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Abstract. White-spotted spinefoot Siganus canaliculatus (Park, 1797) is an economically important fish
that lives in coral reef, seagrass, and mangrove ecosystems. The white-spotted spinefoot is a favorite
fish in seafood restaurants, so it is a major fishing target. If the fishing is not regulated, it could threaten
the sustainability of white-spotted spinefoot. This study aims to analyze the population dynamics of
white-spotted spinefoot in Flores Sea, Indonesia. This study was conducted from February 2017 to
January 2018. Samples were collected from the catch of fishermen in Bontosunggu Village, Tamalatea
District, Jeneponto Regency, South Sulawesi, Indonesia. Bontosunggu is a fishing village located in the
coastal area of Flores Sea. The number of samples obtained during the study was 1821. The samples
were captured before first maturity size. The number of cohorts found was less than that found in
previous studies. The dominant small size fish can occur due to a faster mortality rate of the larger size
fish. The growth rate was low (0.78 for male and 0.73 for female). The natural mortality rate was
relatively small. The fishing mortality rate (1.01 for male and 1.13 for female) indicated that overfishing
has occurred. Exploitation rates (0.56 for male and 0.58 for female) indicate that the population is being
overfished. Recruitment occurred throughout the year. Yield per recruitment was in the knife edge
recruitment. The exploitation rate has exceeded the recommended exploitation rate. The optimum
biomass per recruitment was at an exploitation rate of 0.82 year™, and at a relatively optimum biomass
per recruitment of 0.16 for immature biomass.
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Introduction. White-spotted spinefoot Siganus canaliculatus (Park, 1797) has a laterally
compressed and moderately slender body. The body color is highly variable, greenish
grey to yellow brown with numerous (100-200) pearly blue to whitish spots on the nape
and trunk. It has a dark eye-sized spot usually just behind the upper end of the gill
opening, and a narrow bar along the upper edge of the gill cover (Carpenter & Niem
2001; Allen & Erdmann 2012). White-spotted spinefoot inhabit inshore, algae reefs,
estuaries and large lagoons with algae-rubble substrates, but also with rocky substrates
(Kuiter & Tonozuka 2001). It is herbivorous, feeding on benthic algae. White-spotted
spinefoot together with other herbivorous fish (Tresnati et al 2019; Tresnati et al 2020a;
Ulfah et al 2020) play an important role in maintaining the health of the coral reef
ecosystem. Herbivorous grazing can prevent benthic algae and algae filaments blooming
in coral reef ecosystems.

White-spotted spinefoot is fished by trawling and seine netting, but it is also a
bycatch in traps set in deep water (Carpenter & Niem 2001). It is consumed as food
(Robins 1991) and marketed fresh in very large numbers (Carpenter & Niem 2001). It
can be found in several regions, including the Indo-Pacific region of the Arabian Gulf,
western and northern Australia, Hong Kong, Taiwan, Philippines, and Indonesia (Wassef
& Hady 1997; Kuiter & Tonozuka 2001; Riede 2004; Soliman et al 2009; Allen 2015). It
is also found in the Eastern Mediterranean Sea (Al-Qishawe et al 2014), from the Persian
Gulf to the Indo-Malayan region, north to the Ryukyu Islands and south to northern
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Australia (Carpenter & Niem 2001). The Siganidae family occupies a wide habitat from
tropical to subtropical coastal areas in the Indian Ocean and the western Pacific
(Gundermann et al 1983).

In Indonesia, white-spotted spinefoot is abundant in the Flores Sea. Flores Sea is
one of the waters in eastern Indonesia included in the Fisheries Management Area (FMA)
713, with abundant potential of marine fisheries resources (Kantun et al 2018;
Koeshendrajana et al 2019). In 2014, FMA 713 was the second largest fish producer in
Indonesia (12.43%) of the total national production (6.03 million tons), where reef fish
resources ranked fourth after small pelagic fish, large pelagic fish, and demersal fish. The
production of reef fish increased from 34.1 thousand tons per year in 2011 to 365.4
thousand tons per year in 2016 (Koeshendrajana et al 2019). The most exploited reef
fish are from the Siganidae family, including the white-spotted spinefoot.

The population of white-spotted spinefoot that lives in the coastal waters of the
Flores Sea is exploited intensively because this species has a high economic value. Based
on statistical data from the Department of Marine Affairs and Fisheries of South Sulawesi
Province from 2010 to 2014, the production of white-spotted spinefoot catch has
increased from 274.4 tons in 2010 to 450 tons in 2015 (DKP 2015). These statistics
indicated a progressive increase in the catch of white-spotted spinefoot. Although the
catch is relatively low, the resource use of white-spotted spinefoot needs to be managed
to promote sustainable catch. Therefore, the utilization of white-spotted spinefoot
resources needs to be regulated and managed based on population parameters. This
study aims to analyze the population dynamics parameters, such as first capture size,
cohort, growth, mortality, exploitation rate, recruitment, yield per recruitment and
biomass per recruitment (Sparre 1998; Grandcourt et al 2007; Suwarni et al 2020) in the
coastal waters of the Flores Sea.

Material and Method

Sampling and measurement. The study was conducted from February 2017 to January
2018. The fish samples were collected from the fishermen catch in Bontosunggu Vilage,
Tamalatea District, Jeneponto Regency, South Sulawesi, Indonesia. Bontosunggu is a
fishing village located on the coastal area of Flores Sea (Figure 1). The fishing gear used
by fishermen was the fish trap net (Figure 2). The total length of the fish was measured
using a ruler with a precision of 1 mm.

Male and female cannot be differentiated based on morphological characteristics
and body color, so the sex was determined based on the morphological characteristics of
the testes and ovaries with reference to Fitrawati (2015).

First capture size (Lc) analysis. L. was estimated using the total length frequency
data. The total length frequency distribution was analyzed using the normal distribution
approach (Sparre & Venema 1998):

fw = A el
= xe X
¢ sV2m

Where: f.(L) was the total length frequency, dl was the length class interval, n was the
number of individuals in the sampling, L was the value of the middle class length, L was
the average length of one cohort, and s was the standard deviation of the total length.
The mean standard deviation of the total length was estimated by linearizing the
following equation:

dl
Alnfc(z) = a — bx [L + (7)]

Where: Alnfc(z) was the difference between the two length classes in In, z was the
symbol for the difference of two length classes, [L+ (%)] was the upper limit of each
class length, and a and b were constants.
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Figure 1. Sampling locations in Bontosunggu Village, Tamalatea District, Jeneponto
Regency, South Sulawesi, Indonesia.
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Figure 2. Fish trap net (a-b) used by fishermen in Bontosunggu Vilage, Tamalatea
District, Jeneponto Regency, South Sulawesi, Indonesia; and white-spotted spinefoot
Siganus canaliculatus at the laboratory (c-d).

Average length (L) and the standard deviation of the lengths of each cohort was
estimated by using the following equation (Sparre & Venema 1998):

L=%ands?2=%

b b
Where: a was the intercept, b was the slope, s> was mean square error, and dl was the
interval size of length.

L can be calculated if L' was already known. L' was the lower limit of the
interval class. L value was always greater than L, and L was always greater than the
first capture size (Lc<L'<L). The average length can be calculated by using the next
equation (Sparre & Venema 1998):

2C*L
n

L=

Where: C was the catch, L was the middle class value, and n was fish number.
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Cohort analysis. The age group or cohort was estimated using the length size class. The
cohorts were separated using the Bhattacharya method (Bhattacharya 1967). This
method basically consists in separating a number of normal distributions. Each cohort
was marked by a histogram that peaks and then decreases. Cohort analysis was done by
using the FAO-ICLARM Fish Stock Assessment Tools II (FISAT II) program.

Growth analysis. Estimation of growth parameters was carried out by using the von
Bertalanffy growth formula (Sparre & Venema 1998):

Lt = L (1 - e K t0)

Where: L, was asymptotic length (mm), K was the growth rate coefficient (year), (t,)
was the theoretical life when the total length is zero (year), t was the age (year). Lo and
K were estimated using the Response Surface Analysis with the ELEFAN I in the FISAT II
program. to was estimated using the following empirical formula (Pauly 1983):

log (-ty) = -0.3922 - 0.2752 log Lg- 1.038 log K

Mortality and exploitation rate analysis. Total mortality rate (Z) was estimated using
the Beverton and Holt equations (Sparre & Venema 1998):

Loo—f

Z=K——
L—L

The exploitation rate (E) was estimated using the Beverton and Holt equation
(Sparre & Venema 1998):

F
E=-
Z

Where: F is the fishing mortality (per year) and Z is the total mortality rate (per year).

Yield per recruitment (Y’/R) and biomass per recruitment (B’/R) analysis. The
Y'/R value was estimated base on the following equation (Sparre & Venema 1998):

L [—M * (Tc — Tr)] * Woo 1,3 357 + s’
—=F x —M x — * * [—
R exp eI Z Z+K Z+2K Z+3K

Where: S was Exp[—K = (t —t,)], Tc was the age at first capture, Tr was the age at
recruitment, Woo was asymptotic weight, and Z = F+ M.
B’/R value was estimated base on the next equation (Sparre & Venema 1998):

B [—M * (Tc — Tr)] * Woo 1,3 35° + s
— = —M * - * * [—=
R- P eI Z Z+K Z+2K Z+3K

Y/R and B’/R were calculated using the FISAT II ver.1.2.2 software.
Results and Discussion

First capture size (Lc). The number of samples obtained during the study was 1821,
consisting of 1436 males and 385 females. The L. of white-spotted spinefoot was 168.57
mm for males, and 175.1 mm for females.

First capture size is an important reference in the management or regulation of
the mesh size of fishing gear (Sparre & Venema 1998). To conserve fish resources, the
first capture size must be greater than the first maturity size, so that the fish captured
had spawned at least once before being caught. The first maturity size of white-spotted
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spinefoot in Flores Sea was 197 mm for males and 167 mm for females (Suwarni 2020).
This indicates that the first capture size was smaller than the first maturity size. The
small catch size can lead to overfishing (Watters & Martel 2004) of the white-spotted
spinefoot population in the Flores Sea. The overfishing is usually caused by consumer
demand, which increases fishing pressure across all size classes (Allan & Castillo 2007).
These conditions can threaten the sustainability because the population structure of the
white-spotted spinefoot in Flores Sea is not balanced (1:1.8) (Suwarni et al 2019). An
unbalanced condition of the reef fish population structure is very common, and, usually,
this population imbalance is related to hermaphroditism (Tresnati et al 2020b; Tuwo et al
2020b).

Cohort. The smallest cohort had 90.5 mm, and the largest had 261.27 mm for males.
For females, the smallest cohort had 106.08 mm and the largest had 283.79 mm. Each
sampling indicated two cohorts.

The number of cohorts found in the white-spotted spinefoot population in Flores
Sea was less than that found in previous studies, where generally three cohorts (Fitriani
2011; Malik 2012; Sandalayuk 2016) or four cohorts were observed (Malik 2012;
Syamsuryani 2015). The dominant small size fish can occur due to the faster mortality
rate of the larger size fish (Dodds 2019) which, among other things, can be caused by
high fishing pressure (Kendall et al 2009).

Growth. Lo was 259.65 mm, K was 0.78 year?, to was -0.145 for males (Figure 3a); L
was 255.61 mm, K was 0.73 year!, to was -0.202 for females (Figure 3b). Based on these
values, the von Bertalanffy growth for males was Lt = 259.38 (1 — e 078 (t=(-0.145)))- and
for females was Lt = 255.61 (1 — e 0-73 (t=(-0.202))),

A growth rate of less than 0.5 indicates that the growth of the white-spotted
spinefoot in the Flores Sea was slow (Mallawa 2006). There is a possibility that the white-
spotted spinefoot has an autocatalytic growth pattern, where at the beginning of its life
cycle, the growth is slow, then fast, then slow again until it reaches a certain size. At the
end of its life cycle, the growth rate will be constant (Effendie 2002). With a larger size,
the growth rate is slower (Welcomme 2001). The total length of the white-spotted
spinefoot can reach 30-40 cm. Growth can be influenced by internal and external factors.
Internal factors are genetic factors (Lagler et al 1977), gender, age and disease (Effendie
2002; Miranda et al 2006; Tsoumani et al 2006; Tresnati et al 2020c; Tuwo et al 2020a).
External factors are aquatic environmental factors (Tsoumani et al 2006), and food
(Metcalfe et al 1988; Christiansen & Jobling 1990; Effendie 2002). Mistakes in making
growth predictions can lead to overfishing (Hilborn & Peterman 1996).

Mortality and exploitation rate. For males, Z was 1.94 year!, M was 0.85 year!, and
F was 1.10 year!(Figure 4a), while for females Z was 1.94 year?!, M was 0.81 year?, and
F was 1.13 year(Figure 4b). The exploitation rate was 0.56 for males (Figure 4a), and
0.58 for females (Figure 4b).

The mortality rate of an exploited population is essential in analyzing its dynamics
(Gulland 1969; Widodo & Suadi 2006). The mortality rate is important information in
managing fisheries resource stocks (Dodds 2019). Mortality consists of natural mortality
and fishing mortality. The natural mortality rate of the white-spotted spinefoot in the
Flores Sea was relatively low (0.38 year!). The natural mortality rate was high when it
reaches 1.5 year? (Pauly 1984). Natural population mortality in waters can be caused by
temperature, disease, predation (Das & Pande 1982; McNaughton & Wolf 1973;
Welcomme 2001), low oxygen content (Das & Pande 1982), and low pH (McNaughton &
Wolf 1973; Feyrer et al 2006).
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Figure 4. Length-converted catch curve of the white-spotted spinefoot Siganus canaliculatus. a - male and female combined data; b -
male only data; ¢ - female only data in the waters coastal waters of the Flores Sea. Z - total mortality; M - natural mortality; F - fishing

mortality; E - exploitation rate; N - number of survivors; dt - length of the time period.
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The optimum fishing rate is achieved when the fishing mortality rate is the same as the
natural mortality rate (Fopt=M) (Pauly 1984). The fishing mortality rate higher than the
natural mortality rate indicates that the population of white-spotted spinefoot in the
Flores Sea has been overfished (Gulland 1969). Uncontrolled fishing can impact the
abundance of fish (Jackson et al 2001; Rochet & Trenkel 2003) and degrade fish
stocks(Allan et al 2005; Muchlisin et al 2010).

The status of fishery resources can also be determined by the exploitation rate
value. The rate of exploitation is considered optimum when the value is equal to 0.5 year-
! (Eopt=0.5 year?) (Gulland 1969; Pauly 1984). Exploitation rates that exceeded 0.5 year
! indicate that the population of the white-spotted spinefoot in the Flores Sea has been
overfished. This indicates that the management of the white-spotted spinefoot in the
Flores Sea requires regulations to prevent more severe overfishing conditions.

Yield per recruitment (Y’/R) and biomass per recruitment (B’/R). The recruitment
pattern of the white-spotted spinefoot (Figure 5) indicated that recruitment occurs
throughout the year, with the highest percentage of recruits (males and females
combined) in November (25.91%).
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Figure 5. Recruitment pattern of the white-spotted spinefoot (Siganus canaliculatus) in
the coastal waters of the Flores Sea.

For males, the variables used in estimating Y'/R were L»=259.38 mm, K=0.78 year?,
to=-0.145 year?!, Z=1.94 year!, M=0.85, F=1.10 year!, E= 0.56 year?, and L.=168.57
mm. The analysis generates the value of Emax of 0.828 year?!, E10=0.703 year?,
Es0=0.401 year? (Figure 6a) and Y'/R=0.078 (Figure 6b). The B’/R at Emax was 0.246 or
24.6% of the total immature biomass, and the B'/R at Eio was 0.60 or 60% of the total
immature biomass (Figure 6c¢).

For females, the variables used in estimating Y'/R were Lo»=255.61 mm, K=0.73
year?, t,=-0.202 year?!, Z=1.94 year?!, M=0.81, F=1.13 year!, E=0.58 year?, and
Lc=175.10 mm. The analysis generates the value of Emax=0.899 year!, E10=0.806 year?,
Es0=0.414 year! (Figure 7a) and Y'/R=0.082 (Figure 7b). The B’/R at Emax was 0.28 or
28% of the total immature biomass, and the B'/R at Eio was 0.6 or 60% of the total
immature biomass (Figure 7c).
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Figure 7. Relationship between exploitation rate and yield per recruitment (Y'/R) and biomass per recruitment (B'/R) at first capture size
(Lo) value of 175.10 mm in white-spotted spinefoot (Siganus canaliculatus) females in Flores Sea.
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The recruitment pattern of the white-spotted spinefoot indicates that recruitment occurs
throughout the year, and the recruitment peak occurs in November. The recruitment
success is correlated with environmental factors (Garcia 1988; Dodds 2019). The
environmental factors when the post larva cohort arrived at the nursery ground had a
greater influence than the abundance of larvae produced during the spawning. Therefore,
reproductive biology parameters need to be supported by environmental parameters so
that the yield per recruitment prediction result is closer to the real conditions in nature.
The wrong yield per recruitment prediction have led to many cases of over-exploitation of
fish stocks (Hilborn & Peterman 1996).

The yield per recruitment analysis indicates that the population of the white-
spotted spinefoot in the Flores Sea was in the knife edge recruitment condition for
fisheries (tr=tc). This means that each time a recruitment occurs, the white-spotted
spinefoot was caught.

Management of fish resources is recommended using the exploitation rate at Eio
level. At Eio, the exploitation rate shows an exploitation of 60% of the immature
biomass. When referring to Eio, the exploitation rate of the white-spotted spinefoot in the
Flores Sea has exceeded 10% of the recommended exploitation rate.

The relative biomass per recruitment model depicts mean annual viable biomass
as a function of capture mortality (Beverton & Holt 1993; Sparre & Venema 1998).
Optimum biomass per recruitment of the white-spotted spinefoot was at an exploitation
rate of 0.820 year?!, and at a relatively optimum biomass per recruitment of 0.16 of
immature biomass.

Conclusions. The white-spotted spinefoot in Flores Sea has been captured before the
first maturity size. The number of cohorts found was two, less than that found in previous
studies (two to four). The dominant small size of captured fish can be caused by the
faster mortality rate of the larger size fish. The growth rate was low (0.78 for males and
0.73 for females). The natural mortality rate was relatively small. The fishing mortality
rate indicates that overfishing has occurred. Exploitation rates indicate that the
population has been overfished. Recruitment occurred throughout the year, with the
recruitment peak in November. Yield per recruitment was in the knife edge recruitment
fisheries condition. The exploitation rate has exceeded the recommended rate of
exploitation. The optimum biomass per recruitment was at an exploitation rate of 0.82
year!, and at a relatively optimum biomass per recruitment of 0.16 of immature
biomass.
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