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Background. In the small-scale fisheries of the Gulf of Gökova (Turkish coast of the southern Aegean Sea) 
the marbled spinefoot, Siganus rivulatus Forsskål et Niebuhr, 1775, is a commercially important species. No 
sustainability study, however, has been carried out on the stock assessment and management of this species in the 
gulf. The aim of the presently reported study was to determine the mortality and biological reference points of 
Siganus rivulatus and suggest a proper fishery management plan for fishery regulations.
Materials and methods. The sudy was conducted between July 2016 and June 2018. Fish samples were collected 
from the Gulf of Gökova small-scale fishery. The total mortality (Z), natural mortality (M), fishing mortality (Fcurr), 
and exploitation rate (Ecurr) were determined and compared with the biological reference points: the optimum 
fishing mortality (Fopt), fishing mortality limit reference point (Flim), optimum exploitation rate (Eopt). 
Results. Total mortality (Z), natural mortality (M), fishing mortality (Fcurr), and exploitation rate (Ecurr) were found 
to be 0.67, 0.32, 0.35, and 0.52, respectively. Furthermore, biological reference points (Fopt, Flim, Eopt) attained 
values of 0.16, 0.21, and 0.33 cm, respectively.
Conclusion. The fishing pressure for Siganus rivulatus stocks the Gulf of Gökova should decrease for the sake of 
the sustainability of this resource. 
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INTRODUCTION
The family Siganidae, known also as rabbit fishes, 

includes 29 species. Siganus rivulatus Forsskål et 
Niebuhr, 1775, known as marbled spinefoot, is one of 
the Lessepsian invaders in the Mediterranean basin. 
It occurs mostly in the western Indian Ocean, several 
localities in east Africa, stretching from the Red Sea to 
the eastern Mediterranean via the Suez Canal (Froese and 
Pauly 2019). Marbled spinefoot is one of the two siganid 
species, together with Siganus luridus (Rüppell, 1829) 
occurring along the Turkish coast. Siganus rivulatus was 
first collected in the Mediterranean in 1924 off the coast of 
Israel (Steinitz 1927), reaching southern Turkey in 1942 
(Papaconstantinou 1990) and the Marmara Sea in 2011 
(Artüz and Koç 2012).  

The marbled spinefoot is a commercial species and 
it is captured by spears, gillnets, beach seines, small-
mesh nets, cast nets, seine nets, traps, and baited hooks 
and lines (Anonymous 2019b). The global landings of 

siganids were 86 229 t in 2015 including data from the 
eastern and western Indian Ocean, Mediterranean Sea, 
and the western central Pacific (Anonymous 2019a). 
Siganus rivulatus is one of the target species of small-
scale (gill nets) and recreational (baited hooks, pots, and 
traps) fisheries. Although Siganus rivulatus and Siganus 
luridus have been marketed for many years especially in 
the Mediterranean and the southern coast of the Aegean 
Sea, Turkey, there are no official catch and landings data 
in Turkey for those species.

Marbled spinefoot, due to its marketable status, has 
been in the center of scientific attention in the Red Sea 
and the southern Mediterranean. Ben-Tuvia (1986) and 
Hussein (1986), focused on the reproduction of the species 
in the Red Sea. Feeding habits of Siganus rivulatus, in the 
Mediterranean, were reported by Lundberg and Lipkin 
(1993) and Bariche (2006). Although many studies focused 
on the mortality and yield per recruit of marbled spinefoot 
from other locations of the Mediterranean (El-Gammal 
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1988, Mohammed 1991, El-Ganainy and Ahmed 2002, 
Mehanna and Abdallah 2002, Bariche 2005, Gabr et al. 
2018, El-Far unpublished*, El-Okda unpublished**) there 
has been no research regarding the above-mentioned topics 
on the Turkish coast. Only two studies for Turkish marine 
waters, including data on the growth and reproduction 
of the species, were conducted by Bilecenoglu and Kaya 
(2002) and Yeldan and Avşar (2000) who studied the 
Mediterranean coast. Therefore, the information regarding 
the mortality, exploitation, percentage in catch composition, 
etc. of Siganus rivulatus is urgently needed for the Aegean 
Sea due to the ongoing northward expansion of the species. 

The goal of the presently reported study was to determine 
the mortality and biological reference points of marbled 
spinefoot from the Turkish coast of the southern Aegean 
Sea, which would be the first such study in Turkish marine 
waters. The results of the study may contribute to the proper 
management of the invasive marbled spinefoot in Turkey.

MATERIAL AND METHOD
Sampling. The study was conducted between July 2016 
and June 2018 with 721 samples collected monthly from 
the small-scale fishery in the Gulf of Gökova, south-
eastern Aegean Sea (Fig. 1). Trammel nets, fish traps, and 
fishing lines were used to obtain various length classes of 
Siganus rivulatus. The fish were captured from the depth 
range of 1–20 m.
Data analysis. Growth coefficient (K), asymptotic, length 
(Linf), theoretical age at a length of zero (t0), length at 
maturity for sexes (Lm) (the total length at which 50% of 
individuals are mature), and the water temperature (T) were 
0.162 year–1, 27.7 cm, –0.10 year, 16.60 cm (female), 16.84 
cm (male), and 19.0°C, respectively (Soykan et al. 2020). 
A length-converted catch curve was used to estimate 
total mortality (Z) (Pauly 1983). The natural mortality 
(M) was calculated according to seven different models; 

Pauly-I (Pauly 1980), Djabali et al. (1993), Ralston-I 
(Ralston 1987), Ralston-II (Pauly and Binohlan 1996), 
Pauly-II (Pauly and Binohlan 1996), Frisk et al. (2001), 
and Cubillos et al. (1999). However, these parameters lead 
to two different estimates of Fcurr and Ecurr. Therefore, the 
mean values of natural mortality rates were calculated to 
estimate Fcurr and Ecurr values (Mehanna et al. 2015) (Table 
1). The fishing mortality(Fcurr) was estimated as 

Fcurr = Z – M

The exploitation ratio (Ecurr) was calculated with the 
Gulland (1971) formula

Ecurr = Fcurr · Z
–1

The length structured Virtual Population Analysis 
(VPA) was carried out following Jones and van Zalinge 
(1981). All stock parameters were estimated using in 
FISAT-II (Gayanilo et al. 2005) and R software***.
Reference points. Three reference points— the 
optimum fishing mortality (Fopt), fishing mortality limit 
reference point (Flim), optimum exploitation rate (Eopt)—
were determined according to estimated mortality and 
exploitation rates for comparison and suggestions: 

Fopt = 0.5M

Flim = (2M)3–1 (Patterson 1992)

Eopt = Fopt · (M + Fopt)
–1 (Gulland 1971)

Lopt = 3Linf · (3 + (M · K–1)) –1 (Froese et al. 2008)

Lopt indicates the length where maximum yield could 
be obtained.

* El-Far A. 2008. Artisanal fisheries along Alexandria coast area with special reference to the fishery biology of Siganus spp. MSc Thesis. Department of Zoology, 
Faculty of Science, Zagazig University, Egypt.
**    El-Okda N.I. 1998. Comparative studies on certain biological aspects of Siganus in marine waters of Egypt. PhD Thesis, Faculty of Science, Benha Zagazig University, Egypt.
***  http://www.rstudio.com.

GULF OF 
GÖKOVA

TURKEY

Handline
Trammel net
Fishing trap

+

*

Akyaka

++
+

+

*
**

37°02' N

28°04' E

5 km

Fig. 1. Sampling locations of marbled spinefoot, Siganus rivulatus, from the Gulf of Gökova, south-eastern Aegean Sea
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RESULTS
Estimated parameters. The total mortality (Z) of Siganus 
rivulatus for the Gulf of Gökova, obtained through the 
length-converted catch curve, was 0.67 year–1. The natural 
mortality (M) amounted to 0.32 year–1. The mean value 
of natural mortality ratios was used to avoid errors of 
comparison parameter, Fcurr and Ecurr (Table 2).  The 
biological reference points were as follows, Fopt = 0.16; Flim 
= 0.21; Eopt = 0.33. Total population size (in number) was 
calculated to be 12 779 660. The VPA analysis showed that 

fishing pressure starts about 15 cm total length (Fishing 
mortality; 0.11 year–1, Population size; 1 671 850) and it is 
focused on 20–25 cm length group. The maximum fishing 
pressure was found on 23 cm total length group (Fishing 
mortality; 0.42 year–1, Population size; 99 220) (Fig. 2).
Maximizing the catch. Length at first capture (L50) is the 
length at which 50% of the fish will be vulnerable to the 
gear. L50 of Siganus rivulatus was estimated as 18.76 cm 
(Fig. 3). The Lopt was 16.69 cm for the whole population 
of the Gulf of Gökova.

Table 1
Estimation of natural mortality (M) with different methods

Reference Formula Model

Pauly 1980 M = 0.9849Linf
–0.279K0.6543T0.4634 Pauly-I

Djabali et al. 1993 M = 1.0661Linf
–01172K0.5092

Ralston 1987 M = –0.0666 + 2.52K Ralston-I
Pauly and Binohlan 1996 M = –0.1778 + 3.1687K Ralston-II
Pauly and Binohlan 1996 M = 0.8638Linf

–0.279K0.6543T0.4634 Pauly-II
Frisk et al. 2001 M ≈ 0.436K0.42

Cubillos et al. 1999 M = 4.31(t0– (ln(0.05) · K–1))–1.01)

Linf = asymptotic length, K = growth coefficient, T = mean annual temperature.

Table 2
Mortality and exploitation rates of marbled spinefoot, Siganus rivulatus, from the Gulf of Gökova, south-eastern 

Aegean Sea

Z M Model Reference Fcurr Ecurr

0.67 0.46 year–1 Pauly-I Pauly 1980
0.29 year–1 Djabali et al. 1993
0.34 year–1 Ralston-I Ralston 1987
0.34 year–1 Ralston-II Pauly and Binohlan 1996
0.41 year–1 Pauly-II Pauly and Binohlan 1996
0.20 year–1 Frisk et al. 2001
0.23 year–1 Cubillos et al. 1999
0.32 year–1 Mean M 0.35 0.52

Z = total mortality, M = natural mortality, Fcurr = fishing mortality,  Ecurr = exploitation rate.

Fig. 2. Virtual population analysis for marbled spinefoot, Siganus rivulatus, from the Gulf of Gökova, south-eastern 
Aegean Sea
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DISCUSSION
Effect of expanded distribution on fisheries. Siganus 
rivulatus was first collected in the Mediterranean in 
1924 off the coast of Levant reefs (Steinitz 1927), 
subsequently in Cyprus (1928) (Norman 1929), Syrian 
Arab Republic (1929) (Gruvel 1931), Rhodes I., Greece 
(1932) (Brunelli and Bini 1934), southern Turkey (1942) 
(Papaconstantinou 1990), and Croatia in 2002 (Dulčić and 
Pallaoro 2004). Boudouresque (1999) mentioned that the 
Red Sea immigrants entered the Mediterranean and began 
to spread continuously to the North and this situation 
was closely associated with water temperature. Seawater 
surface temperature was reported to increase from 1970 
to 2018 in the Mediterranean, periodically (Anonymous 
2020) (Fig. 4). Therefore, dispersal of Siganus rivulatus 
northward to higher latitudes is attributable to increasing 
seawater temperatures. In this context, Artüz and Koç 
(2012) revealed the presence of the marbled spinefoot 
in the Sea of Marmara confirming the dispersal of the 
species.

Eight Lessepsian fish species, Lagocephalus guentheri 
Miranda Ribeiro, 1915; Siganus rivulatus; Stephanolepis 
diaspros Fraser-Brunner, 1940; Alepes djedaba (Forsskål, 
1775); Lagocephalus sceleratus (Gmelin, 1789); 
Sargocentron rubrum (Forsskål, 1775); and Upeneus 
moluccensis (Bleeker, 1855) were reported to occur in 
the Sea of Marmara (northern part of the Mediterranean) 
(Artüz and Golani 2018, Artüz and Fricke 2019). Five of 
those Lessepsian species are of commercial importance. 
This northward spreading may positively affect the 
fisheries by changing the catch composition thus bringing 
a new economic approach and contribution. Turan et al. 
(2017) reported the existence of a specimen of Alepes 
djedaba by gill nets on the shore of Sinop Bay, Western 
Black Sea. However, Turan et al. (2017) considered the 
spreading of this species due to climate change, as an 
issue for marine biodiversity. Even though the main issue 

of this case is linked to marine biodiversity, it has still 
some important secondary considerations. Successful 
establishment of such species to their new environment 
may bring a potential contribution to fisheries. A very 
suitable example of this case belongs to marbled spinefoot 
which was introduced to the Gulf of Gökova and it has 
become a commercially important species. Moreover, the 
ongoing northward dispersal of the marbled spinefoot 
presents a possible future benefit for the Sea of Marmara 
fishery.
Mortality and exploitation. Biological reference points 
are widely used (Collie and Gislason 2001) and essential 
components for the fishery management strategies (Zhang 
et al. 2017). Biological reference points obtained from the 
results of the study indicate important cases to discuss. 
Gulland (1971) suggested the optimum exploitation rate 
(Ecurr) to be around 0.5 (F ≈ M). Patterson (1992) also 
stated that the exploitation rate above 0.5 (F = M) means 
a decline in spawning stock biomass and an unsustainable 
fishery of the stock. Froese et al. (2016) offered the ratio 
of F ≈ 0.5M as the precautionary target for a sustainable 
fishery. Our current exploitation rate (Ecurr = 0.52) is 
slightly higher than that of Gulland (1971) and Patterson 
(1992). Therefore, based on our results and considering the 
aforementioned pieces of literature, the fishing pressure 
on Siganus rivulatus should be decreased on the Turkish 
coast of the Aegean Sea (Table 3).  

Length at first capture (L50) was found to be higher than 
maturity lengths (Lm(F), Lm(M)) for both sexes which indicates 
accordance between current fishing practice, especially the 
mesh size, and maturity length (Fig. 5). However, Lopt value 
was estimated below than Lm and L50 values in the presently 
reported study. Low value of Lopt may be attributable to K 
which was reported to be higher than our estimation in other 
studies (Table 4). The M:K ratio was calculated as 1.97. 
In relation to that, Froese et al. (2018) suggested M:K ratio to 
be 1.5 ± 0.15 and minimum and maximum limits should be 

Fig. 4. Variations of sea surface temperature of Mediterranean, 
Aegean Sea, Marmara Sea, and Black Sea

Fig. 3. Probability of capture of marbled spinefoot, Siganus 
rivulatus, from the Gulf of Gökova, south-eastern 
Aegean Sea (0.25, 0.50 and 0.75 relates to 25%, 50%, 
and 75%, respectively)



Mortality of Siganus rivulatus 187

1.2 and 1.8 (95% confidence interval), respectively. In cases 
where M:K ratio is higher than 1.5, the mortality is strictly 
related to growth which results in an increase in fitness as a 
measure of intrinsic population rate and cohort peaks occurs 
at earlier ages, while decreasing fitness indicates shortening 
lifetime reproductive output (Froese et al. 2016). K values 
of the recent studies might be affected by water temperature 
differences between the Mediterranean and the Red Sea 
as the original environment of the species. Therefore, the 
estimated Lopt value for Siganus rivulatus fishery is not 
considered to be a suitable parameter in fishing regulations. 

On the other hand, Siganus rivulatus has commercial 
importance and is heavily exploited in lower latitudes. The 

majority of the previous studies reported that this species 
was overexploited (Table 4). Variations between the studies 
given in Table 4 could originate from the differences in 
length distributions, age calculation methods, and locations. 
More importantly, differences in mortality ratios between 
studies are considered due to heavy fishing pressure in 
lower latitudes as Siganus rivulatus is not the target species 
in the southern Aegean Sea.  
Ecological and economic approach. The majority of the 
Lessepsian fishes have high adaptation skills and some 
of them become economically important for local fishery 
(Shakman and Kinzelbach 2007). Applying high fishing 
pressure on Lessepsian fishes can be a path to reduce their 
population sizes as well as negative ecological effects in 
their new environment. However, Lessepsian fish migration 
can also be associated with deadly contagious diseases.  
Without practical means for preventing further migration 
of this species from the Mediterranean ecosystem, the 
local fisheries pressure seems to be the best solution for 
controlling its population. Among the Lessepsian fishes, 
Siganus rivulatus has high invasiveness potential (Bilge 
et al. 2019). However, this species is consumed by local 
people and it contributes a considerable income for local 
fishermen.

Some of the Lessepsian fish, like Lagocephalus 
sceleratus, damage local fishery (Ünal and Göncüoğlu 
Bodur 2017). However, Siganus rivulatus is an important 
fish in the small-scale fishery of the Gulf of Gökova due to 
the preference of the local community. It also constitutes 

Table 3
Comparison of the current fishing mortality and the 

reference points of marbled spinefoot, Siganus rivulatus, 
from the Gulf of Gökova, south-eastern Aegean Sea 

Parameter Value Result expected
Fcurr 0.35
Fopt 0.16 Decrease
Flim 0.21 Decrease
Eopt 0.33 Decrease
Ecurr 0.52

Result expected relates to the fishing mortality; Fcurr = fishing 
mortality, Fopt = optimum fishing mortality, Flim = fishing mortality 
limit reference point,  Eopt = optimum exploitation rate,  Ecurr = 
exploitation rate 

Fig. 5. Comparison of Lopt (length where maximum yield could be obtained), Lm (length at maturity for sexes; M = male, 
F = female), and L50 (length at first capture) values of marbled spinefoot, Siganus rivulatus, from the Gulf of Gökova, 
south-eastern Aegean Sea

Table 4
The exploitation of marbled spinefoot, Siganus rivulatus, in different countries

Z M Fcurr Ecurr Lm L50 Lopt K Country Reference
1.27 0.26 1.01 0.80 17.04 30.43P 0.396 Egypt Mehanna and Abdallah 2002
3.15 1.43 1.72 0.55 17.4 12.81 17.8 0.735 Egypt El-Ganainy and Ahmed 2002
2.04 0.41 1.62 0.80 18.35 25.39P 0.275 Saudi Arabia Gabr et al. 2018
2.46 0.64 1.82 0.74 20.0 18.8 22.06P 0.380 Egypt Mehanna et al. 2018
0.67 0.32 0.35 0.52 16.60–16.84 18.76 16.69 0.162 Turkey Presently reported study

Z = total mortality, M = natural mortality, Fcurr = fishing mortality, Ecurr = exploitation ratio, Lm = length at maturity for sexes, L50 = length at 
first capture, Lopt = length where maximum yield could be obtained, K = growth coefficient; P = estimated by the authors of the present paper.
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a considerable portion in the catch composition of local 
fishermen (Ünal et al. 2019). The above-mentioned 
situation and the deficiency of the related biological data 
prompted us to conduct the presently reported study, with 
the hope of contributing to the future management of 
S. rivulatus. 

Many Lessepsian fish studies have been hitherto 
conducted to ensure benefits for further fishery management 
strategies. Bengil (2019) carried out a length–weight 
relation study on Upeneus moluccensis. Other researchers, 
such as,Taşkavak and Bilecenoglu (2001), studied the 
length–weight relation of 18 Lessepsian fish species. 
Özvarol (2016) estimated L50 of Nemipterus randalli 
Russell, 1986 for sustainable management of this species. 
Osman et al. (2013) mentioned that the researchers are 
interested in fishery management of high commercial 
Lessepsian fish Etrumeus teres (DeKay, 1842). 

A similar situation can be seen with the blue crab 
(Callinectes sapidus) which was introduced to the area 
from the Atlantic. In recent years blue crab has been 
captured by the local fishing cooperative of Muğla-
Köyceğiz-Dalyan. However, fishermen did not know the 
economic importance of blue crab until the 1980s (Türeli 
unpublished*). After which, blue crab catches started and 
catch regulations for the sustainability of the crab fisheries 
were developed. It is very likely that a similar approach 
may be implemented for marbled spinefoot in order to 
ensure the balance between the stock and fishery.

On the other hand, Siganus rivulatus catch statistics 
of many adjacent Mediterranean countries (Israel, 
Cyprus, Palestine, Syria, Libya, Lebanon, Egypt) have 
been reported by Anonymous (2019a) indicating the 
commercial importance of the species at some areas. 

Consequently, the tropicalization due to the climate 
change results in a poleward shift in the species 
distribution with the overall increase of seawater 
temperature (Encarnação et al. 2019). Therefore, we may 
need economically important Lessepsian fish in the future 
like Saurida lessepsianus Russell, Golani et Tikochinski, 
2015, Nemipterus randalli, and Siganus rivulatus in order 
to take advantage of Lessepsian dispersal. The results of 
the presently reported study are beneficial in the aspect of 
fisheries economy. However, the economic impacts and 
commercial utilization of Lessepsian fishery is definitely 
in conflict with the ecological aspects. It is possible that 
Siganus rivulatus fishery may be more profitable in the 
future but the Turkish scenario is still unpredictable. 
If Turkish fishery management authorities are motivated 
by the biological reference points, which are firstly 
revealed with the presently reported study, we can expect 
a management strategy for Siganus rivulatus ensuring the 
sustainability of its stocks. 
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