutum diperoleh dengan min 

19,220±5,364.5 di Guilan, 18,843±4,989.2 di Mazandaran, dan 10,677±1,358.2 di 

wilayah Golestan, yang disertai dengan usaha menangkap ikan, nisbah tangkapan, 

jumlah koperasi perikanan, dan jumlah buruh.  
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FISHERY AND POPULATION DYNAMICS OF CASPIAN KUTUM, 

Rutilus frisii kutum, IN THE CASPIAN SEA 

 

ABSTRACT 

The Caspian Sea is the largest enclosed body of water in the world. The    

water is slightly brackish. The aim of project was to determine length at maturity 

(Lm50%), evaluate of feeding items, investigation some of biological aspects included 

in sex ratio, growth and age structure, instantaneous mortality coefficient, maximum 

sustainable yield (MSY) and break-even point of Rutilus frisii kutum in southern part 

of the Caspian Sea. Specimens of Kutum were collected from the catches obtained 

from 131 sample sites along the Iranian coast of the Caspian Sea. 

The minimum and maximum fork length and weight was 21cm and 58cm 

with mean 38.4±6.4 cm; 104 and 2450 g with mean 775.2±382.5 g, respectively. The 

sex ratio of males to females was 0.65: 1 (males: females). The condition factor in      

Guilan was more than Mazandaran and Golestan provinces. The length at maturity 

(Lm50%) of Kutum obtained was 39.1cm. The minimum and maximum absolute      

fecundity varied from 15,713 to 130,737 eggs with mean 69,961.7±3,836.4. The   

reproduction phase was extended from February to April, peak in March, with the 

highest average values 5.52 for males and the highest value was 17.00 for the       

females in April. Due to males‟ migration from sea to river occurred sooner than that 

of the females. 

The diet consisted of different prey items, bivalves representing the most    

important prey group (59%), and followed by Cerastoderma lamarki (57%). The   

instantaneous natural mortality rate was estimated M= 0.46 y
-1

. Based on total       

instantaneous mortality coefficient (Z) from the seasonalized length-converted catch 
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curve, F (the instantaneous fishing mortality coefficient) as 0.82 y
-1

 through the    

relationship: F=Z-M, and giving a current exploitation rate E (=F/Z) as 0.64 y
-1

. The 

length-at-first capture and age-at-first capture was obtained Lc =36.8 cm and 3.92 

years, respectively. 

The Maximum sustainable yield (MSY) based on cohort analysis for Kutum 

resulted MSY=20,004 tonnes with biomass B of 51,937 tonnes. The selection ogive 

procedure gave the following summary: Emax=0.76, E0.1=0.65 and E0.5=0.39. Yield 

per recruit analysis suggests that the stock of this species has a moderately            

exploitated at E=0.64. Kutum contributed about 76% of total sell bony fish in south 

of the Caspian Sea and total income of Kutum sell were estimated US$30,415,998. 

The income of the fishermen through selling of Rutilus frisii kutum from total bony 

fish income was 74% for Guilan, 85.8% for Mazandaran, and 26% for Golestan        

provinces. Therefore, R. f. kutum plays a significant role in fishermen‟s income in 

southern coasts of the Caspian Sea. The break-even point of Kutum obtained with 

mean 19,220±5,364.5 for Guilan, 18,843±4,989.2 for Mazandaran, and 

10,677±1,358.2 for Golestan provinces, which coincided with the fishing effort, 

catch ratio, number of fishing cooperatives, and number of labour.   
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CHAPTER 1 

GENERAL INTRODUCTION 

 

 

1.1 History and Background of the Caspian Sea 

The Caspian Sea is one of the biggest lakes in the world and uniquely has no 

outlet. There are five countries bordering the shores of the lake namely Iran,       

Azerbaijan, Russia, Kazakhstan, and Turkmenistan (Figure 1.1). According to       

Kosarev and Yablonskaya (1994) the recent Caspian Sea originated as part of an   

ancient, brackish Pontic lake-sea 5-6 million years ago. In the late Mezozoic and 

Early Paleocene, the ancient Tethys Sea covered the areas now occupied by the     

present Mediterranean, Black, Caspian, and Aral seas. During Paleocene and Neocene 

times, the Black and Caspian seas were joined and separated several times. In the 

early   Pliocene, the Caspian Sea was separated for the first time from the Black Sea 

and, the primary marine fauna was party eliminated and party modified. During the           

Mid-Pliocene, the Caspian Sea was completely isolated from the Black Sea and since 

that time the two basins, and their fauna, has developed independently. The typical 

brackish water Caspian fauna formed at this time has persisted to the present day. 

 

Based on CEP (2002) the Caspian Sea is the largest inland water body with 

no connection to world oceans, occupying a deep depression on the boundary of 

Europe and Asia with a water level at present of approximately 27 m below the level 

of the world Oceans. Having been isolated from the world oceans at the end of the 

Pliocene epoch 1.8 million years ago, its ecosystem incorporates remnants of the 
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fauna of the larger regional seas, mainly Mediterranean and the Arctic biogeography 

complexes. A major difference between that Caspian and other large inland water 

bodies is its meridian orientation and great length (1200 km) so there are large      

climate differences among different areas of the sea. For example, the north shores 

are exposed to the extremes of the continental climate, while the southern and    

south-western coast is subtropical   

 

 

 

 

 

 

 

 

 

 

Figure 1.1: Map showing the Caspian Sea and adjacent countries 

 

The Caspian Sea lies between 47˚ 13′ and 36˚ 34′ 35″ north latitude and       

between 46˚ 38′ 39″ and 54˚ 44′ 19″ east longitude. The north-southern length is   

almost 1200 km and the greatest east–west breadth is 466 km. The average breadth 

of the Caspian from the west to the east is 330 km but in the region of the Absheron 
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peninsula, it is only 204 km. The surface area of the Caspian Sea is about 436,000 

km
3
, and the volume is about 77,000 km

3
. The maximum depth is 1,025 m, with an 

average of 184 m (CEP, 2004).
 
The area of the Caspian Sea can be divided into three, 

approximately equal parts: north, middle, and south. The volume of each part is     

different, making up 1%, 35%, and 64% of the total area, respectively. The northern 

part of sea is relatively shallow, averaging about 5-6 m in depth. The average depth 

of the middle Caspian is 190 m, and its greatest depth is 788 m. The deepest part of 

the Caspian Sea is in the south Caspian with the maximum depth reaching 1,025 m 

with average depth is about 300 m (Aubrey, 1994). As reported by CEP (2004), the 

largest river is the Volga River that drains an area of 1,400,000 km
2
 and runs into the 

northern part of the Caspian. Over 90% of the inflowing freshwater is supplied by the 

five largest rivers namely Volga, 241 km
3
; Kura, 13 km

3
; Terek, 8.5 km

3
; Ural, 8.1 

km
3
, and Sulak 4 km

3
, respectively. The Iranian rivers included Sefidroud, Tajan, 

and Gorganrod and the smaller streams on the western shores supply the rest, some 

parts have not permanent inflows especially on the eastern side.  

 

The biodiversity of the Caspian Sea derived from the long history of the     

existence of the sea and its isolation, allowing ample time for speciation. The number 

of endemic aquatic taxa, which is over 400 species, are evolutionary impressive. 

There are 126 species of fish, of which a number are anadromous and migrate from 

the Caspian up to the rivers to spawn. The best known of these are the seven species 

and subspecies of sturgeon, which have been a valuable economic resource for over a 

century. It should be noted that, the Caspian seal is one of only two freshwater seal 

species that occur worldwide, the other one is found in Lake Baikal. The mammal 
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acts as the ecology pyramid top predator of the Caspian Sea (CEP, 2004). The      

pronounced abiotic characteristic of the Caspian Sea is its salinity values that range 

from 0.1‰ in the northern part and 13.7‰ in the southern part. The average salinity 

reading is 12.8‰. The lowest salinities occur in the northern areas about 5-10‰.   

Salinities in the middle and southern area are higher about 12.7‰ and 13‰,          

respectively (Aladin and Plotnikocv, 2004). According to Dumont (1998a) water 

temperatures show a similar north-south gradient, caused by a climate-depth          

interaction. In summer, when strong thermocline develops down to 60-80 m,      

north-south gradients are important because the shallow northern basin heats up   

rapidly such that the middle basin is then slightly cooler than both other zones. 

Dumont (1998a) stated that during winter, the north cools strongly, whereas the    

middle and south basins, because of their volume and warmer climate, remain 

warmer. The south basins never drop below 10
○
C, while the north and the lateral 

shelves froze for several months during winter. The Caspian Sea is not only    

characterized by a rich biodiversity but also high endemism. The longest found    

species are among the group of indigenous, brackish water organisms that include a 

high percentage of endemic species and even genera. The rest of the organisms found 

today are basically derived mainly from the Mediterranean marine biogeography  

region as well as the Arctic marine region or the freshwater complex.  

 

According to CEP (1998) the north Caspian has the greatest diversity both of 

habitats and species. This is due to the inputs from big rivers, such as the Volga and 

Ural, which create zones where the marine and freshwater fauna are mixed.          

Historically, the Volga river system was also the ancient route for the migration of 

Arctic and Mediterranean species, which are still found in the Caspian Sea. The     
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Caspian Sea has a highly variable topography, consisting of vast shallows, some 

deep depression and wide deltas, from the Volga and other rivers, among these areas, 

salinities vary between 0.12‰ and 10‰. This geographic and physical variability 

creates several different ecological niches that, in turn, support high species          

diversity.  

 

Three main forms are clearly distinguished in the relief of the bottom of the 

Caspian which comprised shelf, continental slope, and bed of deep-water                

depressions. The shelf stretches from the coastline up to depths of about 100 m. The 

continental slope begins from the depth of 100 m and stretches to the Middle Caspian 

up to the depth of 500-600 m, and in the southern the depth reach 700-750 m. Two 

deep-water depressions are distinguished in the Caspian Sea. In the Middle Caspian, 

the Derbent depression with the maximum depth of 790 m however in the southern 

depression reach the maximum depth of 1025 m (CEP, 2004). 

 

In the sea and deltas of the Caspian basin approximately 126 fish species     

belong to 17 families (Kazancheev, 1981) have been recorded. Most are from the 

families of Carp (33%), gobies (28%), and shads (14%), which together make up 

about 75% of the species inhabiting the Caspian Sea. The commercially important 

fish including the five unique sturgeon species such as the Beluga sturgeon (Huso 

huso), the Persian sturgeon (Acipenser persicus), the Russian sturgeon (Acipenser 

gueldenstaedtii), the Ship sturgeon (Acipenser nudiventris) and the Stellate sturgeon 

(Acipenser stellatus). The other commercial fishes are the bony fishes such as the 

Kutum (Rutilus frissi kutum), mullets, breams, carps, barbus, salmons, and kilka fish.  
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Rutilus frissi kutum is the most important bony fish inhabiting the Caspian 

Sea and is a very popular species among fishermen, coastal dwellers and the people 

in Iran as well as in other Caspian littoral states. Its high nutritive value and good 

tasting meat have resulted in a popular demand for this fish. This species has a life 

span of 9-10 years in the Caspian Sea. It is caught between early October and the 

middle of April every year. There are two spawning migrations, winter and spring. 

The two forms or stocks of this species in the Iranian waters of the Caspian Sea are 

interesting natural phenomena.  

 

1.2 Various species groups of the Caspian Sea 

An important feature of the Caspian is the extreme diversity of biotypes,     

biotic and аbiotic conditions (Zenkevitch, 1963). Water salinity in different parts of 

this lake is quite different (Kosarev and Yablonskaya, 1994). The recent fauna and 

flora of the present Caspian Sea consists of the four main components included    

Caspian origins, arctic origins, Atlantic and Mediterranean origins, and freshwater 

origins, respectively (Derzahvin, 1947). 

 

The fauna and flora of the Caspian Sea generally could not compete with     

invaders and often such invaded fauna and flora destroyed native species. The       

biodiversity of the Caspian Sea is 2.5 times poorer, than that of the Black Sea or 5 

times poorer, than that of the Barents Sea (Zenkevitch, 1963). The main reason is 

probably due to its variable salinity readings. However, the Caspian Sea is a safety 

area for brackish water species originating both from marine, and from continental 

water bodies (Mordukhai-Boltovskoi, 1978). In general, the Caspian Sea is inhabited 
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by 4 endemic genera, 31 endemic species and 45 endemic subspecies (Kazancheev, 

1981).  

 

The total number of phytoplankton species found during 1962-1974 was 449 

(Kosarev and Yablonskaya, 1994). Dumont (1998b) reported that the total number of 

phytoplankton (450 species), zooplankton (315 species), phytobenthos (64 species), 

zoobenthos (379 species), mammals (1 species), birds (466 species) and fish (126 

species) species in the Caspian Sea while the majority of fish in the Caspian Sea are 

endemic around 123 species. The species number of phytoplankton decreases from 

the north (414 species) to the middle (225 species) and south (71 species) mainly due 

to the disappearance of freshwater forms toward the south (Kideys et al., 2005).  

 

A characteristic feature of the Caspian Sea ichthyofauna is the wide range of 

species which migrate between fresh and brackish waters, with many varied forms of 

adaptation to different salinity from fresh water to the relatively high salinity of   

eastern inlets of the Caspian Sea. Among the fish, there is a distinct group of         

migratory fish, which inhabit the sea but migrate up the rivers for spawning.  

 

The exceptional richness of migratory fish is an interesting feature of the 

Caspian Sea. All the Acipenseridae (sturgeon), Salmonidae, and Cyprinidae of the 

Caspian Sea enter a river for spawning and then return to the sea (Coad, 1995). 

Among the teleost species, Herrings (Kilka), Kutum (Rutilus frisii kutum), Carp  

(Cyprinus carpio), and Mullet (Liza auratus) are nowadays the most commercially 

important fish in the Caspian Sea.  
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1.3 General aspects of population dynamics 

According to Ghadirnejad (1996) the population dynamics is the study of 

marginal and long-term changes in the numbers, individual weights and age        

composition of individuals in one or several populations, and biological and          

environmental processes influencing those changes. Population dynamics also 

attempts to study topics such as aging populations or population decline. Population 

dynamic is a branch of life science, which deals with the study of changes in       

numbers, weights and age of individuals in one or several populations, and biological 

and environmental processes influencing them. In fisheries and wildlife management, 

population is affected by three dynamic rate functions: 

 

1.3.1 Natality or birth rate, often recruitment, which means reaching a certain 

size or reproductive stage. Usually refers to the age of a fish that can be caught and 

counted in nets. 

 

1.3.2 Growth rate, which measures the growth of individuals in size and 

length. More important in fisheries, in which population is often measured in       

biomass. 

 

1.3.3 Mortality, which includes harvest mortality and natural mortality.     

Natural mortality includes non-human predation, disease, and old age. 

 

In the last century fishery biologists started studying the biology of several 

species of fish and shellfish which were of commercial interest. The objective was 

primarily to gain knowledge of source of dynamism these animals. The scientists 

http://en.wikipedia.org/wiki/Environment_(biophysical)
http://en.wikipedia.org/wiki/Aging_population
http://en.wikipedia.org/wiki/Population_decline
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studied the areas of distribution, the migration patterns, spawning seasons, fecundity, 

development of eggs and larvae, food, feeding habits and behaviour. Fisheries       

science gradually became quantitative during the middle years of the 20
th

 century, 

starting with the concepts developed by Branov (1918), Russell (1931), and Graham 

(1935) culminating in the fish stock assessment models of Beverton and Holt 

(1956b), (1967) and Schaefer (1954) and (1957).  

 

The beginnings of fishery research as a distinct scientific and activities and 

the establishment of many of the major research institutes in Europe and North 

America around the turn of the century, as well as the setting up of the International 

Council for the Exploration of the Sea (ICES) in 1902, were largely due to the      

concern about falling catch rates of some of the prime fish stocks which were the 

first target of industrial scale fishing, such as the plaice in the North Sea (Gulland, 

1988). Fisheries are based on wild stocks, living in their natural environment. These 

stocks cannot be controlled in the direct and positive way like the farmer controls his 

domestic animals. Nevertheless, the fish stocks are affected by man‟s activities to an 

increasing extent and the success of the fisheries depends critically on the state of the 

fish stock which all those concerned with making policy decisions about fisheries 

must take into account. The decision makers therefore need scientific advice about 

the state of the fish stock (Gulland, 1983). The basic purpose of fish stock 

assessment to provide advice on the optimum exploitation of aquatic living 

resources. Living resources are renewable but limited, and fish stock assessment may 

be described as the search for the exploitation level which in the long run gives the 

maximum yield in weight from the fishery (Sparre et al., 1989). 
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1.4 A brief history of Iranian fisheries  

The Islamic Republic of Iran lies in western Asia between 44˚ 14′ and 64˚ 20′ 

north latitude and 25˚ and 36˚ 47′ east longitude, bordered by Azerbaijan and 

Turkmenistan to the north, Turkey and Iraq to the west. The Persian gulf and the gulf 

of Oman to the south, and Pakistan to the east. The fisheries sector has been divided 

in to seven independent district but the main divisions are Northern, Southern, and 

Inland Fisheries. Prior to the Islamic revolution in 1979, the Iranian fisheries were 

divided between two companies, the Northern and Southern, relating to the Caspian 

Sea in the north and the Persian and Oman Gulfs in the south (Valipour and 

Khanipour, 2006).  

 

In 1980, through the legislation passed by the council of the revolution, the 

southern and the northern companies were merged into a single organization which 

officially began its activities in 1982. It should be noted that, up to the year 1835, 

fishing activity in the Iranian sturgeon fishing areas of the Caspian Sea was 

controlled by the local governors. From that year up to 1927, in a mutual agreement 

between the Iranian and Russian governments, permission for fishing in the Iranian 

part of the sea was given to different contractors, mainly Russian. In 1927, by a new 

agreement between both countries, a common company named the Mixed Fishing 

Company of Iran and Russia was established for a 25 years period. At the beginning 

of February 1952, the Iranian fisheries were nationalized and named Shilat-e- Iran, 

translated as Iranian Fisheries (Razavi et al., 1972).  Iranian fisheries company 

(Shilat) has put great emphasis on development of sustainable fisheries. Large sums 

of money are allocated for preservation of sturgeons. Because of their importance, 

fishing sturgeons, caviar-producing species, is only the responsibility of Iranian 
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fisheries company. On the other hand, Iranian Fisheries monitors fishing methods to 

prevent overfishing and damage to fish stocks. For example, beach seining is the 

only allowed fishing system for licensed cooperatives to catch bony fishes other than 

kilka. In order to prevent illegal fishing, marine guards control the fishing activities 

in the Caspian Sea. Iranian fisheries agency has established Iranian fisheries 

research and training organization (IFRTO) to give technical and scientific supports 

for fisheries related activities. Funds are allocated to research on identification and 

conservation of fish stocks.  

  

Caspian Kutum (R. f. kutum) is short-lived, fast-growing species and 

comprised or average more than 50% of commercial bony fish catch in Iranian 

coastal water of the Caspian Sea. According to historical catch statistic data, Iranian 

landing of this species showed fluctuating and falling trends in various degrees from 

1927 to 2008 (Figure 1.2). The Iranian fisheries research organization (IFRO)       

established a policy of controlling effort through strict monitoring, control and      

surveillance (MCS) in the 1960s, combined with a restocking policy for Caspian   

Kutum and some other fish species.  

 

Kutum landings fell from 6,000 tonnes in 1939 to around 100-2,000          

tonnes/year from the mid 1950s onwards and were < 100 tonnes/year in 1979-80. 

Restocking programmed started in 1978 and succeeded not only in reversing the   

effects of over fishing in the 1930s and 1940s but brought the fishery to much higher 

landing of 11,000 tonnes/year (nearly twice the 1939 peak of 6,000 tonnes in       

naturally recruited landings ) from 1990-1994. The mean catch of this species was 
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2,414±2,157.5; 9,194±1,555.5, and 9,043±3,396.4 tonnes in 1980s, 1990s, and  

2000-2008, respectively (Shilat, 2008). 
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Figure 1.2: Annually catch changes of Rutilus frisii kutum in the southern Caspian Sea from 1927-1928 to 2007-2008
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1.5 Family Cyprinidae 

According to Nelson (1994) the species of Cyprinidae are distributed in north 

of America (northern Canada to southern Mexico), Africa, and Eurasia. Pharyngeal 

with 1-3 rows of teeth, each row with a maximum of 8 teeth. Usually thin lips,       

papillae absent, mouth sometimes suckerlike (Garra and Labeo) with or without   

barbells. Premaxilla usually borders the upper jaw making the maxilla entirely or   

almost entirely excluded from the gape and protractile upper jaw. Dorsal fin is with 

spinelike rays in some.  

 

Shunping et al. (2008) noted that primitive number of chromosomes 2n=50, 

some with 48; polyploidy exists. The minimum and maximum lengths are from 5 cm 

and up to 2.5 m. The Cyprinidae belongs to the Class Actinopterygii (ray-finned 

fishes) and the Order Cypriniformes. It is the largest family of freshwater fish, with 

over 2100 species in about 200 genera. The family belongs to the order                 

Cypriniformes, of whose genera and species the cyprinids make up two-thirds. It 

may be found in salinity, brackish and Freshwaters environments. Many members of 

this family are used in the aquarium trade. Compared with other fish, the activity 

level of this family tends to be normal. Members of this family have been dated back 

to the Eocene epoch of the Tertiary period. This family can be found from 70° north 

to 34° south and 150° west to 170° east.  

 

 

 

http://www.zipcodezoo.com/glossary/back.asp
http://www.zipcodezoo.com/glossary/period.asp
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1.5.1 Morphology of Rutilus frisii kutum 

According to Abassi et al. (1999) the dorsal fin with 3 unbranched and 8-10 

usually 9 branched rays, anal fin with 3 unbranched and 9-12 usually 10 branched 

rays, pectoral fin branched rays 16-19 and pelvic branched rays 8-9. Lateral line 

scales 53-62 mostly 55-58. Scales are regularly arranged over the body. A pelvic 

axillary scale is present. Scales have numerous circles. Total gill rakers 7-12 and  

very short. Pharyngeal teeth 6-5 crowns rounded above a slender stalk, posterior 

teeth with a weakly hooked tip, and posterior most tooth margin may be serrated. 

 

It has a pair of lateral lines that run on the two sides of the body from the 

operculum up to the tip of the caudal fin. Epithelial tubercles are found on the top of 

the head and on the sides of the body in males during the spawning season. Tubercles 

are white in contrast to the dark head and look like a wedding dress (Abbasi et al., 

1999). Depth of the body is less than or equal to head length. Anal fin is longer than 

high. Lower lobe of the caudal fin is usually shorter than head. Dorsal fin in large 

specimens is as long as high (Berg, 1946). 

 

1.5.2 Classification of Rutilus frisii kutum 

The classification of Caspian Kutum indicated that is a subspecies from  

Rutilus frisii in the Caspian Sea (Nelson, 2006) (Table 1.1). 
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Table 1.1: Classification and various names of Rutilus frisii kutum in different     

countries   

 

 

Caspian Kutum 

 

Scientific classification: 

Kingdom: Animalia 

Phylum: Chordata 

Class: Actinopterygii 

Order: Cypriniformes 

Family: Cyprinidae 

Genus: Rutilus 

Species: Rutilus frisii (Nordman, 1840) 

Subspecies: Rutilus frisii kutum 

 

Trinomial name: 

Rutilus frisii kutum(Kamensky, 1901) 

Common name: 

 Russia:  Kutum  Kazakhstan:  Kutim 

Turkmenistan: Akbalyk  Azerbaijani: Zujag 

Iranian: Mahi-sefid English name: Kutum 

http://wapedia.mobi/en/Rutilus
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1.5.3 Ecology of Rutilus frisii kutum (Life cycle) 

Rutilus frisii kutum spends the remaining period of spring and summer            

feeding and growing in the shallow coasts of the Caspian Sea where there is an      

abundance of benthic fauna. In late summer when the water temperature is very high 

and the epilimniom extends to the depth of 30 m, these fish leave the shallow coastal 

regions and move to deeper layers close to the thermocline only to return to the    

shallow coastal regions (<20 m) during the autumn circulation for feeding. In         

autumn, this species migrates in shoals along the coastline from the west to the east 

or vice versa. Such migrations are very dependent on atmospheric conditions and sea 

currents caused by wind. During late autumn and early winter when surface layers 

become cold and during thermal stratification, Kutum populations gradually abandon 

the shallow coastal regions and move to deeper regions and rarely found in the     

shallow regions particularly between mid December and late January. Kutum spends 

the winter in deeper regions of the sea bottom which sometimes even exceed 100 m 

(Valipour and Khanipour, 2006). Feeding activity in this species is low in winter. 

Between late January and early February when climatic conditions are favorable, the 

spring forms of this species start moving towards the coastal regions of the sea and 

resume feeding to store energy in the form of lipids and prepare for their spawning 

migration to rivers and lagoons. The main spawning migration in the rivers and     

Anzali Lagoon occurs in mid March and lasts until mid May depending on water 

temperature, sea processes and ecological conditions.  

 

The peak of spawning month is observed at the end of April, at the water 

temperature of 13-15 ºC
 
(Berg, 1946). The Kutum is in the end of IV stage of sexual 

maturity when it enters the river and attains complete sexual maturity and is ready 
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for spawning when it reaches the spawning ground. Spawning begins when the    

temperature is 8 ºC and reaches a peak at 13-15 ºC (Berg, 1946). Fertilized eggs 

swell up on absorbing water and are adhesive sticking to the stony bottom until the 

larvae hatch in 16 days at 14-16 
o
C. The larvae begin to swim freely when the yolk 

sac is almost absorbed. Fry in the spring form of Kutum normally remain in the river 

for 30-45 days before they enter the sea (Khanipour, 1989).  

 

1.6 Objectives of the study 

The present study is based on a research project, which was planned and 

submitted to the Iranian Fishery Research Organization (IFRO) and Agriculture 

Training and Research Organization (ATRO). The basic reason that accommodates 

the IFRO to initiate such a project was the big gap in knowledge and lack of research 

on fish population dynamics and economic society in Iranian waters. Very few     

studies have been done to date on the population dynamics, feeding habits and length 

maturity the Caspian Kutum (R. f. kutum). The objectives of study are: 

(1) To assessment of biological aspects (length-weight relationship, age, dynamics of 

spawning, maturation stage, gonadosomatic index (GSI), fecundity, Lm50%. 

(2) To study feeding habits (feeding intensity, gastrosomatic index (GaSI), Fullness 

Index (FI), Frequency of occurrence, Index of Relative Importance (IRI), diversity 

index of Shannon-Wiener). 

(4) To measure maximum sustainable yield (MSY), mortality (fishing and natural 

mortality), exploitation rate, length at first capture, age at first capture and biomass. 

(5) To study net profit of R. f. kutum captured by Pare fishing cooperative. 

 

 



19 

 

CHAPTER 2 

LITURATURE REVIEW 

 

 

2.1 A brief about fishing cooperatives 

Commencing in 1961 the Iranian fishing company has established local     

fishing cooperatives along the Iranian shores. The first fishing cooperatives was    

established in 1964 in Astara in south–west of the Caspian Sea following that, in a 

short period of time, the number of cooperatives increased to 30 and by 1966 there 

were 40 cooperatives altogether (Valipour and Khanipour, 2006). Nowadays, there 

are 131 fishing cooperatives in Iranian shores of the Caspian Sea comprise 58 in the 

Guilan, 53 in Mazandaran and 20 in Golestan provinces. There are about 12,000   

fishermen in the north of Iran. On average, each cooperative comprises about 80 

members. Fishing cooperative has permission to fish during the fishing season (from 

early October to first of April of the following year) from sunrise until sunset in a 

defined location. The fishing season is about 180 days in total. However, due to 

storm and very cold weather, approximately 40 days are lost. Thus, they have fishing 

activities for 127 to 151 days. Fish samplings carried out using beach seine. The 

beach seine is hauled by tractors (Abdolmaleki et al., 2008).  

 

The first recording on the catch of Kutum was in 1927 when fishing company 

governed with Mixed Russian and Iranian fishing company. Ichthyologic             

characteristics of the Caspian Kutum were earliest described by Berg (1946) and   

Nikolskii (1961). The first study on Caspian Kutum in Iranian coastal water of the 

Caspian Sea was done by Ferid-Pak (1968). Ralonde and Walczak (1971) and Razavi 
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et al. (1972) surveyed stock status of the bony fishes in this area. Stock assessment 

and biology of R. f. kutum  species were surveyed by Noei et al. (1992); Razavi 

Sayad (1995); Ghaninezhad et al. (1993); (1996); (2001); (2003) and Abdolmalaki et 

al. (2005), (2004), Daryanabard et al. (2005), and Afraei Bandpei et al. (2007). 

 

2.2 Catch of Rutilus frisii kutum 

           Caspian Kutum is the most important bony fish species in terms of catch 

numbers and selling price. This species now comprises more than 50% of the total 

bony fish catch in the Iranian shores of the Caspian Sea                                         

(Abdolmaleki and Ghaninezhad, 2007a). According to historical catch statistic data, 

Iranian landing of this species showed fluctuating and falling trends from 1927 to 

2008. The Iranian fisheries research organization (IFRO) established a policy of  

controlling effort through strict monitoring, control and surveillance (MCS) in the 

1960s, combined with a restocking policy for Caspian kutum and some other fish 

species. Iranian Fishery Organization (IFO) released artificial breeding of Kutum in 

1982 with 4 million fries into the sea (Figure 2.1). 
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Figure 2.1: Annually catch changes and released fry of Rutilus frisii kutum in the 

southern Caspian Sea from 1927 to 2008. Note: Vertical bars indicate standard     

deviations.   

 

         This is a very valuable commercial fish in the southern part of the Caspian Sea 

and has a great demand, due to its good taste and culinary customs of the local 

people, and is consumed all year round. The average annual catch of Kutum in Iran 

was about 9,600 tonnes in 1991–2001 (FAO, 2003). Abdolmaleki and Ghaninezhad 

(2007) reported total catch of the commercial bony fishes was estimated at 15,500 

tonnes (included illegal catch, statistical error, and breeding) from which the Kutum 

amounted to 8,477 tonnes, 45.5% of the total in 2003-2004. Pure catch of the bony 

fishes of beach seine cooperatives was estimated at 10,667 tonnes while the Kutum 

comprised 5,180 tonnes (48.65%). The catch per unit effort (CPUE) of the Kutum 

amounted to 93.3 kg/set.  

Abdolmaleki and Ghaninezhad (2007a) reported overfishing, destruction of 

spawning grounds together with intensive artificial reproductions and release of    
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Kutum fingerlings have caused remarkable fluctuations in the stocks of the fish in the 

Caspian Sea over the past decades. The mean catch size of the fish during periods 

1937-1947, 1967-1977 and 1987-1997 were 3,110, 990 and 8,505 tonnes               

respectively. The minimum catch was recorded as 121 tons in 1964 and the       

maximum catch was recorded as 11,175 tonnes in 1994. The catch per unit effort 

(CPUE) of the species shows high variations such that it has been 17 kg/set in 1971, 

216 kg/set in 1989 and 112 kg/set in 1999.  

 

The decline in CPUE in 1999 was due to increase in fishing efforts of 3.8    

orders of magnitude (in comparison to the year 1989) as a result of the increasing   

fishing cooperatives during that period. Afraei Bandpei et al. (2008b) reported that 

total fish catch of bony fish was 9,008 tonnes in the Mzandaran province coastal of   

southern Caspian Sea which Kutum (R. frisii kutum) contributed 5,876 tonnes 

(65.2%). The catch per unit effort (CPUE) of Kutum was 282.4 kg/ set with the   

highest value recorded in Amirabad and the lowest amount was in Tonekabon       

regions. A minimum catch was in October with 32.5 tonnes and maximum catch was 

in March and April with 2,430.5 and 2,560.9 tonnes, respectively, which were    

coincided with spawning periods. The highest abundance Kutum was recorded in the 

Amirabad (99.4%) in April and the lowest value was in the Babolsar (0.7%) in      

October. Figure 2.2 shows biomass, MSY, and catch of Kutum in the southern    

Caspian Sea from 1990-91 to 2006-07 (Daryanabard et al., 2007b). 
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Figure 2.2: Annually catch changes, aximum sustainable yield (MSY), and biomass 

of Rutilus frisii kutum in the southern Caspian Sea from 1990-91 to 2006-07. 

 

Abdolmalaki and Psuty (2007) reported that frequency catch of Kutum from 

12.2% in 1927 to 20% in 1980 in the southern Caspian Sea. Afraei Bandpei et al. 

(2008b) indicated that the total catch of bony fish amounted to 23802 tons in fishing 

season 2006-2007 in the southern Caspian Sea. Maximum catch frequency of          

R. f. kutum occurred at Guilan (75.5%), Mazandaran (69.34%) and Golestan (27.4%)  

(Table 2.1). The average annual catches of Kutum (R. f. kutum) in Azerbaijan 

amounted to 2.5 thousand tonnes in 1931-1935 and reached 1.9- 5.0 thousand tonnes 

in harvests along the southern coast of the Caspian Sea in Iran. The catches of Kutum 

in the Caspian Sea peaked at 7.0 thousand tons in 1939. The present catches in  

Azerbaijan decreased to 55.9 tonnes in 1985, to 3.8 tonnes in 1993. The harvest in 

the waters of Dagestan is insignificant, 0.2 thousand tonnes were caught in 1968. 

Ninety percent of all Kutum is now harvested illegally (Caspianenviroment, 2008). 

In the waters of Azerbaijan and Dagestan, fishing is carried out with gill nets and 
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beach seine in spring during the spawning period. The Kutum species has been      

included into the Red Books of both in Kazakhstan and Russia under the third       

category status (Caspianenviroment, 2008). There are kinds of species R. frisii       

(Nordmann, 1840) in Black Sea subspecies inhabits the Black and Azov Sea basins. 

However, due to the fishing industry, high rate illegal fishing, unsustainable fisheries 

management, and reduction spawning areas, as a result of economic activities this 

specie is becoming relatively rare. 

 

Table 2.1: Catch ratio of bony fish with emphasis on Rutilus frisii kutum in        

2006-2007 from the southern Caspian Sea.  

Species 

Catch area 

Guilan 

(tonnes) 

Mazandaran 

(tonnes) 

Golestan 

(tonnes) 

Total (tonnes) 

Abramis brama 12.4 1 0 13.4 

Alosa spp. 85.9 76.5 24.8 187.2 

Aspius aspius 0.3 2 0 2.3 

Barbus brachycephalus 3.3 3 0 6.3 

Carassius auratus 150 0 0 150 

Chalcalburnus chalcoides 13.2 7.1 0 20.3 

Cyprinus carpio 61.4 529.3 1,169.9 1,760.6 

Esox lucios 105.5 1 0 106.5 

Liza auratus 1,422.7 2,710.6 559.6 4,693 

Others 512.5 0 0 512.5 

Rutilus frisii kutum 7,804.6 7,645.4 667 16,117 

Rutilus rutilus caspicus 14.1 23.1 12.3 49.5 

Salmo trutta caspius 0.6 2 0 2.6 

Sander lucioperca 106 9.2 0.3 115.5 

Silurus glanis 21.1 0 0 21.1 

Vimba vimba 28.9 14.7 0 43.6 

Total 10,342.5 11,025.5 2,434 23,802 

 

 

 



25 

 

2.3 Age and Growth parameters of Kutum 

Age is defined as „duration of life‟. Lagler  (1956) stated that a knowledge of 

the correct age and rate of growth of fish is essential in solving many management 

problems. The methods for age determination are diverse. Work on this topic is 

going on for the last 250 years and has resulted in the accumulation of a large 

amount of information in this field. The various techniques of age determination 

have been reviewed and described by Rounsefell and Everhart (1953); Lagler (1956); 

Chugunova (1959); Ricker (1968) and many others.  

 

Several factors influence growth in Kutum such as hereditary characteristics, 

food reserves, environmental factors, and pollution. Overfishing and illegal catch of 

this species using inappropriate fishing gear has also contributed to this situation. 

Considering that there is no selection involved in choosing male and female     

spawners for artificial breeding programs, the gene bank of this species is gradually 

shifting. 

 

Age composition of Caspian Kutum has been estimated by scales.           

Ghadirnezhad (1996) examined age readings using scales and otoliths for grey mullet            

(Liza aurata) in the southern Caspian Sea. He found that the best method for         

determining the age of grey mullet seems to be by scales, and he concluded that     

determination of age by otoliths is unsuitable. Furthermore, Fazli (2008) reported 

that scales alone have been used in his studies for age estimation of grey mullet. Berg 

(1946) for river Lenkoran and FishBase (2008) for USSR farmer recorded age 7 and 

12, respectively. Life span is at least 9 years in Dagestan and 8 years in Iran (Holcik 

and Olah, 1992b). The age of Kutum from the catches data is estimated to be 3-8 
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years old. The majority is represented by fish aged 4-5 years. In previous years, the        

majority of Kutum in Azerbaijan coastal was composed by the specimens aged 5-6 

years, and even 7 years old (Derzhavin, 1951).  

 

Ralonde and Walczal (1971) reported that 4 age group have 49 cm in FL.  

Kazancheev (1981) reported the average length of the Kutum was 43cm with a range 

of 28 to 58 cm and average weight 1,750g with a range from 600 to 3,400g and the 

age up to 7-9 years. Body length and weight of fish harvested in Kyzylagchskii bay 

ranges within 34-55 cm and 658-2.920 g, respectively. Single specimens reach the 

length of 67 cm and the weight about 3.9 kg (Tamarin and Kuliev, 1989). It is       

typically a medium sized fish, reaching 45-55 cm in length, rarely 70 cm, and   

weighing up to 4.00 kg, rarely 5.00 kg. It used to be very common and was harvested 

commercially (Valipour and Khanipour, 2006). Afraei Bandpei at al. (2008a)       

recorded the range fork lengths of the Kutum were 8.9 cm to 29 cm that carried out 

by trawl in 10 m less than deep in the southern Caspian Sea. Total three age groups 

(0, 1, and 2) were represented in the catches. The fish of 2 age groups have 26.2±2.7 

cm and weight 259.3±54.7 g. The condition factor of the overall fish sample was 

1.23±0.23. Female fish had a higher condition factor of 1.26±0.10 in comparison to 

the male fish, which had a condition factor of 1.24±0.08. Table 2.2 shows that the 

growth variations of Kutum in different years from the southern Caspian Sea. 
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Table 2.2: Annually changes age and fork length (cm) of Rutilus frisii kutum in the 

Caspian Sea from 1971 to 2005. 
      Age 

        

Year 

1 2 3 4 5 6 7 8 9 Reference 

1971 - - - 49 - - - - - Ralonde and  Walczal 

(1991) 

1973 24.6 37.3 42.2 49.9 52.7 58.5 - - - Caspian Sea Biodiversity 

(2008) 

1991 26 32.9 39.2 44.1 48.7 50.9 55 62.5 - Noei et al. 1991 

1992 26 33.6 39.8 43.8 48.3 51 57 63 - Ghaninezhad et al. (1992) 

1993 25.9 32.5 37.2 43.3 48.7 52.3 55.5 56 - Ghaninezhad et al. (1993) 

1996 26.9 33.02 38.98 43.5 47.96 51.2 53.8 56.8 55.5 Ghaninezhad et al. (1996) 

1998 22.5 29.7 34.4 40 44.6 49.3 50.9 51.4 - Ghaninezhad et al. (1998) 

1999 19.5 25.4 32.1 38.9 43.4 47.8 49.5 52.1 53.5 Ghaninezhad et al. (1999) 

2000 20.5 25 32 37.3 42.1 46.7 47.9 48.7 51.1 Ghaninezhad et al. (2000) 

2001 - 24.9 33.1 38.8 43 47.1 50.1 53.9 - Ghaninezhad et al.  (2001) 

2002 21.5 25.7 33.3 39.3 43.8 47.6 49.6 52.8 51.5 Ghaninezhad et al.  (2002) 

2003 22.3 26.4 34.7 40 45 48.8 52.7 56.8 - Ghaninezhad et al.  (2003) 

2004 20.7 27.6 33.3 36.9 41.3 46 49.3 51 - Abdolmaleki  et al. (2004) 

2005 24.1 26.2 32.2 38.5 43.3 47.3 51.2 54.8 56.8 Daryanabard et al. (2007) 

 

The K and L∞ ratio is an important parameter in the growth patterns by used 

auximetric plot (Pauly et al., 1988). FishBase (2008) reported a kind of species      

Rutilus (R. frisii Nordman 1840) in former USSR that have got ǿ=3.4 (Table 2.3). 

Figure 3 showed population dynamic parameters of Kutum in different years.  
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Table 2.3: Comparison of the von Bertalanffy equation growth parameters of Rutilus 

frisii kutum from various localities. Note: F= female, M= male, USSR= Union of  

soviet socialist republic, L∞ = asymptotical length (cm), K= growth rate,                     

t0 = theoretical age, tmax = maximum age, ǿ = growth performance index. 

 

 

Area Sex L∞ K t0 tmax ǿ References 

Anzali Bay F+M 64.7 0.27 - -- 3.05 Berg (1948-1949) 

 
Gorgan coastal F+M 60.14 0.23 - - 2.92 

Bay of Astrabad F 113.7 0.09 -0.01 - 3.04 

Bay of Kura F 130.2 0.08 -0.02 - 3.14 

USSR area F+M 73.5 0.23 - - 3.09 Kazancheev (1981) 

Malyi Kyzylagach 

Bay 

F+M 87.7 0.15 - - 3.06 

Malyi Kyzylagach 

Bay 

F 80.5 0.18 0.03 - 3.07 Abdorakhmanov (1962) 

 

M 79.0 0.18 0.06 - 3.06 

Anzali lagoon 

1969-1970 

F 80.4 0.20 -  3.12 Ralonde and Razavi (1972) 

 

M 70.6 0.12 -0.03  2.79 

Anzali lagoon 1991 

 

F 104.2 0.09 -0.05 - 3.02 Holcik and Olah (1992) 

 

M 48.7 0.22 -0.09 - 2.72 

Former USSR F+M 62.2 0.40 - - 3.2 FishBase (2008) 

Caspian Sea F+M 64.1 0.21 -1.46 8 2.93 Noei et al. (1992) 

F+M 72.9 0.17 -0.60 8 2.95 Ghaninezhd et al. ( 2003) 

F+M 70.1 0.14 -1.55 8 2.83 Abdolmalaki et al. ( 2004) 

F+M 58.2 0.16 -0.48 9 2.73 Daryanabard et al. ( 2007) 
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2.4 Distribution of Rutilus frisii kutum 

      Fishes are found throughout the world, from altitudes of more than 5,000 

m, as in Lake Titicaca, located 3800 m above sea level in the Andes, to depths of 

about 10 km in the Pacific Ocean (www.lookd.com/fish/distribution.html). The fish 

species found on the northern shores and drainages of the Black Sea is called R. frisi 

(Nordman, 1840) and the western shores and drainages of the Caspian Sea. Other 

populations are found in northwestern Turkey, Bulgaria and other parts of Europe, 

some subspecifically distinct from R. frisii kutum. The Kutum is distributed from the 

mouth of the Volga River up to the Astrabadskiy bay (Figure 2.3). The spawning run 

takes place at water temperature 6-22
○
C which enters the Kumbashinka River from 

February until late April, and the Volga and Ural Rivers in March to April. It inhabits 

coastal waters usually are at the depth ranging from 20 to 30 m (Koliev, 1997). 

 

 

 

 

 

 

 

Figure 2.3: Distribution of Rutilus frisii kutum   in the Caspian Sea. 
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In Iran, Kutum found along the whole Caspian coast, entering almost all the 

rivers to spawn and also are the Anzali lagoon and Gorgan Bay Holcik and Olah 

(1992a); Oryan et al. (1998); Abbasi et al. (1999); Kiabi et al. (1999). The Kutum 

populations are an anadromous fish spawning in rivers of southern Caspian Sea from 

March to April. It has a group synchronous, single spawning behavior (Shariati, 

1993), and spawning occurred on aquatic weeds, graveled, and sandy substrates in 

rivers and lagoons (Abdoli, 1999).  

 

Kutum is an endemic subspecies to the Caspian Sea. It is distributed from the 

mouth of the Volga River up to the Miankaleh peninsula. Main aggregations are  

confined to the southwestern part of the sea next to the Anzali lagoon and              

Kyzylagach bay. On the eastern coast, it occurs in the Atrak estuarine areas in the 

Iranian waters (www.caspianenvironment.org). Three populations (one autumn and 

two spring populations) were found in the rivers of Iran (Razavi Sayad, 1995), a   

revering freshwater form exists in the southern Caspian Sea (Derzhavin, 1934).  

 

2.5 Mortality of Rutilus frisii kutum 

Fish mortality is a term widely used in fisheries science that denotes removal 

of fish from a stock. Fish mortality is divided into two types: natural mortality and 

fishing mortality (Sparre et al., 1989). Natural mortality denotes removal of fish from 

the stock due to natural causes. Such causes may include any or a combination of the 

following factors: disease, competition, old age, predation, pollution or any other 

natural factor that causes death of fish (Gulland, 1969). Estimating natural mortality 

http://en.wikipedia.org/wiki/Caspian_Sea
http://en.wikipedia.org/wiki/Bandar_Anzali
http://en.wikipedia.org/wiki/Atrek_River


31 

 

(M) is one of the most difficult and critical elements of a stock assessment (Hewitt et 

al., 2007). In fishery population dynamics, natural mortality is denoted by (M).  

 

Abdolmaleki and Ghaninezhad (2007b) reported the mean fork length of    

Kutum (R. frisii kutum) was 36.76.1 cm showing a range of 21 to 69 cm. The age 

groups 3, 4 and 5 years old comprised 87% of the total catch age composition. Total 

mortality, natural mortality and fishing mortality rates of the species were estimated 

at 1.1/year; 0.28/year and 0.83/year, respectively (considering a surface water     

temperature of 14°C). The biomass of the fish was estimated at 25 thousand tonnes. 

The M of Kutum reported by Ghaninezhad et al. (2003), Abdolmaleki et al. (2004), 

and Daryanabard et al. (2005) with 0.30, 0.28, and 0.30 year
−1

, respectively 
 
using by 

Pauly‟s model. 

 

2.6 Feeding habits of Rutilus frisii kutum 

According to Crivelli (1981) there are four basic eating groups among fish: 

carnivores, herbivores, omnivores and limnivores. Each group of fish needs to be fed 

in a particular way. Carnivores are meat-eating fish on the worms, shell, and crabs;  

herbivorous fish are those that eat only plants; omnivore fish eat pretty much        

anything, and that makes them dangerous to plants as well as to other smaller      

creatures; and  limnivores are also known as mud-eaters which fish feed, mainly on 

algae and microorganisms.   

 

Abdurakhmanov (1962) stated that Kutum enters the rivers of Iran from    

December until April. The main food items of this species are mollusks, shrimps, 

amphipods and crabs. Larvae and fry feed on rotifers, minute forms of cladocerans, 
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diatom algae, and larvae of copepods. Rzaev and Zarbalieva (1970) investigated 

feeding of Kutum (R. frisii kutum) in southwestern part of the middle Caspian Sea. 

Adults feed mainly on mollusks, crabs and other benthic. Zarbalieva (1987) provides 

data on feeding of this species in the Caspian Sea off Azerbaijan. Fish concentrate on 

a sandy-shell rock bottom and remain at the locations for most of the year to feed. 

The crab Rhithropanopeus harrisii dominates in the diet, 67.9-93.7% by weight. 

Molluscs, mainly Cerastoderma lamarckii, comprise 30% by weight of the food of 

fish 30-40 cm long. Fish larger than 40 cm seldom take molluscs but occasionally 

consume on Clupeonella spp.  

 

Holcik (1995) reported that mollusks used to be the main diet item of this 

fish. Juveniles in the Anzali Mordab of Iran feed mostly on phytoplankton in contrast 

to the zooplankton reported for Azerbaijan fish.  Oryan et al. (1998) stated that   

Cardium is the main food of this species on the eastern and western coasts of Bandar 

Anzali. Crabs and Balanus are also important food items. The hepatosomatic index is 

highest in February and March, the prespawning period. Zarin Kamar (1996)        

reported that Cardium (Cerastoderma lamarki), Balanus, and Crab as main prey,  

Gastropoda, Hypanis, Abra, Gammarus, and Cumacea as subordinate prey, and    

Oligocheata, Mysidae, Gamaridae (Niphargoides sp.), and detritus was as random 

preys of Kutum in the west coastal of Caspian Sea in Guilan province. Kuliev (1997) 

reported the main food items of R. frisii are molluska, shrimps, amphipods and crabs. 

Larvae and fry feed on rotifers, minute forms of cladocera, diatom algae, and larvae 

of copepods. Abbasi et al. (2005) recorded that diet of young Kutum within average 

length (72.8 mm) and weight (4.68 g) was zooplankton as main prey. The gastro  

somatic index (GSI) of young Kutum was 163.7±133.1 recorded in the west coastal 
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of Caspian Sea in Guilan province. The Kutum can grow at a fast rate and when feed 

on mollusks, crab, shrimps, and the other organism (Askarov et al., 2003). The     

migration of the spawns Kutum in the rivers begins in April until May. Larvae and 

early juveniles feed on zooplankton, algae, and insect larvae. Adults feed mainly on 

mollusks, crabs and other benthic invertebrates (Kottela and Freyhof, 2007). Afraei 

Bandpei et al. (2008a) reported food habitat of Kutum in the southern Caspian Sea. 

The diets consisted of a broad spectrum of food types and Cerastoderma were    

dominated with 56.2%, Gastropoda (19.4%), Balanus (14.1%), crab (4%), alga 

(2.9%), egg (1.1%), Hypanis (1.1%), Gammarus (0.7%) and fish (0.4%),               

respectively. The catch fish populations belong to 8 age groups based on food items 

dominated in each group included crab and Gammarus were in 2 age group, 

Cerastoderma in 3 age group, Gastropoda in 4 age group and Cerastoderma were 

dominated in 5, 6, 7 age groups. The fish of less than 2 years consumed plankton 

groups mainly comprise of Exaviuella, Nitschia, Diatoma, Rhoicophenia, Synedra, 

Osilatoria and Navicolla. The range of gastrosomatic index (GSI) was from 119.5 to 

350.8. Mean feeding intensity in females was more than males. Maximum and 

minimum feeding intensity occurred in autumn and spring with mean 307.7 and 

130.8, respectively. The result showed that Cerastoderma was the main prey (Fp= 

56.2%).   

 

2.7 Sex ratios of Rutilus frisii kutum  

According to Hamilton (1967) the sex ratio is the ratio of male to female in a 

population. The primary sex ratio is the ratio at the time of conception, secondary sex 

ratio is the ratio at the time of birth, and tertiary sex ratio is the ratio of mature       

organisms. Vazzoler (1996) noted that sex ratio and size structure constitutes 
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information basic in assessing reproductive potential and estimating stock size 

populations.  

 

The sex ratio of males to females of Kutum in rivers during natural             

reproduction differs and usually varies between from 3.2: 1 to 6.6:1 (Valipour and 

Khanipour, 2006). Mosavi (2005) reported that sex ratio males to females of Kutum 

in the Shiroud River was 2.7: 1 (males: females).   

 

2.8 Reproduction and recruitment of Rutilus frisii kutum  

According to King (1995) reproduction and recruitment are two of the major 

events in the life history of species. In some cases, these events involve movement 

between different areas; some, perhaps relatively few species migrate to particular 

spawning areas, and many species have particular habitats where juveniles lives and 

grows (nursery areas). 

 

Caspian Kutum is an anadromous fish and spawning ground occurred in 

rivers. R. frissi kutum is among the species that exhibits high fecundity, which is a    

synchronous fish. The absolute fecundity in this species ranged from 19,718 to 

147,696 eggs with a mean value of 74,774 eggs. The mean value for the number of 

eggs per gram eggs is 272 eggs. The eggs are yellow to golden yellow and          

sometimes pistachio green and their diameter varies from 1.2-1.9 mm (Valipour and 

Khanipour, 2006).  

 

Aminian Fatideh (2006) reported relative and absolute fecundity of Kutum 

with mean 7,949±2,460, and 110,686±52,998 eggs in the southern Caspian Sea. Fish 
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spawn annually according to an Iranian study by Azari Takami et al. (1990) and 

probably return to their river of birth. A large female, 60 cm long, 3.24 kg and 7 

years old contained 124,712 eggs but some large females may have over 250,000 

eggs  (Ferid-Pak, 1968) where fish 38-40 cm long have a mean value of 53,900 eggs, 

ranging up to 174,400 eggs for fish 62-64 cm long and maximum egg diameter was 

2.0 mm. Abdurakhmanov (1962) gives a fecundity of 290,000 eggs for Kutum in 

Azerbaijan. Berg (1946) reported a fecundity of 27,000 to 280,000 eggs for Kutum in 

the Caspian Sea.  

 

2.9 The role of aquatic fish in per capita consumption  

According to Salehi (1999) and (2004), per capita expenditure on the fishery 

product in urban areas is almost twice as high as that in rural areas, and increasing as 

income rise. In 2004, total aquatic production continued to be dominated by catches 

from the Persian Gulf and Oman Sea with 66%, the Caspian Sea with 7% (more than 

5% comprise to Kutum), and the balance being from aquaculture and inland waters 

around 27% (Salehi, 2006). According to Forth Development Plan of Fisheries 

(NFDP, 2005), FAO (1992), Nash (1997), and Salehi (2004) Iran has tremendous 

opportunities to increase the product of fisheries through development of            

aquaculture. In Iran, main fish markets are located in the coastal provinces and the 

capital city Tehran while the major freshwater fish markets are in the provinces of 

Guilan, Mazandaran and Tehran. In the Caspian Sea, the fishing season usually starts 

in the second half of October to early of April, and the carp harvest also starts in          

October. In Guilan, Mazandaran and Golestan where capture fishery has a very long 

traditional, marine species, especially Kutum, R. f. kutum has strong consumer       

preference (Salehi, 2006). 
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CHAPTER 3 

MATERIAL AND METHODS 

 

 

3.1 Study site 

The Iranian coast of the southern Caspian Sea stretches for nearly 900 km 

from Azerbaijan in the west to Turkmenistan in the east. There are three provinces 

include Guilan, Mazandaran and Golestan from west to east of southern Caspian Sea 

(Figure 3.1). The near shore Iranian coast sediment mainly consists of shell and sand 

but from the depth of more than 50 m. Surface water temperature varies about 12 to 

28 with mean 14.3±5.14 
○
C in winter and summer, respectively.  

 

The salinity in the southern basin of the Caspian Sea ranges between 12‰ 

and 13‰ (Kaplin, 1995). Water current has a complex pattern and dominant general 

current pattern is from west to east and differs in summer compared with wintertime. 

In western side the prevailing current directions are north to south while in the 

eastern side it is from south to north (Zaker et al., 2007).  
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Figure 3.1: Map of Iranian waters of the Caspian Sea, showing the sampling area. 

Note: Black spots correspond to sampling provinces center. 

 

 

3.2 Pare fishing method and Pare fishing cooperatives 

The Pare fishing method was practised in the former Soviet Union and was 

proposed by their fishing experts, for the first time, for fishing in the Anzali lagoon 

of the Caspian Sea (Ghadirnejad, 1996). The net consists of several parts; each one 

has a width of 10 to 15 m and the total length is about 1,200 m. This net has different 

mesh sizes in different parts. Some years ago the net was thrown into the sea using a 

wooden barge and pulled out by about 80-100 people on the beach. This method was 

both laborious and time consuming. Nowadays, the fishing cooperatives use tractors 

to pull the net from the sea and to transfer it again to the barge for the next catch 

(Figure 3.2). Those cooperatives which have 4 tractors and 2 tractors for each side of 

the net in order to lessen the pulling time; they then have more time to increase the 
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number of catches per day (from 2 to 4). Cooperatives usually have 3 tractors; one as 

a reserve, in case of problems, and 2 are used for pulling the net from the sea.  

Pare fishing cooperatives have permission to fish during the fishing season 

(12
th

 October until 7
th

 April of the following year) from sunrise until sunset in a      

defined location. The location for each cooperative is 2 km along the beach and 3 km 

from the shore to the sea. The product organization and job sharing between the 

members of the cooperate is organized as follows (Taleb, 1992): 

 

3.2.1 The manager: he is responsible for all operations before and after  

catching fish, such as: preparing and repairing of fishing gear and vessels, food   

supply for fishermen, and collecting catches for sale in the fish market. He is also the 

representative of a cooperative and has no direct role in the catch progress. 

 

3.2.2 The Losman (Captain): the one who shares out the jobs between      

fishermen; he determines the days, the catching place, and the number of catches per 

day; and he gives orders on the techniques how to pull the net from the sea. He is the 

actual leader of a fishing cooperative from the point of view of the catches. He 

should be a person who has leadership skills and enough experience of how to catch 

fish by this method. Finding a good Losman and keeping him during the fishing        

season is a key factor for each fishing cooperative; therefore the manager of each 

fishing cooperative tries to find the best Losman before the next fishing season starts. 

 

3.2.3 Pishmala: usually 2 people who act as the deputies for the Losman. 

They get orders from the Losman and give orders to the fishermen. 
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3.2.4 Tolkachi: usually 2-4 people who sail the barge (Karaji), in which the whole 

net ropes of both sides are collected. It has no motor and is towed by small            

motorboats. 

3.2.5 Fokachi: about 12 fishermen do this job. What they do is to keep the 

bottom and the top of the net in such as a position that the fish which have been          

encircled cannot escape. They start their jobs as the net is pulled to shore; they       

generally used waterproof clothes. 

 

3.2.6 Chinikchi: between 2-5 elderly and experienced fishermen who are          

responsible for repairing nets whenever the nets are damaged. 

 

 

3.2.7 Varnekash (watchmen): usually 2 people. They are similar to night 

watchmen; they protect the nets, barg and other facilities. 

 

3.2.8 Cooks: 2-6 people who prepare meals for the fishermen. 

 

 

3.2.9 Kolfakash: 40-60 fishermen who pull the wing of the net bag and the 

bag from the sea after the tractors have already pulled out the ropes and the first parts 

of the net. Years ago, before the use of tractors, all the nets were pulled out by these 

fishermen. Fishermen are made up of small groups among the cooperative, and these 

groups live together in small temporary houses called Kome; they share living       

expenses. The uniqueness of the Pare fishing method is observed in Iran only.        

Perhaps most probably no other countries in the world practise this method  
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A 

 

B 

 

C 

 

 

Figure 3.2: Sampling methods of Rutilus frisii kutum from the southern Caspian Sea. 

Notes: (A) and (B) Beach seine is pulled by a tractor from early October to first of 

April and (C) small beach seine is used for juvenile of Kutum from May to          

September by sea security groups. 
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3.3 Fishing cooperative capital assets  

3.3.1 Buildings   

3.3.1.1A big store (200 m
2
) where the barge (Karaji); motorboats, and          

tractors are kept; part of this building can be used for repairing the net. 

 

3.3.1.2There is usually another small store (30 m
2
); where nets, ropes, and 

other fishing equipments are kept. 

 

 

3.3.1.3Fishermens‟ resting rooms (Kome); each room is 24 m
2
; there are 

usually eight of them in each cooperative. 

 

3.3.1.4Karaji (barge); each cooperative has a big motor less boat which is 

made in local factories. This barge is used for shooting Pare nets into 

the sea and is made mostly from wood and partly from fibreglass. The 

size of these boats is 15 m long, 2.2 m wide and 1.2 m high. 

 

 

3.3.1.5Motorboats; each cooperative has 2-4 motorboats, which are essential 

for Pare fishing. They are used for holding the barge (Karaji) and 

taking care of the net when it is pulled from the sea. Usually two 

motorboats are enough during the catch, and the rest are reserves, in 

case of repair or other accidents; the motorboats are made from 

fibreglass and wood. The size of the wooden motorboats is 5 m long, 

1-1.5 m wide and 0.6-0.7 m high. 
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3.3.2 Pare net: Each fishing cooperative (FC) has a net with different parts 

and therefore different mesh size. In some fishing cooperatives, because of their       

location, it is necessary to have several net parts as the reserve because the net in  

operation will be sometimes cut and must be repaired on the site. The length of          

standard Pare nets is 1200 meters; consist of 9 parts as follows: 

 

3.3.2.1 Dastak; the first part of the net after the rope on each side with 50 mm 

meshes sizes. The highest of this part depends on the depth of the sea and varies from 

6.5 to 8 m. The length of this part is 100 m. 

 

3.3.2.2 Second dastak; this consists of two parts, which are located behind the 

first dastak. The mesh size is 45 mm and the length 150 m. The height depends on 

the depth of the sea, from 7.5 to 9 m. 

 

 

3.3.2.3 The wing of dastak; this consists of two parts, which are located       

behind the second dastak. The mesh size is 40 mm and the length 150 m. The highest 

is from 9 to 10.5 m. 

 

3.3.2.4 The wing of the bag; this consists of two parts; one located each side 

of the bag, with a mesh size of 36 mm and a length of 100 m. The height of this part 

is slightly more than the wing of dastak, between 11.5 and 12 m.  

 

 

3.3.2.5 The bag; the central part of the net, with 33 mm mesh size; 100 m 

length, with a maximum height of 13 -15 m. 
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3.4 Fishing season 

The fishing season in the south Caspian Sea is about 180 days in total;         

however, due to storms and very cold weathers, approximately 40 days are lost. 

Thus, they can usually have fishing activities from 127 to 150 days. 

The gross income of cooperatives varies. While some of them the income per day is 

very low, however in cooperatives with better conditions it is comparatively high. 

The conditions which make for differences between the incomes of cooperatives are 

as follows: 

3.4.1  The geographical location. 

 

3.4.2  The species composition of the catch (some fish have more value than 

others and are numerous in some special areas). 

 

 

3.4.3  The Losman (captain) and his experience. 

 

3.4.4  The time of day of fishing. 

 

 

3.4.5  The character, suitability and width of the beach. 

 

3.4.6  Suitable water depth (in the south-east part of the Caspian Sea the 

shore has a very slight slope and fishermen have to shoot the net 10 km from the 

beach; therefore they need more manpower for pulling the nets. 

 

 

3.4.7  Proper equipment and facilities are needed.  
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3.5 Sampling method 

In the present study, the collection of samples consisted of two phases, as  

follows:  

Phase 1: The collection of samples of Caspian Kutum during the fishing            

season from 12
th 

October 2006 to 7
th

 April 2007. These fish communities were            

collected from active Pare fishing cooperative at 131 stations along the southern part 

of the Caspian Sea shores from the east and west. Sampling of fish based on         

randomly collected techniques from coastal of Guilan, Mazandaran and Golestan 

provinces monthly. Overall, number of 1360 specimens examined. For biology             

investigation some of the characteristic comprise total length (cm), fork length,  

standard length, body weight (g), gonad weight (g), stomach content weight (g),           

absolute fecundity, relative fecundity, egg diameter, sexual maturity stages, and take 

out the scale. More details of material and methods describe in each chapter.  

 

Phase 2: The collection of samples, particularly for young fish and juvenile 

continued when the fishing season finished from the middle of April 2007 to               

September. Overall, number of 1345 specimens examined. In this phase, the Pare 

fishing cooperatives were no longer active. Therefore, it was necessary to make at 

least two small beach seine nets to continue collecting Caspian Kutum fish samples 

from the southern Caspian Sea. The mesh sizes of these 100 m long nets were 5 mm 

in order to catch juveniles and fingerling fish. The materials and method mentioned 

in this chapter could be seen as a general infrastructure of this study. The utilized 

methodologies for each chapter will be discussed in great detail in the following           

respective chapters.  
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CHAPTER 4 

AGE AND GROWTH OF CASPIAN KUTUM, Rutilus frisii kutum              

(CYPRINIDAE) IN SOUTHERN PART OF THE CASPIAN SEA 

 

 

4.1 Introduction 

The study of age and growth is the foundation on which our knowledge of 

fish population dynamics is built. Even though the use of age and growth data is  

fundamental to the modern practice of fishery science. It should noted that much our 

knowledge of fish age and growth has developed only within the past 150 years 

(Fuiman and Werner, 2002). All stock assessment methods work essentially with age 

composition data (Sparre et al., 1989). It is essential to determine the age of fish for 

estimation of the rate of growth, for understanding the population dynamics of a  

species (Jearl, 1984), and for answering life history questions such as longevity, and 

age at maturity or spawning.  

 

The study of fish population dynamics is one of the subdisciplines of applied 

population ecology. The growth of individuals also influences population dynamics. 

Growth rates influence survival, maturation and fecundity (Fuiman and Werner, 

2002). In the last century, fishery biologist started studying the qualitative aspects of 

fish such as distribution, migration patterns, spawning season, and distribution. 

Fluctuations in the abundance of fish and the effect of fishing on it were noted 

(Smith, 1988). In temperate waters data can be obtained through counting of yearly 

rings on scales, otolites, spines, vertebrate, the dentally bone, and cross sections of 

other bony structures (Beamish and MacFarland, 1987). Such rings are formed as a 
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result of strong fluctuations in environmental conditions from summer to winter and 

vice versa (Sparre et al., 1989). Thus, the accuracy in determining the age, is 

dependent on the ability to interpret these layers correctly. However, the clarity of 

the layers varies with species and skeletal structure. Age and growth studies 

constitute an extremely important field of commercial fishery biology, providing the 

knowledge which is required for the solution of problems of population dynamics, 

assessment of fishing grounds, and fishery management techniques    (Mat-isa, 1992) 

and (Mohd-Nasir, 1994).  

 

4.2 Material and methods 

The fork length (FL) was measured from a captured fish to the nearest cm 

weighted to the nearest g. Age was determined by scale reading (Chugunova, 1959). 

Scales were collected from the middle of the body behind the pectoral fins above the 

lateral line placed in labeled envelopes, and returned to the laboratories for              

measurement and analysis. The scales were washed, placed in small covered Petri‟s  

dishes. Then, the organic layers were removed by rubbing and washing the scales 

between the fingers in tap water (Fazli et al., 2008).  

 

   4.2.1 Relationship between length and weight equation 

The relation of weight to length was calculated applying the exponential      

regression based on the following equation: 

W= a ×Lb                                                                                                                (1)        

http://www.sciencedirect.com/science?_ob=MathURL&_method=retrieve&_udi=B6T6N-4SFS0HR-1&_mathId=mml3&_user=4187955&_cdi=5035&_rdoc=1&_ArticleListID=760303427&_acct=C000012438&_version=1&_userid=4187955&md5=13f277a190fc7e6a4d225b96162f1d49
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Where W is the total weight (g), L is the fork length (cm), and a and b are calculated 

analysis parameters (Ricker, 1975). 

 

4.2.2 Condition factors equation 

The Fulton condition factor (CF) was determined for each fish using the 

equation forwarded by Bagenal, (1978):                                                                                          

100
L

W
CF

3
                                                                        (2)                                                                 

Where W is the total fish weight (g), L is the fork length (cm).  

 

4.2.3 von Bertalanffy growth equation  

Length-at-age data were fitted using non-linear least-squares regression to the 

von Bertalanffy growth model (Ricker, 1975): 

Lt = L ∞ (1 – e 
–k (t-t

0
)
),                                                                                              (3) 

Where Lt is the length of the fish at age t, L∞ is the asymptotic length, K is a growth 

rate per unit of time, and t0 is the theoretical age at which the fish would have length 

zero. 

 

 4.2.4 Data analysis 

Length-at-age data analysis used FiSAT software (Gayanilo et al., 1996). 

Chi-squared analysis was used to test for a significant difference from an expected  

1: 1 sex ratio for all fish. 
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4.3 Results 

4.3.1 Relationship between length and weight 

Overall, 2705 specimens of R. f. kutum were collected and used for this study. 

From 1360 of the fish examined by trade catch, 483 were males, and 744 females, 

and the sex of the remaining 133 fish could not determine the sex. The ratio between 

males and females varied throughout the sampling period and females dominated 

from October to February; and males dominated in March. In April, the sex ratio was 

approximately the same (Figure 4.1). From May to September all Kutum was 

fingerlings and could not determined the sex.  

 

 

 

Figure 4.1: Monthly variations male and female value of Rutilus frisii kutum         

collected along the southern Caspian Sea, Note: Figures in parentheses indicate 

number of sample size. 
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Fork length and weight ranged from 21 to 58 cm and 104 to 2450 g (38.85±6.22 cm, 

804.3±398.45 g, n= 1360) for both sexes (Table 4.1). From 21 to 58 cm and 104 to 

2450 g (39.01±6.7 cm, 826.64±429.5 g, n= 744) for females (Table 4.2), and from 21 

to 51 cm and 109 to 1689 g (38.20±4.9 cm, 714±261.4 g, n= 483) for males         

(Table 4.3).  

 

Thus, females attained larger length and weight than males. A significant    

difference was found in the length and weight relationship between males and       

females in various months (ANOVA, df= 1226, p < 0.05). The mean length and 

weight of Kutum attained 40.24±5.85 cm, 928.41±391.6 g for Guilan; 38.42±6.2 cm, 

769.43-±379.71 g for Mazandaran, and 35.21±6.94 cm, 529.92±310.06 g for         

Golestan provinces, respectively (Table 4.4). Overall, 1,345 specimens juveniles of 

R. f. kutum were collected by the small beach seine, which means fork length, and 

weight comprise to 6.2±3.04 cm and 6.2±20.04 g, respectively (Table4.5).
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Table 4.1: Mean fork length (cm) and weight (g) of Rutilus frisii kutum. Note:  N. is the sample size (significant different between fork 

length (ANOVA, F= 17.77, p <0.05) and weight (ANOVA, F= 11.52, p <0.05). 
 
 

   Months N. Mean Std. Deviation Std. Error Minimum Maximum 

 

Fork length (cm) 

 

 

 

 

Oct. 50 35.00 7.58 1.07 24.20 51 

Nov. 159 36.47 7.27 0.57 23 55. 

Dec. 310 38.79 6.05 0.34 22 58 

Jan. 181 37.03 6.53 0.48 21 54 

Feb. 176 39.12 5.94 0.44 25 51 

Mar. 318 40.61 5.12 0.28 21 54 

Apr. 166 40.76 4.96 0.38 28.5 52 

Total 1,360 38.42 6.22 0.16 21 58 

Weight (g) 

 

 

 

 

Oct. 50 595.07 405.64 57.36 168 1,814 

Nov. 159 677.72 431.47 34.21 148 1,972 

Dec. 310 816.62 405.72 23.04 138 2,450 

Jan. 181 703.24 390.87 29.05 104 1,922 

Feb. 176 825.15 385.54 29.06 162 2,222 

Mar. 318 873.35 360.48 20.21 112 2,254 

Apr. 166 921.12 367.00 28.48 227 1,968 

Total 1,360 775.23 382.47 10.80 104 2,450 
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Table 4.2: Mean fork length and weight females of Rutilus frisii kutum in the southern Caspian Sea. Note: N. is the sample size 

(significant different between fork length (ANOVA, F= 19.205, p <0.05) and weight (ANOVA, F= 14.981, p <0.05). 

 

  

   Months N. Mean Std. Deviation Std. Error Minimum Maximum 

  

Fork length (cm) 

  

  

  

  

Oct. 30 36.16 7.85 1.34 26 51 

Nov. 46 36.21 7.68 0.94 21.8 52 

Dec. 210 37.61 6.10 0.42 24.5 58 

Jan. 127 36.74 6.69 0.57 21 54 

Feb. 99 39.47 6.84 0.66 23.4 51 

Mar. 146 42.49 5.02 0.38 27.8 54 

Apr. 86 42.11 3.94 0.56 33 51 

Total 744 39.01 6.65 0.23 21 58 

Weight (g) 

  

  

  

  

Oct. 30 665.76 440.32 75.51 209 1,814 

Nov. 46 690.89 448.43 55.19 139.9 1,970 

Dec. 210 752.06 402.69 27.78 178 2,450 

Jan. 127 691.39 397.85 34.36 104 1,900 

Feb. 99 864.66 443.69 42.89 164 2,000 

Mar. 146 1035.29 388.64 29.54 255 2,254 

Apr. 86 990.99 296.62 42.37 380 1,968 

Total 744 830.3 429.54 15.32 104 2,450 
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Table 4.3: Mean fork length and weight males of Rutilus frisii kutum in the southern Caspian Sea. Note: N. is the sample size 

(significant different between fork length (ANOVA, F= 6.370, p <0.05) and weight (ANOVA, F= 5.119, p <0.05). 

 
  

  

  

Fork length (cm) 

  

  

  

  

 Months N. Mean Std. Deviation Std. Error Minimum Maximum 

Oct. 10 32.97 5.73 1.81 26 42.5 

Nov. 30 34.22 7.38 1.50 23 46 

Dec. 69 38.91 5.59 0.67 22 51 

Jan. 46 38.40 5.35 0.80 26 46.5 

Feb. 77 38.17 5.01 0.58 25 45 

Mar. 171 39.14 3.723 0.28 30.5 49.9 

Apr. 80 37.59 4.62 0.40 21 48.6 

Total 483 38.17 4.96 0.21 21 51 

Weight (g) 

 

 

 

 

 

 

 

Oct. 10 442.60 214.05 67.69 203 826 

Nov. 30 543.63 329.80 67.32 150 1,131 

Dec. 69 800.10 316.74 38.13 138 1,689 

Jan. 46 722.95 300.37 45.28 109 1,270 

Feb. 77 731.50 255.05 29.85 160 1,204 

Mar. 171 719.96 188.53 14.67 340 1,432 

Apr. 80 699.90 264.03 23.33 110 1,642 

Total 483 719.14 261.21 11.54 1,090 1,689 
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Table 4.4: Mean fork length and weight of Rutilus frisii kutum in different provinces in the southern Caspian Sea. Note: N. is the sample 

size (significant different between fork length (ANOVA, F= 16.073, p <0.05) and weight (ANOVA, F= 20.135,  p <0.05). 

 

 
  

   Province N. Mean Std. Deviation Std. Error Minimum Maximum 

Fork length (cm) 

 

 

 

Guilan  134 40.24 5.85 0.505 21 51 

Mazandaran 1,149 38.42 6.19 0.176 21 58 

Golestan  77 35.21 6.94 0.791 21.8 47 

Total 1,360 38.42 6.26 0.165 21 58 

Weight (g) 

  

  

  

Guilan  134 928.41 391.57 33.82 110 1,798 

Mazandaran 1,149 769.94 379.71 10.84 104 2,450 

Golestan  77 592.92 310.06 35.33 135.62 1,346 

Total 1,360 775.23 382.47 10.08 104. 2,450 
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Table 4.5: Mean fork length (FL) and weight (WE) juvenile of Rutilus frisii kutum 

from May to September in the southern Caspian Sea. Note: significant different 

between fork length (ANOVA, F= 184.323, p <0.05) and weight (ANOVA, 

F=70.104, p <0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Months  Aspects FL (cm) WE (g) 

May 

  

  

  

Mean 9.9 24.79 

Std. Deviation 5.40 44.78 

Minimum 5.50 2 

Maximum 25 185 

Number 232 

June 

  

  

  

Mean 5.88 3.65 

Std. Deviation 1.96 4.70 

Minimum 3.40 0.30 

Maximum 15.50 37.7 

Number 191 

July 

  

  

  

Mean 4.70 1.29 

Std. Deviation 0.602 0.581 

Minimum 3.50 0.50 

Maximum 7.00 4.60 

Number 406 

August 

  

  

  

Mean 5.29 1.97 

Std. Deviation 0.81 1.03 

Minimum 3.70 0.60 

Maximum 8.50 8 

Number 211 

September 

  

  

  

Mean 6.14 2.97 

Std. Deviation 0.98 2.07 

Minimum 4.50 1 

Maximum 10.80 16.3 

Number 305 

Total 

  

  

  

Mean 6.20 6.17 

Std. Deviation 3.04 20.54 

Minimum 3.40 0.30 

Maximum 25 185 

Number 1,345 
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Relationship between fork length and somatic weight for all individuals is  

described by the equation: W= 0.0115 FL
3.02

 (r 
2
 =0.99, n =2,705) for both sexes; 

W=0.0061FL
3.19

 (r
2
=0.96, n=744) for female; and W=0.0067FL

3.16
 (r

2
=91, n=483) 

for male (Figure 4.2). The slopes (b) of length–weight were not significantly 

different between males and females (p >0.05). The relationship between fork length 

and   somatic weight of the fish for all individuals were calculated separately for 

Guilan, Mazandaran and Golestan (Figure 4.3) provinces. The slopes (b) of length–

weight was significantly different between areas (p <0.05), indicating negative 

isometric nature of growth (b<3) in the Golestan populations.  
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A 

 B 

 
C 

 

 

Figure 4.2: Relationship between fork length and weight of Rutilus frisii kutum in 

southern part of the Caspian Sea. Notes: (A) is the total population, (B) female and 

(C) male. 
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D 

 
E 

 
F 

 

 

Figure 4.3: Relationship between fork length and weight of Rutilus frisii kutum in 

different provinces. Notes: (D) is the Guilan, (E) Mazandzrzn and (F) Golestan. 
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4.3.2 Length frequency 

Length frequency of R. f. kutum samples varied between 21 and 58 cm FL. 

The highest length groups from 21 to 57 cm obtained in December and lowest in 

April from 27 to 53 cm, which coincided feeding during befor wintering and    

spawning period, respectively (Figure 4.4). After a relatively low FL (average 35 cm) 

in October, an increased in FL was recorded up to (average 38 cm) in November to  

December. A decrease in FL was observed in January (average 37 cm). In February, 

the FL started to increase steadily from average 39.1 cm until April when a high  

value of average 40.8 cm. Afterwards, the length frequency of Caspian Kutum from 

May to September included length groups less than 15 cm, which coincided to after 

the commercial fish catch that, carry out by the small beach seine. This could be due 

to releasing fries of Caspian Kutum based on artificial breeding plan or reproduction 

of natural breeding (Figure 4.5).  

 

 

 

 

 

 

 

 

 

 

 

 



59 

 

  

  

  

 

 

 

Figure 4.4: Monthly length-frequency distribution of Rutilus frisii kutum sampled 

along the southern Caspian Sea from October 2006 to April 2007. 
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Figure 4.5: Monthly length frequency distribution juvenail of Rutilus frisii kutum in 

different months in the southern Caspian Sea from May 2006 to September 2007. 

 

 

4.3.3 Age structures 

Overall, age determination was determined from 931 fish by scale. The       

annual‟s ring appeared as a dark and light zone (Figure 4.6). Appearance of the      

annuals ring occurred in April and May. A total of ten age groups was represented in 

this study. The youngest collected age 0 and 1 year included juveniles that caught 
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from May to September. The oldest was a 9 years old. The mean age was 3.99±1.08 

years old. Total of nine age groups (9 age groups for females and 7 age groups for 

males) were represented in this study. The highest frequency (52.6% for males and 

35.5% for females) occurred in age 4 years with a mean fork length 39±3.2 cm and 

40±3.2 cm, respectively (Table 4.6). A significant difference was found in the age 

between males and females (T-test, t=89.212, p <0.05).   

 

The highest frequency occurred in age 3
 
years with a mean fork length 35.1±2.2 

cm and 34.4±3.3 cm in Guilan and Golestan areas, respectively while in Mazandaran 

the highest frequency obtained in age 4 with a mean 39.9±3.8 cm in trade catch    

(Table 4.7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.6: Scale of Rutilus frisii kutum with annual rings (7 years) 
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Table 4.6: Mean fork length (cm) and weight (g) both sex of Rutilus frisii kutum from the southern Caspian Sea. Note:  FL = fork length, 

W= weight, N. =sample size. 

 

 

Sex  Age groups 

  1 2 3 4 5 6 7 8 9 

Female 

FL(cm) 23±2.4 28±1.4 35±2.5 40±3.2 44±3.3 48±1.6 52±1.6 55±1.7 58 

W (g) 126±42 214±43 466±128 849±234 1,229±301 1,510±225 1,803±247 2,150±189 2,450 

N. 21 32 146 200 118 26 11 9 1 

Male 

FL(cm) 21±2.1 26±2.6 34±2.8 39±3.2 43±2.6 47±2.1 50±1.4   

W (g) 133±28 233±103 499±134 770±185 970±206 1,310±211 1,639±70   

N. 17 15 82 193 49 9 2   
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Table 4.7: Mean fork length (cm) and weight (g) of Rutilus frisii kutum in different age groups and in different areas, Note: standards 

deviations are in parentheses (FL=fork length, W =weight, N. =sample size). 

 

 

 

  Age groups 

  0 1 2 3 4 5 6 7 8 9 

Guilan 
FL (cm) 

- - 
27.1±2.9 35.1±2.2 41.6±2.7 46.4±1.3 48.1±1.4 50.5±0.7 

  

W (g) 
- - 

245±103 581.6±124 962.7±148 1,396.5±172 ,1524±150 1,631±236 
  

 
N. 

- - 
15 38 31 14 14 2 

  

Mazandaran 
FL(cm) 5.7±1.5 21±2.1 26.6±3.0 33.7 ±4.1 39.9±3.8 43.8±4.8 47.1±4.5 49.5±3.4 55±1.7 58 

W (g) 2.8±2.7 133± 28 218.5±92 477.5±253 814.7±244 1,088±349 1,258±424 1,729±331.2 2,150±189 2,450 

 
N. 1307 38 35 194 385 156 22 18 10 1 

Golestan 
FL (cm) 

 - 
25.1 ±2.1 34.4 ±3.3 41.1±2.1 42.7 ±2.1 

    

W (g) 
 - 

201.5±57.1 494.9±139 847.7±136 981.7±186.3 
    

 
N. 

 - 
7 19 18 12 
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4.3.4 Condition factor (CF) 

Overall, the condition factor (CF) of Kutum ranged from 0.55 to 2.10 with a 

mean 1.25±0.15 for fish trade catch and 0.54 to 2.56 with a mean 1.20±0.11 for     

fingerling (Table 4.7). The condition factor in Guilan province was more than the 

Mazandaran and Golestan provinces (Table 4.9) and was significant different        

between CF and various provinces (p <0.05).  

 

The condition factor (CF) males and females increased from October to April 

in which coincided to spawning period and migration into the river. The Fulton    

condition factor (CF) varied from October (average 1.2) to April (average 1.30).   

Variation of the condition factor showed an increase in growth rate during from    

November to December and a decrease in January, afterwards an increase during 

February, March and April, which coincided to spawning period (Figure 4.7). The 

CF fluctuated from May to September because of all fish caught was fingerling and 

increase the CF in June and August could be due to feeding activity. The CF ratio in 

Guilan province was more than the Mazandaran and Golestan provinces, which    

related to feeding resources. There is a significant different between CF and both 

sexes of Kutum (ANOVA, df= 1282, p <0.05).   
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Figure 4.7: Monthly changes condition factor (CF) males and females of             

Rutilus frisii kutum in southern part of the Caspian Sea. Note: Vertical bars indicate 

standard deviations. 
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Table 4.8: Monthly variations condition factor (CF) of Rutilus frisii kutum. Note:  SE = is the standard error, and N. the sample size. 

  

 
 
 

Table 4.9: Mean condition factor (CF) of Rutilus frisii kutum in different provinces in trade catch. Note: N.= sample size, and significant 

different between CF and different province (ANOVA, F= 19.686, p <0.05). 
 
 

Area N. Mean Std. Deviation Std. Error Minimum Maximum 

Guilan 134 1.33 0.11 0.009 1.01 1.73 

Mazandaran 1148 1.25 0.15 0.004 0.55 2.17 

Golestan 78 1.22 0.09 0.010 1.00 1.42 

Total 1360 1.25 0.15 0.003 0.55 2.10 

 Condition factors (CF)  

 2006 2007  

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

Mean 1.20 1.23 1.28 1.22 1.25 1.23 1.30 1.19 1.29 1.18 1.23 1.16 1.22 

SE. 0.011 0.012 0.007 0.014 0.012 0.009 0.012 0.006 0.015 0.007 0.009 .0006 0.003 

Min. 1.05 0.77 0.73 0.55 0.58 0.72 0.83 0.79 0.70 0.54 0.68 0.64 0.54 

Max. 1.42 1.97 1.90 1.30 1.97 2.10 1.79 1.47 2.56 1.81 1.88 1.85 2.56 

N. 50 159 310 181 176 318 166 232 191 406 211 305 2705 
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4.3.5 von Bertalanffy age-at-length curve 

The highest FL growth increments were found 80 mm/year for males, and 70 

mm/year for females in 3-yr-old of life, and subsequently growth rate trend 

decreased (Table 4.6). The von Bertalanffy growth parameters were estimated as:       

L∞ = 63.00 cm, K=0.21 year
-1

, t0=-0.88 years for both sexes. These parameters were 

as follows: L∞=62.03 cm, K=0.21 year
-1

, t0 =-0.80 years for females; and L∞ =54.52 

cm, K=0.27 year 
-1

, t0=-0.75 years for males. The overall ratio between maximum 

recorded length (L max) and asymptotic length (L∞) were 0.92. The K value of males 

was more than females but L∞ less than females (Figure 4.8). 

 

 

 

Figure 4.8: The von Bertalanffy growth curves fitted to the length-age data of          

Rutilus frisii kutum sampled along the southern Caspian Sea. 
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4.4 Discussion 

The scales that are highly readable were chosen in this study in order to       

facilitate comparison with available studies using the similar method for aging this 

species in the south Caspian Sea (Ghaninezhad et al., 1996) and (Abdolmaleki et al., 

2005). The maximum length (FL) observed in this study was 58 cm, corresponding 

to 9-year-old female. This species was reported from the southern Caspian Sea to 

reach 58.5 cm with age of 6 years (Ralonde and Razavi, 1972), 55-60 cm in the 

length group with age 8 years from the  Anzaly lagoon (Holcik and Olah, 1992a) and 

51 cm with age 8 years (Abdolmaleki et al., 2005). 

 

In this study, the most abundant age group in the catches was 4, which is in 

agreement with findings of Abdolmaleki, et al. (2005). The maximum age of           

R. f. kutum in this study more than that observed by previous studies in the southern 

Caspian Sea. The present study showed that the exponent (b) of length-weight        

relationship was 3.02. Bagenal (1978) stated that the exponent usually ranges from 

2.30 to 5.50, most often being above 3. The exponent b derived here is within the 

interval described by Bagnal (1978). The relationship between fork length and body 

weight was calculated for each sex. Values of the isometric coefficient, b, were 

3.19 and 3.16 for females and males, respectively. There was no significant         

difference between the values of b and 3, indicating that the growth of R. f. kutum is 

isometric. In contrast, FishBase (2008) in former USSR (Union of Soviet Socialist 

Republic) reported a lower exponent (b) with 2.98 in one specimen of Kutum         

(R. frisii). Different b–value among neighboring sites apparently suggests a              

different fish condition or fitness (Patimar, 2008). Specimens of R. f. kutum caught 

in Golestan area seem to have a worth fitness (b<) than those from Guilan and    
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Mazandaran areas. This could be due to ecological and topography situation and food 

availability. However, it is very difficult to compare these values with those that are 

available in the literature, as the recent reported data are insufficient, new data   

particularly in the southern part of the Caspian Sea. 

 

Different in length and age can vary with geographical location, probably     

related to factors such as climate, trophic status and diet, and exploitation. Koliev 

(1997) reported that the total length group 34-55cm and 658-2920 g for                         

Kyzylagchskii bay population. In contrast, the length and weight of R. f. kutum            

recorded 67 cm, 7 kg (Ferid-Pak, 1968) for southern part of the Caspian Sea             

population. The present study, showed a decrease in fork length and weight of          

Caspian Kutum. This could be due to destroying of natural habitats, unsuccessful in 

natural breeding, fishing pressure, and artificial breeding. Valiopour and Khanipour 

(2006) reported that the artificial breeding program was taken into account for          

several reasons including declined catch in the 1960s and 1970s pursuant to over 

fishing, loss of natural spawning grounds, and environmental pollution. Similar          

observations were made in the present study. 

 

The length-frequency distribution has a large span in December. This could 

be due to migration to the coastal for feeding and store enough energy to survive  

before wintering period. This distribution change from January onward, with 21-25 

cm classes absent from March to April. This could be due to close to spawning     

period and appearance spawners for migration to rivers. In May, the number of fish 

caught in length classes 5-9 cm and 17-23 cm. This could be due to natural breeding, 

because of artificial breeding program started from June annually. The              
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length-frequency distribution has a steadily from June to September with length 

classes less than 10 cm, because of the releasing fries of Kutum by Iranian fishery 

organization (IFO) in the southern Caspian Sea. Generally, the higher values of CF 

were observed in December and April. The increase condition factor in December 

and April could be due to feeding activity and gonadal development for autumn form 

and spring form, respectively. Holcik and Oleh (1992a) reported that there are two 

spawning migration of R. f. kutum to the rivers linked to the southern part of the  

Caspian Sea. The first run will occur from February to the end of April (99%) while 

the second run is from November to December (1%). Similar results were found by 

Holcik and Oleh in 1992. The condition factor decreases in winter (January) because 

of, decreased food intake and low temperature. In general, the observations regarding 

the R. f. kutum condition factor in the present study is similar to report by another 

author (Valipour and Khanipour, 2006) who reported Caspian Kutum spends the 

winter in deeper regions of the sea bottom which observed exceed 100 m and feeding 

activity low in winter. The sex ratio showed dominance of females, attributable to 

female dominance in length-class above 50 cm.  

 

In this study, the difference in length at age and growth were observed        

between the males and females of R. f. kutum in the southern Caspian Sea. Female 

fish often attain greater size than males, usually through a faster growth rate (Parker, 

1992). At the present study for the age group of 1-2 year and 2-3 year, the rate        

increments were 50 mm (23.8%) and 80 mm/year (30.8%) for males; 50 mm (21.7%) 

and 70 mm/year (25%) for females, respectively. Subsequently, the growth rate 

(length and weight) in females and males trend decreased and the growth rate             

significantly differed between sexes. Peres and Haimovi (2004) reported that          
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negative values of the t0 are frequent among species with rapid growth during the 1 

year and reduced growth rates in subsequent year. Similar results were found in this 

study. In general, the observations regarding the R. f. kutum length at age in the 

present study is similar to report by other authors  (Holcik and Olah, 1992a) who          

reported that males of R. f. kutum about the third year of life grow faster, but               

afterwards more slowly than the females. Several factors might be responsible for 

this growth different between males and females, such as physiological changes           

influenced by temperature changes, feeding regimes, and productive cycles (Utagawa 

and Taniuchi, 1999). 

 

There are few papers from previous studies about growth parameters in          

R. f. kutum for comparing with results of the present study in the southern Caspian 

Sea. Branstetter (1987) categorized k value as 0.05-0.10/yr for slowly growing            

species, 0.10-0.20/yr for species with average growth, and 0.20-0.50/yr for rapidly 

growing species. Based on these criteria, R. f. kutum in the southern Caspian Sea has 

a rapidly growth rate, and has a faster growth rate than in Astrabad and Kura bay 

(0.09, 0.08) (Berg, 1948-1949); in Malyi kyzylgach bay (0.18) (Abdurakhmanov, 

1962), and has a slower growth rate than R. frisii in USSR (0.40) (FishBase, 2008).  

 

Growth rate of R. f. kutum in the present study is similar to reports by (Hong-

Jing and Cong-Xin, 2008) who reported that there are several possible explanations: 

a shortage of food, deprivation cased by migration, and changing temperatures may 

all be factors affecting growth. The K and L∞ ratio is an important parameter in the 

growth patterns used by Pauly et al. (1988). In this study, female of R. f. kutum had 

relatively high L∞, but low K values, whereas the L∞ for the male was lower, but the 
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K values were higher. The L∞ value of female was calculated to be higher than that 

of males. The observations regarding the R. f. kutum growth parameters in the 

present study are similar to report by other authors (Weatherly, 1972) who reported 

that the females grow faster than males and live longer. The higher coefficient (K) 

for males emphasizes that they grow rapidly initially and approach their asymptotic 

length (L∞) earlier in life. Calculated from the data K and L∞ in previous studies, 

shown that the index was almost close to for southern Caspian Sea population. This 

evidence confirms the reliability of the Caspian Kutum growth curves, as the overall 

growth performance had a minimum variance among neighboring populations.  

However, it may not be possible to extrapolate this finding to all Kutum populations 

in the Caspian Sea (Holcik, 1995). According to that, the results of this study showed 

some biological properties of the R. f. kutum in the southern part of the Caspian Sea. 

It can be recommended that the Iranian Fishery Organization (IFO) should consider 

producing a policy to take into account for sampling of R. f. kutum during the catch 

forbidden from May to September and obtain data within this time. 

 

In conclusion, the life-history pattern of Caspian Kutum is characterized by 

the high growth rate during the third year of life (>25% FL) and increased lifespan (7 

for males; 9 for females). There are several possible exploitations for the varied life 

history parameters. Habitat quality is an important factor on the growth of fish, but 

information to assess this hypothesis is unavailable. Therefore, comparison of growth 

estimates should be taken with caution for the population from the southern Caspian 

Sea.  
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CHAPTER 5 

LENGTH AT MATURITY, FECUNDITY, AND GONADOSOMATIC INDEX 

OF CASPIAN KUTUM, Rutilus frisii kutum IN THE SOUTHERN CASPIAN 

SEA 

 

 

5.1. Introduction 

Fecundity is often referred to as total, absolute, or individual fecundity and is 

generally defined as the number of ripening oocytes and mature ova or eggs just 

prior to spawning. Representing the spawning potential, usually for the whole       

season, fecundity is specifically distinguished by some authors from fertility, which 

they define as the number of eggs actually shed. The primary difference lies in the 

fact that in most fish, some, and occasionally many, of the developing and mature 

eggs remain in the ovary after spawning is completed and are eventually desorbed 

(Bagenal, 1978). 

 

Fecundity data are often related to length, weight, and age. Many authors 

have used in the index referred to as “relative fecundity”, which is defined as the 

number of eggs per unit weight, to compare fecundities among individuals,         

populations, races, or species. However, since body weight is significantly affected 

by the increase in ovary weight and other changes in condition as fish approach the 

spawning season. Bagenal (1978) suggested that length is a much better index of  

fecundity than is weight.  
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Fecundity should be determined from gravid or rerunning-ripe fish. Capture 

and handling of running-ripe fish sometimes can result in the inadvertent extrusion 

of eggs, and similar losses could have occurred naturally prior to capture. In fish 

fewer mature ovaries, it can be difficult to distinguish the currently maturing eggs 

from younger oocytes, sometimes referred to as recruitment stock. Eggs counts from 

such fish would probably include many eggs destined to become atretic (eggs that 

will case development at various stages in the maturation process and will eventually 

be resorbed) (Ghadirnejad, 1996). Another common approach to documenting the 

development or maturity of the gonads and their products is to calculate the          

gonadosomatic index (GSI), also known as the maturity coefficient. This is the 

weight of the gonads expressed as the percentage of the body weight prior to gonad 

removal or after complete evisceration (Nikolaskii, 1963).  

 

Despite the economic and ecological importance of R. f. kutum as one of the 

major commercial species in the southern Caspian Sea, insufficient information is 

available regarding the maturity and the reproduction of these fish in Iranian waters. 

Such information is important because of the ecological changes that are occurring 

in the sea at this moment due to the appearance Mnemiopsis leidyi  in 1999            

(Shiganova et al., 2001) and artificial breeding commenced since 1982. Therefore, 

the present study was undertaken to investigate some morphological parameters of 

R. f. kutum in Iranian waters, including the length maturity, gonadosomatic index, 

relationship between fecundity and length, weight, and ovary of the species through 

the analysis. 
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 5.2. Material and methods 

The eggs preserved in formaldehyde solution (Gilson‟s fluid; 100 ml 60% 

ethanol or methanol, 880 ml water, 15 ml 80% nitric acid, 18 ml glacial acetic acid, 

and 20 g mercuric chloride). This fixative hardness egg and helps break down          

ovarian connective tissue (Bagenal, 1968).  

 

5.2.1 Maturity classification  

Maturity classifications are categorized in six macroscopic distinguishable 

stages of ovarian development. Stages I and II; immature, and gonads stick to the 

spinal cord, eggs not visible to eyes. Stage III; almost ripe, gonads to occupy about a 

third interior pit of the body. Stage IV; ripe ovary, gonads to occupy about 
3

2
 interior 

pit of body. Stages V; running rip ovary, gonads to occupy completely interior pit of 

body and shed eggs with bit pressure on the abdomen zone. Stage VI; spent ovary. 

This classification is based on Biswas (1993). The maturity stages of ovaries were 

also determined by Afraei Bandpei (2006) for Alosa braschnikowi and (Fazli et al., 

2007) for Liza auratus in the southern Caspian Sea. To prepare histological sections, 

small pieces of ovary were fixed in Bouin‟s solution (8-12 h), embedded in paraffin 

after dehydration and infiltration and sectioned hematoxylin-eosin procedure (H&E). 

Histological sections were prepared by microscope. Paraffin sections of unknown 

tissues mounted on a cover glass of 1×1cm, in which was earlier coated by albumin 

tissue gum. They were allowed to dry and then were over washed many times first by 

xylene and later by absolute alcohol until sections were free of firs paraffin and then 

xylene (Heidari et al., 2009). The eggs diameter measured with an ocular micrometer 

by microscope in randomly selected regions and mean values calculated. 
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Absolute fecundity was calculated after Snyder (1984). Three different      

subsamples were taken from each of 121 females at stages IV and V during           

2006-2007 and the number of eggs counted. The number of eggs in these three       

subsamples was used to calculate absolute fecundity. The total number of eggs in the 

ovary was calculated as ovary weight multiplied by the number of eggs in            

subsamples divided by the weight of subsamples. The lengths at maturity were      

analyzed for fish collected from October to April. Females were considered mature 

when classified into macroscopic stages IV. 

 

 5.2.2 Length maturity equation 

For estimation of mean lengths at 50% maturity, a logistic function was fitted 

to the proportion of the mature individuals by size classes using a non-liner               

regression. The function used was (1) (King, 1995). 

e1

1
p

)LL(r( m



                                                                                              (1)  

  where: P = mature proportion in each size classes,  

r (-b slope) = parameter controlling the shape of the curve 

Lm = size at 50% maturity 

Lm = a / r, where a is the intercept  

 

5.2.3 Gonadosomatic index (GSI) equation 

The gonadosomatic index (GSI) was calculated as the following equation (2) 

(Biswas, 1993). 

       100
bodyofweight

gonadofweight
GSI                                                                                (2) 
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  5.2.4 Data analysis                                                                              

Relationship between fecundity and age, length, somatic and ovary weight 

was established using log-log transformed regression. Chi-squared analysis was used 

to test for a significant difference from an expected 1: 1 sex ratio for all fish.         

Statistical analyses were carried out at a significance level of α = 0.05. Canonical 

discriminate function analysis (CDFA) was performed after logarithmic                  

transformation to find the distribution of reproduction parameters at different months 

(Bluman, 1998).  

 

5.3 Results 

5.3.1 Sex ratio 

  The sex ratio (males: females) in this study was 0.65:1 which was 

significantly different from an expected 1:1 ratio (x
2
=481.1, df= 1226, p <0.05). The 

ratio between males and females varied throughout the sampling period and females           

dominated from October to February; and males dominated in March, which          

coincide to migration into the river of males, occurred sooner than the females. In 

April, the sex ratio was approximately the same (Table 5.1). The length frequency 

distribution of the fish from southern Caspian Sea indicated that the most frequent 

size classes in the samples were 39 cm and 41 cm for males and females,               

respectively (Figure 5.1).  
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Table 5.1: Sex ratio male and female of Rutilus frisii kutum based on Chi-Square test 

in the southern Caspian Sea. Note: N. is the sample size, ♂ the male and ♀ the         

female.  

 

Months N. Male N. Female ♂/♀ 2𝑥 P- value 

Oct. 10 30 0.33 0.333 0.564 

Nov. 30 46 0.65 3.363 0.066 

Dec. 69 210 0.32 71.258 0.001 

Jan. 46 127 0.36 35.788 0.001 

Feb. 77 99 0.77 2.750 0.097 

Mar. 171 146 1.16 1.811 0.178 

Apr. 80 86 0.93 12.500 0.001 

 

 

 

Figure 5.1: Fork length composition of male and female of Rutilus frisii kutum from 

the southern Caspian Sea. 
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5.3.2 Morphology gonadal of Kutum 

5.3.2.1 Testis 

Figure 5.2 shows the testis histology and development of sex cells of   R. f. 

kutum. These classifications comprised to spermatogonia, primary spermatosyte, 

secondary spermatosyte, spermatid and spermatozoa. Some histological staging    

criteria used for Kutum testis are following: 

Stage I and II (non-spermatogenic): Presence of spermatogonia, primary                    

spermatocytes predominate and some secondary spermatocytes. Stage III            

(spermatogenic): Increasing number of secondary spermatocytes and presence of 

spermatids and spermatozoa. Stage IV (partially spermiated): Testis contains all          

gamete types and spermatids were common in partially spermiated testes. Stage V 

(spermiated): Spermatozoa predominate and ripe sperm present in spermatic ducts. 
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Figure 5.2: Photomicrographs of (A) non-spermatogenic, (B) partially spermiated 

and (C) spermatozoa testes from Rutilus frisii kutum. Notes: SPG is the 

spermatogonia, SC1 the primary spermatosyte, SC2 the secondary spermatocyte, 

SPD the spermatids, and SPZ the spermatozoa. Scale bars 10 µm.   
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5.3.2.2 Ovary 

 

            Figure 5.3 shows the ovaries histology and developments sex cells of           

R. f. kuum. Some of the classifications comprised to Stage I and II (Perinucleolar): 

Ovary reddish-pink and translucent. Ovary wall thin and transparent, diameter oocyte 

164.3±45.8 µm (n=12). Oocyte size increases because of thick cytoplasm around a 

light nucleus, containing few to many peripheral nucleoli, eggs white color. Stage III 

(Cortical alveoli): Almost the length of body cavity, ovum visible, eggs blue-green 

color. Stage IV (Vitellogenic yolk): Full length of body cavity, diameter oocyte 

971.12±264.2 µm (n=8). Ova visible, eggs grayish-yellow color. Stage V (Ripe): 

Ovaries occupy all available space of body cavity. Oocytes expel freely with slight 

pressure on belly, diameter oocyte 1,505.3±70.3 µm (n=9), eggs light-pink color. 
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Figure 5.3: Histological section of Rutilus frisii kutum ovary showing oocytes       

development. Notes: CY is the thick cytoplasm around a light nucleus of                 

pre-vitellogenic oocytes, NU the nucleus, N the nucleoli at periphery of nucleus, GZ 

the germinative zone, ZR the zona radiata, YP the yolk coalesced to form yolk plates, 

CA the cortical alveoli. Scale bars 10 µm.    
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5.3.3 Age maturity of Kutum 

Immature ovaries were found to be about 65.7% in October and declined to 

less than 50% in February but stages IV and V increased to the higher value (98%) in 

April, which coinciding with the spawning period (Figure 5.4).  

 

Figure 5.4: Monthly variations of ovarian maturity stages of Rutilus frisii kutum from 

the southern Caspian Sea. Notes: stage I, II= Immature; stage III= almost ripe; stage 

IV= ripe ovary; stage V= running ripe ovary. 

 

From October to December the I-III of the sex maturity stages increase           

(average 75.6%), afterwards increase in January (90%). In February this maturity 

stages rate decrease (67.5%). Subsequently, from March to April this maturity stages 

fast decreased (average 5.2%) and increase sex maturity of IV-V stages (average 

98%). Sex maturity IV stages appeared in about 9.1% at age 2 for males and 4.85% 

at age 3 for females. Accordingly, sexual maturity of R. f. Kutum started at age 2 for 

males and at age 3 for females in the Iranian waters of the Caspian Sea. Mature           

gonads were found to be 4.8% at age 3, 48.1% at age 4, 84.5% at age 5, and 100% at 
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ages 6, 7, 8, and 9; for females (Figure 5.5), and 9.1% at age 2, 49% at age 3, 70% at 

age 4, 75% at age 5, and 100% at ages 6 and 7 for male (Figure 5.6). 

Figure 5.5: Sex maturity stages females of Rutilus frisii kutum in various ages 

from the southern Caspian Sea. Notes: stage I, II= Immature; stage III= almost 

ripe; stage IV= ripe ovary; stage V= running ripe ovary. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6: Sex maturity stages males of R. f. kutum in various ages from the 

southern Caspian Sea. Notes: stage I, II= Immature; stage III= almost ripe; stage IV= 

ripe ovary; stage V= running ripe ovary. 
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5.3.4 Relationship between fecundity and length, somatic weight, ovary weight 

and age 

             Absolute fecundity of R. f. kutum was observed from 15,723 to 130,737 

eggs, with a mean of 60,435±24,889 (Table 5.2). The FL classified to nine groups 

from 34 to 50 cm with 2 cm intervals. This table also shows the minimum and            

maximum of mean individual absolute fecundity varied from 32.7 × 10
3
 (34-36 cm 

FL) to 87.9 × 10
3 

(50-52 cm FL), respectively. Absolute fecundity determined on 121 

ripe females caught in October and April increased from ages 3 to 8.  

 

Table 5.2: Relationship between mean absolute fecundity (F in thousands) and fork 

length classes of Rutilus frisii kutum in the southern Caspian Sea 

 

 

 

 

 

 

Fork length (cm) 
Fecundity (× 10

3
 ) 

Range Mean Sample size 

34-36 15.7-39.6 32.7 7 

36-38 31.9-54.6 40.7 8 

38-40 25.2-91.3 45.1 9 

40-42 25.3-82.1 50.8 14 

42-44 24.1-99.1 58.1 25 

44-46 21.2-99.3 67.2 20 

46-48 25.4-110.0 72.7 23 

48-50 22.1-130.7 75.5 12 

50-52 58.3-105.8 87.9 3 
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A maximum value of 130,737 eggs was recorded in a 8 years old fish and a 

minimum value of 15,723 eggs was calculated for a 3 years old fish size (length and 

weight) and age were positively correlated (Figure 5.7). Fecundity relative to total 

weight fluctuated from 240 to 687 eggs/g, with a mean value of 354.3±65.9 (CV= 

18.60).  

 

Relationship between fecundity and fork length (FL in cm) was calculated 

with this equation Fec. =6,616.7FL+2,5916 (r
2
 =0.99, F=704.45, n=121) (Figure 

5.8). The relationship between fecundity weight (W in g) was obtained with this     

equation Fec. =45.234W+12564 (r
2
 =0.93, F=79.33, p <0.05) (Figure 5.9), fecundity 

and age (A in years) with equation Fec. =13,914Age–7765.4 (r
2
= 0.96, F=63.55, p 

<0.05) (Figure 5.7), and fecundity and ovary weight (O in g) with equation 

Fec.=279.85OV +18029 (r
2
=0.97, F=171.68, p <0.05) (Figure 5.10). The b value of 

fecundity and fork length was significantly higher than fecundity-weight and            

fecundity-ovary. However, Table 5.3 shows compare mean absolute fecundity               

between previous and present studies. 
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Figure 5.7: Relationship between absolute fecundity and age of Rutilus frisii kutum 

from the southern Caspian Sea. 

 

 

Figure 5.8: Relationship between absolute fecundity and fork length of Rutilus frisii 

kutum from the southern Caspian Sea. Note: Vertical bars indicate standard                 

deviations. Figures in parentheses indicate number of sample size. 
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Figure 5.9: Relationship between absolute fecundity and weight of Rutilus frisii    

kutum from the southern Caspian Sea. Note: Vertical bars is the standard deviations 

and horizontal range of data. Figures in parentheses indicate number of sample size. 

 

 

Figure 5.10: Relationship between absolute fecundity and ovary weight of Rutilus 

frisii kutum from the southern Caspian Sea. Note: Vertical bars indicate standard 

deviations horizontal indicate range of data. Figures in parentheses indicate number 

of sample size 
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Table 5.3: Mean absolute fecundity (×10
3
) of Rutilus frisii kutum and fork length 

lasses in different years.  

 

Fork 

length(cm) 
1962

1
 1968

2
 1972

3
 2006-2007

4
 

30-35 

290.0 

- - 35.3 

35-40 53.9 - 40.5 

40-45 - 58.52 57.3 

45-50 - - 72.5 

50-55 - - 87.9 

55-60 - - - 

60-65 174.4 - - 

 

1
 Adburakhmanov, (1962). 

2
 Ferid-Pak (1968). 

3
Razavi Sayad et al., (1972). 

4
Present study. 

 

5.3.5 Length at maturity 

The maturity ogive for females of Rutilus frisii kutum is shown in figure 5.11. 

Of the sexually mature 50% of samples were observed at fork length of 39.1cm.  

 



90 

0

0.25

0.5

0.75

1

0 10 20 30 40 50 60

Fork length (cm)

P
ro

p
o

rt
io

n
 o

f 
m

a
tu

re

FL 50%=39.1

 

Figure 5.11: Maturity ogive showing length maturity of R utilus frisii kutum from the 

southern Caspian Sea. 

 

5.3.6 Gonadosomatic index (GSI) 

Table 5.4 shows the gonadosomatic index (GSI) for female and male of       

R. f. kutum in different months. The GSI was ranged from 0.07 to 40.28. The mean 

GSI increased from 2.077 in October to 17 in April for female and 0.735 in October 

to 5.52 in March for male. The GSI differed significantly between males and females 

in the varied months (𝑥2
 = 19.517, p < 0.05). The correlation coefficient between GSI 

and weight was significantly higher than GSI and fork length (F=276.50, p <0.05).  
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Table 5.4: Mean of GSI in Rutilus frisii kutum in different month from the southern 

Caspian Sea. Note: S.E.= standard error, N.= ample size. 

 

 

 
Female Male 

Months Mean ±S.E. Min.-Max. N. Mean ±S.E. Min.-Max. N. 

Oct. 2.08±0.38 0.27- 8.35 28 0.73±0.08 0.27-1.18 10 

Nov. 2.89±0.42 0.11- 9.09 46 1.04±0.10 0.16-2.42 29 

Dec. 2.39±0.32 0.08- 12.64 96 1.42±0.12 0.13-2.82 35 

Jan. 2.52±0.62 0.07-12.77 43 3.34±0.33 0.15-5.31 18 

Feb. 7.07±0.88 0.20- 21.08 51 5.15±0.28 0.15-11.11 39 

Mar. 14.4±1.14 0.54- 40.28 45 5.52±0.38 2.68-16.84 47 

Apr. 17.00±0.71 1.35- 29.61 55 4.1±0.22 2.5-8.22 27 

 

 

Gonads were macroscopically visible to individuals ≥21 cm FL for males and 

≥ 23 cm FL for females corresponding to 2 years old specimens. The ovary began to 

develop between October to April after a quiescent period of 6 months (when the fish 

catch is forbidden in the southern Caspian Sea). Reproduction phase is extended and 

from February to April, peaking in March, with the highest average values of 5.52 

for males and April with the highest average 17 for females, because of, males          

migration from sea to river sooner than females. The GSI of both sexes followed the 

same pattern, and during the reproductive period, the average values of males and 

females were significantly the same (F= 18.69, p<0.05). The relationship between 

GSI and fork length (FL in cm) and gonad weight (W in g) and FL in male and          

female Kutum is summarized in Table 5.5. The correlation coefficient between          

gonad weight and fork length was significantly higher than GSI and FL (p <0.001). 

Result showed that there is a significant correlation between gonad weight (Wg) and 

fork length (FL) in both sexes (p<0.001). There is also, a significant correlation        
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between gonad weight (Wg) and fork length (FL) in females and male of Kutum 

were r= 0.786 and r= 0.620, respectively (p <0.001). 

 

Table 5.5: Relationship between GSI and fork length (FL in cm); GSI and gonad 

weight (W in g) combined, female, and male of Rutilus frisii kutum from the southern 

Caspian Sea, Note:  N. = the sample size and GSI= gonadosomatic index, FL= fork 

length, Wg= gonad weight  

 

 Parameters N. r b a t(b) P-value 

Combined 

GSI-FL 570 0.553 6.034 35.703 15.847 0.001 

Wg-FL 570 0.749 6.329 30.383 26.998 0.001 

Female 

GSI-FL 366 0.629 6.482 35.836 15.434 0.001 

Wg-FL 366 0.786 6.269 30.702 24.289 0.001 

Male 

GSI-FL 204 0.267 3.619 36.090 3.945 0.001 

Wg-FL 204 0.620 6.625 29.605 11.266 0.001 

 

 

5.3.7 Temporal canonical discriminant function analysis (CDFA) 

In order to apply this data for canonical discriminant function analysis model 

(CDFA), some assumptions should be taken into account. The first assumption is 

sampling size. Generally, it is best to have at least 4 times as many observations as 

the number of independent variables. In this study, this requirement was fulfilled  

because that during sampling, there were 570 observations (corresponding to 5          

variables). It is assumed that the data (for the variables) represent a sample from 

multivariate normal distributions. In this study, all variables were transformed to 

produce normal distribution. The third assumption is homogeneity of                        

variances/covariance. CDF analysis is very sensitive to heterogeneity of                          

variance/covariance matrices (the variances in the different groups of the design are 
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identical). The standard test for the equality of several variances when the                

distributions involved are assumed to be normal is the Box‟s test. In this study, this 

test showed that the data sets have homogeneity of variances (p <0.05). The forth 

assumption is outliers. Canonical discriminant function analysis is also highly             

sensitive to the inclusion of outliers. Run a test for univariate and multivariate          

outliers for each group, and transform or eliminated them. In this study we eliminate 

all cases which have outliers.  

 

          In canonical discriminate function analysis, the seven months, namely January, 

February, March, April, October, November and December are designated as 1, 2, 3, 

4, 5, 6, and 7 respectively. As there are three groups to be differentiated, we get two 

canonical discriminant functions. The first canonical discriminate function (CDF1) 

accounts for the 86.3% of the between months variance. The second canonical            

discriminant function (CDF2) accounts for the 13.7% of between months variance. 

Each canonical discriminant function is a linear combination of the five parameters 

and is orthogonal to the other. The significant canonical correlation between months 

and the first canonical discriminant function (r=0.611) and second (CDF2) was 0.234 

(Table 5.6). 

 

Table 5.6: Summary of temporal canonical discriminate function analysis (Wilk‟s 

Lambda test) for data set during, 2006-2007. 

 

 

 

 

 

Function Eigenvalue % of Variance Cumulative % Canonical Correlation 

1 0.69 86.3 86.3 0.611 

2 0.06 13.7 100 0.234 
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It is a known fact that a canonical discriminant function is said to be a good 

discriminant function if it has more between-months variability than within month‟s 

variability. In fact, the coefficients of discriminant functions are chosen in such a 

way that the ratio of the between-months sum of squares to within-months sum of 

squares is as large as possible. The Wilk‟s lambda criterion measures, this ratio and 

this lambda ranges from zero to unity. Values closer to zero are associated with  

functions that have much variability between months and little variability within 

month and here smaller lambda values are associated with good discriminant                

functions. For this study, the Wilk‟s lambda value is between 0.571 and 0.964 and its 

observed significance level is near zero (Table 5.7). The smaller Wilk‟s lambda            

value indicates that the two canonical discriminant functions are good discriminant 

functions.  

 

Table 5.7: Summary of temporal canonical discriminate function analysis for data set 

during, 2006-2007 

 

 

From the canonical discriminant function scatter plot (Figure 5.12) the seven 

months from three non-overlapping groups and also the scatter plot clearly showed 

these three groups. Temporal canonical discriminant coefficients for the two 

functions are given in Figure 5.13 during sampling period. It is obvious that, among 

the canonical discriminant coefficients GSI and FL are the most significant variables 

Test of Function(s) Wilk‟s Lambda Chi-square P-value 

1 0.571 190.364 0.001 

2 0.912 31.443 0.001 
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in the discriminant function. This means that they have the principal role in the 

classification of the three groups. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.12: Scatter plot and territorial map of temporal canonical discriminate   

function analysis based on some biological parameters at different months,        

2006-2007.  

 

 

 

 

 

 

 

 

 

Fig 5.13: Temporal canonical discriminate function coefficient for two functions 

based on some biological parameters at different months 
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5.4 Discussion 

Based on the collected specimens, the maturation of R. f. kutum occurred at 

age 2 for males and age 3 for females confirming similar results reported by Valipour 

and Khanipour (2006) in the southern Caspian Sea. On the other hand, Holcik and 

Olah (1992a) reported that maturation age was observed age 2 for males and age 3 

for females with most spawners at age 3 (males) and 4 (females) in the Anzali 

lagoon. This species reaches sexual maturity at 3 years in males and 4 years in 

females    (Abdurakhmanov, 1962) and (Ralonde and Walczak, 1970). The results of 

the present study confirm previous finding in which noted that in recent year. 

However, sexual maturity and first spawning of Kutum in the southern Caspian Sea 

have been one year earlier in both sexes (Razavi Sayad, 1995). This could be due to 

genetic  retouch via the artificial breeding for rehabilitation the population of this 

valuable species in the Caspian Sea. As Brusle (1981) noted that similar result seems 

to exist between the reported size at maturity and the local mean sea temperature. 

The present study shows that mean of water temperature was found to be 9.9˚C±1.8 

in March, which coincided with spawning migration to the rivers in the coastal 

southern Caspian Sea (Afraei Bandpei et al., 2007). Similarly, Razavi et al. (1972) 

noted that spawning migration into the Sefidrod river begins early March with water            

temperature 9.0˚C and the peak of spawning was obtained at first April (water         

temperature 11˚C). According to Berg (1946) the spawning migration of this species 

into the Terek river begins in early spring with a water temperature of 8˚C and the 

peak of spawning in late April with a water temperature of 13-15˚C.  

 

The ratio between males and females varied throughout the sampling period. 

Females are more numerous than males from October to February, whereas males 
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dominated in March. This could be due to the spawning migration of males from sea 

to the rivers normally occurring earlier than the females. In general, the observations 

regarding the R. f. kutum migration into the rivers the present study is similar to          

report by other authors (Afraei Bandpei et al., 2007) who reported that frequency 

males catch of Kutum by Pare fishing cooperatives in southern Caspian Sea was 

more than females.  In this study, absolute fecundity of R. f. kutum was positively 

correlated to fish size (length or weight) which the fork length more correlated (r
2
 = 

0.99) than the somatic weight (r
2 

= 0.93). Fecundity is affected by many factors, such 

as the size and age of females (Thrope et al.,, 1984), life history strategy (Morita and 

Takashima, 1998), food supply and temperature. In this study, the results show that 

relationship between absolute fecundity and age, and absolute fecundity and ovary 

correlated with r
2
 = 0.96 and r

2
 =0.97, respectively.   

 

Gonsales and Erzini (2000) reported that absolute fecundity increased linearly 

both with total length and female somatic weight. There is a widespread trend for 

fecundity in fish to be positively correlated with length (Peters, 1983) and the          

fecundity-body weight relationship can probably be used to discriminate between the           

different stocks of the same species of fish due to variable growth rates in different           

localities (Alvarez-lajoncher, 1982). In general, the observations regarding the                

R. f. kutum absolute fecundity the present study is similar to report by other authors 

(Gonsales and Erzini, 2000) and (Peters, 1983).  

 

The absolute fecundity of R. f. kutum varied from 15,723 to 130,737 eggs 

(average 60,435). It is similar to that found by several researchers such as                 

19,718-147,696 eggs (Rezaeikhah, 1995) and 33,768-124,712 eggs (average 86,000 
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eggs) (Vossoughi and Mostajeer, 1994) for the southern Caspian Sea. The maximum 

and mean fecundities (absolute and relative) estimated in this study were less than 

the values obtained previously by Abdurakhmanov (1962) for the middle Caspian 

Sea; Ferid-Pak (1968) and Razavi Sayad et al. (1972) for the southern Caspian Sea. 

The data of fecundity for this species is limited. The comparison of fecundity for this 

study with those of previous studies suggests that fecundity of R. f. kutum has sharply 

declined in all length classes in recent years. This is probably due to unavailability of 

the spawning grounds, unsuccessfully in natural reproduction in this area. The reason 

that fecundity decreases is related to an increase in species population, a decline food 

sources, and the larger diameter eggs as stated by Jobling (1996). On the other hand, 

Pourkazemi (2000) reported that artificial breeding will lead to a decline in growth 

rate, mean length, fecundity and an increase in the number of abnormal larvae which 

this will become evident through after 25 to 40 years. Similarly the results in this 

study by reported Jobling (1996) and Pourkazemi  (2000).  The present study,        

spawning period started from March and peaked (98%) at April in the southern            

Caspian Sea. This according to previous studies of Khaval (1998)(second half of 

March, migration into the Safid River); Adeli Mosabbab and Piri, (2005)(the end of 

March, migration into the Iranian rivers), and except Berg (1946) (late April in Terek 

river).  

 

Length maturity of R. f. kutum decreased (0.9 cm) compare to previous study, 

whereas Razavy Sayad (1995) reported that length maturity of R. f. kutum about 40 

cm for the Anzali lagoon. Arocha and Barrios (2009) reported that different observed 

the two estimates of Lm50% of one species could be the result of including samples 



99 

from fish caught in the area throughout the sampling period and/or estimation       

methodology. In this study, samples would have included fish of relatively small size 

caught in the southern Caspian Sea, whereas all fish comprised spawners in Anzali 

lagoon. Gonadosomatic index (GSI) indicates gonadal development and maturity of 

fish (Rheman et al., 2002). Gonadosomatic index refers to the relationship between 

the gonad weight and fish somatic weight (Wotton, 1991). Related to differences in 

the GSI between reproductively active males and females, in reviewing the           

reproductive biology of the cyprinids it is noted that values of males are commonly 

lower than those of females. Buxton and Garrat (1990) pointed out that the cost of 

producing sperm is thought to be less than for producing eggs. The difference in 

male and female gonodosomatic indices suggests that energy invested in gamete  

production by male is probably less than that invested by females (Patimar, 2008). 

Comparison of correlation coefficients revealed that the variation of GSI with the 

fork length of the female is more highly correlated (r=0.629) than with that of the 

male of R. f. kutum (r=0.267). The data of GSI for this species is limited. A similar 

finding was also observed for carp (Lepidocephalus guntea), by Banu et al. (1992) 

for catfish Mystus tengra by Khan et al. (1992); Plotous canius by Khan et al. 

(2002), and grey mullet Liza parisa by Rheman et al. (2002). The present study, the 

results shown that from October to April the GSI increased for both sexes. This could 

be due to close to spawning period and migration to the river for natural                     

reproduction, but overlapping between fishing season and spawning period in March 

and April. Lower GSI values coupled with lower fecundity in the southern Caspian 

Sea could be interpreted as lower energetic investment in reproduction.                 

Heidari et al. (2009) reported that the GSI female of Kutum increased from October 

(2±0.6) to April (18±1.9), which in accordance with the results of the present study.  
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One of the most applicable multivariate analyses to classify the data set is the 

canonical discriminant function (CDF) analysis. The CDF analysis also determines 

which variables are of the most significance to the classification (Lambrakis et al., 

2004) and (Nasrolahzadeh, 2008). In the present study, the results from temporal 

CDF analysis, based on some biological parameters of Kutum in the southern                 

Caspian Sea, fall into three groups. These show that the differences over the assigned 

seven months were significant, indicating temporal variability during sampling           

periods. Results showed that these three groups accommodated with five maturity 

stages of Kutum. Thus, group one contains stages, I to II (October, November,           

December and January), group two was in stage III (February) and finally group 

three in stages IV and V (March and April). This result also demonstrated that the 

most significant variables, which have the principal role in the classification, are 

comprised of GSI levels (with a high discriminant coefficient).   

 

The frequency of ovary maturation stages of Kutum clearly indicated that, 

there were reproductive females (stage V) in March with 8.1% and April in 26.2%, 

whereas, this value for stage IV was 91.9% in March and 73.8% in April. Overall, 

more than 98% of females were observed in stage IV and V in April in this area. 

Thus, it can be recommended that the Iranian Fishery Organization (IFO) should 

consider producing a policy to prohibit the fishing period for Kutum from the first of 

April in each year even though this overlaps with the traditional fishing period in this 

area. The study has demonstrated that Kutum of stage V will be migrating into the 

river. Such a policy would help to gain an increase in natural breeding in the rivers 

instead of relying on artificial release into the Caspian Sea. 
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In conclusion, the sexual maturity of R. f. kutum started at age 2 for males and 

at age 3 for females, reduced length maturity (Lm50%), and low number of egg          

reproduction (low absolute fecundity). There are several possible explanations for the 

varied life history parameters. They possess information for sampling in during           

one-year is an important factor on the reproduction strategy and growth of fish, but     

information to assess this hypothesis is unavailable. It can be recommended that the 

Iranian Fishery Organization (IFO) should consider producing a policy to take into 

account for sampling of R. f. kutum during the catch forbidden from May to            

September and obtain information about this gap.  
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CHAPTER 6 

FOOD AND FEEDING HABITS OF THE CASPIAN KUTUM,                               

Rutilus frisii kutum IN IRANIAN WATERS OF THE CASPIAN SEA 

  

 

6.1 Introduction 

 

The stomach content analysis is used widely to determine food composition, 

feeding strategies, trophic position, energy flow (Hyslop, 1980), trophic structure 

(Luczkovich et al., 2002), and trophic partitioning (Ross, 1986) of predator and prey.  

The first consideration for the quantitative description of diet is the method of         

collection of fish to be examined for gut contents. Some capture techniques, such as 

rotenone treatment, electroshocking, gill netting, and trawling at depth, result in loss 

of information as a consequence of regurgitation (Bowen, 1984). Therefore a more 

gentle technique, such as seining, may cause less regurgitation (Biro, 1991).  

 

Many factors potentially influence both amounts of food and the type of food 

found in the digestive tracts of fish. The effects of seasonal changes, the size of fish, 

and different digestion rates must be considered (Bowen and Allenson, 1982). Diets 

selected by fish vary according to size: as fish grow larger, they often select larger 

prey (Yokota, 1961). Stomach contents may not accurately reflect the diet of a fish. 

Some prey, such as tubificids (Kenedy, 1969) or protozoa, may be digested rapidly 

and leave the little recognizable tract in the digestive tract.  

 

Many methods have been developed for removing stomach contents from fish 

that are to be kept alive. Most of them employ a stomach pump to flush stomach  

contents from the fish with one or more volume of water (Giles, 1980). However, 
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often it is preferable to remove gut contents by dissection. This allows examination 

of the intestine for fullness and ensures that all prey are removed from the stomach. 

Data on sex and gonad maturity may also be collected at the same time. This method 

is essential when data on intestinal contents are needed (Giles, 1980).  

 

Rutilus frisii kutum is the most valuable bony fish species in Iranian waters of 

the Caspian Sea. Tropho-ecological plasticity, mass releasing of the fingerling and 

ameliorative water conditions after increasing sea level of the Caspian Sea helped the 

growth of population of this species (Abdusamadov et al., 2004). Despite its                  

commercial importance, virtually no studies have been carried out on the food and 

feeding habits of R.f. kutum in the Iranian waters of the Caspian Sea, it is important 

to gain knowledge of the temperate niche of the target species as a tool for stock 

management. This is the first quantitative study of the feeding habits of R. f. kutum in 

the southern Caspian Sea. The objectives of this study were to describe: diet,                       

frequency of occurrence of different food items in the stomach, monthly changes in 

diet composition, feeding intensity, and food in relation to fish size.  

 

 

6.2 Material and methods 

6.2.1 Feeding indices 

A total of 251 fish measuring 24-54 cm fork length (FL) and weight                    

160-1,900 g were examined. The standard length (cm) and somatic weight (g) was 

recorded. Fish were dissected and the degree of stomach fullness was estimated         

according to the subjective scale described by Lebedev (1946) as empty, ¼ full, ½ 
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full, ¾ full, or full. The data were then used to calculate a monthly Fullness Index 

(FI). 

100
edminexastomachsofnumberTotal

esslnfulofreedegsamethewithstomachsofNumber
FI 

                         (1)     

 

 

The gut was then excised, weighed (g) together with its contents, and                  

preserved in formalin 5% (72 hours) and after bath in 70% alcohol. Subsequently, 

stomach contents were suspended in water in Petri‟s dishes and all prey were                

identified to the lowest possible taxonomical level using standard taxonomic keys 

(Birschetin et al., 1968). Diet composition was considered in terms of weight as well 

as numbers of prey organisms. For these purposes the following indices were applied 

(Hyslop, 1980):  

Weight percentage of prey i:      100[%] 
W

W
W i                                                    (2) 

Numerical percentage of prey i:   100[%] 
N

N
N i                                              (3) 

Frequency of occurrence:       100[%] 
M

M
F i

i                                               (4) 

Where Wi is the weight (g) of prey group I, and W∑  is the total weight (g) of prey 

detected, Ni is the  number of prey specimen of prey group I, N∑ is total number of 

prey detected, Mi  is the number of stomachs containing prey component I, M∑ is the 

number of stomachs containing food. When Fi > 50% the prey group is considered 

the main prey, 50 > Fi > 10 the secondary prey and Fi < 10 rare prey (Euzen, 1987).  
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6.2.2 Index of relative important (IRI) 

The main food items were identified using the index of relative importance 

(IRI) as modified by (Hacunda, 1981):  

IRI = %F × (%Cn + %Cw)                                                                                        (5) 

The index was expressed as: 

100
IRI

IRI
IRI% 


                                                                                                 (6) 

 

6.2.3 Shannon-Wiener indices 

The extent of the diet was calculated using the diversity index of            

Shannon-Wiener (Ludwig and Rynolds, 1988), 

H´ = - ΣPi × log2 Pi,                                                                                                   (7) 

where H′ is the Shannon-Wiener and  pi is the proportion by the number of prey type 

i.  

6.2.4 Gastrosomatic index (GaSI) 

The gastrosomatic index (GaSI) was calculated to investigate monthly        

variations in feeding intensity, using the equation (Biswas, 1993):  

100
fishofweightfreshTotal

stomachofweightFresh
GaSI 

                                                                   (8) 

 

6.2.5 Important species index (ISI) 

For determine important species index (ISI) in food items, using the equation 

(Rushforth and Brock, 1991):  

                                                                                                    (9)  ISI= (fi) × (Di) 
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Where fi is the frequency percentage of prey i, and Di the mean relative of abondance 

prey. 

 

6.2.6 Data analysis 

The results of the study were subjected to the following statistical analyses: 

post-hoc test, for testing the monthly variations in diet composition; χ
 2

, for testing 

the variation of empty stomachs over the year and frequency of occurrence. The 

pearson‟s correlation coefficient and Jaccard‟s correlation coefficient were used to 

determine the association between all food items in stomach contents. All               

calculations were carried out using SPSS 11.5 statistical software. The unweighted 

pair group method with arithmetic mean (UPGMA) (van Tongeren, 1995) and          

multivariate statistics package (MVSP) version 3.11(Kerbs, 1989) were used to           

calculate and construct the dendogram.  

 

6.3 Results 

6.3.1 Food habits 

A total of 3 genera of Bivalvia, one genus of Cirripedia, Gastropoda,                   

Amphipoda, Malacostraca, Gobiidae, and as well as fish eggs and filamentous algae 

were identified in the stomach contents of R. f. kutum from October 2006 to April 

2007 (Tabel 6.1). Figure 6.1 shows that the Cerastoderma lamarki was the main 

prey, constituting 92.6% of the total IRI, followed by Balanus sp. (6.47%), Hypanis 

sp. (0.38%) and Rhitropanopeus sp. (0.25%), while other food items like, Thodoxus 

sp., Gammarus sp., Mytilaster lineatus, Neogobius sp., fish eggs and filamentous  

algae, were rare (< 0.1%) (Table 6.2). The proportion of total prey types contributed 

to each prey group from October to April (Figure 6.2) shows that the main           

component of the diet was Bivalvia, representing 59% of its diet. The results showed 
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that mollusks, crustacean and other food items constitute 75.5, 23 and 1.5% of the 

diet in males, and in females these figures were 70.8%, 25.6% and 3.6% respectively. 

Figure 6.3 shows that Juveniles of R. f. kutum in age 1 year feed mostly on        

phytoplankton included  Exuviaella cordata (24%), Nitzschia distans (16%),        

Osillatoria sp. (12%), Navicolla sp. (9%), Rhoicosphenia sp. (4%), and Synedra sp. 

(3%). 

A 

 
B 

 
 

Figure 6.1: Food items of prey in the stomach of Rutilus frisii kutum from the      

Caspian Sea. Notes: (A) is the food items after washing stomach and (B) the food 

items in the stomach. 
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Table 6.1: Monthly frequency of occurrence of different prey types in                     

Rutilus frisii kutum stomachs from the southern Caspian Sea. 

 

 

 

 

 

 

 

 

 

 

 Frequency of occurrence (%) 

Prey types Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

Amphipoda        

Gammarus sp. 0 0 15.6 0 0 0 0 

Bivalvia        

Cerastoderma lamarki 73.3 51.7 81.3 100 84.6 90.9 80 

Hypanis sp. 0 3.5 6.3 0 15.4 0 0 

Mytilaster sp. 0 13.7 0 0 0 0 0 

Cirripedia        

Balanus sp. 13.3 37.9 31.3 20 23.3 50 40 

Gastropoda        

Theodoxus sp. 0 3.5 0 0 0 0 0 

Malacosrtraca         

Rhithropanopeus sp. 13.3 3.5 34.3 0 3.8 0 0 

Vertabrate        

Neogobius sp. 0 0 0 0 3.8 0 0 

Fish eggs 0 6.9 6.3 0 0 9.1 0 

Filamentous algae 13.3 3.4 0 0 0 0 0 

Sample size 33 41 40 30 35 39 33 
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Table 6.2: Index relative important (IRI) of food items in the stomachs contents of 

Rutilus frisii kutum from the southern Caspian Sea. 

 

Species Fi% CN% CW% IRI % IRI 

Balanus sp. 22.4 20.94 9.15 673.7532 6.472 

Cerastoderma lamarki 69.4 57.02 82.02 9649.915 92.651 

Filamentous algae 2.9 0.48 0.61 3.173358 0.030 

Fish egg 3.7 2.30 0.07 8.844187 0.084 

Gammarus sp. 1.5 0.61 0.62 1.828846 0.018 

Hypanis sp. 6.7 1.45 4.51 40.04855 0.383 

Mytilaster sp. 0.7 0.61 0.04 0.481587 0.004 

Neogobius sp. 0.7 0.12 1.73 1.381392 0.012 

Rhitropanopeus sp. 6.0 3.15 1.21 26.01612 0.251 

Thodoxus sp. 0.7 13.32 0.54 10.34119 0.093 

Total 134.0 100 100 10414.711 100 
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Figure 6.2: Numerical percentage of prey in the stomachs of Rutilus frisii kutum from 

the southern Caspian Sea. 

 

 

Figure 6.3: Numerical percentage of prey in the stomachs juveniles of                          

Rutilus frisii kutum from the southern Caspian Sea. 
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6.3.2 Frequency of occurrence of different food items 

Figure 6.4 shows the percentage frequency of occurrence (Fi) of different 

food items in the stomachs of R. f. kutum for during the studied period.                    

Cerastoderma lamarki represented the most frequent food items (74.3%).                   

Balanus sp. represented a secondary prey (35.6%). The others food items were rare 

(less than 10%). A significantly difference between frequency of occurrence and 

food items was found (χ
 2

 =262.1, p <0.05). In females mollusks were the most 

common food items in the stomachs of Kutum (with Cerastoderma lamarki                

occurring at the highest frequency of 69%), followed by Balanus sp. (28%),            

Hypanis sp. and Rhitropanopeus sp. each (5%) (Figure 6.5). In males,                       

Cerastoderma lamarki was the most frequently observed prey, constituting 60% of 

the total frequency of occurrence, followed by Balanus sp. (9.5%). Hypanis sp. and 

Rhithropanopeus sp. each was present in 5% stomachs, respectively (Figure 6.6). 

Other prey groups found in the stomach contents were comparatively lower and of 

less importance. The frequency of occurrence of Kutum in different age groups 

shown that this species consumes filamentous algae with 42.6% in age 2 year and 

afterwards from age 3 to 8 years the highest food items in stomach content comprise 

to C. lamarki with more than 80 percentages (Table 6.3).    
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Figure 6.4: Frequency of occurrence of different food items in the diet of                     

Rutilus frisii kutum from the southern Caspian Sea. Note: Vertical bars indicate 

standard deviations.  

 

 

Figure 6.5: Frequency of occurrence of different food items in the diet females of 

Rutilus frisii kutum from the southern Caspian Sea. Note: Vertical bars indicate  

standard deviations.  
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Figure 6.6: Frequency of occurrence of different food items in the diet males of          

Rutilus frisii kutum from the southern Caspian Sea. Note: Vertical bars indicate 

standard deviations. 

 

 

Table 6.3: Monthly frequency of occurrence of different prey types in                       

Rutilus frisii kutum stomachs from the southern Caspian Sea. 

Food items 

Frequency of occurrence in different Age groups 

2 3 4 5 6 7 8 

Cerastoderma lamarki 57.14 88.89 81.82 83.33 100.00 100.00 100.00 

Mytilaster sp. 0.00 0.00 0.00 0.00 100.00 0.00 0.00 

Hypanis sp. 0.00 0.00 18.18 0.00 0.00 0.00 0.00 

Rhitropanopeus sp. 14.29 22.22 18.18 16.67 0.00 0.00 0.00 

Theoxus sp. 0.00 0.00 9.09 0.00 0.00 0.00 0.00 

Gammarus sp. 14.29 0.00 0.00 0.00 0.00 0.00 0.00 

Balanus sp. 14.29 22.22 54.55 50.00 0.00 0.00 100.00 

Neogobius sp. 0.00 0.00 0.00 00.00 0.00 33.33 0.00 

Fish egg 0.00 0.00 9.09 16.67 0.00 33.33 0.00 

Filamentous algae 42.86 0.00 0.00 0.00 0.00 0.00 0.00 

Sample size 9 23 20 8 1 4 2 
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6.3.3 Monthly changes in diet composition 

Cerastoderma lamarki occurred the highest frequently in the stomachs during 

the study period (Table 6.1). The variation of food items in the stomachs of Kutum 

was low in January and April, which coincided with migration to deep area for       

wintering and migration to river for spawning respectively. Hypanis sp. was found in 

November, December and February, while Mytilaster sp. was found only in             

November. Balanus sp. was found from October to April. Finally, the highest food 

items occurred in November and the least food items occurred in January and April. 

A significant difference was shown in the diet composition and monthly variations  

(p <0.05).  

 

The C. lamarki was an important species index with 73.3 % in the stomachs 

of R. f. kutum. Totally, all the food items comprise to Balanus sp. (13.7%),           

Rhitropanopeus sp. (1.2%), fish eggs (0.7%), Theodoxus sp. (0.6%), Hypaniss sp. 

(0.2%), filamentous algae (0.2%), Gammarus sp. (0.05%), Mytilaster sp. (0.05%), 

and Neogobius sp. (0.02%) has recorded in stomachs of R. f. kutum based on ISI test 

at different months (Table 6.4). A statistically significant different was obtained in 

the diet composition and month variations (p <0.05).  
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Table 6.4: Monthly changes food items and ISI test in the stomachs of Rutilus frisii kutum in the southern Caspian Sea. 

 

Species Oct. Nov. Dec. Jan. Feb. Mar. Apr. Count Fi di Di ISI 

Cerastoderma lamarki 41 172 91 12 95 50 10 7 100 5.131914 0.733131 73.31 

Mytilaster sp. 0 0 5 0 0 0 0 1 14.28571 0.024876 0.003554 0.05 

Hypanis sp. 0 0 0 0 9 0 0 1 14.28571 0.07438 0.010626 0.15 

Rhitropanopeus sp. 2 10 11 0 3 0 0 4 57.14286 0.14947 0.021353 1.22 

Theoxus sp. 0 110 0 0 0 0 0 1 14.28571 0.30137 0.043053 0.62 

Gammarus sp. 0 0 5 0 0 0 0 1 14.28571 0.024876 0.003554 0.05 

Balanus sp. 2 67 77 0 13 11 3 6 85.71429 1.119282 0.159897 13.71 

Neogobius sp. 0 0 0 0 1 0 0 1 14.28571 0.008264 0.001181 0.02 

Fish egg 0 4 12 0 0 3 0 3 42.85714 0.117535 0.016791 0.72 

Filamentous algae 2 2 0 0 0 0 0 2 28.57143 0.048033 0.006862 0.20 

Total 47 365 201 12 121 64 13      
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6.3.4 Feeding behavior related to fish size  

The weight of stomach contents of R. f. kutum in different size classes       

contributed from 28% to 85% to the fish wet weight. In the size class 25-30 cm         

stomach contents contributed with the highest percentage (85%) while in the 45-50 

cm size class they contributed with the lowest percentage (28%). The stomach                

contents contributed with 53% in weight in the size class 30-35 cm, 29% in 35-40 

cm, and 32% in 40-45 cm (Figure 6.7). Bivalvia and Cirripedia dominated in the diet 

of all fish size classes. The results showed that C. lamarki was mainly eaten by the 

individuals in the 25 -30 cm size class in both females and males. Gastropoda 

(Theoxus sp.) obtained the highest frequency in size class 30-35 cm in females   

(Figure 6.8). Balanus sp. ranked the second main forage item in three size groups of 

35-40, 40-45 and 45-50 cm in females but the occurrence of this food item in the   

40-45 cm size class was lower in males than females. It was absent in 35-40 cm in 

males (Figure 6.9).  
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Figure 6.7: Composition of Rutilus frisii kutum diet among size classes, based on 

weight percentage of prey.  
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Figure 6.8: Numerical percentage of prey in the stomachs female of                           

Rutilus frisii kutum in different size class from the southern Caspian Sea. 

 

 

Figure 6.9: Numerical percentage of prey in the stomachs male of Rutilus frisii kutum 

in different size class from the southern Caspian Sea. 
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6.3.5 Feeding intensity 

The gastrosomatic index (GaSI) of R. f. kutum fluctuated in different months 

(Figure 6.10). After a relatively decrease GaSI of 7.5 in October, an increase up to 

7.8 and 8.1 were recorded in November and December, respectively. A decrease was 

observed in January (average 4.8), then increased in February (average 5.6) and 

March (average 5.1). The GaSI recorded the lowest value in April (average 3.5) 

which coincided to the peak of spawning migration of R. f. kutum from Sea to river.  

 

Monthly fluctuations were also shown by the percentage of occurrence of 

stomachs with different degrees of fullness (Figure 6.11). From October to December 

the fish had ¼ full (22.1%), ½ full (18.0%), ¾ full (18.7%) and full (9.9%) stomachs. 

In January the degree of stomach fullness decreased to ¼ full (6.7%), ½ full (3.3%), 

and ¾ full (6.7%) which coincide with wintering of this species. From February to 

March, fullness increased ¼ full (13.3%), ½ full (20.1%), ¾ full (24.8%), and full 

(14.3%) stomachs. In April, the majority of the sampled fish 15.2% had ¼ full            

stomachs which coincided to peak of spawning migration to the river. Of the 251 

stomachs examined, 117 (46.6%) were empty. The proportional of empty stomachs 

varied significantly among the month (χ
 2

 = 21.3, p < 0.05). The maximum                        

proportion of empty stomachs occurred in April (84.8%) and January (83.3%), while 

the minimum was recorded in December (20%) and February (25.7%). 
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Figure 6.10: Monthly variations in the gastrosomatic index of male and female of          

Rutilus frisii kutum from the southern Caspian Sea. Note: Vertical bars indicate  

standard deviations. 

 

Figure 6.11: Monthly variations in stomach fullness of Rutilus frisii kutum from the 

southern Caspian Sea.  
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6.3.6 Shannon–Wiener index prey diversity 

 

According to the Shannon–Wiener index, prey diversity for the different 

month was highest for November (H´= 0.753, 1.869, 1.658, 0.000, 1.088, 0.922, and 

0.779 from Oct. to Apr. respectively). The overall variety of prey in females was 

higher than in males (H´= 1.92 and 1.29 for females and males respectively). There 

was some monthly variation in Shannon-Wiener Index of R. f. kutum within the         

studied period in males and females. The Shannon-Wiener Index, prey diversity of 

females was the highest in November and for males was higher in October and in 

both sexes the feeding intensity decreased from December to January. The                  

Shannon-Wiener Index of both sexes increased from January to March (Table 6.5).  

 

A variation in the diversity index of Shannon-Wiener in males and females of 

R. f. kutum with regard to size groups is shown in Table 6.6. In males the index 

ranged from 0.993 to 1.492 in size class 40-45 cm and 25-30 cm, respectively. In      

females the Shannon-Wiener index ranged from 1.198 to 1.615 in size class 25-30 

cm and 35-40 cm, respectively. The results show that this index in females was  

higher than males in all size classes except in 25-30 cm and 30-35 cm size classes. 

Shannon‟s-Wiener index ranged from 1.32 to 1.62. This index increased from 1.32 in 

the size class 25-30 cm to 1.53 in the size class 30-35 cm and to 1.62 in the size class 

35-40 cm. Then it, decreased to 1.34 in the size class 40 -45 cm and to 1.28 in the 

size class 45-50 cm.  

 

Cluster analysis showed that the similarity of food item cohorts in stomach 

content at each length class can be divided into three groups as shown in Figure 6.12. 

The first group consists of 25-30 and 30-35 length classes, the second group consist 
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of 35-40 length class and third group consists of 40-45 and 45-50 length classes. 

Based on the cluster analysis, the first groups have the highest similarity indices, 

whereas second group has the lowest similarity index. The dendogram showed the 

clustering of size class based on the occurrence of food item composition. The size 

classes 25-30 and 30-35 cm showed the highest similarity of food item composition 

with the Jaccard‟s coefficient of about 0.68. The dendogram showed that size class 

35-40 cm was clustered independently from other size classes with the least             

similarity of food item composition around 0.45.  

 

Table 6.5: Shanon-Wiener Index of food items in the stomachs contents female and 

male of Rutilus frisii kutum from the southern Caspian Sea. Note: N. = number         

species 

 

Months 

Female Male 

Index N. Index N. 

Log
2
 Evenness  Log

2
 Evenness  

Oct. 0.893 0.447 4 1.371 0.865 3 

Nov. 1.824 0.650 7 1.285 0.495 6 

Dec. 1.706 0.735 5 1.069 0.675 3 

Jan. 0.000 0.000 1 0.000 0.000 1 

Feb. 0.906 0.390 5 1.252 0.628 4 

Mar. 0.987 0.623 3 0.702 0.702 2 

Apr. 0.845 0.845 2 0.000 0.000 1 
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Table 6.6: Shanon Index of food items in the stomachs contents female and male of 

Rutilus frisii kutum in different length groups from the southern Caspian Sea. Note: 

N. = number species 

 
 Female 

Male 

Length groups Index Evenness N. Index Evenness N. 

25-30 1.198 0.516 5 1.492 0.577 6 

30-35 1.233 0.531 5 1.298 0.649 4 

35-40 1.615 0.575 7 1.05 0.662 3 

40-45 1.481 0.573 6 0.993 0.626 3 

45-50 1.281 0.552 5 
- - - 

 

 

 

 

Figure 6.12: The dendogram of cluster analysis food item in the stomachs contents of 

Rutilus frisii kutum in different length groups (cm) from the southern Caspian Sea. 
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6.4 Discussion 

Our study revealed that Cerastoderma lamarki was highly represented among 

the food items in the stomach contents of the Caspian Kutum. Similar results have 

been reported by Zarin Kamar (1996). The author found that the food of R. f. kutum 

in Guilan area (west of southern Caspian Sea) consists mainly of                                

Cerastoderma lamarki, Balanus sp., and crab while gastropoda, Gammarus sp., 

Hypnis sp. and Abra sp. were secondary preys. Oryan et al. (1998) also noted that          

C. lamarki was the main food of this species on the eastern and western coasts of             

Bandar Anzali, crabs and Balanus sp. were secondary prey. 

 

Abdusamadov et al. ( 2004) reported that in Iranian waters of the Caspian 

Sea, the Kutum feeds on a wide variety of food items, and the diet of the R. f. kutum 

consisted mainly of mollusks (Bivalvia, Gastropoda), Crustacean (Cirripedia,           

Amphipoda, Malacostraca), fishes (Gobiidae), and as well as fish eggs and                     

filamentous algae. Of these food items, Bivalves and Crustacean were more                

important than the others. In this study, C. lamarki (59%) was the primary prey in 

food items of the Kutum in the studied area. Abdulrakhmanov (1962) reported that 

the Kutum feeds chiefly on mollusks, crabs, shrimps and Amphipods. According to 

Kazancheyev (1981), the Kutum preyed on Crabs in south western of the middle 

Caspian Sea. Razavi Sayad (1995) indicated that mollusks were the main food items 

of Kutum at the sea. Askerov et al. (2003) mentioned that Kutum growth at the fast 

rate and feeds on mollusks, crabs, shrimps and other organisms. 
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On the contrary, Valipour and Khanipour (2006) reported that this species is 

generally omnivorous, feeding during the early life stages on phytoplankton,             

zooplankton and insect larvae, while during later stages, and after migrating to the 

sea, it feeds mainly on bivalves. In this study, the frequency of occurrence of                    

C. lamarki in Kutum feeding is in accordance with Smirnova (1961) findings in 

which occurrence of C. lamarki in Kutum feeding attributed to the abundance of this 

bivalve in the region and morpho-ecological adaptation of R. f. kutum for consuming 

bivalves with hard shells. 

 

In the present study, filamentous algae were observed in the stomach contents 

in October and December. Khanipour (2005) reported that algae bloom occasionally 

occurred in summer and autumn after autumn circulation in southern coastal of the 

Caspian Sea. This bloom generally consists of Cyanophyta (genus Nodularia sp.). 

This feeding behaviour could be due to the appearance of algae that was recognized 

by Khanipour (2005). Zarbalieva (1987) reported that after entering the Sea, Kutum 

switch to a higher calorific diet composed predominately of crabs                  

(Rhithropanopeus harrisii) with a 67.9-93.7% by weight. Mollusks, mainly               

C. lamarckii, constituted 30% by weight of the food of fishes of 30-40 cm. Fish               

larger than 40 cm rarely fed on molluscs but occasionally Clupeonella spp.  

 

In the present study, most of the analysed fish measured more than 25 cm due 

to commercial fishing and were located deeper than 15 m. This could be due to           

ecological location of area and temperature changes. To substantiate the evidences, 

Wahbeh and Ajiad (1985) and Abdel Aziz et al. (1993) reported that food            

consumption appears to be correlated to sea temperature, spawning activity, age, and 
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available food items of the fish. Rzayev and Zarbaliyeva (1969) reported that food 

items of R. f. kutum in feeding ground area were included mollusks, crab, fish and 

algae in size groups 23-68 cm. They noted that at length groups more than 20 cm,    

R. f. kutum consume mainly crab and Mytilaster lineatus. Afraei Bandpei et al. 

(2008a) stated that Mytilaster lineatus (48.46%), Gastropoda (31.84), C. lamarki 

(19.65%), were recorded the major food items in size group 10-20 cm of R. f. kutum 

in southern part of Caspian Sea by which was sampled by bottom trawl.  

 

On the other hand, Razavi Sayad (1995) reported that Kutum at the end of 

one year old or beginning of the two year old started to feeds on Mollusks specially  

C. lamarki which is in 10-20 cm length group and with increasing in size, the range 

of food spectrum increases. In this study, the food items of R. f. kutum at age one 

year with high frequency was comprised Exuviella cordata, Nitzschia distans,            

Osilatoria sp., Diatoma sp. At age 2 years, filamentous algae contributed 42.6% 

from food items. From at age 3 years to 8 years the food items in stomach content of 

R. f. kutum  was obtained C. lamarki, Mytilaster sp., Hypanis sp., Crab, Balanus sp., 

Gastropoda, and fish. This could be due to started carnivore food from age 2 years. 

Abbasi et al. (2005) reported that the diet of Kutum in fingerling stage (3.5-10.5 cm 

total length) is highly diverse and comprised phytoplankton (Navicula, Exuviella, 

Nitzschia, Synedra, Rhizosolina, Diatoma), zooplankton (lamellibranches spot,  

copepods), amphipods and dipterans insects.  

 

The stomach contents‟ weight in relation to R. f. kutum size and weight 

showed that the smallest size class (25-30 cm) contained the highest food mass of 

0.85% of body weight while the minimum food contents of 0.28% were recorded in 
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large size class (45-50 cm). This could be due to the increase in feeding activity   

during grow out stages (October –December) and the decrease in feeding activity 

during spawning season (March- April). Consequently, the results based on cluster 

analysis shown the highest similarity in 25-30 cm and 30-35 cm length class      

compares to others length classes, which coincide to high activity, increase food  

consumes and increased rate of metabolism. It has also been reported that the lower 

consumption of older fish is probably related to a decreased rate of metabolism, since 

it is more beneficial for large fish to obtain more bulk at a lower rate of energy       

expenditure  (Zarbalieva, 1987).  

 

The results of the stomach contents of R. f. kutum in different size classes 

showed that the smallest size class (25-30 cm) contributes with maximum values of 

C. lamarki was 77.6% for females and size class 35-40 about 75% for male,              

respectively. In size class, 30-35 the highest frequency food items in stomach content 

female of Kutum comprised Gastropoda (72.8%), while C. lamarki obtained the 

highest frequency food items in stomach content male of Kutum through the sample 

size. However, the data of Akbarnezhad Azad Kalleh (1977) about the food               

composition of this species collected in the Iranian waters of the Caspian Sea showed 

that mollusks most frequently has been consumed by males while crustaceans  were 

the most important individual prey for females. The pattern of feeding intensity          

investigated through the analysis of fluctuations in the stomach fullness indices            

revealed monthly variations. It was found that low feeding intensity in fish is        

synchronized with their spawning seasons, as has been reported by many authors            

Stregiou (1988), Kurup (1993) and Dadzie (2007). The spawning migration of            

R. f. kutum in Iranian waters of Caspian Sea takes place in March and April, with a 
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migration peak to the rivers being in April. However, there is generally an                  

overlapping between spawning migration and fishing season in Iranian waters 

(Afraei Bandpei et al., 2007).  

 

 Available reports Geetha et al. (1990) and Dadzie (2007) suggest that the 

high occurrence of empty fish stomachs during the spawning season is mainly due to 

the decreased feeding activity, since the mature gonads take up more space in the      

peritoneal cavity, compressing the stomach and making feeding activity more           

difficult. Similarly, Dadzie et al. (2000) reported that feeding is intensive during the 

early stage of maturity and decreases as the gonads mature. The feeding activity of 

Caspian Kutum in the present study also revealed monthly variations. Generally, low 

food values were recorded in January and April, while higher values were observed 

in December. The proportion of empty stomachs was high (46.6%). This could be 

due to industrial fishing activities, where during fishing when the trawling nets are 

full, the fish becomes under high pressure and may regurgitate and the stomach is 

then emptied (Ghadirnejad, 1996).  

 

In conclusion, this study shows that R. f. kutum is carnivorous, and feed on a 

variety of prey items, and the diet and feeding behavior changes by season, month, 

habitat and fish size. The high percentage of fish with empty stomach recommends 

that further research is needed, particularly from May to September.  
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CHAPTER 7 

POPULATION DYNAMICS OF CASPIAN KUTUM, Rutilus frisii kutum  

(CYPRINIDAE) IN THE SOUTHERN CASPIAN SEA 

 

 

7.1 Introduction 

In order to estimate the biomass and the maximum sustainable yield (MSY), 

virtual population (VPA) and cohort analysis have been used. VPA was developed 

by Fry (1949), first applied to fisheries by Gulland (1965), and review by Pauly 

(1984). According to Pauly (1984) the VPA is a procedure for determining the           

prices number of fish there must have been in the Sea to account for a known catch 

and to make allowance for natural losses. Cohort analysis is conceptually identical to 

VPA and is simply an approximation to the virtual population assessment technique. 

This analysis is computationally much simpler to perform than the VPA procedure 

because it dose not involve extensive iteration.  

 

The methods that look at the past, using "historic" data are called "virtual 

population analysis (VPA)" or "cohort analysis", while those methods dealing with 

the future, are called "predictive methods" or "Thompson and Bell methods". VPA 

and cohort analysis was first developed as age-based methods. However, in recent 

years length-based methods have become available, which are of particular interest 

to tropical fisheries. Virtual population analysis or VPA is basically an analysis of 

the catches of commercial fisheries, obtained through fishery statistics, combined 

with detailed information on the contribution of each cohort to the catch, which is 

usually obtained through sampling programme and age readings (Gulland, 1991).  
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7.2 Material and methods 

7.2.1 Growth analysis 

 

 The FISAT software (Gayaniolo et al., 1996) was used for the analysis the 

length- frequency data. The seasonalized von Bertalanffy growth function (VBGF) 

put forward by Pauly and Gashhtz (1979) and later modified by Somers (1988) based 

on the formula:                                                            

Lt = L∞ (1- exp{ –K (t-t0)} - (CK/2 ) sin 2 (t-ts) + (CK/2 ) sin 2 (t0-ts)).             (1) 

Where Lt is the length at time t, L∞  the asymptotic length, K the von Bertalanffy 

growth coefficient, t0 the age of fish at zero length, C the amplitude of the fluctuation 

in seasonal growth (0≤ C ≤1) and ts the commencement of variations in sinusoidal 

growth with respect to t=0. It is valid that ts is replaced with WP (winter point) which 

is equal to ts+ 0.5, or the time of the year at which growth is slowest (0≤ WP ≤1). If 

seasonality is not considered, that is if C=0, the equation reverts to the original 

VBGF.  

 

 The Powell-Wetherall plot (Powell, 1979) and (Wetherall, 1986) as modified 

by Pauly (1986) to obtain initial estimates of L∞ and Z/K. This method is basically a 

re-arrangement of the Beverton and Holt (1956a) length-based Z-equation into a          

linear regression of the form: 

    LbaLL                                                                                                        (2) 

L' is the smallest length of fully recruited fish, L‾ = [L∞ - L'] / [1 + (Z/K)] = mean 

length of all fish ≥ L', where L∞ =-a/b and Z/K=-(1 + b)/b. Using ELEFAN          

procedure available in FiSAT, we sequentially arranged and restructured the                

length-frequency data set to enable us to identify (or define) peaks which we            

assumed to be cohorts.  
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7.2.2 Mortality  

The initial estimates of L∞ as a starting value to obtain optimized values of 

VBG coefficients through the ELEFAN routine, and estimated the instantaneous total 

mortality coefficient Z based on the single negative exponential mortality model:  

Nt = N0e
-Zt                                                                                                                           

                              (3) 

Here, Nt is the number at time t, N0 the initial number, and Z is the instantaneous 

mortality coefficient. 

Using the seasonalized length-converted catch curve (Pauly et al., 1995), computed 

Z with seasonality thus: 

Ln(N) = a + bt′ ,                                                                                                           (4) 

Where N is the number of fish in pseudo-cohorts sliced by successive growth curves, 

and t is the relative age of the fish in that pseudo-cohort. We also estimated Z without 

seasonality from the relationship (Pauly, 1984). 

Ln(Ni /Δti) = a + bti ,                                                                                                    (5) 

Where Ni is the number of fish in length class i, Δti the time needed for the fish to 

grow through length class i, ti the relative age (computed without t0) corresponding to 

the midlength of class i, and where Z without seasonality was computed from the 

slope b (of the descending right arm of the catch curve) with sign changed. We also 

computed Z from two other methods: the method of Jones ad van Zaling (1981) and 

that of Beverton and Holt (1956b): 

 
 
 LL

LLK[
Z




                                                                                                         (6) 

Where L¯ is the mean length of all fish, L′ the smallest length of fully recruited fish, 

Z the total mortality and K the growth coefficient. 

 



132 

We estimated the instantaneous natural mortality coefficient M using the  

empirical model of Pauly (1980): 

Log (M) = -0.0066 – 0.279 log (L∞) + 0.6543 log (K) + 4634 log (T)                      (7) 

Where T is the mean annual surface sea temperature in degrees centigrade (here 14.3 

○
C) (Afraei Bandpei et al., 2009). 

Since Z is equal to the sum of the instantaneous natural mortality coefficient M and 

instantaneous fishing mortality coefficient F, the latter was then calculated from the 

relationship F = Z- M, and the exploitation rate E was estimated as F/Z.   

 

7.2.3 Growth performance index  

According to Pauly and Munro (1984), the growth performance index was 

computed from the relationship: 

(ǿ) = 2log L∞ + log K                                                                                                 (8)  

                           

We computed the potential longevity tmax of the species from the formula 

(Taylor, 1958); (Pauly, 1980):                                    

Tmax = 3/K                                                                                                                  (9) 

 

7.2.4 Probability of capture 

The probability of capture P of each size class i was calculated from the      

ascending, left arm of the length-converted catch curve following the method of  

Pauly (1984). This entails dividing the numbers actually sampled by the expected 

numbers (obtained by projecting backward the straight portion of the catch curve) in 

each length class in the ascending part of the catch curve. By plotting the cumulative 

probability of capture against mid length a resultant curve was obtained from which 
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the length at first capture Lc was taken as corresponding to the cumulative probability 

at 0.5 (50%). 

For calculation age at first capture, the equation is: 








L

)L1(
lnK

1t
T 0

c                                                                                                       (10) 

Where Tc is age at first capture, L∞, K and t0 are growth parameters, and L (cm) is 

the middle length (Sparre et al., 1989). 

 

7.2.5 Recruitment pattern 

Growth parameters L∞, K, C and WP were used as inputs, by backward     

projection, along a trajectory defined by the VBGF, of the frequencies onto the time 

axis of a time series of samples. In this way, plots showing the seasonal patterns of 

recruitment were obtained. 

 

7.2.6 Yield per recruitment 

The relative yield per recruit (Y′/R) and relative biomass per recruit (B′/R) 

were estimated from the Beverton and Holt model as modified by Pauly and Soriano 

(1986): 

Y′/ R =  EU
M/K

{1- (3U / 1 + m) + (3U
2
 / 1 + 2m) – (U

3
 / 1 + 3m)}                         (11) 

Where U= 1-(Lc/L∞) is the fraction of growth to be completed by the fish after entry 

into the exploitation phase, m= (1-E)/(M/K)=(K/Z), and E=F/Z is the exploitation 

rate, i.e., the fraction of mortality of the fish caused by the fishermen, F the            

instantaneous fishing mortality coefficient and Lc is the length at first capture.  

The relative biomass-per-recruit (B′/R) was estimated from the relationship: 

B ′∕ R = (Y′∕R) ∕ F.                                                                                                     (12) 
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       The two parameters F and Lc are those, which can be controlled by fishery            

managers because F is proportional to fishing effort and Lc is a function of gear       

selectivity. Therefore, Y′/R is considered as a function of F and Lc. The value of        

exploitation rate (E) was estimated Emax (the value of E given the maximum relative 

yield-per-recruit), E0.1 (the value of E at which marginal increase in Y′ ∕R is 10% of 

its value at E=0), and E0.5 (the value of E at 50% of the unexploited relative        

biomass-per-recruit) through the first derivative of the Beverton and Holt (1966) 

function. 

 

7.2.7 Cohort analysis 

The biomass estimation from Pope (1972) cohort analysis (Jones, 1981), 

(Jones and Van Zalinge, 1981) and (Pauly, 1984) used an equation for the calculation 

of the number of fish at maximum age follows:                       

F

Z
CtNt                                                                                                              (13)                               

Where Ct is the catch, Z is the instantaneous coefficient of total mortality, F the     

instantaneous coefficient of fishing mortality. 

For calculation of the number of fish with a lower age than the maximum, the           

equation is: 

2

M
expCt2

M
expN 1tNt 








                                                                              (14) 

Nt  is the number of remaining fish at the end of time t; M is the instantaneous 

coefficient of natural mortality. 

For calculation of the survival rate (S), total mortality (Z), fishing mortality (F), and 

the Average Number of Fish In the Sea (ANIS), the equations are as follows: 
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Nt

N 1t
S


                                                                                                                   (15) 

SlnZ                                                                                                                     (16) 

MZF                                                                                                                    (17) 

 
Zt

N 1t_Nt
ANIS


                                                                                                  (18) 

The above equations were used to calculate all those parameters for each age group.  

 

Biomass was calculated by means of numbers and weight. To convert                

biomass from weight to number and from number to weight, the mean weight of the 

samples for each age were used for all ages. The maximum sustainable yield (MSY) 

was calculated by Gulland (1983) experimental formula:  

MSY = 0.5 × (Y + M×B)                                                                                         (19) 

Where Y is the yield, M the natural mortality, and B the biomass.  

 

 

7.3 Results 

The filed investigation covered a period of 6 consecutive months from early 

October (2006) to middle April (2007) during the fishing season which we collected 

and measured the fork lengths of 1360 specimens of R. f. kutum (Table 7.1). Our 

analysis, which covers growth parameters, mortality rates, probability of capture,      

recruitment pattern and yield per recruit gives a detailed profile of the population    

dynamics of this species in the southern Caspian Sea. Estimated values of L∞, Z∕K 

and r
2
 as obtained from the modified Powell-Wetherall plot were 55.49 cm, 2.847 

and 0.99, respectively (Figure 7.1). 
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Table 7.1: Length (cm) frequency data of Rutilus frisii kutum taken from the southern 

Caspian Sea from October 2006 to April 2007(ML=midlength of class interval 

N=1,360).  

 

 

 

ML 
2006 2007 

Oct. Nov. Dec. Jan. Feb. Mar. Apr. 

21   2 2    

23 2 4 1 4    

25 7 14 8 13 8   

27 6 8 9 9 5 3 1 

29 2 18 19 4 4 3 4 

31 6 20 18 8 9 7 6 

33 3 14 35 18 12 17 8 

35 5 9 26 30 15 40 17 

37 5 8 28 16 27 42 23 

39 2 20 43 25 25 59 27 

41 2 11 49 20 22 44 26 

43 4 12 30 16 19 36 16 

45  6 18 9 14 28 17 

47 4 8 14 3 10 18 15 

49 1 5 5 3 4 14 4 

51 1 2 3 1 2 3 2 

53   2 1  1  

55  1      

57   1     



137 

 

Table 7.2: Growth parameters (L∞ and K) and computed overall performance indices 

ϕ of Rutilus frisii kutum with other fish species in different areas 

 

Species L∞ K ǿ Author(s) 

Rutilus  frisii 62.2 0.40 3.19 FishBase (2008) Former USSR 

Liza auratus 51.40 0.17 2.65 

Ghadirnejad (1996) (southern Caspian Sea) 

 Liza saliens 43.45 0.17 2.50 

R. f. Kutum 48.7 0.22 2.71 Holcik and Oleh (1992) (Anzali Lagoon) 

R. f. Kutum 79.08 0.18 3.05 Abdurakhmanov (1962) (Malyi Kyzylagach Bay) 

R. f. Kutum 59.85 0.27 2.98 Present study (southern Caspian Sea) 

 

 

 

Figure 7.1: Powell-Wetherall plot for Rutilus frisii kutum from the southern Caspian 

Sea. The original length frequency data are shown on the left. Black dots of the left 

graph were used as input in the Powell-Wetherall plot on the right. Black dots in the 

right graph were used for the regression analysis: Y=14.42-0.260X, r
2
=0.99. L∞ 

=55.49 cm, and Z/K =2.847. 
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The run of ELEFAN with L∞ =59.85 cm as the seeded value produced the 

seasonalized growth curve depicted in Figure 7.2 as superimposed on the               

restructured length frequency histogram. The curve is characterized by the following 

seasonalized von Bertalanffy parameters L∞ =59.85 cm, K=0.27 y
-1

, C=0.25, 

WP=0.40. Up to six peaks could be identified in this diagram (Figure 7.2, December 

sample) and they are taken to correspond to separate cohorts. 

 

 

 

 

 

 

 

 

 

Figure 7.2: Seasonalized von Bertalanffy growth curves (L∞ = 59.85 cm, K=0.27 yr
-1

, 

C= 0.25, WP= 0.40) superimposed on the restructure length-frequency histogram of 

Rutilus frisii kutum in the southern Caspian Sea. The black and white bars are       

positive and negative deviations from the „weighted‟ moving average. 

 

 

The length- converted catch curve procedure yielded an instantaneous total 

mortality coefficient Z =1.28 y
-1

 while a value of 0.910 y
-1

 was obtained from the 

mean length analysis (Figure 7.3). Beverton and Holt method yielded Z=0.910 y
-1

 

while the Jones and van Zalinge method gave a value of 4.161 y
-1

 (Figure 7.4).  
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Figure 7.3: Length converted catch curve for Rutilus frisii kutum in the southern 

Caspian Sea. Regression equation for the descending right arm of the length                   

converted catch curve: Y=11.007-1.215X, n=9, standard deviation of a=0.571 and 

confidence interval from 9.655 to 12.360, standard deviation of b=0.085 and               

confidence interval=-1.416 to -1.013, r
2
=0.98. Estimated Z= 1.28. Cut-off length 

L′=38 cm, Lˉ = (from L′ up) =43 cm. 

 

 

The instantaneous natural mortality rate estimated M= 0.46 y
-1

. Based on total 

instantaneous mortality coefficient (Z) from the seasonalized length-converted catch 

curve, obtained F (the instantaneous fishing mortality coefficient) as 0.82 y
-1

 through 

the relationship: F=Z-M, and giving a current exploitation rate E (=F/Z) as 0.64 y
-1

. 

The length at first capture was obtained Lc = 36.8 cm (Figure 7.5).  
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Figurer 7.4: Jones and van Zalinge plot for the estimation of instantaneous total          

mortality coefficient Z for Rutilus frisii kutum. Regression equation                          

Y=-6.256+4.161X, r
2
=0.99, n=10. Standard deviation of a=0.521, confidence interval 

of a=-7.457 to -5.056. Standard deviation of b=0.209, confidence interval of                    

b=3.678-4.644. Estimated Z=4.161 yr
-1

. 

 

 

 

 

 

 

 

 

 

 

Figure 7.5: Probability of capture of each length class of Rutilus frisii kutum in the 

southern Caspian Sea, L25=35.2 cm, L50=36.8 cm= length at first capture Lc (dotted 

line), L75= 38.8 cm. 
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Computed relative yield per recruit and relative biomass per recruit were             

executed using two different sets of assumptions and inputs. The knife-edge selection 

procedure assumes that fishes smaller than Lc are not captured by the gear. The             

selection ogive approach assumes that probability of capturing any fish is 

proportional to its length. The knife edge procedure (Figure 7.6 (A) and (B)) gave the            

following results: Emax=0.95, E0.1=0.81, E0.5=0.40. The selection ogive procedure 

(Figure 7.6 (C) and (D)) gave the following summary statistics: Emax=0.76, E0.1=0.65, 

E0.5=0.39. As shown in Figure 7.7 the recruitment pattern displayed two peaks, one 

in April and the other in August, according to for (19.49%) and (6.33%),                        

respectively. The longevity or the average life span of the species in the Caspian Sea 

was about 11.1 years. The age- at-first capture of R. f. kutum was obtained 3.922 

years old (Figure 7.8). 
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Figure 7.6: Relative biomass per recruit (A) and Relative yield per recruit (B) for  

Rutilus frisii kutum as computed using knife edge selection procedure. Input            

parameters: Lc/L∞ =0.616, M/K =1.70. Output parameters: Emax =0.95, E0.1=0.81, 

E0.50 = 0.40. Relative biomass per recruit (C) and relative yield per recruit (D) as 

computed using selection ogive procedure Emax=0.76, E0.1=0.66, E0.5=0.39.  

 

 

 

B A 

C D 
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Figure 7.7: Recruitment pattern of Rutilus frisii kutum in the southern Caspian Sea 

obtained by backward projection, through a trajectory defined by the computed VBG 

coefficient of the restructure length-frequency data onto a one-year timescale. 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.8: Age-at-first capture of Rutilus frisii kutum by beach seine fishing             

cooperative in the southern Caspian Sea. 

 

The total catch of R. f. kutum in 2006-07 was 16,117 metric tonnes comprise 

to statistical error, poaching, and breeding that taken into the account by Iranian              
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Fisheries Organization (IFO). The catch ratio of Kutum was 7,804.6 tonnes for    

Guilan, 7,645.4 tonnes for Mazandaran, and 667 tonnes for Golestan provinces. The 

mean weight of Kutum in the samples was 0.794 g. Thus, 16,117,000 (total catch in 

kg) divided by 0.794 (mean weight of Kutum) is equal to 20,298,489 (total number 

of Kutum in the catch). The total number of each age class in the catch was             

calculated by multiplying the total number of Kutum in the catch and the age            

percentage of that age class (Tables 7.3 and 7.4). The average number of Kutum in 

the Sea was worked out by calculating the sum of the average numbers of all ages. 

The average biomass of Kutum in the sea was calculated by multiplying the average 

numbers of each age by the mean weight of that age. Overall, the biomass of Kutum 

was obtained B= 51,937 tonnes (Table 7.4). Therefore, maximum sustainable yield 

(MSY) for Kutum was obtained as MSY= 20,004 tonnes. 
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Table 7.3: Mean fork length and weight for determine stock assessment of Rutilus frisii kutum in southern of the Caspian Sea  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Age groups 2 3 4 5 6 7 8 9 mean 

Mean fork length 

(cm) 
26.6 33.8 39.8 43.9 47.2 50.4 55.4 58 38.4 

Mean weight (g) 179.04 490.6 814.3 1,099.12 1,285.1 1730.9 2,150.3 2,450 794.2 

Age composition 

(%) 
5.5 24.5 42.3 17.7 3.5 1.9 1 0.1 3.9 

Total 57 251 434 182 36 20 10 1 991 
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                        Table 7.4: Pope‟s cohort analysis for the Rutilus frisii kutum in the southern Caspian Sea 

Age 

groups 

Numbers 

caught (Ct) 

(thousand) 

Number of 

Kutum in sea 

(thousand) 

Survival 

rate (St) 

Total 

mortality 

(Zt) 

Fishing 

mortality 

(Ft) 

Average 

number of 

Kutum in the 

sea  

(thousand) 

Mean 

weight 

(g) 

Biomass 

(tonne) 

2 1,116 71,711 0.619 0.480 0.020 56,958 0.231 13,157 

3 4,973 44,383 0.542 0.612 0.152 33,195 0.491 16,299 

4 8,586 24,067 0.348 1.056 0.596 14,863 0.814 12,098 

5 3,593 8,371 0.290 1.237 0.777 4,803 1.359 6,528 

6 710 2,430 0.399 0.919 0.459 1,590 1.585 2,519 

7 386 970 0.315 1.154 0.694 575 1.87 1,075 

8 203 306 0.104 2.267 1.807 121 2.15 260 

9 20 32     2.45  
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7.4 Discussion 

It is clear that this is the first time in which the population dynamic of Rutilus 

frisii kutum has been reported. Thus, the results of this study, apart from being         

seminal, will serve as a springboard for further research in this field. The present data 

are limited to the six- month fishing season period because the fish catch is forbidden 

from May to September in the southern Caspian Sea. Caspian Kutum has been          

described as one of the most valuable fish of the bony fish in the Caspian Sea, due to 

comprised about 78% of fisherman‟s income in fishing season 2008-2009. Fisheries 

biologists contribute to fisheries science in two main areas-firstly, by studying the 

basic biology and distribution of resource species, and secondly, by studying the 

population dynamics of species (King, 1995). The most important task in fish              

population dynamics study is to estimate population that is to say growth,                

recruitment and parameters i.e. growth, recruitment and mortality of a specific fish or 

a group of fish species (Nabi et al., 2007).  

 

The von Bertalanffy growth function is the most widely used model for           

describing fish growth (Etim et al., 1999). However, it does not take the effect of 

changing season on growth into consideration. Seasonalization of growth models was 

born out of knowledge that models which do not explicitly incorporate seasonal              

oscillations fail to offer bias-free parameters (Etim et al., 1999). Ursin (1963) was 

the first to put forward a VBGF that allows for seasonal oscillations. Other versions 

later came from Pitcher and MacdDonald (1973) and then Daget and Ecoutin (1976). 

Subsequently, several other authors have offered improvements on these earlier 

models or offer methods for fitting them to data. The model proposed by Pauly and 

Gashhtz (1979) and later modified by Somers (1988) (Eq. (1)) is the most widely 
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used and has been incorporated into many fisheries softwares, for example, ELEFAN 

(Pauly and David, 1981) and FiSAT (Gayaniolo et al., 1996). The present study, this 

model used in parameter individual‟s growth of R. f. kutum because the model‟s             

parameters have biological meaning and are easy to estimate.  

 

The accuracy and precision of L∞ and K values are a function of several                

factors such as the biological source of the data (whether marked to recapture, 

growth annuli or length-frequency data are used) and the mathematical/computing 

procedure employed in fitting the model to data (Etim et al., 1999).                           

Length-frequency data offer an important record from which one could extract 

invaluable information concerning the recent life history of the fish and obtain 

reliable estimates of growth and reliability of length-frequency data used. In quantity, 

a total sample size of 1500 or more collected in period of six or more months is 

adequate (Pauly, 1986); and in quality, the sequentially arranged length-frequency 

data should display distinct peaks with the apparent shift in modal length over time.  

 

L∞ is the largest theoretical mean length that a species could attain (granted it 

grows throughout life) in its habitat given the ecological peculiarities of that                   

environment, and K is the speed it grows towards this final size. Although our                 

method for the calculation of growth parameters is based on the analysis of                 

length-frequency data, our results compare favorably with those of others. In this 

study, the value of L∞=59.85 cm, K=0.27 and ǿ=2.9 for R. f. kutum in the southern 

Caspian Sea was comparable with that of R. frisii (L∞=62.2 cm, K=0.40 and ǿ=3.18) 

from former USSR (FishBase, 2008);  Liza auratus and L. saliens as 2.65 and 2.50, 

respectively from the Caspian Sea Ghadirnejad (1996); R. f. kutum as 3.05 from 
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Malyi Kyzylagach Bay Abdurakhmanov (1962). The K and L∞ ratio is an important 

parameter in the growth patterns used by Pauly et al. (1988).  

 

There is no published data on population dynamics of R. f. kutum regionally, 

and limited reports are available in this species. One stock grows faster than the other 

when young and slower than the other when older. Etim et al. (1996) noted that 

growth comparison is a multivariate problem that must take into consideration both 

the growth rate (K) and the asymptotic size (L∞). Hence, we used the Pauly and           

Munro (1984) overall growth performance index ǿ as it meets these criteria and is 

easy to compute and exhibits the least variance. Table 7.2 shows growth phi prime, 

ǿ, values for Cyprinidae and Mugilidae fishes in different areas.  

 

Despite the diverse source of data (length-frequency data, annuli on bony  

vertebrae, spines otoliths and scales) and the different computational methods used 

obtaining L∞ and K, the overall growth performance indices are very similar to each 

other. Generally, phi prime, ǿ, are species specific parameters, i.e., their values are 

usually similar within related taxa and have narrow normal distributions (Etim et al., 

1996). Table 2 shows that growth performance index of R. f. kutum was more than 

compared to other species in southern coastal of the Caspian Sea. This could be due 

to carnivorous and available food item resources for this species (Afraei Bandpei et 

al., 2009). Such errors could be very high especially in fish with strong seasonal 

growth oscillation where the value of C in equation (1) is close to one. Therefore, 

differences in growth performance among areas seem to be related to the             

geographical areas conditions rather than to the methodology employed. It is even 

possible that genetic relationships exist among stocks of neighboring areas.        
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Afraei et al. (2006) reported that the higher density of fish in different area may be 

due to geographic area conditions.  

 

 The instantaneous coefficient total mortality (Z) from length-based methods 

(the non-seasonallized length-converted catch curves, Beverton and Holts, Jones and 

Zaling methods) often estimates with bias. Pauly et al. (1995) demonstrated that the 

non-seasonalized catch curve overtimes‟ Z by as much as 180% when compared to 

Z-values from age-structured catch curve. On the other hand, they found that Z v 

alues from seasonalized catch curves are similar to those from age-structured catch 

curves. Age-structured catch curves are unbiased because growth in age has no      

seasonality. In this study, the Z-value of 1.09 yr
-1

 from our age-structured catch 

curves is unbiased. This implies that for this data set, Z is slightly underestimated by 

the Beverton and Holt (1956b) method and is grossly overestimated by the Jones and 

Van Zalinge (1981) method.  

 

The instantaneous natural mortality coefficient (M), apart indicating the           

fraction of death caused by all possible causes except fishing, is a necessary input in 

the computation of many models in fish population dynamics study, for example, the 

relative yield per recruit and relative biomass per recruit (equations (11) and (12)). 

However, direct and reliable estimate of M in an exploited population is difficult to 

obtain. The model of Pauly (1980) (equetion (7)) for M estimation was derived from 

data obtained from 175 different fish stocks distributed in 84 species, both freshwater 

and marine. In this study, estimated M=0.46 yr
-1

 which a value of 0.30 yr
-1

 (T =12
○
C) 

was obtained for R. f. kutum in southern Caspian Sea (Abdolmaleki et al., 2004). The 

reliability of the estimated M was ascertained using the M/K ratio which has been 
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reported to be within the range of 1.12–2.5 for most fishes (Beverton and Holt, 1959) 

and the estimated M/K in this study is in this range. The Caspian Kutum R. f. kutum 

the migration began in February and lasted three months from sea to rivers (Holcik 

and Olah, 1992a) and (Berg, 1946) but nothing is reported about the pattern of its   

recruitment. Since R. f. kutum is a winter- spring spawner, it seems, from the results 

of this study, that the juveniles will have a lag in time before becoming available to 

the fishery. Similarity, in this results were found by Dadzie et al. (2005). Etim et al. 

(1999) noted that a recruitment pattern can be represented by a graph whose peaks 

and troughs reflect the seasonality of recruitment in the stock.  

 

Figure 7.7 shows that there is one minor and one major pulsed the                 

recruitment peak in a year, both of which overlap in time to give one continues 

recruitment pattern. If so, the preponderance of spwaners of R. f. kutum (specimens 

>25 cm in length) in our samples (Table 7.1) indicates that a strongly seasonal               

recruitment pattern reflecting the breeding activity of this species was simulated as 

beginning in February and continuing into May, although the main recruitment                 

season, which coincided with the main spawning period, was from March and May 

with a peak in April, according to for 19.49% (Figure 7.7). This could be due to 

spawning period of R. f. kutum and migration from sea to rivers for its spawning 

ground but overlapping between fishing season and spawning season in this species 

(Afraei Bandpei et al., 2009) and (Afraei Bandpei et al., 2007). However, we found 

two cohorts of R. f. kutum in the present study. Dadzie et al. (2005) reported that 

identification of different cohorts using based on length-frequency distribution still 

remains a challenge in the use of this technique in growth studies.  
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As a rule of thumb, if Z/K ratio <1, then the population is growth-dominated; 

if it is >1 then it is mortality-dominated; if it is 1 then mortality balances growth in 

such population. In a mortality-dominated population, if Z/K≈2, then it is lightly             

exploited (Etim et al., 1999). In this investigation, the Z/K value of 2.847 (Figure 

7.1) implies a high level of exploitation. Our yield per recruit analysis via the             

knife-edge selection gave an Emax of 0.95. Using the more realistic selection ogive 

procedure, the yield per recruit gave an Emax of 0.76. Our computed current             

exploitation rate E of 0.64 is less than the predicted Emax by the knife-edge selection 

and selection ogive procedure. The implication is that the stock is not overexploited 

and indicated that the species moderately exploited in the southern Caspian Sea. This 

could be due to released fries (about 200 millions) of R. f. kutum into the Caspian Sea 

annually since 1982 (Shilat, 2008). Similarity, the results were found by 

Abdolmaleki et al. (2004) who that reported the current exploitation rate E of 0.62 

and a value Emax of 0.75 by the knife–edge selection for R. f. kutum in the southern 

Caspian Sea. Dadzie et al. (2007) noted that the estimated current exploitation rate, 

which is below Emax , indicates that the species is moderately exploitation.   

 

The isopleths presented in Figure 7.5 shown an optimum fishing activity, 

both in terms of fishing effort and size of first capture, as 36.8 cm FL and an                   

exploitation rate of about 0.64. Based on the critical size ratio (Lc/L∞) (which is a 

proxy to mesh size) and current exploitation rate (E) (which is a proxy to the effort), 

Pauly and Sorina (1986) have shown that relative yield isopleths derived from              

equation (11) could be grouped into four categories each with its distinct properties. 

With Lc/L∞=0.614 and E=0.64, our yield isopleths falls into quadrant D. This                  

implies that the fisheries are developed and the fishing are eumetric with large fish 
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being caught at the low effort level. This could be considered that setting standard 

mesh size of the beach seine for bony fish catch that taken into account by Iranian 

Fisheries Organization (IFO) in the southern Caspian Sea. The social goals such as 

optimizing the net profit of the fishery to the society, enhancing the economic status 

of the community and maximizing employment in the fishery are some policy                 

objectives that must be taken into account in adopting any management strategy. 

Yield per recruit analysis suggests that the stock is not yet overexploited. In this 

study, the maximum sustainable yield (MSY) of R. f. kutum obtained 20,004 tonnes, 

which Daryanabard et al. (2007a) reported that MSY of Kutum about 19,618 tonnes.  

 

In conclusion, this study shows that R. f. kutum has a growth performance   

index slightly more than other species in the Caspian Sea. This information regarding 

that the legal size for R. f. kutum (36.8 cm FL) reported in the present study. Yield 

per recruit analysis suggests that the stock of this species is not yet overexploited and 

has a moderately exploitation rate. Although, the main recruitment season, which 

coincided with the main spawning period, but recommends that further research is 

needed to complete recruitment pattern, particularly from May to September.  
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CHAPTER 8 

ECONOMICS AND SOCIAL ANALYSIS OF BONY FISH CATCH WITH 

EMPHASIS ON CASPIAN KUTUM, Rutilus frisii kutum BY BEACH SEINE 

FISHING COOPERATIVE IN THE SOUTHERN CASPIAN SEA 

 

 
8.1 Introduction  

 
Economics is the social science that studies the production, distribution, and 

consumption of goods and services (Clark, 1998). The Caspian Sea has provided 

enormous economic facilities for the people living in its coasts. The major type of 

fishing in recent years has been the capture of various types of bony fishes carried 

out by the fishermen gathered in beach seine cooperatives. These cooperatives play a 

considerable role in providing protein resources, food security and even national        

incomes of countries of the region (Pourhosein, 2002). Utilizing reserves of the          

Caspian Sea is a production process, and fishing, as the ultimate stage of this process, 

happens as the combination of fish reserves with the labor force and capital. Due to 

various factors, including natural causes such as temperature of water and air,          

salinity, precipitation, water level, winds, nutritive organisms and aggressive 

creatures, and using improper fishing tools and machinery, the amount of fishing and 

resources fluctuate (Salehi, 2007).  

 

Ghorbani et al. (2009) noted that the economic study of beach seine fishing 

technique focused on the labour force, fishing tools and machinery, experienced  

fishermen, efficient management, skilfulness, proper storage, and recreational 

facilities.  The location of fishing cooperatives along the coastal zones could be 

affected on the improvement of the economic situation of fishermen. According to 
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Meimandi (1992) in recent decades the fishery biologists and economists have begun 

an intensive effort to discover the amount of utilizable marine products, without 

imposing a loss on the sea reserves, from an economic standpoint. The main 

objective is the utilization of marine stocks in a profitable mode.  

 

Despite its commercial importance, limited studies have been carried out on 

economical and social analysis of R. f. kutum by beach seine fishing cooperative in 

southern Caspian Sea especially in the Guilan, Mazandaran and Golestan provinces. 

Therefore, it is important to improve knowledge of this target species as a tool for 

stock management. The present study was carried out to investigate the economical 

and social analysis of Kutum in the southern Caspian Sea. The main objectives of the 

study were to describe net profit, cost and break-even point for Pare fishing            

cooperatives in Guilan, Mazandaran and Golestan provinces.  

 

8.2 Material and methods 

Economic survey of the beach seine fishing is practiced by 131 fishing             

cooperatives in three provinces located on the southern coasts of the Caspian Sea that 

included Guilan (58), Mazandaran (53) and Golestan (20) provinces. An overall 

number of 10,773 fishermen 4,480 in Guilan, 4,800 in Mazandaran and 1,493 in          

Golestan are involved.  Besides providing job and livelihood for the fishermen, this 

is a source of protein (white meat) in the country. Therefore, improving economic          

aspects of the cooperatives and helping them employ skilled manpower and more 

efficient fishing tools and machinery. This in turn will bring a balance between      

expenditure and the number of fishermen, familiarity with more scientific fishing 
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techniques in order to protect the marine and fishing stocks for succeeding                 

generations. Therefore economizing these activities are necessary. 

 

8.2.1 Data collection  

Regarding the project schedule, the research was carried out in three stages. 

The first stage included studying related references and literature, providing         

economic studies forms, consulting directors of cooperatives and fishery experts and 

economists. In the second stage, directors of fishing authorities who supervise the 

three methods of fishing in Guilan, Mazandaran and Golestan provinces were met 

and related forms were filled in and the collected data were complied.  

 

All references relating to the project were provided and studied through           

fishery departments in Guilan, Mazandaran and Golestan provinces, the Iranian          

fishery organization (IFO), and the Central Library of the Iranian fishery research 

organization (IFRO) and as well in interviews with directors of Pare fishing                

cooperatives. Based on the forms presented by the fishery authorities, related            

inventories were designed. The operational expenses of Pare fishing cooperatives 

comprised will be discussed and formulated. 

 

8.2.1.1 Infrastructure expenses 

These expenses include the land, residences and guard rooms, machineries 

and fishing tool warehouses, power transmission lines, roads, telecommunications, 

and water transmission facilities.  
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8.2.1.2 Equipment expenses  

These expenses include fishing tools, such as ferries, boats, seines, tractors 

and other equipments. The year of production of these items was determined and 

based on their prices only on the current basis were evaluated with respect to the         

appearance and physical conditions. Based on certain factors, the lifetime of the 

items and the annual depreciation were estimated. The annual depreciation of each 

seine was approximated 35% and total expenses were ultimately computed.  

 

8.2.1.3 Accessory expenses 

These expenses include the cost of using the accessories employed with each 

complete set of seines. These expenses are estimated in a year, and in computing 

these expenses all items used in connection with a set of seine, such as raincoats, 

were listed and related costs specified.  

 

8.2.1.4 Personnel expenses  

Personnel expenses include the funds allocated to shareholdings at the end of 

each fishing effort. The amounts to be paid are determined based on the management 

of each cooperative. The allocation of shares to members of cooperatives is based on 

a division of labor and allocating responsibilities and determining the level of          

hardship experienced by the members. Extra shareholdings allocated to members  

follow different schemes in fishing cooperatives.  
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8.2.1.5 Current expenses  

All expenses that are paid regularly in a fishing period were considered, 

though some expenses as well as prices, which may vary in years, have been listed 

under current expenses. 

 

8.2.2 Cost  

The cost of each fishing effort based on mentioned cases for the cooperatives 

taken into account in less than 200 was about US$80, for 201-499. It was about 

US$280, and for more than 500 times fishing effort was US$350. The average cost 

of each time of fishing effort in southern coasts of the Caspian Sea estimated 

US$241.5 ± 84.7. In order to estimate the cost of fishing effort, factors such as the 

time of seine laying in the sea, amount of gasoline and gas oil used, manpower, 

number of boats, seine and machinery depreciation were taken into account. Price 

estimation was based on the Fishery‟s reports for Kutum (R. f. Kutum), Mugil              

(Liza auratus), Common carp (Cyprinus carpio), and other fish (Alosa spp.,            

Sander lucioperca, Vimba vimba, R. rutilus, Neogobius spp., Aspius aspius,            

Liza saliens, Barbus spp., Esox luscious, Salmo trutta caspicus)  that were evaluated 

US$3, US$3.2, US$4.5 and US$2, respectively. 

 

8.2.3 Estimate of break-even point 

In economic theories, break-even point is a production level on which the 

profit is zero, or when total income is counterbalanced by total expenditure          

(Anderson and Clancy, 1991). 

TC = Total fixed and variable cost, (TC=TFC+TVC)  
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TFC = Total fixed cost that is irrelevant to production level (its increase or decrease 

does not affect production level). 

TVC = Total variable cost that is related to the production level and an increase or 

decrease in it will affect the production level.  

AFC = Average fixed cost that consists of total fixed expenses divided by the        

production amount where the average fixed expenses change with the production 

level.  

AVC = Average variable cost that is the total variable cost divided by production  

1) AFC = TFC/Q where AFC = Average fixed cost, TFC = Total fixed cost and Q = 

quantity of production  

2) AVC = TVC/Q 

3) π = TR – TC  

4) If π = 0 therefore TR = TC then TR = TVC + TFC  

5) The formula of the break-even point is Q = TFC/ (P – AVC) 

 

8.2.4 Data analysis 

The data were analyzed by ANOVA test based on SPSS version 11.5 and  

Excel software. 

 

8.3 Results 

8.3.1 Relationship between fishing effort and catch ratio  

According to the information collected, totally 41,786 times of fishing effort 

with a mean 360.7±111.8 were carried out by 131 Pare fishing cooperatives in  

southern coasts of the Caspian Sea (Table 8.1). Overall, the catch ratio of all bony 

fish was 13,000 metric tons whereas Kutum comprised 10,138 metric tons. There is a 
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significant relationship between catch ratio and number of fishing effort (ANOVA,             

p <0.05).  

 

Table 8.1: Mean of catch ratio of bony fish and Kutum based on fishing effort in 

varies areas of the southern Caspian Sea during fishing season 2008-09. (Note: a is 

uses harmonic mean sample size and b the group sizes are unequal based on Tukey‟s 

Post Hoc Test with significant level 0.05 in each column).                                             

 

Province N. Catch(kg) Fishing effort 

Bony fish  Kutum  

Guilan 58 71,373.5±4,451.9
a
 52,873±43,633.1

a
 368.1±102.7

b
 

Mazandaran 53 148,683.5±12,0249.6
b
 127,797±116,993.4

b
 401.2±106.2

b
 

Golestan 20 49,017.5±19,908.9
a
 14,939±11,004.5

a
 232.2±29.5

a
 

Total 131 99,238.9±91,879.1 77,394.4±90,727.7 360.7±111.8 

 

 

 

8.3.2 Fishermen’s income and CPUE in Guilan province  

Overall, numbers of 58 Pare fishing cooperatives are authorized to engage in 

fishing along the west coastal strip of the Caspian Sea. The numbers of 4,480               

members who are engaged in 21,345 sets of fishing effort with mean 368±102.7 sets 

for each fishing cooperative (Table 8.2). In these efforts, 4,140 tonnes of bony fish 

were captured and Kutum‟s share of this figure was 3,067 tonnes, which constituted 

74% of the bony fishes captured (Figure 8.1). Kutum, R. f. kutum contributed to  

fishermen‟s income by 74% relative to other fishes. The total income of the               

fishermen amounted to US$12,432,527 and the expenses in each fishing effort             
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estimated to be US$279.3±52.8 in average that totalled US$5,961,879 (Table 8.3). 

Each fisherman share‟s of this income in a fishing season was US$1,444, which the 

net profit of Kutum was US$1069 (Table 8.4). Therefore, based on Table 8.2, Kutum 

had the highest allotment (US$9,199,923) and common carp (Cyprinus carpio) the 

lowest (US$52,313) in terms of the income earned through selling various types of 

fish species in Guilan province (Figure 9.2). Mihanparast fishing cooperative        

obtained the highest catch and income with 199.1 tonnes (185.5 tonnes belong to   

Kutum) and US$495,445 (US$445,452 for Kutum) which each fisherman obtained 

the net profit of US$6,147. The lowest catch and income related to Daryakenar           

fishing cooperative with a production of 10 tonnes (6.6 tonnes for Kutum) with an 

income of US$29,663 (US$19,902 for Kutum) which produced the net profit of 

US$193 for each fisherman. The catch per unit effort (CPUE) of whole bony fish 

was 182.5±78.3, while Kutum contributed to 128.8±80.9 kg/set.  

 

 

Table 8.2: Catch ratio of bony fish at different Pare cooperative of Guilan province 

waters of the southern Caspian Sea. Note: fishes catch only based on inpure catch 

and legal and F.E = fishing effort. 

 
Name of Pare fishing 

cooperatives 
Catch (kg) 

F.E R.f.kutum L. auratus C.carpio Others Total 

1 Moje gol 10635 24374 95 472 35576 197 

2 Omide chobar 22727 22843 84 223 45877 211 

3 Shohadaye jokandan 5787 40599 530 1318 48234 346 

4 Poshte jokandan 10542 23376 271 678 34867 258 

5 Hafte tir 17378 53470 201 1189 72238 267 

6 Peike gilan 30158 12350 39 1084 43631 370 

7 Sizdah aban 20069 8658 31 1159 29917 318 

8 Sangachin 21756 12610 28 1066 35460 327 

9 Rajabi moghadam 59462 7937 127 1689 69215 342 

10 Beheshti 41874 11007 303 1458 54642 348 

11 Beshman 31246 7366 126 2338 41076 385 

12 Karim bakhsh 16860 6192 133 844 24029 276 

13 Ghazian 71615 6338 661 4362 82976 405 

14 Motahari 53833 10206 194 5171 69404 389 

15 Mian poshte 64320 4128 95 3196 71739 430 
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16 Nobakht 57490 4029 72 1859 63450 353 

17 Isargaran 89760 8834 571 4189 103354 428 

18 Niroye daryaei 14421 4274 198 748 19641 263 

19 Mihanparast 185514 8791 101 4711 199117 433 

20 Khazar 143879 10353 130 3550 157912 515 

21 Sahel 110431 7506 76 8120 126133 475 

22 Iran 119245 6843 94 3342 129524 510 

23 Jafaroud 134058 9040 262 4508 147868 541 

24 Omid 148108 20077 248 5326 173759 551 

25 Ghalam gode 147260 10264 50 3061 160635 582 

26 Shomal 110606 14786 71 3356 128819 529 

27 Dosti 112400 22692 2543 3839 141474 547 

28 Karimi 63726 12485 967 3726 80904 387 

29 Shiroudi 29577 7554 755 1160 39046 332 

30 Keshavarz 22587 6968 110 1483 31148 337 

31 Kiashahr 57776 11864 62 4962 74664 346 

32 Kolak 58387 14704 844 12214 86149 275 

33 Etehad 41844 9607 37 1758 53246 259 

34 Tavakol 15188 6293 45 2921 24447 238 

35 Sepidroud 28402 21678 89 3132 53301 362 

36 Esmailian 24893 12199 39 2699 39830 306 

37 Davazdah fervardin 42173 10591 22 3087 55873 362 

38 Shabanzadeh 117269 21925 219 11288 150701 481 

39 Yadegare emam 101684 10321 213 10619 122837 489 

40 Dastak 87548 15766 11 1939 105264 488 

41 Mostafa khomeini 63971 18043 67 2789 84870 503 

42 Bistodoe aban 47492 7535 36 2137 57200 408 

43 Rejaei 7800 11245 - 2555 21600 257 

44 Chaf 7223 21428 62 2546 31259 232 

45 Eslami 9673 28241 49 3178 41141 239 

46 Ansari 32647 47367 11 4584 84609 446 

47 Azadegan 16517 18266 20 1725 36528 309 

48 Bistodoe bahman 48362 14976 56 5421 68815 492 

49 Shirin mahale 22265 13027 20 2978 38290 400 

50 Panzdah esfand 53142 33513 22 1332 88009 313 

51 Shohadaye anzali 13960 3079 6 720 17765 174 

52 Rejaei kelaychay 25793 13318 184 1623 40918 328 

53 Dahgan 23943 6098 124 1417 31582 285 

54 Haghighat kar 42280 31725 29 3386 77420 420 

55 Gilan 41009 33242 37 3690 77978 365 

56 Golsefid 32029 16728 70 2693 51520 384 

57 Bahramid 29413 19999 83 2686 52181 347 

58 Daryakenar 6634 2425 2 996 10057 185 

 Total 3,066,641 881,153 11,625 180,301 4,139,720 21,345 
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Figure 8.1: Catch frequency of bony fish with emphasis Rutilus frisii kutum in Guilan 

province from the southern Caspian Sea.  

 

 

 

 

Table 8.3:  Income ratio and frequency percent each of fish catch in Guilan province 

from the southern Caspian Sea.  

 

Kind of fish 

Mean 

price/kg 

 (US$) 

Incomes 

sum/US$ 
Sell (%) 

Rutilus frisii kutum 3 9,199,923 74 

L. auratus 3.2 2,819,690 22.7 

C. carpio 4.5 5,2313 0.4 

Others 2 360,602 2.9 

Total  12,432,527 100 
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Table 8.4: Net profit and coast ratio each fisherman in Guilan province from 

the southern Caspian Sea. Note: each US$ is identical one thousand toman.  

 

 

Total Income 

Toman (Iran) Dollars (US$) in  

12,432,527,100 12,432,527 

Total cost 5,961,879,000 5,961,879 

Net profit 6,470,684,000 6,470,648 

Income per person 1,444,341 1,444 

Income per month 241,056 241 

 

 

 

 

 
 

Figure 8.2: Income capita based on sale various fish species in Guilan province from 

the southern Caspian Sea. Note: Vertical bars indicate standard deviations.  
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8.3.3 Fishermen’s income and CPUE in Mazandaran province  

Fifty three Pare fishing cooperatives engage in Mazandaran province that   

carried out 21,263 sets of fishing effort with mean 401.2±106.2 per cooperative. 

Generally, fish catch of 7,880 tonnes bony fish were captured while Kutum‟s share 

of this weight was 6,773 tonnes or 86% of the whole bony fishes catch (Table 8.5 

and figure 8.3). The total income of the fishing cooperatives amounted to 

US$23,785,117. The expenses with respect to each fishing effort estimated to be 

US$295.8±29.576 in the mean. Therefore, the total cost of fishing cooperatives was 

estimated to be US$6,293,848 (Table 8.6). 

 

       Consequently, in terms of incomes of selling fishes in Mazandaran            

province, Kutum has had the highest share of fishing (US$20,319,729) and common 

carp has had the lowest share (US$205,408). This brought an income of about 

US$3,644 for each fisherman, which the net profit of Kutum was US$3126 (Table 

8.7). The highest fish catch based on Table 8.5, belonged to Shahid Beheshti fishing 

cooperative (in central Mazandaran) with a production of 469,393 kg (with Kutum‟s 

share of 441,662 kg) and total income of US$1,413,547 (US$1,324,986 for Kutum) 

that produced the net profit of $14,345 for each fisherman. The lowest fishing and 

income belonged to Shahid Razaghi fishing cooperative with a production 16,781 kg 

(11,950 kg for Kutum,) with an income of US$49,059 (US$35,850 for Kutum). This 

cooperative made a loss of $18,421 that is attributed to the manpower, skilfulness, 

management and ecologic conditions. The catch per unit effort (CPUE) of whole 

bony fish was 355.6±242.8, while Kutum contributed to 300.7±238.3 kg/set.  
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Table 8.5: Catch ratio of bony fish at different Pare fishing cooperatives of           

Mazandaran province from the southern Caspian Sea. Note: F.E= Number of fishing 

effort 

 
Name of Pare fishing  

cooperative  
Catch (kg) 

F.E  R.f.kutum L. auratus C.carpio Others Total 

1 Shahid Karegar 245305 26962 1457 2849 276573 390 

2 Shahid Beheshti 441662 24754 1358 1619 469393 555 

3 Azadegane Ghajarkhil 436059 19928 778 1190 457955 513 

4 Eslami 440462 21821 930 649 463862 483 

5 Azadi Larim 309316 25414 1116 2282 338128 459 

6 Shahid Ghoraishi 325275 25483 367 3449 354574 450 

7 Shahid Kolahdoz 313456 26693 371 3701 344221 458 

8 Kolivar 290154 26456 442 2442 319494 460 

9 Sh. Madani 278861 24023 406 4308 307598 449 

10 Karfon 161939 22366 745 2198 187248 419 

11 Shahid Mahigir 239931 20490 205 4725 265351 420 

12 Talar 233403 16578 166 2760 252907 365 

13 Khazar Mazandaran 267090 14518 199 3277 285084 502 

14 Enghelab 160375 12331 58 3200 175964 516 

15 Shahed 125719 8494 37 1765 136015 530 

16 Aliebnne Mosalreza 89037 9777 43 1716 100573 560 

17 Shahid Motahari 74620 12984 31 2284 89919 580 

18 Saheldost 61390 18248 47 1935 81620 530 

19 Valiasr 82079 21742 43 1912 105776 595 

20 Shahid Ahmadi 73661 22566 108 2931 99266 555 

21 Shahid Shirodi 46753 17113 46 2811 66723 386 

22 Vahdat 44346 19771 58 1425 65600 423 

23 Khoram 71185 24518 59 2143 97905 451 

24 Mohamad rasolellah 70219 19203 81 2032 91535 445 

25 Shohadaye Gomnam 71108 27755 59 3275 102197 616 

26 Motahed 93871 21534 26 2745 118176 412 

27 Shahid Shirodi 

Rekavand 
43105 21252 1123 625 66105 306 

28 Hefdahe Shahrivar 91095 26073 2366 711 120245 274 

29 Jahan nema 178981 11898 2598 273 193750 390 

30 Shahid Ghorbani 133535 10532 4135 346 148548 363 

31 Goharbaran 166116 10919 3713 218 180966 382 

32 Nozar abad 138631 18120 11675 480 168906 304 

33 Ashoradeh 38369 18614 3015 710 60708 244 

34 Torkman 42903 22872 893 942 67610 257 

35 Taleghai 57933 18712 1521 550 78716 278 

36 Abdoljalile Kor 34338 16963 1484 549 53334 257 

37 Sijeval 45903 22561 108 505 69077 262 

38 Kamine 35251 15774 1049 536 52610 259 

39 Khaje nafas 35112 16492 962 489 53055 264 

40 Shohadaye Bandar gaz 33571 23262 608 400 57841 230 

41 Azadegan Kordkoy 42054 17166 638 778 60636 245 

42 Janbaz 77707 18273 114 4341 100435 442 

43 Shahid Khedmatgozar 136123 29702 60 5856 171741 392 

44 Sh. Ghasemi 101235 18610 18 5708 125571 508 

45 Isargaran 33514 8606 18 2107 44245 345 

46 Hejrat 35055 8237 18 1803 45113 372 

47 Omide farda 52129 19377 14 1854 73374 418 
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48 Mohajer 44774 6688 0 4745 56207 359 

49 Korjibanan 28933 5430 3 2218 36584 320 

50 Zafar 22727 3713 22 2051 28513 325 

51 Etehad 36546 18245 15 963 55769 417 

52 Sh. Hoseinnejad 28377 5667 8 6079 40131 287 

53 Shahid Razaghi 11950 2935 10 1886 16781 241 

 Total 6,773,243 948,215 45,424 113,346 7,880,228 21,263 

 
 

 

 

 

 

 

Figure 8.3: Frequency catch of bony fish with emphasis on Rutilus frisii kutum in 

Mazandaran province from the southern Caspian Sea.   
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Table 8.6:  Income ratio and frequency percent each of fish catch in Mazandaran 

province from the southern Caspian Sea. Note: each US$ is identical one thousand 

toman. 

 

Kind of fish Mean price/kg 

(US$) 

Income sum 

(US$) 

Sell (%) 

R.frisii kutum 3 20,319,729 85.8 

L. auratus 3.2 3,034,288 12.8 

C. carpio 4.5 205,408 0.9 

Others 2 113,346 0.5 

Total  23,785,117 100.0 

 
 

 

 

 

Table 8.7: Net profit, cost, and income ratio each fisherman in Mazandaran province 

from the southern Caspian Sea. Note: each US$ is identical one thousand toman. 

 

 

 

 

Total Income 

Toman (Iran) Dollar($) in US 

23,785,117,321 23,785,117 

Total cost 6,293,848,101 6,293,848 

Net profit 17,491,269,203 17,491,269 

Income per person 3,644,256 3,644 

Income per month 606,333 607 
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Figure 8.4: Income capita based on sale various fish species in Mazandaran province 

from the southern Caspian Sea. Note: Vertical bars indicate standard deviations.  

 

 

8.3.4 Fishermen’s income and CPUE in Golestan province  

Twenty seine fishing cooperatives in Golestan province that engaged in 4,643 

fishing effort with mean 232.2±29.5 sets per each cooperative. Totally, 980.3 tonnes 

of various types of bony fishes were caught while the Kutum‟s share of this figure 

was 298.8 tonnes or 30% of the bony fishes caught (Table 8.8 and Figure 8.5).           

Fishermen‟s income amounted to US$3,506,122. The total cost of seining operations, 

where the cost of each seining catch was approximately US$260±61.6, was estimated 

US$1,207,180 (Table 8.9). Consequently, each fisherman made an income of about 

US$1540 in Golestan province, which the net profit of Kutum was US$400 (Table 

8.10). In Golestan province, as sales figures are considered, common Carp and              

Kutum ranked as first and third of US$1,546,587 and US$896,346, respectively 

(Figure 8.6). These could be due to the geographical conditions in the Gorgan Bay as 

the natural feeding area for common carp, high temperature and shallowness of            
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waters in this region. Based on table 8.8, the Gomishan Pare fishing cooperative (in 

east Golestan) ranked first in terms of production and income with 99,409 kg (7,958 

kg for Kutum) and US$413,154 income (US$23,874 for Kutum). Each member of 

the cooperatives earned $4,580 in average. Makhtumgholi Pare fishing cooperative 

(west Golestan) made the lowest amount 259,994 kg (11,864 kg for Kutum,) and 

US$81,922 ($35,592 for Kutum) and each fisherman earned US$890. The catch per 

unit effort (CPUE) of whole bony fish was 207.2±66.9, while Kutum contributed to 

66.3±47.5 kg/set. 

 

Table 8.8: Catch ratio of bony fish at different Pare fishing cooperative of Golestan 

province of the southern Caspian Sea. Note: F.E= fishing effort.  

 
Name of Pare fishing 

cooperative  
Catch (kg) 

F.E  R.f.Kutum L. auratus C.carpio Others Total 

1 Shahid Ghareche 2481 3121 31638 381 37621 272 

2 Abohanife 2665 7288 18302 865 29120 199 

3 Chapaghli 3248 9288 39869 391 52796 241 

4 Shayan Aidin 15321 14412 1548 999 32280 216 

5 Golestan 12132 16336 3937 822 33227 224 

6 Niazabad 11174 13505 3603 891 29173 204 

7 Makhtomgholi 11864 11952 1491 687 25994 189 

8 Tomachlar 15841 19985 2899 1008 39733 219 

9 Nemoneh 40015 29484 1019 1206 71724 262 

10 Chareghli 29562 36175 656 846 67239 254 

11 Shahid Beheshti 24131 32311 494 772 57708 212 

12 Basirat 19018 10945 495 693 31151 201 

13 Ghareso 35633 18066 831 964 55494 219 

14 Tohid Gomishan 6367 13790 55796 467 76420 284 

15 Peyvande Golestan 4278 14798 52588 568 72232 250 

16 Azimgol 2555 3832 43972 374 50733 277 

17 Khazare Gomishan 7958 16307 74724 420 99409 265 

18 Ghonche Golestan 19389 13442 435 704 33970 205 

19 Nore Golestan 13641 16275 8642 906 39464 245 

20 Yashar 21509 21544 747 1061 44861 205 

 Total 298,782 322,856 343,686 15,025 98,0349 4,643 
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Figure 8.5: Frequency catch of bony fish with emphasis on Rutilus frisii kutum at  

Golestan province from the southern Caspian Sea.  

  

 

Table 8.9:  Income ratio and frequency percent each of fish catch in Golestan     

province from the southern Caspian Sea. Note: each US$ is identical one thousand 

toman. 

 

Kind of fish 

Mean 

price/kg 

(US$) 

Income sum 

(US$) 
Sell (%) 

R. frisii kutum 3 896,346 26 

L. auratus 3.2 1,033,139 29 

C. carpio 4.5 1,546,587 44 

Others 2 30,050 1 

Total  3,506,122 100 
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Table 8.10: Net profit and income ratio of each fisherman in Golestan            

province from the southern Caspian Sea. Note: each US$ is identical one 

thousand toman. 

 

 

Total Income 

Toman (Iran) Dollar ($) in US 

3,506,122,200 3,506,122 

Total cost 1,207,180,000 1,207,180 

Net profit 2,298,942,200 2,298,942 

Income per person 1,539,813 1,540 

Income per month 25,6635 256 

 

 

 

 

 
Figure 8.6: Income capita based on sale various fish species in Golestan province 

from the southern Caspian Sea. Note: Vertical bars indicate standard deviations.  
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8.3.5 Classifying Pare fishing cooperatives in different provinces 

Catching bony fishes, mainly the Kutum, by Pare fishing cooperative in 

southern coasts of the Caspian Sea fluctuated (Tables 8.11 and 8.12). The highest 

frequency catch of bony fishes in Guilan (24.1%) and Golestan (50%) was in the 

range 20-40 metric tonnes while in Mazandaran the highest fish catch (50.9%)      

occurred in the range of above 100 metric tonnes. This could be due to released fries 

of Kutum, the existence of rivers and sufficient water flowing, availability of         

nutrients, and ecological conditions. In Guilan this could be due to improper living 

conditions in the lagoons, and obstacles in rivers at the migration season. There is a 

significant difference between the fish catch ratio and the number of Pare fishing   

cooperatives in the coastal provinces (p <0.05). 

 

Table 8.11: Number of Pare cooperative society in each range of catch of bony fish 

from the southern Caspian Sea. Note:  PFC is the Pare fishing cooperative.                   

 
Range of 

catch (tonne) <20 20-40 40-60 60-80 80-100 >100 

Number 

PFC 

Guilan 3 14 13 9 6 13 58 

Mazandaran 1 2 9 9 5 27 53 

Golestan 0 10 5 4 1 0 20 

Total 4 26 27 22 12 40 131 

 

 

The catch ratio of Kutum by Pare fishing cooperatives in various provinces 

was the highest notable fluctuation. The highest catch ratio in Guilan (25.9%)        

occurred within the range of 20-40 metric tonnes and the highest catch in              

Mazandaran (39.6%) was in the range above 100 metric tonnes. Whereas, the highest 

catch of Kutum (75%) was ranged below 20 tonnes in Golestan. This could be due to  

factors such as the high temperature, lack of the movement of Kutum in large 
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schools, releasing small number of Kutum fries, insufficient  rivers for reproduction 

migrations, the small number of Pare fishing cooperative (fishing effort) are             

operative, fishing owing to topographic conditions of the region. 

 

 
Table 8.12: Number of Pare fishing cooperative (PFC) in each range catch of   

Rutilus frisii kutum from the southern Caspian Sea.                                                        

 

Range of 

catch (tonne) <20 20-40 40-60 60-80 80-100 >100 

Number of 

PFC 

Guilan 13 15 13 4 2 11 58 

Mazandaran 1 11 9 7 4 21 53 

Golestan 15 5 0 0 0 0 20 

Total 29 31 22 11 6 32 131 

 

 

 

8.3.6 Break-even point in different provinces 

The calculate break-even point of Kutum obtained average variable cost 

(AVC) and price minus AVC for the three provinces. The average variable cost of 

Kutum takes into account US$0.863 for Guilan, US$0.479 for Mazandaran, and 

US$0.738 for Golestan provinces. The price minus average variable cost obtained 

were US$2.136, US$2.520, and US$2.261 for Guilan, Mazandaran and Golestan 

provinces, respectively (Table 8.13).  
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Table 8.13: Information and calculate relate to estimate Break-even point of      

Rutilus frisii kutum in different areas in southern part of the Caspian Sea.                     

 

Guilan province 

Species 

TVC 

(US$) 

TFC 

(US$) Yield (kg) 

Price 

(US$) Sell(US$) 

AVC 

(US$) 

P-AVC 

(US$) % Sell 

Kutum 3573153 2382102 3066641 3 9199923 0.863 2.136 0.740 

Mugil   881153 3.2 2819689 0.863 2.336 0.227 

Carp   11625 4.5 52312 0.863 3.636 0.004 

Others   180301 2 360602 0.863 1.136 0.029 

Total  5955255  4139719  13965847   1.000 

Mazandaran province 

Kutum 3776308.8 2517539 6773243 3 20319729 0.479 2.520 0.854 

Mugil   948215 3.2 3034288 0.479 2.720 0.127 

Carp   45424 4.5 204408 0.479 4.020 0.008 

Others   113346 2 226692 0.479 1.520 0.009 

Total 6293848  7880228  23785117   1.000 

Golestan province 

Kutum 724308 482872 298782 3 896346 0.738 2.261 0.255 

Mugil   322856 3.2 1033139 0.738 2.461 0.294 

carp   343686 4.5 1546587 0.738 3.761 0.441 

Others   15025 2 30050 0.738 1.261 0.008 

Total 1207180  980349  3506122   1.000 

 

 

The break-even point of Kutum obtained with mean 19,220±5364.5 for Guilan    

(Table 8.14), 18,843±4989.2 for Mazandaran (Table 8.15), and 10,677±1,358.2 for 

Golestan province (Table 8.16), which correlated with the fishing effort, catch ratio, 

number of fishing cooperatives, number of labour.   
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Table 8.14: Estimate of Break-even point of Rutilus frisii kutum in fishing                           

cooperatives of Guilan province from the southern Caspian Sea. 

 
Name of Pare fishing 

cooperative 
TFC (US$) TVC (US$) Q (kg) 

Moje gol 21985.2 32977.8 10289 

Omide chobar 23547.6 35321.4 11020 

Shohadaye jokandan 38613.6 57920.4 18070 

Poshte jokandan 28792.8 43189.2 13474 

Hafte tir 29797.2 44695.8 13944 

Peike gilan 41292 61938 19324 

Sizdah aban 35488.8 53233.2 16608 

Sangachin 36493.2 54739.8 17078 

Rajabi moghadam 38167.2 57250.8 17861 

Beheshti 38836.8 58255.2 18175 

Beshman 42966 64449 20107 

Karim bakhsh 30801.6 46202.4 14414 

Ghazian 45198 67797 21152 

Motahari 43412.4 65118.6 20316 

Mian poshte 47988 71982 22457 

Nobakht 39394.8 59092.2 18436 

Isargaran 47764.8 71647.2 22353 

Niroye daryaei 29350.8 44026.2 13735 

Mihanparast 48322.8 72484.2 22614 

Khazar 57474 86211 26896 

Sahel 53010 79515 24807 

Iran 56916 85374 26635 

Jafroud 60375.6 90563.4 28254 

Omid 61491.6 92237.4 28777 

Ghalam gode 64951.2 97426.8 30396 

Shomal 59036.4 88554.6 27628 

Dosti 61045.2 91567.8 28568 

Karimi 43189.2 64783.8 20212 

Shiroudi 37051.2 55576.8 17339 

Keshavarz 37609.2 56413.8 17600 

Kiashahr 38613.6 57920.4 18070 

Kolak 30690 46035 14362 

Etehad 28904.4 43356.6 13527 

Tavakol 26560.8 39841.2 12430 

Sepidroud 40399.2 60598.8 18906 

Esmailian 34149.6 51224.4 15981 

Davazdah fervardin 40399.2 60598.8 18906 

Shabanzadeh 53679.6 80519.4 25121 

Yadegare emam 54572.4 81858.6 25539 

Dastak 54460.8 81691.2 25486 

Mostafa khomeini 56134.8 84202.2 26270 

Bistodoe aban 45532.8 68299.2 21308 

Rejaei 28681.2 43021.8 13422 

Chaf 25891.2 38836.8 12116 

Eslami 26672.4 40008.6 12482 

Ansari 49773.6 74660.4 23293 

Azadegan 34484.4 51726.6 16138 

Bistodoe bahman 54907.2 82360.8 25695 

Shirin mahale 44640 66960 20890 
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Panzdah esfand 34930.8 52396.2 16347 

Shohadaye anzali 19418.4 29127.6 9087 

Rejaei kelaychay 36604.8 54907.2 17130 

Dahgan 31806 47709 14884 

Haghighat kar 46872 70308 21935 

Gilan 40734 61101 19063 

Golsefid 42854.4 64281.6 20055 

Bahramid 38725.2 58087.8 18122 

Daryakenar 20646 30969 9662 

 

 

 

Table 8.15: Estimate of Break-even point of Rutilus frisii kutum in fishing             

cooperatives of Mazandaran province from the southern Caspian Sea. 

 
Name of fishing cooperative  TFC (US$) TVC (US$) Q (kg) 

Shahid Karegar 46176 69264 18318 

Shahid Beheshti 65712 98568 26068 

Azadegane Ghajarkhil 60739.2 91108.8 24095 

Eslami 57187.2 85780.8 22686 

Azadi Larim 54345.6 81518.4 21559 

Shahid Ghoraishi 53280 79920 21136 

Shahid Kolahdoz 54227.2 81340.8 21512 

Kolivar 54464 81696 21606 

Shahid Madani 53161.6 79742.4 21089 

Karfon 49609.6 74414.4 19680 

ShahidMahigir 49728 74592 19727 

Talar 43216 64824 17144 

Khazar Mazandaran 59436.8 89155.2 23579 

Enghelab 61094.4 91641.6 24236 

Shahed 62752 94128 24894 

Aliebnne Mosalreza 66304 99456 26303 

Sh. Motahari 68672 103008 27242 

Saheldost 62752 94128 24894 

Valiasr 70448 105672 27947 

ShahidAhmadi 65712 98568 26068 

Shahid Shirodi 45702.4 68553.6 18130 

Vahdat 50083.2 75124.8 19868 

Khoram 53398.4 80097.6 21183 

Mohamad rasolellah 52688 79032 20901 

Shohadaye Gomnam 72934.4 109401.6 28933 

Motahed 48780.8 73171.2 19351 

Sh. Shirodi Rekavand 36230.4 54345.6 14373 

Hefdahe Shahrivar 32441.6 48662.4 12870 

Jahan nema 46176 69264 18318 

Sh. Ghorbani 42979.2 64468.8 17050 

Goharbaran 45228.8 67843.2 17942 

Nozar abad 35993.6 53990.4 14279 

Ashoradeh 28889.6 43334.4 11461 

Torkman 30428.8 45643.2 12071 

Taleghai 32915.2 49372.8 13058 
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Abdoljalile Kor 30428.8 45643.2 12071 

Sijeval 31020.8 46531.2 12306 

Kamine 30665.6 45998.4 12165 

Khaje nafas 31257.6 46886.4 12400 

Shohadaye Bandar gaz 27232 40848 10803 

Azadegan Kordkoy 29008 43512 11508 

Janbaz 52332.8 78499.2 20761 

Shahid Khedmatgozar 46412.8 69619.2 18412 

Shahid Ghasemi 60147.2 90220.8 23860 

Isargaran 40848 61272 16204 

Hejrat 44044.8 66067.2 17473 

Omide farda 49491.2 74236.8 19633 

Mohajer 42505.6 63758.4 16862 

Korjibanan 37888 56832 15030 

Zafar 38480 57720 15265 

Etehad 49372.8 74059.2 19586 

Shahid Hoseinnejad 33980.8 50971.2 13480 

Shahid Razaghi 28534.4 42801.6 11320 

 

 

Table 8.16: Estimate of Break-even point of Rutilus frisii kutum in fishing 

cooperatives of Golestan province from the southern Caspian Sea. 

 
Name of fishing cooperative TFC (US$) TVC (US$) Q (kg) 

Shahid Ghareche 28288 42432 12510 

Abohanife 20696 31044 9153 

Chapaghli 25064 37596 11085 

Shayan Aidin 22464 33696 9935 

Golestan 23296 34944 10303 

Niazabad 21216 31824 9383 

Makhtomgholi 19656 29484 8693 

Tomachlar 22776 34164 10073 

Nemoneh 27248 40872 12050 

Chareghli 26416 39624 11682 

Shahid Beheshti 22048 33072 9751 

Basirat 20904 31356 9245 

Ghareso 22776 34164 10073 

Tohid Gomishan 29536 44304 13062 

Peyvande Golestan 26000 39000 11498 

Azimgol 28808 43212 12740 

Khazare Gomishan 27560 41340 12188 

Ghonche Golestan 21320 31980 9429 

Nore Golestan 25480 38220 11268 

Yashar 21320 31980 9429 

 

The analysis between break-even point, catch, and cost ratio of R. f. kutum  in 

the south part of the Caspian Sea shows that there was a significant difference       

between break-even point, catch, and cost ratio in Mazandaran province (ANOVA,       
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p <0.05 (Table 8.17). There was no significant difference between cost and catch of 

Kutum in the Golestan and Guilan provinces but significant difference between the 

cost and break-even points in Guilan province.  

 

Table 8.17: Analysis between Break-even point, catche, and cost ratio of               

Rutilus frisii kutum in different provinces from the southern Caspian Sea. Note: a is 

not significant and b is the significant. N. is number of Pare fishing cooperatives   

society, and SD the standard deviation. 

 
  

Province  Q (kg) Catch (kg) Cost (US$) 

Guilan 

 

Mean 19,220
b
 52,873

a
 10,2676

b
 

SD 5,364 43,633 28,657 

N. 58   

Mazandaran 

 

 

Mean 18,843
b
 12,7797

b
 118,751

b
 

SD 4,989 116,993 31,442 

N. 53   

Golestan 

 

 

Mean 

 

10,677
a
 14,939

a
 60,359

b
 

SD 1358 11004 7679 

N. 20   

Total 

 

 

Mean 17,763 77,394 102,719 

SD 5,656 90,727 33,838 

N. 131   
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8.4 Discussion  

The growth of population, the expansion of urban lifestyle and the              

development of industrial, agricultural, services and infrastructures can change 

supply and demand for fishery products (Salehi, 2007). Since it is almost impossible 

to supply aquatic food from the seas and because of the increase in the demand for 

aquatic animals, thereforethisdemaned should be met by the aquaculture (FAO, 

2003). Unfortunately, the Iranian Fishery Organization (IFO) has not yet made      

serious measures for Kutum culture, through physiological and ecological conditions 

of the Kutum in seas is different from the conditions for culturing this fish in aquatic 

farms.  

 

Shilat (2008) reported that the catch ratio of  R. f. kutum comprised more than 

10,000 tonnes in the southern Caspian Sea annually which the average annual 

catches of Kutum in Azerbaijan amounted to 2,500 tonnes in 1931-1935 and reached 

1,900-5,000 tonnes, and 3,800 tonnes (www.caspianenvironment.org).                  

Unfortunately, there is no new data about the catch ratio of Kutum in Azerbaijan  

territory. In recent years no Black Sea roaches have been caught in Kazakstan. The 

reasons for the population decline include commercial over-fishing and changes in 

the basic hydrology of the sea itself. According to, (Alexander, 1996)  R. f. kutum is a 

red list species in Kazakestan territory. This could be due to not having artificial 

breeding plans in these countries, which still harbour ample populations of Kutum 

for the enhancement of the species.   

 

Southern coast of the Caspian Sea has a length of 900 km, and more than 

10,000 fishermen work in Guilan, Mazandaran and Golestan provinces. According to 
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a ranking based on the income of fishermen, the highest profit is earned by           

Mazandaran province through most fishing efforts occurred in Guilan province. The 

results showed that the average income of a fisherman in Mazandaran was US$3,644 

while this amount was US$1,444 for Guilan and US$1,540 for Golestan provinces. 

The fishing areas, number of fishing effort, number of pare fishing cooperatives and    

region ecological conditions are the factors that may play a crucial role in this       

situation.  

 

In this study, the highest profit was earned by the Shahid Beheshti fishing  

cooperative in Mazandaran with 90 members and amounted to US$1,324,986 that the 

per capita income for each fisherman was US$14,722. The lowest profit was made 

by the Shahid Razaghi fishing cooperative that brought a per capita income of $398 

and a total income of US$18,421 and has made a loss as in comparison to other    

fishing cooperatives. This is attributed to the number of fishing effort, management,      

manpower, skillfulness of members and ecological conditions of the region because 

most fishermen working in these cooperatives are seasonal workers instead of     

permanent members.  

 

Pourhosein et al. (2002) reported that Eslami fishing cooperative in           

Mazandaran has made the highest profit US$84,600 and highest income of 

US$171,700. The lowest profit made by the Pasand Taleghani fishing cooperative, 

and the Kolahduz fishing cooperative made the highest loss. The average income of 

fishing cooperatives in various regions was different and the highest incomes were 

made by fishing cooperatives in the central part, east and west, respectively.  
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Ghorbani et al. (2009) reported that 75 fishing cooperatives in Guilan     

province with 5,877 members were authorized to capture bony fishes in the coastal 

strip; however, because of some factors, including the lack of fishing area (increase 

of the Caspian Sea water level), financial problems, and labor force deficit,             

17 fishing cooperatives with 1,397 members were inactive. According to Ghorbani et 

al. (2004) the cost of each Pare fishing cooperative in Guilan was US$66,000 while 

provision of fishing tools, service and maintenance and insurance constituted 60% of 

the expenses.  

 

In this study, the results show that each Pare fishing cooperative in Guialn 

experiences an average cost of US$102,782. The highest cost was borne by the    

Ghalam Godeh fishing cooperative with US$162,552 and the Moje Gol fishing       

cooperative with US$54,936 tolerated the lowest. The highest income was made by 

the Mihanparast fishing cooperative that consisted of 77 members who each received 

US$7,721, which Kutum sales constituted about 93.6% of the fishermen‟s income. 

Ghorbani et al. (2004) reported that each fisherman in Guilan made an average     

income of US$432 but profit was different depending on the region. The highest per 

capita profit was made by fishermen of a fishing cooperative in Roodsar with 

US$2,770 and the lowest profit was earned by the Shohada-ye Talesh fishing        

cooperative that made a loss of approximately US$447. 

 

According to Ghorbani et al. (2004) every fishing cooperative in Guilan 

province during the fishing season of 2002-2003 captured 52 tonnes of fish in        

average percentage of each fish was 32% of Kutum, 55% of Mugil and 13% of other 

species. Each Pare fishing cooperative in Guilan obtained 71.3 tonnes of which the 
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Kutum‟s comprised about 74%. Therefore, the main cause of the increase in          

fishermen‟s income as compared to the previous studies may be the increase in catch 

of Kutum, weather situation, water temperature, suitability of the river conditions 

especially in spawning migration time since this specie is an anadromous species.  

 

Pourhoseien (2002) reported that Shahid Eslami fishing cooperative made the 

highest income amounting to US$1,795,651 and the total cost was US$878,039, 

while Shahid Razaghi fishing cooperative made a lowest income. In contrast, Shahid 

Motahari fishing cooperative had an income of US$786,675 through selling bony 

fishes (including Kutum) and experienced a cost of $398,436 in the fishing season of 

1999-2000 that resulted in a loss of US$107,008 (Pourhosein, 2002).  In this study, 

the net profit through selling bony fishes made by the Shahid Motahari fishing      

cooperative with 89 members was US$98,437 and each member received an income 

of US$1,106. The Shahid Eslami fishing cooperative obtained the second rank based 

on catch ratio and income. The net profit earned through selling Kutum amounted to 

$1,178,418 and each member of the cooperative received US$14,371. The net profit 

of selling Kutum constituted about 84% of the fishermen‟s income. The results show 

that the net profit earned by the Shahid Eslami and Shahid Motahari fishing          

cooperatives began to grow after a decade. This could be due to quality released fries 

of Kutum into the sea, using high-quality fishing tools, water temperature, suitable 

rivers and the number of seine fishing.  

 

Regarding the topographic conditions of Golestan as in comparison to those 

of the other two provinces, fewer seine-fishing cooperatives are working in Golestan 

and consequently, the catch ratio of bony fishes is lower than the two other          
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provinces. This may be attributed to narrower coastal strip and problems with fishing 

sites. Unlike the two other provinces, catch of Kutum ranks third in the list of bony 

fishes and this may result from the absence of suitable rivers for artificial breeding 

and release of fries of Kutum. Therefore, in Golestan R. f. kutum constitute about 

26% of bony fishes while this percentage is 86% and 74% in Mazandaran and Guilan 

provinces, respectively.  

 

At the present study, the results show that the Nemuneh experienced the 

highest catch (55.8%) and income through selling Kutum in Golestan province    

fishing cooperative in the eastern zone of the province. Thus, the net profit through 

selling Kutum obtained 41% of the whole sale of bony fishes. The lowest income 

was earned by the Azimgol fishing cooperative for which the profit through selling 

Kutum was 5.7% of the whole sale. Fishing Kutum in this part depends on the      

abundance of fish. 

 

Classifying fishing cooperatives based on the amount of bony fish catch 

showed that 22.4% Pare fishing cooperatives in Guilan and 50.9% in Mazanadaran 

had ranged over catch above 100 tonnes while none of Pare fishing cooperatives in 

Golestan reached this range. Pare fishing cooperatives in Guilan and Golestan       

harvested in the range of 20-40 tonnes with 24.1% and 50%, respectively.            

Abdolmaleki and Ghaninejad (2007b) reported that fishing cooperatives in Guilan 

and  Mazandaran harvested range above 100 tonnes with 1.3% and 30.3% in the   

fishing season of 2004-2005 while in Golestan this percentage reached about 80%. 

Furthermore, the highest amount of fishing (38.3%) fell within the range of 20-40 

tonnes. Abdolmaleki and Ghaninejad, (2007b) reported that Pare fishing cooperatives 
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in Guilan, Mazandaran and Golestan obtained in harvests range above 100 tonnes 

with 13.1%, 54.7% and 15%, respectively. This could be due to the abundance of 

Kutum and increase in fishing and climatic conditions suitable for fishing Kutum in 

Guilan and Mazanadaran, and catch of common carp and Mugil in Golestan. 

 

In the additions, classifying fishing cooperatives based on the amount of   

Kutum harvested in southern coasts of the Caspian Sea showed that 24.4% of the 

Pare fishing cooperatives had harvested above 100 tonnes. About 18.9% and 39.6% 

of the Pare fishing cooperative in Guilan and Mazandaran, respectively, harvested in 

the range above 100 tonnes while in Golestan, the range fell below 40 tonnes. This 

could be attributed to the absence of schooling of R. f. kutum in the eastern coast and 

consequently the absence of mass fishing by the fishing cooperatives. However, most 

Pare fishing cooperatives in Mazanadan can be placed in the range of above 100 

tonnes. The presence of proper rivers, the movement of Kutum schools in the        

reproduction season towards rivers to engage in natural reproduction, available   

manpower and good management of cooperatives may be reasons for this success. 

 

The results show that break-even point of R. f. kutum was ranged from 9,087 

to 30,396 with average 19,220±5,364 kg for Guilan, from 10,803 to 28,933 with a 

mean 18,843±4,989 kg for Mazandaran and from 8,693 to 13,062 with a mean 

10,677±1,358 kg for Golestan. Emami et al. (2002)  reported that break-even point of 

bony fish obtained 21,367 kg in Mazandaran province. According to Ghorbani et al. 

(2004) the break-even point of Kutum was ranged from 3,029 to 34,459 with average 

13,190±1,135 kg in Guilan province.  
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In conclusion, the results show that R. f. kutum constituted about 78% of bony 

fish harvest and about 76.6% of the whole income of fishermen in the southern 

coasts of the Caspian Sea. The income of fishermen through selling Kutum in Guilan 

and Mazandaran provinces made 74% and 85.8% of the fishermens‟ incomes,       

respectively, while these were 26% in Golestan. The net profit earned of selling the 

Kutum for each member of Pare fishing cooperatives in Guilan and Mazandaran 

provinces was US$1,069 and US$3,126, respectively. While this profit was US$400 

in Golestan province. Therefore, Kutum plays a significant role in fishermen‟s      

income in southern coasts of the Caspian Sea which coincided to release of Kutum 

fries, the presence of proper rivers and lagoons for reproductive migration in the 

spawning seasons, and artificial breeding of the fish can be highly important in      

protecting and enhancement stocks in this area.  
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CHAPTER 9 

CONCLUSION AND RECOMMENDATION  

 

9.1 CONCLUSION 

In comparison with other previous studies, the present study shows that the 

situation of Caspian Kutum, R. f. kutum in the Caspian Sea better than other species, 

as long as the Iranian Fishery Organization does not stop the artificial breeding plan. 

The present study compared with similar studies in which the catching method was 

with “Pare” net, the ageing technique was by scales. The mesh size in the Pare net of 

fishing cooperatives in the Iranian zone of the Caspian Sea seem to be alright        

because in the commercial net activities, there are no fish at age 0 and 1 years old. 

The age-at-first capture with a commercial gear 3.922 years and the length- at-first 

capture was 36.8 cm. The longevity or the average life span of the species in the 

Caspian Sea was about 11.1 years which the maximum age of Kutum reported by 

Berg (1946) for river Lenkoran and FishBase (2008) for USSR farmer recorded age 7 

and 12, respectively. Life span is at least 9 years in Dagestan and 8 years in Iran 

(Holcik and Olah, 1992b).  

 

In the present study condition factor (CF) was calculated in order to observe 

the fattening of Kutum in the Caspian Sea. The entire inner organs were taken out 

including the stomach. The condition factor in Guilan province was more than the 

Mazandaran and Golestan provinces. Variation of the condition factor showed an 

increase in growth rate during from November to December due to feeding activities 

before wintering and a decrease in January, subsequently an increase during          

February, March and April, which coincided to spawning period. The condition        
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factor   fluctuated from May to September because of all fish caught was fingerling 

and only increase the CF in June and August. This may be due to feeding activity.  

 

Specimens of R. f. kutum caught in Golestan area seem to have a worth      

fitness (b<) than those from Guilan and Mazandaran areas. This could be due to        

ecological and topography situation and food availability. The life-history pattern of  

Caspian Kutum is characterized by the high growth rate during the third year of life 

(>25% FL) and increased lifespan (7 for males; 9 for females). The sexual maturity 

of R. f. kutum started at age 2 for males and at age 3 for females, reduced length     

maturity Lm50%, and the low number of egg reproduction (low absolute fecundity). 

The frequency of ovary maturation stages of Kutum clearly indicated that, there were 

reproductive females (stage V) in March with 8.1% and April in 26.2%, whereas, this 

value for stage IV was 91.9% in March and 73.8% in April. Overall, more than 98% 

of females were observed in stage IV and V in April in this area. Thus, it can be          

recommended that the Iranian Fishery Organization (IFO) should consider producing 

a policy to prohibit the fishing period for Kutum from the first of April in each year 

even though this will be overlaping with the traditional fishing period in the area. 

 

The results shows from October to April the GSI (gonadosomatic index)     

increased for both sexes. This could be due to close to spawning period and               

migration to the river for natural reproduction, but overlapping between fishing          

season and spawning period in March and April. Lower GSI values coupled with 

lower fecundity in the southern Caspian Sea could be interpreted as lower energetic        

investment in reproduction. The present study, the results shown that spawning      

period started from March and peaked (98%) in April, in the southern Caspian Sea. 
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The comparison of fecundity for this study with those of previous studies suggests 

that fecundity of R. f. kutum has sharply declined in all length classes in recent years. 

This is probably due to unavailability of the spawning grounds, unsuccessfully in 

natural reproduction in this area and genetic retouch based on artificial breeding.  

 

In this study, the food items of R. f. kutum compared to previous studies 

which the Kutum is a carnivorous species. The food items of Kutum at age one year 

with high frequency comprised of Exuviella cordata, Nitzschia distans, Osilatoria 

sp., Diatoma sp., and at age 2 years filamentous algae contributed 42.6% from food 

items. From at age 3 years to 8 years the food items in stomach content of R. f. kutum  

were C. lamarki, Mytilaster sp., Hypanis sp., Crab, Balanus sp., Gastropoda, and 

fish. This could be due to a start carnivore food stage from age 2 years and above. 

This study revealed that Cerastoderma lamarki was highly represented among the 

food items in the stomach contents of the Caspian Kutum.  

 

The stomach contents‟ weight in relation to R. f. kutum size and weight 

showed that the smallest size class (25-30 cm) contained the highest food mass of 

0.85% of body weight while the minimum food contents of 0.28% were recorded in 

large size class (45-50 cm). This could be due to the increase in feeding activity   

during grow out stages (October –December) and the decrease in feeding activity 

during spawning season (March - April). The results of the stomach contents of       

R. f. kutum in different size classes showed that the smallest size class (25-30 cm) 

contributes with maximum values of C. lamarki was 77.6% for females and size 

class 35-40 about 75% for male, respectively. The pattern of feeding intensity       

investigated through the analysis of fluctuations in the stomach fullness indices     
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revealed monthly variations. It was found that low feeding intensity in fish is       

synchronized with their spawning seasons. 

 

Maximum sustainable yield (MSY) calculated in this study was for Kutum in 

the southern Caspian Sea. However, the major catch of the R. f. kutum was in the  

Iranian zone and the catch of the former USSR zone and Azerbaijan territory were 

very small about 2,500 tonnes. Consequently, if this amount is added to the catch of 

Iranian zone, which was 20,004 tonnes per annum plus uncontrolled fishing, then the 

different between MSY and current catch would be significant. It is appropriate to 

mention that maximum economic yield (MEY) was below the maximum sustaianable 

yield (MSY), which the EMSY =0.76 and EMEY =0.66. The estimated current            

exploitation rate of R .f. kutum, which was below MSY, indicates that the species     

is moderately exploited in the Caspian Sea. Therefore, the results show that the gap 

between the cost and revenue is not that much for the fishing cooperatives.  

 

The instantaneous natural mortality rate estimated M= 0.46 y
-1

. Based on total 

instantaneous mortality coefficient (Z) from the seasonalized length-converted catch 

curve, obtained F (the instantaneous fishing mortality coefficient) as 0.82 y
-1

 through 

the relationship: F=Z-M, and giving a current exploitation rate E (=F/Z) as 0.64 y
-1

. 

The curve is characterized by the following seasonalized von Bertalanffy parameters 

L∞ =59.85 cm, K=0.27 y
-1

, C=0.25, WP=0.40. Since R. f. kutum is a winter- spring 

spawner, it seems, from the results of this study, that the juveniles will have a lag in 

time before becoming available to the fishery. The results of recruit pattern of Kutum 

shows that there is one minor and one major pulsed recruitment peak in a year, both 

of which overlap in time to give one continues the recruitment pattern. The results 
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indicated that a strongly seasonal recruitment pattern reflecting the breeding activity 

of this species was simulated as beginning in February and continuing into May,   

although the main recruitment season, which coincided with the main spawning    

period, was from March and May with a peak in April, according to for 19.49%. 

Yield per recruit analysis of Kutum suggests that the stock is not yet overexploited. 

 

In the present study, the results showed that Kutum, R. f. kutum constituted 

about 78% of bony fish harvest and about 76.6% of the whole income of fishermen 

in southern coasts of the Caspian Sea. The income of fishermen through selling    

Kutum in Guilan and Mazandaran provinces made 74% and 85.8% of the              

fishermen‟s income, respectively, while this amount was 26% in Golestan. The net 

profit earned of selling the Kutum by each member of fishing cooperatives was 

US$1069 for Guilan and US$3126 for Mazandaran, while this profit was US$400 for 

Golestan provinces.  

 

 

9.2 RECOMMENDATION FOR FUTURE RESEARCH 

Ecological changes in recent years in the Caspian Sea ecosystem have        

occurred. This could be due to appearance invasive species Ctenophora, Mnemiopsis 

leidyi and fluctuation water level of Caspian Sea. This study demonstrated that the 

southern Caspian Sea is the best habitat for Rutilus frisii kutum which comprise    

>70 % fishermens‟ incomes compare to other species. The present study has several 

limitations, for example we were unable to carry on sampling from May to           

September by fishing cooperative even with one cooperatives in each province for 

covering this data gap. This could be due to a policy required by Iranian fisheries  
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organization (IFO) particularly from May to September can be a hindrance. The       

following investigations are necessary to fill scientific gaps in the southern Caspian 

Sea: 

 Conservation and restoration of rivers and lagoons as final of              

reproduction strategy for R. f. kutum. Their breeding and spawning 

habitats need to be protected.  

 To select males and females maturation for artificial breeding of          

R. f. kutum, should be handled in a proper scientific manner. 

 To encourage with a hale research ship in depth > 20 m in the Caspian 

Sea 

 To internationalize cooperative project with entire five neighboring 

countries throughout the Caspian Sea relevant to nursery ground, 

feeding ground and winter ground of R. f. kutum. 
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