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Abstract. Firdaus M, Ibrahim AJ, Salim G, Haryono MG, Bija S, Girsang NR, Mujiyanto M, Hartinah S, Hartati R, Rozi. 2025.
Morpho-biology of Pomadasys auritus from bottom longline catches in Tarakan waters, North Kalimantan, Indonesia. Biodiversitas 26:
5870-5880. Pomadasys auritus is an economically important demersal species in Tarakan waters, yet the biological information required
for effective stock management remains limited. This study describes the morphological characteristics and estimates the growth
parameters of P. auritus captured by bottom longlines. Sampling was conducted from November 2022 to February 2023 at the Selumit
Landing Site, yielding 219 specimens across 16 fishing trips. Morphological identification was based on diagnostic opercular traits, fin-
ray formulas, and body colouration. Growth parameters were estimated using the von Bertalanffy Growth Function (VBGF), resulting in
an asymptotic length (L») of 109.53 cm, a growth coefficient (K) of 0.0194 day™!, and a theoretical age at zero length (to) of 0.823 days.
These values indicate slow growth and a tendency to reach large body sizes, traits characteristic of long-lived demersal fishes that are
naturally susceptible to fishing pressure. The catch composition, dominated by sub-adult and adult individuals, suggests that Tarakan
waters serve as an important habitat supporting the growth phase of this species. This pattern underscores the need for cautious
management, particularly because slow-growing species are vulnerable to rapid stock depletion under sustained exploitation. The dataset
generated in this study provides an essential biological baseline that can support more accurate stock assessments and inform the
development of appropriate management strategies for demersal fisheries in northern Kalimantan. Given that the dataset is derived
solely from landing-site observations, future studies should incorporate reproductive biology, feeding ecology, environmental
conditions, and mortality parameters to enhance population models and strengthen the scientific basis for managing P. auritus in
Tarakan waters.
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INTRODUCTION sandy substrates influenced by tidal dynamics. Among
these species, P. auritus, locally known as arut or gerot-
gerot, is a primary target of bottom longline fisheries and

has considerable economic value in the local demersal

Tarakan Island, located in North Kalimantan, Indonesia,
is bordered by coastal waters that support productive

demersal fisheries, which are essential to local food
security and livelihoods. Although studies at the global
scale show that demersal fish communities are susceptible
to fishing pressure and habitat disturbance (Greenstreet et
al. 2012; Mak et al. 2021; MacNeil et al. 2025), the main
challenge in Tarakan is the limited availability of biological
information for the species most heavily exploited by local
fishers. Similar issues have been noted in other Indonesian
waters, where increasing human activities and habitat
degradation continue to threaten demersal resources (Syam
et al. 2023). In Tarakan, important groups such as snappers
(Lutjanus spp.), groupers (Epinephelus spp.), and the javelin
grunt (Pomadasys auritus (Cuvier, 1830)) inhabit muddy-

fishery (Indarjo et al. 2020a). Despite this importance,
detailed biological information on P. auritus remains
unavailable for Tarakan waters, limiting the accuracy of
stock assessments and the development of effective
management strategies.

Bottom longline fisheries are the most widely used gear
in Tarakan and remain a primary source of livelihood
(Jabarsyah et al. 2022; Al-Hafidz et al. 2024). Their increasing
intensity and mechanisation, together with the use of mini-
trawls, have increasingly affected local fish stocks (Salim
et al. 2023a, 2023b). Bottom longlines target high-value
demersal species (Firdaus and Kamelia 2011; Firdaus et al.
2020), including P. auritus. Although several studies have
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examined “arut fish” in Tarakan (Firdaus et al. 2021a;
2021b), these studies only identified the fish at the genus
level (Lutjanus spp.) and did not provide species-specific
biological information on P. auritus. This gap further
highlights the lack of accurate morphological and biological
data for this key demersal species.

Research on P. auritus has provided insights into
morphology, growth, reproduction, and diet across regions. In
Indonesia, studies near Tarakan examined size composition,
length-weight relationships, condition indices, and first
capture size (Firdaus et al. 2021a; Salim et al. 2023a, 2023b).
Research on Pomadasys spp. has advanced regionally and
globally, covering morphology, diet, and reproduction.
Indonesian studies near Tarakan have examined general
size structure and maturity patterns (Firdaus et al. 2021a;
Salim et al. 2023a, 2023b), but no study has yet provided
species-specific diagnostic traits or growth parameter
information for Pomadasys auritusin Tarakan waters.
Meanwhile, international studies on P. kaakan (Hata et al.
2015; Annisa et al. 2018), Pomadasys stridens (Osman et
al. 2019; Avsar et al. 2021; Akalin et al. 2025), P. jubelini
(Olopade et al. 2020), and Pomadasys argenteus (Uehara et
al. 2025) illustrate the ecological diversity within the
genus. However, these findings cannot be directly applied to
Tarakan’s population because environmental characteristics,
fishing intensity, and ecological conditions differ, requiring
site-specific assessments. Previous applications of the von
Bertalanffy model in nearby regions (Salim et al. 2020a,
2021, 2022, 2023b, 2024; Indarjo et al. 2022) offer general
growth insights, but none address the ecological uniqueness
of P. auritus in Tarakan, highlighting a critical site-specific
data gap.

Information on morphology and growth is fundamental
for understanding population biology (Perdana et al. 2016;
Salim et al. 2021), and supports management decisions,
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sustainable utilization, and the prevention of stock decline
(Salim et al. 2020a; Salim et al. 2020b). Morphological
traits also indicate population adaptation and help maintain
diversity and productivity (Ahmad et al. 2025), while
studies on benthic fishes show that morphological variation
reflects ecological niches and habitat use (Endo and
Watanabe 2020). Effective management further requires
precautionary approaches (Salim et al. 2023a) that ensure
community benefits (Ghosh 2014). This study aimed to
describe the morphological characteristics and estimate the
growth parameters of P. aquritus captured by bottom
longlines. Therefore, detailed, species-specific data on the
morphology and biology of P. auritus are crucial for
producing accurate stock assessments and supporting
sustainable management of demersal fisheries in Tarakan,
North Kalimantan, Indonesia.

MATERIALS AND METHODS

Sampling location

This study was conducted in the Tarakan fishery region,
North Kalimantan, Indonesia. Sampling of bottom longline
landings was carried out at the Selumit Fish Landing Place
(FLP), Tarakan (3°17'53.86" N 117°34'42.23" E).
Laboratory measurements were performed at the Fisheries
Biology Laboratory, Faculty of Fisheries and Marine
Science, Universitas Borneo Tarakan, Indonesia. Sampling
covered four months (November 2022-February 2023)
across 16 events at roughly biweekly intervals. This period
was selected because bottom-fishing activity in Tarakan
typically peaks, thereby increasing the likelihood of
capturing a more complete range of individual sizes.

117°34'41"E

117°34'44"E

7
NG &S

117°34'48"E
& R e

z
©
I
~N
=y
o

(a2}

A 5 7 2 '..\ “’. ‘
r 4 .". :
é .t O

117°34'41"E 117°34'44"E 117°34'48"E

Figure 1. Sampling location at the Selumit Fish Landing Place (FLP), Tarakan, North Kalimantan, Indonesia
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Ethics statement

All specimens analysed were obtained from commercial
landings, no fish were sacrificed expressly for this research.
Handling and measurements followed good practice to
minimise specimen damage and ensure data quality. No
protected species were intentionally sampled.

Sampling design

Specimens were collected opportunistically at landing-
sites from bottom-longline catches that included P. auritus.
When large quantities of fish were landed, a representative
subsample covering the full length range was taken to
avoid over-collection. We also preferentially sampled
during neap tides, when local longline landings were most
active and the demersal assemblage was relatively stable
(Brogan 2002). At each event, approximately 20 kg of
catch was sub-sampled; all retained individuals were
enumerated, yielding n =219 P. auritus for the study.

Although the present study relied on a fisheries-
dependent sampling approach using landed catches from
local fishers, this method may not fully capture the
complete population structure of P. auritus, particularly
individuals that are discarded or never landed. The bottom
line used by local fishermen consists of a central line with a
diameter of approximately 3-5 mm, a lateral line with a
length of approximately 30-50 cm, a weight of 1-2 kg, a
float, and a hook size 9-11 (equivalent to the international
standard size 1-1/0), with an average soak time of 2-4
hours before removal.

Morphological characterization

Species identification and morphological characterization
followed standard ichthyological practices for meristic and
morphometric traits (Hata et al. 2015). Diagnostic external
characters included overall body form, fin formulas (dorsal,
anal, and pectoral) as described by Basuonie et al. (2020),
as well as lateral-line scale counts, gill-raker counts,
and coloration patterns (Nader et al. 2024). Measurements
were taken using a digital calliper (to the nearest 0.01 cm)
and expressed as absolute values and as proportions of
Standard Length (SL). To strengthen species confirmation,
several key diagnostic traits were applied, including dorsal
fin composition of XI spines and 13-15 soft rays (D XI+13-
15), 48-52 lateral-line scales, 16-20 gill rakers, a more
distinctly sloping head profile, and a yellowish body
coloration with faint but more clearly defined dark bands.

For each specimen, we recorded Total Length (TL),
Standard Length (SL), Fork Length (FL), Head Length
(HL), Body Depth (BD), Body Width (BW), and Whole-
body weight (W). Linear measurements were taken to 0.1
mm using calibrated digital callipers, and weights to 0.01 g
on an analytical balance. To avoid measurement bias,
individuals with deformities or bent limbs were excluded from
all analyses (Sparre and Venema 1998).

Growth analysis

Growth was modelled with the Von Bertalanffy Growth
Function (VBGF), which is widely adopted in tropical
fisheries because its parameters are biologically interpretable
and can be estimated from length-frequency data when
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direct ageing is unavailable (Pauly 1984; Sparre and
Venema 1998).

Ly =Ly (1— )

Where:

Lt : Fish length at age t (cm)

Loo : Infinitive length (cm)

K : Growth coefficient (per day)

t0  : Estimated theoretical age of fish at zero length

Estimation of L., and K followed the Gulland and Holt
(1959), length-increment approach from successive samples,
regressing the observed growth increment AL/At on mean
size %; linear fit yields L., = —a/b and K = —b (Pauly
1984; Sparre and Venema 1998). The ty parameter was
obtained from Pauly’s empirical equation, a pragmatic
estimator commonly applied when hard parts for ageing are
not collected (Pauly 1984). Lengths were binned into 1-cm
classes across the 16 sampling events. Calculations and
model fitting were performed using FiSAT II software with
Length Frequency Analysis (ELEFAN-II) (Gayanilo et al.
2005; Damora et al. 2021) and verified in Microsoft Excel
to ensure computational accuracy and reproducibility.
Included only specimens with complete measurements in
the analysis.

The growth coefficient KK was first expressed in day!
to match the temporal resolution of the sampling intervals
and then converted to year' using Kyr» = Kgayr % 365.25 for
comparability with previous research. Examined estimated
L. values relative to the maximum observed sizes in the
dataset to ensure that the asymptotic length remained
biologically reasonable for P. auritus and consistent with
known species size ranges.

Assumptions of the model included a locally closed
population during the sampling window, relatively stable
recruitment between November and February, and minimal
measurement error relative to the 1-cm bin width (Sparre
and Venema 1998). Reproduced calculations in spreadsheets
and cross-checked using open routines for length-frequency
analysis, ensuring transparent and repeatable workflows for
data-limited fisheries (Mildenberger et al. 2017). To
evaluate robustness, sensitivity analyses were performed by
re-binning length data into 0.5-cm intervals, repeating the
estimation after excluding early and late sampling events
(boundary checks), and reassessing parameter stability
under these modified datasets. These tests showed minimal
variation in L, K, and to, indicating that the growth model
remained stable across the various analytical conditions.
Although the VBGF provides a valid approximation of
growth, its interpretation must consider ecological
variability in dynamic coastal ecosystems, such as in
Tarakan.

Units, assumptions, and sensitivity checks

The growth coefficient K is first expressed in day™*
(reflecting sampling resolution) and then converted to year™!
for comparability using K-+ = K1 x 365.25 (Pauly 1984).
We report L, in centimetres and tg in time units consistent
with K. Analyses assumed a locally closed population during
the study period (minimal net migration), relatively stable
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growth and recruitment between November and February,
and negligible measurement error relative to the 1-cm bin
width (Pauly 1984; Sparre and Venema 1998). To assess
robustness, length data were re-binned into 0.5-cm intervals,
and estimates of L., K, and to were recalculated. Performed
additional checks by excluding the first and last sampling
events to evaluate potential boundary effects. Results from
these sensitivity tests are presented together with the
parameter estimates.

RESULTS AND DISCUSSION

Catch composition and sample overview

A total of 219 Pomadasys auritus species were obtained
from 16 fishing operations using bottom longlines in the
Tarakan coastal waters between November 2022 and
February 2023. The catch of fish for fishermen was
dominated by demersal fish, with P. aquritus as the main
species, followed by red snapper (Lutjanus argentimaculatus),
black snapper (Macolor niger), whitefin threadfin
(Polynemus melanochir), and croaker fish (Otolithes ruber).
Morphological observations included body and head shape,
mouth position, fin arrangement, operculum structure, and
body colour patterns. Diagnostic characteristics observed
included a relatively large head, an elongated and hardened
operculum extending beyond the base of the pectoral fins, a
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small terminal mouth, silver-gold body colouration, a black-
spotted interspinosus membrane of the dorsal fin, a dark
silver dorsum, and a golden-white ventrum. These
characteristics confirm that the analysed specimen is P.
auritus (Figure 1 and Figure 2). These characteristics align
with the morphological descriptions of P. auritus in the
literature, providing a strong basis for identification.

30 cm

Figure 1. Pomadasys auritus sample from Tarakan water, North
Kalimantan, Indonesia

Figure 2. Body parts of Pomadasys auritus. A. Second dorsal fin, B. Anal fin, C. First dorsal fin, D. Pectoral fin, E. Ventral fin, F.

Operculum, and G. Caudal fin
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Growth pattern and Gulland-Holt analysis

A total of 219 individuals of P. auritus were analyzed
to describe diagnostic morphometric traits from bottom-
longline catches in Tarakan waters. The morphometric
measurements showed a relatively narrow size range,
reflecting the selectivity of bottom-longline gear targeting
medium-sized demersal species. Table 1 summarizes the
diagnostic morphological characteristics of P. auritus,
including total and standard length, fin-ray counts, and
meristic features, compared with published ranges for
closely related P. auritus species. The observed ranges of
total length (18.2-29.7 cm) and standard length (14.7-24.8
cm) were consistent with earlier findings by Hata et al.
(2015) and Basuonie et al. (2020), confirming that the
specimens collected represent adult individuals commonly
landed in coastal demersal fisheries of North Kalimantan.
The agreement of these morphometric ranges strengthens
the validity of the data used in growth modelling, as the
fish sizes obtained reflect the adult population structure
commonly analysed in length distribution-based growth
studies.

All 219 specimens were measured for total length and
body weight, and then analyzed for length frequency
distribution, length-weight regression, and growth
modelling. The mode class shift approach yielded the
regression equation y = -0.0194x+2.1248, with a coefficient
of determination (R?) of 0.718 and the correlation (r) value
is 0.857 (Figure 3). As shown in Figure 3, the Gulland and
Holt (1959) plot summarizes mean growth increments by
I-cm length class; hence, the plot displays only aggregated
class means rather than individual data points. This length-
based approach remains a reliable and widely used
technique for tropical demersal fishes, including P. auritus
species. Recent work by Nader et al. (2024) demonstrated
the effectiveness of the Gulland and Holt (1959) model in
assessing growth and fishing vulnerability of Pomadasys
stridens along the Syrian coast. Similarly, Eid and Nashaat
(2025) reported consistent results for P. stridens
populations in Lake Temsah, highlighting the robustness of
the von Bertalanffy growth framework for evaluating
exploitation dynamics in regional fisheries. High R? and r
values indicate that the relationship between height gain
and height class is consistent. It supports the feasibility of
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using slope and intercept values as a basis for estimating
growth parameters.

Von Bertalanffy growth model (VBGF)

The growth analysis of P. auritus provided the
foundation for estimating the von Bertalanffy growth
model parameters, using the intercept (a) and slope (b)
values derived from the Gulland and Holt (1959) plot. The
analysis yielded the following parameters: asymptotic
length (L) = 109.53 cm, growth coefficient (K) = 0.0194
day’!, and theoretical age at zero length (to) = -0.823 days.
The growth equation obtained is: Lt = 109.526 {1 - e[-
0.0194 (t + 0.823)]}. These results indicate that growth is
rapid during the first 270 days (~9 months), then slows
down until it reaches its maximum length at approximately
1,330 days (~3.6 years). This trend aligns with the
biological energy allocation principle, where growth
decelerates as energy shifts from somatic development to
reproduction and maintenance processes. Similar growth
trajectories have been reported for P. stridensin the
Eastern Mediterranean (Nader et al. 2024) and Lake
Temsah, Egypt (Eid and Nashaat 2025), confirming the
consistency of the von Bertalanffy growth framework for
demersal species in tropical and subtropical waters (Figure
4).

Interpretation of growth dynamics

Although the L, value appears large compared to the
observed maximum size, it remains within the biologically
achievable range, as L. is theoretical and not always
achieved in nature. Furthermore, the low K value reflects
the slow growth pattern typical of relatively long-lived
benthic fish. The biological validity of these parameters is
strengthened by comparing the L, and K values with the
results of previous studies on the genus Pomadasys, which
have shown similar growth patterns. Additional sensitivity
analyses (reclassification of length classes, boundary effect
filtering, and parameter reestimation) revealed minimal
parameter changes. It confirmed that the presented growth
model is stable and reliable under various analytical
scenarios.

Table 1. Diagnostic morphological traits of Pomadasys auritus from bottom longline catches in Tarakan waters (measured all

morphometric and meristic traits on n =219 individuals)

. Mean+SD Range  Diagnostic range in literature
Character (uni) (this study) (this study) (Pomadasys spp.) Reference(s)
Total length (TL, cm) 23.4+2.8 18.2-29.7 8-30+ (species-dependent)  Hata et al. 2015; Basuonie et al. 2020
Standard length (SL, cm) 19.1£2.3 14.7-24.8 7-25+ Basuonie et al. 2020; Sangeetha et al. 2023
TL/SL ratio 1.22+0.04 1.18-1.29 ~1.2-1.3 Hata et al. 2015
Head length (% SL) 28.7+£2.1 25.0-33.5 ~26-34 Basuonie et al. 2020
Body depth (% SL) 36.5+£2.8 31.2-41.0 ~34-42 Basuonie et al. 2020; Sangeetha et al. 2023
Dorsal fin formula XI-XII, 13-15 - XI-XII, 13-15 Hata et al. 2015; Basuonie et al. 2020
Anal fin formula 111, 7-9 - I, 7-9 Basuonie et al. 2020
Pectoral fin rays 15-17 - 15-17 Basuonie et al. 2020
Lateral line scales 47-57 - 47-57 (species-dependent)  Hata et al. 2015; Basuonie et al. 2020
Gill rakers (first arch) 8-11 - 8-11 Basuonie et al. 2020

Note: These sources establish the expected meristic ranges (e.g., dorsal fins XI-XII, 13-15, anal fin III, 7-9, pectoral fins 15-17; lateral
line scales ~47-57), which were used to examine our Tarakan specimens
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Figure 3. Gulland-Holt plot of growth rate (AL/At) versus mean
length (Lt) for Pomadasys auritus from bottom-longline catches
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Figure 4. Von Bertalanffy growth model of Pomadasys auritus
constructed based on length-frequency distribution analysis. The
model illustrates the estimated growth trajectory, including
asymptotic length (L), growth coefficient (K), and theoretical
age at zero length (to) derived from population data

Discussion
Length-age relationship and growth trends

Based on sample data of P. auritus obtained from this
analysis, it became the basis for creating a von Bertalanffy
growth model using data on intercept (a) and slope (b)
coefficient values. The age structure graph shows a linear
relationship between length and age, shifting to the right
and decreasing. It indicates the growth rate graph for the
sample population of P. auritus (Figure 3) caught with a
longline has a relationship between with a negative slope. It
means that as length increases at a certain age, the growth
rate decreases. Salim et al. (2023a, 2023b) found that the
regression curve slopes downward to the right, which
indicates that the X-axis represents fish length at a given
age, while the Y-axis reflects the growth rate of fish, and
decreases as body length increases. The regression
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followed by Salim et al. (2022), added that growth reaches
maximum length if the growth speed reaches zero (no
additional length growth occurs). These local factors
emphasise that P. auritus fishery management in Tarakan
must consider the dynamics of rapidly changing coastal
habitats, including fishing pressure, habitat degradation,
and seasonal oceanographic fluctuations.

Growth implications for fisheries

However, according to Salim et al. (2023a, 2023b), it is
explained that if maximum length growth has reached zero
growth speed, growth will lead to a decrease in body
weight. Based on the growth parameter values from the von
Bertalanffy growth model, a growth simulation is carried
out and produces a growth model in graphical form (Figure
3). As the size of the fish increases, a fish growth model is
created, which is one component of several fish stock
assessment models. Modelling fish growth, or how fish
increase in size as they age, is a key component of some
fish stock assessment models. Indarjo et al. (2020a, 2020b)
said that the value of the growth coefficient (K) in the von
Bertalanffy equation is important because it describes the
growth rate to maximum size and can be used to compare
growth rates in the same species from different locations or
different species. Sparre and Venema (1998) stated that the
growth coefficient values and asymptotic length values
were different due to factors from outside the fish's body,
namely the environment in the form of fluctuating water
quality conditions and factors from within the body,
namely genetic differences in adaptation. From the
perspective of fisheries management in Tarakan, these
growth parameters are important because they provide an
initial picture of the productive capacity of the fish species
and its potential vulnerability to overfishing.

Environmental and ecological factors affecting growth

Environmental conditions in the Tarakan coastal waters
are likely to play an important role in shaping the growth
performance of P. auritus. Seasonal fluctuations in
temperature, salinity, and dissolved oxygen can influence
metabolic rates, feeding activity, and energy allocation to
somatic growth. The relatively shallow and semi-enclosed
nature of the Tarakan shelf may also promote variations in
prey availability and benthic productivity, factors that are
known to affect the growth coefficient (K) among demersal
fish populations (Pauly 1984; Froese and Pauly 2024).
Moreover, fishing pressure and habitat modifications
caused by coastal development can indirectly alter growth
patterns through density-dependent effects. Hence, one
should interpret the observed growth parameters in this
study in the context of these environmental dynamics, and
future research should integrate concurrent monitoring of
key habitat variables to explain spatiotemporal variability
in growth better. These local factors emphasise that P.
auritus fishery management in Tarakan must consider the
dynamics of rapidly changing coastal habitats, including
fishing pressure, habitat degradation, and seasonal
oceanographic fluctuations.
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Morphological and taxonomic

The dominance of demersal fish in the bottom longline
catches is consistent with findings in various Indonesian
waters, where passive fishing gear tends to result in a high
proportion of demersal fish (Pribadi et al. 2025). The
critical role of P. auritus in coastal areas around Indo-
Pacific region waters has also been confirmed, as
exemplified by P. argenteus in Okinawa, which holds both
ecological and economic significance (Uehara et al. 2025).
The morphological identification shown in Figure 2, which
particularly includes the elongated operculum and small
terminal mouth, was consistent with the taxonomic
description of the Haemulidae family (Vidthayanon 1999;
Hata et al. 2015). However, recent molecular studies on P.
auritus from Wu et al. (2024) explain the importance of
genetic validation to reinforce morphological identification,
especially in genera with high interspecific similarity. The
consistency of these morphological characteristics supports
the proposition that the P. auritus population found in
Tarakan is an important component of the local demersal
community structure. Identification validation is therefore
crucial to determine the appropriate population unit for
management.

Analysis of growth parameters

The regression equation obtained (Figure 3) shows a
very strong model fit (R? = 0.718; r = 0.857), with more
than 70% of the variation in growth explained by the
model. According to Sugiyono (2015), the correlation
coefficient value ranges between 0.8-1.0, indicating a very
strong relationship. The estimated asymptotic length (Loo =
109.53 cm) indicates the capacity of P. auritus to reach
large body sizes, which is a common characteristic of long-
lived demersal fish with slow growth rates. This finding is
consistent with the growth patterns of red snapper
(Lutjanus malabaricus) in the Timor Sea (Lo = 99.4 cm; K
= 0.51 year!; Herwaty et al. 2023) and Megalaspis
cordyla) in the Java Sea, which shows isometric growth
with a high coefficient of determination (R* > 0.96 and r >
0.98 (Oktaviani et al. 2020). A high L. value indicates that
large adult fish still exist in the Tarakan population.
However, it also highlights the population's vulnerability to
fishing for large fish, which play a crucial role in
reproduction.

Biological interpretation of VBGF pattern

The VBGF curve in Figure 4 exhibits a characteristic
growth pattern: accelerated length growth in the early
phase (0-270 days), followed by a slowdown until it
approaches Lo at ~1,330 days of age. Studies on other reef
fishes show similar trends, such as in the Sulawesi Sea,
where Variola albimarginata and Variola louti exhibited
asymptotic lengths (L) of 54.40-54.90 cm and growth
coefficients (K) of 0.54-0.55, indicating that growth
stabilises as fish approach older ages (Achmad et al. 2024).
However, exploitation rates exceeded sustainable levels,
reflecting the trade-offs between growth and mortality in
heavily fished stocks (Haser et al. 2023). In contrast, short-
lived species such as the mitre squid (Uroteuthis chinensis)
in Belitung waters reached their maximum growth (Liu et
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al. 2024) in only about 175 days, illustrating that growth
parameters differ markedly between fish and cephalopods
(Kurniawan et al. 2025). These findings confirm that the
growth of P. auritus in Tarakan is strongly influenced by
local ecological conditions. Improving the quality of the
demersal habitat (for example, by protecting nursery areas
and reducing damage to the waterbed) will therefore
directly contribute to improved long-term population
growth and productivity.

Fish growth parameters were estimated using the von
Bertalanffy growth model, a widely applied framework for
describing growth dynamics in teleost fishes. This model
provides key parameters such as the asymptotic length
(Loo), growth coefficient (K), and theoretical age at zero
length (to), which collectively characterize species-specific
growth performance (Rahman et al. 2024). These growth
parameters are the estimated maximum length that can be
achieved (L), the value of the average growth rate or
growth coefficient (K) and the estimated age at the null
theoretical length (to) (Kronbak et al. 2007; Mulfizar et al.
2012; Firdaus et al. 2017; Salim et al. 2023a, 2023b). These
growth parameter values help analyse the relationship
between length and age, as well as the productivity of fish
resource stocks and fisheries management related to
selectivity (Kronbak et al. 2007; Mulfizar et al. 2012). The
growth coefficient parameter plays an important role in the
von Bertalanffy model (Kronbak et al. 2007). In growth
analysis, the assumption that the growth coefficient b is
constant can only describe fish growth dynamics in a
constant environment. Suppose the growth coefficient (b) is
replaced with a time-varying function (t). In that case, it
provides additional biological realism of the von Bertalanffy
model in populations, which allows the description of fish
growth rates with time variation (Kronbak et al. 2007). It is
of paramount importance that this parameter be applied in
the context of Tarakan, as it can serve as a basis for
determining the minimum catch size, evaluating exploitation
rates, and predicting the Maximum Sustainable Yield
(MSY) to maintain the sustainability of P. auritus stocks.
This pattern is consistent with the concept of autocatalytic
growth (Effendie 2002; Firdaus et al. 2013). After reaching
maximum size, metabolic energy is diverted to body
weight gain, predator avoidance (Firdaus et al. 2020),
gonad development (Firdaus et al. 2021b), cell repair, and
body maintenance (Salim et al. 2020c; 2023a). This change
in energy allocation reflects a biological trade-off common
in long-lived demersal fish, where survival and
reproduction are prioritized over continued somatic growth.
Understanding this energy distribution is important for
fisheries management in Tarakan, as large specimens
contribute most to reproduction. Intensive fishing in this
size class can therefore hinder the population's ability to
recover.

A comparison with previous research in Tarakan by
Firdaus et al. (2021a) shows spatial and temporal variations.
The study reported lower growth parameters (Loo = 71.3
cm; K = 0.0127 day™'; to = -1.067), which differences may
have been influenced by environmental conditions, feed
availability, fishing intensity, and sampling methods. The
graph of the von Bertalanffy growth model with constant
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coefficients shows that when the P. auritus fish samples
were 0 to 270 days old, they experienced a rapid growth
process until they reached a length of around 108,953 cm.
When P. auritus were 270 to 1330 days old, the fish
experienced slowed growth, or the increase/change in
length slowed down. During this period, physiological
development and internal maintenance processes occur in
fish. The P. auritus is thought to reach a maximum length
of 109.526 cm at the age of 1330 days. The process of
growth in length of the P. auritus is slowing down because
the energy originating from the fish's metabolism is only
used for fish movement, repairing damaged fish cells and
the development of the fish's physiological functions
(reproduction and sensory). It is in accordance with the
statement by Effendie (2002) and Firdaus et al. (2013), who
explain that the concept of growth exhibits autocatalytic
properties, whereby growth initially proceeds slowly, then
rapidly, and subsequently slows until it reaches a constant
length. Salim et al. (2023a, 2023b) added that when growth
in length has reached its maximum, growth is used towards
weight and size and avoiding predators (Firdaus et al.
2020), towards gonad development (Firdaus et al. 2021b),
repair of damaged cells and maintenance of the body
(Salim et al. 2020c). Differences in growth parameter
values between studies confirm that P. auritus stocks in
Tarakan are dynamic and highly responsive to fishing
conditions and the local environment. Therefore, long-term
monitoring is necessary to make more accurate
management recommendations.

Similar to this, Tjahjo et al. (2023) demonstrated that
seasonal fluctuations in water quality and nutrient
dynamics significantly influence the variability in growth
and productivity of aquatic biota. Their study in East Aceh
waters revealed that parameters such as dissolved oxygen,
turbidity, and nutrient availability (particularly N and P)
fluctuate significantly across seasons, directly influencing
primary productivity and, consequently, the carrying
capacity of local ecosystems. Such environmental
instability highlights that differences in growth parameters
reported across studies may not solely reflect the biological
characteristics of the species, but also the surrounding
habitat conditions and anthropogenic pressures (e.g.,
pollution and fishing intensity). This variability emphasizes
the need for multi-year and multi-location monitoring to
obtain more accurate estimates, as well as to form the basis
for developing adaptive stock management strategies
(Tjahjo et al. 2023). It suggests that P. auritus management
strategies in Tarakan should be adaptive and based on
regularly updated environmental data, particularly during
seasons of extreme oceanographic stress.

In addition, several field-based studies in Tarakan
waters have documented the ecological characteristics and
fishery practices that influence demersal fish productivity
and community structure. The demersal assemblage in this
area comprises more than 80 species across 45 families,
dominated by Leiognathidae, Sciaenidae, and Haemulidae,
with moderate species diversity (H> = 1.7-2.5) and
relatively even distribution across muddy-substrate fishing
grounds (Suprapto 2014). Fishing operations around
Tarakan are conducted mainly with bottom longlines and
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small trawls that target snappers, groupers, and grunts
(Pomadasys spp.), typically from vessels of 4-6 GT
operating at 10-40 m depth (Rahmat and Yahya 2019).
Comparatively, studies on P. argenteus in Okinawa Bay
demonstrate that this genus depends heavily on nearshore
nursery habitats throughout its life history, underscoring its
vulnerability to habitat alteration and intensive coastal
fishing (Uehara et al. 2025). Together, these findings
underscore the ecological and socioeconomic significance
of P. auritus within the regional demersal fishery,
highlighting the need for area-specific stock assessments
and adaptive management strategies in North Kalimantan.
It means that management of P. aquritus in Tarakan should
prioritise protection of the breeding habitat, regulation of
fishing effort (effort control) and the application of
minimum catch sizes to avoid a catch consisting mainly of
immature gonads.

Beyond Tarakan, P. auritus has been recorded in the
northern Borneo sector of the South China Sea (Sabah-
Sarawak), indicating a continuous biogeographic footprint
across Borneo’s coastal shelf (Vidthayanon 1999). Within
Indonesia, the species is also documented from the eastern
coast of Sumatra (Musi basin), supporting its occurrence in
multiple Indonesian coastal provinces (Igbal et al. 2018).
Together with taxonomic syntheses for Haemulidae
(Parenti 2019), these records justify treating the Tarakan
population within a broader regional context while
retaining site-specific interpretation of growth parameters.
Given this broad distribution, determining the stock unit for
Tarakan is crucial so that management policies are not only
locally effective but also reflect stock dynamics in
potentially interconnected regions.

Although this study has produced reliable growth
parameters for P. auritus, it does not yet provide estimates
of fishing mortality or exploitation rate, both of which are
crucial for evaluating the sustainability of the stock. A
quantitative assessment of the mortality components, natural
mortality (M), fishing mortality (F), and total mortality (Z),
is necessary to determine whether the population is being
harvested within ecologically safe limits. Recent global
reviews have highlighted that obtaining precise estimates
of natural mortality remains one of the most persistent
challenges in fisheries biology, since even minor errors
in M can substantially affect the accuracy of total mortality
estimates and, consequently, the assessment of stock status
(Campos et al. 2024). Empirical approaches originally
proposed by Pauly (1984) have since been refined through
the inclusion of environmental and life-history parameters,
resulting in more robust mortality estimators for tropical
demersal fishes (Campos et al. 2024). This analysis of
mortality and exploitation is crucial for Tarakan, given the
increasing pressure on the fishing industry. Therefore, a
length-based stock assessment is needed in further
research.

Furthermore, both regional and global modelling
studies underline the importance of spatially explicit
exploitation indices (F/Fns) for linking population-level
dynamics to broader ecosystem processes (van Denderen et
al. 2024). In subsequent analyses, these parameters could
be estimated using catch-only assessment frameworks or
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length-based catch curve models that combine empirical
M. estimators with mechanistic mortality models to
quantify exploitation rates and Maximum Sustainable Yield
(MSY). Incorporating such analyses would extend the
biological dataset presented here into a more integrated
stock-assessment framework, thereby strengthening its
relevance for adaptive fisheries management and the
sustainable utilisation of demersal fish resources in North
Kalimantan. The results of this study provide an important
starting point for developing a more comprehensive,
evidence-based, and adaptive framework for managing P.
auritus fish stocks in Tarakan, addressing ecological
change and fishing pressure.

In conclusion, this study confirmed the identification of
P. aquritus from bottom longline catches in Tarakan waters
based on diagnostic morphological traits, and estimated its
growth parameters using the von Bertalanffy growth model
(Lo = 109.53 ¢cm; K = 0.0194 day!; to = -0.823 days). The
results indicate a slow growth pattern with the potential to
reach large body sizes, a typical feature of long-lived
demersal fishes that increases their vulnerability to
overexploitation. The significance of this study lies in
presenting the first morphological and growth parameter
data for P. auritus in Tarakan waters, providing an essential
scientific baseline for stock assessment and management of
this economically important demersal species. However,
this study has limitations because it only used landing data
(depending on the fishery), which may not fully capture the
natural variation in population structure. Further research
should therefore include information on reproductive
biology (e.g., sexual maturity and spawning season),
feeding ecology, environmental variability, and population
genetic analysis to strengthen our understanding of
population dynamics. Furthermore, the integration of
mortality parameters (M, F, and Z) is essential for a more
comprehensive population assessment and to support
sustainable management strategies for the P. auritus fishery
in Tarakan.
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