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Abstract
Information on fish feeding ecology is crucial for understanding trophic interactions, energy flow, and ecosystem
dynamics in marine environments. Although the feeding ecology of several balistid species has been well docu-
mented, the trophic dynamics of the large-scale triggerfish, Canthidermis macrolepis, remain largely unstudied.
To address this gap and define its ecological role, we investigated the diet and feeding intensity of C. macrolepis
harvested from the Yemeni Red Sea coast between June and October 2025. Stomach content analysis (N =
57) was performed utilizing qualitative taxonomic identification and quantitative metrics, specifically frequency
of occurrence (%F) and volumetric percentage composition (%C). The results characterize C. macrolepis as
an active pelagic carnivore. The diet was predominantly composed of small teleosts, with zooplanktonic crus-
taceans serving as a critical secondary resource. Benthic invertebrates (sipunculids and worms), small mollusks,
and macroalgae were present only as minor, opportunistic dietary components. Furthermore, feeding intensity
was exceptionally high (Fullness Index: 98.25%; Vacuity Index: 1.75%), indicating continuous foraging activ-
ity. These findings establish C. macrolepis as a pelagic predator, differentiating its ecological niche from that
of heavily benthic-dependent reef triggerfishes, and provide essential baseline trophic data to support regional
ecosystem-based fisheries management.

Article Info
Keywords:
Balistidae, Red Sea, Diet composition, Trophic
dynamics, Pelagic predator

Article History:
Received: 3-July-2026,
Revised: 10-August-2026,
Accepted: 4-Octoper-2026,
Published: 31 October 2026.

1. INTRODUCTION

Information on fish feeding ecology is crucial for under-
standing trophic interactions, energy flow, and ecosys-
tem dynamics in marine environments. Comprehensive
knowledge of fish diets is essential for successful fish-
eries management [1, 2], aquaculture species selection
[3], and the utilization of specific species for ornamen-
tal purposes or biological larval control [4]. Feeding
ecology generally encompasses feeding biology, which
correlates morphological and physiological traits with
food preferences and food selectivity, which explains the
mechanisms driving prey choice [5].

Diet analysis is particularly fundamental to this field,
providing a direct snapshot of recent feeding activity [6].
It elucidates nutritional requirements, highlights poten-

tial competition, and defines predator–prey interactions
[7] and references therein. Ultimately, fish diets inte-
grate various ecological components, including behavior,
habitat use, and energy intake [8], while also shaping
broader macroevolutionary processes [9]. Furthermore,
quantifying diet composition, consumption rates, and
prey mortality is necessary to accurately model marine
ecosystem dynamics [1]. Because feeding habits di-
rectly affect the growth, reproduction, and demographics
of both predators and prey [10], understanding these
trophic parameters [8, 11] is vital for developing effective
conservation strategies, particularly as anthropogenic
stressors such as climate change and overfishing de-
plete global fish stocks [5].

The large-scale triggerfish, Canthidermis macrolepis,
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belongs to the family Balistidae, whose members are
typically associated with tropical and subtropical marine
habitats [12] and references therein. It is widely dis-
tributed across the Indo-West Pacific, including the Red
Sea, the Gulf of Aden, and the Arabian Sea [13–16].
Balistids exhibit diverse feeding strategies, ranging from
benthic predation to planktonic foraging. However, unlike
many reef-associated triggerfishes, species within the
genus Canthidermis are primarily epipelagic rather than
strictly reef-dwelling, frequently associating with float-
ing objects [17] and exploiting unique offshore feeding
niches.

It is worth noting that the feeding ecology, stomach
contents, and feeding habits of fishes in Yemeni waters
have been poorly investigated. In this context, only a
limited number of studies were found; the available stud-
ies are [18–21]. Although the feeding ecology of several
balistid species is well documented, C. macrolepis re-
mains largely unstudied. Historically absent from Yemeni
species catalogs, this species has recently transitioned
from incidental bycatch to a regular component of coastal
commercial catches, signaling its growing economic im-
portance [22]. Consequently, investigating the life history
and ecological role of this emerging resource is highly
necessary. This study aimed to investigate the diet and
feeding ecology of C. macrolepis to fill existing knowl-
edge gaps and advance our understanding of its role in
the trophic dynamics of Yemeni coastal waters, thereby
supporting ecosystem-based fisheries management.

2. MATERIALS AND METHODS

2.1. Sample Collection

A total of 57 C. macrolepis specimens were collected
from fish markets in Sana’a, Yemen, between June and
October 2025. During this period, the species was ob-
served exclusively in Sana’a markets [22]. According
to vendors, the specimens were captured in the Red
Sea coastal waters near Al-Hodeidah. Following the ac-
quisition, the fish were immediately transported to the
laboratory on ice to halt further digestion.

2.2. Laboratory Processing

Morphometric data, including total length (TL) and stan-
dard length (SL), were measured to the nearest mil-
limeter, and total body weight (W) was recorded to the
nearest gram for each specimen. Specimens were then
dissected to remove the entire alimentary canal. The
gastrointestinal tracts were weighed to the nearest gram
and preserved in 5% formalin for subsequent analysis of
feeding intensity and dietary composition.

2.3. Feeding Intensity
The degree of stomach fullness was assessed visu-
ally using a standardized seven-point categorical scale:
empty, trace, 1

4 full, 1
2 full, 3

4 full, full, and gorged [23]
and references therein. Stomachs classified as gorged,
full, or 3

4 full were considered indicative of active feeding,
whereas those categorized as 1

4 full or trace indicated
poor feeding activity [24]. To quantify overall feeding
activity, the vacuity index (VI; the percentage of empty
stomachs) and the fullness index (FI; the percentage of
stomachs containing food relative to the total examined)
were calculated.

2.4. Stomach Content Analysis
Stomachs were dissected in Petri dishes, and their con-
tents were examined using a dissecting microscope. Di-
etary composition was assessed both qualitatively and
quantitatively.

Qualitative analysis: Prey items were identified to
the lowest possible taxonomic level. Due to the ad-
vanced stages of digestion often encountered, identifi-
cation frequently relied on digestion-resistant hard struc-
tures, such as teleost bones, otoliths, crustacean ap-
pendages, and exoskeleton fragments [25, 26]. Addition-
ally, intestinal contents were examined to supplement
the stomach data. Because some intestines contained
substantial quantities of intact brown algae and coral
fragments, integrating these observations reduced bias
against rapidly digested prey items that might otherwise
be underrepresented in the stomach [27].

Quantitative analysis: The frequency of occurrence
(%F) for each dietary item was calculated to evaluate
feeding prevalence using the following equation:

%F =
ni
N

× 100 (1)

(where ni is the number of stomachs containing prey
item i, and N is the total number of non-empty stomachs
examined).

To quantify the relative volume or bulk of various food
items, the volumetric points method (%C) was employed
as described by [28] and applied by [29]. The percentage
composition by points was calculated as follows:

%C =
Pi

Ptotal
× 100 (2)

(where Pi is the total points allocated to prey item i, and
Ptotal is the total points allocated to all prey items across
all stomachs).

2.5. Importance of Prey Categories
The relative importance of each prey category in the diet
of C. macrolepis was evaluated graphically by plotting
the frequency of occurrence (%F) against the percentage
composition by points (%C), following standard graphical
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Table 1. Degree of Stomach Fullness in Canthidermis macrolepis

Feeding status Active feeding Moderate feeding Poor feeding Non-feeders
Fullness Gorged Full 3

4 Full 1
2 Full 1

4 Full Trace Empty
No. of fish 2 5 7 5 18 19 1
%Feeding activity 3.51 8.77 12.28 8.77 31.58 33.33 1.75
Total %Feeding activity 24.56 8.77 64.91 1.75
Fullness index = 98.25% Vacuity index = 1.75%

Figure 1. Alimentary canal of Canthidermis macrolepis col-
lected from Sana’a market, Yemen

representations of feeding strategy.

3. RESULTS
3.1. Alimentary Canal Morphology
Gross anatomical examination revealed that C.
macrolepis possesses a saccular stomach and intestine
of moderate length (Figure 1).

3.2. Feeding Intensity
Visual assessment of stomach fullness indicated high
overall feeding activity, with a fullness index (FI) of
98.25% and a vacuity index (VI) of only 1.75% (Table 1),
representing a single empty stomach in the sample.
Among the stomachs containing food, feeding intensity
varied: 64.91% were classified as poorly active (trace to
1
4 full), 8.77% as moderate feeders ( 1

2 full), and 24.56%
as active feeders ( 3

4 full to gorged). Of the stomachs con-
taining food, 64.91% belonged to females and 33.33% to
males, reflecting the underlying sex ratio of the sampled
population.

3.3. Diet Composition
Dietary items recovered from C. macrolepis stom-
achs were classified into six primary categories: (1)
small teleosts/juveniles and associated remains (bones,
spines, skin, scales, and vertebrae); (2) crustaceans, pri-

marily zooplanktonic forms, including copepods, mysids,
decapod larvae (Brachyura zoea), Lucifer spp., and
unidentified crustacean fragments; (3) small mollusks,
specifically bivalves and gastropods; (4) benthic inverte-
brates (sipunculids and annelid worms); (5) macroalgae;
and (6) unidentified items (highly degraded larvae, soft-
bodied prey, and unidentifiable digested matter).

Comparing stomach and intestinal contents revealed
differential digestion rates across prey taxa (Figure 2).
For instance, fish remains occurred less frequently in the
intestines (23.34%) than in the stomachs.

Conversely, the intestines exhibited higher frequen-
cies of crustacean remains (48.21%), unidentified matter
(17.68%), and mollusks (10.71%). Highly digested mat-
ter was prevalent, occurring in 96.36% of the intestines
examined. Notably, the intestines of three specimens
(5.36%) were entirely gorged with brown algae (Sargas-
sum spp.), and coral fragments were also observed in
5.36% of the total intestines examined.

3.4. Quantitative Dietary Analysis

Frequency of occurrence (%F) data (Table 2) indicated
that fish and teleost remains were the most prevalent
prey, present in 51.79% of all stomachs. Crustaceans
ranked second in occurrence (32.14%), followed by
unidentified items (19.64%). Other dietary components
appeared infrequently: worms and benthic invertebrates
occurred in 5.36% of stomachs, while mollusks and al-
gae each occurred in only 1.79%. Highly digested matter
was present in 92.86% of the stomachs.

The volumetric percentage composition (%C) demon-
strated that highly digested matter constituted the bulk
of stomach contents (48.21%). Among identifiable prey,
fish were the predominant dietary component by volume
(36.12%), followed by crustaceans (7.54%) and unidenti-
fied items (3.51%). Benthic invertebrates and mollusks
constituted 1.64% and 1.49% of the diet, respectively,
whereas worms (0.45%) and algae (0.15%) represented
negligible volumetric contributions.

The relative importance of specific prey items was
evaluated by plotting %F against %C (Figure 3). The
graphical representation clearly isolates fish and teleost
remains as the dominant prey category, exhibiting the
highest values for both occurrence and volumetric contri-
bution.

Crustaceans occupy the position of secondary prey,
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Figure 2. Comparison of the % frequency of Occurrence of different food items: (A) stomach, (B) intestine

Table 2. Food composition and frequency of occurrence of Canthidermis macrolepis

Fish Crustacea Mollusk Benthos Worms Algae Unidentified Digested food
% F 51.79 32.14 1.79 5.36 5.36 1.79 19.64 92.86
% C 36.12 7.54 1.49 1.64 0.45 0.15 3.51 48.21

Figure 3. Comparison between %F and %C of various food
categories

characterized by a high occurrence but relatively lower
volumetric contribution. Conversely, mollusks, benthic
invertebrates, worms, and algae exhibited very low val-
ues for both %F and %C, categorizing them as minor or
incidental prey.

4. DISCUSSION
The morphological characteristics of the C. macrolepis al-
imentary tract present functional ambiguity: the saccular
stomach suggests a carnivorous trophic niche, whereas
the moderate intestinal length implies an omnivorous ten-
dency. Dietary analysis effectively resolves this anatom-
ical ambiguity, confirming that the species is predomi-
nantly carnivorous.

Despite advanced digestion in the majority of stom-
achs (92.89%), identifiable remains, including whole ju-
venile teleosts, flesh, spines, vertebrae, and crustacean
appendages, provided a clear trophic profile. Synthe-
sizing the frequency of occurrence (%F) and volumetric
composition (%C) confirms that C. macrolepis primarily
preys on small teleosts (dominant prey), supplemented
by pelagic crustaceans (secondary prey). Minor items,
such as small mollusks and benthic invertebrates, con-
tribute negligibly to the overall dietary volume and can
be classified as incidental or opportunistic intake.

The trace presence of macroalgae in the diet likely
represents incidental ingestion during foraging, rather
than targeted herbivory. Furthermore, the microscopic
worms observed in a limited number of specimens are
likely parasitic nematodes, common in marine teleosts,
and represent a parasitic load rather than true dietary
components. The high prevalence of highly digested
matter (48.21% by volume) across nearly all stomachs
is largely attributable to the rapid digestion rates typical
of pelagic fishes, exacerbated by the inevitable delay
between capture and preservation.

Feeding intensity data further elucidate the foraging
behavior of the species. The exceptionally high fullness
index (98.25%) and corresponding low vacuity index
(1.75%) indicate that active feeding is nearly continuous
in the sampled population. However, the predominance
of stomachs containing only trace or small quantities of
food (64.91%) suggests rapid food turnover. This may
also be influenced by post-capture digestion or environ-
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mental factors, such as temperature and salinity fluctua-
tions, which are known to dictate metabolic and gastric
evacuation rates [6]. Ultimately, the distinct reliance on
small teleosts and zooplanktonic crustaceans strongly in-
dicates that C. macrolepis operates as a pelagic predator,
exploiting the available resources in the offshore water
column [30].

Trophic plasticity is a recognized hallmark of the family
Balistidae, which is heavily influenced by habitat and re-
source availability [31]. A comparative review of balistid
feeding ecologies reveals a clear divergence between
reef-associated and pelagic genera. Reef-dwelling trig-
gerfishes, such as Balistes vetula, B. capriscus, and
Canthidermis sufflamen, primarily exploit benthic habi-
tats, utilizing their robust dentition to prey heavily on
hard-shelled invertebrates, such as brachyuran crabs,
bivalves, barnacles, and sea urchins (Diadema spp.) [7,
32–34]. Conversely, other balistids exhibit highly adapt-
able omnivory; for instance, Melichthys niger relies heav-
ily on macroalgae and detritus [35], while Odonus niger
and Balistes polylepis function as generalist omnivores
[36, 37].

Within its own genus, C. macrolepis demonstrates
a dietary profile highly comparable to that of the rough
triggerfish, C. maculata, which is also recognized as
a pelagic carnivore heavily dependent on amphipods,
copepods, and teleosts [38]. The findings of the present
study confirm that C. macrolepis deviates from the ben-
thic invertebrate-dominated diets of reef triggerfishes and
instead exploits a distinct pelagic food web.

5. CONCLUSION

This investigation establishes that the large-scale trig-
gerfish, Canthidermis macrolepis, functions primarily as
a pelagic carnivore in Yemeni coastal waters. Its diet
is dominated by small teleosts, with zooplanktonic crus-
taceans serving as a critical secondary food source. Al-
though the species opportunistically ingests minor quan-
tities of mollusks, benthic invertebrates, and algae, these
do not represent primary energetic pathways. Because
the spatiotemporal scope of this sampling period was
limited, further seasonal and multi-site investigations are
warranted to capture the full ontogenetic and temporal
feeding dynamics of C. macrolepis, ultimately support-
ing the ecosystem-based management of this emerging
fisheries resource.
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