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ABSTRACT
The goldband snapper (Pristipomoides multidens), a deep-sea species of
the family Lutjanidae, has high economic value, yet basic data for its resource
management remain limited. This study aimed to describe the population and
fishery characteristics of the goldband snapper in Tomini Bay, Indonesia.
Data were daily collected from March to December 2017 at the Pagimana fish
landing site. Population characteristics included a modal length of 33cm FL,

égmgrzgss.napper negative allometric grovyth, a mean condition factor of 1.01, growth rate (K)

Population ' of 0.31 year ™, asymptotlc.length (Loo) of 58.75cm FL, natl..lral. mortality (M)

Fishing ' of 0.7 year™, total mortal.1ty (Z) of 1.13 year™', and exploitation rate (E) of

Deep séa demersal fish 0.38 _year". The sex ratio was 19.64% males to 80.36% fema}es; peak

Tomini Bay ' recruitment occurred in April, and the spawning potential ratio (SPR)
averaged 22.33%. Fishery characteristics showed that handline was the
dominant fishing gear; fishing grounds were spatially restricted; peak fishing
season occurred in April; average abundance index was 30.6kg/ trip; and the
highest landings were in May. The goldband snapper contributed 24.5% of
the Lutjanidae catch, with a first capture length (Lc) of 26.7cm FL. It is
recommended to improve fishing gear selectivity and to establish production
limits to ensure sustainable management of goldband snapper resources in
Tomini Bay.

INTRODUCTION

Pristipomoides multidens in Indonesia is locally known as “Angoli” and “Kurisi
Bali.” Taxonomically, it belongs to the family Lutjanidae, the same group as snapper, and
is commonly referred to in trade as “goldband snapper.” This species is a deep-sea demersal
fish whose distribution is strongly influenced by bottom topography, currents, and
temperature (Newman et al., 2016). The goldband snapper inhabit areas characterized by
continental slopes, islands, and reefs. They are classified as deep-sea snappers, occupying
depths of 60— 250m, with the highest concentrations at 80— 150m (Marriott et al., 2014).

Based on spatial distribution, this species belongs to the tropical fish group, with a
global range across the tropical Indo-Pacific, from Samoa in the east to the Red Sea in the
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west, and from southern Japan in the north to northern Australia in the south (Lloyd et al.,
2000). The stock status of the goldband snapper is often used as an indicator for the status
of other oceanic demersal fish species (Jackson et al., 2020).

Alongside Lutjanus malabaricus and Lutjanus erythropterus, P. multidens is one of
three snapper species with significant economic value for Indonesia as an export
commaodity (Anggraeni, 2012). Among deep-sea demersal fish in Indonesia, the goldband
snapper ranks second in production after L. malabaricus (Mous et al., 2022). Additionally,
this species holds high economic value in other countries, including Australia (Newman et
al., 2000; Gastauer et al., 2017; Sih et al., 2017; Jackson et al., 2020) and Papua New
Guinea (Fry et al., 2006).

Exploitation of the goldband snapper is generally small-scale (Blaber et al., 2005;
Newman et al., 2016), but fishing intensity has been increasing in recent years, both in
Australia (Leigh et al., 2009; Jackson et al., 2020) and Indonesia (Anggraeni, 2012). In
the Arafura Sea, exploitation has shifted to an industrial scale (Nuraini & Ernawati,
2017). The species now contributes significantly to demersal fish landings in Probolinggo
(Anggraeni, 2012) and to bottom longline catches in the Arafura Sea (Nuraini &
Ernawati, 2017). In Northern Australia, production increased from 84 tonnes in 1990 to
385 tonnes in 1997 (Lloyd et al., 2000), with its contribution to demersal fish catches rising
to 37.7% (Newman & Dunk, 2003) and further to 523 tonnes in 2010 (Jackson et al.,
2020). Across Australia, production grew from 600 tonnes in 2000 to 1,400 tonnes in 2010
(Williams et al., 2017). In Indonesia, the goldband snapper production reached 18,886
tonnes in 2020 (Mous et al., 2022).

While production has increased, there are concerns about resource depletion.
Although national-scale landings have grown, catches in major fishing grounds such as the
eastern Timor Sea, Aru Bay, and Arafura Sea have declined (Anggraeni, 2012). In the
Arafura Sea, the length at first capture has decreased; the goldband snapper caught with
bottom longlines averaged 43.4cm TL in 2000 but only 40.5cm TL in 2007 (Nuraini &
Ernawati, 2017). This decline, combined with biological traits, places the species at high
risk of overfishing (Williams et al., 2017; Jackson et al., 2020). Key parameters indicating
high exploitation risk are summarized in Table (1).

The contradiction between increasing national landings (in both Indonesia and
Australia) and signs of population decline in primary fishing grounds—combined with the
species’ vulnerability—highlights the need for research to provide data for management
and conservation. It is particularly important to study areas where stock status is unknown
but which have potential as habitat and fishing grounds.

Tomini Bay, with its underwater slopes, basins, and seamounts (Marine Geology
Research and Development Centre, 2004; Sendjaja et al., 2020), resembles habitats
known to support goldband snapper in other regions (Newman et al., 2012; Williams et
al., 2017). This makes Tomini Bay a potential resource and alternative fishing ground for
the species. Despite research on other fish resources in Tomini Bay—such as nautilus, and
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rabbitfish (Burhanuddin, 2005), skipjack (Mardlijah et al., 2021), mackerel (Sarif et al.,
2020; Olii et al., 2022)—no studies have addressed the goldband snapper resources.

This study aimed to describe the population and fishery characteristics of the
goldband snapper in Tomini Bay.

o Population characteristics: length structure, length-weight relationship,
condition factor, growth rate, mortality rate, exploitation rate, sex ratio, gonad
maturity, length at first maturity, recruitment pattern, and recruitment potential.

« Fishery characteristics: fishing gear, fishing grounds, fishing season, fishing trips,
abundance index, fish landings, catch composition, and selectivity.

The information from this research will provide an overview of the resource status,
forming the basis for management and conservation strategies for the goldband snapper in
Tomini Bay, and more broadly, in other potential fishing locations.

MATERIALS AND METHODS
1. Types and collection of data

Data collection was carried out from March to December 2017 at the fish landing
site in Pagimana, Central Sulawesi, Indonesia (Fig. 1). Fish population characteristics
recorded included length—weight and reproductive aspects, while fishing data covered
fishing gear, fishing grounds, number of trips, and catch.

Data on fish length—weight, fishing gear, fishing grounds, number of trips, and
catch were collected daily by trained local enumerators. Observations and data on sex and
gonadal condition were conducted seasonally—during the west monsoon, east monsoon,
transition I, and transition I1—by researchers. Sex and gonadal condition were determined
visually through dissection of proportionally sampled fish specimens.

2. Sample analysis

Species identification was conducted to ensure the object fish was Pristipomoides
multidens and related fish species in capture and ecology. Fish species observed are
identified based on credible guidebooks (Senta & Tan, 1975; Ray et al., 2017). Analysis
the level of gonadal maturity can be divided into immature, developed, maturing, mature
and spent (Hassell et al., 2018).

3. Data analysis
Length weight relation was estimated by using the Froese (2006) equation:
W = al?
1)

Where, W is the body weight (g), L is the fork length (cm), a is the regression constant or
intercept, b is the regression coefficient or slope.
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Relative Condition factor was estimated by using the following formula of Le Cren (1951)
equation:

Kn = W/aLP

@)

Where, Kn is the relative condition factor (g); L is the fork length (cm); a is the regression
constant or intercept; b is the regression coefficient or slope.

Growth parameters were estimated based on the von Bertalanffy growth model (Sparre &
Venema, 1992):

Ly =Ly, [1— e Kt7t)]

(3)

Lt is the length of the fish at age t; Loo is the theoretical maximum length (asymptotic
length); K is the growth coefficient; and t0 is the theoretical age of zero length.

Asymptotic length (L») and growth rate (K) were estimated with the ELEFAN I
programme in FISAT Il (Gayanilo et al., 2005). Age at length 0 (to) was estimated based
on the equation of Pauly (1983).

Log (-t0) = -0,3922 — 0,2752 log (Loo) — 1,038 log (K)
4)

Mortality parameters included natural mortality (M), fishing mortality (F) and total
mortality (Z). Total mortality (Z) was estimated using the length converted catch curve
method in the FISAT Il programme package (Pauly, 1983; Gayanilo et al., 2005). Natural
mortality (M) was estimated using the equation of Pauly (1983) with the addition of an
average water temperature value of 29°C:

Log (M) =-0,0066 — 0,279 log (L) + 0.6543 log (K) + 0.4634 log (T)
(5)

Fishing mortality rate and exploitation rate were estimated using the Sparre and
Venema (1992) equation:

F=Z-M

(6)
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()
F = Fisihing mortality, Z = Total mortality, M= Natural mortality, E = Exploitation rate

Potential recruitment is based on Spawning Potential Ratio (SPR) values estimated by
comparing spawning stock biomass under fishing conditions (SSBRfished), with no fishing
conditions (SSBRunfished), using the equation set in the study of Hordyk et al. (2016):

SPR = SSBRfished
SSBRunfished

(8)

Input data used in the SPR analysis are M/K ratio, asymptotic length (Loo), proportion of
50% gonadal mature population (Lm), proportion of 95% gonadal mature population
(Lm95) and fish length. Input data greatly affects the value of the SPR, so in this analysis
using three sets of input data obtained based on length base analysis with the method of
Pauly (1983), Froese and Binohlan (2000) and Then et al. (2015).

The fishing season is set based on the Fishing Season Index which was calculated based
on the time series analysis of Spiegel (Merta et al., 2004).

FSI = ((Pi X N)/ Y™, Pi)-1

(9)

FSI =Fishing season index in month i, Pi = Production in month i, N= Number of months
of production

The mean length at first capture (Lc50) of P. multidens was analysed with a logistic
function based on the equation of Sparre and Venema (1992):

. 1
SL - 1+exp (a—b=L)
(10)

Where, S_L is the selectivity of the longline gear, a and b are constants, L is the length of
the fish and the Lc50 value is obtained from a/b.

RESULTS

1. Length structure, length-weight correlation and condition factor
Measurements of 2,833 goldband snapper (Pristipomoides multidens) revealed a
minimum length of 7cm FL, a maximum of 56cm FL, a mean of 28.3cm FL, and a modal
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length of 33cm FL. The monthly length structure of landed fish varied (Fig. 2a), with the
smallest mean length recorded in June (28.1cm FL) and the largest in May (30.6cm FL).
The length—weight relationship was expressed as:

W = 0.0255 L"2.8709
with a coefficient of determination R2 = 0.9746 (Fig. 2b). The b-value (< 3) indicates a
negative allometric growth pattern, meaning length increases proportionally faster than
weight.
The relative condition factor ranged from 0.59 to 1.31, with a mean of 1.01 * 0.16,
indicating generally good fish condition across samples.

2. Growth, mortality, and exploitation rates
Length-frequency analysis estimated a growth rate (K) = 0.31 year! and an

asymptotic length (Loo) = 58.75cm FL (Fig. 3a). The age at first gonadal maturity was 3.4
years, while the maximum age was estimated at 10 years (Fig. 3b).
Mortality estimates were:

e Natural mortality (M) = 0.7 year™

o Fishing mortality (F) = 0.43 year™

o Total mortality (Z) = 1.13 year™

« Exploitation rate (E) = 0.38 (Fig. 3c)

3. Reproduction and recruitment
Sex composition showed a strong female bias: males 19.64% and females 80.36%.
Gonadal maturity stages indicated 78.57% immature and 21.43% mature individuals. The
length at first maturity (Lm) was 37.83cm FL (Fig. 4a).
Recruitment analysis indicated continuous recruitment throughout the year, with a peak in
April and the lowest recruitment in January (Fig. 4b). The spawning potential ratio (SPR)
was estimated as follows:
e Pauly (1983) method: 32%
o Froese & Binohlan (2000) method: 18%
e Then etal. (2015) method: 17%
The average SPR across methods was 22.33% (Fig. 4c).

4. Fishing gear, fishing grounds, and fishing season

Three fishing gears targeted the goldband snapper: handline, bottom longline, and
spear. Handline was dominant, accounting for 137 trips/month (86.37%), compared to 13
trips (8.01%) for bottom longline and 9 trips (5.62%) for spear (Fig. 5a).

Handlines used a mainline of no. 50, hooks no. 7-8 for large fish and no. 11-12 for
smaller fish, made of titanium. Fishing boats were wooden, 5— 7m long, 0.5— 0.8m wide,
with a capacity of 0.5—- 2GT, powered by two engines (5-10 HP each). No holds were
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present; catches were stored in 50kg styrofoam boxes. Outriggers made from bamboo or
similar material provided stability.

Fishing depth ranged from 25— 45m (mean 32m). Trips lasted 1 day for nearby
grounds (1- 3h travel) and 3 days for distant grounds (5— 8h travel), averaging 2 days with
16h of active fishing.

Eight fishing grounds were identified (Fig. 5b), with intensity as follows: Bajopoat
(45.93%), Jepara Cape (27.93%), Boalemo (13.32%), Sidangi (4.08%), Tinalampu
(3.50%), Buaya Island (2.34%), Tampo (2.32%), and Tembang (0.58%).

Fishing season indices peaked in April, with additional peaks in May, August, and
October. Famine periods occurred in June, September, and December, while July and
November represented transitional months (Fig. 5c).

5. Abundance indices and fish landings

The abundance index (CPUE) for the handline fleet targeting the goldband snapper
was the highest in May (30.6 kg/trip) and the lowest in March (5.1 kg/trip), with an average
of 18.10kg/ trip (Fig. 6a).

The handline fleet contributed 85.64% of total fish landings (Fig. 6b). Total
landings peaked in October (26,981kg) and were at their lowest in September (4,496kg).
The goldband snapper landings peaked in May (1,888kg) and were the lowest in August
(290kQ).

6. Catch composition and selectivity

Eight fish families were caught by handline: Serranidae (27.54%), Lutjanidae
(25.57%), Lethrinidae (14.97%), Scombridae (12.90%), Carangidae (9.26%), Scaridae
(4.82%), Siganidae (3.50%), and Sepiidae (1.50%).
Goldband snapper landings represented 6.27% of total fish catch and 24.52% of Lutjanidae
catch. From April-December, enumerators recorded 8,217kg of the goldband snapper
landed (Fig. 7a). The highest monthly catch was in May (32.64%), and the lowest was in
August (7.16%).

Handline selectivity analysis showed a first capture length (LcL_cLc) of 26.7cm
FL, smaller than the first maturity length (LmL_mLm) of 37.83cm FL (Fig. 7b), indicating
that many individuals were caught before maturity.

DISCUSSION

Measurements of the goldband snapper (Pristipomoides multidens) in Tomini Bay
showed a length range of 7—56cm FL, smaller than the 8.0— 70cm FL reported in Northwest
Australia (Newman & Dunk, 2003). The modal length of 33cm in Tomini Bay is also
smaller than the commonly caught size of 40cm (Carpenter & Niem, 2001). The condition
factor of the goldband snapper in Tomini Bay was >1, indicating that the fish are in good
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body condition and that the water environment supports growth (Dinh et al., 2022;
Paramo et al., 2024). However, because the condition factor can be influenced by various
environmental factors, it should be interpreted alongside other growth indicators (Zhang
etal., 2023).

The length—weight relationship for the goldband snapper in Tomini Bay shows a
negative allometric pattern, meaning length increases faster than weight. This is similar to
findings from Northwest Australia (Newman & Dunk, 2003). Such relationships can vary
between locations and over time, as observed in Australia between 1995 and 1999
(Newman & Dunk, 2003; Gubiani et al., 2020; Dinh et al., 2022; Oyetunji et al., 2022).

Growth, mortality, and maximum size of goldband snapper vary geographically
(Newman et al., 2016). In Tomini Bay, the growth rate (K) was 0.31/year, faster than in
northern Australia (0.187/year) (Newman & Dunk, 2003) and western Australia
(0.26/year) (Jackson et al., 2020). However, it was slower than in Papua New Guinea
(0.67/year) (Fry et al., 2006). The higher growth rate in Tomini Bay compared to northern
Australia aligns with findings elucidating that the tropical snappers grow faster than those
in subtropical waters (Amorin et al., 2019).

The asymptotic length (Loo) in Tomini Bay was 58.75cm FL, slightly less than in
northern Australia (59.8cm FL) (Newman & Dunk, 2003) and western Australia (59.0cm
FL) (Jackson et al., 2020). Moreover, it is considerably smaller than the 70.8— 74.7cm FL
reported by Newman et al. (2016) and 73.6cm FL from the central western Pacific
(Williams et al., 2017). It is, however, greater than the 44.2cm FL reported for Papua New
Guinea (Fry et al., 2006).

Natural mortality (M) in Tomini Bay (0.7/year) was higher than in Northwest
Australia (0.10-0.14/year) (Newman & Dunk, 2003) and Western Australia (0.16/year)
(Jackson et al., 2020). The estimated maximum age in Tomini Bay was 20 years, shorter
than the 28 years reported for western Australia (Jackson et al., 2020), 30 years in northern
Australia (Newman & Dunk, 2003), and 45 years in other locations (Newman et al.,
2016). These differences reflect a general pattern in which fish at lower latitudes have
shorter lifespans and smaller maximum sizes but higher growth and mortality rates. There
is also evidence that the goldband snapper in the northern hemisphere may have shorter
lifespans than those in the southern hemisphere, influenced by sea—air exchange patterns
(Newman et al., 2016).

The exploitation rate (E) of the goldband snapper in Tomini Bay is low at 0.38/year.
Fishing mortality (F) was 0.43/year, lower than the 0.55-0.77/year in northern Australia
(Newman & Dunk, 2003). This low exploitation is linked to small-scale fishing, typical
for deep-sea fisheries, which use specific gear types and operate in limited offshore grounds
(Schemmel et al., 2021). In contrast, commercial fisheries such as those in the Arafura and
Timor Seas have much higher exploitation rates of 0.53/year and 0.68/year, respectively
(Lloyd, 2006).
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The length at first gonadal maturity (Lm) in Tomini Bay was 37.83 cm FL, similar
to Pelabuhan Ratu (37.6 cm FL) (Hukom et al., 2006), but smaller than in western
Australia (44.2cm FL) (Jackson et al., 2020) and northern Australia (47cm FL) (Newman
et al., 2012). The length at first capture (Lc) was 26.7 cm FL, below the maturity size,
indicating that many individuals caught are immature.

The spawning potential ratio (SPR) was estimated at 32%, above the critical
threshold of 20% required to sustain populations (Gabriel & Mace, 1999; Bunnell &
Miller, 2005), suggesting the current fishing pressure allows for sustainable recruitment.
Differences in demographic parameters across studies likely result from population
separation (Bowman, 2022) and the strong influence of local environmental conditions on
deep-sea fish life history (Matthews & Bohaboy, 2024).

Fishing trips and landings peaked in April and October, corresponding with lower
wind speeds and calmer seas during transitional monsoon periods (Habibie et al., 2018;
Alfiandy et al., 2020). This seasonality is consistent with other fisheries in Tomini Bay,
such as mackerel scad, which also show peak catches in April and October (Amri et al.,
2006).

Fishing for goldband snapper in Tomini Bay is conducted mainly with handlines in
relatively small fishing grounds. This is consistent with the species’ bioecological traits:
non-schooling, epibenthic, sedentary, inhabiting uneven benthic topography, and
exhibiting low horizontal movement (Jackson et al., 2020; Baremore et al., 2023).
Handline fishing is also the main gear for goldband snapper in the Timor Sea (Lloyd,
1996), Western Australia (Jackson et al., 2020), and other Indonesian deep-sea fisheries,
where it accounts for nearly 50% of demersal catches (Mous et al., 2022).

The abundance index (CPUE) averaged 18.10kg/ trip (1.13kg/ h), which is low
compared to other regions (Fry et al., 2006). CPUE varied seasonally, peaking in May and
October, and is influenced by environmental conditions, fishing intensity, and
oceanographic factors (Jovanovic & Rafols, 2018; Leontiou et al., 2021).

Catch composition in handline fisheries for the goldband snapper in Tomini Bay is
dominated by demersal species, including Lutjanidae, Serranidae, and Lethrinidae, with
significant pelagic catches from Scombridae and Carangidae. The dominance of
carnivorous species indicates no biomass shift and a stable trophic structure (Nuraini &
Ernawati, 2017). Similar catch compositions are observed in longline fisheries in Papua
New Guinea (Fry et al., 2006) and bottom longline fisheries in the Timor and Arafura Seas
(Mous et al., 2020). Catch composition can vary by location (Newman et al., 2016) and
may shift with increased fishing pressure (Nuraini & Ernawati, 2017).

CONCLUSION

Based on the condition factor, goldband snapper in Tomini Bay can grow well and
exhibit an isometric negative growth pattern. This species is classified as slow-growing
and long-lived, with low natural mortality, fishing mortality, and exploitation rates. The
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goldband snappers caught in Tomini Bay are generally smaller than the size at first gonadal
maturity. Peak recruitment for the population occurs in April, indicating that the species is
still capable of reproduction and recruitment sufficient to maintain population balance and
sustainability.

The fishing grounds and distribution habitat of the goldband snapper in Tomini Bay
cover arelatively narrow area and have a low abundance index. Peak fishing activity occurs
in April and October, while the lowest catch period (“famine”) is recorded in September.
The abundance index for this species remains low. In terms of catch composition, the
goldband snapper accounts for 53.1% of the total Lutjanidae catch and 12.56% of the total
fish landed by handline.

Although the goldband snapper population in Tomini Bay is growing well and is still
capable of balanced recruitment, the combination of a low abundance index and the capture
of smaller-sized individuals suggests the need for management measures. It is
recommended to increase the selectivity of fishing gear and establish production quotas to
ensure sustainable exploitation.

ACKNOWLEDGEMENT

The data are part of the research activities on population characteristics, habitat
resources and potential production of fish resources in WPP 715 funded by the budget of
the Ministry of Marine Affairs and Fisheries. The author would like to thank various
parties, especially fellow researchers, and the Head of the Research Centre for Marine
Fisheries, who have assisted in the preparation of this paper.

REFERENCES

Amorim, P.; Sousa, P.; Jardim, E. and Menezes, G.M. (2019). Sustainability status of
data-limited fisheries: Global challenges for snapper and grouper. Frontiers in
Marine Science, 6: 1-17. |https://doi.org/10.3389/fmars.2019.00654]

Alfiandy, S.; Permana, D.S.; Nurjaman, AW.; Kurnia, W.G.; Prastika, L.;
Panggabean, H.; Soeharto, M.; Wulandari, S.; Setiawan, H.; Hendrawan, A.
and Miranda. (2020). Climate analysis of Central Sulawesi Province based on
BMKG automatic weather monitoring data. GAW Bariri Bulletin (BGB), 1(1): 1-
11.

Amri, K.; Suwarso and Awwaludin. (2006). Hydrological conditions and their
relationship with malalugis (Decapterus macarellus) catches in Tomini Bay
waters. Jurnal Litbang Perikanan Indonesia, 12(3): 183-193.
DOI:10.15578/jppi.12.3.2006.183-193.

Amri, K.; Suwarso, S. and Herlisman, H. (2017). Upwelling estimation based on
comparative analysis of sea surface temperature and chlorophyll-a distribution



https://doi.org/10.3389/fmars.2019.00654

Characteristics of Population and Fishing of Goldband Snapper (Pristipomoides multidens) in Tomini
Bay, Indonesia

images in Tomini Bay.Jurnal Litbang Perikanan Indonesia, 11(6): 57-
71. |https://doi.org/10.15578/jppi.11.6.2005.57-71}.

Anggraeni, D. (2012). Supporting sustainability of snapper fisheries in Arafura and Timor
Sea through supply chain. August: 73.

Baremore, L.E.; Graham, R.T.; Owen, S.R.D. and Witt, M.J. (2023). Small-scale
fishing has affected abundance and size distributions of deepwater snappers and
groupers in the MesoAmerican region. Reviews in Fish Biology and Fisheries, 33:
1547-1568. |nttps://doi.org/10.1007/s11160-023-09796-1}.

Blaber, S.J.M.; Dichmont, C.M.; Buckworth, R.C.; Badrudin, B.; Sumiono, B.;
Nurhakim, S.; Iskandar, B.; Fegan, B.; Ramm, D.C. and Salini, J.P. (2005).
Shared stocks of snappers (Lutjanidae) in Australia and Indonesia: Integrating
biology, population dynamics and socio-economics to examine management
scenarios. Reviews in  Fish Biology and Fisheries, 15(1-2): 111-
127. |https://doi.org/10.1007/511160-005-3887-y].

Bowman, W. (2022). Stock/management unit determination in the Northern Territory
offshore snapper fisheries. Department of Industry, Tourism and Trade, Northern
Territory Government,

Australia. |nttps://nt.gov.au/data/assets/pdf file/0010/1092907/stock-]

Imanaqement—unit—determination—in—NT—offshore—snapper—fisheries.pdﬂ.

Bunnell, D.B. and Miller, T.J.(2005). An individual-based modeling approach to
spawning-potential per-recruit models: An application to blue crab (Callinectes
sapidus) in Chesapeake Bay. Canadian Journal of Fisheries and Aquatic Sciences,
62: 2560-2572.

Burhanuddin, A.l. (2005). The rabbit-fishes (Siganidae) of Tomini Bay,
Gorontalo. Jurnal Iktiologi Indonesia, 5(1): 1-4.

Das, S.K.; Xiang, T.W.; Noorashikin, M.D.N.; Moumita, D. and Samat, A. (2021).
Length-weight relationship, condition factor, and age estimation of commercially
important trawl species from Mersing Coastal Waters, Johor, Malaysia. Sains
Malaysiana, 50(1): 1-7. |http://dx.doi.org/10.17576/jsm-2021-5001-01}.

Dinh, Q.M.; Nguyen, T.H.D.; Truong, N.T. and Nguyen-Ngoc, L. (2022). Factors
regulating growth pattern and condition factor of an amphibious fish
Periophthalmus gracilis living in the Mekong Delta. PeerJ, 10:e13060. DOI
10.7717/peerj.13060.

Frédou, T. and Ferreira, B.P. (2005). Bathymetric trends of northeastern Brazilian
snappers (Pisces, Lutjanidae): Implications for the reef fishery dynamic. Brazilian
Archives of Biology and Technology, 48(5): 787-800.

Froese, R. (2006). Cube law, condition factor and weight-length relationships: history,
meta-analysis and recommendations. Journal of Applied Ichthyology, 22: 241-253.
do0i:10.1111/j.1439-0426.2006.00805.x.

4683


https://doi.org/10.15578/jppi.11.6.2005.57-71
https://doi.org/10.1007/s11160-023-09796-1
https://doi.org/10.1007/s11160-005-3887-y
https://nt.gov.au/data/assets/pdf_file/0010/1092907/stock-management-unit-determination-in-NT-offshore-snapper-fisheries.pdf
https://nt.gov.au/data/assets/pdf_file/0010/1092907/stock-management-unit-determination-in-NT-offshore-snapper-fisheries.pdf
http://dx.doi.org/10.17576/jsm-2021-5001-01

4684 Wagiyo et al., 2025

Froese, R. and Binohlan, C. (2000). Empirical relationships to estimate asymptotic
length, length at first maturity and length at maximum yield per recruit in fishes,
with a simple method to evaluate length frequency data. Journal of Fish Biology,
56: 758-773. doi:10.1006/jfbi.1999.1194.

Fry, G.C.; Brewer, D.T. and Venables, W.N. (2006). Vulnerability of deepwater
demersal fishes to commercial fishing: Evidence from a study around a tropical
volcanic seamount in Papua New Guinea. Fisheries Research, 81(2-3): 126—
141. https://doi.org/10.1016/j.fishres.2006.08.002].

Gabriel, W.L. and Mace, P.M. (1999). A review of biological reference points in the
context of the precautionary approach. *Proceedings of the Fifth National NMFS
Stock Assessment Workshop: Providing Scientific Advice to Implement the
Precautionary Approach under the Magnuson-Stevens Fishery Conservation and
Management Act. NOAA Tech Memo NMFS-F/SPO-40*, 1934: 34—
45. |http://oarfish.nmfs.noaa.gov/Stock Assessment/workshop documents/nsawS/qJ

gbriel_.pdf}.

Gastauer, S.; Scoulding, B. and Parsons, M. (2017). Estimates of variability of goldband
snapper target strength and biomass in three fishing regions within the Northern
Demersal Scalefish Fishery (Western Australia). Fisheries Research, 193: 250—
262. |https://doi.org/10.1016/j.fishres.2017.05.001).

Gayanilo, F.C.J.; Sparre, P. and Pauly, D. (2005). FAO-ICLARM Stock Assessment
Tools I (FISAT I11I). Revised version. User's guide. FAO Computerized Information
Series (Fisheries) No. 8. Revised Version. Rome: FAOQ.

Gubiani, E.A.; Ruaro, R.; Ribeiro, V.R. and de Santa Fé, U.M.G. (2020). Relative
condition factor: Le Cren's legacy for fisheries science. Acta Limnologica
Brasiliensia, 32: e3. |https://doi.org/10.1590/52179-975X13017).

Habibie, M.N.; Fitria, W. and Sofian, 1. (2018). Study of significant wave height
variability index in Indonesia. Jurnal Segara, 14(3): 159-168.

Hassell, K.L.; Rawson, C.A. and Gagnon, M.M. (2018). First report of intersex in a
lutjanid: The goldband snapper Pristipomoides multidens (BRIEF
COMMUNICATION). Journal of Fish Biology, 93(2).

Hukom, F.D.; Affandi, R.; Silalahi, S. and Angelika, 1. (2006). Fecundity and gonadal
development pattern of golden headed fish Pristipomoides multidens, Day 1871 in
Pelabuhan Ratu Waters, West Java. Jurnal Iktiologi Indonesia, 6(1): 67-74.

Hordyk, A.; Ono, K.; Valencia, S.; Loneragan, N. and Prince, J. (2015). A novel
length-based empirical estimation method of spawning potential ratio (SPR).

Jackson, G.; Denham, A.; Hesp, A.; Hall, N.; Fisher, E. and Stephenson, P. (2020).
Resource assessment report Gascoyne Demersal Scalefish Resource. May.



https://doi.org/10.1016/j.fishres.2006.08.002
http://oarfish.nmfs.noaa.gov/StockAssessment/workshop_documents/nsaw5/gabriel_.pdf
http://oarfish.nmfs.noaa.gov/StockAssessment/workshop_documents/nsaw5/gabriel_.pdf
https://doi.org/10.1016/j.fishres.2017.05.001
https://doi.org/10.1590/S2179-975X13017

Characteristics of Population and Fishing of Goldband Snapper (Pristipomoides multidens) in Tomini
Bay, Indonesia

Jovanovic, A. and Colon Rafols, P.l1. (2018). Snapper fishing in Indonesia: The
prerequisites for a sustainable management approach. Management of Coastal
Resources Department of Environment. University for Peace.

Le Cren, E.D. (1951). The length-weight relationship and seasonal cycle in gonad weight
and condition in the perch (Perca fluviatilis). Journal of Animal Ecology, 20(2):
201-219. Published By: British Ecological Society.

Leigh, G.M.; Martin, J.M.; Newman, S.J.; Chambers, M.; Dichmont, C.M. and
Buckworth, R.C. (2009). Sustaining productivity of tropical red snappers using
new monitoring and reference points.

Leontiou; Wu, W. and Brown-Peterson, N.J. (2021). Immature and mature female Red
Snapper habitat use in the north-central Gulf of Mexico. Regional Studies in Marine
Science, 44: 101715. |https://doi.org/10.1016/j.rsma.2021.101715]

Lloyd, J.A. (1996). Long-term abundance index for goldband snapper in the Timor Sea. A
Pilot study. Department of Primary Industry and Fisheries.

Lloyd, J.; Ovenden, J.; Newman, S. and Keenan, C. (1996). Stock structure of
Pristipomoides multidens resources across Northern Australia. 29.

Lloyd, J.A. (2006). Demography of Pristipoides multidens in Northern Australia and a
comparison within the Family Lutjanidae with respect to depth (PhD Thesis).
James Cook University.

Luers, M.A.; DeMartini, E.E. and Humphreys, R.L. (2018). Seasonality, sex ratio,
spawning frequency and sexual maturity of the opakapaka Pristipomoides
filamentosus (Perciformes: Lutjanidae) from the Main Hawaiian Islands:
fundamental input to size-at-retention regulations. Marine and Freshwater
Research, 69: 325-335. |https:/doi.org/10.1071/MF17195).

Mardlijah, S.; Pane, A.R.P and Panggabean, A.S. (2021). The stock status of skipjack
tuna (Katsuwonus pelamis) in Tomini Bay and its surrounding areas,
Indonesia. IOP Conference Series: Earth and Environmental Science, 934: 012085.

Marriott, R.J.; Neill, M.F.O.; Newman, S.J. and Skepper, C.L. (2014). Abundance
indices for long-lived tropical snappers: estimating standardized catch rates from
spatially and temporally coarse logbook data. ICES Journal of Marine Science, 71:
618-627. |nttps://doi.org/doi:10.1093/icesjms/fst167)

Marine Geology Research and Development Centre. (2004). Report of investigation of
mineral resources potential in the waters of Tomini Bay, Gorontalo.

Matthews, T. and Bohaboy, E.C. (2024). Life history of bottomfish management unit
species of Guam. Pacific Islands Fisheries Science Center. National Marine
Fisheries Service. Honolulu.

Mous, P.J.; Gede, W.B.I. and Pet, J.S. (2020). Deepwater demersal fisheries targeting
snappers and groupers in Indonesia (Technical Paper). The Nature Conservancy
Indonesia Fisheries Conservation Program. p.44.

4685


https://doi.org/10.1016/j.rsma.2021.101715
https://doi.org/10.1071/MF17195
https://doi.org/doi:10.1093/icesjms/fst167

4686 Wagiyo et al., 2025

Mous, P.J.; Gede, W.B.I. and Pet, J.S. (2022). Catch, effort and retail value of fisheries
targeting  snappers, groupers and emperors in  Indonesia. 1-

45. |nttp://72.14.187.103:8080/ifish/pub/IFishDeepwaterDemersal.pdf|.

Newman, S.J. and Dunk, 1.J. (2003). Age validation, growth, mortality, and additional
population parameters of the goldband snapper (Pristipomoides multidens) of the
Kimberley coast of northwestern Australia. Fishery Bulletin, 101(1): 116—

128. |nttps://www.scopus.com/inward/record.uri?eid=2-s2.0
|0037240691&partnerl D:40&md5:229586fbaf69468da3e02aacae61f40d|.

Newman, S.J.; Holmes, B.; Martin, J.; McKey, D.; Skepper, C. and Wakefield,
C. (2012). Goldband Snapper Pristipomoides multidens. Status of Key Australian
Fish Stocks Reports 2012, 318-324. Department of Fisheries, Western Australia,
Department of Agriculture, Fisheries and Forestry, Queensland Department of
Primary Industry and Fisheries, Northern Territory.

Newman, S.J.; Steckis, R.A.; Edmonds, J.S. and Lloyd, J. (2000). Stock structure of the
goldband snapper Pristipomoides multidens (Pisces: Lutjanidae) from the waters of
northern and western Australia by stable isotope ratio analysis of sagittal otolith
carbonate. Marine Ecology Progress Series, 198: 239-
247. |https://doi.org/10.3354/meps198239|.

Newman, S.J.; Williams, A.J.; Wakefield, C.B.; Nicol, S.J.; Taylor, B.M. and
O'Malley, J.M. (2016). Review of the life history characteristics, ecology and
fisheries for deep-water tropical demersal fish in the Indo-Pacific region. Reviews

in Fish Biology and Fisheries, 26(3): 537-562. |https://doi.org/10.1007/511160
016-9442-1|.

Nuraini, S. and Ernawati, T. (2017). Changes to the red snapper fisheries in the Arafura
Sea Fisheries Management Area. Indonesian Fisheries Research Journal, 15(2):

9. Ihttps://doi.ora/10.15578/ifrj.15.2.2009.9-16.

Olii, A.H.; Wonneberger, E. and Pasisingi, N. (2022). Growth performance of layang
(scad) fish (Decapterus russelli, Ruppell 1830) caught from Tomini Bay,
Indonesia. ILMU KELAUTAN: Indonesian Journal of Marine Sciences, 27(2): 181-
188. d0i:10.14710/ik.ijms.27.2.181-188.

Oyetunji, O.T.; Ashley-Dejo, S.S.; Ojetayo, T.A.; Adewale, R.O. and Salau,
T.0. (2022). Growth pattern and condition factor of three selected fish species from
Epe Lagoon. Journal of Sustainable Environmental Management, 15: 10-16. ISSN:
2141-0267. fwww.awife.org.ng/publications/jsem.html}.

Ovenden, J.R.; Lloyd, J.; Newman, S.J.; Keenan, C.P. and Slater, L.S. (2002). Spatial
genetic subdivision between northern Australian and southeast Asian populations
of Pristipomoides multidens: A tropical marine reef fish species. Fisheries

Research, 59(1-2): 57-69. |https://doi.org/10.1016/S0165-7836(01)00415-5).



http://72.14.187.103:8080/ifish/pub/IFishDeepwaterDemersal.pdf
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0037240691&partnerID=40&md5=229586fbaf69468da3e02aacae61f40d
https://www.scopus.com/inward/record.uri?eid=2-s2.0-0037240691&partnerID=40&md5=229586fbaf69468da3e02aacae61f40d
https://doi.org/10.3354/meps198239
https://doi.org/10.1007/s11160-016-9442-1
https://doi.org/10.1007/s11160-016-9442-1
https://doi.org/10.15578/ifrj.15.2.2009.9-16
http://www.awife.org.ng/publications/jsem.html
https://doi.org/10.1016/S0165-7836(01)00415-5

Characteristics of Population and Fishing of Goldband Snapper (Pristipomoides multidens) in Tomini
Bay, Indonesia

Ovenden, J.R.; Salini, J.; O'Connor, S. and Street, R. (2004). Pronounced genetic
population structure in a potentially vagile fish species (Pristipomoides multidens,
Teleostei; Perciformes; Lutjanidae) from the East Indies triangle. Molecular
Ecology, 13(7): 1991-1999. |https://doi.org/10.1111/j.1365-294X.2004.02210.4}.

Paramo, J.; Rodriguez, A. and Quintana, C. (2024). Growth type and relative condition
factor as a function of the body shape of deep-water crustaceans in the Colombian

Caribbean Sea. PeerJ, 12:€16583. |nttp://doi.org/10.7717/peerj.1658|.

Pauly, D. (1983). Some simple methods for the assessment of tropical fish stocks. FAO
Fisheries Technical Paper. Rome. 234 p.

Polovina, J. and Shomura, R. (Eds.). (1990). United States Agency for International
Development and National Marine Fisheries Service Workshop on Tropical Fish
Stock Assessment. Honolulu, Hawaii, 5-26 July, NOAA-TM-NMFS-SSWFSC-
148.

Ray, D.; Mohapatra, A.; Mishra, S.S.; Yennawar, P. and Ghorai, N. (2017). Snappers
(Perciformes: Lutjanidae) of West Bengal Coast with eight new records and a key
for their identification. Records of the Zoological Survey of India, 117(1):
39. |https://doi.org/10.26515/rzsi/v117/i1/2017/117282].

Sarif, F.S.; Pringgenies, D.; Hartoko, A. and Sibero, M.T. (2020). Brittle-shelled
nautilus from Tomini Bay, Parigi Moutong Regency, Central Sulawesi,
Indonesia. Journal of Tropical Marine Science and Technology, 12(2): 555-563.
DOI: |http://doi.org/10.29244/jitkt.v12i2.25795).

Schemmel, E.; Nichols, R.; Cruz, E.; Boyer, J.F.F. and Camacho, F.A. (2021). Growth,
mortality, and reproduction of the oblique-banded snapper (Pristipomoides
zonatus) in  Guam. Marine and Freshwater Research, 73(3): 351-
365. |nttps://doi.org/10.1071/mf21094].

Sendjaja, P.; Suparka, E. and Botjing, M.U. (2020). Geodiversity of the Togean Islands
National Park, Central Sulawesi Province for geopark assessment. IOP Conference
Series: Earth and Environmental Science, 589: 012023. IOP Publishing.

Senta, T. and Tan, S.M. (1975). On Pristipomoides multidens and P. typus (Family
Lutjanidae). Japanese Journal of Ichthyology, 22(2).

Sih, T.L.; Cappo, M. and Kingsford, M. (2017). Deep-reef fish assemblages of the Great
Barrier ~ Reef shelf-break  (Australia). Scientific ~ Reports,  7(1): 1-
18. |nttps://doi.org/10.1038/541598-017-11452-1].

Sparre, P. and Venema, S.C. (1992). Introduction to tropical fish stock assessment part
1. Manual. FAO Fisheries Technical Paper (306/1). Rev.1: 376 p.

Sultan. (2018). The effect of wind and rainfall on fishermen production based at the Port
of Paotere. Thesis. Department of Marine Science, Faculty of Marine Science and
Fisheries, Hasanuddin University, Makassar. 1-101.

4687


https://doi.org/10.1111/j.1365-294X.2004.02210.x
http://doi.org/10.7717/peerj.1658
https://doi.org/10.26515/rzsi/v117/i1/2017/117282
http://doi.org/10.29244/jitkt.v12i2.25795
https://doi.org/10.1071/mf21094
https://doi.org/10.1038/s41598-017-11452-1

4688 Wagiyo et al., 2025

Then, A.Y.; Hoenig, J.M.; Hall, N.G. and Hewitt, D.A. (2015). Evaluating the predictive
performance of empirical estimators of natural mortality rate using information on
over 200 fish species. ICES Journal of Marine Science, 72(1): 82-92.

Wigati, E.; Sutarno, S. and Haryanti, H. (1970). Genetic variation of anggoli fish
(Pristipomoides multidens) based on allozyme patterns. Biodiversitas Journal of
Biological Diversity, 4(2): 73-79. |ttps://doi.org/10.13057/biodiv/d040201}.

Williams, A.J.; Wakefield, C.B.; Newman, S.J.; Vourey, E.; Abascal, F.J.; Halafihi,
T.; Kaltavara, J. and Nicol, S.J. (2017). Oceanic, latitudinal, and sex-specific
variation in demography of a tropical deepwater snapper across the Indo-Pacific
region. Frontiers in Marine Science,
4(DEC). |https://doi.org/10.3389/fmars.2017.00382}.

Zhang, H.; Xie, S. and Wang, S. (2023). Weight-length relationship and condition factor
of Gibel Carp (Carassius auratus gibelio var. CAS V) at different growth stages and
feed formulations. Fishes, 8: 439. |ttps://doi.org/10.3390/fishes8090439)

Tables

Table 1. High risk factors of the goldband snapper (Pristipomoides multidens) resource

Parameters Source

Habitat for mature fish cover a small/
relatively narrow scale

Recruitment dependent on spawner
biomass of surrounding stocks (Newman et al., 2000; Ovenden et al., 2002)
Low genetic variation (Wigati et al., 1970; Ovenden et al., 2004)
Population of similar fish with similar
habitat (red snapper) declines.

Long life span/slow recovery (Jackson et al., 2020)

Low production potential and growth rate  (Newman et al., 2016; Williams et al., 2017)

(Newman et al., 2000)

(Blaber et al., 2005)
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Highlights
Goldband snapper in Tomini Bay have good condition, low growth and

exploitation.

Recruitment Goldband Snapper in Tomini Bay show ability to grow and sustain

populations

Goldband Snapper is a large component of the economically important Lutjanidae
group
Goldband snapper in Tomini Bay has a low abundance index and a narrow fishing
ground
Goldband Snapper fishing in Tomini Bay is conducted at small-scale with low
selectivity



