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ABSTRACT

T

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
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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.
KEYWORDS
macrobenthic fauna, endocrine disruptors, carrying capacity,
waterborne parasites, tropical freshwater lakes
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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 wildcaught 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
Vol. 14 | No. 01 | 2021

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 20152025 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
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;

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

Mendoza et al. 2019
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;

BIODIVERSITY (plankton, parasitofauna,
malacofauna, fish)

Briones et al. 2016; Paller et al. 2017
Zapanta et al. 2008; Ballares et al. 2020;
Gacad and Briones 2020; Masangkay et al. 2020

PATHOGENS (bacteria, parasites)

Santiago and Arcilla 1993; Jose 2002; Jose 2005; Brillo 2015a; Brillo
2015b; Legaspi et al. 2015; Brillo 2016a; Brillo 2016b; Brillo 2016c;

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

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
160

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
Vol. 14 | No. 01 | 2021

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
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most potent of these compounds (Nash et al. 2004; GrossSorokin 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.

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 (AbdulMahjid 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.

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).

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).

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

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
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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 freeliving 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
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(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 sociodevelopmental 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.
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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
AQUACULTURE AND TOURISM

CAPACITY

FOR

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).
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- 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 longterm 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 socioeconomic 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
ACTIVITIES AND POLICIES

AND

MANAGEMENT

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
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of government agencies such as Laguna Lake Development
Authority (LLDA) have largely focused on selected physicochemical 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 socioeconomically advanced. The communities have been
economically transformed to the point that local services from
Vol. 14 | No. 01 | 2021

the ecosystem can no longer meet the demand of the local
community (Zhang et al. 2018).
Based on a study conducted in Ghana, sustainable socioeconomic benefits are disrupted by overexploitation and
environmental degradation. Current aquaculture and fisheries
practices have been continuing environmental and socioeconomic 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). Socioeconomic 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 ecotourism 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 decisionmaking 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 decisionmaking 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
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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 physicochemical 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 socialecological 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.
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