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ABSTRACT ARTICLE INFO

Introduction: Hermaphroditism occurs in approximately 2% of known teleost fish species,

with sequential hermaphroditism being far more common than simultaneous Key words:
hermaphroditism; protogyny (female-to-male sex change) is about six times more frequent Lethrinus nebulosus
than protandry. While these life-history traits offer evolutionary advantages, they make sex- Growth

changing species highly vulnerable to fishing pressure, which can cause skewed sex ratios, Reproduction
reduced size and age at sex change, disrupted social reproductive structures, and diminished Protogyny
spawning stock biomass. The spangled emperor (Lethrinus nebulosus) is a commercially Persian Gulf

valuable species in the Persian Gulf and Oman Sea, targeted mainly by gillnets and handlines. Oman Sea

Although sex change occurs in juveniles at 21-24 cm fork length (FL) around one year of
age, no sex reversal is observed in adults, and sex ratios do not differ significantly from 1:1
across size and age classes; functionally, the population behaves like a gonochoric species.
Swept-area survey data show CPUE declined from 12.95 t/n.mi? in 2007 to 0.11 in 2009,
peaked exceptionally at 154 in 2012, and dropped to 4.21 t/n.mi? in 2020—a 97% decrease
from the 2012 peak. Previous growth estimates indicated slow growth (Linf=67.2 cm FL, K
=0.16 yr"), maturity at 26.7 cm FL, maximum age of 11 years, and spawning from February
to June, peaking in March.

Methodology: A cross-sectional survey based on fishery-dependent data was used. In total,
1,752 individuals were collected from landing sites along the northern coasts of the Persian
Gulf and Oman Sea (Bushehr, Khuzestan, and Hormozgan provinces) during 2022-2024, all
captured by gillnets (mesh size 4.8—10 cm). Fork length was measured to 0.1 cm, and sex was
determined histologically. Growth parameters were estimated using ELEFAN-GA in
TropFishR, with the von Bertalanffy function fitted and to estimated via Pauly's formula.
Natural mortality (M) was calculated using Then et al.'s equation. SPR was estimated with the
LBSPR package, and length-based indicators (Pmat, Popt, Pmega) followed Froese and
Binohlan.

Results: Fork length ranged from 10 to 60 cm (mean £ SD: 35 + 9 cm), with the highest
frequency at 38—42 cm. Based on Lm50 = 31 cm, 30% of the catch comprised immature
individuals. Lopt was estimated at 36 cm FL. The selectivity curve indicated gillnets capture
fish smaller than Lm50 to some extent, while large spawners are fully vulnerable. SPR was
0.46, within the MSY target reference point. The Lopt/Linf ratio was 0.57, below the desirable
0.6—-0.8 range. Pmat was 60%, Popt 32%, and Pmega 43%. Growth parameters were Linf = 63
cm FL, K =0.59 yr!, and to = -0.22 yr, differing notably from previous reports—likely due to
differences in data range, environmental conditions, and fishing pressure; the higher K suggests
faster growth potentially in response to fishing pressure. Although SPR appears adequate, low
Popt and high Pmega, combined with low Lopt/Linf, indicate selective removal of large
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spawners and pressure on immature individuals. This pattern is consistent with findings from
the southern Persian Gulf, Pakistan (B/Bmsy = 0.55; F/Fumsy = 2.47), and Sri Lanka.
Discussion and conclusion: The SPR of 0.46 suggests a moderate stock status near the MSY
target, but this single metric masks critical issues. Low Popt (32%) and high Pmega (43%)
indicate only one-third of the catch is within the optimal length range while large spawners
form a substantial portion of landings. The low Lopt/Linf ratio confirms that mean catch length
has decreased relative to asymptotic length. As a protogynous species that functionally behaves
like a gonochore, this population is vulnerable to size-selective fishing. The 30% immature
catch and selective removal of large spawners can gradually disrupt age and sex structure,
reduce reproductive success, and lower population resilience. High Pmega indicates valuable
spawning individuals are heavily targeted, which is especially concerning for protogynous
species depending on large dominant males. Although SPR is a useful benchmark, reliance on
this single indicator can be misleading; complementary length-based indicators offer a more
realistic picture. Data limitations include only commercial gillnet catch over three years,
absence of recreational fishing data, and lack of precise effort information. Management
recommendations include: (1) establishing a minimum legal size based on Lm50 (>31 cm FL)
to allow at least 50% of individuals to spawn at least once; and (2) implementing a slot limit
protecting individuals >40 cm FL to safeguard large spawners that contribute
disproportionately to reproduction.
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Figure 1- Geographical distribution of fish landings along the northern coasts of the Persian Gulf and
Oman Sea.
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Table 1- Life-history parameters of the spangled emperor used in data-limited assessment models.
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sal)b
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*SL50 is the length at which 50% of individuals in the population have reached sexual maturity, and SL95 is the length at which
95% of the individuals have reached sexual maturity.
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Figure 5- Length-based sustainable fishing indicators including Pmat, Popt, and Pmega for the spangled emperor in
the Persian Gulf and the Oman Sea
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