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Abstract

When data is limited, management measurement from fisheries makes it 
possible to use natural history data to analyze the potential spawning ratio 
(SPR). This research aimed to determine skipjack fish management mea-
sure from the Indian Ocean landed at Cilacap Fishing Port through the SPR 
approach. The study was conducted in December 2014 to March 2015 us-
ing length and reproduction data. The analysis consisted of the size struc-
ture, growth rate, and asymptotic length that were analyzed using FISAT 
II program and length at fifty percent maturity (Lm50). The SPR analysis 
used SPR software from the application in http://barefootecologist.com.au/
lbspr. The size distributions of skipjack obtained were a length of 220-
790 mm and an average dominant length of 311-371 mm. The asymptotic 
length obtained was 831.57 mm, with growth rate and natural mortality 
of 1.1 and 1.44 per year respectively. The population proportion of 50% 
reaching gonad maturity (Lm50) was found at a length of 494.75 mm and 
(Lm95 = 522.39 mm) with an M/k ratio of 1.309. The length selectivity 
level was caught 50% (SL50 = 317.36 mm) and 95% (SL95 = 373.1 mm). 
The spawning potential ratio (SPR) ranged from 2-4 with an average of 4% 
during observation. The SPR potential, which is lower from the standard-
ized threshold of 40%, indicates many young fish populations are caught, 
and the potential for overfishing is high, high risk, and low sustainability.
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1. Introduction 

The main problems of skipjack fisheries man- 

agement that found in the Indian Ocean are limited in- 

formation on the fishing ground (Angraeni et al., 2014), 

dynamics of fishing ground (Tangke and Deni, 2013), 

quality of fish (Angela et al., 2015), the seasonal fish- 

ing change (Kekenusa et al., 2012), and the timing of 

catch activity in FADs (Winarso, 2005). Syukhriani et 

al. (2018) found in the Bengkulu landing site is fish- 

ing port facilities standard that relates with Lowing T 

(2020) which is supply chains and cold chain systems 

(Lailossa, 2017) and marketing margins (Mamarodia et 

al., 2019). Problems related to natural history and popu- 

lation dynamics include the suitability of predictions for 

stock food availability (Kekenusa, 2006), spawning sea- 

son (Jatmiko et al. 2015), reproductive size and length 

(Satria and Kurnia, 2017), and size structure inhabiting 

fish aggregating device (FADs) (Nurdin and Pangga- 

bean, 2018). 
 

Skipjack fish is a large pelagic fish with high 

economic value and is mostly caught from the Indi- 

an Ocean. One landing port for fish caught by fisher- 

men from the Indian Ocean is the Cilacap Fishing Port 

(CFP), Central Java. Skipjack fish in the Indian Ocean 

are generally caught with purse seine, longline, handline 

(Nurdin and Nugraha, 2017), and dominant in FAD lo- 

cations. According to Wujdi et al. (2017), the skipjack 

fishery in WPP 573 is a population unit that interacts 

from west to east. Skipjack fisheries management is also 

faced with problems including invalid and unreliable 

data, and untraceable fishing grounds. The skipjack 

fisheries management practice was also classified as 

poor data for the management. Thus, the implementa- 

tion of sustainable fisheries management from skipjack 

can still be approached by poor data analysis models. 

A common approach to analyze poor data is 

based on biological data, including length and repro- 

duction data. Length data can be used to predict growth, 

recruitment, and the first measure caught. Reproduction 

data can be used to determine the proportion of fish 

reaching gonad maturity, size at first maturity of gonads, 

and the ratio of potential spawning and recruiting. This 

research aimed to estimate the spawning potential ratio 

of skipjack from length-based data analysis. Jatmiko et 

al. (2015) researched skipjack tuna’s reproductive as- 

pects in South Java at 8 locations with various maturity 

trends. They found that the proportion of mature gonads 

reached 64% (TKG III and IV) and reached 429 mm 

for the first time. Kurniawan (2015) recorded skipjack 

fish production throughout the year with the peak pro- 

duction in August-October. The reproduction season 

was predicted to occur in April and November by 

Restiangsih and Amri (2019). 

Information on the spawning season, the length 

of the first maturity of the gonads is necessary to ascer- 

tain potential recruits and potential spawning ratio. Ac- 

cording to Hordyk et al. (2015b), a large fish spawning 

possible ratio of 40% will provide a good availability of 

new populations (recruit). However, if recruits’ poten- 

tial is low, it is assumed that the stock’s sustainability 

will also falter. Indication of the proportion of mature 

gonads, length at first caught, length at maturity, and 

spawning potential ratio is very important in managing 

skipjack fish populations. 

In the reproduction aspect, most of the studies 

conducted are related to sex ratio, reproductive index, 

and length at maturity (Soares et al., 2019) in the south- 

west Atlantic, ganado somatic index, seasonal variation 

in Westen Indian Ocean (Stéquert et al., 2001), spawn- 

ing frequency in South Pacific, Spawning activity, and 

batch fecundity (Grande et al., 2010), reproductive tim- 

ing and capacity (Grande et al., 2014). The relation 

with the spawning potential ratio (SPR) for skipjack has 

been carried out in eastern Indonesian waters (Satria 

and Sadiyah, 2017), the target reference point in 

WCPO, and spawning potential ratio based on length 

in Tanzania (Kibona and Jónasson, 2019). Mueni et al. 

(2019) analyzed species composition, abundance, and 

SPR in Kenyan waters for tunas groups, including 

skipjack. 

Spawning potential ratio (SPR) as an indica- 

tor of the reproductive and recruitment capabilities of 

skipjack fish from the Indian Ocean based on length 

data is lacking and has not been studied in the previous 

research. Different species that have interactions with 

the Indian Ocean are the SPR of Priachanthus tayenus 

(Yonvitner et al., 2021a), Nemipterus japonicus (Yon- 

vitner et al., 2021b), and snapper and grouper in Saleh 

Bay (Efendi et al., 2020). The information from the 

length-based SPR for skipjack fish from the catch of 

fishers in the Indian Ocean on landing in Cilacap is the 

novelty of this study. This study aims to determine the 

ratio of the spawning potential and any natural history 

parameter of skipjack caught from the Indian Ocean to 

determine reproductive potential and recruitment. 

2. Materials and Methods 

2.1 Research Area 

This research was conducted for four months 

from December 2014-March 2015, located at the Cila- 

cap Fishing Port, Central Java. Cilacap fishing port lies 

at south of Central Java Province and borders of the In- 

dian Ocean (Figure 1). The skipjack species landed is 

dominantly caught by fisherman from the Indian Ocean. 
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Figure 1. Research area in Cilacap fishing port, Central 

Java 

nad maturity level. The ovaries were collected to evaluate 

mature eggs remnants and were also assigned to a gross 

stage of morphological gonad development. The fish’s 

size for each stage of gonad maturity recorded is essen- 

tial for determining the first size to reach gonad matu- 

rity. According to the gonad maturity classification, the 

determination of the TKG of skipjack fish was carried 

out morphologically using the classification of morpho- 

logical differences (Orange, 1961). 

2.3 Biology Parameter and SPR 

The biology parameter is fundamental to fish- 

eries biology data. Such a basic is the essence for suffi- 

cient management, such as the growth rate, natural and 

fishing mortality, maturity stage, and size of skipjack 

stocks (Hommik et al., 2020). The skipjack biology pa- 

rameters such as natural mortality (M), growth rate (k), 

length at 50% population mature (L
m
50), and asymptotic 

 

 

Figure 2. Length frequency distribution and cohort of skipjack (A= December 2014; B=January 2015; C=Fe- 
bruary 2015 and D=March 2015) 

2.2 Size and Maturity 

The skipjack samples for length and repro- 
duction measurements were taken randomly from the 
fisherman’s catch. Skipjack tuna were chosen to be 
measured all length sizes from small to large. The total 
length from the fish mouth to the end of the tail was 
measured using a rules (accuracy 1 cm). The length data 
were collected, listed in the datasheet, where overall 
822 fish were successfully measured during the study. 

Samples that have been measured then per- 

formed the surgery. The gonads of the female skipjack 

tuna found were taken and preserved to analyze the go- 

length (L
∞
) are relevant as determining the natural his- 

tory information of a skipjack. The von Bertalanffy plot 
was generally used to identify fish growth rate, which 
is given as formula L

t 
= L

∞ 
(1 – e ) (Leland et al., 

2015). Notation L
t 
is the length at age t, asymptotic 

length (L
∞
) is the theoretical length at infinite phase. 

The growth parameter (k) is the growth rate coefficient, 
and t0 is the theoretical age when distance equals zero. 

The biology parameters of skipjack analysis, 

which are growth rate (k), asymptotic length (L∞), and 

natural mortality (M), are conducted with length-based 

approach using the FISAT Program. The length data in 
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a sample primarily determine the SPR value based on 

length data derived by the model. Using barefootecology 

toolbox originated in Jeremy Prince’s work in the early 

2000s through open-source link http://barefoote- 

cologist.com.au/lbspr. (Prince et al., 2015). 

3. Results and Discussion 

3.1 Length Structure 

The length-frequency distribution of skipjack 
from December 2014 to March 2015 generally found 
one group (cohort) (Figure 2). In December 2014, the 
average length of the caught skipjack was 311 ± 39.80 
mm. In January, the average lengths caught were 372.72 
± 71.71 mm and 601.77 ± 69.9 mm. In February, the 
caught skipjack length was 345.75 ± 30.67 mm, and in 
March, the length of the catch was 362.13 ± 53.13 mm. 

Based on the results, it is seen that there is an 
increase in the average length size. In January, there was 
an increase in the size diversity of fish caught with two 
age groups. However, the dominant length of fish caught 
was in the range of 311-372 mm, showed the average 
size was small and tended to be uniform. This condi- 
tion can be presumed due to the factor of fish grouping 
(schooling) and fishing grounds at FAD locations (FAD/ 
fish aggregating device). 

3.2 Growth and Mortality 

Fish growth is an important indicator to assess 
the potential for recruitment and recovery of fish popu- 
lation biomass. Based on the analysis of the frequency 
distribution of the skipjack length, the asymptotic length 

was 831.5 mm and the length growth rate was 1.1 per 
year (Figure 3). 

The skipjack length growth rate of 1.1 per year 
is relatively high and potential to increase resilience and 
also prevent fishing capture. However, fishing activity 
occurs continuously, and the high-intensity level also 
increases the fishing rate. 

3.3 Maturity and Selectivity 

Maturity is one of the phases that determine 
reproductive success, recruitment, and stock resilience. 
Based on the gonad maturity level analysis for the to- 
tal population of skipjack fish, it reached the proportion 
of 50% mature gonads (Lm50) at 494.75 mm size, and 
the proportion 95% reached gonad maturity (Lm95) at 

522.39 mm size (Figure 4). 

The size selectivity, where a 50% skipjack 
caught in 2014 at a size of 280.5 mm and a 95% chance 
at 306.63 mm. The selectivity of catch size length 2015, 
where 50% chance of being caught at length 334.5 mm, 
and 95% chance at length 394.93 mm. Overall, the 
catch probability’s selectivity was 50% at 317.36 mm in 
length and 95% for the 373.1 mm length. The ratio of 
fishing mortality to natural mortality (F/M) is also clas- 
sified as high, between 3.25-3.93, with an average F/M 
of 2.8. The M/k ratio of the skipjack is 1.30 indicates 
the presence of small fish dominance (Hordyk et al., 
2015a). The ratio (M/k) of 1.5 assumes that the waters 
are dominated by small fish that shown as overfishing. 
It means the fisheries stock status as potential high risk 
of fish sustainability in the sea is relatively low. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Growth rate model of skipjack obtained from FISAT II software with the Von Bertalanffy plot 

Yonvitner et al. / JIPK, 13(2):199-207

202

http://barefoote-/


JIPK. Volume 13 No 2. November 2021 / Spawning Potential Ratio (SPR) Approach as a Management......... 

Copyright ©2021 Faculty of Fisheries and Marine Universitas Airlangga November 2021 

 

 

 

 

 
 

 

Figure 4. The comparison between proportion of skipjack at fifty percent maturity (Lm50) and selectivity (A= 

2014; B=2015; and C=total data) 
 

 

 

 

 
 

Figure 5. Estimation of skipjack SPR (spawning potential ratio) (A= 2014), (B= 2015) and (C=aggregate 

from 2014 and 2015). 
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3.4 Discussion 

According to Nurdin and Panggabean (2018), 
skipjack fish in Pelabuhan Ratu have a length between 
240-600 mm. Meanwhile, Parigi skipjack, East Java, 
measuring from 320-360 mm (Nurdin and Yusfiandaya- 
ni, 2012), is relatively the same as the catch in Cilacap. 
Gunung Kidul fishermen’s catch ranges from 200-680 
mm with a dominant catch size of 300-340 mm (Ang- 
graeni et al., 2015). Then Restiangsih and Amri (2019) 
got the first size caught in Flores at a size of 488 mm and 
reached the first maturity of gonads at 411 mm. 

Zedta et al. (2018) noted that the asymptotic 
length in WPP 573 was 672 mm with a 0.27/year growth 
rate. Rochman et al. (2015), from data in 2012, found 
a growth rate of 1.1 per year, an asymptotic length of 
808.5 mm, and natural mortality of 1.44 per year. The 
same growth rate, asymptotic length, and natural mor- 
tality decreased. However, Rochman et al. (2015) from 
the 2012 data recorded a fishing mortality rate of 1.55 
per year and this was also classified as high. Skipjack 
landed at Gunung Kidul fishing port first reached go- 
nad maturity at an estimated 405 mm (Anggraeni et al., 
2015). 

Zedta et al. (2018) estimated that the mortal- 

ity rate due to fishing is 0.43/ year and an F/M ratio 

of 0.7288 which meant that the natural mortality rate 

is still high. However, the El Nino phenomenon that 

occurred often affects increasing skipjack production 

in June-September 2015, increasing the skipjack tuna 

population (Anggraeni et al., 2017). 

The limit reference point (LRP) of spawning 
potential ratio (SPR) is 40% (Hordyk et al., 2015b). 
SPR lower than 40% means low recruitment potential 
and low stock resilience. SPR value higher than 40% in- 
dicates potential for recruitment, high stock resilience, 
and high sustainability potential. The length data ana- 
lyzed during the observation time in 2014 and 2015 was 
below the SPR limit reference point of 40% (Figure 5). 
The potential SPR in 2014 is estimated to be between 
0-2% with an annual average of 1%. Data for 2015, the 
potential SPR is estimated to range from 2-5% with an 
annual average of 4%. The aggregate data analysis ob- 
tained an SPR forecast between 3-5% with an average 
of 4% per year. 

The high fishing mortality rate is one of the 
causes of the low water stock and the potential for pop- 
ulation reliance. Although fish are able to grow rapid- 
ly, the estimated adult population may decline further 
due to continuous fishing. The decreasing of asymptotic 
length is an indication that the stock has decreased in 
size and the potential for overfishing. Satria and Sadiyah 
(2017) found that the spawning potential ratio of skip- 
jack in FMAs 713-715 is less than 20% which meant 
recruitment overfishing. Estimating length-based poten- 
tial spawning ratios can minimize bias to quantify stock 

estimates (Pons et al., 2019) so it can be recommended 
to be used. 

 

4. Conclusion 

When the size of the asymptotic length de- 
creased, the mortality rate was increased. The increas- 
ing selectivity describes the ease of fishing. The ease of 
catching is also influenced by the behavior of fish that 
form schooling. As an impact, the catch ratio of skipjack 
fish is very high, which can be seen from the low level 
of selectivity (SL95) compared to the size of the fish 
that have reached maturity. This situation is then seen 
from the low spawning potential ratio (SPR) with less 
than the limit reference point is 4%. This fact indicates 
low recruitment and high-risk level due to the high pres- 
sure on the Indian Ocean skipjack population. It means 
the sustainability potency of skipjack stock in the Indian 
Ocean is relatively low and potential high risk and over- 
fishing. 
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