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Abstract

This study aims to describe the grouper-snapper fish resource condition in the waters of the Sangihe group of islands. Due to
ecologically and economically important coral and demersal fisheries, particularly for small-scaled fishermen, the study is ex-
pected to be able to contribute to responsible fisheries management for the prosperity and the development of the local com-
munity. Data collection was done in fish landing center using sampling method for 7-15 days a month. Individual length was
recorded at the landing base. The parameters analyzed were catch per unit effort (CPUE) and length-based spawning potential
ratio. Results identified 42 species of snappers and 52 species of groupers landed in the landing base with 12 dominant species.
The CPUE analysis showed a declining trend. The fish stock condition analysis indicated that there were 3 species of over exploit-
ed status, 6 species fully exploited and 3 species under exploited in the period of 2019-2021, then 4 species of under-exploited
status, 4 species of fully-exploited, and 4 species of over-exploited status in the period of 2022-2023.
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Introduction

Marine fisheries play important roles in global food security and
provide job opportunities and livelihoods for numerous coastal
communities. The rapid growth of the human population and

the rise in animal protein intake in developing countries make
the need for marine food production increase in the next future
(Armorim et al., 2019). Increased fishing pressures and exces-
sive exploitation from this demand have made the long-term
sustainability become global attention, especially in developing
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countries, where the appropriate management tools and politi-
cal will are still low and hungers occur (Alam et al., 2021).

Indonesia is the second largest grouper-snapper-producing
country of the world (Cawthorn & Mariani, 2017) contributing
to 36% of the global catch production (Amorim et al., 2020).

Previous studies have described the stock condition of
grouper-snapper fisheries using different approaches, such as
spawning potential ratio (SPR) estimation dealing with the de-
gree of exploitation (Ernawati & Budiarti, 2020; Herwaty et al,,
2023; Rincdén-Sandoval & Lopez-Rocha, 2024) and harvest rule
implementation, such as size limit and spatial closure (Herdi-
ana et al,, 2023), mostly reflected the low SPR value. In spite of
above the recommended SPR, it is very close to the minimum
critical level (Ernawati & Budiarti, 2020; Waterhouse et al.,
2020).

Sangihe Group of Islands possesses a significant fisheries
resources potency, particularly reef and demersal fishes. It is
located in North Sulawesi Province at the geographic position of
2°4'137-4°44"22”N and 125°9°28”-125°56’57"E (Fig. 1) between
the south of the Sulawesi Island and Mindanao, the Philippine
(Sarapil et al., 2022). These waters are known as an important
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Fig. 1. Study site in the Sangihe Group of Islands.
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habitat for various reef and demersal fish of high economic
value, such as grouper (Epinephelus spp.), snapper (Lutjanidae),
and other coral fish.

One of the fish groups exploited in North Sulawesi belongs
to coral-demersal fish group, such as snapper, trevally, and
grouper, In general, snapper and grouper fisheries production
has the first priority in North Sulawesi Province for coral-de-
mersal fish commodity and becomes one of the major national
contributor of grouper-snapper fisheries production (National
Fisheries Data Board-MMAEF, 2020). This study aims to evalu-
ate and describe the status of grouper-snapper fish resources in
the Sangihe Group of Islands regency.

Due to ecologically and economically important grou-
per-snapper fisheries, particularly for small-scaled fishermen, this
finding is expected to be able to significantly contribute to the
sustainability of grouper-snapper fish population in the waters of
the Sangihe Group of Islands, support the local economic develop-
ment. and become a reference to the stakeholders in making sci-
ence-based decision to maintain the fisheries resources in the area.

Length-based fisheries are mostly developed in fisheries
management, especially for limited data fisheries, and become one
of the indicators in fisheries reference point (Cope & Punt, 2009;
Punt et al., 2001), and can be taken as a fisheries stock status indi-
cator (Trenkel et al., 2007). The reference point obtained through
fisheries stock condition analysis is important in the policy mak-
ing process related to fishing activity regulations (FAO, 1995).

Materials and Methods

Data collection was done in the period of May 2019-December
2021 and November 2022-December 2023, in Batunderang,
Batuwingkung, Beeng Laut, Bukide, Bukide Timur, Kauhis,
Palareng, Para, Para 1, the Sangihe Group of Islands (Fig. 1).
Data collection was done in fish landing center using sam-
pling method for 7-15 days a month. Total individual length
was recorded at the landing base using a 0.1 cm-ruler. There
were 42 species of snappers and 52 species of groupers landed
in the landing base with total catch of 29,224 individuals in
2019-2022 and 4,991 individuals in 2022-2023, respective-
ly. The dominant snappers are Pale snapper (Etelis radiosus),
Lavender snapper (Pristipomoides sieboldii), Crimson jobfish
(Pristipomoides filamentosus), Rusty jobfish (Aphareus rutilans),
Ruby snapper (Etelis coruscans), Humpback red snapper (Lut-
janus gibbus) and saddle-back snapper (Paracaesio kusakarii),
whereas groupers comprise White-edged lyretail (Variola albi-
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marginata), Darkfin hind (Cephalopholis urodeta), Strawberry  (1969) and Malasha et al. (2003) as follows:
hind (Cephalopholis spiloparaea), Blacktip grouper (Epinephelus

fasciatus) and Honeycomb grouper (Epinephelus merra; Fig. 2). CPUE = G
For fish population condition analysis of snapper-grouper, only fi
12 dominant species were utilized. where Ci is catch and fi is effort. Since fish were caught in var-

Catch per unit effort (CPUE) analysis followed Gulland  ious different fishing gears, the fishing effort was standardized
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Fig. 2. Dominant grouper-snapper fishes caught in the Sangihe Group of Islands Regency.
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using fishing power index (FPI) (Gulland, 1983):
FPIi = CPUEr/CPUEs

where CPUETr = total catch per fishing effort of the gear needed
to be standardized (ton trip '), CPUEs = total catch per fishing
effort of the standard gear (ton trip '), and FPIi = fishing power
index of the standardized and standard gear.

The length data were used to analyze growth parameters,
mean length (L), length at first maturity (L,,), optimal length
at first caught (L_,,), mortality, exploitation rate, and SPR to
describe the fisheries condition of the grouper-snapper in the
Sangihe Group of Islands regency.

Growth parameters were estimated Von Bertalanfty equa-
tion (Sparre & Venema, 1999) as follows:

L, = Lo 14000

where L, = the fish length at age t (cm), L., = asymptotic length
(cm); k = growth coefficient, and t, is hypothetic age at the
length equalling to zero. This analysis was facilitated with Trop-
FishR software (Mildenberger et al., 2017).

Mean total length (L) was calculated in year unit using the
following equation:

L= o
- n

L
where L = mean total length; Li = fish length i, and = number
of samples.
Length at first maturity (L,,), 50% of the caught individuals
are mature, was estimated following Froese & Binohlan (2000):

LogLogL,,=0,8979 x Log Log L., - 0,0782

where L, = length at first maturity and L, = asymptotic length.
The optimum length (L,,,) was also calculated following
Froese & Binohlan (2000):

Log Lopt= 1,0421 x Log L., - 0,2742

L, = optimum length and L., = asymptotic length. L, is
used as catchable individual fish size. In fisheries management,
L, is bigger than length at first maturity (L,,) and smaller than
the asymptotic (L..).
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Length at first capture (L) is the fish length where 50% of
fish individuals are vulnerable to the fishing (ICES, 2018). The
fish size below L_ will escape from fishing and can grow to big-
ger size. Length at first capture (L) was calculated using RStud-
io program (Mildenberger et al., 2017).

The optimum length at first capture (L_ ) was estimated

‘c_opt

following Froese et al. (2016):

L, (2+3§j
L

c_opt F M
M K

Moreover, natural mortality and total mortality were estimated
following Alverson & Carney (1975), Gislason et al. (2010), Pauly
(1980), and Then et al. (2015) facilitated with R-Studio software.
(Mildenberger et al., 2017). Total mortality (Z) and natural mortali-
ty (M) were used to obtain the fishing mortality (F) as follows:

F=7Z-M

The exploitation rate (E) was calculated following Pauly
(1984) as follows:

E= —
V4

where F is fishing mortality (yr'), Z is total mortality (yr),

and E is exploitation rate. The optimum exploitation rate is 0.5

(Pauly, 1984).

Length-based Spawning Potential Ratio (LB-SPR) estima-
tion was carried out online through http://barefootecologist.com.
au/Ibspr referring to Hordyk et al. (2015). LB-SPR analysis needs
length frequency data and was based on the biomass of each
length class and the spawning stock biomass (SSB) as follows:

SSB:iﬁtwt

t=t,
where W, is mean “weight-at-age” and N, is population at cer-
tain time. SSB was calculated at “pristine” (B,). The LB-SPR
calculation was accomplished at different L. and F as follows:

SSB,

SPR = —>—t_
SSB, ,
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The reference point of the coral fish SPR was set following
Ault et al. (2008). Internationally acceptable reference point of
SPR is 20% as limit reference point, 30% as the lowest target ref-
erence point at the Maximum Sustainable Yield or the highest
target reference point at the MSY, and 50% as target reference
point at the Maximum Economic Yield (Prince et al., 2015).
The National Committee for Fish Stock Assessment of Indone-
sia (Badrudin, 2015) has established the SPR values as a signal
of fisheries resources exploitation condition, in which < 20% is
categorized as over exploited (RED), 20%-30% as fully exploit-
ed (YELLOW), and > 30% as under exploited (GREEN).

The SPR ranges between 0-1. At pristine condition, the SPR
can reach 1.0% or 100% of the natural potency, then will fall after
the resouirces have been exploited. The SPR of 30-40% and 50%
are proxy targets of the maximum sustainable yield (MSY) and
the maximum economic yield (MEY) (Badrudin, 2015).

Results and Discussion

CPUE is one of the indicators used to describe a relative abun-
dance of a fish resources in certain fishing ground (Harley et al,,
2001; Quirijns et al., 2008). Since the exploitation used various
different types of fishing gears, such as bottom trap, encircling
gill net, set gill net, speargun, handline, and bottom longline,
the fishing gears were standardized. The standarization was ac-
complished based on the fishing gear of the highest CPUE with
the FPI = 1, the fishing gear possessing a high effectivity and
efficiency in fishing operations. Based on the CPUE and FPI
estimation, the handline had the highest CPUE, 6.82 kg trip™*
with an FPI of 1.0 (Table 1) meaning that the handline is the
most effective and efficient fishing gear to catch coral-demersal
fish, particularly in the Sangihe Group of Islands waters.

An increasing CPUE trend indicates a developing con-
dition of fish exploitation rate, flat CPUE trend indicates the

Table 1. Number of catches, efforts, CPUE, and FPI with
fishing gear in the Sangihe Group of Islands

Fishing effort ~ Catch CPUE

Fishing gear (trip) 9 (kg) (kg/trip) FPI

Trap 12 18.70 1.56 0.23
Encircling gill net 11 49.76 4.52 0.66
Set gill net 220 396.85 1.80 0.26
Speargun 588 1,146.19 1.95 0.29
Handline 6,926 47,258.45 6.82 1.00
Bottom long line 18 29.32 1.63 0.24

Grouper-snapper fisheries

explotation rate approaching to maximum effort, and declining
CPUE trend indicates an overfishing condition if continuously
neglected.

The highest CPUE of the snapper and grouper occurred in
2020, approximately 7.43 kg trip ' and the lowest in 2022, 5.27
kg trip ', with mean CPUE of 6.40 kg trip' (Table 2). It means
that the fisherman can catch snapper-groupers with mean catch
of 6.40 kg trip'. Even though the declined CPUE does not
occur significantly, this condition needs to be aware to prevent
overfishing.

Table 3 demonstrates the population parameters and
grouper-snapper fish stock conditions in the Sangihe Group
of Islands. The fish resources indicated to be overfished were
Crimson jobfish (Pristipomoides filamentosus), Humpback red
snapper (L. gibbus), and saddle-back snapper (P. kusakarii). The
fish of this group had an SPR < 0.2 and high fishing pressures
with F/M > 1. Considering the SPR values, the over-exploited
fish species have only < 20% of adult stock in nature that can
contribute new offsprings compared with that of the “unfished”
fish stock.

The size composition-based fishing condition with low SPR
(< 0.2) is dominated by small size and immature individuals
(Prince et al., 2015) and can be seen from L.-L,, ratio (Froese
& Binohlan, 2000). Mean length of Crimson jobfish (Pristipo-
moides filamentosus) at first caught (L) was 25.44 cm, much
below the length at first maturity (L,,), 44.35 cm, indicating that
Crimson jobfish (Pristipomoides filamentosus) is declining with
73% immature individuals. Similar situation could also be ob-
served in Humpback red snapper (L. gibbus) with mean length
at first caught was 21.52 cm, smaller than length at first maturity
(L)), 28.93 cm with 68% immature. High percent of the caught
immature individuals can be an indicator of high explotation
and fishing pressures (Froese, 2004; Pauly, 1984) and can lead to

Table 2. Number of catches, trip, CPUE groupers-snapper in
the Sangihe Group of Islands

Year Fishing effort (trip) Catch (Kg) CPUE
2019 1149 8,222.82 7.16
2020 3501 26,008.93 743
2021 3109 18,687.66 6.01
2022 339 1,787.17 5.27
2023 905 5,770.37 6.38
2024 69 425.05 6.16
Mean 6.40

CPUE, catch per unit effort; FPI, fishing power index.
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Table 3. Population parameters and grouper-snapper fish stock conditions in the Sangihe Group of Island waters in 2019-2021

Length indicators Growth parameters Mortality %
Family Species Imma-  F/M SPR
Lun  Lmax  Lmen  Lm L. Lt Lop Lo k ty Ay M z F E ture (%)

Lutjanidae  Etelis radiosus 1533 9977 6657 549 5736 6855 6175 10592 0.19 -064 17 026 060 034 057 18 131 0.27”
Pristipomoidessieboldii 1759 4739 33.11 2863 3159 3217 3169 5124 034 -042 9 051 238 187 079 13 368 024"
Pristipomoides 3

flamentosus 1296 81.15 3926 4435 2544 5345 4872 8342 024 -053 11 034 080 046 058 73 135 0.14
Aphareus rutilans 1240 10375 6585 53.16 6660 6595 5731 10206 0.15 -079 20 021 038 0.17 045 9 082 037"
Etelis coruscans 1714 11131 6166 5799 5485 7296 6744 11244 0.15 -080 21 020 050 030 060 40 150 0.24”
Lutjanus gibbus 1037 4941 2541 2893 2152 3255 3176 5183 032 -045 10 042 118 076 064 68 181 019"
Paracaesio kusakarii 2190 6802 3685 3606 3066 4204 3860 6625 0.18 -076 17 029 1.00 071 071 43 241 0127
Epineph- Variolaalbimarginata 1181 4267 2568 2485 1958 2729 2651 4376 037 -040 9 049 127 078 062 45 160 0.26”
elidae  cophglopholisurodeta 9.51 2302 1618 1498 1436 1516 1374 2490 042 -041 8 073 187 114 061 29 157 0.30”
Cepht.JIopholis 1004 2207 1549 1418 1425 1423 1331 2343 046 -039 7 082 299 217 073 19 265 0.28”
spiloparaea
Epinephelus fasciatus 1033 2790 1975 1667 1699 17.16 1637 2804 036 -047 9 049 105 056 053 17 1.14 038"
Epinephelusmerra  9.50 2334 1700 1475 1719 1489 1405 2447 038 -046 8 053 109 056 051 18 1.06 032"

! Under-exploited.
?Fully-exploited.
* Over-exploited/overfished.

L Min. Length of all measured samples (cm); L,,..,, max. Length of all measured samples (cm); L, mean length (cm); L,,, length at first maturity (cm); L, length at first capture (cm); Lops
optimum length (cm); L, optimal length at first capture; L., asymptotic length (cm); k, growth coefficient (yr-1); t0, age at length = 0 (yr.); Amax, max age (yr.); M, natural mortality (yr - i);
Z, total mortality (yr - i); F, fishing mortality (yr - i); E, exploitation rate; % immature, percent immature fish caught; F/M, fishing and natural mortality ratio; SPR, spawning potential ratio.

overfishing (Hilborn & Walters, 1992). Other overexploited fish
species is saddle-back snapper (P kusakarii) with high percent
of immature small size (43%), L. of 30.66 cm and L,, of 36.06
cm, respectively.

Besides SPR, F/M ratio and exploitation rate (E) also become
key parameters to describe the exploitation rate and fishing pres-
sures, with reference point of 1.0 for F/M ratio and 0.5 for F = M
(Pauly, 1984; Rochet & Trenkel, 2003). The present study found
that P, filamentosus, L. gibbus, and P. kusakarii had F/M of 1.35-
2.41 with expoitation rate of 0.58-0.71. This condition indicates
that the exploitation rate has exceeded the optimum rate (E > 0.5)
causing a higher fishing mortality (F) than natural mortality (M)
or F/M > 1 which results in stock decline (Fig. 3).

In management plan, the fish resources indicated as over-ex-
ploited are major target. Maintaining the fish stock sustainability
could be done by regulating the L_ to be bigger than the size at
first maturity (L,,) and the optimal size (L,,) (Froese & Binohlan,
2000). It can reduce the catches of immature individuals and
increase the SPR (Prince et al., 2015). Eighty percent of Crimson
jobfish Pristipomoides filamentosus, Humpback Red snapper
(L. gibbus), and saddle-back snapper (P. kusakarii) catches were
mostly obtained using vertical handlines with hooks of number
6 to 22. Besides, sustainable fisheries management could be done

https://doi.org/10.47853/FAS.2025.e68

by reducing the fishing efforts and avoiding the fishing target
(Hilborn & Walters, 1992), especially Pristipomoides filamentosus,
L. gibbus, and P, kusakarii in the present study.

The fish species categorized in fully-exploited stocks with
an SPR of 0.2-0.3 were Pale snapper (E. radiosus), Lavender
snapper (P sieboldii), Ruby snapper (Etelis coruscans), White-
edged lyretail (V. albimarginata), Darkfin hind (C. urodeta), and
Strawberry hind (Cephalopholis spiloparaea). There are several
species at immature stage caught in high numbers, E. coruscans,
V. albimarginata, C. urodeta. These species have the L. below L,
with 26%-45% of immature individuals. Based on F/M ratio and
exploitation rate, 1.50-1.89 (F/M) and 0.60-0.65 (E), respectively,
the stock condition will lead to overfishing risks and need specific
fishing regulations, particularly Etelis coruscans and V. albimargi-
nata which had catches of immature individuals > 40%.

Meanwhile, Pale snapper (E. radiosus), Lavender snapper
(P sieboldii), and Strawberry hind (Cephalopholis spiloparaea)
were mostly caught above minimum legal size with < 20% of
immature individuals. However, these species had the exploita-
tion rate far above the optimum level with F/M ratio of 1.31-3.68
and exploitation rate (E) of 0.57-0.79 so that they lead to over-
fishing (Hilborn & Walters, 1992; Pauly, 1984). For population
management, the fish group of fully-exploited becomes the sec-
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Fig. 3. Length frequency distribution of (A) Crimson jobfish (Pristipomoes filamentosus), (B) Humpback red snapper (Lutjanus

gibbus), and (C) Saddle-back snapper (Paracesio kusakarii).

ond priority for management after the fish stock is in over-ex-
ploited condition (FAO, 1995). An alternative handling could
be directed to establishing the minimum individual size at the
optimumm length (L,,) (Froese & Binohlan, 2000), regulating
fishing gears (Prince et al., 2015), and maintaning the extent of
fishing efforts (Hilborn & Walters, 1992).

The under-exploited fish species with an SPR > 0.3 were
recorded in Rusty jobfish (A. rutilans), Blacktip grouper (E.
fasciatus), and Honeycomb grouper (Epinephelus merra). These
species are dominated catches at the legal size (L. > L) with
immature individuals less than 20%. Such a fishing condition
needs to be maintained to keep the the resource sustainability.
The F/M ratio of Rusty jobfish (A. rutilans) was 0.69 with an
exploitation rate below minimum exploitation (E < 0.5), indi-
cating that the fishing activity belongs to underfishing category,
so that fishing activities could be raised up to minimum limit
(Pauly, 1984). Furthermore, Blacktip grouper (E. fasciatus) and

804 | https://www.e-fas.org

Honeycomb grouper (Epinephelus merra) had F/M ratio of 1.14
and 1.06, respectively, with expoloitation rate of 0.53 and 0.51,
respectively, so that fishing pressures on Blacktip grouper (E.
fasciatus) and Honeycomb grouper (Epinephelus merra) need to
be monitored without addition of fishing efforts to prevent the
fish stock decline (Erisman et al., 2015; Sadovy et al., 2003).

The fish stock condition of an SPR < 20% has alarmed
the future of the grouper-snapper fisheries in the waters of
the Sangihe Group of Islands and needs an effective manage-
ment policy through science-based fishing control regulation
implementation on the target species. It is in agreement with
Dowling et al. (2015) that the use of fish stock status indicator
needs to be followed through law enforcement. Previous stud-
ies in 2019-2021 are taken as a reference point to evaluate the
stock condition and determine the harvest strategy based on
stock abundance estimation, since science-based management
is crucial in formulating the management plan (McQuaw et

https://doi.org/10.47853/FAS.2025.e68
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Table 4. Min. length (L,;,), mean length (L), fishing pressures (F/M), spawning potential ratio (SPR) of grouper-snapper fish in

the Sangihe Group of Islands waters

Loy (€M) L(cm) F/M SPR
No  Species Common names 2019-  2022-  2019-  2022-  2019-  2022-  2019-  2022-

2021 2023 2021 2023 2021 2023 2021 2023
1 Etelis radiosus Pale snapper 1533 1972 6657 522 131 2.29 0277 01?
2 Pristipomoides sieboldii Lavender jobfish 1759 2032 3311 3152 368 3.82 0247 018
3 Pristipomoides filamentosus Crimson jobfish 1296 1549 3926 3618 135 3.85 014"  003”
4 Aphareus rutilans Rusty jobfish 124 1468 6585 514 0.82 0.44 037" 042"
5 Etelis coruscans Deepwater longtail red snapper 1714 2464 61.66 515 1.5 248 0.24” 0.14”
6 Lutjanus gibbus Humpback red snapper 1037 1135 2541 2421 1.81 0.98 019”0217
7 Paracaesio kusakarii Saddle-back snapper 219 2123 3685 3394 241 1.83 012 02?
8 Variola albimarginata White-edged lyretail 1181 1149 2568 2688 16 0.60 026" 033"
9 Cephalopholis urodeta Darkfin hind 9.51 1029 1618 1519 157 1.54 0.3” 0217
10 Cephalopholis spiloparaea Strawberry hind 1004 1 1549 1537 265 1.19 028"  029”
1 Epinephelus fasciatus Blacktip grouper 1033 NA 1975  NA 1.14 NA 038"  NA
12 Epinephelus merra Honeycomb grouper 95 NA 17 NA 1.06 NA 032" NA

" Under-exploited.

? Fully-exploited.

? Over-exploited/overfished.
NA, Not applicable.

al., 2021). The previous study in 2019-2021 has recommended
to use the hook > #5 to reduce small immature fish catches as
established in the decree of the Ministry of Marine Affairs and
Fisheries, Indonesian Republic No.123, 2021 concerning Man-
agement Plan of Grouper-Snapper Fisheries.

In 2022-2023, there were 2 species of under-exploited sta-
tus, 4 species fully-exploited status, 4 species of over-exploited
status, and 2 other priority species of insufficient available data
(n < 100; Table 4). The under-exploited species with an SPR of
0.3 were Rusty jobfish (A. rutilans) and White-edged lyretail (V.
albimarginata); the fully-exploited species were Humpback red
snapper (L. gibbus), Saddle-back snapper (P. kusakarii), Darkfin
hind (C. urodeta), Strawberry hind (Cephalopholis spiloparaea);
the over-exploited species were Pale snapper (E. radiosus), Lav-
ender jobfish (P sieboldii), Crimson jobfish (Pristipomoides fila-
mentosus), Ruby snapper (Etelis Coruscans). There were 2 grou-
per species could not be analyzed due to insufficient minimum
number of individuals (n < 100) with a total of 4,491 individuals
mostly caught by vertical handliners (Table 5).

In comparison with the previous stock condition (2019-
2021), the present study found that changes in stock condition
occur in some species of grouper-snapper indicated with the
SPR value. The fish stock condition could be affected by fishing
pressures (F/M) and mean length of the catch.

Table 4 shows that 3 snapper species of genera Efelis and Pris-
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Table 5. Number of length data of snappers and groupers in
the Sangihe Group of Island waters

Famili Species 2019-2021 2022-2023
Lutjanidae Etelis radiosus 6,420 486
Lutjanidae Etelis coruscans 1,871 224
Lutjanidae Pristipomoides sieboldii 3,570 968
Lutjanidae Pristipomoides filamentosus 3,414 839
Lutjanidae Aphareus rutilans 3,025 858
Lutjanidae Paracaesio kusakarii 958 216
Lutjanidae Lutjanus gibbus 1,191 228
Epinephelidae Variola albimarginata 2,903 361
Epinephelidae  Cephalopholis urodeta 2,339 613
Epinephelidae  Cephalopholis spiloparaea 1,223 115
Epinephelidae  Epinephelus fasciatus 871 41
Epinephelidae  Epinephelus merra 438 42

Numbers with " asterisk are not used in the analysis due to insufficient amount.

tipomoides have a status change from fully-exploited to over-ex-
ploited due to increased F/M and declined mean length, whereas
White-edged lyretail grouper (V. albimarginata) stock condition
recovered at the evaluation year of 2022-2023 from fully-exploited
to under-exploited due to declined fishing pressures from 1.6 to 0.6
and increased mean length by 1.2 cm (Table 4).

Based on 2022-2023 data, snapper and grouper handline
fishing activities did not use the hook size recomended in the
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Fig. 4. Fishermen's obedience to fishing gears (hook size) in snapper-grouper fishing in the Sangihe Group of Islands waters

in 2022-2023.

study period of 2019-2021. Fishermen’s compliance on the
hook size regulation ranged between 0%-36% for the twelve
managed species and these are considered to be low enough.
The compliance on hook size implementation on 7 priority spe-
cies of managed snappers (no. > 8) ranged between 2%-36%,
and most fishermen used hook size of 12 (24%). For 5 priority
species of the manage groupers, the compliance ranged between
0%-12% and fishing tended to use hook size of #14 (56%) (Figs.
4 and 5). It impacts on the catch below the minimum legal size
that affects the fish stock condition in nature.

In 2022-2023, fishermen used the hook size of 9-14 to fish
snapper Pristipomoides filamentosus. Nevertheless, the fisher-
men’s compliance to implement the use of hook size regulation
was only 4%. As a result, 88% of the total catches are dominated
by immature individuals. This species reach maturity at 44.35
cm long. It impacts on a low SPR, 0.03, the stock condition is
over-exploited (Fig. 6). Similar situation is also shown by Herd-
iana et al. (2023) on the grouper fishery in Saleh Bay, Indonesia,

806 | https://www.e-fas.org

Fig. 5. Hooks used for groupers-snapper fishing in the
Sangihe Group of Islands waters in 2022-2023.

that the fishermen’s compliance to the harvest control rules
needs sufficent awareness to be able to maintain the fish stock
potentiality to deliver new offsprings.

This fishing practice will cause fewer and fewer juveniles
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Fig. 6. Length frequency distribution and hook size of (A) Pale snapper (Etelis radiosus), (B) Ruby snapper (Etelis coruscans),
(C) Lavender jobfish (Pristipomoides sieboldii) and (D) Crimson jobfish (Pristipomoides filamentosus). Red lines indicate L, of

each species. L, length at first maturity.

reach maturity and reproduce, so that they are not able to re-
bulild the stock (McQuaw et al., 2021). Changing the hook
size influences the individual fish size of the catches. The use of
bigger hook size could increase the the size at first caught (L)
and reduce the possibility to catch immature individuals and
give sufficient time the fish to reach sexual maturity and spawn
before being caught as well (Alds et al., 2008).

Conclusion

Present study indicated that change in fish stock condition
occurred in pale snapper (E. radiosus), ruby snapper (Etelis cor-
uscans), and lavender snapper (P, sieboldii) from fully-exploited
status in 2019-2021 to over-exploited in 2022-2023. Better con-
dition was recorded in saddle-back snapper (P kusakarii) and
Humpback red Snapper (L. gibbus) from over-exploited status
in 2019-2021 to fully-exploited in 2022-2023. Crimson jobfish
(Pristipomoides filamentosus) had over-exploited status during
these two periods of time. Moreover, the compliance to the use
of recommended hook sizes was still low, but higher awareness
could reduce small individual sized-catches and give more time
them to reach size at first maturity before caught.
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