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ABSTRACT 

 

Biodiversity reflects species richness and relative abundance, indicating a 

balanced ecosystem where predators, prey, producers, and decomposers 

maintain ecological stability. Lake Bato, a vital freshwater resource in the Bicol 

Region, is home to "sinarapan" (Mistichthys luzonensis)—the world's smallest 

commercial fish endemic to the area—and supports freshwater aquaculture. The 

lake provides food and livelihood for 1,556 registered fishers, but its 

biodiversity faces threats due to habitat degradation, overfishing, and 

environmental changes. This study assesses the diversity and abundance of fish 

and macroinvertebrates to support the BASIL (Balik Sigla ng Ilog at Lawa) 

Program of BFAR, which aims to restore native fish populations and promote 

sustainable ecosystem management. Data collection involved key informant 

interviews to document fishing practices and the collection of fish samples for 

biodiversity assessment. Community structure and biodiversity were analyzed 

using diversity indices, while fishery data were examined through descriptive 

analysis. A total of 17 fish species, three mollusk species, and one freshwater 

shrimp species were identified. Among the fish, eight species were introduced, 

while three were native. Oreochromis niloticus was the most abundant species 

(36.32% and 31.53% in stations 1 and 2), while Channa striata was the least 

abundant (3.10% and 1.52%). The Shannon diversity index was 2.00 and 1.89 

for the two stations, with no significant difference (p=0.96, p>0.05) between 

them. Challenges include habitat destruction, erosion, siltation, resource 

conflicts, ghost fishing, and the proliferation of water hyacinth. Addressing 

these issues is crucial for sustaining biodiversity, securing livelihoods, and 

enhancing food security in Lake Bato. 
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Introduction 

  

Lake Bato is a critical freshwater 

resource in the Bicol Region, Philippines, 

recognized for its ecological, economic, 

and cultural significance. It is the seventh-

largest lake in the country, covering 

approximately 2,810 hectares, with an 
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average depth of 8 meters, and is located at 

13˚29’00” N, 123˚22’00” E. The lake is 

situated along the Bicol Peninsula, with 

70% of its area under the jurisdiction of 

Bato, Camarines Sur, and the remaining 

30% under Libon, Albay. As the primary 

source of the Bicol River, which extends 94 

km to San Miguel Bay, Lake Bato plays a 

vital role in the region’s hydrology, 

fisheries, and livelihoods (Bradecina et al., 

2015). 

 

Lake Bato supports thousands of 

families who rely on it for fishing, 

aquaculture, and agriculture (Diana, 2009). 

It is home to Mistichthys luzonensis, locally 

known as sinarapan or tabios, which holds 

the distinction of being the world’s smallest 

commercial fish (Guerrero III, 2002). The 

lake’s rich biodiversity and productive 

fisheries provide a crucial source of income 

and food security for surrounding 

communities (Paller et al., 2013). However, 

anthropogenic pressures, including 

intensive aquaculture, waste disposal, and 

pollution, have degraded the lake’s 

ecosystem (Guerrero III, 2014). Siltation 

caused by these activities has led to reduced 

water depth, contributing to frequent 

flooding in low-lying areas and economic 

losses for residents (Odum & Barrett, 

2004). 

 

The decline of aquatic biodiversity 

in Lake Bato is a growing concern. 

Historical records indicate that over 10 fish 

species were once common, with common 

carp (Cyprinus carpio) and tilapia as 

dominant catches, alongside five mollusk 

species (Paller et al., 2011). However, the 

congestion of fish cages, loss of spawning 

habitats, and silt deposition have 

significantly reduced fish abundance and 

species diversity (Baderan et al., 2019). 

Similar patterns of biodiversity loss have 

been observed in other freshwater systems, 

where invasive species and habitat 

degradation disrupt native ecosystems 

(Guerrero III, 2014). These environmental 

disturbances threaten the lake’s ecological 

balance and jeopardize the livelihoods of 

fishing communities (Santiago et al., 2001). 

 

To address these challenges, the 

Department of Agriculture – Bureau of 

Fisheries and Aquatic Resources (DA-

BFAR) launched the Balik Sigla sa Ilog at 

Lawa (BASIL) Project, aiming to restore 

aquatic ecosystems through repopulation 

efforts and sustainable management. 

Similar conservation programs emphasize 

the importance of biodiversity assessments 

to guide policy interventions and maintain 

ecological integrity (Paller et al., 2013). 

 

This study aimed to evaluate the 

diversity and abundance of fish and macro-

invertebrates in Lake Bato, providing 

baseline data to support the BASIL Project. 

Specifically, the study focused on: 

 

1. Identification of major fish and 

macro-invertebrate species 

2. Characterization of fishing 

practices within the lake 

3. Determination of community 

structure and biodiversity 

4. Policy recommendations for 

sustainable management and 

conservation aligned with the 

BASIL Project 

 

By providing a scientific foundation 

for ecosystem restoration, the findings of 

this study will contribute to the long-term 

sustainability of Lake Bato’s aquatic 

resources and support local livelihoods. 
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Materials and Methods  

 

Study Area.   This study focuses on Lake 

Bato, a vital freshwater ecosystem in the 

Bicol Region, Philippines. It is the seventh-

largest lake in the country, with a surface 

area of approximately 2,810 hectares. 

Located at 13˚29’00” N, 123˚22’00” E, the 

lake lies along the Bicol Peninsula and has 

an average depth of 8 meters (26 feet), 

situated at an elevation of 10 meters (33 

feet) above sea level (Figure 1). 

Figure 1. Map showing the location of Lake Bato 

 

Lake Bato serves as a primary water 

source for local agriculture and 

aquaculture, contributing to the livelihoods 

of thousands of fishers. It is also home to 

Mistichthys luzonensis (locally known as 

sinarapan or tabios), recognized as the 

world’s smallest commercial fish, which is 

endemic to the Bicol Region. The lake’s 

hydrology is sustained by local runoff and 

small tributary streams that drain into the 

Bicol River and eventually flow into San 

Miguel Bay. 

 

Politically, 70% of Lake Bato falls 

under the jurisdiction of Bato, Camarines 

Sur, while the remaining 30% is part of 

Libon, Albay. Despite its ecological and 

economic significance, anthropogenic 

pressures such as overfishing, siltation, and 

pollution have led to the decline of aquatic 

biodiversity and reduced fish catch. 

 

 Data Collection. The study 

employed both primary and secondary data 

collection methods: 

Key Informant Interviews (KII). A 

total of 50 fishers were selected based on 

purposive sampling, considering active 

fishing engagement, years of experience, 

and knowledge of historical fishery 

trends. The interview questionnaire 

covered fishing practices, changes in 

species composition over the past decade, 

fishing effort, gear types, and perceived 

challenges. 

 

Fish and Macro-Invertebrate 

Sampling. Sampling was conducted at a 
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designated fish landing site in Libon, 

Albay, and Bato, Cam Sur, and through test 

fishing in collaboration with local fishers. 

Fish and mollusk identification followed 

standard taxonomic references (Froese & 

Pauly 2023 for fish, FAO species 

identification guides for mollusks). 

 

Fishing Practices Characterization. 

Data were gathered through interviews, 

photo-documentation, and validation 

with local fisheries officers. Information 

included common gear types, catch-per-

unit effort (CPUE), seasonal variations, 

and fishing regulations compliance. 

 

Sampling Procedure.  Fish and 

macro-invertebrates were collected from 

both landings and actual fishing activities. 

The sampling effort included multiple gear 

types (fish corrals, pots, gillnets) to capture 

species diversity across various habitats. 

Inclusion criteria for species selection were 

based on economic and ecological 

relevance, while rare or incidental catches 

were excluded from statistical analyses. 

 

Data Analysis 

 

1. Community Structure and 

Biodiversity 

 
o Species richness (R) was 

determined by counting the 

number of species in the 

collected samples. 

o Relative abundance (RA) 

was calculated as: 

𝑅𝐴 = (
𝑎𝑖

𝐴
) 𝑥100 

o Where: ai is the number of 

individuals of species i, and 

A is the total number of 

collected individuals. 

o Shannon-Wiener Diversity 

Index (H') was computed 

using: 

𝐻′ = −∑(𝑝𝑖ln𝑝𝑖) 

where pi is the proportion of 

individuals represented by 

species i. 

o Evenness (J') was derived 

as: 

J′ = H′/lnS 

where S is the total number 

of species observed. 

 

2. Statistical Analysis 

o The t-test was used to 

determine the significance 

of diversity differences 

between stations. 

o Fishery-based data were 

analyzed descriptively and 

presented in tables and 

graphs. 

o SWOT Analysis and 

Strategic Planning tools 

were used to formulate 

management 

recommendations for the 

BASIL Program and 

concerned LGUs. 

 

Result and Discussion 

 

Major Fish and Macro-invertebrates in 

the Bato Lake  

  

 A total of 21 aquatic species were 

recorded in Lake Bato, consisting of 17 fish 

species, 3 mollusk species, and 1 freshwater 

shrimp species. Of these, 10 species (42%) 

are native, while 14 species (58%) are 

introduced, reflecting a significant 

influence of aquaculture and ornamental 

species introductions on the lake’s 

biodiversity. 

 

Native species include the giant 

mottled eel (Anguilla marmorata), tabios 

(Mistichthys luzonensis), tank goby 

(Glossogobius giuris), Celebes goby 

(Glossogobius celebius), broadhead catfish 

(Clarias macrocephalus), and the silver 

perch (Leiopotherapon plumbeus). Among 

these, Mistichthys luzonensis is endemic, 
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occurring only in Lakes Bato and Buhi. 

These native species are ecologically 

significant as they maintain the lake’s 

trophic balance and represent the region’s 

unique aquatic biodiversity. 

 

The giant mottled eel (Anguilla 

marmorata) and silver perch 

(Leiopotherapon plumbeus) are migratory 

species that enter the lake via the Bicol 

River, highlighting the ecological 

connectivity between freshwater and 

marine environments (Guerrero III, 2002). 

 

Introduced species dominate the 

lake, with major contributions from the 

Cichlidae (tilapias) and Cyprinidae (carps) 

families. Oreochromis niloticus (Nile 

tilapia) is the most economically 

significant, accounting for a substantial 

portion of the lake’s fishery production 

(Diana, 2009). The common carp (Cyprinus 

carpio) and bighead carp 

(Hypophthalmichthys nobilis) are also 

extensively cultured due to their fast growth 

and high market demand (Santiago et al., 

2001). 

 

However, the introduction of 

Pomacea canaliculata (golden apple snail) 

and Cristaria plicata (cockscomb pearl 

mussel) raises ecological concerns. The 

golden apple snail is recognized as an 

invasive species, causing damage to aquatic 

crops and altering benthic ecosystems 

(Odum & Barrett, 2004). The cockscomb 

pearl mussel poses a potential risk to native 

bivalves through competition for space and 

resources. 

 

Pelagic species such as bighead 

carp and common carp dominate the open-

water zones due to their filter-feeding 

behaviors. Demersal species like tank goby, 

Celebes goby, and giant mottled eel are 

found in benthic zones, where they feed on 

small invertebrates and detritus (Paller et 

al., 2011).  Littoral species, including 

climbing perch (Anabas testudineus) and 

three-spot gourami (Trichopodus 

trichopterus), inhabit shallow, vegetated 

areas, utilizing these zones for spawning 

and foraging.  The Pangasianodon 

hypophthalmus (pangas catfish), an 

ornamental species from Vietnam, reflects 

an increasing trend of introducing exotic 

species for aquaculture diversification 

(Guerrero III, 2014). 

 

Fishers in Lake Bato rely heavily on 

introduced species due to their higher 

market value and productivity. However, 

these species threaten the persistence of 

native fish through competition, habitat 

alteration, and predation (Baderan et al., 

2019). Socioeconomic profiles indicate that 

80% of fishers have 11-20 years of fishing 

experience, with low educational 

attainment being prevalent, limiting their 

capacity to adopt advanced sustainable 

fishing practices (Pomeroy et al., 2007). 

 

 

Table 1. Fish and Macro-Invertebrate Inventory in Lake Bato 

Family Name Scientific Name English Name 
Common 

Name 
Type Remarks 

Anabantidae Anabas testudineus 
(Bloch, 1792)  

Climbing perch  Puyo Introduced  
 

 

Found in slow 
streams, ditches, 

ponds, and lakes  

Anguillidae Anguilla marmorata 

(Quoy&Gaimard, 
1824)  

Giant mottled eel  Kasili, 

Burirawan 

Native  Migrated into lake 

via Bicol River.  

Gobionellinae Mistichthys 

luzonensis(Smith, 
1902)  

 Tabios Native Endemic to Lakes 

Bato and Buhi 
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Cyprinidae 

Cyprinus carpio 
(Linnaeus, 
1758)Linnaeus,) 

Common carp  Karpa Introduced Introduced in 
Lake Bato and 
Lake Buhi,  

Hypophthalmichthys 
nobilis (Richardson, 

1845) 

Bighead carp  Bighead  Introduced  
 

 

Introduced farmed 
species  

 Barbonymus 

gonionotus (Bleeker, 
1849) 

Java Barb Karpita Introduced  

 
 

Introduced farmed 

species  

Channidae Channa striata  
(Bloch, 1793) 

Common 
snakehead 

 Introduced  
 

Introduced farmed 
species  

Cichlidae 

Oreochromis 
niloticus (Linnaeus, 

1758) 

Nile tilapia  Tilapia  Introduced  
 

 

Introduced farmed 
species  

Oreochromis 
mossambicus 
(Peters, 1852) 

Mozambique 
tilapia  

Tilapia  Introduced  Introduced  
farmed species   

Clariidael 

Clarias 
macrocephalus 

(Gunther, 1864) 

Broadhead catfish 
 
Native 

Hito 

 
Native 

Native to Lake 
Bato 

Clarias batrachus 

(Linnaeus, 1758) 
Thai catfish 

Bangkok 

Hito 

Introduced  Introduced farmed 

species  

Osphronemidae 

Trichopodus 
trichopterus (Pallas, 
1770) 

Three spot 

gourami 
Mirapina  

Introduced  Ornamental 
species  

 Trichogaster 
pectoralis (Regan, 

1910) 

Snakeskin 
gourami 

 Newlook  
Introduced 1  
 

Introduced farmed 
species 

Gobiidae 
Glossogobius giuris 
(Hamilton, 1822) 

Tank goby 
Puting 
biya 

Native Native to Lake 
Bato 

 
Glossogobius 
celebius 
(Valenciennes, 1837) 

Celebes goby 

Biya 

Native Native to Lake 

Bato 

Pangasiidae 
Pangasianodon 
hypophthalmus 

(Sauvage, 1878) 

Pangas catfish Bighid Introduced  
 

Ornamental 
species from 

Vietnam 

Terapontidae Leiopotherapon 
plumbeus (Kner, 
1864) 

Silver perch Ayungin Native Migrated into lake 
via Bicol River. 

Ampullaridae 
Pomacea 
canaliculata 

(Lamarck, 1828) 

Golden Apple 
Snail 

Kuhol 
Introduced 
 

 

Introduced farmed 
species 

Cyrenidae 
Corbicula fluminea 
(Muller, 1774) 

Asian Clam Bugitis 
Native Native to Lake 

Bato 

Unionidae 
Cristaria plicata 
(Leach, 19814) 

Cockscomb Pearl 

Mussel 
Paros 

Introduced 
 

 

Introduced farmed 
species 

Palaemonidae 
Macrobrachium 
nipponense (De 

Haan, 1849) 

Oriental River 
Prawn 

Buyod 
Introduced  
 

Introduced farmed 
species 
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Common Carp  

(Cyprinus carpio) 

Snakeskin gourami 

(Trichogaster pectoralis) 

Three-spot gourami 

(Trichopodus trichopterus) 

   

Climbing perch 

(Anabas testudeneus) 

Goby Nile Tilapia 

(Oreochromis niloticus) 

   

Mudfish 

(Channa striata) 

Giant mottled eel 

(Anguilla marmorata) 

Golden Apple Snail 

(Pomacea canaliculata) 

   
Asian Clam 

(Corbicula fluminea) 

Cockscomb pearl mussel 

(Cristaria plicata) 

Oriental River Prawn 

(Macrobrachium 

nipponense) 

 

Figure 2. Fish and macro-invertebrates 

caught in Bato Lake 

The presence of invasive species 

like the golden apple snail (Pomacea 

canaliculata), a known agricultural pest, 

raises ecological concerns due to its 

capacity to disrupt freshwater ecosystems 

and native species (Guerrero III, 2002). 

Fishing and Fishing Practices in Lake Bato 

 

 

Characteristics of Lake Fishing Practices  

 

The socio-demographic profiles of 

fishers from Libon, Albay, and Bato, 

Camarines Sur, exhibit similarities in age, 

gender, household size, primary income 

source, and fishing experience (Table 2). 

However, differences emerge in education 

levels and organizational membership, 

which may impact their livelihood practices 

and access to resources.  In both areas, 

fishers are predominantly in the 29-38 years 

old age range, accounting for 60% in Libon 

and 70% in Bato. This indicates that the 

fishing workforce is composed primarily of 

individuals in their prime working years, 

which can influence productivity and 

adaptability to modern fishing practices. 

Additionally, 100% of respondents in both 

locations are male, reflecting the traditional 

gender roles where men typically engage in 

fishing activities. 

 



Lux Veritatis 11: 80-105, 2025 © 2020 

University of Santo Tomas-Legazpi Publication. 

Printed in the Philippines ISSN no: 2476-5644 

 

8 

  

Marital status varies slightly 

between the areas. 50% of fishers in Libon 

are married, while a slightly higher 60% in 

Bato report being married. This suggests 

that a significant proportion of fishers are 

responsible for supporting families. Both 

groups report having an average of five 

household members, implying similar 

household sizes, which can affect 

household income dependency on fishing. 

 

A significant disparity appears in 

education. In Libon, 70% of fishers have 

not completed elementary education, while 

the remaining are either elementary 

graduates or high school undergraduates. In 

Bato, 80% are elementary undergraduates, 

and 20% are elementary graduates. The low 

educational attainment in both areas may 

limit access to alternative livelihoods and 

modern fishing techniques. This suggests a 

need for educational programs tailored to 

enhancing fishers' knowledge and technical 

skills. 

 

Fishers in Bato show a higher rate 

of participation in organizations (30% 

membership) compared to 10% in Libon. 

Membership in fisher organizations often 

correlates with better access to government 

support, training, and resources. The lower 

membership rate in Libon suggests a gap in 

community engagement and may indicate 

less access to collective bargaining or 

advocacy for fisher-related concerns. 

 

In both areas, fishing remains the 

primary source of livelihood, highlighting 

the community's heavy reliance on aquatic 

resources. 80% of fishers in both locations 

report having 11-20 years of fishing 

experience, suggesting a high level of 

expertise. However, the lack of 

diversification in income sources may 

increase their vulnerability to 

environmental and economic fluctuations 

affecting fisheries. 

 

Both communities exhibit a high 

rate of registration under the Fisherfolk 

Registration System (FishR), with 80% of 

fishers registered in each area. This reflects 

compliance with national policies and 

provides fishers with access to government 

programs and subsidies. It also suggests 

that most fishers operate within the legal 

framework, which is crucial for sustainable 

fisheries management. 

 

The socio-demographic profile 

reveals that while fishers in Libon, Albay 

and Bato, Camarines Sur exhibit 

similarities in age, gender, fishing 

experience, and household size, notable 

differences exist in educational attainment 

and organizational participation. The low 

levels of formal education, particularly in 

both areas where the majority of fishers are 

elementary undergraduates, may hinder 

their ability to adopt modern fishing 

technologies and engage in alternative 

livelihoods (Pomeroy and Ahmid, 2006). 

Furthermore, the disparity in organizational 

membership, with 30% of fishers in Bato 

being members compared to only 10% in 

Libon, suggests unequal access to support 

programs, collective bargaining, and 

government assistance (Allison & Ellis, 

2001). 

 

These findings underscore the 

urgent need for education and capacity-

building initiatives tailored to improve 

technical knowledge, financial literacy, and 

sustainable fishing practices. Increasing 

fisherfolk organization membership is 

crucial, as it enhances community 

resilience, advocacy power, and access to 

institutional resources that promote 

sustainable fisheries (FAO, 2015). 

Strengthening these aspects can lead to 

better resource management, increased 

household incomes, and improved social 

welfare for fishing communities (Béné et 

al., 2016). 
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Table 2. Fisher’s Profile by Municipality 

Profile Libon, Albay Bato, Camarines Sur 

Age  60%  under  the age 29-38YO 70% are 29-38 YO 

Gender  100% male  100% males 

Civil Status  50% married  60% married 

HH Members   5 HH members  5 HH members 

Education 70% are elementary undergrad, the 

rest are either elementary graduate of 

high school undergraduate  

80% elementary undergrad 

20% elementary grad 

Membership   10% membership 30% membership  

Primary  Source of 

Income  

Fishing  Fishing  

Fishing experience 80% with11-20 years  80% with 11-20 years 

FishR Registration  80% registered  80% registered 

  

 

The analysis of registered fishers in Bato, 

Camarines Sur, and Libon, Albay, reveals a 

significant disparity: Bato records 1,431 

registered fishers across 10 barangays, 

whereas Libon reports only 125 registered 

fishers across four barangays. This contrast 

suggests variations in fishing activity, 

regulatory practices, and fisherfolk 

engagement between these municipalities 

(Table 3). 

 

In Bato, the barangays with the 

highest number of registered fishers are 

Santa Cruz (225), San Miguel (211), and 

Buluang (155), collectively accounting for 

approximately 41.4% of the town's total 

fisher population. This concentration 

indicates that fishing efforts are particularly 

intensive in these areas. Conversely, in 

Libon, Nugpo (46 fishers) and Buga (36 

fishers) together represent 65.6% of the 

municipality's registered fishers, 

suggesting that fishing activities are more 

localized and less extensive compared to 

Bato. 

 

 

Factors Influencing Fisher 

Registration.  There are several factors that 

contributes to the higher registration 

numbers in Lake Bato, these includes 

proximity to water bodies, economic 

dependency, and government initiatives 

and regulations. The project area is situated 

along Lake Bato where a significant 

freshwater resource provides abundant 

fishing opportunities and supports a larger 

fisherfolk communities.   

 

 The prominence of fishing in Bato’s 

economy has led to a greater dependence on 

this livelihood. In contrast, Libon’s 

economy appears more diversified, with 

agriculture playing a more central role.  As 

a result, fewer individuals in Libon are 

engaged primarily on fishing (Béné et al., 

2016). 

 

 Through government initiatives and 

regulation, the municipal fisher registration 

programs, such as the FishR program 

implemented by the Bureau of Fisheries 

and Aquatic Resources (BFAR), which 

aims to enhance fisher identification and 

resource management was realized.  As of 

February 2017, the FishR program 

registered approximately 1.7 million 

fisherfolk nationwide, with more effective 

implementation observed in areas where 

local government units (LGUs) actively 

promote compliance (BFAR, 2017). The 

higher compliance in Bato may stem from 

more effective local implementation and 

outreach efforts, whereas the lower 
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numbers in Libon may reflect gaps in 

program enforcement or community 

awareness. 

 

In an effort to improve present the 

above-mentioned concern, remedial 

measures were proposed focusing on 

enhancing registration program in Libon, 

targeting the support for high-fishing areas 

and monitoring and compliance.  

 

 The low registration numbers in 

Libon may suggest gaps in fisher 

compliance or awareness. To boost 

participation, strengthening outreach 

programs and streamlining the registration 

process could prove effective (Pomeroy, 

2016). Successful models from other 

coastal areas show that community 

engagement, coupled with consistent 

government collaboration, can drive higher 

compliance. For example, a study in Panay 

Island demonstrated that a 'one-stop-shop' 

approach, where registration teams are 

brought directly to fishing communities, 

significantly increased fisher registration 

rates. 

 

 Barangays such as Santa Cruz and 

San Miguel in Bato, where fishing is 

concentrated, should be prioritized for 

resource management and livelihood 

diversification programs to prevent 

overfishing. By promoting sustainable 

fishing practices and offering alternative 

income sources, these communities can 

better maintain both ecological balance and 

economic stability. 

 

 In Libon, regular monitoring and 

fisherfolk education could strengthen 

regulatory compliance and encourage 

sustainable fishing practices. The 

implementation of community-based 

coastal resource management (CBCRM) 

has proven effective in improving 

compliance and fostering local stewardship 

(Pomeroy et al., 2004). Additionally, a 

study in Panay Island highlighted the 

importance of establishing a fair system for 

license fees and maintaining a 

comprehensive fisher database to support 

effective management (Llanto et al., 2017). 

 

The significant difference in fisher 

registration between Bato, Camarines Sur, 

and Libon, Albay, underscores the need for 

localized management strategies. Policy 

efforts should focus on improving fisher 

registration and awareness in Libon while 

supporting sustainable practices in the more 

fishing-intensive areas of Bato to ensure the 

long-term viability of their fisheries 

resources. 

 
Table 3. Registered Fishers by Municipality 

Bato, Camarines Sur Libon, Albay 

Barangay  
Registered 

Fishers 
Barangay Registered 

Fishers 
Barangay  Registered 

Fishers 

Agos 49 Salvacion 95 Alongong 20 

Bacolod 89 30San Juan 61 Buga 36 

Buluang 155 San Miguel 211 Nugpo 46 

Cawacagan 4 
San Rafael 

(Pob.) 
50 Sta. Cruz 23 

Cristo Rey 1 San Roque 78     

DivinaPastora 

(Pob.) 
64 San Vicente 19     

Goyudan 67 
Santa Cruz 

(Pob.) 
225     

Masoli 6 
Santiago 

(Pob.) 
98     
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Neighborhood 17 Tagpolo 60     

Sagrada (Sagrada 

Familia) 
24 

Tres Reyes 

(Pob.) 
58     

Sub-Total 476   955     

Total   1,431     125 

  

Fishing Gear Utilization and 

Catch Composition.  Lake fishers employ 

a diverse range of fishing gears to optimize 

their catch, utilizing both motorized and 

non-motorized boats for operations. The 

primary gears include fish and shrimp pots, 

hook and line (HL), push nets (PN), cast 

nets (CN), and fish corrals (FC). Each gear 

type targets specific species and reflects the 

local fishers' adaptability to the lake's 

ecological conditions and species 

availability. 

 

1. Fish and Shrimp Pots (Bubo).   

Fish and shrimp pots (Figures 3 and 4), 

locally known as Bubo, are widely used due 

to their efficiency in capturing bottom-

dwelling species. These pots, crafted from 

split bamboo and covered with netting, vary 

in size and shape. They typically feature 

single or multiple openings with inward-

facing bamboo slats, allowing entry while 

preventing escape. Baits such as 

earthworms, frogs, chicken entrails, and 

small fish enhance their effectiveness. 

Fishers commonly set these pots in the 

evening and retrieve them the following 

morning. This passive gear primarily 

targets species including freshwater 

shrimps (Macrobrachium nipponense), 

gobies (Glossogobius spp.), tilapia 

(Oreochromis niloticus), carps and barbs 

(Cyprinidae spp.), climbing perch (Anabas 

testudineus), gouramies (Trichopodus 

trichopterus and Trichogaster pectoralis), 

and snakehead (Channa striata). The 

widespread use of Bubo reflects its 

simplicity and cost-efficiency, which aligns 

with findings from similar small-scale 

freshwater fisheries. 

 

2. Cast Net (Laya).   The cast net, 

locally known as Laya (Figure 5), is an 

active gear favored for its versatility in 

shallow waters. This circular net is 

equipped with metal weights along the 

edges, which enables rapid sinking when 

thrown. Fishers note that Laya is most 

effective in areas where the water depth 

does not exceed the net's radius. This gear 

captures a diverse range of species, 

including tilapia (O. niloticus), carps and 

barbs (Cyprinidae spp.), climbing perch (A. 

testudineus), silver perch (Leiopotherapon 

plumbeus), gouramies (T. trichopterus and 

T. pectoralis), pangas catfish 

(Pangasianodon hypophthalmus), and 

snakehead (C. striata). Cast nets provide a 

quick and labor-efficient method for fishers 

to secure substantial catches, particularly in 

littoral zones (FAO, 2020). 

 

3. Push Net (Sapyaw). The push 

net, known locally as Sapyaw (Figure 6), is 

an active fishing gear resembling a large 

scoop net, supported by a fixed or 

collapsible bamboo frame. This fine-

meshed net is specifically designed for 

capturing small aquatic organisms, 

particularly shrimps and gobies. Fishers 

operate the push net by walking along 

shallow fishing grounds, using a boat for 

site transfers. This gear is deployed during 

both low and high tide, usually during early 

morning or dusk when target species are 

most active. The push net yields a variety of 

catches, including gobies (Glossogobius 

spp.), tilapia (O. niloticus), carps and barbs 

(Cyprinidae spp.), climbing perch (A. 

testudineus), gouramies (T. trichopterus 

and T. pectoralis), snakehead (C. striata), 

and gastropods such as the golden apple 

snail (Pomacea canaliculata). The high 

catch diversity reflects the push net’s 

efficiency in harvesting benthic and 

nearshore species (Pomeroy, 2016). 
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Figure 3. Fish pot Figure 4. Shrimp pot 

Figure 5. Cast net Figure 6. Y-shaped push net 

Figure 7. Tabios net Figure 8. Hook and Line 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Fish corral 

 

 

4. Sinarapan Capture Using Sarap 

and Tabios Net.  The capture of Sinarapan 

(Mistichthys luzonensis), the world's 

smallest commercial fish species endemic 

to Lake Bato and Lake Buhi, is conducted 

using a specialized triangular net called 

sarap. This net is crafted from sinamay, a 

durable cloth derived from abaca fibers, 
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and is mounted on a Y-shaped bamboo 

frame. Fishers sweep the abung (local fish 

shelter) from the bottom to the top, 

effectively trapping Sinarapan and other 

small fish species. This method is labor-

intensive but remains a crucial part of 

traditional fishing practices in the region 

(Israel, 2016). 

 

 In Lake Bato, fishers utilize a 

specialized Tabios Net (Figure 7), which 

functions similarly to a lift net. The gear is 

lowered into the water and lifted once fish 

aggregate within the net. This adaptation 

enhances the efficiency of catching 

Sinarapan and reduces the time required for 

harvesting. Given the vulnerability of 

Sinarapan to overexploitation, proper 

regulation of these fishing methods is 

essential for the species' long-term 

conservation (FAO, 2020). 

 

5. Hook and Line (Banwit). The 

hook and line, locally known as Banwit 

(Figure 8), is a versatile fishing gear 

consisting of lines and hooks baited with 

natural attractants such as earthworms, 

small shrimps, snails, frogs, and chicken 

entrails. This gear can feature single or 

multiple hooks, allowing fishers to target a 

range of species based on hook size. Fishers 

use this method to capture a variety of 

species, including tilapia (Oreochromis 

niloticus), carps and barbs (Cyprinidae 

spp.), climbing perch (Anabas testudineus), 

silver perch (Leiopotherapon plumbeus), 

gouramies (Trichopodus trichopterus and 

Trichopodus pectoralis), snakehead 

(Channa striata), and catadromous eel 

(Anguilla marmorata). This method's 

selectivity and low environmental impact 

make it a sustainable fishing practice when 

properly managed. 

The adaptability of Banwit across 

different fish species reflects its 

effectiveness, especially in areas where 

target species display diverse size ranges. 

Furthermore, its low-cost nature makes it 

accessible to small-scale fishers, ensuring 

local livelihoods while maintaining the 

lake's biodiversity (Pomeroy, 2016). 

 

6.  Fish Corral (Baklad).   The 

Baklad (Figure 9) is a stationary fish corral 

constructed from bamboo and netting, 

deployed in shallow lake waters. The main 

component is the foreground wings, which 

guide fish into the trap. Fishing with Baklad 

typically requires two or more individuals, 

with operations beginning in the morning 

and catch retrieval occurring at noon using 

a scoop net. Fishers often place cube-

shaped fish pots made from metal screens 

inside the corral to facilitate easier 

collection of captured fish. 

 

 This gear type targets a wide 

variety of species, including tilapia (O. 

niloticus), carps and barbs (Cyprinidae 

spp.), climbing perch (A. testudineus), 

gouramies (T. trichopterus and T. 

pectoralis), silver perch (L. plumbeus), 

gobies (Glossogobius spp.), pangas catfish 

(Pangasianodon hypophthalmus), and 

snakehead (C. striata). Although Baklad is 

effective for bulk harvesting, its stationary 

nature makes it susceptible to bycatch and 

overharvesting if not adequately regulated 

(Israel, 2016). Implementing size limits and 

seasonal closures can mitigate these risks 

and promote sustainable fisheries 

management (FAO, 2020). 

 

 

Catch and Production Estimates 

by Gear Type in Lake Bato. A total of 

9.07 mt was estimated as the annual 

production in Bato Lake. This production 

represents 0.19% of the 4,694.68 mt of 

annual inland fisheries production in the 

Bicol Region (BFAR, 2018). The fishing 

practices in Lake Bato utilize diverse gear 

types, each contributing to the overall fish 

production. Table 4 summarizes the 

average catch per trip, fishing frequency, 

and annual production across different 

gears. Among these, the fish corral 

(Baklad) exhibits the highest annual yield, 
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reflecting its efficiency for bulk harvesting, 

while other methods, such as fish pots and 

cast nets, play significant roles in sustaining 

the local fishery. 

 

1. Fish Pot (Bubo).  Fish pots yield 

an average catch of 6.5 kg per trip, with 

fishers operating approximately 26 days per 

month for 9 months annually, resulting in a 

monthly production of 169 kg and an 

annual yield of 1,521 kg. This method 

targets a diverse range of species including 

tilapia (Oreochromis niloticus), snakehead 

(Channa striata), and various gouramies 

(Trichopodus spp.). Its moderate output 

reflects its targeted, passive nature and 

reliance on bait to attract fish. Despite its 

relatively low yield compared to other gear, 

its simplicity and cost-efficiency make it a 

preferred choice for many small-scale 

fishers (FAO, 2020). 

 

2. Shrimp Pot (Bubo).  Similar to 

fish pots, shrimp pots also record an 

average catch of 6.5 kg per trip but are used 

20 days monthly for 8 months annually, 

resulting in a monthly production of 130 kg 

and an annual output of 1,040 kg. This gear 

primarily targets freshwater shrimp 

(Macrobrachium nipponense), providing 

an important source of protein and 

livelihood for fishers specializing in 

crustaceans (Israel, 2016). However, its 

lower fishing frequency and seasonal 

operation contribute to reduced overall 

production. 

 

3. Cast Net (Laya).  Cast nets yield 

an average of 6.5 kg per trip, with 24 fishing 

days per month over 6 months annually, 

contributing to 156 kg of monthly 

production and 936 kg annually. This gear 

is widely used due to its affordability and 

adaptability to shallow waters. Common 

species caught include tilapia, silver perch 

(Leiopotherapon plumbeus), and gobies 

(Glossogobius spp.).  

 

4. Push Net (Sapyaw).   Push nets 

produce 3.5 kg per trip, used 24 days 

monthly across 8 months annually, leading 

to 84 kg of monthly production and 672 kg 

annually. While this gear has the lowest 

yield, it remains vital for capturing small 

species such as gobies and juvenile fish. Its 

use during low tide and ability to operate in 

shallow waters make it accessible to fishers 

with minimal investment (Pomeroy, 2016). 

 

5. Fish Corral (Baklad).  Fish 

corrals exhibit the highest yield, with 17.5 

kg per trip, operated 28 days monthly over 

10 months annually, resulting in 490 kg of 

monthly production and an annual output of 

4,900 kg. This stationary gear is highly 

efficient due to its capacity to trap large 

volumes of fish continuously. However, its 

high productivity poses sustainability 

challenges, as over-reliance on this method 

may lead to overfishing and habitat 

degradation (FAO, 2020). Implementing 

size limits and seasonal closures could 

mitigate these risks and ensure long-term 

productivity (Israel, 2016). 

 

6. Gleaning for Mollusks. Mollusk 

gleaning yields 11.5 kg per trip, conducted 

15 days monthly over 4 months annually, 

providing 172.5 kg of monthly production 

and 690 kg annually. This method targets 

gastropods like the golden apple snail 

(Pomacea canaliculata) and other bivalves. 

Although it contributes the least to total 

production, it remains an important 

supplemental activity for households 

relying on subsistence fishing (De Guzman 

et al., 2019). 

 

Table 4. Fish Production by Gear Type 

Gear Type 

Ave. 

Catch/trip 

(kg) 

Ave.fishing 

days/mo. 

Ave. 

fishing 

mo./year 

Production/mo 

(kg) 

Annual 

Production 

(Kg) 
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Fish pot  6.5 26 9 169 1,521 

Shrimp pot  6.5 20 8 130 1,040 

Cast net  6.5 24 6 156 936 

Push net  3.5 24 8 84 672 

Fish corral  17.5 28 10 490 4,900 

*Gleaning of 

mollusks  

11.5 15 4 172.5 690 

 

 

The fisheries of Lake Bato face several 

ecological and socio-economic challenges 

that threaten both fish stocks and fisher 

livelihoods. A significant concern is the 

decline in productivity, largely attributed to 

overfishing and pollution (Allan et al., 

2005). Overexploitation reduces fish 

populations, while the disposal of domestic 

waste into the lake exacerbates water 

quality deterioration, leading to nutrient 

loading and eutrophication (Beeton, 2002). 

These processes encourage algal blooms, 

reduce dissolved oxygen levels, and 

degrade fish habitats (BFAR, 2018). 

Additionally, deforestation in the upland 

watershed accelerates soil erosion, 

increasing sedimentation that causes the 

lake to gradually shallow over time 

(Liébault et al., 2005). This loss of depth 

reduces the lake’s water-holding capacity 

and disrupts aquatic ecosystems. 

Compounding these issues is the 

proliferation of invasive water hyacinth 

(Eichhornia crassipes), which obstructs 

fishing operations and boat navigation 

(Kriticos and Brunel, 2016). If left 

unmanaged, water hyacinth can spread 

rapidly, displacing native species and 

further diminishing the lake’s ecological 

balance (DENR-BMB, 2020). 

 

Another pressing issue is ghost 

fishing caused by the unregulated disposal 

of damaged or abandoned fishing gear. 

These lost gears continue to trap fish and 

other aquatic organisms, posing a persistent 

threat to biodiversity (Lovell, 2023). 

Habitat disruption is further aggravated by 

shoreline development and dredging, which 

alter the lake’s morphometry and degrade 

essential fish breeding grounds (BFAR, 

2018). These cumulative human-induced 

pressures not only threaten the lake’s 

ecological integrity but also reduce the 

profitability of capture fisheries. As fishing 

efficiency improves with better gear and 

motorized boats, the increased fishing 

pressure accelerates stock depletion and 

worsens competition among fishers 

(Finley, 2016). Addressing these 

environmental and technological 

challenges is crucial to sustaining Lake 

Bato’s fisheries and the communities that 

rely on them. 

The expansion of aquaculture, particularly 

through fish cages, has significantly 

increased fish production but also 

intensified spatial conflicts between cage 

operators and capture fishers. These fish 

cages occupy large sections of the lake, 

limiting the open-water areas available for 

traditional fishing activities (Beeton, 2002). 

Governance challenges arise from the 

overlapping responsibilities of local 

government units (LGUs) and national 

agencies like the Bureau of Fisheries and 

Aquatic Resources (BFAR), leading to 

inconsistent enforcement and regulatory 

gaps (BFAR, 2018). Nevertheless, fish 

cages can offer ecological benefits by 

serving as de facto sanctuaries, where wild 

fish are less exposed to intensive fishing 

(Pomeroy, 2016). However, the high 

density of fish cages may also result in 

localized pollution due to uneaten feed and 

fish waste, further degrading water quality 

if not properly regulated (Kriticos & 

Brunel, 2016). To address these 
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interconnected challenges, a holistic 

management strategy is required—

emphasizing community-based waste 

reduction programs, watershed 

reforestation to prevent sedimentation, 

spatial zoning to regulate fish cage density, 

and strengthened collaboration between 

BFAR and LGUs to enforce sustainable 

fisheries policies in Lake Bato. 

 

 

 

 

Disposal of unused or 

damaged gears in the lake 

may cause “ghost fishing” 

over time. 

Domestic wastes from the 

household are deposited in 

the lake. 

Conflicts among resource 

users (e.g. fishers and cage 

operators) are observed.  

   

Dredging activity causes 

changes in the original 

morphometry of the lake. 

Lake becomes shallow due 

to the siltation of the lake 

water. 

 

Proliferation of water 

hyacinth is affecting fishing 

and navigation activities. 

 

Figure 10.  Problems and issues affecting the lake ecosystem and fisheries sustainability in 

Bato Lake. 

 

 

On the other hand, introduced farmed 

species, such as cichlids and cyprinids, are 

exhibiting feral populations in Lake Bato. 

These species are generalists, highly 

prolific, and pose a significant threat to 

native biodiversity through competition for 

resources (Guerrero III, 2014). When 

aquaculture species become invasive, they 

can exacerbate biodiversity loss and disrupt 

ecological balance (Diana, 2009). One of 

the most severe impacts of these 

introductions is the depletion of Mistichthys 

luzonensis (Gobiidae), the smallest 

commercially valuable fish, due to 

predation by these non-native species. 

Additionally, jurisdictional conflicts over 

lake ownership and the division between 

the municipalities of Libon and Bato further 

complicate effective management and 

conservation efforts. Addressing these 

governance issues is essential to ensuring 

the sustainable use and protection of Lake 

Bato’s aquatic resources. 

 

 

 

Fish Community Structure and 

Biodiversity of Fishes and Macro-

invertebrates. 
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The morphometric data of selected 

fish species in Lake Bato (Table 5) 

highlight significant variation in body size 

across species, reflecting differences in 

ecological roles, growth patterns, and 

adaptability to the lake environment. 

Among the surveyed species, mudfish 

(Channa striata) exhibited the largest 

average body size, with a mean standard 

length (SL) of 23.39 cm, total length (TL) 

of 29.12 cm, and body weight (BW) of 

204.12 g. This species’ predatory behavior 

and ability to survive in low-oxygen 

environments contribute to its robust size 

and ecological dominance (Diana, 2009). 

 

The common carp (Cyprinus 

carpio) also displayed substantial growth, 

with an average SL of 14.73 cm, TL of 

18.40 cm, and BW of 111.61 g. As an 

introduced species, its rapid growth and 

adaptability give it a competitive edge over 

native species (Guerrero III, 2014). 

However, the presence of invasive 

cyprinids raises ecological concerns due to 

their capacity to disrupt native biodiversity 

through competition for food and habitat 

(Canonico et al., 2005). 

 

Nile tilapia (Oreochromis 

niloticus), the most abundant species 

sampled (n = 398), averaged 11.60 cm SL, 

17.50 cm TL, and 61.02 g BW. This 

species’ dominance reflects its high 

reproductive output and environmental 

tolerance, allowing it to thrive in various 

freshwater ecosystems (Pomeroy, 2016). 

However, their proliferation poses a 

significant threat to native fish populations 

through resource competition and habitat 

modification (Canonico et al., 2005). 

 

Smaller-bodied species, such as the 

three-spot gourami (Trichopodus 

trichopterus) and snakeskin gourami 

(Trichopodus pectoralis), showed lower 

mean body weights of 16.87 g and 39.04 g, 

respectively. Although these species 

contribute to the lake’s food web as both 

prey and consumer, their smaller size 

increases their vulnerability to predation 

and environmental pressures (BFAR, 

2018). 

 

The climbing perch (Anabas 

testudineus) exhibited moderate size 

values, with an average SL of 10.36 cm, TL 

of 13.60 cm, and BW of 47.20 g. This 

species’ ability to tolerate low-oxygen 

conditions and migrate across habitats 

supports its persistence in Lake Bato, even 

under environmental stress (Guerrero III, 

2014). 

 

The goby (‘Biya’, Glossogobius 

giuris) recorded an average SL of 14.57 cm, 

TL of 16.80 cm, and BW of 35.61 g. As an 

important resource in local fisheries, this 

species faces pressure from ecological 

competition, particularly from larger 

invasive species like tilapia and carp 

(BFAR, 2018). Its moderate size suggests it 

remains susceptible to both predation and 

habitat displacement (Canonico et al., 

2005). 

 

 

Table 5. Morphometric information of selected fish species in Lake Bato. 

Species  F x̅  SL (cm)  x̅ TL(cm)  x̅ BW (g)  

Snakeskin gourami  45 12.29 13.24 39.04 

Three-spot 

gourami  

50 7.50 9.87 16.87 

Climbing perch  43 10.36 13.60 47.20 

Nile Tilapia  398 11.60 17.50 61.02 

Common Carp  81 14.73 18.40 111.61 
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Mudfish  27 23.39 29.12 204.12 

Goby ‘Biya’  48 14.57 16.80 35.61 

 

 

The morphometric data for selected 

crustacean and mollusk species in Lake 

Bato (Table 6) highlight differences in body 

size and biomass, reflecting species-

specific ecological roles and adaptability 

within the lake ecosystem. 

 

Oriental River Prawn 

(Macrobrachium spp.) exhibited an 

average carapace length (CL) of 2.3 cm, 

total length (TL) of 5.1 cm, and body 

weight (BW) of 1.3 g. With a sample size 

of 292 individuals, this species' abundance 

suggests it plays a key role in the lake’s 

benthic community. As a detritivore and 

omnivore, it contributes to nutrient cycling 

while also serving as prey for larger fish. 

The relatively small size and high sample 

frequency indicate a stable, reproducing 

population, although it may be vulnerable 

to habitat degradation and overharvesting 

(BFAR, 2018). 

 

Cockscomb Pearl Mussel (Cristaria 

plicata) recorded the largest average shell 

height (SH) of 6.32 cm, shell width (SW) of 

9.21 cm, and BW of 36.89 g. This species' 

substantial size reflects its filter-feeding 

capacity, which aids in improving water 

quality by removing particulate matter. 

However, low abundance (n = 35) may 

indicate susceptibility to habitat loss or 

overexploitation, particularly as freshwater 

mussels are often targeted for their shells or 

as a protein source (Guerrero III, 2014). 

 

Golden Apple Snail (Pomacea 

canaliculata) had a mean SH of 2.32 cm, 

SW of 2.02 cm, and BW of 13.12 g. Despite 

its relatively small size, this invasive 

species poses significant ecological risks 

due to its voracious herbivory, which can 

damage aquatic vegetation and disrupt local 

biodiversity (Canonico et al., 2005). The 

presence of 58 individuals suggests a well-

established population that could further 

threaten native aquatic flora and fauna if 

left unmanaged (BFAR, 2018). 

 

Asian Clam (Corbicula fluminea) 

showed a moderate size profile, with an 

average SH of 3.07 cm, SW of 3.51 cm, and 

BW of 12.28 g. This species is an effective 

biofilter, but its rapid reproduction and 

invasive nature can displace native 

mollusks and alter sediment dynamics 

(Guerrero III, 2014). The high sample size 

(n = 97) suggests an established and 

potentially expanding population, which 

could increase competition with native 

bivalves for resources. 

 

Overall, the morphometric data 

reflect a complex lake ecosystem under 

significant ecological pressure due to the 

coexistence of native and invasive species 

and the presence of large predators. While 

native species such as the oriental river 

prawn and cockscomb pearl mussel 

contribute to essential ecological functions 

like nutrient cycling and water filtration, 

the dominance of introduced species like 

Nile tilapia, common carp, golden apple 

snail, and Asian clam intensifies 

competition and predation on smaller 

native species, posing a serious risk to 

biodiversity. Sustainable management 

strategies, including habitat monitoring, 

controlling invasive populations, regulating 

fisheries, and fostering cooperation 

between stakeholders, are essential to 

preserving Lake Bato’s ecological balance 

and mitigating further ecological 

degradation (Guerrero III, 2014; BFAR, 

2018). 
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Table 6.  Morphometric information of selected crustacean and mollusks species 

 in Lake Bato. 

Species F x̅  CL (cm) x̅ TL (cm) x̅ BW (g) 

Oriental river prawn 292 2.3 5.1 1.3 
  

x̅  SH (cm)  x̅ SW (cm)  x̅ BW(g)  

Cockscomb Pearl Mussel 35 6.32 9.21 36.89 

Golden Apple Snail 58 2.32 2.02 13.12 

Asian Clam 97 3.07 3.51 12.28 

 

The frequency and relative 

abundance (RA) data from two research 

sites in Lake Bato—Libon (I) and Bato 

(II)—highlight the dominance of specific 

fish and macroinvertebrate species and 

reveal ecological differences between the 

two areas (Table 7). Among fish species, 

Oreochromis niloticus (Nile tilapia) 

exhibited the highest relative abundance at 

both sites (36.32% in Libon and 31.53% in 

Bato), indicating its significant presence 

and potential ecological impact. Other 

notable fish species include Cyprinus 

carpio (common carp) with 6.54% RA in 

Libon and 7.25% in Bato, and Anabas 

testudineus (climbing perch), which 

maintained a similar presence across sites 

(4.13% and 3.20%, respectively). The 

presence of unidentified goby species 

(4.13% in Libon and 4.05% in Bato) 

suggests the continued existence of native 

fish populations despite competition from 

invasive species. 

 

Among macroinvertebrates, 

Macrobrachium nipponense (oriental river 

prawn) was the most abundant crustacean, 

particularly on the Bato side (30.35% RA) 

compared to the Libon side (19.28%), 

highlighting its ecological and potential 

economic importance. The invasive 

Pomacea canaliculata (golden apple snail) 

showed moderate abundance, with 5.51% 

RA in Libon and 4.38% in Bato, raising 

concerns about its impact on native 

biodiversity. Bivalves such as Corbicula 

fluminea (Asian clam) exhibited relatively 

high abundance at both sites (8.43% in 

Libon and 8.09% in Bato), while the native 

Cristaria plicata (cockscomb pearl mussel) 

had a lower but notable presence, especially 

on the Libon side (4.13%). 

 

Table 7. Frequency and relative abundance (RA) of fish and macroinvertebrates 

 in two research sites in Bato Lake, Bicol, Philippines 

Class, Family 
Species No. of ind./station RA of ind./station 

 I II I II 

Fishes      

Osphronemidae T. pectoralis 26 19 4.48 3.20 

 T. trichopterus 23 27 3.96 4.55 

Anabantidae A. testudineus 24 19 4.13 3.20 

Cichlidae O. niloticus 211 187 36.32 31.53 

Cyprinidae C.carpio 38 43 6.54 7.25 

Channidae C. striata 18 9 3.10 1.52 

Gobiidae Unidentified 24 24 4.13 4.05 

Gastropod      

Ampullaridae P. canaliculata 32 26 5.51 4.38 

Bivalves      

Cyrenidae C. fluminea 49 48 8.43 8.09 
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Unionidae C. plicata 24 11 4.13 1.85 

Malacostraca      

Palaemonidae M. nipponense 112 180 19.28 30.35 

Total  581 593 100.00 100.00 

Notes: I: Libon Side; II: Bato Side 

 

The evenness index reflects the 

distribution of individuals among species 

within a community (Baderan et al., 2019). 

An index value closer to 1 indicates a more 

even distribution, where species are present 

in similar proportions, while a value closer 

to 0 suggests an uneven community with a 

dominance of a few species. 

 

According to the results, the 

equitability index in Lake Bato was 

relatively high, with values of 0.83 and 0.78 

for Station I and Station II, respectively, 

and an overall value of 0.82 for the 

combined stations. This indicates that while 

certain species are more abundant, most 

species are present in comparable numbers 

(Odum & Barrett, 2004). Notably, Nile 

tilapia and oriental river prawn) exhibited 

the highest relative abundance, accounting 

for 34% and 38.86% at Station I and 

20.63% and 32.73% at Station II, 

respectively. 

 

The diversity index (H’) also 

revealed high species diversity in both 

stations, with values of 2.00 at Station I and 

1.89 at Station II, resulting in an overall 

value of 1.95 (H’ > 0) for the combined 

data. This substantial diversity suggests a 

balanced ecosystem, where species 

richness and evenness are both high. 

Although Station I showed slightly greater 

diversity than Station II, statistical analysis 

indicated no significant difference between 

the two sites (p = 0.96, p > 0.05). This lack 

of significant variation suggests that fish 

and macroinvertebrates can move freely 

between the stations despite physical 

obstructions within the lake, allowing for 

species distribution across both areas. 

 

 

Key Informant (KI) Interview 

Results and Biodiversity by 

Municipality. The KI interview results, 

along with biodiversity data from Libon, 

Albay, and Bato, Camarines Sur, are 

presented in Table 8. Notably, both 

municipalities exhibit a high level of 

biodiversity awareness (90%). This 

heightened awareness can be attributed to 

the lake ecosystem’s critical role in 

providing food, livelihood, and medicinal 

resources. Additionally, the lake offers 

protection from the destructive effects of 

typhoons while delivering substantial 

economic and environmental benefits. 

 

Table 8. Respondent distribution along biodiversity awareness by Municipality 

Biodiversity Profile Libon, Albay Bato, Camarines Sur 

Knowledge about 

biodiversity  

90% awareness  90% awareness  

Importance of 

biodiversity  

▪ Habitat for various species 

▪ Provide food, livelihood, and 

medicine to people 

▪ Protection from extreme & 

destructive effects of 

typhoon 

▪ Economic & environmental 

benefits 

▪ Habitat for various species 

▪ Provides food, livelihood, 

and medicine to people 

▪ Protection from extreme & 

destructive effects of 

typhoon 

▪ Economic & environmental 

benefits 
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Different ecosystems 

in the area  

Rivers, streams, creeks, and 

irrigation 

Rivers, streams, creeks, and 

irrigation 

Effect on wildlife & 

aquatic resources  

Has a direct effect  Has a direct effect 

Factors that affect 

rivers & lakes  

▪ Weather disturbance 

▪ Fishing (i.e., using traps, 

electro-fishing, use of 

poison) 

▪ Sedimentation, erosion, and 

unsustainable land use  

▪ Weather disturbance 

▪ Fishing  

▪ Sedimentation, erosion, and 

unsustainable land use 

Characteristics of the 

surrounding watershed  

▪  Built-up areas 

▪  Agricultural farmlands 

▪ Built-up areas 

▪ Agricultural farmlands 

Species Caught   

Fishes: tilapia, Chinese and 

common carp, hito, mudfish, 

bia, climbing perch, eel 

&sinarapan 

Crustacean: freshwater shrimp 

Mollusks: Kuhol& freshwater 

mussel 

Aquatic plants: water hyacinth, 

water lily &kangkong 

 

Fishes: tilapia, bia, Chinese 

and common carps; catfish; 

snakehead; climbing perch; 

freshwater eel; sinarapan 

Crustacean: Freshwater shrimp 

and prawn 

Mollusks: Apple snail; 

Freshwater clam 

Aquatic plants: water hyacinth, 

water lily, and water spinach 

 

Both areas are characterized by 

interconnected freshwater ecosystems, 

including rivers, streams, creeks, and 

irrigation systems, which directly influence 

local wildlife and aquatic resources. 

Critical factors affecting the health of these 

water bodies include weather disturbances, 

unsustainable fishing practices (e.g., the use 

of traps, electro-fishing, and poisons), 

sedimentation, erosion, and unsustainable 

land use patterns. The surrounding 

watersheds in both municipalities consist of 

built-up areas and agricultural lands, which 

contribute to pollution and habitat 

degradation. 

 

Despite these challenges, the lake 

sustains a rich diversity of aquatic species. 

This includes several fish species such as 

tilapia, common and Chinese carp, catfish, 

mudfish, climbing perch, freshwater eel, 

and the endemic sinarapan or tabios, which 

is particularly significant due to its 

conservation value. Other aquatic 

organisms include freshwater shrimp and 

prawn, mollusks like the apple snail and 

freshwater mussel, as well as aquatic plants 

like water hyacinth, water lily, and water 

spinach. 

 

A concerning issue, however, is the 

continued use of destructive fishing 

practices, particularly electro-fishing, 

which poses a significant threat to the lake’s 

biodiversity. Addressing these 

environmental pressures requires targeted 

conservation and management strategies to 

protect the lake’s ecological integrity and 

ensure the sustainable use of its resources. 

 

 

Policy Recommendation for 

Management and Conservation  

 

 Lake Bato's sustainability 

challenges can be addressed by leveraging 

internal strengths and mitigating external 

threats (see Box 1). 
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Internal Factors (Strengths & 

Weaknesses).  The LGU and local 

community have direct influence over 

certain key factors, such as strong local 

leadership and high biodiversity awareness. 

These strengths should be leveraged to 

address challenges like improper waste 

disposal. By fostering an understanding of 

biodiversity’s value and the consequences 

of its degradation, the community can 

effectively implement initiatives such as 

proper waste management and programs 

like BASIL. 

 

External Factors (Opportunities 

& Threats).  External threats, such as 

pollution, siltation from upland erosion, 

and land accretion caused by excessive 

water hyacinth growth, pose significant 

risks to the lake's health. To mitigate these, 

LGUs and local communities must first 

strengthen internal governance, then 

collaborate with external stakeholders, 

including DA-BFAR, DENR-EMB, and 

academic institutions, to secure technical 

and policy support. Proactive management 

and coordinated efforts are essential to halt 

further ecological decline. 

 

 

 Box 1.  Internal and External Environment Affecting Bato Lake Management and 

Conservation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

On the basis of the internal strength 

and weaknesses and the external 

opportunities and threats, the following 

analyses were arrived at: 

 

1. With the high level of awareness 

among fishers and the support from 

local government units (LGUs), 

[Internal Strength] 
 

• High level of awareness among fishers 

 

• Supportive LGU Officials 

 

[Internal Weaknesses] 

• Domestic HH waste disposal 

• Conflicting resource use (i.e., capture 

fishers vs cage farmers) 

• Unsustainable fishing methods (i.e., 

using traps, electro-fishing, use of 

poison) 

• Built-up areas surrounding the lake 

(Informal settlers) 

• Jurisdictional issues (i.e. lake 

delineation) 

 
[External Opportunities] 

 
• Support from NGA's (DA-BFAR and 

DENR-EMB) for BASIL Project 

• High demand for fish and other aquatic 

resources 

• Livelihood and employment 

 

[External Threat] 
 

• Lake Ecosystem Failure 

• Fish Kill 

• Weather disturbance due to typhoon 

and the prevailing monsoon 

• Lake siltation and shallowing 

• Conflicting resource use 
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there is an opportunity to leverage 

National Government Agency 

(NGA) support for the BASIL 

project. This increases the 

likelihood of success for the 

proposed interventions and 

projects. 

 

2. LGUs should capitalize on the 

NGA's support for the BASIL 

project to address key issues such as 

food security, livelihood 

opportunities, and employment in 

the region. 

 

3. To mitigate threats such as 

ecosystem degradation, fish kills, 

siltation, and resource use conflicts, 

LGUs must engage with the 

heightened awareness among 

fishers to act. These challenges can 

be systematically addressed by first 

tackling internal weaknesses, 

including household waste 

management, resource use 

conflicts, lakeshore development, 

and boundary delineation. 

 

 

Management Implications 

 

1. Conservation of Native 

Species: Prioritize the protection of 

endemic and native species like 

Mistichthys luzonensis through habitat 

restoration and controlled fish stocking. 

 

2. Invasive Species Control: To 

minimize their ecological impact, 

implement targeted removal strategies for 

Pomacea canaliculata and Cristaria 

plicata. 
 

3. Sustainable Aquaculture 

Practices: Encourage the cultivation of 

native species like Clarias macrocephalus 

to reduce reliance on non-native species 

while sustaining livelihoods (Diana, 2009). 

 

4. Community-Based Resource 

Management: Enhance fishers’ 

participation in local governance structures 

to foster resource stewardship and policy 

compliance (FAO, 2014). 

 

The dominance of introduced 

species underscores the need for balancing 

aquaculture production with biodiversity 

conservation through community education 

and adaptive management strategies 

(Guerrero III, 2014). 

 

 

Conclusion and Recommendations 

 

Lake Bato supports a diverse array 

of fish and mollusk species, which 

underscores its ecological significance. 

However, human activities, including 

household pollution, intensive aquaculture, 

and sedimentation, pose substantial threats 

to the lake's ecological health. The 

consistently murky waters observed across 

all sampling sites reflect high levels of 

sedimentation, which further contribute to 

the degradation of aquatic habitats. 

The study identified common carp 

as the most dominant species in Lake Bato, 

a trend likely driven by the expansion of 

intensive fish farming. This dominance 

may lead to a decline in native species 

diversity as common carp outcompete local 

species and alter trophic dynamics. 

Particularly concerning is the reduced 

presence of sinarapan, the world’s smallest 

commercially harvested fish, which signals 

a potential population decline. This trend 

can likely be attributed to habitat 

degradation, the loss of spawning areas, and 

competition from introduced species, all of 

which threaten the long-term survival of 

sinarapan. 
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The diverse fishing practices 

observed in the region, supported by a 

range of fishing gear, emphasize the 

importance of small-scale fisheries to local 

livelihoods. Local communities 

demonstrate an awareness of the lake’s 

ecological challenges and recognize the 

economic and ecological value of its 

resources. Nevertheless, the rising demand 

for fish and the persistence of unsustainable 

fishing practices continue to disrupt the 

ecological balance, accelerating the decline 

in biodiversity and fisheries productivity. 

To address these pressing issues, a 

comprehensive action plan is necessary to 

restore and conserve the aquatic resources 

of Lake Bato. The following 

recommendations are proposed: 

1. Biodiversity Monitoring and 

Conservation: Establish a regular 

monitoring program to assess fish and 

mollusk diversity, with particular attention 

to endangered species such as sinarapan. 

This will allow for the tracking of 

population trends and the implementation 

of species recovery initiatives. 

2. Habitat Rehabilitation: 

Implement measures to reduce siltation, 

such as the reforestation of riparian zones 

and better control of aquaculture waste, to 

restore spawning habitats and improve 

water quality. 

3. Policy Development and 

Enforcement: Strengthen local regulations 

concerning fish cage density, waste 

management, and the introduction of 

invasive species. These policies should be 

developed in collaboration with local 

government units (LGUs) and relevant 

stakeholders. 

4. Community Engagement: 

Launch education and awareness 

campaigns to promote sustainable fishing 

practices and encourage community-driven 

conservation efforts. 

5. Support for the BASIL 

Project: Align local efforts with the Balik 

Sigla sa Ilog at Lawa (BASIL) Project to 

promote sustainable fisheries management, 

species restocking, and ecosystem 

rehabilitation. 

6. Collaborative Approach: A 

multi-stakeholder approach involving 

government agencies, local communities, 

and research institutions is essential for 

restoring Lake Bato’s ecological health and 

ensuring the sustainability of its fisheries 

and biodiversity. 
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