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ABSTRACT 
 

The study was conducted to characterize the invasive largemouth bass in Pantabangan Reservoir, 
Nueva Ecija in terms of meristic, metric and some biological indices. This study aimed to provide 
critical information on the size composition, length and weight relationship, body condition, sex 
ratio, stomach fullness and content, and other biological indices. Samples of largemouth bass were 
collected through the aid of commissioned fishers and subjected to meristic and biometric 
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assessments. The data were consolidated and analyzed using descriptive statistics and simple 
linear regression. Results revealed some similarities with previous studies in terms of dorsal spine 
and rays and lateral line scales. Also, the biometric characteristics were found to be within the 
commonly reported range. The established model for the length and weight of fish showed high 
level of significance (p<0.01). As to condition factor, the range of the computed value of fish is 2.08 
to 6.50 with a mean of 3.77. The range of hepatosomatic index of the fish is 0.1142 to 2.4623 with a 
mean of 1.0390 while gastrosomatic index recorded a range of 0.9132 to 6.8376 with a mean of 
3.8560. Analysis of stomach content and food indices revealed that majority (61.00%) of fish 
samples exhibited empty stomachs. Furthermore, analysis of food items showed that the IRI 
percentage of fish is 88.96% while plant materials are negligible with IRI percentage of <10%. The 
obtained information showed some characteristics of the introduced fish; however, further 
assessment is imperative to have better insight of its status in the area. 
 

 
Keywords: condition factor; sex ratio; gonad maturation; stomach content. 
 

1. INTRODUCTION 
 

The largemouth bass (Micropterus salmoides) is 
a carnivorous freshwater species from the family 
Centrarchidae, which is native to cold-water 
regions, specifically to the central and eastern 
United States and northern regions of Mexico [1]. 
The species occupies wide habitat spectra but 
preferred to inhabit clear, vegetated lakes, 
ponds, swamps, creeks and rivers [2]. It is 
regarded as one of the most highly-valued game 
fish in the world. Hence, the fish was introduced 
in 50 countries for sport fishing purposes [3]; 
however, because of its predatory and adaptative 
capacity the fish has been considered as one of 
the world’s worst invasive species nowadays [1]. 
In the Philippines, reports indicated that the fish 
can be found in major lakes and reservoirs such 
as Lumot and Caliraya (in the province of 
Laguna), and Pantabangan (in the province of 
Nueva Ecija) [4]. Although regarded as an 
invasive species threatening native fishes in 
Pantabangan Reservoir, the species became 
part of the local capture fisheries and provides 
some economic contributions. It has been 
reported that the fish provides food and livelihood 
in the fishing communities surrounding the 
Pantabangan Reservoir [5]. However, they have 
suggested that dissemination of information 
regarding its status is imperative, as well as the 
identification of interventions to be applied in 
order to control its proliferation and reduce its 
impact on the reservoir’s biodiversity. 
Assessment of invasive fish population has great 
preponderance on the part of fishery managers 
to maximize their knowledge in crafting policies 
and programs to efficiently and sustainably 
manage a certain resource. Moreover, 
comprehensive assessment provides better view 
on the relative condition of aquatic environments, 
which is critical for management and 

conservation [6]. Among the most often-cited 
gaps in crafting and implementing management 
measures is the absence of biological data, 
particularly at the level of species.                   
Qualitative and quantitative assessments of 
invasive fish populations are vital to                   
determine their potential impacts in an 
ecosystem, as well as their possible influence on 
the socio-economic well-being of fishing 
community [7].  

 
The meristic and metric characters of fish provide 
quantitative description for the identification of 
fish and are considered dynamic elements 
commonly used to differentiate populations of the 
same species [8]. Moreover, these indicate the 
development pattern, habitat conditions, overall 
health, adaptive mechanisms, feeding behavior, 
growth, reproductive pattern, size range and life 
history of a fish [9]. The use of biological indices 
such as length-weight relationship analysis and 
examination of condition factor determines the 
growth pattern and body fitness of the species, 
as well as the interaction between biotic and 
abiotic factors in the feeding and physiological 
conditions of the fish [10-14]. These indices are 
widely used to understand the dynamics of the 
existence and growth of native [15] and 
introduced fish species [16]. Meanwhile, 
information on the diet and food habits of an 
invasive species are vital to estimate the threat to 
native populations [17].  Thus, analysis of 
stomach content and related indices could                   
also be incorporated into a variety of                  
research objectives, particularly on many     
aspects of fish biology and ecology [18]. At 
present, information on some biological               
aspects of largemouth bass in Pantabangan 
Reservoir is lacking. Hence, this study was 
conducted.  
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2. MATERIALS AND METHODS 
 

2.1 Location of the Study 
 
The study was conducted at the Pantbangan 
Reservoir, Pantabangan, Nueva Ecija, Ecija 
Philippines (Lat 15° 50' 32" N, Long 121° 9' 3" E). 
The reservoir is situated at 230 m above sea 
level, has a surface area of 8900 ha and a 
maximum depth of 28.9 m [19]. The catchment 
supplying water to the reservoir covers 853 km2 
and is located in the townships of Pantabangan 
and Carangalan (Nueva Ecija), Alfonso Cataneda 
and Dupax del Sur (Nueva Vizcaya), and Maria 
Aurora (Aurora) [20]. Agriculture is the main 
source of livelihood in the catchment [9]. 
Largemouth bass become a source of staple 
food and livelihood which accommodates the 
basic needs of fisherfolks within the reservoir [5]. 
 

2.2 Collection and Transport of Samples 
 
Samples were collected through the aid of 
commissioned fishers operating in Pantabangan 
Reservoir from December 20, 2023 to February 
30, 2024. These commissioned fishers use 
gillnets, hook and line, and spearguns in 
capturing the resource. Information available on 
Fish Base was used to verify the collected fish. 
The samples (100 pieces of different sizes) were 
transported to the laboratory in chilled condition 
to prevent enzymatic degradation that will affect 
the quality of the target organs for morphometric 
and gravimetric measurements. 
 

2.3 Meristic and Metric Measurements 
 
In terms of meristic properties, the number of 
dorsal spines, dorsal rays and lateral scales were 
included. These properties were counted 
manually. Meanwhile, metric properties such as 

total length (TL), body depth (BD), head length 
(HL) and eye orbital length (EOL) (Fig. 1) were 
measured using a foot rule and expressed to the 
nearest 0.1 cm. Lastly, gravimetric measurement 
was done using a digital weighing balance with a 
sensitivity of 0.1 g. Gravimetric properties include 
total weight, gonad weight, liver weight and gut 
weight. To obtain the target internal tissues, the 
specimens were dissected using sterile blades. 
The stomach of the fish was removed and stored 
in freezing condition until further analysis. 
 

2.4 Sex Differentiation 
 
The samples were determined whether male or 
female. The gonad of the fish was taken and 
identified based on its morphological characters 
and with the aid of a microscope if the gonad in 
the development phase. The gonad maturity was 
based on an available publication for largemouth 
bass and classified as developing, recovering, 
maturing, mature and spent. The data obtained 
was used to determine the sex ratio and gonad 
stages. However, samples that are not 
recognizable as male or female were marked as 
undifferentiated and the count was included in 
determining sex ratio. 
 

2.5 Determination of Stomach Fullness 
and Content 

 
Prior to the processing of stomach, the specimen 
was thawed at room temperature. About 10% of 
the total stomachs were subjected to the 
analysis. To reveal the food items of the fish, the 
stomach was dissected. Each unique item was 
separated and mounted into a Petri dish. 
Identification was aided with a magnifying glass. 
After identification, each food item from the 
stomach was weighed and the data was used for 
different feeding indices. 

 

 
 

Fig. 1. The metric characteristics of fish 
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2.6 Computation of Biological Indices 
 
The total length and total weight of individuals 
was used to ascertain the length-weight 
relationship with an equation of: W= aLb where W 
= weight (g), L = length (cm, a = 
constant/intercept, and b = growth exponent. 
Furthermore, the equation was converted into 
linear function by taking the logarithm of both 
sides, and thus will give: log W = log a + b log L. 
Meanwhile, the growth pattern was determined 
by comparing the obtained growth exponent to 
the isometric value (b=3) using the modified t-
test [21]. The condition factor on the other hand 
was computed using the method proposed by 
Bagenal & Tesch [22]: Ka = 100 W/Lb where 
W=weight, L = length, b = growth coefficient and 
Ka = condition factor.  
 
Concerning gonado-somatic index, the equation 
was used [23]: GSI = GoW/GW*100 where GoW 
= gonad weight and GW = gutted weight. The 
hepato-somatic index was estimated using HSI = 
LW/TW*100 where LW = liver weight and BW = 
Total weight of fish [24]. In terms of 
gastrosomatic index, the equation was used: 
GaSI = SW/TW*100 where SW = stomach 
weight and TW = total weight.  
 
With regard to the measurement of fullness 
index, the equation was used: FI = SCW x 
10,000/TW where SCW = weight of stomach 
contents and TW = total weight of fish. The 
vacuity index was calculated following the 
formula [25,26]: VI = NES/TNS*100 where NES 
= number of empty stomachs and TNS = total 
number of stomachs analyzed. The occurrence 
index was expressed as: OI = Nei/Net*100 where 
Nei = the number of stomachs containing the 
food item (i) and Net = number of full stomachs 
examined [27]. The numerical index of 
abundance was expressed as: NI = Ni/Nt*100 
where Ni = total number of individuals of item i 
and Nt = total number of all food items [28,29]. 
The percentage of food item weight was 
estimated using the formula: WI = Wi/Wfi*100 
where Wi = total weight of item i and Wfi = total 
weight of all food items inventoried [30]. The diet 
of the fish was determined using the index of 
relative importance [31]. This index combines the 
occurrence (OI), numerical (NI) and weight (WI) 
percentages obtained: IRI = OI x (NI + WI). The 
percentage of IRI of each food item has been 
expressed by the equation [32,33]: IRI% = (IRI / 
Σ IRI) × 100. If the computed IRI is <10, the food 
item was considered to be negligible in the diet. 
 

2.7 Data Treatment and Analysis 
 
The data obtained was subjected to the analysis 
using descriptive statistics such as minimum and 
maximum values, mean, standard error and 
standard deviation. The relationship of the length 
and weight was analyzed using simple linear 
regression and the strength of this relationship 
was determined using correlation analysis. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Meristic and Metric Characteristics 
 
Table 1 shows the recorded values of meristic, 
and metric characteristics of the fish. The study 
on metric and meristic characters in fishes is 
important because they can be used for the 
differentiation of taxonomic units and are able to 
spot differences between fish population [34]. 
Meristic features in fish are countable structures. 
Morphometrics are measurable characteristics 
related to length, width or height of the fish body. 
Meanwhile, gravimetric characteristics are based 
on weighing the whole or part of a fish body. 
 
In terms of meristic characters, it was found that 
the number of dorsal spines (DS) range from 
8.00 to 9.00 with a mean of 8.95±0.21904 while 
dorsal fin rays range from 13.00 to 14.00 with a 
mean of 13.89±0.31. Furthermore, the number of 
lateral scales is in the range of 70 to 79 with a 
mean of 72.90±1.43. The obtained number of 
dorsal spines of largemouth bass is comparable 
with the previous report of 9-11 [35]. Also, the 
number dorsal fin rays are in agreement with the 
findings from Bulgaria [36]. The typical number of 
lateral scales is in the range of 58 to 73 [37]. The 
obtained mean number of lateral scales obtain in 
this study is within this range. The result 
suggests that there is insignificant variation to 
other assessed populations despite the 
introduction of the species to a distant area from 
its native range (North America). Largemouth 
bass is among the introduced species in the 
country and reported to have established 
population in Pantabangan Lake [5]. The fish 
population in the lake has apparently adapted 
well to the local waters, of which there are 
reports of congregation on submerged trees. 
Meristic counts are partially determined by 
environmental conditions during egg and larval 
development, so variations in meristic counts can 
indicate some degree of geographic separation 
between populations during early life stages, 
which is informative for stock identification [38].  
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Table 1. Meristic and metric characteristics of samples 
 

Characters N Min Max Mean Std. 
Error 

Std. 
Deviation 

Meristic Characters       

Number of dorsal spines 100 8.00 9.00 8.95 0.02 0.22 
Number of dorsal fin rays 100 13.00 14.00 13.89 0.03 0.31 
Number of lateral scales 100 70.00 79.00 72.90 0.14 1.43 

Morphometric Characters       

Eye orbital length (cm) 100 1.00 1.80 1.26 0.02 0.16 
Head length (cm) 100 5.30 13.80 8.06 0.14 1.35 
Body length (cm) 100 18.30 80.50 25.92 0.66 6.57 
Total length (cm) 100 21.00 86.50 29.78 0.48 4.80 
Body depth (cm) 100 5.40 14.00 8.02 0.15 1.52 

Gravimetric Characters       

Total weight (g) 100 150.60 1865.30 440.01 27.25 272.51 
Gutted weight (g) 99* 142.40 1750.20 408.65 25.99 258.63 

Gonad weight (g) 

• Male 

• Female 

 
 

 
1.10 
0.30 

 
6.00 
9.40 

 
1.45 
1.94 

 
0.19 
0.27 

 
0.95 
1.83 

Liver weight (g) 100 0.50 14.00 4.31 0.25 2.54 
Gut weight (g) 90* 4.00 89.20 18.19 1.58 15.01 

*Not all samples were subjected to weighing 

 
The eye orbital length has a range of 1.00 to 1.80 
cm with a mean of 1.26±0.16 cm. In terms of 
head length, the range is from 5.30 to 13.80 cm 
and a mean of 8.06±1.35 cm.  The head length 
recorded in this study is within the range reported 
for adult largemouth bass [36]. In addition, the 
eye orbital length is 11.47% of the head length in 
adult fish while 25.28% in juveniles. With regard 
to body length, the samples varied from 18.30 to 
80.50 cm with a mean of 25.92±6.57 cm. The 
total length of individuals has a range of 21.00 to 
86.50 cm with a mean of 29.78±4.80 cm. The 
recorded minimum body depth is 5.40 while the 
maximum is 14.00 cm, and has a mean of 
8.02±1.52 cm. The largemouth bass can grow to 
a maximum length of 97 cm, with a typical range 
of 30 to 40 cm. In comparison with other studies, 
the body length and total length obtained 
indicates that the samples are matured 
individuals. In the study [39], the maturity (L50) for 
males was estimated to range from 18.0 to 20.9 
cm while females reached sexual maturity at 
bigger sizes (24.0-26.9 cm). Sexual maturity of 
the fish is believed by some investigators to 
depend on size rather than on age, therefore, the 
age at maturity could vary widely [40]. Most 
reports indicated a minimum total length of about 
25.0 cm for female.  
 
As to gravimetric characteristics, the total weight 
of fish, gutted weight, gonad weight, liver weight 
and gut weight were considered. The total weight 
of individual samples has a range of 150.60 to 

1865.30 g with a mean of 440.01±272.51 g.  In 
the study [36], adult weights range from 118 to 
635 g. Maximum recorded adult weight is 1001 g, 
with atypical range of 450 to 1360 g. The 
recorded gutted weight is in between 142.40 and 
1750.20 g with a mean of 408.65±258.63 g. The 
gonad weight of males was recorded 1.10 to 6.00 
g with a mean of 1.45±0.95 g while the gonad of 
females was in the range of 0.30 to 9.40 g with a 
mean of 1.94±1,83 g. In terms of liver weight, the 
range is 0.50 to 14.00 g, and has a mean of 
4.31±2.54 g. Lastly, the gut weight has a range 
of 4.00 to 89.20 g with a mean of 18.19±15.01 g. 
The obtained standard error for all characteristics 
is lower than the mean value, indicating the 
reliability of the obtained data.  
 

3.2 Length-Weight Relationship and 
Growth Pattern 

 

The ascertained length and weight relationship of 
the largemouth bass is presented in Table 2 and 
its corresponding graphical representation is 
shown in Fig. 2. Based on the result of the 
analysis, the established model for the length 
and weight of fish showed high level of 
significance (p<0.01), suggesting that the 
equation could be used to predict the weight of 
the species, provided that length values are 
available. The r value (correlation coefficient) of 
the established model for the length-weight 
relationship is 0.8864, indicating that the length 
and weight of the fish has strong positive 
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relationship or association. The computed r2 
(coefficient of determination) is 0.7858, 
suggesting that 78.58% of the variation in weight 
can be explained by the established model. 
Therefore, the length of the fish can be a good 
predictor of weight. Meanwhile, the a (intercept) 
and b (slope) values are -3.3005 and 2.7392, 
respectively. These values suggest that the 
relationship of length to the weight is linear; as 
the length increases there is also a 
corresponding increase in the weight of fish. 
However, further analysis using the modified T-
test revealed that the obtained b value is not 
comparable with the isometric value (=3). This 
result indicates that the rate of increase in the 
length of fish is not proportionate to the increase 
of its weight.  
 
Determining the growth pattern of fish and other 
aquatic animals depends on the functional 
regression “b” value of the length-weight 
relationship [41]. According to Pauly [42], this 
represents the body form, and it is directly 
related to the weight affected by ecological 
factors such as temperature, food supply, 
spawning conditions and other factors, such as 
sex, age, fishing time and area and fishing 
vessels. Furthermore, he describes the growth of 
fish as isometric or allometric. When b = 3, 
growth pattern is called isometric, meaning that 
rate of increment in weight is uniform to the 
increment in length. On the contrary, when b ≠ 3, 
growth is said to be allometric, indicating that 
length and weight of the organism does not 
proceeds in similar rate of increase. Allometric 
growth can be either positive (b > 3) or negative 
(b < 3). Positive allometric growth indicates that 
the increase in weight is higher than the length 
and the species tend to have stouter body while 
negative allometric growth suggests that the 
increase in length is faster than the increase in 
weight and fish may exhibit an elongated body 
(Mon et al., 2020). Based on the derived b value, 
the growth pattern of the fish can be said as 
negative allometric. The length-weight 
relationships of largemouth bass usually have 
slopes above 3.0 according to Carlander [43]. 
However, the obtained value in this study fell 
within the range observed by VanDenAvyle & 
Carlander [44] in largemouth bass captured from 
a reservoir during their assessment in the period 

of September to November. Moreover, this was 
in agreement with the findings of Chalabia et al. 
[45] in Keddara Dam from September (b=2.29) to 
December (b=3.4). In an assessment conducted 
in Al-Massira Dam Lake [46], largemouth bass 
exhibited a positive allometric growth pattern (b = 
3.2816). Moreover, similar findings have been 
reported in other areas such as reservoir in 
Southern Brazil [47], three reservoirs in Japan 
[48] and Lake Naivasha, Kenya [49]. Meanwhile, 
isometric growth was observed by Taylor & Weyl 
[50] in Wriggleswade, South Africa. Although not 
directly studied, the variation of the present 
finding to the previous reports could be linked to 
various factors such as habitat condition, 
physiological state, competition and 
anthropogenic disturbances. 
 
The length-weight relationship is considered an 
essential tool in studying the biology and ecology 
of fishes [51,52]. It is a widely used approach in 
fisheries management, as it provides information 
on the status of fish stocks in an aquatic 
ecosystem [22]. Moreover, the length-weight 
relationship is commonly used in predicting the 
weight of fish, knowing its length, particularly 
when assessing the yields from fisheries [53]. 
According to Ouahb et al. [46], the obtained 
parameters from this biological tool provide 
information about the status of the fish in its 
habitat and also used for the comparison among 
various populations of similar species living in the 
same or different ecosystems. In addition, it can 
be applied to studies focusing on gonadal 
development, maturity condition, feeding rate, 
growth response, lifespan, mortality, and 
production of fishery resources [54,55,56]. 
Hence, determining the length-weight 
relationship of fish is of great importance in 
fisheries management since it provides                    
basic information on fish growth and its                 
general well-being [54]. However, LWRs differ 
among fish species and among                          
separate populations depending on factors                
such as body shape, age, sex, gonad                   
stages, spawning, feeding preferences and 
intensity, stomach fullness, habitat condition,   
and among others [55]. Furthermore, this 
relationship might change over seasons or even 
days in accordance with various influencing 
factors.  

 
Table 2. Summary of the length-weight relationship and growth pattern of samples 

 

N r r2 a b t-test Growth 
pattern 

100 0.8864 0.7858 -3.0035 2.7392 b≠3 -allometric 
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Fig. 2. Graphical representation of the established relationship between the length and weight 
of largemouth bass 

 

3.3 Condition Factor and Other Biological 
Indices 

 
The average condition factor and other biological 
indices of largemouth bass is presented in Table 
3. Biometric indices such as condition factor (Ka) 
as well as the gonadosomatic index (GSI), the 
hepatosomatic index (HSI) and gastrosomatic 
index (GaSI) are essential to evaluate how the 
species obtained and utilized resources from 
their habitat. These indices also indicate the 
physiological condition of the specimens based 
on fat accumulation, gonadal development, 
general well-being, and adaptation to the 
environment [57]. 
 
The range of computed condition factor of fish is 
2.08 to 6.50 with a mean of 3.77. The obtained 
value is higher than 1, suggesting that this 
species is in good condition in Pantabangan 
Reservoir. In the study of Ouahb et al. [46] in Al-
Massira Dam Lake, the condition factor of the 
species ranged from 0.757 to 1.278 with a mean 
of 1.005. In comparison to the present finding, 
this value is lower. The observed Ka can be 
attributed to the age of the specimens, given that 
all the collected samples are already in maturing 
stage. In fish, condition factor is computed to 
determine the well-being of the species. It 
indicates the suitability of a specific body of water 
for fish growth [58]. There are several factors that 
could influence the index, which include food 
availability, reproductive cycles, and 
environmental conditions [54].  

The range of hepatosomatic index of the fish is 
0.1142 to 2.4623 with a mean of 1.0390. As of 
date, studies on the assessment of this biometric 
parameter in largemouth bass is still limited. In 
comparison with the findings of Orlando et al. 
[59] in the Escambia and Blackwater Rivers in 
Florida, the obtained values in this study are 
relatively higher. According to Dambo et al. [60], 
the index reflects the physiological condition of 
fish, as well as its metabolic health. Previous 
undertakings also revealed its association with 
energy reserves, especially in fish [61,62]. 
Hence, along with GSI the index is used to 
assess reproductive condition. The liver 
produces vitellogenin which is a yolk precursor 
thus plays an important role for the development 
of eggs [24]. HSI increases at early ripening, 
then decreases at late ripening [57]. In males, 
HSI does not follow the same tendency of 
females, and presents less expressive variations 
during the reproductive cycle. However, the 
cyclical variations of HSI are not always found in 
most fish species, probably due to other 
functions of the liver such as detoxification of 
substances in impacted environments [57]. In a 
poor environment, fish usually have a liver with 
less energy reserve [60]. In some species, lower 
HSI was observed in individuals exposed to 
various levels of pollutants [63,64,65]. However, 
a previous study showed highest HSI in 
individuals from sites near pollutant discharges 
[66]. Meanwhile, largemouth bass contracted 
with a novel liver disease exhibited an increasing 
HSI of which the average is about 1.5 times 

log W = -3.3005 x log L2.7392
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heavier than healthy individuals [67]. As 
compared to the calculated HSI of some fishes in 
different environments, the result of the present 
undertaking may suggest that the species is in 
good condition and its habitat is conducive for its 
growth and survival. 
 
In terms of gastrosomatic index, pooled samples 
recorded a range of 0.9132 to 6.8376 with a 
mean of 3.8560. This index provides insights on 
the relationship between the weight of the 
alimentary canal and the biomass of fish, which 
helps in determining the feeding condition in 
different months and seasons [68]. The GaSI 
sometimes indirectly indicates the spawning 
season in certain species of fish. According to 
Ahmed et al. [69], GaSI in fishes reduced in the 
reproduction period and increased before and 
after reproduction, representing an inverse 
relationship between feeding intensity and 
reproduction season. 
 

3.4 Sex Ratio and Distribution of Female 
Gonad Maturity Stages 

 
Table 4 indicates the sex ratio of samples, 
including individuals that were not identified as 
male or female. Based on the result, the number 
of females is accounted for the 44.00% of 
samples individuals. Meanwhile, males have 
27.00% distribution. However, about 29.00% of 
samples were not identified as male or female. 
The computed sex ratio is 1 male and 1.63 
females. This result seems so close to the 
findings of Taylor & Weyl [50] in Wriggleswade (1 
male:1.13 females) and Mankazana (1 male: 
1.14 females) in South Africa, but differ with the 
values reported by Beamish et al. [70] in Lake 
Manyame, Zimbabwe (2.05 males: 1 female) and 
Chalabia et al. [45] in Keddara Dam, Algeria 
(2.33 males: 1 female).  
 
Information on sex ratio is important to 
understand the relationship between individuals, 
the environment and the state of the population 
[41]. A sex ratio of 1:1 implies healthy fish 
population. However, different factors normally 
cause a deviation from this ratio, which may 
include habitat preference, environmental 
condition, vulnerability of females to their 
predators, migratory phases, reproductive stress 
and other ecological hazards [39,45]. In this 
study, higher proportion of females was 
recorded. In fish, the reproductive success of 
females is normally related to the access to 
resources and environmental conditions, and not 
to the number of mating partners as in the case 

of males [71]. In this regard, the food resources 
present in Pantabangan Lake could be in 
abundance to support the requirement of female 
population for growth and reproduction. The 
obtained sex ratio may suggest that there is 
higher rate of recruitment as many females could 
potentially increase egg production. However, the 
success of recruitment is still dependent on the 
capability of male population to effectively 
fertilize the eggs. 
 
Presented in Table 5 is the distribution of gonad 
stages among female samples. Gonad 
examination revealed that most (45.45%) of the 
female samples have maturing gonads. This was 
followed by females with recovering gonads 
(29.54%). Meanwhile, only 2.27% were identified 
to have gonads in the matured and spent 
phases. Of the total identified females, about 
20.47% have gonads that were not determined. 
This result suggests that during the period of the 
study, females are undergoing gonad 
development. 
 
According to Magqina & Mhere [39], the size at 
50% sexual maturity (L50) was reached between 
240 to 26.9 cm in females. In this size class, 53% 
fish were found to have mature gonads whilst 
47% still had immature gonads. Mature 
individuals before the L50 size class range were 
also observed in 21.0 to 23.9 cm size class 
(26%), 18.0 to 20.9 cm size class (15%) and the 
15.0 to 17.9 cm size class (9%). After the L50 size 
class range, they have observed that 39% 
immature fish were in the 27.0 to 29.9 cm size 
class and 9% in the 3.30 to 35.9 mm size class. 
However, it was observed in the present study 
that most individuals at a size class of 21.0 to 
30.0 size class are exhibiting gonads that are still 
maturing stage. This result may suggest that 
most females during the period of the 
assessment are still not undergoing spawning 
and they may still require additional amount of 
energy from their environment in the process of 
gonad ripening. However, the distribution of 
gonad stages observed in this study may indicate 
an annual reproductive cycle. Lorenzoni et al. 
[72] stated that the reproduction of largemouth 
bass is closely related to environmental 
condition. Lee et al. [73] suggested that 
decreasing water temperatures and photoperiod 
primary factors triggering the onset of 
spermatogenesis and oocyte maturation, with 
flooding acting as the proximal factor. Meanwhile, 
in the study of Magqina & Mhere [39] in Tugwi 
Mukosi Reservoir, Zimbabwe (a temperate water 
body) largemouth bass spawned mainly from 
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September to January, with a peak in October. 
This is different from what was observed in this 
study. The differences can be explained by the 
differences in geographic location where the 
researches were conducted and that perhaps     
the increasing temperatures could be the             
ideal growing conditions for phytoplankton              
and zooplankton which are food for fry. The 
collection of samples was done from             
December to January, in which the temperature 
is low. 
 

3.5 Stomach Content and Food Indices 
 
Table 6 presents the distribution of full and empty 
stomachs among samples. Based on the result, 
majority (61.00%) exhibited empty stomachs. A 
quarter (25.00%) of the samples are composed 
of individuals with full stomach while the 
remaining 4.00% have partially filled stomach. A 
full stomach contains food items that occupied 
the entire cavity while empty stomach contains 

no food item but a little digested secretion may 
be present. 
 
The average values of stomach and food indices, 
which include the fullness index (FI), vacuity 
index (VI), frequency of occurrence (F), numeric 
index of abundance (NA), percentage of food 
item weight (WFI) and the index of relative 
importance (IRI) are indicated in Table 7.  
 
The fullness index illustrates the feeding intensity 
of fish [74]. This is measured as the ratio of food 
mass to body mass of fish. Fullness is expressed 
on a scale from 0% to 100%. Possibilities of 
fullness expression have been used and 
published, of which Garrido et al. [75] used a 
scale of 1 to 4 (1 – empty; 2 - <50%; 3 - >50%; 
and 4 – bursting). During the period of the study, 
the mean value of stomach fullness of the fish is 
61.82. The obtained value indicates that the most 
of the samples’ stomach are filled with food 
items.  

 
Table 3. Average condition factor and other biological indices of samples 

 

Index N Min Max Mean Std. 
Deviation 

Remarks 

Ka 100 2.08 6.50 3.77 0.81 Good 

GSI 

• Female 

• Male 

 
45 
25 

 
0.1307 
0.1226 

 
1.540 
0.9296 

 
0.3727 
0.3764 

 
0.0318 
0.0361 

 
- 
- 

HIS 100 0.1142 2.4623 1.0390 0.3658 Good 

GaSI 90 0.9132 6.8376 3.8560 1.0957 - 

 
Table 4. Sex ratio of samples 

 

Sex Frequency Percentage (%) Sex Ratio 

Male 27 27.00  
1:1.63 Female 44 44.00 

Unidentified 29 29.00 - 
 

Table 5. Distribution of gonad stages among female samples 
 

Gonad Stage Frequency Percentage 

Maturing 20 45.45 
Matured 1 2.27 
Spent 1 2.27 
Recovering 13 29.54 
Not Determined 9 20.47 

 

Table 6. Distribution of full and empty stomachs among samples 
 

Stomach Fullness Frequency Percentage 

Full 25 25.00 
Partially filled 4 4.00 
Empty 61 61.00 
Not Determined 10 10.00 
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Table 7. Average values of stomach and food indices 
 

Index N Computed Value (%) 

FI 25 61.82 

VI 92 66.03 

OI 

• Shrimp 

• Fish 

• Plant 

25  
28.00 
68.00 
4.00 

NI 

• Shrimp 

• Fish 

• Plant 

25  
28.00 
66.00 
6.00 

WI 

• Shrimp 

• Fish 

• Plant 

25  
15.17 
81.57 
3.26 

IRI 

• Shrimp 

• Fish 

• Plant 

25  
1208.80 
10,034.50 
37.05 

IRI% 

• Shrimp 

• Fish 

• Plant 

25  
10.72 
88.96 
0.33 

 
According to Sakamoto et al. [76], the vacuity 
index or empty stomachs’ ratio is an inverse 
indication of feeding intensity which vary in 
accordance to the variations in the abundance of 
fish, spawning time, seasonal changes in water 
temperature and food item. In this study, analysis 
revealed a mean value of vacuity index of 66.03. 
This means that out of the 92 samples subjected 
to analysis, majority of the stomachs are empty. 
In the study of Chalabia et al. [45], a vacuity 
index of 20.0% and 52.6% for the early 
September) and late of the autumn (December) 
season, respectively. Most of the samples used 
in the analysis were captured in the month of 
December. 
 
The occurrence index describes the percentage 
of stomachs having a specific food item to the 
total food items found in the examined stomachs 
[77]. As revealed, there were three groups of 
food items found in the stomach of samples. 
These include fish, shrimp and plant materials. 
As observed, most of these food items are 
partially digested. Of these food items, fish has 
the highest OI with 68.00% and followed by 
shrimp with 28.00%. It is surprising that plant 
materials (OI = 4.00%) were also observed in the 
stomach of an individual as the fish is known to 
be a carnivorous species. The numeric index 
refers to the percentage of a specific food item to 

the total number of food items in stomachs 
containing foods [77]. Based on the result, the NI 
for shrimp, fish and plant materials are 28.00%, 
66.00% and 6.00%, respectively. In terms of 
weight index, fish recorded the highest WI 
(81.57%). WI indicates the percentage of the 
weight of a specific food item to the total weight 
of stomachs containing food [77]. To determine 
the importance of prey items in stomach 
contents, the index of relative importance was 
applied. In relation to the percentage of IRI, fish 
(=88.96%) is the most important prey item. 
Meanwhile, plant materials are negligible 
(<10%). 
 
Gut content analysis provides and important 
insight into feeding patterns and quantitative 
assessment of feeding habits [78]. The present 
study provides basic information on the feeding 
habit of largemouth bass in Pantabangan 
Reservoir. It was found that the diet of the 
largemouth bass comprised mainly of fish. As 
observed, small fishes such as juvenile tilapia, 
goby and silver perch were common. However, 
the result of the study indicates that the fish is 
not exclusively piscivorous. This is in agreement 
with previous studies. According to Uzunova et 
al. [36], the fish is an opportunistic top predator, 
exploiting prey from the bottom to the surface of 
a water body. It has an alimentary range 
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depending on the environment and on the 
feeding resources [40]. Warren [79] claimed that 
adult populations feed primarily on fishes, but 
crayfish, amphibians and aquatic 
macroinvertebrates are also part of their diet. In a 
small lake in Japan [80], the principal foods of 
the bass regardless of size consisted of gobies. 
In the study [81], juvenile largemouth bass 
showed prey selection. Fish that were 50 mm or 
less in length selected prey mostly in the range 
of 1-5 mm and fish that were >80 mm consumed 
prey mostly 6 mm or greater in length. An earlier 
study in Big Creek Lake revealed young 
largemouth bass preferred insects but 
transitioned at about 125 mm TL when fish 
became the prominent food item [82]. In an 
experiment, the distance at which largemouth 
bass can locate the fish increases with prey size, 
with prey motion (when prey is small), and with 
light intensity [83]. In the pursuit phase of the 
predation cycle, largemouth bass are more likely 
to choose prey with large apparent size, closer 
proximity, or greater motion [82]. In terms of 
seasonal variation, Marinelli et al. [40] observed 
that crustaceans were more abundant in late 
winter and spring, whereas fish were the most 
abundant preys in summer. In Lake Lillinonah 
and Pickerel Lake, the IRI of aquatic insects 
decreased and the IRI of fish increased with 
increasing fish length; aquatic insects were most 
important in largemouth bass less than 300 mm 
[84]. In this study, highest IRI was recorded for 
fish and could be linked to the size of largemouth 
bass samples.  

 
4. CONCLUSION 
 
The meristic, metric and gravimetric 
characteristics as well as the length and weight 
relationship and body condition of largemouth 
bass were comparable to other studies 
conducted previously, indicating that the fish 
population in the lake has apparently adapted 
well to the local waters. There is higher 
proportion of female population than male during 
the period of assessment. Majority exhibited 
empty stomachs and only few were recorded 
with filled stomachs. Shrimp, fish and plant-like 
materials were seen in the stomach of the fish. 
Among these, fish has the highest relative 
importance. 
 
It is recommended to have a continuous data 
collection.  A follow-up study with wider scope 
must be conducted, considering a spatio-
temporal analysis of biological characteristics, 
fishing impact and habitat condition. Assessment 

of reproduction and recruitment must also be 
conducted to provide a better insight on the 
status of largemouth bass in Pantabangan 
Reservoir to effectively manage its population. 
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