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Abudefduf vaigiensis (Quoy & Gaimard, 1825) from Iligan Bay, Southern Philippines

Nelfa D. Canini*!, Ephrime B. Metillo?

"Department of Natural Sciences, College of Arts and Sciences/College of Education, Misamis University, Ozamiz City 7200, Philippines.
*Department of Marine Science, Mindanao State University-Iligan Institute of Technology, Bonifacio Ave., Tibanga, Iligan City, Philippines.

Abstract: The success of fisheries depends critically on the state of the fish stocks. In this study, a
total of 1,188 fish individuals belonging to two species of Abudefduf vaigiensis (711), Chaetodon
vagabundus (477) were investigated based on the samples collected from the waters of Iligan Bay,
Southern Philippines. Population parameters were assessed using length-frequency data with FiSAT
IT software. The results showed positive correlations between length and weight. The values of b
significantly (P<0.000) increased from 2.55 in C. vagabundus to 2.82 in A. vaigiensis. The growth
and mortality parameters asymptotic length (L), annual growth rate (K), annual total mortality (Z),
natural mortality (M), fishing mortality (F) and exploitation rate (E) were 15.75 cm, 0.430, 1.60,
1.24, 0.28 and 0.18 for A. vaigiensis and 14.70 cm, 0.700, 2.60, 1.73, 1.09 and 0.39 for
C. vagabundus, respectively. A bimodal recruitment pattern of unequal strength was observed for
both species. The result of the virtual population analysis (VPA) routine showed that most of the
small and young fish were prone to natural losses, while bigger fish were mostly caught by the
fisherman. Finally, the maximum sustainable yield (E.4x) for the two species was higher than the
exploitation level, indicating that these two ornamental reef fishes were in good condition in Iligan
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Introduction

Ornamental fishkeeping is the second-largest hobby in
the world, with the demand for ornamental fish
steadily increasing annually (Muyot et al., 2019). Due
to the considerable growth and diversification of the
international ornamental fish trade, there is concern
about its potential effects on the conservation of wild
populations (Andrews, 1990; Dominguez and Botella,
2014), including its overall impact on the ecological
balance of aquatic ecosystems. However, very little is
known about the number or diversity of fish in
commerce, and traded species are typically not
traceable to their originating source because there has
never been a proper monitoring system (Biondo and
Burki, 2020). Available figures are based primarily on
(often historical) estimates or are inferred using
limited information from various formal and trade
organizations. The data are also mostly based on the
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declared value of the ornamental fish trade and often
fail to distinguish between freshwater and marine
fishes (Monticini, 2010), sometimes including
invertebrates (Dee et al., 2014). It is, therefore,
challenging to find evidence to support the industry’s
claims that the ornamental fish trade is sustainable
(Monticini, 2010; OATA, 2014). This market scenario
may result in a sudden decrease in the marine
ornamental fish stock. Thus, stock assessment is
needed to provide important scientific information
necessary for the conservation and management of
fish stocks (Hoggarth et al., 2006; Gebremedhin et al.,
2021). The assessment of a fish stock must consider
all the relevant factors, especially the direct impact of
a fishery on a single species (Halpern et al., 2015).
Growth, mortality, and recruitment parameters are
essential for assessing and managing fish stocks
(Kalhoro et al., 2017), as they determine catch and the
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Figure 1. Map of Iligan Bay in Northern Mindanao showing the different fish landing sites (stars) monitored in the present study. This map was

generated using QGIS v3.10 software (QGIS Development Team, 2016).

annual amount of fish exploited from fisheries.
Recently, several studies have examined the number
of fish species and proposed management steps to
maintain fish stocks using the FiSAT package
(Kalhoro et al., 2013; Memon et al., 2015; Majeed et
al., 2022). Thus, this study focuses on the annual
stock, population structure, and dynamics, growth,
mortality, and production of the two ornamental coral
reef fish species, Vagabond Butterflyfish (Chaetodon
vagabundus) and Indo-Pacific sergeant (Abudefduf
vaigiensis), in the waters of Iligan Bay. Length-
frequency distribution data are used to determine
stock status and regulate fishing effort to maintain the
fish stock. The output of population dynamics
indicates the level of exploitation of declining stocks.
Hence, the generated information can be used as input
to ecosystem-based fisheries management models for
Iligan waters, which was previously unavailable.
Additionally, it provides information to support the
future implementation of captive breeding and
management practices to reduce the ongoing depletion
of natural stocks.

Materials and Methods

Study area: This study was conducted in Iligan Bay,
Southern Philippines. The Bay is located in the
southern part of Mindanao Sea, connected in the
southwest with the narrow Panguil Bay (Fig. 1). It lies
approximately between 123°43’15” east longitude and
8°30’31” north latitude. It has an estimated coastline
of 170 km with an area of around 2,390 km?
(Quifiones et al., 2020). The Philippine Bureau of
and Aquatic Resources (BFAR) has
identified Iligan Bay as a main fishing ground for its
fishery resources and as a habitat for wildlife
assemblages, and it serves as a vital food producer
(Lacuna and Alviro, 2014). The sampling stations
were established at known coastal landing areas for
coral in Iligan Bay, namely the
municipalities of Tudela, Oroquieta, Lopez Jaena,
Plaridel, and Baliangao, Misamis Occidental (Fig. 1).
Data collection: Samples of at least 30 individuals of
A. vaigiensis and C. vagabundus of varying sizes were
collected monthly for 14 months (July 2021 to August
2022). The current stock assessment method for
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ornamental coral reef fish species was based on the
work of Jumawan et al. (2021). Data were gathered by
trained fisherfolk enumerators using a standard survey
form on catch and effort. The survey forms also
include information on the landing site, fishing
grounds, catch volume per species, the types and
numbers of gear and boats used, and the number of
fishing hours. All survey forms were collated and
processed monthly. The survey was conducted over
two-day intervals, once every 20 days in a month. The
total length of each fish (in cm) was measured from
the tip of the snout (with the mouth closed) to the
extended tip of the caudal fin using a ruler. Body
weight was measured to the nearest 0.1 g using a top-
loading Mettler balance SB12001.

Data analyses

Length-weight relationship: The length-weight
relationship (LWR) was expressed by the equation of
W = al.”, where W and L represent the weight and
length of the fish, a is the initial growth index, and b
is the equilibrium constant, which measures the
growth pattern of the fish. The b value remains
constant at 3 for ideal fish growth (Wootton, 1990;
Ontomwa et al., 2018); lesser or greater values
indicate either positive allometric growth (b>3) or
negative allometric growth (b<3) (Ricker, 1975;
Froese, 2006). LWR of the species that had sufficient
samples was determined by linearly regressing the
log-transformed data in scatter plots to obtain the a
and b values following the procedure described by Le
Cren (1951): Log W =loga+blogL.

Condition factor: The condition factor (c.f.) was
calculated using the formula of c.f. = 100W/L? (Pauly,
1983), where W = weight in grams, and L = total
length (cm). A t-test was used to determine the
significance of the effect of weight on length
(P<0.05).

Growth parameters: To estimate the L. and K
parameters of the von Bertalanffy equation, the
ELEFAN I (Electronic Length Frequency Analysis)
(Gayanilo et al., 1997) software tool included in
FiSAT II (FAO ICLARM Stock Assessment Tools)
was employed. The initial seed value of Loo was
further analyzed, where the constant (K) was

estimated from the k-scan routine, finding the best
appropriate growth curve. Estimated L» and K values
were visually assessed for the progression of modes in
the growth curve using the von Bertalanffy Growth
Function (VBGF) (Pauly, 1983).

Mortality and exploitation rate: Using the FISAT II
program, the natural mortality rate (M) was calculated
using Pauly's (1980) mortality empirical equation at a
mean temperature (T) of 28.2°C (Froese and Pauly,
2022): Log (M) = -0.0066 - 0.279 log (L) + 0.6543
log (K) + 0.4634 log (T). Fishing mortality (F) was the
difference between M and Z, and exploitation rate (E)
was calculated using Beverton and Holt’s equation
(Guiland, 1971) of E=F / Z=F |/ (F+M). An E near
0.5 1s thought to indicate an appropriate amount of
exploitation, whereas E>0.5 denotes over-exploitation
(Tesfaye and Wolff, 2015). The mortality parameters
(Z, M, and F) and the exploitation rate (E) were
estimated using the length-converted catch curve
method (Pauly, 1984) and the mean annual habitat
temperature of 28.2°C. Z is the total instantaneous
mortality, M is natural mortality, and F is mortality
caused by fishing.

For the level of exploitation of stocks, the
following categories were used: (a) E below -10% of
Eo.1 suggests underexploited; (b) E = -10% of Eo.1 to
E = +10% of Eo.1, optimally exploited; (c) E above
+10% of Eo.1 to below E = Ey.1, overexploited; and (d)
E equal to or above Eos, highly overexploited. E
values were also compared with the predicted Emax
(exploitation rate, which produces maximum yield) to
determine if the stock’s exploitation level is beyond
the maximum sustainable yield level.

Probability of capture: Backward extrapolation of
the descending limb was used to estimate the
probability of capture. A selectivity curve was
generated by fitting a logistic function to the
probability of capture and size data, and it was used to
derive sizes at capture probabilities of 25% (L2s), S0%
(Lso0), and 75% (L75). Lso was also referred to as length
at first capture (Lc). The length at first sexual maturity
(Lmso) was computed using the equation proposed by
Hoggarth et al. (2006): Lmso = 2 X Loo/3.

Recruitment pattern: Recruitment patterns for the
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Table 1. Length-weight relationship parameters of two species collected from Iligan Bay. (a, intercept of the relationship; b, the slope of the
relationship; 2, coefficient of determination; A+, allometric positive; A-, allometric negative; I, isometric).* significant differences from 3 (P<0.05).

. . a b r Growth
Family/ Species . . c.f p value .
Regression coefficient behavior
Chactodontidae 0.08 2.55 0.79 1.01£0.12 0.000 A-
C. vagabundus
Pomacentridac 0.03 2.82 0.77 1.020.19 0.000 A-
A. vaigiensis
Table 2. Summary of the population parameters of the two coral reef fish species in Iligan Bay, 2021-2022.
Species Lo (cm) K (yr') a fo fmax
A. vaigiensis 15.75 0.430 2.831 -0.090 6.886
C. vagabundus 14.70 0.700 3.012 -0.693 3.593

two fish species were analyzed from September 2021
to August 2022. Recruitment was estimated from
restructured time-series length-frequency data. The
recruitment model was obtained by projecting the
length-frequency data back on the time axis using the
VBGF growth parameters L, K, and 7, (Moreau and
Cuende, 1991).

Virtual population analysis: Length-structured
virtual population analysis (VPA) and cohort analysis
were conducted using the methods of Thomson and
Bell (1984) and Gulland (1965). The estimates of Lo,
K, M, F, a (a constant in the length-weight relation),
and b (the exponent) for the species were used as
inputs to the VPA analysis for that species. The 7o
value was taken as zero.

Relative yield per recruit and relative biomass per
recruit: The predicted growth parameters and the
probability of capture by length were used to produce
relative yield per recruit (Y/R) and relative biomass per
recruit (B/R) values as a function of E (Pauly and
Soriano, 1986). As a result, the maximum allowable
limit of exploitation (Emax) corresponding to the
yield-per-recruit (MSY =
Maximum Sustainable Yield), the exploitation rate at
which the marginal increase in relative yield-per-
recruit is Eo.1 or 10% of its virgin stock, and Eo.s (TRP
= target reference point), the exploitation rate
corresponding to 50% of the unexploited relative
biomass per recruit (B/R) were calculated using
Beverton and Holt Y/R analysis routine in FISAT II
software.

maximum relative

Statistical analysis: The regression equation was
fitted separately for each group, and the slopes (b-
values) were tested for significant variation among
groups using analysis of Variance. Statistical analysis
was conducted using SPSS version 16.

Results

Length-weight relationships: Each species has
specific length-weight parameters. The values of b
significantly  (P<0.000) rose from 2.55 in
C. vagabundus to 2.82 in A. vaigiensis. It is also clear
that both species exhibit b-values less than 3,
indicating negative allometric growth (A-). The
condition factors for the species differed significantly,
ranging from 1.01+20.12 in C. vagabundus to
1.02£0.19 in A. vaigiensis (Table 1). The present study
showed positive correlations between length and
weight. Although there was individual variation,
weight significantly increased (P=0.00) with body
length, respectively (Fig. 2).

Growth Parameters: Figure 3 shows the restructured
length-frequency distributions of the two ornamental
coral reef fish species at the study site. The respective
K-values for the two species, C.vagabundus and
A. vaigiensis, were less than 1.0 (0.700 and 0.570,
respectively). The growth performance index (&), the
age at zero length (7o), and the fmax of the two coral reef
fish are presented in Table 2. The VBGF plot showed
that the maximum length frequency of A. vaigiensis
was 10-11 cm, and for C. vagabundus, 20 cm.
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Figure 2. Length-weight relationship of ornamental fish species (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.
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Figure 3. Length-frequency distribution output from FISAT II with superimposed growth curve for each ornamental fish species of (A) Abudefduf
vaigiensis and (B) Chaetodon vagabundus.
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Figure 4. Catch curve analysis of ornamental fish species of (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.
Mortality and exploitation rates: Using the annual estimates, and biological target (Fopt) points, as well

average sea surface temperature (SST) of 28.2°C, the as the exploitation rate of the two species, were
total (Z), natural (M), and fishing (F) mortality calculated as shown in Figure 4 and Table 3. The
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Table 3. Mortality and exploitation parameters of the two coral reef fish species in Iligan Bay.

Species Lo (cm) K (yrh) Z (M+F) M (Z-F) F(Z-M) Fopt E (FIZ)
C. vagabundus 14.70 0.700 2.82 1.73 1.09 0.87 0.39
A. vaigiensis 15.75 0.430 1.60 1.24 0.28 0.62 0.18
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Figure 5. The selection curve for the probability of capture of ornamental fishes of (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.
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Figure 6. Recruitment patterns of ornamental fish species of (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.

results showed that the annual instantaneous total
mortality coefficient (Z) was higher in C. vagabondus
(2.82) than in A. vaigiensis (1.60). For instantaneous
natural mortality (M) and fishing mortality estimates
(F), the results showed that C.vagabondus had a
higher value than A. vaigiensis. The Fopt values of
A. vaigiensis and C. vagabundus were 0.62 and 0.87
year’!, respectively (Table 3).

Probability of capture: The length of -catch

probability at 25% (Lc2s), 50% (Lcso or length at first
catch), 75% (Lc7s), and length at first maturity (Lmso)
of the two species is presented in Figure 5. The A.
vaigiensis recorded Lcas = 8.63, Lcso = 9.04, Lers=
9.45 and Lmso=10.50 cm; and C. vagabundus Lcas =
11.02, Lcso=11.56, Lc7s=12.10 and Lmso= 9.80 cm,
respectively.

Recruitment pattern: Recruitment patterns were
observed year-round (Fig. 6). The recruitment of
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Figure 7. Virtual population analysis of ornamental fish species of (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.
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Figure 8. Relative yield/recruit and biomass/recruit of ornamental fish species of (A) Abudefduf vaigiensis and (B) Chaetodon vagabundus.

A. vaigiensis appeared bimodal, although the modes
were unequal in strength. The minor recruitment pulse
occurred from September to December, peaking in
September (7.06%), and the major recruitment pulse
occurred from April to May, peaking in April
(27.34%). A minor peak in C. vagabundus recruitment
was observed from October to January, with a peak in
November (4.53%), and the major peak was from
April to June, with a peak in April at 16.87%.

Virtual population analysis: The length of the
structured virtual population analysis of the two fish
species is shown in Figure 7. The reduction of the
abundance of A. vaigiensis at lengths 6-7 cm and
C. vagabundus at 7-9 cm was mainly due to natural
losses. The results also revealed that the majority of
A. vaigiensis within the length group 8-10 cm was

more prone to being caught by fishermen, while the
highest peak of fishing mortality (F = 0.52 year!)
occurred at length 10 cm. Chaetodon vagabundus
within the length of 10-12 cm were the most
vulnerable to fishing, with the highest peak of fishing
mortality at a length of 12 cm corresponding to a 1.2
year™! fishing mortality rate.

Relative yield-per-recruit and relative biomass-
per-recruit: The Beverton and Holt Y/R analysis
involving the knife-edge method routine was used to
calculate the relative yield-per-recruit and biomass-
per-recruit of the two ornamental coral reef fish
species (Fig. 8). The input estimates used for Lcso/Leo
was 0.630, and M/K values was 2.88 for A. vaigiensis,
and 0.78 and 2.47 for C. vagabundus, respectively.
The 10% exploitation level (Eo.1) that corresponds to
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the marginal increase in relative yield per recruit (Y/R)
of its value and the maximum allowable limit of
exploitation (Emax or MSY) that gives the maximum
relative yield per recruit (¥Y/R) was relatively similar
for both A. vaigiensis and C.vagabundus (1.000).

Discussions

Length-weight relationship: The two ornamental
fish species (C. vagabundus and A. vaigiensis) in the
current study demonstrated a negative allometric
growth. Rajesh et al. (2022) on the south-east coast of
India, Sudhakar and Shameem (2009) from the
Visakhapatnam coast, and Gumanao et al. (2016) from
the Philippines reported the same results (negative
allometric growth) in A. vaigiensis. The similarities in
the somatic growth of fishes in this study with those
in other regions might be attributed to environmental
factors common in tropical oceans, such as
temperature, oxygen concentration, salinity, and
photoperiod (Dutta, 1994; Ong et al., 2018).

Even though the change of b-values depends
primarily on the shape, various factors may be
responsible for the differences in parameters of the
length-weight relationships among seasons and years,
such as salinity, food (quantity, quality, and size), sex
and time of year, stage of maturity (Ricker, 1973;
Pauly, 1984; Weatherley and Gill, 1987; Sparre, 1992;
Alam et al., 2018). Additionally, the variation in b
exponents may be related to differences in the
sampling area, productivity, or sample lengths (Le
Cren, 1951; Weatherley and Gill, 1987). According to
Le Cren (1951) and Alam et al. (2018), the fish in
which the value of b ranges between 2.5 and 4 is in
good condition. Hence, the results of this study
suggest that the degree of well-being, or the
coefficient condition, for the growth of the two
ornamental fish species in Iligan Bay is good.
Variations in a fish's coefficient of condition primarily
reflect the state of sexual maturity and the degree of
nourishment (Ahmed et al., 2020).

The relationship between length and weight can be
used to estimate the condition factor of fish species. In
fisheries science, the condition factor is used to
compare the condition or well-being of fish (Ahmed

et al., 2011). It is based on the hypothesis that heavier
fish of a particular length are in a better physiological
condition (Bagenal and Tesch, 1978). Both biotic and
abiotic environmental conditions strongly influence it
and can be used as an index to assess the status of the
aquatic ecosystem in which fish live (Anene, 2005).
The condition factors of the two species in the present
study were greater than 1, indicating that the fish
species were in good condition in Iligan Bay. This
may be due to the presence of a fish sanctuary in the
area, which shelters fish life and habitats, allowing
them to recover from human impacts such as pollution
and overfishing.

Growth parameters: The results of the present study
could provide baseline information on the population
dynamics of fish species in tropical settings. The
growth rate (K) and growth performance indices for
asymptotic length (@') of the C. vagabundus in this
study recorded higher values of asymptotic length (@)
and tmax (3.01 and 3.59) and lower growth rate (0.70)
as compared to C. larvatus and H. acuminatus
(Zekeria et al., 2006; Mahadevan et al, 2021). The
variation in growth estimates (L, K, @, and fmax)
among the ornamental coral reef fish species in the
Philippines and abroad can be attributed to the
sampling procedure, gear selectivity, variety of data,
differences in their lifestyle, ecological characteristics
of fish and different environmental conditions like
adjusting to the standing stock in the wild or its
response to the exploitation rate and fishing pressure
by commercial and artisanal fishers (Adams, 1980;
Panda et al.,, 2016). Another factor that could
influence differences in growth parameters was the
type of fishing gear used. For instance, nets with a
smaller mesh size tend to catch smaller fish, while
larger mesh-size nets only catch fish that are big
enough to be trapped inside the net. On the other hand,
line fishing catches fewer fish than net fishing (Fadzly
et al., 2017). Recent data suggest that the individual's
genotypes, hormones, and physiological conditions
are equally important endogenous regulators of
growth (Ahmed et al., 2020).

Mortality rate parameters and exploitation rate:
Total mortality (Z) and fishing mortality (F) indicate
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the level of exploitation of the species. An exploitation
rate (E) near or equal to 0.5 is thought to indicate an
appropriate ideal amount of exploitation, whereas
E>0.5 denotes over-exploitation and E<0.5 under-
exploitation (Dalzell and Pefiaflor, 1989; Tesfaye and
Wolff, 2015). However, Beddington and Cooke
(1983) suggest that the conservative optimum for
fishing mortality was E = 0.3. In this study, the F-
values for C. vagabundus and A. vaigiensis were lower
than natural mortality (M) (E<0.5), indicating no
overexploitation of these species in the study area. A
fishing mortality rate (F) above Fopt denoted
overfishing, or fisheries declined (Niamaimandi et al.,
2015).

The variation in mortality and exploitation rates
observed in different studies were driven by
ecological differences, physiological conditions of
fish, feeding habits, fishing pressure, and data
resources in each sampling location (Zan-bi et al.,
2022). In general, exploited fish have higher fishing
mortality than natural mortality; however, in the fish
species studied, most fish die before being caught
from natural causes. High natural mortality was
influenced by factors such as predation, especially for
small fish, which serve as prey for larger pelagic and
demersal fish, marine mammals, and seabirds
(Lederoun et al., 2015; Sekadende et al., 2020). Small
fish play a vital role in the marine ecosystem, as they
connect higher-trophic-level animals to those in lower
trophic levels through biomass exchange (Palomera et
al., 2007). In areas where fishing mortality was high,
it was mainly due to overexploitation of fishery
resources or fishers' non-compliance with the region's
fisheries conservation laws and regulations (Panda et
al., 2016; Rahman et al., 2018).

Probability of capture: One common cause of bias in
length-frequency data is the selectivity of the gear(s)
used to obtain the samples. This bias can be overcome
by correcting size-frequency samples using capture
probabilities. Comparing the two values of length at
first capture (Lcso) and length at first maturity (Lmso)
would allow us to know if the species is already
mature once they are captured. The Lcso and the Lm of
A. vaigiensis and C. vagabundus, were 9.04 and 10.50

cm; 11.56 and 9.80 cm, respectively. These results
revealed that A. vaigiensis has a lower Lc50 than
Lm50, indicating that these species were caught at
much smaller, younger sizes. This occurred due to the
mesh size of the nets used by the fishers in the area.
These fishes belong to the top 5 most abundant catch
composition of the bottom set gill net; and most of the
mesh size of the bottom set gillnet used by the fishers
in the area was 83 mm, which is somewhat smaller. In
the study conducted by the USAID (2013) on the catch
comparison of two mesh sizes (84 and 92 mm) in the
bottom gillnet used in the Gambian sole fishery, the
increased mesh size had the potential to be a
meaningful management tool for the sole and catfish
fisheries while also improving the status of grunt and
butterfish.

Although the F-values for these species were lower
than natural mortality, the fishing gear used must be
monitored to ensure sustainability. The “spawn-at-
least-once” principle suggests that sustainability is
secured if fish become vulnerable to commercial gear
only after they have spawned (Vasilakopoulos et al.,
2011). These data imply that a specific management
strategy is needed, and the estimated length at first
capture (Lc) can be used as a criterion for determining
fisheries resource management initiatives (Rehatta et
al., 2021).

Recruitment pattern: The recruitment patterns of the
two studied species were bimodal - a common
characteristic among Philippine species (Dalzell and
Pefiaflor, 1989). However, variability in recruitment
patterns across all species was influenced by under-
representation of juveniles due to the type of gear or
mesh size used (Panda et al., 2016). Other factors that
could affect recruitment variability include fish
biological characteristics, the seasonality of
monsoons, physical water parameters such as salinity
and temperature, and the availability of food, which
can affect gonad development prior to spawning
(Azim et al., 2017; Uba, 2020).

Virtual population analysis: The results of the
virtual population analysis routine showed that most
small and young fish were prone to natural mortality.
This might happen because small fish are more
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vulnerable to predation, while mature fish dominate
the fishers' catch. The estimates of VPA routines in the
area varied widely across the fish life span: smaller
fish were commonly preyed upon by natural predators,
while larger fish were usually targeted by fishers (Zan-
bi et al., 2022). The findings of the current study,
however, were opposite to those in the Mediterranean
Sea and Bangladesh. That was overexploited (E>5),
with fishing mortality exceeding natural mortality, as
the majority of their catch consisted of juveniles,
according to VPA estimates. As a result, fish stock
recruitment and renewal in those studies were
decreased (Parvez and Nabi, 2015; Amin et al., 2019).
These differences in VPA results might be due to
limitations of the tool, such as the assumption that the
cohort's natural mortality at age ‘ (M) is constant.
VPA also deals with the population dynamics of single
species, whereas natural fish populations almost
always interact with one another and with other
species (Bharti, 2019).

Relative yield-per-recruit and relative biomass-
per-recruit: Based on the result of the relative yield
per recruit and relative biomass per recruit estimated
using values from Lcso/L» and M/K showed
exploitation ratios for A. vaigiensis (Eo.1 = 1.00, Eo.s =
0.42, Emax = 1.00), and C. vagabundus (Eo.1 = 1.00,
Eos = 0.45, Emax = 1.00), where Emax values were
above the exploitation rate for the two ornamental
coral reef fish species. This indicates that the fishery
for these species in Iligan Bay was at an appropriate
level, as several references indicate that fish
populations are overfished when Emax is below the
exploitation level (Azim et al.,, 2017; Sajan et al.,
2015; Amina et al., 2019). Moreover, the presence of
MPA or fish sanctuaries at the sampling sites that
supply recruits to the fishery might be a contributing
factor to the higher Emax value than the E level.

Acknowledgment

The corresponding author would like to thank
Misamis University, Ozamiz City, Philippines, for the
faculty development program and the DOST-SEI
Accelerated Science and Technology Human
Resource Development Program for the scholarship

grant. Also, Noel U. Canini is gratefully
acknowledged for his assistance in field sampling.

References

Adams P. (1980). Life history patterns in marine fishes and
their consequences for fisheries management. Fish
Bulletin, 78: 1-12

Ahmed E.O., Ali M.E., Aziz A.A. (2011). Length-weight
relationships and condition factors of six fish species in
Atbara River and Khashm el-girba Reservoir, Sudan.
International Journal of Agriculture Science, 3(1): 65-
70.

Ahmed I., Reshi Q.M., Fazio F. (2020). The influence of
the endogenous and exogenous
hematological parameters in different fish species: a
review. Aquaculture International, 28: 869-899.

Alam M.T., Hussain M. A., Sultana S., Hasan M.T., Mazlan
A.G., Simon K., Mazumder S.K. (2018). Population
growth and reproductive potential of five important
fishes from the freshwater bodies of Bangladesh.
Iranian Journal of Fisheries Sciences, 17(4): 657-674.

Amin A.A., El-Ganainy A.A., Sabrah M.M. (2019).
Length-weight relationships of thirteen species of
parrotfish (Family Scaridae) inhabiting the Egyptian
coasts of the Red Sea. Egyptian Journal of Aquatic
Biology and Fisheries, 23(5): 357-366.

Amina T.D., Rachedi M., Tahri M., Benchikh N., Assia
Diaf A.B.D. (2019). Fisheries status of the bogue Boops
boops (Linnaeus, 1758) in Algerian East Coast
(Western Mediterranean Sea). Egyptian Journal of
Aquatic Biology and Fisheries, 23(4): 577-589.

Andrews C. (1990). The ornamental fish trade and
conservation. Journal of Fish Biology, 37: 53-59.

Anene A. (2005). Condition factor of four Cichlid species
of a man-made Lake in Imo State, South-eastern
Nigeria. Turkish Journal of Fisheries and Aquatic
Sciences, 5: 43-47.

Azim M.K.M., Amin S.M.N., Romano N., Arshad A.,
Yusoff F.M., Arshad A., Yusoff FM. (2017).
Population dynamics of yellowtail scad, Afule mate
(Cuvier 1833) in Marudu Bay, Sabah, Malaysia. Sains
Malaysiana. 46(12): 2263-2271.

Bagenal T.B., Tesch F.W. (1978). Age and growth. In: T.
Begenal (Eds.), Methods for assessment of fish
production in fresh waters, Blackwell Science, Oxford,
UK. pp: 101-136.

Beddington J.R., Cooke J.G. (1983). The potential yield of
fish stocks. FAO Fish. Tech. Pap. 247. 47 p.

factors on



Int. J. Aquat. Biol. (2026) 14(1): 91-103 101

Bharti V. (2019). Fish stock assessment method: Virtual
population analysis. In: Advances in marine fisheries in
India, 18-23 February 2019, Kochi.

Biondo M.V., Burki R.P. (2020). A systematic review of
the ornamental fish trade with emphasis on coral reef
fishes—an impossible task. Animals, 10(11): 2014.

Dalzell P., Pefiaflor G. (1989). The fisheries biology of the
big-eye scad, Selar crumenophthalmus (Bloch) in the
Philippines. Asian Fisheries Science, 3: 115-131.

Dominguez L.M., Botella A.S. (2014). An overview of
marine ornamental fish breeding as a potential support
to the aquarium trade and to the conservation of natural
fish populations. International Journal of Sustainable
Development and Planning, 9(4): 608-632.

Dutta H. (1994). Growth in fishes. Gerontology, 40(2-4):
97-112.

Fadzly N., Adeeb S., Sah A.S.RM. (2017). Some
biological  aspects of bigeye scad, Selar
crumenophthalmus from Bangaa Faru, Maldives.
Tropical Life Sciences Research, 28(2): 127-141.

Froese R., Pauly D. (2022). FishBase. In: World Wide Web
electronic publication. www.fishbase.org. Version
(8/2022). Accessed 10 Oct 2022.

Froese R. (2006). Cube law, condition factor and weight—
length relationships: History, meta-analysis and
recommendations. Journal of Applied Ichthyology, 22:
241-253.

Gayanilo Jr.F.C., Sparre P., Pauly D. (1997). The
FAOICLARMM Stock Assessment Tools (FiSAT).
Gebremedhin S., Bruneel S., Getahun A., Anteneh W.,
Goethals P. (2021). Scientific methods to understand
fish population dynamics and support sustainable

fisheries management. Water, 13(4): 574.

Gulland J.A. (1965). Estimation of mortality rates. Annex
to Arctic fisheries working group report. ICES, Roma.

Gumanao G.S., Saceda-Cardoza M.M., Mueller B., Bos
A.R. (2016). Length-weight and length—length
relationships of 139 Indo-Pacific fish species
(Teleostei) from the Davao Gulf, Philippines. Journal of
Applied Ichthyology, 32(2): 377-385.

Halpern B.S., Frazier M., Potapenko J., Casey K.S., Koenig
K., Longo C., Walbridge S. (2015). Spatial and
temporal changes in cumulative human impacts on the
world’s ocean. Nature Communications, 6(1): 1-7.

Hoggarth D.D., Abeyasekera S., Arthur R.I., Beddington
JR., Burn R.'W., Halls A.S. (2006). Stock assessment
for fishery management: A framework guide to the
stock assessment tools of the fisheries management

science program. Fisheries Technical Paper No 487.
FAO. Rome. 261 p.

Jumawan C.Q., Metillo E.B., Polistico J.P. (2021).
Assessment of mud crab fishery in Panguil Bay. The
Philippine Journal of Fisheries, 28(1): 17-32.

Kalhoro M.A., Liu Q., Memon K.H., Chang M.S., Jat A.N.
(2013). Estimation of maximum sustainable yield of
Bombay duck Harpadon nehereus fishery in Pakistan
using CEDA and ASPIC packages. Pakistan Journal of
Zoology, 45: 1757-1764.

Kalhoro M.T., Yongtong M., Kalhoro M.A., Mahmood
M.A., Hussain, S.S.B., Muhammad M., Tushar P.R.
(2017). Stock assessment of Indian Scad, Decapterus
russelli in Pakistani marine waters and its impact on the
national economy. Fish Aquatic Journal, 8: 1-10.

Lacuna M.L., Alviro M.P. (2014). Diversity and abundance
of benthic foraminifera in nearshore sediments of Iligan
City, Northern Mindanao, Philippines. Animal Biology
and Animal Husbandry, 6(1).

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: 201-219.

Lederoun D., Chikou A., Vreven E., Snoeks J., Moreau J.,
Vandewalle P., Laleye P. (2015). Population parameters
and exploitation rate of Sarotherodon melanotheron
melanotheron Riippell, 1852 (Cichlidae) in Lake Toho,
Benin. Journal of Biodiversity and Environmental
Sciences, 6(2): 259-271.

Mahadevan G., Gosavi S.M., Murugesan P., Arumugam A.
(2021). Demographics of butterfly fish, Heniochus
acuminatus (Perciformes, Chaetodontidae) from the
Gulf of Mannar, India. Thalassas: An International
Journal of Marine Sciences, 37: 81-91.

Majeed A., Liang Z., Zhu L., Liu C., Kalhoro M.A., Saeed
F. (2022). Stock analysis of shrimp Scad (Alepes
djedaba) fishery from Northern Arabian Sea,
Balochistan Coast, Pakistan. Pakistan Journal of
Zoology, 54(5): 2203.

Memon A.M., Liu Q., Memon K.H., Baloch W.A., Memon
A., Baset A. (2015). Evaluation of the fishery status for
King Soldier Bream Argyrops spinifer in Pakistan using
the software CEDA and ASPIC. Chinese Journal of
Oceanology and Limnology, 33: 966-973.

Monticini P. (2010). The ornamental fish trade, production
and commerce of ornamental fish: Technical-
managerial and legislative aspects. Globefish Research
Programme, Vol. 102, FAO: Rome. 132 p.



102  Canini and Metillo / Stock assessment of Chaetodon vagabundus and Abudefduf vaigiensis from Iligan Bay

Moreau J., Cuende F. (1991). On improving the resolution
of the recruitment patterns of fishes. Fishbyte, 1: 45-46.

Muyot F.B., Mutia M.T.M., Manejar A.J.A., Guirhem
G.L., Muiiez M.J. (2019). Status of ornamental fish
industry in the Philippines: prospects for development.
The Philippine Journal of Fisheries, 26(2): 82-97.

Niamaimandi N., Kaymaram F., Hoolihan J.P.,
Mohammadi G.H., Fatemi S.M.R. (2015). Population
dynamics parameters of narrow-barred Spanish
mackerel, Scomberomorus commerson (Lacepéde,
1800), from commercial catch in the northern Persian
Gulf. Global Ecology and Conservation, 4: 666-672.

OATA. (2014). Wild caught ornamental fish. The trade, the
benefits, the facts. Ornamental Aquatic Trade

(OATA), 2014.
www.aquaticsworldwide.org (accessed on 10 August
2020).

Ong J.J., Rountrey A.N., Black B.A., Nguyen H.M.,
Coulson P.G., Newman S.J., Meekan M.G. (2018). A
boundary current drives synchronous growth of marine
fishes across tropical and temperate latitudes. Global
Change Biology, 24(5): 1894-1903.

Ontomwa M.B., Okemwa G.M., Kimani E.N., Obota C.
(2018). Seasonal variation in the length-weight
relationship and condition factor of thirty fish species
from the Shimoni artisanal fishery, Kenya. Western
Indian Ocean Journal of Marine Science, 17(1): 103-
110.

Palomera 1., Olivar M.P., Salat J., Sabatés A., Coll M.,
Garcia A., Morales-Nin B. (2007). Small pelagic fish in
the NW Mediterranean Sea: An ecological review.
Progress in Oceanography, 74(2-3): 377-396.

Panda D., Jaiswar A.K., Sarkar S., Das Chakraborty S.K.
(2016). Growth, mortality and exploitation of bigeye
scad, Selar crumenophthalmus off Mumbai, north-west
coast of India. Journal of the Marine Biological
Association of the United Kingdom, 96(7): 1411-1416.

Parvez M.S., Nabi M.R.U. (2015). Population dynamics of
Coilia ramcarati from the estuarine set bagnet fishery
of Bangladesh. Walailak Journal of Science and
Technology, 12(6): 539-552.

Pauly D., Munro J.L. (1984). Once more on the comparison
of growth in fish and invertebrates. Fishbyte, 2: 21-22.

Pauly D., Soriano M.L. (1986). Some practical extensions
to Beverton and Holt's relative yield-per- recruit model.
In: Maclean J, Dizon LB, Hosillo LV, ed. The first
Asian fisheries forum, Asian Fisheries Society, Manila.
pp: 491-496.

Association Available online:

Pauly D. (1983). Length-converted catch curve: a powerful
tool for fisheries research in the tropics (Partl).
Fishbyte, 1(2): 9-13.

Rahman M.J., Wahab M.A., Amin S.M.N., Nahiduzzaman
M., Romano N. (2018). Catch trend and stock
assessment of Hilsa Tenualosa ilisha using digital
image measured length-frequency data. Marine and
Coastal Fisheries, 10(4): 386-401.

QGIS Development Team (2016). QGIS geographic
information  system.  Open-Source  Geospatial
Foundation Project.

Quifiones M.B., Jimenez C.R., Rosa H.K.T.D., Paghasian
M.C., Samson J.J., Molina D.L., Garcia J.P. (2020).
Socio-economic condition among the fisherfolks in
Iligan Bay, Northern Mindanao, Philippines. Journal of
Environment and Aquatic Resources, 5: 43-60.

Rajesh N., Imelda J., Chadha N.K., Ignatius B., Sukumaran
S., Suresh Babu P.P., Babitha Rani A.M. (2022).
Genetic identity and length-weight relationships of
Indo-Pacific sergeant Abudefduf vaigiensis (Quoy and
Gaimard, 1825) from the south-east coast of India.
Indian Journal of Fisheries, 69(1): 97-104.

Rehatta B.M., Kamal M.M., Boer M., Fahrudin A., Zairion
Ninef J.S.R. (2021). Growth, mortality, recruitment
pattern, and exploitation rate of shared stock flying fish
(Exocoetidae) at border area of Indonesia and Timor
Leste in Ombai Strait. IOP Conference Series: Earth and
Environmental Science, 744(1).

Ricker W.E. (1973). Linear regression in fisheries research.
Journal of Fishery Research Board Canada, 30: 409-
434.

Ricker W.E. (1975). Computation and interpretation of
biological statistics of fish population. Bulletin of the
Fishery Research Board of Canada, 191: 1-382.

Sabrah M.M. (2015). Fisheries biology of the Red Sea
goatfish Parupeneus forsskali (Fourmanoir & Guézé,
1976) from the northern Red Sea, Hurghada, Egypt. The
Egyptian Journal of Aquatic Research, 41(1): 111-117.

Sajan S., Anna Mercy T.V., Malika V. (2015). Age, growth
and population dynamics of an endangered fish
Sahyadria denisonii (Day 1865) from the Western
Ghats Hotspot of India. Asian Fisheries Science, 28(3):
130-142.

Sekadende B., Scott L., Anderson J., Aswani S., Francis J.,
Jacobs Z., Jebri F., Jiddawi N., Kamukuru A.T., Kelly
S., Kizenga H., Kuguru B., Kyewalyanga M., Noyon
M., Nyandwi N., Painter S.C., Palmer M., Raitsos D.E.,
Roberts M. Popova E. (2020). The small pelagic fishery



Int. J. Aquat. Biol. (2026) 14(1): 91-103

of the Pemba Channel, Tanzania: What we know and
what we need to know for management under climate
change. Ocean and Coastal Management, 197(May).
https://doi.org/10.1016/j.ocecoaman.2020. 10532

Sparre P. (1992). Introduction to Tropical Fish Stock
Assessment. Part I Manual. FAO Fisheries Technical
Paper 306/1. Rev 1. 1992, Rome. 376 p.

Sudhakar G.V.S., Shameem A. (2009). Reproductive
biology, length-weight relationship and population
parameters of a marine ornamental fish Abudefduf
vaigiensis (Quoy & Gaimard, 1825) (Osteichthys,
Pomacentridae) from the shallow waters of
Visakhapatnam coast. Asian Fisheries Science, 22(4):
1117-1129.

Tesfaye G., Wolff M. (2015). Stock assessment of fishery
target species in Lake Koka, Ethiopia. Revista de
Biologia Tropical, 63(3): 755-770.

Thompson W.F., Bell F.H. (1934). Biological statistics of
the Pacific halibut fishery. Effect of changes in intensity
upon total yield and yield per unit of gear. Rep. Int. Fish.
(Pacific halibut) Commun., 49 p.

Uba K.I. (2020). Preliminary report on the size-specific
variation in length-weight relationship, relative
condition factor, and gonad maturation of Bigeye Scad
Selar crumenopthalmus (Bloch, 1793) in the northern
Sulu Sea, Philippines. Journal of Environment and
Aquatic Resources, 5: 1-9.

USAID. (2013). Catch comparison of two mesh sizes in the
bottom gillnet used in the Gambian sole fishery.

Vasilakopoulos P., O'Neill F.G., Marshall C.T. (2011).
Misspent youth: Does catching immature fish affect
fisheries sustainability? ICES Journal of Marine
Science, 68(7): 1525-1534.

Weatherley A.H., Gill H.S. (1987). The biology of fish
growth, London: Academic. 443 p.

Wooton R.J. (1990). Ecology of teleost fishes. First
Edition. Chapman and Hall, London, U.K., ISBN-
13:9780412317200. 404 p.

Zan-Bi T.T., Sylla S., Arra S., Amponsah S.K.K. (2022).
Population dynamics parameters of Bigeye grunt
Brachydeuterus auratus (Pisces, Haemulidae) from the
continental shelf of Cote d’Ivoire. Journal of Wildlife
and Biodiversity, 6(Suppl. 1): 63-67.

Zekeria Z.A., Weertman S., Samuel B., Kale-Ab T.,
Videler J.J. (2006). Growth of Chaetodon larvatus
(Chaetodontidae: Pisces) in the southern Red Sea.
Marine Biology, 148: 1113-1122.

103



