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Abstract

Aluterus scriptus (Osbeck, 1765) is a reef-associated fish from the Monacanthidae family. The data on its
reproductive and feeding biology are currently scarce. Exploring these aspects is crucial for gaining insights
that help in developing effective conservation strategies. A total of 900 specimens of A. scriptus were studied
from February 2022 to January 2023. The samples were investigated for length-weight relationship, food and
feeding habits, sex ratio, length at first maturity, spawning seasonality and fecundity. The observed mean
length and weight were 50.2+14.7 cm and 1094+374.4 g, respectively. Growth was negatively allometric, with
no significant differences observed between sexes in the length—weight relationship. The mean sex ratio (M:F)
of 1:1.53 indicates a female-biased population, with a month-to-month variation in sex ratio. The estimated
length at first maturity was 53.33 cm for females and 54.21 cm for males. Reproductive activity is observed
throughout the year, with the peak occurring in December. A strong positive correlation was observed
between the fecundity and total length (Pearson’s r = 0.986, p < 0.001). Seasonal variation in stomach fullness
suggested fluctuations in feeding intensity. Diet analysis revealed a strong preference for coral, followed by
small crustaceans, fish, jellyfish, and squid. These findings provide baseline data for the responsible
management of A. scriptus fishery.
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1 | INTRODUCTION

Coral reef and adjacent coastal ecosystems rank among
the most productive and structurally complex marine en-
vironments, supporting diverse trophic networks and sus-
taining artisanal and commercial fisheries across tropical
regions (Appeldoorn 2018; Dawson et al. 2019). Reef-
associated fishes regulate benthic communities, influence
energy flow and contribute to ecosystem resilience
through trophic interactions and reproductive output
(Schiettekatte 2021). Understanding species-level feeding
ecology and reproductive dynamics is therefore central to
evaluate ecological function and informing fisheries man-
agement strategies (Brodeur et al. 2017; Seong et al.
2023).

The scrawled filefish Aluterus scriptus (Osbeck,
1765), belonging to the family Monacanthidae, is a cir-
cumtropical species inhabiting coral reefs, lagoons and
coastal waters (Fermon et al. 2022). This species is gener-
ally associated with reef environments from shallow
coastal waters to depths of approximately 120 m, where
it exhibits demersal behaviour and strong habitat associa-
tion with structured substrates (Froese and Pauly 2026).
The species is showed an opportunistic feeding behav-
iour, consuming a wide range of benthic organisms in-
cluding cnidarians, algae, and small invertebrates (Living-
ston 1982). Despite its wide distribution, biological infor-
mation on its feeding ecology and reproductive biology
remains limited, particularly in the Indian Ocean region.
Although A. scriptus contributes to artisanal and commer-
cial fisheries, it is generally regarded as a species of mod-
erate economic importance. Monacanthids play a role in
structuring benthic communities through their feeding
activity; however, species-specific ecological information
remains scarce. Dietary plasticity among reef fishes has
been shown to influence ecological stability, particularly
under changing habitat conditions such as coral degrada-
tion and shifts in benthic composition (Bellwood et al.
2004; Pratchett et al. 2006). Feeding studies provide in-
sight into trophic positioning and ecosystem connectivity.
Reef fishes often display flexible feeding strategies that
reflect habitat complexity and resource availability (Fer-
reira et al. 2004; Hughes et al. 2017).

Reproductive biology constitutes a critical compo-
nent of fish population dynamics. Parameters such as sex
ratio, maturity schedule, spawning periodicity, gona-
dosomatic index and fecundity determine reproductive
capacity and influence stock resilience. Tropical marine
fishes frequently exhibit extended or multiple spawning
periods, often synchronized with environmental cues in-
cluding photoperiod, productivity pulses, and hydrody-
namic regimes (Thresher 1984; Robertson et al. 1990).
Variability in reproductive timing can enhance larval sur-
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vival through temporal spreading of spawning events. Size
at first maturity and size-dependent fecundity are particu-
larly relevant to fisheries sustainability. Empirical evi-
dence demonstrates that larger females often contribute
disproportionately to egg production and recruitment
potential (Marshall et al. 2010; Venturelli et al. 2010).
Consequently, these parameters is therefore essential for
designing biologically meaningful size regulations and
seasonal closures (King and MecFarlane 2003; Morgan
2008).

Despite its ecological presence along the southern
coast of India, comprehensive studies integrating feeding
intensity, diet composition, trophic index, sex ratio, ma-
turity stages, gonadosomatic index and fecundity of A.
scriptus are lacking. Given increasing fishing pressure and
habitat alteration in tropical coastal systems, region-
specific baseline data are necessary to evaluate the spe-
cies’ ecological role and demographic resilience. The pre-
sent study aims to provide a detailed account of feeding
ecology and reproductive biology of A. scriptus from the
southern coast of India.

2 | METHODOLOGY

2.1 Study area and sample collection

A total of 900 specimens of A. scriptus were obtained
from commercial trawl landings before sorting at Akkara-
pettai, Thoothukudi, and Kanyakumari fishing harbours
along the southern coast of India (Figure 1). Sampling was
conducted periodically from February 2022 to January
2023 based on landing availability. On each sampling day,
specimens were randomly subsampled from the landed
catch to minimize sampling bias. As the samples were
derived from fishery-dependent sources, the number of
individuals collected per sampling day varied depending
on catch volume and availability. The total length (TL) was
measured to the nearest millimetre (mm), and the total
weight (TW) was measured with a precision of 0.1 g. The
specimens were transported to the laboratory of the
Fisheries College and Research Institute, Thoothukudi via
insulated ice box. Subsequently, the specimens were dis-
sected for analysis of gut content and reproductive biolo-

gy (Figure 2).

2.2 Feeding intensity, food preference and mean trophic
index

The stomachs of the A. scriptus specimens were dissected
and the gastrosomatic index (GaSl) was calculated follow-
ing the methodology of Desai (1970). The fullness of the
stomach was categorised into six categories: (i) Full, (ii) %
full, (iii) % full, (iv) % full, (v) Trace and (vi) Empty, as
demonstrated by Pillay (1952). Stomach content analysis
was performed on 95 specimens with intact stomachs

Volume 14 | Issue 2 | Article 142210



containing identifiable food items, while damaged or
highly digested stomachs were excluded from analysis. A
chi-square test of independence was used to examine
monthly variation in stomach fullness categories. Due to
low expected frequencies in several cells, p-values were
estimated using Monte Carlo simulation. The gut contents
were examined to identify the food items. The food items
were grouped into corals, small crustaceans, red and
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green algae, fish, jellyfish, seagrass, echinoderms and
squids. The mean trophic level of A. scriptus was calculat-
ed using the following formula (Milessi et al. 2005):

ﬁ _ ?—-1 YikTLi
* 27;1 yz'k

Yi= landings (tonnes) of species i in year k, and
Ty = trophic level of species
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FIGURE 1 Map of the study area showing the sampling stations along the South Tamil Nadu coast of India.
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FIGURE 2 Dissected digestive system of Aluterus scriptus
showing stomach and intestine prior to gut content anal-
ysis.
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2.3 Sex ratio, length at first maturity (L,,), spawning sea-
sonality and gonadosomatic Index (GSl)

The sex ratio (male:female) was calculated for each
month and for the overall sample. Deviations from the
expected 1:1 ratio were tested using a chi-square (x?)
goodness-of-fit test following standard procedures. Sta-
tistical significance was evaluated at the 5% level (p <
0.05) following the methodology of Snedecor and
Cochran 1980. The reproductive stages of male and fe-
male fishes were determined using the five-stage gonad
maturity scale (Brown-Peterson et al. 2011; Figure 3a and
3b). However, due to limited representation of individuals
in the mature (Stage Ill) and spawning (Stage IV) catego-
ries, these stages were combined for analysis. According-
ly, gonadal development was grouped into four broader
categories: Stage | (immature), Stage Il (develop-
ing/maturing), Stage Ill (mature and spawning), and Stage
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IV (spent or post-spawning). Ovary characteristics, includ-
ing colour and vascularisation, shape and size, presence
of oocytes, ovary volume in relation to the coelomic cavi-
ty and size of the ova, were used to classify the female

The length at which 50% of the individuals attain
sexual maturity (L) was estimated using a logistic regres-
sion model, based on the proportion of mature individu-
als in the stocks as described by Udupay (1986).

1
P = 1+ e(—?'(L—Lm))

Where,
P is the predicted proportion of mature individuals,
r is slope of the curve
Lis the TL of the specimen
L., is the length corresponding to proportion of 50%
of mature individuals (Lsp).

Spawning periodicity was assessed based on the
percentage of spawning-capable females and males from
the monthly proportion. The gonadosomatic index (GSl)
was calculated using the following formula (Roff 1983).

GSI = GW/SW x 100
Where,

GW is the gonad weight,

SW is the somatic body weight

Fecundity and its relationship with length were es-
timated using the least squares method following Varghe-
se, 1980. Additionally, absolute fecundity and relative
fecundity were also estimated following the methodology
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maturity stages. In contrast, testis size, colour, vasculari-
sation, and presence of seminal fluid were used to classify
the male maturity stages.

FIGURE 3 (a) Maturity stages of
testes of Aluterus scriptus:
Stage | (immature; small, trans-
lucent), Stage Il (developing &
maturing; increased size and
vascularisation), Stage Ill (ma-
ture; enlarged, opaque), Stage
IV (spawning; turgid with milt
release), and Stage V (spent or
post-spawning; flaccid with re-
sidual spermatocytes).

(b) Maturity stages of ovaries of
A. scriptus: Stage | (immature;
small, translucent), Stage Il (de-
veloping & maturing; yellowish
with visible oocytes), Stage IlI
(mature; enlarged with distinct
yolked oocytes), Stage IV
(spawning; hydrated oocytes
present), and Stage V (spent or
post-spawning; flaccid with re-
sidual oocytes).

of Bagenal (1978). The relationship between fecundity
and TL was evaluated using Pearson’s correlation coeffi-
cient. Statistical significance was assessed at the 5% level
(p <0.05).

3 | RESULTS
3.1 Feeding ecology
The TL and weight of the specimens ranged from 25.3 cm
to 64.9 cm (mean + SD: 50.2+14.7 cm) and 141.82 g to
1,891.86 g (mean + SD: 1094+374.4 g) respectively. A to-
tal of 900 stomachs of A. scriptus were analysed during
the study period. Stomach fullness analysis indicated clear
monthly variation in feeding intensity of A. scriptus (Fig-
ure 4). Higher proportions of actively fed individuals (full
and % full stomachs) were recorded during April, July, and
October. Increased occurrence of individuals with empty
and trace stomachs was observed during June and No-
vember, suggesting seasonal variability in feeding activity.
Although fluctuations in feeding intensity were observed
across months, these differences were not statistically
significant (y2 = 42.46, p = 0.930), indicating relatively
consistent feeding patterns throughout the study period.
Aluterus scriptus exhibited a broad omnivorous
feeding spectrum comprising both animal and plant mat-
ter (Figure 5). Coral fragments and squids were the most
and least dominant food items respectively. The trophic
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index of A. scriptus varied marginally across seasons (Ta-
ble 1). The highest trophic level was observed during
post-monsoon (2.98), followed by monsoon (2.75), pre-
monsoon (2.73) and summer (2.69). The overall mean
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trophic index was 2.79+0.06, indicating that A. scriptus
functions as a low-to-mid level omnivore within the
coastal trophic web.

FIGURE 4 Monthly variation in
feeding intensity of Aluterus
scriptus.

Feb-22 Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23

= Full

100%
90%
80%
70%

60% I
50%
40%
30%
20%
10%
0%

Post monsoon Summer pre-monsoon

TABLE 1 Mean Trophic Index of Aluterus scriptus.

Season Landings (tonnes) Trophic level
Post monsoon 65,006 2.98
Summer 74,420 2.69
Pre-monsoon 58,694 2.73
Monsoon 20,877 2.75

Mean trophic index 2.79 +£0.06

3.2 Reproductive biology

Among the 900 specimens analysed, 356 and 544 num-
bers of individuals were observed to be males (39.56%)
and females (60.44%) respectively. The overall sex ratio
was 1:1.5 (M:F), with the monthly sex ratios ranging from
1:0.6 (January 2023) to 1:4 (June 2022). Monthly sex ratio
of A. scriptus was given in Figure 6. Chi-square analysis
indicated that monthly sex ratios did not differ significant-
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FIGURE 5 Seasonal variation in
the diet composition of Aluterus
scriptus.
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mEchinoderms
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= Small crustaceans

mCoral

ly from the expected 1:1 ratio (p > 0.05) in all month.
However, the annual sex ratio showed significant devia-
tion ()(2 =4.17, p < 0.05), indicating female dominance in
the population (Table 2). Monthly variation in maturity
stages of both male and female A. scriptus (Figure 7 and
8) revealed the presence of mature and spawning indi-
viduals throughout the year. However, a higher propor-
tion of advanced maturity stages was recorded during
October to January.

GSI values further supported seasonal reproductive
trends (Figure 9). In females, GSI values ranged from
0.05+0.01 (March 2022) to 2.40+0.38 (December 2022).
Higher GSI values were observed from October to Janu-
ary, with peak value during December (2.40+0.38). Male
GSI values were consistently lower than females, ranging
from 0.0410.61 (August 2022) to 1.14+0.39 (October
2022), with relatively higher values during October to
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December. The relatively high variability observed in cer-
tain months, particularly August, may reflect differences
in gonadal development stages among individuals and
limited sample size. GSI values are inherently variable and
often skewed, reflecting the presence of individuals at
different reproductive stages. The pooled GSI values sub-
stantiates a prolonged spawning period with a major re-
productive peak during October to February. The L, indi-
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cated that males attained sexual maturity at larger sizes
compared to females (Figure 10). The L,, of male and fe-
male A. scriptus is estimated as 54.21 cm and 53.33 cm
respectively. The maturity ogive showed that 50% of the
population reached maturity at approximately the mid-
size class of the sampled range, suggesting delayed matu-
ration relative to smaller reef-associated teleosts.

FIGURE 6 Percentage distribu-
tion of male and female individ-
uals of Aluterus scriptus.

Feb-22 Mar-22 Apr-22 May-22 Jun-22 Jul-22 Aug-22 Sep-22 Oct-22 Nov-22 Dec-22 Jan-23
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FIGURE 7 Monthly distribution
of ovarian maturity stages in
female Aluterus scriptus.
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FIGURE 8 Monthly distribution
of testes maturity stages in
male Aluterus scriptus.
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FIGURE 9 Gonadosomatic Index
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Male Female -#—Pooled
TABLE 2 Month-wise sex ratio of Aluterus scriptus.
Total - . - Significance
Months Male % Female % Sex ratio (M:F) Chi-square at 5% level*
Feb-22 28 30 65 70 93 1:2.3 1.6 NS
Mar-22 19 40 28 60 47 1:1.5 0.2 NS
Apr-22 38 40 56 60 94 1:1.5 0.4 NS
May-22 19 28.57 47 71.43 66 1:2.5 1.29 NS
Jun-22 9 20 38 80 47 1:4 1.8 NS
Jul-22 38 40 56 60 94 1:1.5 0.4 NS
Aug-22 47 45.45 56 54.55 103 1:1.2 0.09 NS
Sep-22 38 40 56 60 94 1:1.5 0.4 NS
Oct-22 19 33.33 38 66.67 57 1:2 0.67 NS
Nov-22 28 37.5 47 62.5 75 1:1.7 0.5 NS
Dec-22 28 50 28 50 56 1:1 0 NS
Jan-23 45 62.5 27 37.5 72 1:0.6 0.5 NS
Total 356 39.56 544 60.44 900 1:1.5 4.17 S (p=0.040)

*NS — non significance and S — Significant (p<0.05)

Fecundity showed a strong positive correlation with
body length (Pearson’s r = 0.986, p < 0.001), indicating
that reproductive output increases markedly with increas-
ing fish size. Absolute fecundity increased with increasing
body size (Table 3). The highest mean absolute fecundity
was recorded in the 65 cm length group (1451144437704
eggs), while the lowest was observed in the 58 cm group

(348519+13196 eggs). Similar to absolute fecundity, a
positive allometric relationship between fecundity and
both length and weight was evident. Relative fecundity
based on body weight ranged from 267.28+2.02 to
856.76+5.33 eggs g_l, while relative fecundity based on
total length ranged from 6008.95+227.52 to
22325.29+280.07 eggs cm .

TABLE 3 Estimated absolute and relative fecundity of Aluterus scriptus.

Mean length Mean weight Absolute fecundity Relative fecundity with Relative fecundity with
(cm) (g) (No. of eggs) weight (g) total length (cm)

65 1683 1451144 + 37704.76 835.43 £ 20.26 22325.29 + 280.07

64 1557 1402572 + 11311.43 856.76 + 5.33 21915.18 £ 176.74

63 1542 1174641+ 64098.1 741.93 +£17.04 18645.1 +1017.43

62 1498 1072102 + 35819.52 715.97 £ 15.55 17291.97 £ 577.73

61 1454 938235.1 + 33934.29 645.27 £ 23.33 15380.9 + 556.29

60 1447 621156.6 +228113.8 442.52 +152.47 10352.61 + 3801.89

59 1388 386101.2 + 16967.14 282.65+12.21 6544.08 + 287.57

58 1384 348519.3 + 13196.67 267.28 £2.02 6008.95 + 227.52

4 | DISCUSSION Wootton 2012). The omnivorous feeding strategy record-

4.1 Feeding ecology

Seasonal variation in feeding intensity observed in A.
scriptus is consistent with patterns documented in tropi-
cal reef fishes, where fluctuations in stomach fullness are
associated with prey availability, reproductive invest-
ment, and environmental seasonality (Hyslop 1980;
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ed in the present study aligns with the trophic flexibility
described for many reef-associated teleosts. Omnivory is
increasingly recognized as a stabilizing feature in coral
reef food webs (Choat et al. 2002; Brandl et al. 2019). The
dominance of coral-associated material suggests strong
ecological coupling with reef substrata. Reef structural
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complexity has been shown to directly influence trophic
pathways and prey accessibility in coral reef fishes (Wil-
son et al. 2010; Graham and Nash 2013). The trophic level
estimate (~2.79) positions A. scriptus within the lower—
intermediate trophic spectrum. Comparable trophic levels
have been reported for omnivorous reef fishes in global
reconstructions of marine food webs (Pauly et al. 1998;
Froese & Pauly 2026).

A. scriptus females
08

0.6

|
L50 =/53.3

04

Proportion Mature

0.2

40 50 60
Length (cm)

A. scriptus males

06
L50 =154.2

0.4

Proportion Mature

02

40 50 60
Length (cm)
FIGURE 10 Length at first maturity (Lso) of Aluterus scrip-
tus estimated from the logistic relationship between fish
length and proportion of mature individuals for females
and males.

4.2 Reproductive biology

The overall female-biased sex ratio (1:1.5) deviates from
theoretical parity expectations (Fisher 1930) but is not
uncommon in marine teleost populations. Female-biased
sex ratios have been reported in several monacanthid

journal.bdfish.org

Page 8 of 11

Biology of Aluterus scriptus from southern India
J Fish; Tamilselvan et al.

species, such as Stephanolepis hispidus, where females
dominate larger size classes (M:F = 1:1.4), likely reflecting
differential growth and survival patterns (Mancera-
Rodriguez and Castro-Herndndez 2015). However, varia-
bility in sex ratio is common within the family, with some
species (e.g., Thamnaconus modestus, Stephanolepis di-
aspros) exhibiting near parity (El-Ganainy and Sabrah
2013) or even male dominance (Kim et al. 2026) depend-
ing on size structure and population dynamics. The ex-
tended spawning period observed for A. scriptus in this
study is consistent with reproductive strategies reported
in monacanthids, which often display seasonal or pro-
longed spawning periods linked to environmental condi-
tions and resource availability. Sex ratio deviations may
also arise from differential growth, mortality or spatial
segregation (Nikolsky 1963; Wootton 2012). Recent syn-
theses suggest that demographic and ecological drivers,
including fishing pressure, can influence sex structure in
exploited fish populations (Hixon et al. 2014; Heino et al.
2015). The presence of mature individuals throughout the
year, with a distinct reproductive peak from October to
January, is characteristic of tropical reef fishes that exhibit
prolonged spawning seasons (Johannes 1978; Sadovy and
Domeier 2005). Extended spawning windows are adaptive
in relatively stable thermal regimes and enhance recruit-
ment success through temporal spreading of larval re-
lease (Lowerre-Barbieri et al. 2011). Seasonal GSI peaks
observed in females during post-monsoon months are
consistent with reproductive cycles described for tropical
marine fishes in the Indian Ocean region (Grandcourt et
al. 2009). GSI remains a robust indicator of reproductive
timing when interpreted alongside maturity staging (West
1990; Brown-Peterson et al. 2011).

The relatively large size at first maturity (~53-54 cm)
observed in A. scriptus suggests delayed reproductive
investment and is comparable to values reported for oth-
er medium-sized reef fishes, suggesting a life-history
strategy characterized by delayed maturation and higher
reproductive output (Stearns 1998; Beverton and Holt
2012). Similar positive relationships between body size
and fecundity have been widely documented in reef fish-
es, reinforcing the importance of conserving larger indi-
viduals within exploited populations (Berkeley et al. 2004;
Hixon et al. 2014; Barneche et al. 2018). Delayed matura-
tion has important fisheries implications, particularly if
individuals are harvested before spawning (Froese 2004;
Hixon et al. 2014). Larger females contribute significantly
more eggs and potentially higher-quality offspring, rein-
forcing the ecological importance of preserving large
spawners. Fecundity estimates in this study fall within
ranges documented for tropical marine teleosts with
batch spawning strategies (Murua and Saborido-Rey
2003; Lowerre-Barbieri et al. 2011). The observed size-
dependent fecundity highlights the need for management
strategies such as minimum size limits or slot limits to
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maintain spawning biomass and ensure sustainable ex-
ploitation (Prince and Hordyk 2019).

5 | CONCLUSIONS

This study provides fundamental knowledge on the biolo-
gy, reproductive dynamics, feeding ecology, and growth
patterns of A. scriptus, thereby contributing to a broader
understanding of its ecological role and management
needs. Seasonal variation in feeding intensity and dietary
composition suggests that A. scriptus employs flexible
feeding strategies to adapt to fluctuations in resource
availability. The dominance of corals in its diet under-
scores its trophic dependence on reef ecosystems and
highlights its ecological significance within these habitats.
Reproductive assessments revealed a female-biased sex
ratio (1:1.5) and extended spawning season, with peak
reproductive activity during later part of the vyear.
Aluterus scriptus is a highly fecund species, exhibiting
substantial reproductive output that contributes to its
resilience in dynamic marine environments. Despite its
reproductive potential and ecological adaptability, the
species exhibits seasonal patterns in landing, with peak
occurrences typically occurring during the summer sea-
son. The inconsistency in landings highlights the need for
effective management strategies, including seasonal har-
vest regulations and monitoring of reproductive cycles, to
ensure the sustainable exploitation and long-term con-
servation of the species.
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