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ABSTRACT 
 
 

he Seven Lakes of San Pablo City in Laguna, 
Philippines, provide ecosystem services such as 
freshwater supply, food, aquaculture, and tourism for 
the locals and tourists. Due to its vast natural 
resources, there has been an increase in aquaculture, 

agriculture, urban settlements, and tourism activities in the lakes 
in recent years. Realizing the effects of these anthropogenic 
activities, a comprehensive monitoring effort should be in place 
to formulate a more holistic approach to sustainable lake 
management. This review paper summarizes the past and current 
monitoring and research activities conducted in the Seven Lakes 
of San Pablo City. While the quarterly monitoring efforts of the 
lakes’ water quality conducted by the Laguna Lake 
Development Authority remain necessary, there is a need to 

employ a more holistic Ecosystem Approach which includes 
understanding the biological organization which encompasses 
the essential processes, functions and interactions among the 
organisms and their environment, and includes the analysis of 
the role of human society as an integral part of the ecosystem. 
This includes monitoring the spatial and temporal diversity 
patterns of native and introduced species, documenting the 
presence of endocrine disruptors in freshwater fishes currently 
cultivated in the lakes, identifying the potential risk factors of 
waterborne parasites contributing to contamination, and 
generating models for the lakes’ recreational and aquaculture 
carrying capacity in future monitoring and research efforts. 
Ecosystem Approach to lake management is proposed, 
integrating monitoring activities on biophysical dimensions with 
the socio-economic aspects and stakeholders’ participation to 
promote sustainable development, equity, and interlinked 
social-ecological resilience systems. 
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INTRODUCTION 
 
Freshwater lakes offer a wide range of essential ecosystem 
services. They are integral in  human survival and development 
as they serve as sources of food and supply water for 
consumption, agriculture (i.e., irrigation), aquaculture, industrial, 
and recreational purposes. They are also essential in preserving 
global biodiversity and the ecosystem as they serve as habitats 
to various flora and fauna and take part in natural processes such 
as nutrient cycling and climate mitigation (Brillo 2015b). As 
habitats of different life species, lakes are among the world’s 
most productive environments that provide various services and 
act as effective carbon sinks, flood regulators, and even natural 
water filters. 
 
In the Philippines, lakes account for over 70 percent of inland 
wetlands. More than half are in Luzon, followed by Mindanao. 
There are more than 100 recorded freshwater lakes that cover 
about 200,000 ha in total area. Of these lakes, 79 are being 
utilized for fish production. Region IV-A (CALABARZON) has 
the most freshwater lakes, including the country’s largest lake, 
Laguna de Bay (Biodiversity Management Bureau 2016). It has 
a total area of approximately 900 km2. It serves as a domestic 
water supply source in Metro Manila and for hydroelectric 
power, irrigation, and cooling industrial plants (Guerrero III 
1999). Fisheries, which includes capture fisheries and 
aquaculture, serves as the dominant use of the lake. The Laguna 
de Bay contributes significantly to local and national fish 
production with an estimate of 80,000 to 90,000 metric tons of 
fish production annually and has since been supplying Metro 
Manila and adjacent provinces with both cultured and wild-
caught fish (Israel 2007). Unfortunately, this lake has suffered 
from ecological decline due to increasing human population, 
urbanization, and industrial development in surrounding 
municipalities (Tamayo-Zafaralla et al. 2002). However, this 
condition is not unique to Laguna de Bay. Other lakes in the 
country have been undergoing degradation and conversion into 
other uses due to anthropogenic intervention that has caused 
alarms to environment officials and conservation groups 
(Fernandez 2011; Enano 2019). 
 
The seven crater lakes, namely, Sampaloc, Bunot, Palakpakin, 
Calibato, Mohicap, Pandin, and Yambo, are small freshwater 
lakes found in San Pablo City, Laguna that are administered by 
the Laguna Lake Development Authority (LLDA). These lakes 
were formed by steam-heated eruptions when the shallow lava 
from Mt. San Cristobal intersected the groundwater and blew out 
the overlying rocks, forming crater-like depressions (LLDA). 
These depressions were eventually filled with rainwater. The 
varying depths of the lakes, which range from about 7 meters to 
156 meters, suggest a volcanic origin. 
 
The Seven Lakes of San Pablo City offer ecosystem services to 
the surrounding communities as they are used mainly for 
aquaculture and recreation. Aquaculture, being a mode of 
subsistence for the local communities, has extensively expanded 
over the years. This expansion has made fish pens and floating 
cages an integral and common feature among the seven lakes. 
By the early 2000s, aquaculture in these lakes had reached its 
peak. Fish pens and cages have congested the shoreline, and the 
10% area limit for aquaculture structures under the Fisheries 
Code of the Philippines has been breached in most lakes. 
Moreover, the success of the aquaculture industry in the lakes 
has piqued the interest of the locals which may have brought 
about the increase in settlements and illegal establishments 
along and near the banks as seen in Figure 1. Domestic effluents 
and fish farm discharges have polluted the lake. They have 
caused problems such as water quality degradation, excessive 
algal blooms, and fish kills during the natural upwelling or 

overturning of the lakes (Tamayo-Zafaralla et al. 2010; Brillo 
2015a; Brillo 2016a). Consequently, the seven lakes were 
declared as the Threatened Lakes of 2014 by the Global Nature 
Fund (GNF) (Brillo 2017). 
 
This review paper generally aims to provide an overview of the 
current state of the Seven Lakes of San Pablo City based on the 
available Scopus- and ISI-indexed journal articles published 
from 1990 to 2020. Relevant studies on other freshwater lakes 
conducted in the Philippines and in other countries were also 
included in the review to assess the potential threats and to 
determine the research gaps for future application in lake 
research, especially in the Seven Lakes. Current monitoring and 
management practices in the Seven Lakes – both from private 
institutions and government agencies (e.g., LLDA) – were also 
documented. This paper also highlights the identified research 
gaps such as the spatial and temporal diversity patterns of native 
and introduced species, presence of endocrine disruptors, 
waterborne parasite contamination, and carrying capacity 
modelling and estimation. However, unpublished theses and 
dissertations were excluded in the review. 
 
 
POTENTIAL THREATS AND RESEARCH GAPS IN 
SEVEN LAKES 
 
Literature search revealed studies in the Seven Lakes of San 
Pablo City focusing predominantly on topics such as physical 
limnology, biodiversity, and socio-economic and development 
studies. Of few available publications are studies concerning 
waterborne pathogens in the lakes. 
 
As summarized in Table 1, physical limnology studies covered 
topics on the physico-chemical parameters of lake waters and 
the presence of other chemical pollutants (Tamayo-Zafaralla et 
al. 2013; Solpico et al. 2014; Dimzon et al. 2018; Mendoza et al. 
2019) aside from the monitoring efforts done by the LLDA 
(Zapanta et al. 2008). Bannister and colleagues (2019) also 
conducted a study on the status of Lakes Sampaloc, Mohicap, 
and Yambo using paleo- and present limnological data to 
describe the extent of the human-induced aquatic impacts and 
warming temperatures. On the other hand, biodiversity studies 
focused mainly on the survey of plankton (Zapanta et al. 2008; 
Tamayo-Zafaralla 2010; Pascual et al. 2014; Tamayo-Zafaralla 
2014; Sambitan et al. 2015; Cordero and Baldia 2015), fish 
parasite fauna (de la Cruz and Paller 2012; de la Cruz et al. 2013; 
Briones et al. 2015), malacofauna (Monzon 1993a; Monzon 
1993b; Asis et al. 2016), and fish (Quilang 2007; Briones et al. 
2016; Paller et al. 2017a). Aside from the regular monitoring of 
coliforms by the LLDA (Zapanta et al. 2008), few studies have 
dealt with other waterborne pathogens in the seven lakes. Gacad 
and Briones (2020) detected the presence of bacteria, 
Aeromonas veronii and Plesiomonas shigelloides, infecting 
Glossogobius aureus in Sampaloc Lake. In addition, Ballares et 
al. (2020) detected the presence of Acanthamoeba spp., a 
pathogenic free-living amoeba, while Masangkay et al. (2020) 
found evidence of Cryptosporidium spp. and Giardia spp. 
contamination in major freshwater reservoirs in the country, 
including the seven lakes. Moreover, numerous socio-economic 
and development studies focusing on ecosystem services such as 
aquaculture and ecotourism and sustainable management 
policies (Santiago and Arcilla 1993; Jose 2002; Jose 2005; Brillo 
2015a; Brillo 2015b; Legaspi et al. 2015; Brillo 2016a; Brillo 
2016b; Brillo 2016c; Brillo 2016d; Brillo 2016e; Brillo 2016f; 
Brillo 2017; Brillo 2020), and modelling of urban expansion 
(Quintal et al. 2018) have also been conducted. 
 
While the rapid rate of development in aquaculture and 
ecotourism has given opportunities to the surrounding communities 
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Figure 1: Existing Land-Use Map of the Seven Lakes of San Pablo City (based on the Comprehensive Land Use Plan of San Pablo City 2015-
2025 available at http://sanpablocitygov.ph/). 
 
Table 1: Summary of studies conducted in the Seven Lakes of San Pablo City from 1990-2020. 

RESEARCH THEMES RELATED PUBLICATIONS 
 

PHYSICAL LIMNOLOGY (climate, 
physico-chemical status, pollutants) 

Zapanta et al. 2008; Tamayo-Zafaralla et al. 2013; Solpico et al. 2014; 

Dimzon et al. 2018; Bannister et al. 2019; Mabansag et al. 2019; 

Mendoza et al. 2019 

 
 
 

BIODIVERSITY (plankton, parasitofauna, 
malacofauna, fish) 

Monzon 1993a; Monzon 1993b; Quilang 2007; Zapanta et al. 2008; 

Zafaralla 2010; Pascual et al. 2014; Zafaralla 2014; Briones et  al. 2015; 

Sambitan et al. 2015; Cordero and Baldia 2015; Asis et al. 2016; 

Briones et al. 2016; Paller et al. 2017 

 

   PATHOGENS (bacteria, parasites) 

Zapanta et al. 2008; Ballares et al. 2020;  

Gacad and Briones 2020; Masangkay et al.        2020 

 

  SOCIO-ECONOMIC AND 
DEVELOPMENT (aquaculture, ecotourism, 
management, urbanization/land use change) 

Santiago and Arcilla 1993; Jose 2002; Jose 2005; Brillo 2015a; Brillo 

2015b; Legaspi et  al. 2015; Brillo 2016a; Brillo 2016b; Brillo 2016c; 

Brillo 2016d; Brillo 2016e; Brillo 2016f; Brillo 2017; Quintal et al. 

2018; Brillo 2020 

of the seven lakes by providing food and employment, this has 
not been without its cost as these  freshwater resources are also 
vulnerable to human-induced and environmental disturbances 
that may outweigh the ecosystem services and lead to 
deterioration of ecosystem functioning (Mendoza et al. 2019). 
With their relatively small size, the seven lakes are deemed more 
vulnerable and sensitive to anthropogenic activities and 
environmental pressures than the larger lakes due to their 
reduced natural absorptive capacity to neutralize pollutants 
(Brillo 2015b). This paper highlights several potential threats as 

identified in previous studies that may affect freshwater lakes 
including the Seven Lakes of San Pablo City such as climate 
change, organic and endocrine-disrupting chemical pollutants, 
microplastics, waterborne pathogens, introduced species, habitat 
alteration, and biodiversity loss. 
 
Climate change  
An increase in the concentration of greenhouse gases in the 
atmosphere due to anthropogenic activities is the primary factor 
contributing to global warming in the past 100 years (EPA 2016). 
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Global warming resulted in extreme changes in frequency and 
intensity of storms and floods, rising global water temperature, 
reduced ice cover, and drastic changes in most ecosystems' 
biotic composition. Generally, climate change can affect land 
and water resources (Tramblay et al. 2020). 
 
Climate change is a significant factor that can alter and influence 
aquatic ecosystems. It can affect the structure, functioning, and 
stabilization of lakes and other freshwater bodies worldwide 
(Vincent 2009). Lake ecosystem is significant for sustaining life 
and providing needs, that any alterations in the quality and 
environment will have a wide range of ecological and societal 
consequences. 
 
Changes in water balance will alter the lake’s capacity to provide 
essential goods and services such as fisheries. Climate change 
also affected the redistribution of fish range in lakes (Macusi et 
al. 2015). The increase in temperature will alter the lake's 
physical, chemical, and biological properties, coupled with 
water quality implications. There is a proliferation of 
cyanobacteria and the habitat for wildlife species through the 
alterations in littoral wetlands, stratification regimes, and 
primary productivity (Vincent 2009). The increase in water level 
due to climate change causes heavy rains that coincide with the 
release of nutrients suspended in the lake bottom, causing a rapid 
increase in lake water nutrient levels (Tamayo-Zafaralla et al. 
2002; Vista et al. 2006). 
 
Understanding the complex relationship of climate, hydrology, 
ecosystem structure, and function can provide vital information 
concerning water resource risk assessment and fisheries 
management (Shimoda et al. 2011). The vulnerability of inland 
waters to climate change has also brought impacts on fishery and 
fish culture industry (Macusi et al. 2015) due partly to alterations 
in fish physiology (Brown et al. 2015; Ospina-Alvarez and 
Piferrer 2008), spawning and migratory behavior (Nõges and 
Järvet 2005; Warren et al. 2012), and subsequently fish 
abundance (Ficke et al. 2007; Pörtner and Peck 2010). By nature, 
fishes cannot regulate their body temperature and rely on their 
surroundings, thus a significant change in the temperature of the 
surrounding will prompt a change in the behavior in the school 
of fishes (Moyle and Cech 2004). 
 
Being an archipelago, the Philippines continues to bear the brunt 
of climate change. It is one of the most vulnerable countries in 
the world to the detrimental effects of climate change (Alliance 
Development Works and United Nations University-Institute for 
Environment and Human Security [UNU-EHS] 2016). 
Numerous studies presented evidence that tackles the effects of 
climate change on different features of lake systems in the 
country. Papa and Briones (2014) have linked zooplankton 
community dynamics to climate and human-induced changes in 
limnic systems. Using paleo- and current limnological data, 
Bannister and colleagues (2019) also investigated the effects of 
the changes in annual precipitation and warming temperatures 
from 1901 to 2016 on selected physico-chemical properties of 
lake water and diatom assemblages in Lakes Sampaloc, 
Mohicap, and Yambo. Results highlighted the vulnerability of 
freshwater ecosystems, such as small freshwater lakes, in the 
tropics where warming appears to be apparent. From these 
assessments, it is expected to develop appropriate mitigating 
measures to cushion the impact of climate change. 
 
Recorded fish kills in Taal Lake commonly occur during the 
cool months from December to February and during the onset of 
the rainy season immediately after a long hot dry summer. This 
is due to lake overturn. During the cool months and at the onset 
of the rainy season, the surface water layer (epilimnion) 
becomes cooler and therefore denser, than the water column 

beneath the surface. Coupled with strong winds, the thermal 
stratification of the water column erodes and the cool surface 
water sinks down pushing the warmer hypoxic bottom water to 
rise (Rosana 2011; Asian Development Bank (ADB) 2004, 
Balistrieri et al. 2006, Caliro et al. 2008, Marti-Cardona et al. 
2008). Together with the low dissolved oxygen, reduced 
chemical substances including H2S, nitrite (NO2), and ammonia 
(NH3) present in the lake bottom were brought to the surface. 
This creates a state of hypoxia in localized portions of the lake 
triggering fish kill. 
 
Lake overturn and fish kill phenomena were reported in several 
stratified lakes around the world. In 2005, lake overturn in Lake 
Averno, Italy caused a massive fish kill. The anoxic condition of 
the water column and the presence of methane (CH4) and sulfide 
(SO2) in the surface water indicated the occurrence of lake 
overturn (Caliro et al. 2008). Similar incident was reported in 
Lake Valencia in Venezuela in 1977. Seasonal shift during the 
months of December to March resulted to lower minimum air 
temperature and stronger wind velocities that initiated lake 
overturn resulting to massive fish and zooplankton mortality (de 
Infante et al. 1979). Lake overturn was evidenced by a strong 
H2S odor in the lake. 
 
Local communities in Taal Lake perceive that the occurrence of 
fish kill in Taal Lake is caused by a combination of climatic, 
volcanic, and anthropogenic factors. Oxygen depletion, volcanic 
activity, lake overturn, seasonal changes, strong wind, 
hydrothermal vents, poor water quality, and improper 
aquaculture practices contribute to the episodes of fish kill in the 
lake (Magcale-Macandog et al. 2014). 
 
Pollution 
Organic Pollutants 
Organic pollutants such as pesticides, polychlorinated biphenyls, 
and dioxins have been a global concern for decades (Olatunji 
2019). They are known to persist and have adverse effects on the 
environment. A study conducted during the rainy season of July 
– October 2015 (Dimzon et al. 2018) identified and quantified 
emerging organic contaminants (EOCs) in Lakes Palakpakin, 
Sampaloc, and Pandin. The EOCs can be classified as pesticides, 
pharmaceutical compounds, organophosphate-based fire 
retardants and plasticizers, artificial sweeteners, and surfactants. 
Pesticides such as chlorpyrifos were detected in the three lakes 
while other pesticides such as cypermethrin, picolinafen, and 
quinoxyfen were additionally found in Sampaloc Lake. Other 
pesticides detected include cyprodinil, disulfoton, endosulfan-B, 
fenoxaprop-ethyl, and pendimethalin concentrations. These 
pesticides were attributed to rice and fruit plantations in the 
surrounding areas which use inorganic chemicals during 
production. Likewise, the insect repellant diethyltoluamide 
(DEET) and organophosphate fire retardants were detected in 
water. The latter was found in many materials tested, including 
fishnets, varnish, paint laundry washings, and canal wastewater. 
The fish antibiotics sulfadiazine (126 ng/L) and 
sulfamethoxazole (175 ng/L), and the antihypertensive drug 
telmisartan (76 ng/L) were also detected in Sampaloc Lake 
(Dimzon et al. 2018). 
 
Accumulation and suspension of mixed organic and inorganic 
matter enhance the reduction of suitable habitat availability. 
Nutrient uptake of plants such as phosphorus and nitrogen can 
increase the organic productivity of the freshwater ecosystem. 
However, the accumulation of such nutrients can lead to 
eutrophication that enhances the rate of decomposition and 
chemical condition surrounding the area, eliminating or 
reducing the suitability of habitat for plants and animals. 
Crowded macrophyte communities and others related to 
eutrophication activities in the lake cause deoxygenation, 
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resulting in habitat reduction and organism elimination. Soil 
erosion from surrounding upland areas in the watershed leads to 
siltation in the lake and ultimately resulting in a loss of 
freshwater habitat (Ramachandra and Ahalya 2000). 
 
Based on DENR Administrative Order 2016-08, the water body 
classification of all the seven lakes is Class C. Specific usages 
of Lakes Bunot, Calibato, Palakpakin, and Sampaloc are for 
propagation and growth of fish and other aquatic resources, 
while Lakes Pandin, Yambo, and Mohicap are for boating, 
fishing, and other similar activities. The most recent record of 
the water quality of the Seven Lakes done by LLDA in 2018 
showed that the mean surface dissolved oxygen was still above 
the recommended level of 5.0 ppm for class C water. For the 
biochemical oxygen demand (BOD), two out of the seven lakes 
exceeded the BOD standard of 7.0 ppm. The mean BOD of 
Lakes Bunot and Mohicap for the year 2018 was 7.25 ppm and 
8 ppm, respectively. Ammonia levels of the seven lakes were too 
high and exceeded the level of 0.05 ppm except for Lake Yambo 
with 0.03 ppm. The highest mean ammonia for the year 2018 
was 2.22 ppm for Lake Sampaloc. The mean phosphate level of 
Sampaloc also exceeded the recommended level of 0.5 ppm with 
a mean of 0.75 ppm. Phosphates of other lakes were below the 
recommended level. There is a need to continuously monitor and 
update the public on the status of the lake water quality. 
However, data from the yearly monitoring program of LLDA on 
the seven lakes is limited on the secondary parameters such as 
organics and inorganics. The presence of persistent pollutants 
affects the water quality and may have adverse effects on human 
health. To date, there are very limited studies on the levels of 
organic and inorganic pollutants in the lakes of San Pablo. 
Degrading water quality of the lakes may be due to the discharge 
of domestic wastes from surrounding areas and possible 
contamination due to persistent pollutants such as pesticides. A 
related study further revealed that nearly all farmers in the 
Pagsanjan-Lumban sub-catchment, irrespective of the crop 
grown, used several pyrethroid-based insecticides, lambda 
cyhalothrin, and cypermethrin (Fabro and Varca 2012). Farmers 
in Laguna used insecticides such as carbofuran, endosulfan, a 
formulated product of BPMC (fenobucarb), and chlorpyrifos. 
Meanwhile, butachlor and 2,4-D herbicides were used to control 
weeds and were applied once throughout the growing season. 
Leaching of these persistent pesticides into the water needs an 
investigation. 
 
Endocrine Disruptors 
Endocrine disruptors (EDs) are exogenous substances that affect 
the function of the endocrine system and have reportedly caused 
adverse developmental, neurological, immunological, and 
reproductive effects in susceptible organisms (Endocrine 
Disruptors n.d.). Hormone pathways in birds, mammals, and 
non-mammalian species have been found to be vulnerable to 
EDs (Patisaul et al. 2019). Estrogenic EDs (EEDs) have been the 
focus of much research because of the wide-ranging effects of 
estrogen in the body. These include xenoestrogens, which mimic 
the function of estrogen and encompass pharmaceuticals and 
industrial chemicals like organochlorine pesticides, dioxins, 
surfactants, and plasticizers such as phthalates and bisphenol-A 
(BPA) (Schug et al. 2012). Natural estrogens such as estradiol, 
estriol, and estrone have also elicited endocrine-disrupting 
effects in fish and other aquatic organisms (Matthiessen et al. 
2018). These chemicals have been detected in surface waters 
that receive domestic and livestock effluent in countries such as 
Argentina, Switzerland, Malaysia, China, and United States 
(González et al. 2020; Rechsteiner et al. 2020; Lei et al. 2020; 
Praveena et al. 2016; Alvarez et al. 2013). Although mainly 
excreted in inactive forms, natural estrogens are reactivated 
through deconjugation in surface waters and during sewage 
treatment (Kumar et al. 2012). Estradiol is considered as the 

most potent of these compounds (Nash et al. 2004; Gross-
Sorokin et al. 2006). 
 
Reproductive impairment in aquatic and wildlife organisms 
inhabiting ED-polluted areas has been documented since the 
1990s (Le Page et al. 2006). Because it serves as a sink to various 
chemicals discharged into the environment, the aquatic 
ecosystem is most vulnerable to the adverse effects of EDs. 
EEDs in the aquatic environment have been implicated in the 
feminization of some wild fish populations. In male fish, 
exposure has led to the synthesis of vitellogenin (VTG), a 
female-specific egg yolk precursor protein (Hashimoto et al. 
2000), ovotestis formation (Gross-Sorokin et al. 2006), 
decreased gonadosomatic index (GSI) (Hassanin et al. 2002), 
reduced fertility, and altered sex hormone concentrations 
(Jobling et al. 2002). The well-documented responses of fish to 
environmental estrogens have resulted in its frequent use in 
endocrine screening assays. Exposure to EDs has likewise been 
implicated in the rising incidence of hormone-related health 
problems in humans, such as metabolic disorders, reproductive 
toxicity, and certain types of cancers such as breast cancer 
(Diamanti-Kandarakis et al. 2009; Manibusan and Touart 2017). 
However, other researchers argue the lack of epidemiological 
studies that link ED exposure in humans to the development of 
these diseases (Lecomte et al. 2017). Nevertheless, in 
consideration of the precautionary principle, measures to 
minimize human exposure to EDs have been recommended 
(Diamanti-Kandarakis et al. 2009; Manibusan and Touart 2017). 
 
The contamination of Laguna de Bay, the largest lake in the 
Philippines, with estradiol has been documented (Paraso and 
Capitan 2012; Paraso et al. 2017). Detectable levels of estrone 
and BPA have also been found (Sta. Ana and Espino 2020). 
Caged and feral male common carp (Cyprinus carpio) from the 
lake showed VTG synthesis and atypical features of the testis 
(Paraso and Capitan 2012; Paraso et al. 2017), which could be 
attributed to the volume of untreated sewage received by the lake. 
Approximately 1.47 M households in the lake watershed were 
estimated to not have septic tanks in 2015 (Partnerships in 
Environmental Management for the Seas of East Asia 
[PEMSEA] 2013). Sewage contains synthetic chemicals as well 
as hormones from human and animal wastes (Suresh and 
Abraham 2018). However, further investigations on the 
“locational and temporal variations'' (Sta. Ana and Espino 2020) 
in the levels of these environmental chemicals in threatened 
freshwater resources as well as their potential impacts on aquatic 
biota are needed to address research gaps on the distribution and 
fate of EDs in a tropical country like the Philippines. 
 
The LDDA’s water quality report on the Seven Lakes of San 
Pablo Laguna revealed the presence of fecal coliform at varying 
levels. The highest level was measured in Bunot Lake (660 
MPN/100 ml), followed by Lakes Yambo, Palakpakin, Calibato, 
Mohicap, and Sampaloc. Pandin Lake had the least fecal 
coliform concentration at 498 MPN/100 ml (Zapanta et al. 2008). 
Since estradiol is excreted with feces and urine, it is highly 
possible that the lakes are contaminated with estradiol. 
Contamination with xenoestrogens like BPA is also possible 
since these chemicals can be sourced from domestic effluent, 
which has been identified as a pollutant in the seven lakes 
(Zapanta et al. 2008). A recent study has shown higher VTG 
levels in the plasma of cultured male Nile Tilapia in Mohicap, 
Sampaloc, and Yambo compared to Pandin. Testicular lesions 
have also been documented in fish from Sampaloc Lake. The 
results were indicative of fish exposure to estrogenic compounds, 
thus necessitating the identification and measurement of levels 
of these chemicals in future studies (Mabansag et al. 2019). 
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Microplastics  
Among the world’s top contributors of plastic waste in the ocean, 
the Philippines is said to contribute 0.2 to 0.75 million metric 
tons of marine plastic per year (Jambeck et al. 2015). However, 
published scientific literature on marine plastic in the country is 
surprisingly scarce (Abreo 2018). Moreover, the discovery of 
microplastics, as well as its role in increasing the bioavailability 
of toxins (e.g., heavy metals, PCBs, and DDTs), not just in the 
marine environment (Avio et al. 2015) but also in the freshwater 
environment, is a more daunting problem. Although the 
Philippines has started ventures in studying microplastics, there 
are still no accurate figures on the extent of the problem of 
microplastics in fresh water in the country (Tutton 2018). 
Bioaccumulation of toxins through consumption of aquatic 
species like fish contaminated with microplastics may lead to 
adverse effects in large parts of the population in the country. 
 
Abandoned, lost, or otherwise discarded fishing gears (ALDFG) 
are considered the primary source of plastic waste by the 
fisheries and aquaculture sectors, but their relative contribution 
is not well known at regional and global levels (Macfadyen et al. 
2009). Microbeads, a type of microplastic found in cosmetics 
such as facial cleanser was found in the digestive tract of fish 
sampled in Tokyo Bay (Tanaka and Takada 2016). Although 
there is currently limited evidence of the transfer of chemicals 
from ingested plastics into tissues of organisms (Tanaka et al. 
2013), its effect on the aquatic food chain could pose potential 
ecological and human health risks, resulting in socio-economic 
costs. 
 
There are no existing studies regarding the microplastic content 
of the lake water and organisms cultured in the lakes, although 
there were random unpublished reports of microplastics 
observed in the intestines of tilapia from the lakes. However, due 
to plastic pollution coming from the households surrounding the 
lake, the tourists visiting, and runoff from upper elevation, there 
is a risk of having microplastics in the water, which can 
eventually be consumed by organisms. 
 
Waterborne Pathogens 
Land-use intensification, which brought about several 
anthropogenic activities such as agricultural and livestock 
practices, sanitation, and hygiene practices of nearby local 
communities can be significant sources of nonpoint pollution. 
These activities could give rise to an increase in animal and 
human excreta in the lakes. Consequently, the high nutrient and 
microbial loadings from fecal contamination can affect 
ecological health and impact human health through the 
waterborne transmission of fecal pathogens (Leclerc et al. 2002; 
Oun et al. 2014; Tremblay et al. 2018). 
 
Waterborne pathogens comprise a myriad of bacteria, viruses, 
and parasites that enter ambient water through point and diffuse 
sources. The commonly documented pathogens with high public 
health significance that contaminate water sources worldwide 
include Adenoviruses, Enteroviruses, Astroviruses, Hepatitis A 
and E, Noroviruses, Sapoviruses, and Rotaviruses for 381 viral 
pathogens; Escherichia coli, Campylobacter sp., Legionella spp., 
Salmonella spp., Shigella 382 spp., Vibrio cholerae, and 
Yersinia enterocolitica for bacteria; Cryptosporidium spp., 
Cyclospora cayetanensis, Entamoeba histolytica, Giardia 
intestinalis, and Toxoplasma gondii for protozoan parasites; 
Dracunculus medinensis and Schistosoma spp. for helminth 
parasites; and Acanthamoeba spp. and Naegleria fowleri for 
pathogenic free-living amoebae (FLA) (WHO 2008). Most of 
these waterborne pathogens, except for the FLA, originate from 
the enteric tract of humans and animals that enter the water 
sources such as natural water bodies, public taps, and 
groundwater sources by fecal contamination. Transmission of 

these pathogens may occur by ingestion and aspiration of 
contaminated water, which may cause various gastrointestinal 
diseases (Moe 2007). Moreover, free-living amoebae are 
etiological agents of keratitis and amoebic meningoencephalitis 
in patients after having contact with contaminated water (Abdul-
Mahjid et al. 2017; Ahmad 2018). 
 
The challenge in microbial water quality monitoring lies in the 
unavailability of a unified detection method encompassing all 
the microbial pathogens of interest. This is due to the significant 
differences among the pathogen groups in terms of their 
abundance or concentration in large volumes of water samples 
and varied enrichment requirements for culture-dependent 
detection methods. This is further complicated with the 
differences in sample collection and detection procedures and 
the presence of inhibitors in environmental water samples 
(Straub and Chandler 2003), thereby making it more costly and 
time-consuming. Hence, select index pathogens for microbial 
water quality monitoring have been used to measure pathogen 
contamination in water (McLellan and Eren 2014). 
 
Identifying fecal contamination events relies on the use of 
bioindicators to determine the health risks associated with water 
bodies. This can also provide information on the pathogens 
present in a nearby animal and human community (Wu et al. 
2011). Understanding how these biological contaminants are 
transmitted is necessary to craft effective water management 
strategies. However, conducting direct field measurement for all 
pathways and transport of fecal pathogens is hampered by time, 
personnel, and resources constraints, and is, therefore, deemed 
impractical. Hence, tracking of possible sources can be 
performed to identify critical sources. 
 
Establishment of the best management practices to control the 
fecal pollution contributors to aquatic environments relies on the 
characterization of the contamination source (Santo Domingo et 
al. 2007). Microbial fecal source tracking (FST) markers, also 
known as microbial source tracking (MST) markers, use 
molecular biology methods such as polymerase chain reaction 
(PCR) to detect bacteria or viruses which are associated with the 
intestinal environment of a particular host (Harwood et al. 2014). 
Mitochondrial DNA can also be used as target genes to probe 
for a specific animal source as some animal cells are excreted in 
the host feces (Schill and Mathes 2008). Recent studies have 
discovered various microbial and chemical FST markers to 
characterize human fecal contamination sources from point 
sources such as direct wastewater discharge and overflows and 
diffuse nonpoint sources such as leakage from sewerage 
networks and septic tanks to elucidate human health impacts 
(Harwood et al. 2014). 
 
Traditionally, detection of fecal contamination has primarily 
focused on the use of coliforms, particularly the facultative 
anaerobe, Escherichia coli. The detection methods for E. coli are 
relatively fast, easy, and inexpensive. Its presence is indicative 
of fecal contamination because it is present in high 
concentrations in the feces of humans and animals such as 
mammals and birds (Puno-Sarmiento et al. 2014; Ercumen et al. 
2017; Paruch and Paruch 2018). However, with the multitude of 
pathogenic microorganisms that could be contaminating water 
sources, it is deemed necessary to include other organisms in 
routine monitoring activities. Moreover, the ubiquitous presence 
of E. coli makes it impossible to discern the possible host source 
and therefore provides poor to no information on the sources of 
fecal contamination. These gaps restrict the ability to craft and 
implement effective mitigation strategies. Moreover, the water 
quality assessed using E. coli as a bioindicator of fecal 
contamination does not correlate with other pathogens present 
in the water. As such, a water body characterized as pathogen-
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free by E. coli detection does not mean that it is also free of any 
viruses or protozoa (McLellan and Eren 2014). In this light, 
several other chemical and microbial tools have been developed 
in recent studies to track the specific animal sources contributing 
to fecal contamination (Harwood 2014; Harwood et al. 2014; 
Tran et al. 2015). This has also led to the rise of MST studies 
using host-associated gene markers (Zhang et al. 2020) and other 
waterborne microorganisms such as the host-adapted 
subgenotypes and assemblages of protozoan parasites, 
Cryptosporidium spp. and Giardia spp. (Prystajecky et al. 2014) 
that can be used to infer and trace the fecal contamination 
sources. 
 
Waterborne parasites such as Cryptosporidium, Giardia, 
Cyclospora, Isospora, Toxoplasma, and Eimeria have been 
observed to be contaminating various water sources. Among the 
common waterborne protozoans, Cryptosporidium spp. and 
Giardia spp. have been extensively studied as the recent 
waterborne parasitic protozoan outbreaks have been attributed 
to them (Efstratiou et al. 2017). These enteric protozoan 
parasites are important causes of diarrheal disease (Baldursson 
and Karanis 2011), affecting mostly children under five years of 
age (Walker et al. 2013). 
 
The risks of waterborne diseases increase when an encounter 
between aquatic vectors or contaminated waters and humans are 
high (Carpenter et al. 2011). Parasite contamination in water 
bodies such as lakes has been found closely associated with poor 
waste management, sanitation, and hygiene of the surrounding 
population as feces from infected animals or humans may serve 
as the main source of contamination (Lim et al. 2009; 
Onichandran et al. 2013; Abdul Majid et al. 2016). Natural 
phenomena such as storms may also play a role in the spread of 
contamination as they may cause flooding, thereby causing 
runoffs and overflows which may lead to an influx of 
contaminants to public water supplies and other freshwater 
bodies (Wilks et al. 2006). In addition, land-use change and the 
development of dams, canals, and irrigation systems create new 
habitats and breeding grounds for parasites and their vectors. In 
relation to aquaculture practices, the consequent eutrophication 
of lakes may indirectly cause the presence of parasites as it 
promotes algal production which may invite more population of 
freshwater snails and fishes that serve as intermediate hosts for 
some infective trematode species (Johnson et al. 2007). 
Moreover, cases of infection have been recorded in both 
developed and developing countries, with more cases 
recognized in developing countries where climate, poverty, and 
lack of access to services are known to influence and contribute 
to disease transmission. Consequently, these parasitic infections 
impair the ability to achieve full potential and impair 
development and socio-economic improvements (Kotloff et al. 
2012). 
 
In the recent years, there have been accounts of outbreaks of 
waterborne parasites that have greatly affected human 
populations. Different waterborne protozoan parasites have been 
documented as common contaminants of different freshwater 
bodies and public water sources in Southeast Asian countries 
(Lim and Nissapatorn 2017). However, despite their apparent 
threat to public health, only a few recent studies have dealt with 
surveillance of waterborne parasites in different water bodies in 
the Philippines. Onichandran and colleagues (2014) have 
detected the presence of Cryptosporidium spp., Giardia spp., 
and free-living amoebae, Acanthamoeba spp. and Naegleria spp., 
in different water sources. Giardia and Cryptosporidium 
contamination have been recorded in recreational pools in 
Laguna (Paller et al. 2017b). The same protozoan parasites have 
been detected in Laguna Lake using bivalves as bioindicators 
(Paller et al. 2013). In a similar study conducted by de la Peña 
and colleagues in 2015, Cryptosporidium spp. were found to be 

contaminating Asian green mussels (Perna viridis) sold in major 
wet markets in Metro Manila. The recent study of de la Peña et 
al. (2021) utilizing the host-specific species and genotypes of 
Cryptosporidium as fecal source tracking markers in the waters 
of Laguna Lake and its river tributaries revealed that 
contamination is likely to come from sewage or human feces as 
well as agricultural runoff carrying animal feces. 
 
Moreover, parasite contamination and infection in nearby 
communities are also important to note. For instance, the 
parasitic protozoans and helminths that have been documented 
in agricultural farms in Northern and Southern Luzon (Paller and 
Babia-Abion 2019), freshly harvested vegetables in organic and 
conventional farms (Ordoñez et al. 2018), backyard swine farms 
in Laguna (de la Cruz et al. 2016), schools, house yards, empty 
lots, and other rural and urban areas in Los Baños, Laguna 
(Fajutag and Paller 2013; Paller and de Chavez 2014) may also 
pose risks as these parasites may contaminate the nearby 
communities’ freshwater sources through runoffs. The presence 
of these parasites in communities may have likely been the 
source of infections documented in recent years. Belleza and 
colleagues (2015) have reported Blastocystis spp. infections in 
residents of an urban settlement in Metro Manila. 
Cryptosporidium spp. and Giardia spp. have been detected in 
diarrheic patients surveyed from different hospitals in the 491 
country (Natividad et al. 2008). Other protozoan parasites such 
as Cyclospora spp. and Isospora spp. have also been found 
infecting diarrheic patients (Buerano et al. 2008). 
 
The microbial water quality of the Seven Lakes of San Pablo 
City is being assessed primarily by the LLDA by testing for 
coliforms such as Escherichia coli. Based on the agency’s 
publicly available data on the annual geomean total coliform 
concentrations in the seven lakes from 2006 to 2008, Bunot lake 
recorded a 6,361 MPN/100mL in 2006, which exceeded the 
water quality class C criterion of 5,000 MPN/100mL set by the 
Department of Environment and Natural Resources (DENR), 
while the other crater lakes such as Sampaloc, Mohicap, 
Palakpakin, Calibato, Pandin, and Yambo met the criterion on 
coliform count throughout the three-year study period (Zapanta 
et al. 2008). On the other hand, recent but few studies have dealt 
with the presence of protozoan parasites and pathogenic free-
living amoeba in the seven lakes. Ballares and colleagues (2020) 
reported the presence of Acanthamoeba spp. while Masangkay 
et al. (2020) documented the contamination of Cryptosporidium 
spp. and Giardia spp. in freshwater lakes in Luzon islands, 
Philippines, including the Seven Lakes of San Pablo City. 
 
While these preliminary surveys on the presence of parasites 
provide important baseline information on the contamination 
status, these also further highlight the necessity to include the 
parasites in monitoring activities as they are also shed in the 
environment through wastes, particularly human and animal 
excreta, that could be brought about by the apparent increase in 
human settlements, commercial structures, agriculture 
intensification, and tourism activities in the lakes’ vicinity. 
 
Introduced species  
Introduced species have both created havoc and advantageous 
consequences to the new host environment (Bruton and Merron 
1985; De Silva 1989). If left uncontrolled, these alien species 
can be invasive especially if they adapt well to their new habitat. 
In the Philippines, 62 fish species have been introduced to 
freshwater lakes (Guerrero III 2014). Of these, over 28 species 
were for aquaculture, 26 were ornamental species, over three 
species were for recreational fishing, and three species for 
biological control (Guerrero III 2014). 
 
Although those species utilized in aquaculture have shown 
significant benefits in terms of economic valuation (Bureau of 
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Agricultural Statistics [BAS] 2013), a substantial number 
introduced in lake ecosystems has brought about increased 
competition and turned out to be invasive (Juliano et al. 1989; 
Guerrero et al. 1990). Mudfish (Channa striata) are known to 
prey on the fingerlings of the highly cultivated Nile Tilapia 
(Oreochromis niloticus) (Guerrero et al. 1990), whereas some 
species have displaced local organisms and competed for food 
intended for cultivated stock (Juliano et al. 1989). Ornamental 
fishes, whether they escaped or are released, have also 
contributed to the number of introduced species in local lake 
systems and have caused significant damage to the ecosystem 
where they are introduced. Suckermouth catfish (Liposarcus 
pardalis), locally known as janitor fish, first originated in South 
America. It has been used as an aquarium fish but has now 
drastically invaded lakes, rivers, and streams. This species not 
only competes with other fish species for food, but they also 
propagate at a fast rate and cause severe erosion to the lake 
which they choose as nesting grounds (Nico et al. 2009). 
Invasive flora like the water hyacinth (Eichhornia crassipes) 
have drastically changed the river or lake landscape where it is 
introduced, thus altering habitats, and reducing fish production 
by lowering the oxygen level necessary for phytoplankton 
growth that serve as fish food (MacKinnon 2002). A review of 
the current status of introduced species is essential in creating 
measures that are vital in saving the well-being of our lakes. 
 
In the survey conducted by Paller et al. (2017a), there were fish 
species collected belonging to six families and 10 species. The 
families were Channidae, Cichlidae, Cyprinidae, Eleotridae, 
Gobiidae, and Terapontidae. Out of ten species, three were 
native including silver therapon (Leiopotherapon plumbeus), 
golden tank goby (Glossogobius aureus), and snakehead 
gudgeon (Giuris margaritacea), whereas the remaining seven 
were introduced fish species. Introduced species collected were 
Nile tilapia (Oreochromis niloticus), crucian carp (Carassius 
carassius), jaguar guapote (Parachromis managuensis), 
common carp (Cyprinus carpio), snakehead murrel (Channa 
striata), red tilapia (Oreochromis sp.), and wild flowerhorn 
(Vieja sp.). Nile tilapia (O. niloticus) and silver therapon (L. 
plumbeus) were the most abundant, which constituted 
approximately 75% of total collected fish individuals. Golden 
tank goby (G. aureus) was collected in Mohicap, while the 
snakehead gudgeon (G. margaritacea) was collected from all 
lakes except Calibato and Mohicap. Crucian carp (C. carassius) 
and jaguar guapote (P. managuensis) were found in Bunot and 
Sampaloc, respectively. Common carp (C. carpio) was collected 
in Calibato and Mohicap; snakehead murrrel (C. striata) was 
found in Bunot, Palakpakin, and Pandin; red tilapia 
(Oreochromis sp.) was found in Bunot, Mohicap, and Pandin; 
wild flowerhorn (Vieja sp.) was present in Bunot, Calibato, 
Mohicap, and Palakpakin. It is the first time that the aquarium 
fish, Vieja sp. was recorded present in some of the seven lakes. 
In another study conducted by Briones et al. (2016) in Sampaloc 
lake, results revealed that native fish populations are still present, 
but the relatively high abundance of introduced species suggests 
niche overlap with native species. 
 
The mechanism on how the non-native species were introduced 
in the seven lakes is still unknown but their introduction in the 
Philippines was recorded. O. niloticus from Thailand was 
introduced in the Philippines in the early 1970s for commercial 
production because it is ideal for low-cost farming (FAO 2005; 
Guerrero 2014). It is the most successfully introduced species 
for aquaculture with high consumer acceptance (Cagauan 2007). 
Common carp (C. carpio) was introduced into the Philippines in 
1910 (Cagauan 2007; Guerrero 2014). In 1964, C. carassius was 
introduced to the Philippines from Japan (Guerrero 2014; FAO 
2019). The P. managuensis is a native of Central America and 
was introduced in the Philippines in 1990 for aquarium purposes 

(Agasen et al. 2006; Guerrero 2014). C. striata from Malaysia 
was introduced in the country in 1908 (Cagauan 2007; Guerrero 
2014) for aquaculture. Red tilapia was introduced to the 
Philippines in the early 1970s and early 1980s from Singapore 
and Taiwan, respectively (Cagauan 2007). 
 
Consequences of species introduction and invasion on 
ecosystems and indigenous species have been documented 
throughout the years. Corbicula fluminea and Dreissena 
polymorpha in Lake Neuchâtel, Switzerland, transformed the 
sandy substratum into a partially hard substratum habitat, thus 
affecting the composition and diversity of native 
macroinvertebrates (Schimdlin et al. 2012). In Europe, 
Dikerogammarus villosus, a freshwater amphipod, has been 
shown to significantly kill greater numbers of 
macroinvertebrates compared to the native Gammarus duebeni, 
which is also being replaced by the invasive D. villosus (Dick et 
al. 2002). Low densities of other macroinvertebrates in the 
Madison and Wyoming basin were attributed to the high density 
of non-native species, Potamopyrgus antiporadum. In the 
Philippines, the golden apple snail Pomacea canaliculata is a 
well-known freshwater invasive mollusk. The high fecundity 
and tolerance to pollution (Pimentel et al. 2000) coupled with 
low utilization of this species as a food source in natural waters 
(Joshi 2006) may explain its success as an invasive alien species. 
This species has been reported to have displaced Pila luzonica, 
a native ampullarid in the Philippines (Ong et al. 2002). Among 
the San Pablo lakes, there are very limited studies focused on 
their malacofauna. A survey of macro-gastropod diversity in an 
aquaculture-intensive Sampaloc Lake revealed a mix of native 
and invasive species (Asis et al. 2016). There were 12 gastropod 
species identified. Examination of lymnaeid snails such as Radix 
quadrasi and Bullastra cumingiana also collected from 
Sampaloc Lake showed that B. cumigiana is taxonomically 
distinct from R. quadrasi and Lymnaea rubiginosa from 
Indonesia and Thailand (Monzon et al. 1993a). Further study 
also confirmed that B. cumingiana is the natural second snail 
intermediate host of Echinostoma malayanum (Monzon et al. 
1993b). 
 
In the Seven Lakes of San Pablo City, there are very limited and 
scattered literature documenting the diversity and ecological 
patterns of their macrobenthic fauna. Among the few include the 
survey of macro-gastropod diversity in an aquaculture-intensive 
Lake Sampaloc that reported a mix of native and invasive 
species (Asis et al. 2016). Majority of published literatures 
include reports on phytoplankton community structure in Lake 
Mohicap (Sambitan et al. 2015; Cordero and Baldia 2015; 
LLDA 2005), morpho-meristic analysis of Leiopotherapon 
plumbeus from Sampaloc Lake (Quilang 2007), and a socio-
developmental study of Lake Bunot (Brillo 2015). 
Parasitofaunal research primarily focused on acanthocephalans 
such as Neoechinorhynchus quinghaiensis found in cultured 
tilapia (Oreochromis niloticus) (de la Cruz and Paller 2012; de 
la Cruz et al. 2013; Briones et al. 2015). 
 
With a dearth of information on other taxa, particularly the 
macrobenthic fauna, it is necessary to conduct a study on their 
diversity to have a baseline information and identify specific 
environmental stressors affecting the fauna community. Such 
data can help establish conservation and management strategies 
in the Seven Lakes of San Pablo City, Laguna, which can help 
mitigate deterioration of the lake habitat, a pertinent cause of 
biodiversity loss. 
 
Habitat Alteration and Biodiversity Loss  
The Seven Lakes of San Pablo has been undergoing an urban 
expansion that is resulting in habitat alteration (Quintal et al. 
2018). Habitat alteration commonly results from a vast habitat 
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loss that leads to smaller and isolated remnant patches (Collinge 
2009). The rapid growth and expansion of the human population 
amplify agricultural activities and urbanization that compete 
with land supposedly intended for forest cover. Almost 43% of 
the terrestrial ecosystems has been deforested and converted 
from its natural state into industrial lands (Barnosky et al. 2012; 
Haddad et al. 2015) that caused habitat disturbance (Millennium 
Ecosystem Assessment 2005). 
 
Fragmentation and the consequent loss of habitat are widely 
known to be major threats to biodiversity of plants and animals. 
Studies by Laurance et al. (2009), Newbold et al. (2013), and 
Tilman et al. (2017) discussed the rapid growth of 
industrialization reducing the habitat of terrestrial organisms 
that takes a toll on biodiversity. Around 80% of the terrestrial 
plants and animals are threatened due to habitat loss by 
agriculture. Results of the assessment of the impacts of 
landscape change on biodiversity have shown a significant 
decline in population size and increased risk of extinction of 
many species. Major factors that degrade the vegetation 
resources and the land are farmland expansion, soil erosion, and 
cutting lumber for construction materials (Zegeye et al. 2006; 
Lau et al. 2017). 
 
Human-induced disturbances on lake ecosystems such as 
farming, fishing, and tourism are known to alter community 
structure and biodiversity. Accumulation of sediments in the 
lake is a response from disturbances caused by anthropogenic 
activities that disrupt geochemical cycles such as acidification 
and eutrophication (Anderson 2014). 
 
Many freshwater ecosystems have decreased in volume and size 
due to deterioration from the construction of canals and 
irrigation for farmlands. Construction and development of the 
shoreline affect the organisms present in the area, such as plant 
roots that serve as habitat and refuge to juvenile fish species. 
Infrastructure installation and the operation of facilities in the 
area can result in the alteration of physical habitat. Sediment 
accumulation due to debris from construction may also affect the 
surrounding, particularly the quality of water (Jeppesen et al. 
1997; Scheffer 1998; Elias and Meyer 2003; Marburg et al. 
2006). 
 
Changes in biodiversity of lake ecosystems are caused mainly 
by natural and anthropogenic disturbances (Isbell 2010; Bowler 
et al. 2020). Biodiversity loss varies due to the differences in the 
intensity of disturbance present in the area as well as the number 
of inhabiting species in a certain area. Compared to its terrestrial 
and marine counterparts, freshwater ecosystems may well be the 
most threatened given that decline in biodiversity is far greater 
in these habitats (Sala et al. 2000). 
 
Among the threats and challenges to biodiversity conservation 
include overexploitation, introduction of invasive species, 
habitat fragmentation, and pollution. Globally, the large and 
growing threats that impinge biodiversity of freshwater are 
driven by human demands, which steeply rose over the past 
century (Dudgeon et al. 2006). In freshwater systems, 
vertebrates, mainly fish, reptiles, and some amphibians, are 
primarily affected by overexploitation (Dudgeon et al. 2006). 
Fishing pressure intensification causes the depletion of many 
valuable species (Allan et al. 2005). In the seven lakes, there is 
no previous study discussing overfishing and overexploitation. 
 
Although there is no record yet of biodiversity loss in the seven 
lakes, the introduction of invasive species can contribute to 
biodiversity loss (Havel et al. 2015; Thomaz et al. 2015). 
Vulnerability increases as biodiversity is disrupted due to the 
reduction of tolerance of the surrounding community by drastic 
changes and disturbance of freshwater habitat. 

The collision of a rich number of biota and human-induced 
changes have resulted in extinction and imperilment of many 
species (Strayer and Dudgeon 2010). Moreover, deficiency of 
data on biodiversity of a number of freshwater habitats results in 
a lack of basis for proper management and conservation 
(Dudgeon 2010). 
 
 
MODELLING OF CARRYING CAPACITY FOR 
AQUACULTURE AND TOURISM 
 
According to the conceptual model formulated by Ding et al. 
(2015), the water ecological carrying capacity (WECC) is the 
capacity to support the largest population and economic scale, 
which meets the demand of natural ecological systems for water 
and under the premise of measuring up to its environmental 
capacity. The WECC is a systematic concept that comprises 
water resources carrying capacity (WRCC) and water quality 
carrying capacity (WQCC). WRCC refers to the socio-economic 
conditions which could be supported by water resources, and 
WQCC refers to tourism activity and pollution indicators. 
WECC is comprehensively considering both the ecological and 
environmental demand for water. The indicators for WECC 
include the social (population), economic (Gross Domestic 
Product [GDP]), tourism activities (number of tourists and 
tourism revenue), tourism development degree (hotel reception 
number), and pollutants (eutrophication and organic pollution). 
Using the WECC model in East Lake, Wuhan, nine key 
indicators including population, irrigation area, tourist quantity, 
average number of hotel daily reception, total phosphorus, total 
nitrogen, chemical oxygen demand, biochemical oxygen 
demand were used, and index weight was determined by using 
the structure entropy weight method. Based on the results, the 
WECC values of Wuhan Lake using the indicators were 0.17, 
1.07, 1.64, 1.53, and 2.01, respectively, in 2002, 2004, 2007, 
2009, and 2012. The WECC was mainly affected by social 
economic development as well as the water quality damage by 
pollutant emissions. Using the concept, WECC represents the 
carrying capacity changes of water resource and environmental 
quality. It showed that water resources have a close relationship 
with water quality (Ding et al. 2015). 
 
Another model used in the aquaculture cages in Lake Volta in 
Ghana was based on water column assimilation of soluble 
nutrient wastes, specifically phosphorus and sedimentary 
assimilation of particulate nutrient wastes or organic carbon. A 
mass balance model was used to account for a substance entering 
or leaving the system (fish cage). The phosphorus loading in the 
environment was computed using the equation (Ekpeki and 
Telfer 2016): 
 
Penv = (Pfeed * FCR) - Pfish  
Where: Penv - Phosphorus loading into the environment  
             Pfeed - Phosphorus in feeds  
             FCR - feed conversion ratio  
             Pfish - Phosphorus in fish  
 
At present, there are already several modelling strategies which 
could be chosen for carrying capacity models of the seven lakes. 
These include tourism carrying capacity modelling, Boullon’s 
carrying capacity mathematical model, and travel cost method. 
 
Tourism Carrying Capacity Modelling 
According to Coccossis and Mexa (2004), the traditional 
approaches to tourism carrying capacity modelling are based on 
some key assumptions which need to be revisited and revised: 

• Mass tourism, as a basic model, assumes relative 
homogeneous tourist behavior and tourist 
development patterns which lead to certain specific 
types of pressures (seasonality, spatial concentration, 
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etc.) on land and natural resources, therefore to 
specific types of impacts (crowding, large visitor 
flows, etc.). The emerging specific types (special 
interest) of tourists have different values and 
expectations, a wide range of varying patterns of use 
of facilities, space and time, and very different types 
of impacts from mass tourism. Environmental quality 
and quality of services are valued higher, also 
influencing the perception of impacts and stance over 
eventual limits to growth. 
  

• Impacts are often perceived in terms of utilization of 
resources (including land as space for development) in 
a simple PSI (Pressure-State-Impact) model (using 
part of the widely used model), which is a-spatial and 
a-temporal in the sense that there is no recognition of 
the spatio-temporal dynamics involved. Furthermore, 
the perception of impacts (positive or negative) might 
be different for, and by, different types of tourists. 
Therefore, a range of impacts has to be taken into 
consideration for a range of user groups with 
differences in values.  
 

• Limits or thresholds as expressions of ‘capacity’ 
are conceived in static quantitative terms - based on 
peaks and maximum loads - and do not reflect 
necessarily the particularities of the life-cycle of 
tourist destinations (i.e., the cumulative effects) nor 
the qualitative characteristics of tourism or processes 
(i.e., social adaptation). Limits or capacities may be of 
a different type from season to season as the types of 
tourists (or their activity patterns) might be different. 

 
There are various techniques available for the assessment of 
tourism carrying capacity. The most and widely used one is the 
method proposed by Cifuentes (1992), which was further 
explained and applied by several other authors including 
Ceballos-Lascur in (1996), Munar (2002), Nghi et al. (2007), 
Zacarias et al. (2011), and Lagmoj et al. (2013). This framework 
attempts to establish the maximum number of tourists that an 
area can tolerate, based on its physical, biological, and 
management conditions. This is accomplished by determining 
the site-specific factors, representing the limitations of the area, 
which reduce the level and quality of visitation, by considering 
three main levels: 

- The physical carrying capacity (PCC): is the 
maximum number of visitors who can attend 
physically in a given place and time. To apply this 
method, it is important to consider tourist flows, the 
size of the area, the optimum space available for each 
tourist to move freely, and the visiting time (Cifuentes 
1992). 

 
- The real carrying capacity (RCC): is the maximum 
permissible number of visits to a specific site, which 
is calculated according to the limiting factors resulting 
from specific conditions of that place and the 
influence of these factors on the physical carrying 
capacity. These limiting or corrective factors are not 
necessarily the same for each site; and only the 
negative factors which hinder or affect tourism 
activities are considered, among which the 
environmental factors are usually the most important 
taking the climatic conditions for example of an area 
such as the number of rainy days and the number of 
very hot days. These factors are then translated into 
quantitative values (Nghi et al. 2007). 

 

- The effective or permissible carrying capacity 
(ECC): is the maximum number of visits that a site can 
sustain considering the RCC and the management 
capacity (Nghi et al. 2007; Zacarias et al. 2011; 
Lagmoj et al. 2013). The effective carrying capacity is 
evaluated through the multiplication of tourism 
infrastructure capacity by the management capability 
based on the employees and budget and the effect of 
these factors on the real carrying capacity. 

 
Measuring the management capacity is not easy, as it involves 
many variables, including infrastructures, facilities, and 
amenities (Cifuentes 1992; Ceballos-Lascur 1996). ECC can be 
measured by a survey form of questionnaires. It can be estimated 
based on the perception of tourists. 
 
Boullon’s Carrying Capacity Mathematical Model (BCCMM) 
 
Boullon’s Carrying Capacity Mathematical Model (BCCMM) is 
a method used to determine the standard requirement of the 
visitor. Standards may come in the form of time, space, material, 
psychological, ecological, and other needs of the visitor (i.e., 
how much area is needed for swimming, snorkeling, diving). 
Boullon's model can be computed using the formula: BCC = 
Area used by tourists / Average individual standard. The BCC 
model was used in Pamilacan Island to compute the total area of 
beaches used in swimming and identify the standard space 
requirement per swimmer. The computed BCC is swimmers per 
day for 30 m2 (Calanog 2015). Using this strategy, the standard 
requirement of the visitor for the ecotourism lakes such as 
Pandin and Yambo can be computed. 
 
Travel Cost method 
 
Travel cost method (TCM) is an economic valuation method that 
incorporates preferences in order to calculate the value of 
satisfaction, the respondents’ willingness to visit a certain area 
for vacation, and the cost and time that people incur during a 
recreational trip to a ‘natural resource’ site. Thereby it can be 
used to infer the value of the site. A study was conducted 
applying individual travel cost method and contingent valuation 
for the conservation of coral reefs of Bolinao, Pangasinan. The 
study showed that the net economic value of visiting the Bolinao 
coral reef is at Php 10,463.00, which is above the average 
expenditure on recreation. Based on the contingent valuation 
survey, it elicited low willingness-to-pay (WTP) attached to reef 
quality improvements valued at Php 20.46 per individual per 
visit (Ahmeda et al. 2007). This kind of study could also be 
applied to ecotourism lakes of San Pablo, such as Pandin and 
Yambo. To date, there are no existing published studies using 
the travel cost method for the ecotourism lakes of San Pablo. 
The evaluation of the carrying capacity of a destination has the 
purpose of measuring the threshold over which alteration due to 
human activities becomes unacceptable. The carrying capacity 
concept is linked with how to measure the disturbance that the 
natural environment can tolerate without altering its stability. It 
arouses from the perception that tourism cannot grow forever in 
a place without causing irreversible damage to the local system 
(Coccossis and Mexa 2004). 
 
Since the 1970s, carrying capacity has been further developed as 
a precise technique and as a method of numerical calculation for 
determining land-use limits and development control for 
managing tourism in sensitive natural and cultural environments 
(Clark 1996). Afterward, a variety of more sophisticated 
planning and management frameworks have been developed, 
using qualitative methodologies. These frameworks set 
standards or ranges of acceptable change and describe a 
methodology for determining these standards, measuring 
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impacts, and identifying management strategies or controlling 
negative impacts. These include Limits of Acceptable Change 
(LAC), Visitor Impact Management (VIM), Visitor Experience 
Resource Protection (VERP), Management Process for Visitor 
Activities (VAMP), Recreation Opportunity Spectrum (ROS), 
Tourism Optimization Management Model (TOMM). While 
each framework has a unique origin, they share common 
features and could be considered as different aspects of a 
specific monitoring and management strategy, i.e., making 
tourism sustainable in balance with other economic activities in 
the long-term. However, tourism carrying capacity remains an 
integral part of the management frameworks of most natural and 
cultural areas (Kostopoulou and Kyritsis 2006). 
 
The concept of Tourism Carrying Capacity (TCC) emerged in 
the 1970s and 1980s and has received significant attention in 
recent years as part of an effective strategy in addressing 
environmental, economic, and social issues and concerns. It 
serves as an aid to different tourist activities in tourism areas that 
might face such great impact and adverse changes to the 
environment. Different tools have emerged, and it mainly 
depends on the needs of the area as to the type of carrying 
capacity application to maintain its beauty and attraction. 
 
TCC was considered as a tool for addressing concerns in 
managerial actions and remains one of the most useful and 
applied techniques for tourism and recreation planning. The UN 
World Tourism Organization (WTO) defines TCC as the 
maximum number of people that may visit a tourist destination 
at the same time, without destroying the physical, economic, 
socio-cultural environment, and an unacceptable decrease in the 
quality of visitors’ satisfaction. Tourism in protected areas needs 
to be planned carefully and regularly monitored to ensure long-
term sustainability. If not properly addressed, such operations 
will have negative consequences, and tourism will contribute to 
the further deterioration of these areas. Many of the protected 
areas have promoted tourism for their social, economic, and 
livelihood opportunities for the residents. 
 
The different carrying capacity models discussed above are 
applicable in the Seven Lakes of San Pablo City. Among these 
models, WECC provides estimates on the carrying capacity of 
the lakes in terms of fish stocking and consequent water 
pollution. TCC will be applied in the tourism lakes such as 
Mohicap, Pandin, and Yambo to determine the maximum 
number of allowable tourists per day. This will prevent the lake 
from being polluted by the tourists. 
 
Applying the WECC and TCC model in the Seven Lakes of San 
Pablo City would provide an insight on how to protect and 
conserve the lake resource. In the case of the Seven Lakes of San 
Pablo, modified WECC using different indicators (Figure 2) will 
be used. This will provide information on the status of the lakes 
in terms of water quality as well as the impacts of socio-
economic and tourism activities. Determining the WECC will be 
useful in crafting policy recommendations and management 
strategies to prevent water quality degradation while sustaining 
socio-economic development. 
 
 
CURRENT MONITORING AND MANAGEMENT 
ACTIVITIES AND POLICIES 
 
Realizing the various ecosystem services that lakes have to offer, 
it is deemed necessary to monitor the lakes’ water quality to 
formulate strategies toward lake sustainability. As reviewed by 
Mendoza and colleagues (2019), there is an underestimation of 
the impacts of urbanization and growing aquaculture industry in 
the lakes that calls for a more strategic and comprehensive 
environmental assessment. However, current monitoring efforts 

of government agencies such as Laguna Lake Development 
Authority (LLDA) have largely focused on selected physico-
chemical parameters, and biological parameters have been 
limited to phyto- and zooplankton diversity and microbial 
aspects, particularly coliforms. Moreover, there are limited and 
scattered biodiversity studies from private and public 
institutions. 
 
By virtue of the Republic Act 4850 or the Laguna Lake 
Development Authority Act of 1966, LLDA was formed as the 
designated agency to govern and conduct regular monitoring 
studies in the water bodies in Laguna de Bay region, including 
the Seven Lakes of San Pablo City, Laguna (Brillo 2017). The 
LLDA’s duty is to promote the development of the Laguna de 
Bay region while providing for environmental management and 
control, preservation of the quality of life and ecological systems, 
and the prevention of undue ecological disturbance, 
deterioration, and pollution (LLDA 2005). The agency has been 
conducting routine monitoring programs with the objective to 
accurately assess the suitability of the lakes for all intended 
beneficial uses and evaluate impacts of development on its water 
quality that will generate guidelines for environmental planning 
and management. Surveys were usually repeated two to three 
times a year. 
 
Evaluation of the status of seven lakes and classification 
structure regarded parameters that are widely considered to be 
valuable and significant indicators of water quality. The 
monitoring started since aquaculture, particularly tilapia farming 
in pens and cages, was introduced in the seven lakes in the early 
1980s. Studies include lake chemistry (pH, nitrate, ammonia, 
inorganic phosphate, and chloride) and biology (phytoplankton, 
zooplankton, and chlorophyll a). Respiration studies in the lakes, 
such as dissolved oxygen, biochemical oxygen demand, 
turbidity, total dissolved, and suspended solids, were included in 
the monitoring program. Hygienic and bacteriological 
parameters such as total and fecal coliforms were also assessed. 
Fish monitoring and stock assessments have been conducted 
since the 1980s in the seven lakes (Zapanta et al. 2008). 
 
On the ground, the local government of San Pablo City is the 
supplementary administrative agency that has authority and 
territorial jurisdiction over the seven lakes and the surrounding 
lands, as well as on their water inlets and outlets (small parts of 
Yambo and Calibato Lakes are under the jurisdiction of the local 
government units of Nagcarlan and Rizal, respectively, being 
transboundary lakes by virtue of the Republic Act 7160 or the 
Local Government Code of 1991. San Pablo City government 
executes programs and regulations aligned with LLDA’s 
development plan. The LLDA and the local government assign 
the local Fisheries and Aquatic Resources Management Council 
(FARMC) in assisting in the implementation of environmental 
and fishery laws and rules and regulations in the seven lakes. 
FARMC is an organization created under Republic Act 8550 or 
the Philippine Fisheries Code of 1998 to assist local government 
agencies in the management, development, and conservation of 
the water resources in the Philippines. Each of the seven lakes 
has a FARMC composed mainly of local community 
stakeholders and fisherfolks organizations, which is federated 
into the Seven Lakes FARMC with members elected from 
among the officials of each lake. Members of FARMC are 
usually assisted by the Barangay unit and Bantay Lawa (lake 
watchmen) in securing the lakes from illegal fishing activities 
(Brillo 2017). For the utilization of water resources of the seven 
lakes, the Republic Act 8550 or the Philippine Fisheries Code 
focuses on the interest of the fisherfolks and fishing industry in 
the lakes, while the RA 9593 or the Tourism Act of 2009 
promotes ecotourism for socio-economic development. 
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Figure 2:  Water ecological carrying capacity (WECC) framework for the sustainable management of the Seven Lakes of San Pablo City.  

The challenge with lake management planning starts with 
identification and assessment, including determining the extent 
of the management area, but the capacities on the ground do not 
meet the need for such a huge volume of information. There is 
also no particular focus on wetlands when it comes to concerns 
in field offices. Although conservation is part of the mandate of 
DENR, a harmonized and concerted efforts from other agencies 
are also needed for the conservation of lakes in the country. The 
DENR crafted the National Wetlands Action Plan in 1993 to 
provide the framework for strategies to protect and conserve 
wetlands in the country and had been updated and improved in 
2011 to include the specific management needs of the key 
regional stakeholders. Over the years, the department had 
worked on legislation based on the action plan and pushed for 
its passage. However, focus and priorities have shifted due to the 
changes in the national government and leadership in various 
departments. Consequently, the draft policy did not come any 
closer to becoming an actual conservation law. Existing laws 
such as the Forestry Code, Philippine Fisheries Code, and 
Wildlife Resources Conservation and Protection Act are being 
used by environmental officials and personnel in the absence of 
a national wetlands policy. Nevertheless, a national policy for 
wetlands still needs to be in place to harmonize conservation 
efforts and resolve possible conflicting mandates of different 
agencies. While measures for protecting coastal and marine 
ecosystems, including coral reefs, are already covered in the 
DENR administrative order issued in 2016 (Enano 2019), 
management and conservation policies for inland wetlands, such 
as rivers, lakes, marshes, peatlands, and swamps, are still lacking 
at present. To date, there are about 2,600 inland wetlands 
nationwide, of which are lakes that are classified as sites critical 
for the conservation of important biodiversity. Hence, the 
legislation of a national policy becomes even more crucial in the 
race against time to protect the rich biodiversity in these habitats. 
 
 
SOCIO-ECONOMIC IMPACT 
 
As the livelihood activities such as farming, aquaculture, and 
fishing around and in the lakes and the demand for direct goods 
and resources increase, the communities become socio-
economically advanced. The communities have been 
economically transformed to the point that local services from 

the ecosystem can no longer meet the demand of the local 
community (Zhang et al. 2018). 
 
Based on a study conducted in Ghana, sustainable socio-
economic benefits are disrupted by overexploitation and 
environmental degradation. Current aquaculture and fisheries 
practices have been continuing environmental and socio-
economic concerns in the seven lakes. Increased nutrient loading, 
land reclamation, and hydrological modifications can directly 
prompt an alteration in lake ecosystems. Introduction of exotic 
species in fish farming can increase production; however, sound 
ecological principles, effective conservation, and ecological 
management should be enforced. The degradation of the area 
causes ecological disruptions in the surroundings and even on 
livelihood opportunities (Adu-Boahen et al. 2014). Socio-
economic pressure on food production and livelihood of 
surrounding communities in the lake can hinder the sustainable 
management of the lake ecosystem. 
 
The LLDA has identified several socio-cultural and economic 
impacts of ecotourism in Lake Pandin. The Lake Pandin 
Development and Management Plan stated that the surge in eco-
tourism in the lake may provide increasing employment 
possibilities for locals (LLDA 2014). It will create jobs for 
guides, managers, and boatmen, and enhance tourism-related 
businesses such as food, accommodation, and souvenirs. 
However, it may also cause negative impacts such as increasing 
crime rate, local inflation, disruption of local social relationships, 
decreasing aesthetic value of the area, and traffic issues (LLDA 
2014). In order to prevent negative impacts such as increasing 
crime rate, local inflation, disruption of local social relationships, 
decreasing aesthetic value of the area, and traffic issues, it is 
important to implement careful management and decision-
making by policymakers and managers towards the sustainable 
use of the lakes. According to International Lake Environment 
Committee Foundation (ILEC) (2005), there are six necessary 
components of an effective lake management. These are (a) 
adequate institutions for implementing change; (b) efficient, 
effective and equitable policies; (c) meaningful participation of 
all stakeholders involved; (d) technical measures to ameliorate 
certain problems; (e) appropriate information about current and 
future conditions; and (f) sufficient financing to allow all the 
above to take place. 
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In the case of the Seven Lakes of San Pablo, the political will of 
the local government units play an important role in the 
sustainable use of their resources. Their policies and decision-
making should involve the stakeholders, since they are the ones 
who suffer from problems. One of the simplest and most 
effective policies to implement is raising awareness among the 
resource users. People will often modify their behavior if they 
learn it has negative impact on others. The increasing crime rate 
due to the growing number of tourists may be addressed by 
mobilizing more barangay police/tanod in key ecotourism areas. 
In terms of protecting the aesthetics of the lakes, economic 
instruments such as taxes or environmental fees may be 
implemented and the revenues can be used to finance the 
maintenance of their pristine conditions. 
 
Based on the recommended Ecosystem Approach to lake 
management, these components can be achieved through (1) 
regular monitoring and policy implementation of LLDA, LGU 
of San Pablo, Tourism Office, City Agricultural Office, and 
FARMC; (2) ten percent area limit for fish pens and cages for 
aquaculture and threshold number of tourists based on activities, 
duration of stay, and surface area of lake for the ecotourism; (3) 
participation of FARMC and local fisherfolks in activities 
concerning the maintenance and protection of the lakes; (4) 
following experts’ advice on aquaculture and fishing regulation 
as well as waste management in poultry, piggery, and 
agricultural farms that can contribute to lake pollution (5) 
increasing awareness in proper waste management, and (6) 
allotment of some funds which can be from tourism fee for the 
maintenance of the pristine condition of the lakes. 
 
 
CHALLENGES AND FUTURE DIRECTIONS 
 
The Ramsar Convention on Wetlands, an international treaty for 
wetland conservation which the Philippines is part of, recently 
revealed the extent of the damage of wetlands, including lakes, 
in the Global Wetland Outlook published in 2018. According to 
the study, it is estimated that 35% of wetlands have been lost 
from the 1970s to 2015, which is thrice faster than forest loss. 
Factors contributing to the wetlands’ decline include drainage, 
conversion, pollution, and extraction activities. Indirect drivers, 
including climate change and global megatrends such as 
urbanization, also play a part (Niu and Gong 2018; Enano 2019). 
Due to the paucity of information, it is still unclear how the 
Philippines is losing these ecosystems. Assessment of the lakes’ 
status, resources, services, and threats still needs to be conducted. 
However, low manpower and low awareness of the communities 
about these ecosystems remain as challenges in data collection. 
 
Moreover, inland bodies of water do not receive as much 
attention as do the coastal areas and are often ignored until 
considered as areas for conversion and development. More 
information is needed to craft management plans that must be 
specially designed for each ecosystem to ensure its conservation 
and protection. Based on the records of DENR, management 
plans have been crafted for 10-12% of inland wetlands engaged 
in ecotourism activities. Only the wetlands that are potential 
sources of income and livelihood are managed. 
 
With all the threats that could affect the Seven Lakes of San 
Pablo City, there is a need to update the traditional monitoring 
activities and include these equally important parameters in the 
analysis to formulate a more holistic approach to sustainable 
lake management. A comprehensive assessment should be put 
in place to improve environmental health for resource 

restoration and access to safe water. Management strategies 
must be designed to address not only the issues on the lakes but 
also the existing land use plans in the lakes’ vicinities. 
Guidelines for agricultural, residential, and commercial 
establishments that may serve as the point and nonpoint sources 
of pollution must be revisited to prevent further degradation of 
these freshwater ecosystems and ensure that operation limit falls 
within the carrying capacity of the lakes. Waste management 
and sanitation practices in the lakes’ vicinities must also be 
improved as runoffs may carry the wastes to the lakes. Moreover, 
assessment must not be limited only to monitoring of physico-
chemical parameters but also of the biodiversity of native 
species as these organisms also serve as markers of the 
ecological condition of the lakes. The extent of the effects of 
pollution on the aquatic organisms should also be examined.  
 
Social and biophysical dimensions of ecosystems are 
inextricably related such that a change in one dimension is 
highly likely to generate a change in the other. Although change 
is a natural consequence of complex interactions, it must be 
monitored and even managed if the rate and direction of change 
threaten to undermine system resilience. An Ecosystem 
Approach is a strategy for the integration of the activity within 
the wider ecosystem such that it promotes sustainable 
development, equity, and resilience of interlinked social-
ecological systems (FAO 2010). Being a strategy, the Ecosystem 
Approach to lake management is not what is done but rather how 
it is done. The participation of stakeholders is at the base of the 
strategy. A multi-agency collaborative effort should be in place 
to have a holistic approach in lakes management. Effective 
governance of complex environmental systems such as the seven 
lakes can be met with the local stakeholders’ participation and 
collaboration as they should be viewed as a system consisting of 
ecological and social processes and components including 
biomes, humans, and wildlife. Figure 3 summarizes the 
associated management systems needed so that an integrated 
approach to lake monitoring and management can be 
implemented and account fully for the needs and impacts of 
other sectors. Pollution which may come from domestic wastes, 
industrial effluents, and agricultural wastes remains as the major 
threat to the freshwater ecosystems. Recognizing all the threats 
that may compromise the lakes’ status, the conventional 
surveillance strategies should be updated and complemented 
with other aspects that lack available information such as spatial 
and temporal diversity patterns of native and introduced 
macrobenthic species, presence of chemical pollutants and 
endocrine disruptors that may affect the freshwater fishes 
currently cultivated in the lakes, presence of different species of 
waterborne pathogens and survey of the potential risk factors 
contributing to pathogen contamination, and models for 
estimation of the lakes’ recreational and aquaculture carrying 
capacity. Revisiting of land use plans to regulate operations of 
agricultural, residential, and commercial establishments must 
also be done to prevent further degradation of these lakes. The 
participation of the local stakeholders and the political will of 
the local government units in enforcing policies for the 
protection and rehabilitation of these ecosystems is put forward 
for the effective management strategies. Incorporating these 
study areas to the existing lake monitoring and management 
plans has the potential to strengthen local government units’ 
sustainability objectives for aquaculture and ecotourism that 
may underpin the recovery of ecosystem services and prevention 
of further degradation of the lakes’ water quality which may 
ultimately improve the total well-being of the stakeholders of the 
Seven Lakes of San Pablo in the Philippines. 
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Figure 3: Strategical framework for effective management strategies for sustainable ecosystems of the Seven Lakes of San Pablo City.

ACKNOWLEDGMENT 
 
The authors would like to express their gratitude to the 
Department of Science and Technology Grants-in-Aid (DOST-
GIA) and National Research Council of the Philippines (NRCP) 
for generously funding this research, and to Ms. Raisa A. 
Mendoza, MS Environmental Science student under the research 
project, for generating the land-use map of the Seven Lakes of 
San Pablo City. 
 
 
CONFLICT OF INTEREST 
 
The authors declare no conflict of interest. 
 
 
CONTRIBUTION OF INDIVIDUAL AUTHORS 
 
VGV Paller conceptualized the paper and consolidated all the 
inputs of other authors in the paper. MZ Bandal, JG Campang, 
ERC de Chavez, DM Macandog, VGV Paller, MGV Paraso, 
JVR Pleto, and MCL Tsuchiya studied the available literatures 
on carrying capacity estimation and socio-economic 
implications, climate change and pollution, biodiversity and 
species introduction, endocrine disruption, waterborne 
pathogens, and current monitoring efforts done in the seven 
lakes by concerned agencies. YCL Cabillon, AG Elepaño, JRM 
Macaraig, and SS Mendoza assisted the project leaders and 
provided additional literature reviews on the assigned subtopics, 
reviewed the accuracy and completeness of the references as 
cited in the text, and formatted the manuscript as prescribed. 
 
 
REFERENCES 
 
Abdul Majid A, Rasid MN, Richard RL, Mahboob T, 

Sritongchuen C, Jaturas N, Tan TC, 1036 Sawangjaroen N, 
Lim YAL, Nissapatorn V. Titiwangsa Lake a source of urban 
parasitic contamination. Trop Biomed 2016; 33: 1–5. 

 
Abdul Majid MA, Mahboob T, Mong BG, Jaturas N, Richard 

RL, Tian-Chye T, Phimphila A, Mahaphonh P, Aye KN, Aung 

WL, Chuah J, Ziegler AD, Yasiri A, Sawangjaroen N, Lim 
YA, Nissapatorn V. Pathogenic waterborne free-living 
amoebae: an update from selected Southeast Asian countries. 
PLoS One 2017; 12: e0169448. 

 
Abreo NAS. Marine plastics in the Philippines: a call for 

research. Philipp Sci Lett 2018; 11 (1): 20-21.  
 
Adu-Boahen K, Mensah AE, Kissah-Korsah K, Adams O. 

Socio-economic impact of Lake Bosomtwe shoreline changes 
on catchment residents in Ghana. Int J Sci Res 2014; 4(2): 
2250-3153.  

 
Agasen EV, Clemente JP, Rosana MR, Kawit NS. Biological 

investigation of jaguar guapote Parachromis managuensis 
(Günther) in Taal Lake, Philippines. J Environ Sci Manag 
2006; 9(2):20-30. 

 
Ahmad SS. Water Related Ocular Diseases. Saudi J Ophthalmol 

2018; 32(3): 227-233. DOI: 10.1016/j.sjopt.2017.10.009 
 
Ahmeda M, Umalia GM, Chonga CK, Rulla MF, Garcia MC. 

Valuing recreational and conservation benefits of coral reefs: 
The Case of Bolinao, Philippines. Ocean Coast Manag 2007; 
50: 103-118. 

 
Allan JD, Abell R, Hogan ZE, Revenga C, Taylor BW, 

Welcomme RL, Winemiller K. Overfishing of inland waters. 
Bioscience 2005; 55(12): 1041-1051. 

 
Alliance Development Works, United Nations University – 

Institute for Environment and Human Security (UNU-EHS). 
World Risk Report 2016. Berlin: Alliance Development 
Works, 2016. Retrieved from: 
https://collections.unu.edu/eserv/UNU:5763/WorldRiskRepo
rt2016_small_meta.pdf 

 
Alvarez DA, Shappell NW, Billey LO, Bermudez DS, Wilson 

VS, Kolpin DW, Perkins SD, Evans N, Foreman WT, Gray 
JL, Shipitalo MJ, Meyer MT. Bioassay of estrogenicity and 
chemical analyses of estrogens in streams across the United 



 
Philippine Science Letters                           Vol. 14 | No. 01 | 2021 172 

States associated with livestock operations. Water Res 2013; 
47 (10):3347-3363. https://doi.org/10.1016/j.watres.2013.03.028 

 
Anderson NJ. Landscape disturbance and lake response: 

temporal and spatial perspective. Freshw Rev 2014; 7 (2): 77-
120. DOI: 10.1608/FRJ-7.2.811 

 
Asian Development Bank (ADB). Tilapia cage farming in Lake 

Taal, Batangas, Philippines, 2004. Retrieved on May 3, 2013 
at http://www.adb.org/sites/default/files/tilapia-cage-farming 

 
Asis AA, Cauyan GA, Pagulayan RC, Magbanua FS, Papa RD. 

The macro-gastropod communities of aquaculture-intensive 
lakes in the Philippines. Molluscan Res 2016. 
http://dx.doi.org/10.1080/13235818.2016.1201016 

 
Avio CG, Cardelli LR, Gorbi S, Pellegrini D, Regoli F. 

Microplastics pollution after the removal of the Costa 
Concordia wreck: First evidences from a biomonitoring case 
study. Environ Pollut 2017. DOI: 
http://dx.doi.org/10.1016/j.envpol.2017.04.066 

 
Baldursson S, Karanis P. Waterborne transmission of protozoan 

parasites: Review of worldwide outbreaks – An update 2004–
2010. Water Res 2011; 45 (20): 6603-6614. 
https://doi.org/10.1016/j.watres.2011.10.013 

 
Ballares LD, Masangkay FR, Dionisio J, Villaflores O, Pineda-

Cortel MR, Milanez GD. Molecular detection of 
Acanthamoeba spp. in Seven Crater Lakes of Laguna, 
Philippines. J Water Health 2020; 18 (5): 776–784. DOI: 
https://doi.org/10.2166/wh.2020.146 

 
Balistrieri L, Tempel R, Stillings L, Shevenell L. Modeling 

spatial and temporal variations in temperature and salinity 
during stratification and overturn in Dexter Pit Lake, 
Tuscarora, Nevada, USA. Appl Geochem 2006; 21: 1184–
1203. 

 
Bannister W, Mcgowan S, Santos-Borja AC, Quak J, Fong LS, 

Mendoza MU, Papa RDS, Taylor D. Potential anthropogenic 
regime shifts in three freshwater lakes in Tropical East Asia. 
Freshw Biol 2019; 64: 708–722. DOI: 10.1111/fwb.13256 

 
Barnosky AD, Hadly EA, Bascompte J, Berlow EL, Brown JH, 

Fortelius M, Martinez ND. Approaching a state shift in Earth's 
biosphere. Nature 2012; 486 (7401): 52-58. 

 
Belleza MLB, Cadacio JLC, Borja MP, Solon JAA, Padilla MA, 

Tongol-Rivera PN, Rivera WL. Epidemiologic study of 
Blastocystis infection in an urban community in the 
Philippines. J Environ Public Health 2015; Article ID 894297. 
http://dx.doi.org/10.1155/2015/894297 

 
Biodiversity Management Bureau. Atlas of Philippine inland 

wetlands and classified caves. Department of Environment 
and Natural Resources- Biodiversity Management Bureau. 
Philippines, 2016. 

 
Bowler DE, Bjorkman AD, Dornelas M, Myers-Smith IH, 

Navarro LM, Niamir A, Supp SR, Waldock C, Winter M, 
Vellend M, Blowes SA, Böhning-Gaese K, Bruelheide H, 
Elahi R, Antão LH, Hines J, Isbell F, Jones HP, Magurran AE, 
Cabral JS, Bates AE. Mapping human pressures on 
biodiversity across the planet uncovers anthropogenic threat 
complexes. People and Nature 2020; 2:2. 

 
Brillo BBC. An assessment of development of a transboundary 

small lake: Calibato Lake, San Pablo City and Rizal, Laguna, 

The Philippines. Asian J Water, Environ Pollut 2016c; 13: 55–
67. DOI: 10.3233/AJW-160017 

 
Brillo BBC. Developing a small lake: The case of Palakpakin 

Lake, San Pablo City, Philippines. Water Resour 2016d; 43: 
611–620. DOI: 10.1134/S0097807816040035 

 
Brillo BBC. Developing Mohicap Lake, San Pablo City, 

Philippines. Soc Sci 2016f; 11: 283–290. 
 
Brillo BBC. Development issues regarding Bunot lake: The 

lesser lake among the seven lakes of San Pablo City, 
Philippines. Lakes Reserv Res Manag 2015a; 20:155-165. 

 
Brillo BBC. Development of a small lake: Ecotourism enterprise 

for Pandin Lake, San Pablo City, Philippines. Lakes Reserv 
Res Manag 2016b; 21: 284–292. DOI: 10.1111/lre.12150 

 
Brillo BBC. Initiation and establishment of ecotourism 

development: Pandin Lake of San Pablo City and Tayak Hill 
of Rizal, Laguna, Philippines. GeoJournal 2020. DOI: 
10.1007/s10708-020-10216-1  

 
Brillo BBC. The case of Yambo Lake of San Pablo City, 

Nagcarlan and Rizal, Laguna, Philippines. Soc Sci 2016a; 11: 
5693–5702. DOI: 10.3923/sscience.2016.5693.5702 

 
Brillo BBC. The governance of the Seven Crater Lakes, San 

Pablo City, the Philippines. Asian J Water Environ Pollut 
2017; 14 (2): 13–25. DOI: 10.3233/AJW-170012 

 
Brillo BBC. The status of Philippine lake studies: Scholarly 

deficit in social science and small-lake research. Asia-Pacific 
Soc Sci Rev 2015b; 15: 78–101. 

 
Brillo BBC. Urban lake governance and development in the 

Philippines: The case of Sampaloc Lake, San Pablo City. 
Taiwan Water Conserv 2016e; 64: 66–81. 

 
Briones JCA, Papa RDS, Cauyan GA, Urabe M. The first report 

of three acanthocephalan parasite species isolated from 
Philippine fishes. Helminthologia 2015; 52 (4): 384-389. 

 
Briones JCA, Papa RDS, Cauyan, GA, Mendoza N, Okuda N. 

Fish diversity and trophic interactions in Lake Sampaloc 
(Luzon Is., Philippines). Trop Ecol 2016; 57(3). 

 
Bruton M, Merron S. Alien and translocated aquatic animals in 

Southern Africa: a general introduction checklist and 
bibliography. South African National Scientific Program 
Report 1985; 113:1-71. 

 
Brown AR, Owen SF, Peters J, Zhang Y, Soffker M, Paull GC, 

Hosken DJ, Wahab MA, Tyler CR. Climate change and 
pollution speed declines in zebrafish populations. Proc Natl 
Acad Sci USA 2015; 112 (11): E1237-E1246. DOI: 
https://doi.org/10.1073/pnas.1416269112 

 
Buerano CC, Lago CB, Matias RR, de Guzman BB, Izumiyama 

S, Yagita K, Natividad FF. Identification of Cyclospora and 
Isospora from diarrheic patients in the Philippines. Philipp J 
Sci 2008; 137 (1): 11-15. 

 
Bureau of Agricultural Statistics (BAS). Selected Statistics on 

Agriculture 2013. Department of Agriculture. Retrieved from: 
https://psa.gov.ph/sites/default/files/Selected%20Statistics%2
0on%20Agriculture%202013.pdf 

 



 
Vol. 14 | No. 01 | 2021                  Philippine Science Letters   

  
173 

Cagauan AG. Exotic aquatic species introduction in the 
Philippines for aquaculture - A threat to biodiversity or a boon 
to the economy. J Environ Sci Manag 2007; 10(1): 48-62. 

 
Calanog LA. A Manual on computing citation carrying capacity 

of ecotourism sites in protected areas. Ecosystems Research 
and Development Bureau, Department of Environment and 
Natural Resources, College, Laguna, Philippines, 2015. 

 
Caliro S, Chiodini G, Izzo G, Minopoli C, Signorini A, Avino 

R, Granieri D. Geochemical and biochemical evidence of lake 
overturn and fish kill at Lake Averno, Italy. J. Volcanol. 
Geoth. Res. 2008; 178: 305–316. 

 
Carpenter SR, Stanley EH, Vander Zanden MJ. State of the 

world’s freshwater ecosystems: physical, chemical, and 
biological changes. Annu Rev Env Resour 2011; 36: 75–99. 

 
Ceballos-Lascurain H. Tourism, ecotourism, and protected 

areas: The state of nature-based tourism around the world and 
guidelines for its development. IUCN Publications, 
Cambridge,  301. DOI: 
http://dx.doi.org/10.2305/iucn.ch.1996.7.en 

 
Cifuentes A. Determinacion de capacidad de carge turistica en 

areas protegidas. Turrialba: Centro Agronómico Tropical de 
Investigación y Enseñanza, 1992. 

 
Clark J. Coastal zone management handbook. Boca Raton: CRC 

Press, Inc., 1996. 
 
Coccossis H, Mexa A. The challenge of tourism carrying 

capacity assessment (Theory and Practice). Abingdon: 
Routledge, 2004; 11-12. 

 
Collinge SK. Ecology of fragmented landscapes. Baltimore: The 

John Hopkins University Press, 2009. 
 
Cordero CS, Baldia SF. Temporal variation of phytoplankton 

community structure in Lake Mohicap, San Pablo City, 
Laguna, Philippines. Int J Pure and Appl Biosci 2015; 3(2): 
377-385. 

 
De Infante A, Infante O, Marquez M, Lewis W, Weibezahn F. 

Conditions leading to mass mortality of fish and zooplankton 
in Lake Valencia, Venezuela. Acta Cient. Venez 1979; 30: 67-
73. 

 
De Silva SS (ed.). Exotic aquatic organisms in Asia. (19-21 June 

1981) Proceedings of the Workshop on Introduction of Exotic 
Aquatic Organisms in Asia. Asian Fish Soc Spec Publ 1989. 

 
de la Cruz CPP, Bandal Jr. MZ, Avila ARB, Paller VGV. 

Distribution pattern of Acanthogyrus sp. (Acanthocephala: 
Quadrigyridae) in Nile tilapia (Oreochromis niloticus L.) from 
Sampaloc Lake, Philippines. Journal of Nature Studies 2013; 
12 (2): 11-17. 

 
de la Cruz CPP, Paller VG. Occurrence of Neoechinorhynchus 

sp. (Acanthocephala: Neoechinorhynchidae) in cultured 
Tilapia, [Oreochromis niloticus (L.), Perciformes: Ciclidae] 
from Sampaloc Lake Philippines. Asia Life Sci 2012; 21(1): 
287 – 298. 

 
de la Peña LBR, Vejano MRA, Rivera WL. Molecular 

surveillance of Cryptosporidium spp. for microbial source 
tracking of fecal contamination in Laguna Lake, Philippines. J 
Water Health 2021. DOI: 10.2166/wh.2021.059 

de la Peña LBRO, Pagoso EJ, Rivera WL. Characterization of 
Cryptosporidium isolated from Asian Green Mussels sold in 
wet markets of Quezon City, Philippines. Philipp Agric Sci 
2017; 100: 45-54. 

 
Department of Environment and Natural Resources (DENR), 

2017. http://calabarzon.denr.gov.ph/index.php/about-
us/regional-profile/reg-prof-state-reg-enr/87-regional-
articles-default/146-water-qlty-7-lakes 

 
Diamanti-Kandarakis E, Bourguignon JP, Giudice LC, Hauser 

R, Prins GD, Soto AM, Zoeller RT, Gore AC. Endocrine-
disrupting chemicals: An Endocrine Society Scientific 
Statement. Endocr Rev 2009; 30(4): 293–342. doi: 
10.1210/er.2009-0002 

 
Dick JT, Platvoet D, Kelly DW. Predatory impact of the 

freshwater invader Dikerogammarus villosus (Crustacea: 
Amphipoda). Can J Fish Aquat Sci 2002; 59(6): 1078-1084. 

 
Dimzon IK, Morata AS, Muller J, Yanela RK, Lebertz S, Weil 

H, Perez T, Muller J, Dayrit FM, Knepper TP. Trace organic 
chemical pollutants from the lake waters of San Pablo City, 
Philippines by targeted and non-targeted analysis. Sci Total 
Environ 2018; 639: 588-595. 

 
Ding L, Chen K, Cheng S, Wang X. Water ecological carrying 

capacity of urban lakes in the context of rapid urbanization: a 
case study of East Lake in Wuhan. Phys Chem Earth 2015. 
DOI: http://dx.doi.org/10.1016/j.pce.2015.08.004 

 
Dudgeon D, Arthington AH, Gessner MO, Kawabata ZI, 

Knowler DJ, Lévêque C, Naiman RJ, Prieur-Richard AH, Soto 
D, Stiassny ML, Sullivan CA. Freshwater biodiversity: 
importance, threats, status and conservation challenges. Biol 
Rev 2006. 81(2):163-82. 

 
Dudgeon D. Prospects for sustaining freshwater biodiversity in 

the 21st century: linking ecosystem structure and function. 
Curr Opin Env Sust 2010; 2(5-6): 422-30. 

 
Efstratiou A, Ongerth JE, Karanis P. Waterborne transmission 

of protozoan parasites: Review of worldwide outbreaks - An 
update 2011-2016. Water Res 2017; 114: 14-22. 

 
Ekpeki A, Telfer TC. Production and ecological carrying 

capacity models for Lake Volta. In: Asmah R, Karikari A, 
Falconer L, Telfer TC, Ross LG, eds. Cage aquaculture in 
Lake Volta, Ghana: Guidelines for a sustainable future. CSIR 
Water Research Institute, Ghana and University of Stirling, 
Stirling UK, 2016.  

 
Elias JE, Meyer MW. Comparisons of undeveloped and 

developed shorelands, northern Wisconsin, and 
recommendations for restoration. Wetlands 2003. 23 (4), 800-
816. DOI: 10.1672/0277-
5212(2003)023[0800:COUADS]2.0.CO;2 

 
Enano, JO. Saving PH wetlands: Last frontiers get least priority. 

Philippine Daily Inquirer. February 2019. Retrieved from: 
https://newsinfo.inquirer.net/1086668/saving-ph-wetlands-
last-frontiers-get-least-priority#ixzz63tHya9R5 

 
Endocrine Disruptors. Retrieved November 15, 2020 from 

https://www.niehs.nih.gov/health/topics/agents/endocrine/ind
ex.cfm 

 
Environmental Protection Agency (EPA). Climate change 

indicators: Greenhouse gases, 2016. 2016. Retrieved from 



 
Philippine Science Letters                           Vol. 14 | No. 01 | 2021 174 

https://www.epa.gov/climate-indicators/greenhouse-gases on 
November 24, 2020. 

 
Ercumen A, Pickering AJ, Kwong LH, Arnold BF, Parvez SM, 

Alam M, Sen D, Islam S, Kullmann C, Chase C, Ahmed R, 
Unicomb L, Luby SP, Colford Jr. JM. Animal feces contribute 
to domestic fecal contamination: Evidence from E. coli 
measured in water, hands, food, flies, and soil in  Bangladesh. 
Environ Sci Technol 2017; 51(15): 8725–8734. 

 
Fabro L, Varca L. Pesticide usage by farmers in Pagsanjan-

Lumban catchment of Laguna de Bay, Philippines. Agric 
Water Manag 2012; 106: 27–34. 

 
Fajutag AJM, Paller VG. Toxocara egg soil contamination and 

its seroprevalence among public school children in Los Baños, 
Laguna, Philippines. Southeast Asian J Trop Med Public 
Health 2013; 44 (4): 551-560. 

 
Fernandez RA. Many Phl lakes dying. June 2011. Retrieved 

from: 
https://www.philstar.com/nation/2011/06/07/693355/many-
phl-lakes-dying 

 
Ficke AD, Myrick CA, Hansen LJ. Potential impacts of global 

climate change on freshwater fisheries. Rev Fish Biol Fisher 
2007; 17:581-613. 

 
Food and Agriculture Organization of the United Nations 

(FAO). Introduced Species Fact Sheets, 2019. Retrieved from 
http://www.fao.org/fishery/introsp/210/en on 25 April 2019. 

 
Food and Agriculture Organization of the United Nations 

(FAO). National Aquaculture Sector Overview Fact Sheets, 
2005. Retrieved from 
http://www.fao.org/fishery/countrysector/naso_philippines/e
n on 25 April 2019. 

 
Food and Agriculture Organization of the United Nations 

(FAO). Technical Guidelines for Responsible Fisheries on the 
Ecosystem Approach to Aquaculture, 2010. ISSN 1020-5292 
Retrieved from http://www.fao.org/3/i1750e/i1750e.pdf 

 
Gacad JLJ, Briones JCA. Aeromonas veronii and Plesiomonas 

shigelloides (Gammaproteobacteria) isolated from 
Glossogobius aureus (Gobiidae) in Lake Sampaloc, Laguna, 
Philippines. Philipp J Syst Biol 2020; 14 (1). DOI: 
10.26757/pjsb2020a14009 

 
González A, Kroll KJ, Silva-Sanchez C, Carriquiriborde P, 

Fernandino JI, Denslow ND, Somoza GM. Steroid hormones 
and estrogenic activity in the wastewater outfall and receiving 
waters of the Chascomús chained shallow lakes system 
(Argentina). Sci Total Environ 2020; 743:140401. doi: 
10.1016/j.scitotenv.2020.140401 

 
Gross-Sorokin MY, Roast SD, Brighty GC. Assessment of 

feminization of male fish in English rivers by the environment 
agency of England and Wales. Environ Health Perspect 2006; 
114: 147–151. 

 
Guerrero III RD. Impacts of introduced freshwater fishes in the 

Philippines (1905-2013): A review and recommendations. 
Philipp J Sci 2014; 143(1): 49-59. 

 
Guerrero III RD. Philippine Lakes: Status and strategies for 

sustainable development. Trans Natl Acad Sci Tech 
Philippines 1999; 21: 278-286. 

 

Guerrero III RD, Guerrero LA, Garcia LL. Use of indigenous 
plants as sources of fish toxicants for pond management in the 
Philippines. Philippine Technology Journal XV 1990; (2):15-
17. 

 
Haddad NM, Brudvig LA, Clobert J, Davies KF, Gonzalez A, 

Holt RD, Cook WM. Habitat fragmentation and its lasting 
impact on Earth's ecosystems. Sci Adv 2015; 1 (2). DOI: 
10.1126/sciadv.1500052 

 
Harwood JJ. Molecular markers for identifying municipal, 

domestic and agricultural sources of organic matter in natural 
waters. Chemosphere 2014; 95: 3–8. 

 
Harwood VJ, Staley C, Badgley BD, Borges K, Korajkic A. 

Microbial source tracking markers for detection of fecal 
contamination in environmental waters: relationships between 
pathogens and human health outcomes. FEMS Microbiol Rev 
2014; 38: 1–40. 

 
Hashimoto S, Bessho H, Hara A, Nakaura M, Iguchi T, Fujita J. 

Elevated serum vitellogenin levels and gonadal abnormalities 
in wild male flounder (Pleuronectes yokohamae) from Tokyo 
Bay, Japan. Mar Environ Res 2000; 49: 37–53. 

 
Hassanin J, Kuwahara S, Nurdihayat Y, Tsukamoto Y, Ogawa 

K, Hiramitsu K, Sasaki F. Gonadosomatic index and testis 
morphology of common carp (Cyprinus carpio) in rivers 
contaminated with estrogenic chemicals. J Vet Med Sci 2002; 
64 (10): 921–926.  

 
Havel JE, Kovalenko KE, Thomaz SM, Amalfitano S, Kats LB. 

Aquatic invasive species: Challenges for the future. Hydrobio 
2015; 750: 147-170.  

 
International Lake Environment Committee Foundation (ILEC). 

Managing lakes and their basins for sustainable use: A report 
for lake basin managers and stakeholders. International Lake 
Environment Committee Foundation: Kusatsu, Japan, 2005. 

 
Isbell F. Causes and consequences of biodiversity declines. 

Nature Education Knowledge 2010; 3(10):54. 
 
Israel, DC. The current state of aquaculture in Laguna de Bay 

(PIDS Discussion Paper Series No. 2007-20) (pp. 1-63). 
Makati City, Philippines: Philippine Institute for Development 
Studies, 2007. 

 
Jala, Nandagiri L. Evaluation of economic value of Pilikula 

Lake using travel cost method and contingent valuation 
methods. Aquat Procedia 2015; 4: 1315-1321. 

 
Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, 

Andrady A, Narayan R, Law KL. Plastic waste input from land 
into the ocean. Science 2015; 347 (6223): 768-770 
DOI:10.1126/science.1260352 1368 

 
Jeppesen E, Søndergaard MA, Søndergaard MO, Christoffersen, 

K, eds. The Structuring Role of Submerged Macrophytes in 
Lakes. New York: Springer, 1997. 

 
Jobling S, Coey S, Whitmore JG, Kime DE, Van Look KJW, 

Mcal-Lister BG, Beresford N, Henshaw AC, Brighty G, Tyler 
CR, Sumpter JP. Wild intersex roach (Rutilus rutilus) have 
reduced fertility. Biol Reprod 2002; 67: 515–524. 

 
Johnson PT, Chase JM, Dosch KL, Hartson RB, Gross JA, 

Larson DJ, Sutherland DR, Carpenter SR. Aquatic 
eutrophication promotes pathogenic infection in amphibians. 
Proceedings of the National Academy of Sciences of the 



 
Vol. 14 | No. 01 | 2021                  Philippine Science Letters   

  
175 

United States of America 2007; 104 (40): 15781-15786. 
https://doi.org/10.1073/pnas.0707763104  

 
Jose A. Sustainable management of Sampaloc Lake: Some 

Policy Issues. Canopy International 2002; 28 (1): 8-11.  
 
Jose A. Sustaining the resource use and management of 

Sampaloc Lake, San Pablo City, Philippines: A potable source 
of water. In: Aralar, ML, Punongbayan R, Borja A, Castillo L, 
Manalili E, Mendoza M (eds). LakeCon 2003: Proceedings of 
the First National Congress on Philippine Lakes. SEARCA, 
Los Ban͂os, Philippines, 2005.  

 
Joshi RC. Invasive alien species (IAS): concerns and status in 

the Philippines. In: Proceedings of the International Workshop 
on the Development of Database (APASD) for Biological 
Invasion. FFTC, Taichung, Taiwan, China, 2006; 1-23. 

 
Juliano RO, Guerrero R, Ronquillo I. The introduction of exotic 

aquatic species in the Philippines. In: De Silva SS (ed.) Exotic 
aquatic organisms in Asia: Proceedings of the Workshop on 
Introduction of Exotic Aquatic Organisms in Asia. Spec Publ 
Asian Fish Soc 1989; 3.  

 
Kostopoulou S, Kyritsis I. A tourism carrying capacity indicator 

for protected areas. Anatolia 2006; 17 (1): 5-24.  
 
Kotloff KL, Blackwelder WC, Nasrin D, Nataro JP, Farag TH, 

Van Eijk A, Adegbola RA, Alonso PL, Breiman RF, Faruque 
ASG. The Global Enteric Multicenter Study (GEMS) of 
diarrheal disease in infants and young children in developing 
countries: epidemiologic and clinical methods of the 
case/control study. Clin Infect Dis 2012; 55: S232–S245.  

 
Kumar V, Johnson AC, Nakada N, Yamashita N, Tanaka H. De-

conjugation behavior of conjugated estrogens in the raw 
sewage, activated sludge and river water. J Hazard Mater 
2012; 227–228: 49–54. 

 
Lagmoj M, Shokry A, Hashemi S, Zadegan H. Defining the 

ecotourism carrying capacity of Langeroud City (Case Study: 
Khorma Forest). Greener Journal of Social Sciences 2013; 
3(9): 447-457. 

 
Laguna Lake Development Authority. Pandin Lake 

Development and Management Plan Volume, 2014; (1). 
Retrieved from https://llda.gov.ph/wp-
content/uploads/dox/pandin-lake-dmp/pandin-lake-mgt-devt-
plan.pdf 

 
Laguna Lake Development Authority. Water quality report on 

Sampaloc Lake, 2005 p. 31. Retrieved from: http://llda.gov.ph 
 
Lau DC, Vrede PT, Goedkoop W. Lake responses to long-term 

disturbances and management practices. Freshw Biol 2017; 62 
(4): 792-806. DOI: 10.1111/fwb.12902 

 
Laurance, WF, Vasconcelos HL, Lovejoy TE. Forest loss and 

fragmentation in the Amazon: Implications for wildlife 
conservation. Oryx 2009; 34 (1), 39-45. 

 
Le Page Y, Scholze M, Kah O, Pakdel F. Assessment of 

xenoestrogens using three distinct estrogen receptors and the 
zebrafish brain aromatase gene in a highly responsive glial cell 
system. Environ Health Perspect 2006; 114 (5): 752-758.  

 
Leclerc H, Schwartzbrod L, Dei-Cas E. Microbial agents 

associated with waterborne diseases. Crit Rev Microbiol 2002; 
28: 371–409.  

 
Lecomte S, Habauzit D, Charlier TD, Pakdel F. Emerging 

estrogenic pollutants in the aquatic environment and breast 
cancer. Genes (Basel) 2017; 8 (9): 229. 
https://dx.doi.org/10.3390%2Fgenes8090229 

 
Legaspi KL, Lau AYA, Jordan P, Mackay A, Mcgowan S, 

Mcglynn G, Baldia S, Papa RDS, Taylor D. Establishing the 
impacts of freshwater aquaculture in tropical Asia: The 
potential role of palaeolimnology. Geogr Environ 2015; p. 
148–163. DOI: 10.1002/geo2.13 

 
Lei K, Lin C-Y, Zhu Y, Chen W, Pan H-Y, Sun Z, Sweetman A, 

Zhang Q, He M-C. Estrogens in municipal wastewater and 
receiving waters in the Beijing-Tianjin-Hebei region, China: 
Occurrence and risk assessment of mixtures. J Hazard Mater 
2020; 389:121891. doi: 10.1016/j.jhazmat.2019.121891 

 
Lim YAL, Lai MM, Mahdy MAK, Mat Naim HR, Smith HV. 

Molecular detection of Giardia contamination in water bodies 
in a zoo. Environ Res 2009; 109 (7): 857-859.  

 
Lim YAL, Nissapatorn V. Transmission of waterborne parasites 

in the Association of Southeast Asian Nations (ASEAN): 
Overview and direction forward. Food Waterborne Parasitol 
2017; 8-9: 75-83. 

 
Mabansag CJA, Paraso MGV, Marcelino RT, Clavecillas AA, 

Lola MSEG. A preliminary survey of estrogenic effects in 
cultured adult male Nile tilapia (Oreochromis niloticus) in the 
Seven Lakes of San Pablo City, Philippines. B Environ 
Contam Tox 2019; 103 (3): 400-404. 

 
Macfadyen G, Huntington T, Cappell R. Abandoned, lost or 

otherwise discarded fishing gear. UNEP Regional Seas 
Reports and Studies, No. 185; FAO Fisheries and Aquaculture 
Technical Paper, No. 523. Rome, UNEP/FAO. 2009. 115p. 

 
MacKinnon JR. Invasive alien species in Southeast Asia. 

ASEAN Biodiversity Special Reports 1464 2002; 2 (4): 9-11.  
 
Macusi ED, Abreo NA, Cuenca GC, Ranara CT, Cardona LT. 

Andam MB. Guanzon GC. Katikiro RE, Ashoka Deepananda 
KHM. The potential impacts of climate change on freshwater 
fish, fish culture and fishing communities. Journal of Nature 
Studies 2015; 14 (2): 14-31. 

 
Magcale-Macandog DB, de la Cruz CPP, Edrial JD, Reblora 

MA, Pabico JP, Salvacion AR, Marquez Jr. TL, Macandog 
PBM, Perez DKB. Eliciting local ecological knowledge and 
community perception on fishkill in Taal Lake through 
participatory approaches. J Environ Sci Mag 2014; (17)2:1-16. 

 
Manibusan MK, Touart LW. A comprehensive review of 

regulatory test methods for endocrine adverse health effects. 
Crit Rev Toxicol 2017; 47 (6): 440-488. DOI: 1477 
10.1080/10408444.2016.1272095 

 
Marburg AE, Turner MG, Kratz TK. Natural and anthropogenic 

variation in coarse wood among and within lakes. J Ecol 2006; 
94: 558– 568. DOI: 10.1111/j.1365-2745.2006.01117.x 

 
Marti-Cardona B, Steissberg TE, Schladow SG, Hook SJ. 

Relating fish kills and wind patterns in the Salton Sea. 
Hydrobiologia 2008; 604: 85-95. 

 
Masangkay FR, Milanez GD, Tsiami A, Hapan FZ, Somsak V, 

Kotepui M, Tangpong J, Karanis P. Waterborne protozoan 
pathogens in environmental aquatic biofilms: Implications for 



 
Philippine Science Letters                           Vol. 14 | No. 01 | 2021 176 

water quality assessment strategies. Environ Pollut 2020; 259: 
113903. DOI: https://doi.org/10.1016/j.envpol.2019.113903  

 
Matthiessen P, Wheeler JR, Weltje L. A review of the evidence 

for endocrine disrupting effects of current-use chemicals on 
wildlife populations. Crit Rev in Toxicol 2018; 48 (3): 195-
216, DOI: 10.1080/10408444.2017.1397099 

 
McLellan SL, Eren AM. Discovering new indicators of fecal 

pollution. Trends Microbiol 2014; 22(12): 697-706.  
 
Mendoza MU, Briones JCA, Itoh M, Padilla KSAR, Aguilar JI, 

Okuda N, Papa RDS. Small maar lakes of Luzon Island, 
Philippines: their limnological status and implications on the 
management of tropical lakes – a review. Philipp J Sci 2019; 
148 (3): 565-578. 

 
Millennium Ecosystem Assessment. Ecosystems and human 

well-being: Synthesis. Island Press, Washington, 2005. 
Retrieved from 
https://www.millenniumassessment.org/documents/document
.356.aspx.pdf 

 
Moe CL. Waterborne transmission of infectious agents, In: 

Hurst C, Crawford R, Garland J, Lipson D, Mills A, 
Stetzenbach L (ed), Manual of Environmental Microbiology, 
Third Edition. American Society for Microbiology 2007; 222-
248.  

 
Monzon RB, Kitikoon V, Thammapalerd N, Temcharoen P, 

Sornmani S, Viyanant V. Comparative shell morphology of 
Lymnaea (Bullastra) cumingiana (Pulmonata: Lymnaeidae) 
and related taxa in the Indo-Pacific region. Southeast Asian J 
Trop Med Public Health 1993a; 24 (3): 554-562. 

 
Monzon RB, Kitikoon V, Thammapalerd N, Temcharoen P, 

Sornmani S, Viyanant V. Ecological observation on Lymnaea 
(Bullastra) cumingiana. Southeast Asian J Trop Med Public 
Health 1993b; 24 (3): 563-569. 

 
Moyle PB, Cech JJ. Fishes: An Introduction to Ichthyology, 5th 

ed. New Jersey: Prentice Hall, 2004. 
 
Munar FXR. Análisis de capacidad de carga en los espacios 

litorales, calas e playas, situados en áreas naturales de especial 
interés de la Isla de Menorca. University of Almeria 
Publication Service, 2002. Retrieved from: 
http://www.cervantesvirtual.com/obra/analisis-de-capacidad-
de-carga-en-los-espacios-litorales-calas-y-playas-situados-
en-areas-naturales-de-especial-interes-de-la-isla-de-menorca-
-0/ 

 
Nash JP, Kime DE, Van Der Ven LT, Wester PW, Brion F, 

Maack G, Stahischmidt-Aliner P, Tyler CR. Long-term 
exposure to environmental concentrations of the 
pharmaceutical ethynylestradiol causes reproductive failure in 
fish. Environ Health Perspect 2004; 112 (17): 1725–1733. 

 
Natividad FF, Buerano CC, Lago CB, Mapua CA, de Guzman 

BB, Seraspe EB, Samentar LP, Endo T. Prevalence rates of 
Giardia and Cryptosporidium among diarrheic patients in the 
Philippines. Southeast Asian J Trop Med Public Health 2008; 
39 (6): 991-9. 

 
Newbold T, Scharlemann JP, Butchart SH, Şekercioğlu  H, 

Alkemade R, Booth H, Purves DW. Ecological traits affect the 
response of tropical forest bird species to land-use intensity. P 
Roy Soc B-Biol Sci 2013; 280: 2012-2131. DOI: 
10.1098/rspb.2012.2131 

 

Nghi T, Lan N, Thai N, Mai D, Thanh D. Tourism carrying 
capacity assessment for Phong Nha-KeBang and Dong Hoi, 
Quang Binh Province. VNU Journal of Science, Earth Science 
2007; 23: 80-87. 

 
Nico LG, Jelks HL, Tuten T. Non-native suckermouth armored 

catfishes in Florida: Description of nest borrows and burrow 
colonies with assessment of shoreline conditions. Aquatic 
Nuisance Species Research Program (ANSRP) Bulletin 2009; 
9(1): 1-30. 

 
Niu Z, Gong P. 2018. Large-scale wetland mapping and 

evaluation. In: Liang S. Comprehensive Remote Sensing 
2018; 6: 45-77. DOI: https://doi.org/10.1016/B978-0-12-
409548-9.10381-1  

 
Nõges P, Järvet A. Climate driven changes in the spawning of 

roach (Rutilus rutilus (L.)) and bream (Abramis brama (L.)) in 
the Estonian part of the Narva River basin. Boreal Environ Res 
2005; 10: 45-55. 

 
Olatunji OS. Evaluation of selected polychchlorinated biphenyls 

(PCBs) congeners and dichlorodiphenyltrichloroethane 
(DDT) in fresh root and leafy vegetables using GC-MCS. Sci 
Rep 2019; 9: 538. 

 
Onichandran S, Kumar T, Lim YAL, Sawangjaroen N, 

Andiappan H, Salibay CC, Chye TT, Ithoi I, Dungca JZ, 
Sulaiman WY, Ling LY, Nissapatorn V. Waterborne parasites 
and physico-chemical assessment of selected lakes in 
Malaysia. Parasitol Res 2013; 112 (12): 4185-4191. DOI: 
10.1007/s00436-013-3610-1 

 
Onichandran S, Kumar T, Salibay CC, Dungca JZ, Tabo HAL, 

Tabo N, Tan TC, Lim YAL, Sawangjaroen N, Phiriyasamith 
S, Andiappan H, Ithoi I, Lau YL, Nissapatorn V. Waterborne 
parasites: a current status from the Philippines. Parasites 
Vectors 2014. DOI: https://doi.org/10.1186/1756-3305-7-244  

 
Ong PS, Afuang LE, Rosell-Ambal RG. Philippine biodiversity 

conservation priorities: A second iteration of the National 
Biodiversity Strategy and Action Plan. Quezon City, 
Philippines: Department of Environment and Natural 
Resources- Protected Areas and Wildlife Bureau, 
Conservation International-Philippines, Biodiversity 
Conservation Program-University of the Philippines Center 
for Integrative and Development Studies, and Foundation for 
Philippine Environment, Quezon City, Philippines, 2002: 113.  

 
Ordoñez KN, Lim YAL, Goh XT, Paller VGV. Parasite 

contamination of freshly harvested vegetables from selected 
organic and conventional farms in the Philippines. Pertanika J 
Trop Agric Sci 2018; 41 (4): 1741-1756.  

 
Ospina-Alvarez N, Piferrer F. Temperature-dependent sex 

determination in fish revisited: Prevalence, a single sex ratio 
response pattern, and possible effects of climate change. PLoS 
ONE 2008; 3 (7): e2837. DOI: 
doi:10.1371/journal.pone.0002837  

 
Oun A, Kumar A, Harrigan T, Angelakis A, Xagoraraki I. 

Effects of biosolids and manure application on microbial water 
quality in rural areas in the US. Water 2014; 6: 3701–3723. 

 
Paller VGV, Babia-Abion S. Soil-transmitted helminth (STH) 

eggs contaminating soils in selected organic and conventional 
farms in the Philippines. Parasite Epidemiol Control 2019; 7. 
https://doi.org/10.1016/j.parepi.2019.e00119 

 



 
Vol. 14 | No. 01 | 2021                  Philippine Science Letters   

  
177 

Paller VG, Corpuz MNC, Bandal MZ Jr. Freshwater fish 
assemblages and water quality parameters in seven lakes of 
San Pablo, Laguna, Philippines. Asian Journal of Biodiversity 
2017a; 8. DOI:10.7828/ajob.v8i1.995  

 
Paller VGV, de Chavez ERC. Toxocara (Nematoda: Ascaridida) 

and other soil-transmitted helminth eggs contaminating soils 
in selected urban and rural areas in the Philippines. Sci World 
J 2014; Article ID 386232. 
https://doi.org/10.1155/2014/386232  

 
Paller VG, Kim PM, Abadilla ME, Bordado AM, Galapon M, 

Gamalo LE, Macalinao CA. Prevalence of Cryptosporidium 
and Giardia in selected recreational pools in Calamba, 
Laguna, Philippines. Ecol Environ Conserv 2017b; 23 (4): 
1945-1951.  

 
Paller VGV, Salumbre RL, de la Cruz CPP. Asian clams 

(Corbicula fluminea) as bioindicators of Cryptosporidium 
contamination in Laguna De Bay, Philippines. Ecol Environ 
Conserv 2013; 19 (3): 635-642.  

 
Papa RDS, Briones JCA. Climate and human-induced changes 

to lake ecosystems: What we can learn from monitoring 
zooplankton ecology. J Environ Sci Manag 2014; 17(1): 60-
67.  

 
Paraso MGV, Capitan SS. Vitellogenin induction and gonad 

abnormalities in male common carp (Cyprinus carpio L.) 
introduced to Laguna de Bay, Philippines. Philipp J Vet Med 
2012; 38: 34–1611 44.  

 
Paraso MGV, Morales JKC, Clavecillas AA, Lola MSEG. 

Estrogenic effects in feral male common 1614 carp (Cyprinus 
carpio) from Laguna de Bay, Philippines. B Environ Contam 
Tox 2017; 98 (5): 638-642. DOI: 10.1007/s00128-017-2060-
3 

 
Partnerships in Environmental Management for the Seas of East 

Asia (PEMSEA), Department of Environment and Natural 
Resources (DENR) and the Laguna Lake Development 
Authority (LLDA). Total Pollutant Loading Study in the 
Laguna de Bay–Pasig River–Manila Bay Watershed, 2013. 
http://www.pemsea.org/sites/default/files/Total-Pollutant-
Loading-Study-Laguna-de-Bay-Pasig-River-Manila-Bay-
Watershed.pdf. Accessed 28 May 2017. 

 
Paruch L, Paruch AM. 2018 Contributors to faecal water 

contamination in urban environments. In: Water Management 
and the Environment: Case Studies, Vol 86 (Zelenakova M., 
ed.). Water Science and Technology Library, Springer, Cham, 
pp. 215–230. https://doi.org/10.1007/978-3-1626 319-79014-
5_10 

 
Pascual JAF, Rizo EZC, Han B, Dumont HJ, Papa RDS. 

Taxonomy and distribution of four cladoceran families 
(Branchiopoda: Cladocera: Moinidae, Bosminidae, 
Chydoridae and Sididae) in Philippine inland waters. Raffles 
Bull Zool 2014; 62: 771–794. 

 
Patisaul HB, Fenton SE, Daylor R. Best Pract Res Clin 

Endocrinol Metab 2019; 32 (3): 283-297. 
https://dx.doi.org/10.1016%2Fj.beem.2018.03.011 

 
Pimentel D, Lach L, Zuniga R, Morrison D. Environmental and 

economic costs of non-indigenous species in the United States. 
Bioscience 2000; 50: 53–65. 

 

Pörtner HO, Peck MA. Climate change effects on fishes and 
fisheries: towards a cause-and-effect understanding. J Fish 
Biol 2010; 77:1745-1779. 

 
Praveena SM, Lui TS, Hamin N, Razak SQNA, Aria AZ. 

Occurrence of selected estrogenic compounds and estrogenic 
activity in surface water and sediment of Langat River 
(Malaysia). Environ Monit Assess 2016; 188 (7): 442. DOI: 
10.1007/s10661-016-5438-5 

 
Prystajecky N, Huck PM, Schreier H, Isaac-Renton JL. 

Assessment of Giardia and Cryptosporidium spp. as a 
microbial source tracking tool for surface water: Application 
in a mixed-use watershed. Appl Environ Microbiol 2014; 
80(8): 2328–2336. 

 
Puno-Sarmiento J, Gazal LE, Medeiros LP, Nishio EK, 

Kobayashi RKT, Nakazato G. Identification of diarrheagenic 
Escherichia coli strains from avian organic fertilizers. Int J 
Environ Res Public Health 2014; 11: 8924-8939. 

 
Quilang JP, Basiao Z, Pagulayan RC, Roderos RR, Barrios EB. 

Meristic and morphometric variation in the silver perch, 
Leiopotherapon plumbeus (Kner,1864), from three lakes in the 
Philippines. J Appl Ichthyol 2007; 23: 561-567. 

 
Quintal AL, Gotangco CK, Guzman MAL. Forecasting urban 

expansion in the Seven Lakes area in San Pablo City, Laguna, 
the Philippines using the land transformation model. 
Environment and Urbanization ASIA 2018; 9(1), 69-85.  

 
Ramachandra TV, Ahalya N. Conservation and management of 

wetland ecosystems in Karnataka. Indian Institute of Science, 
Bangalore, 2000. Accessed from: 
http://wgbis.ces.iisc.ernet.in/biodiversity/sahyadri_enews/ne
wsletter/issue25/article1.htm 

 
Ramsar Convention on Wetlands. Global wetland outlook: State 

of the world’s wetlands and their services to people. Gland, 
Switzerland: Ramsar Convention Secretariat, 2018. Retrieved 
from: 
https://www.researchgate.net/publication/328093181_Global
_Wetland_Outlook_State_of_the_1669 
World's_Wetlands_and_Their_Services_to_People 1670 

 
Rechsteiner D, Wettstein FE, Warren BP, Vermeirssen ELM, 

Simon E, Schneider MK, Hollender J, Bucheli TD. Natural 
estrogens in surface waters of a catchment with intensive 
livestock farming in Switzerland. Environ Sci Process Impacts 
2013; DOI: 10.1039/d0em00317d 

 
Rosana MR. 2011. Chronic and massive fish kills in Taal Lake, 

Southern Luzon (May-June 2011): The roles of changing 
weather condition, overturn and elevated nutrients levels. 
Paper presented to Bureau of Fisheries and Aquatic Resources 
(BFAR) Region 4A Quezon City on Sept 14, 2011. 27p.  

 
Sala OE, Chapin FS, Armesto JJ, Berlow E, Bloomfield J, Dirzo 

R, Huber-Sanwald E, Huenneke LF, Jackson RB, Kinzig A, 
Leemans R. Global biodiversity scenarios for the year 2100. 
Science 2000; 287 (5459): 1770-1774. DOI: 
10.1126/science.287.5459.1770 

 
Sambitan KAP, Papa RDS, Baldia SF. Phytoplankton 

community structure of Lake Paoay and Lake Mohicap with 
notes on the first record of Ceratium (Dinophyta) in Lake 
Paoay. Acta Manil 2015; 63: 51-60. 

 



 
Philippine Science Letters                           Vol. 14 | No. 01 | 2021 178 

San Pablo City Comprehensive Land Use Plan for 2015-2025. 
Retrieved from: http://sanpablocitygov.ph/ 

 
Santiago AE, Arcilla RP. Tilapia cage culture and the dissolved 

oxygen trends in Sampaloc Lake, the Philippines. Environ 
Monit Assess 1993; 24: 243–255. 

 
Santo Domingo JW, Bambic DG, Edge TA, Wuertz S. Quo 

vadis source tracking? Towards a strategic framework for 
environmental monitoring of fecal pollution. Water Res 2007; 
41: 3539-1696 3552. 

 
Scheffer M. Ecology of shallow lakes. London: Chapman and 

Hall, 1998. Accessed online: 
https://books.google.com.ph/books?hl=en&lr=&id=QmNidG
vmCZcC&oi=fnd&pg=PR9&ots=rYB92dFYOo&sig=gVNP
voSd5mX92ZcZEej6wVhAGns&redir_esc=y#v=onepage&q
&f=false 

 
Schill W, Mathes MV. Real-Time PCR detection and 

quantification of nine potential sources of fecal contamination 
by analysis of mitochondrial cytochrome b targets. Environ 
Sci Technol 2008; 42(14): 5229-34. 

 
Schmidlin S, Schmera D, Baur B. Alien molluscs affect the 

composition and diversity of native macroinvertebrates in a 
sandy flat of Lake Neuchâtel, Switzerland. Hydrobiologia 
2012; 679 (1): 233-249 DOI: 10.1007/s10750-011-0889-8 

 
Shimoda Y, Azim ME, Perhar G, Ramin M, Kenney MA, 

Sadradddini S, Gudimov A, Arhonditsis GB. Our current 
understanding of lake ecosystem response to climate change: 
what have we really learned from the north temperate deep 
lakes? J Great Lakes Res 2011; 37 (1): 173-193. DOI: 
10.1016/j.jglr.2010.10.004 

 
Schug TT, Janesick A, Blumberg B, Heindel JJ. Endocrine 

disrupting chemicals and disease susceptibility. J Steroid 
Biochem Mol Biol 2011; 127 (3-5): 204-15. 

 
Solpico DB, Libatique NJC, Tangonan GL, Cabacungan PM, 

Girardot G, Macaraig RM, Perez T, Teran A. Solar-powered 
field server and aerator development for Lake Palakpakin. J 
Adv Comput Intell Informatics 2014; 18: 755–763. DOI: 
10.13140/2.1.3021.0245 

 
Sta. Ana KM, Espino MP. Occurrence and distribution of 

hormones and bisphenol A in Laguna Lake, Philippines. 
Chemosphere 256 2020 127122. ISSN 0045-6535. Straub TM, 
Chandler DP. Towards a unified system for detecting 
waterborne pathogens. J Microbiol Methods 2003; 53 (2): 
185-97.  

 
Strayer DL, Dudgeon D. Freshwater biodiversity conservation: 

recent progress and future challenges. J N Am Benthol Soc 
2010; 29 (1): 344-358. 

 
Suresh A, Abraham J. Bioremediation of hormones from waste 

water. In: Hussain C. (eds) Handbook of Environmental 
Materials Management. Springer, Cham 2018. 
https://doi.org/10.1007/978-3-319-58538-3_104-1  

 
Tamayo-Zafaralla M. 2014. Microalgae of the Seven Lakes of 

San Pablo City and Crocodile Lake of Los Baños. Philippine 
Council for Agriculture, Aquatic, and Natural Resources 
Research and Development. ISBN: 978-971-547-317-0. 

 
Tamayo-Zafarralla M. 2010. Plankton biodiversity, water 

quality and environmental status of Los Baños’ Crocodile 
Lake and San Pablo City’s seven lakes (Lakes Sampaloc and 

Pandin). International System for Agricultural Science and 
Technology 2010. Retrieved from: http://agris.fao.org/agris-
search/search.do?recordID=PH2012000144  

 
Tamayo-Zafaralla M. Lambio KA, Gado J, Pasagui T. 2013. 

Time- and space-related water quality fluctuations and 
phytoplankton community dynamics in Lake Sampaloc of San 
Pablo City and Lake Crocodile of Los Baños, Laguna, 
Philippines. In: Aralar MLC, Borja AS, Palma AL, Mendoza 
MM, Ocampo PC, Manalili EV, Darvin LC (Eds.). LakeCon 
2011: Building on the pillars of Integrated Lake Basin 
Management (Second National Congress on Philippine Lakes) 
(pp. 310-311). Los Baños, Laguna, Philippines: PCAARRD-
DOST. 

 
Tamayo-Zafaralla M, Santos RAV, Orozco RP, Elegado GCP. 

The ecological status of Lake Laguna De Bay, Philippines. 
Aquat Ecosyst Health Manag 2002; 5(2):127-138. DOI: 
10.1080/14634980290031820 

 
Tanaka K, Takada H. 2016. Microplastic fragments and 

microbeads in digestive tracts of planktivorous fish from urban 
coastal waters. Sci Rep 6, 34351 (2016). 
https://doi.org/10.1038/srep34351  

 
Tanaka K, Takada H, Yamashita R, Mizukawa K, Fukuwaka 

MA, Watanuki Y. Accumulation of plastic-derived chemicals 
in tissues of seabirds ingesting marine plastics. Mar Pollut Bull 
2013; 69 (1-2): 219-222. DOI: 
10.1016/j.marpolbul.2012.12.010 

 
Telfer TC, Ross LG. Cage aquaculture in Lake Volta, Ghana: 

Guidelines for a sustainable future. CSIR Water Research 
Institute, Ghana and University of Stirling, Stirling UK. 

 
Thomaz SM, Kovalenko KE, Havel JE, Katz LB. Aquatic 

invasive species: General trends in the literature and 
introduction to the special issue. Hydrobio 2015; 746: 1-12. 

 
Tilman D, Clark M, Williams DR, Kimmel K, Polasky S, Packer 

C. Future threats to biodiversity and pathways to their 
prevention. Nature 2017; 546 (7656), 73-81. Retrieved online: 
https://www.scopus.com/record/display.uri?eid=2-s2.0-
85020227812&origin=inward&txGid=a71b7ceca5965e2fe7c
1bc86bdb1ee08 

 
Tramblay Y, Llasat MC, Randin C, Coppola E. Climate change 

impacts on water resources in the Mediterranean. Reg Environ 
Change 2020; 20:83. 

 
Tran NH, Gin KYH, Ngo HH. Fecal pollution source tracking 

toolbox for identification, evaluation and characterization of 
fecal contamination in receiving urban surface waters and 
groundwater. Sci Total Environ 2015; 538: 38–57. 

 
Tremblay LA, Gadd JB, Northcott GL. Steroid estrogens and 

estrogenic activity are ubiquitous in dairy farm watersheds 
regardless of effluent management practices. Agric Ecosyst 
Environ 2018; 253: 48-54. 

 
Tutton M. It’s not just the oceans: Microplastic pollution is all 

around us. CNN Philippines, April 2018. Retrieved from 
http://nine.cnnphilippines.com/world/  

 
Vincent WF. Effects of climate change on lakes. Encyclopedia 

of Inland Waters 2009; 55-60. 
 
Vista AB, Norris P, Lupi F, Bernsten RH. Nutrient loading and 

efficiency of tilapia cage culture in Taal Lake, Philippines. 
Philipp Agric Sci 2006; 89 (1): 48-57. 



 
Vol. 14 | No. 01 | 2021                  Philippine Science Letters   

  
179 

 
Walker CLF, Rudan I, Liu L, Nair H, Theodoratou E, Bhutta 

ZA, O’brien KL, Campbell H, Black RE. Global burden of 
childhood pneumonia and diarrhoea. Lancet 2013; 381: 1405–
1416.  

 
Warren DR, Robinson JM, Josephson DC, Sheldon DR, Kraft 

CE. Elevated summer temperatures delay spawning and 
reduce redd construction for resident brook trout (Salvelinus 
fontinalis). Glob Chang Biol 2012; 18 (6): 1804-18011. DOI: 
10.1111/j.1365-2486.2012.02670.x 

 
Wilks CR, Turner AJ, Azuolas J. Effect of flooding on the 

occurrence of infectious disease. In: Poiani, A, ed. Advances 
in Ecological Research: Floods in an Arid Continent, New 
York: Academic Press, 2006: 107–124. 

 
 
World Health Organization (WHO) Guidelines for Drinking 

Water Quality–Volume 1: Recommendations. World Health 
Organization (WHO); Geneva, Switzerland, 2008. Retrieved 
from: 
http://www.who.int/water_sanitation_health/dwq/gdwq3rev/e
n/ 

 
Wu J, Long SC, Das D, Dorner SM. Are microbial indicators 

and pathogens correlated? A statistical analysis of 40 years of 
research. J Water Health 2011; 9: 265–278.  

 
Zacarias D, Williams A, Newton A. Recreation carrying 

capacity estimations to support beach management at Praia de 
Faro, Portugal. Appl Geogr 2011; 31: 1075-1081. 

 
Zapanta IR, Salandanan M, Directo MG, Mamadra UG, Nicolas 

JU, De La Cruz AR. Water quality report of the Seven Crater 
lakes 2006–2008. Quezon City, Philippines: Laguna Lake 
Development Authority 2008. Retrieved from: 
http://llda.gov.ph 

 
Zegeye H, Teketay D, Kelbessa E. Diversity, regeneration status 

and socio-economic importance of the vegetation in the 
islands of Lake Ziway, south-central Ethiopia. Flora - 
Morphology, Distribution, Functional Ecology of Plants. Flora 
2006; 201 (6), 483-498. DOI: 10.1016/j.flora.2005.10.006 

 
Zhang Y, Wu R, Lin K, Wang Y, Lu J. Performance of host-

associated genetic markers for microbial source tracking in 
China. Water Res 2020; 175: 115670. 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 


