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In developing countries such as the Philippines, the inadequacy of even the most basic limnological
datasets available has hindered planning and implementation of science-based management policies
for inland waters. This situation is aggravated by overutilization of natural resources for ecosystem
services such as water usage, aquaculture, fishing, and tourism. We reviewed published researches
related to the Seven Maar Lakes (SMLs) in Luzon Is., Philippines to summarize information
invaluable for the protection and sustainable use of these resources. Popular scientific search engines
were utilized to gather peer-reviewed research articles and reports from both private institutions
and government agencies. Literature and timeline from the 1930s to 2019 was classified into topics
– namely socioeconomics, fisheries, biodiversity, and environment. Based on the literature survey, a
variety of challenges, knowledge gaps, and promising research directions were identified, which are
essential to the sustainable ecosystem management of the SMLs. Aquaculture practices impacting
the lakes and its underestimated biodiversity were described. Measured vertical profiles of dissolved
oxygen (DO), temperature, conductivity, pH, and salinity was supplemented by our preliminary
limnological survey in the SMLs. Past and present monitoring data of selected physicochemical
parameters were assessed from which the changing limnological status of the lakes was determined.
We recommended measures motivated by strategic environmental assessments while still considering
maintained economic yields. A sustained collaborative effort from different sectors is strongly
suggested not only to manage the SMLs but also to address trade-offs among critical ecosystem
services. Aside from the need for well-designed, long-term water quality monitoring, we also stress
the synergistic interpretation of all available knowledge, which can contribute to the resolution of
environmental issues at both local and global scales.
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INTRODUCTION
Freshwater lakes are essential to humanity as they
provide critical ecosystem services and serve as sentinels
and integrators of a range of environmental processes
(Williamson et al. 2008). Small lakes in the Philippines
– defined here with surface area (SA) of ≤ 2,000,000
m2 (Brillo 2016a, b) – often receive less research and
management attention compared to bigger lakes, even
though they are equally important for conservation
(Briones et al. 2016, Scheffer et al. 2006). Intensive and
systematic limnological research is needed for a better
understanding of the small lakes, as these ecosystems
are more vulnerable than larger lakes to human activities
in the catchment and are more sensitive to the resultant
environmental changes (Brillo 2015a). Sixty-three percent
of the Philippine lakes are classified as small (Brillo
2015b), suggesting its advantage since small aquatic
ecosystems have great importance and global impact in
nutrient spiraling and retention of important materials, as
well as in biotic complexity and richness (Downing 2010).
In terms of sustainable management, tropical and
temperate lakes show undisputable differences in
productivity and overall limnology, necessitating different
approaches (Lewis 2000). Today, gaps evidently remain in
our full understanding of tropical lakes. Efforts to provide
baseline information on the status of lake ecosystems and
their response to environmental changes have been limited
for tropical lakes, particularly in developing countries.
This data gap hampers the design of effective measures
for addressing various issues specific to these ecosystems
(Legaspi et al. 2015). At present, lake ecosystems face
numerous threats to which the impacts of a changing
climate are added. Moreover, local environmental issues
such as water quality have arisen as a consequence of
anthropogenic disturbances that can affect lakes’ structure,
functioning, and stability (Vincent 2009).
The utilization of lake resources for fisheries and
aquaculture benefits society by providing food and
employment. In the Philippines, the fishing industry
greatly contributes to the country’s gross domestic product
valued at Php 196 billion (USD 3.7 million) (FAO 2018).
Although aquaculture’s importance continues to grow
worldwide (Krause et al. 2015), the fishing industry in
the country has yet to be sustainably managed, with key
challenges traced to inadequate management systems and
structures (FAO 2018). The financial benefits generated
by aquaculture may be outweighed by environmental
costs such as water pollution and biodiversity loss, with
implications for the deterioration of ecosystem functioning
and services (Legaspi et al. 2015). Considering such a
trade-off, there is substantial social demand for welldeveloped and science-based management for lake
ecosystems. This management must include integrated
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knowledge (i.e., physical, chemical, biological, and
socio-economic data) in order to make careful decisions
based on trade-offs among ecosystem services critical to
humanity (Levin et al. 2009).
This paper presents an overview of existing knowledge
on the SMLs of San Pablo City, Laguna, Philippines
through peer-reviewed journals, books, professional
society conference proceedings, and technical reports.
We review available studies and identify challenges,
knowledge gaps, and future research directions based on
what is already known. We also present our preliminary
limnological monitoring data such as vertical profiles of
chemical (i.e., water temperature, DO, pH, conductivity
and salinity) and biological properties (i.e., trophic status)
in order to assess the past and present water quality status
of the SMLs. Some of these were previously gathered
through classical methods but can be updated using
equipment unavailable in the past. This review will
support a more comprehensive understanding of these
tropical aquatic ecosystems and help to propose a new
monitoring scheme to collect limnological data needed
for ecosystem management that promotes environmental
stewardship of the SMLs.

MATERIALS AND METHODS
Study Sites
In the Philippines, tropical and oceanic climates exist
– characterized by abundant rainfall, relatively high
temperature, and high humidity due to the surrounding
bodies of water. Located on the island of Luzon in the
Philippine archipelago, approximately 102.2 km from
Manila, are the seven volcanic crater lakes (hence also
called ‘maar lakes’) of San Pablo City – namely Lakes
Calibato (14.1036000 °N, 121.3769528 °E); Pandin
(14.1153278 °N, 121.3686028 °E); Yambo (14.1181583 °N,
121.3675222 °E); Mohicap (14.1222556 °N, 121.3347417
°E); Palakpakin (14.1112889 °N, 121.3384000 °E);
Sampaloc (14.0784500 °N, 121.3340139 °E); and Bunot
(14.0807639 °N, 121.3424139 °E) (Figure 1). Based on the
rainfall distribution, the location of the SMLs falls under
Type 1 climate (Kintanar 1984), described as having short
dry season per year. As the climate is mainly influenced
by location, physical geography, and large-scale climate
systems, the SMLs has a tropical monsoon climate
(Köppen-Geiger Am) with an average annual rainfall of
2,069 mm (Villarin et al. 2016). The average warmest air
temperature in the province is recorded in May (32 °C
during daytime; 24 °C during nighttime) while the coldest
is recorded during January (27 °C during daytime; 21 °C
during nighttime) (https://www.ncdc.noaa.gov/; NOAA).
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Figure 1. Map of the SMLs: 1) Calibato, 2) Pandin, 3) Yambo, 4) Mohicap, 5) Palakpakin, 6) Sampaloc, and 7) Bunot.
Map generated using QGIS Software Version 2.18.

The SMLs, located on the island of Luzon in the
Philippines, have been the subject of several studies
across various disciplines. Since the 1970s, the Laguna
Lake Development Authority (LLDA) has been managing
water quality monitoring in Lakes Yambo and Mohicap
(Sta. Ana et al. 2005d, e) and – since the 1980s – in
the remaining five lakes (Sta. Ana et al. 2005a, b, c,
f, g). Some of the challenges faced in this task were
equipment malfunctioning, power interruptions, and
limited funding and allocation for specialized chemical
analyses – which made it difficult to acquire consistent
quarterly data. Despite these difficulties, the LLDA
has tried to take quarterly measurements of the water
quality in the SMLs. Chemical parameters measured
include water temperature, DO, pH, total suspended
solids, total dissolved solids, turbidity, chloride, nitrate,

ammonia, phosphate, biochemical oxygen demand, and
chemical oxygen demand. Biological parameters such as
phytoplankton, zooplankton, and chlorophyll α are also
being monitored quarterly.
In 2014, the SMLs were proclaimed to be ‘threatened lakes’
by the Global Nature Fund, and were given protected status
by the Department of Environment and Natural Resources
– Environmental Management Bureau (DENR-EMB) as
candidate key biodiversity areas with moderate pollution,
sedimentation, and ecological stress (DENR-EMB 2014).
These small lakes are of great scientific interest and are
highly valued, yet many of their most basic and important
limnological characteristics are still not available in the
conventional literature. Among the SMLs, Lake Sampaloc
is known to be the youngest maar, formed about 500–700
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years ago (GVP 2013). One research work gave findings
on the age of three of the SMLs using radiocarbon dating
techniques confirming the 700 years of Lake Sampaloc,
260 years of Mohicap, and 300 years of Lake Yambo’s
lake existence (Bannister et al. 2019). This type of work
has great importance in knowing the lakes’ histories and
rates of biotic and tectonic evolution (Cohen et al. 1986).
These lakes are of great importance to local communities
as they are utilized for fish cage aquaculture, communal
fishing grounds, and tourism (Brillo 2016d). Some of the
lakes are popular as tourism sites – particularly Pandin,
Yambo, Sampaloc, and Mohicap – with the local community
having a clear, equitable share of all profits (Brillo 2016d,
e). While generally the SMLs also serve as aquaculture and
fishing sites, this activity is concentrated in Lakes Calibato,
Bunot, Palakpakin, and Sampaloc (Brillo 2015b, 2016c, d,
e). Human population in settlements surrounding each lake,
using data from the National Statistics Office (NSO) Region
IV-A as of August 2015 (Table 1), was estimated highest
in Lake Sampaloc (18,600) since it is located close to the
city proper. The highest estimate was followed by Lakes
Pandin (8,500), Calibato (8,500), and Bunot (8,300). While
the least populated lakeshore areas were in Lakes Mohicap
(3,800) and Yambo (2,000).
Literature and Data Search
We used popular scientific search engines (e.g., Google,
Google Scholar) to gather peer-reviewed journal articles,
books, professional society conference proceedings, and
technical reports – both from private institutions and
government agencies – that highlighted all the SMLs
or at least one. Articles gathered were classified into
four dominant topics: 1) socioeconomics, 2) fisheries,
3) environment, and 4) biodiversity. ‘Socioeconomics’
accounts include social studies mainly dealing with
challenges and gaps in the development of the SMLs
as livelihood and natural resources. Accounts under

‘fisheries’ include reports of problems faced as the
aquaculture industry in the SMLs became extensive.
Under this category also fall accounts suggesting actions
or methods for operations and regulations towards
sustainable aquaculture, open fisheries, and lake usage.
‘Environment’ accounts include known information on
the climate, land use, and physical limnology of each
lake. Lastly, the number of documented aquatic animal
species was gathered and summarized in the ‘biodiversity’
category. All gathered, classified, and tallied literature
were evaluated and discussed based on their relevance.
The present SA devoted to aquaculture using fish cages in
each lake was estimated through Google Earth maps, while
previous data for 2017 were retrieved from the LLDA.
Preliminary Survey of the SMLs
Measurement of chlorophyll α concentration was
conducted to assess the trophic status of the SMLs from
October 2016 to September 2017. In addition to this, we
deployed a water quality sonde (Exo1, YSI Inc., USA) in
August 2018 when the lake was stratified. The deployment
was done in the deepest portion of each lake to examine the
vertical profiles of basic physicochemical parameters such
as temperature (°C), DO (mg L−1), pH, conductivity (μS
cm−1), and salinity (PSU) from the surface to the bottom
of each lake. These data were standardized and compared
to gathered water quality data to provide insights into
past and present environmental conditions of the SMLs.

RESULTS AND DISCUSSION
Dominant Research Topics in the SMLs
Our literature search yielded a total of 55 published
papers; this total includes papers published between

Table 1. Physical characteristics of the seven lakes of San Pablo City, Laguna, Philippines.
Lake

Bunot

Calibato

Mohicap

Palakpakin

Pandin

Sampaloc

Yambo

Elevation (masl)

110

1706

80

100

160

106

160

Surface area (m2)

305,000

430,000

228,900

479,800

240,000

1,060,000

305,000

Maximum water depth (m)

23

156

30.4

7.7

61.75

27.6

38

*Trophic condition

E

E

M

E

M

M

M

Fish cage surface area
percentage, 2017 vs. 2018 (%)

13.08

14.47

6.16

11.78

2.46

9.56

2.20

18.70

22.36

5.77

17.25

1.80

7.68

2.07

+Settlement

8,300

8,500

3,800

8,200

8,500

18,600

2,000

F

F

F, T

F

F, T

F, T

F, T

Notes

population

F – fishery, T – tourism
*Lake trophic conditions (Fuller and Jodoin 2016) of the SMLs of San Pablo City based on average chlorophyll α concentrations from October 2016 to September 2017
(M – mesotrophic, E – eutrophic).
+Settlement population data collected from NSO Region IV-A.
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1939 and 2019. These papers were categorized into four
dominant topics – namely socioeconomics, fisheries,
environment, and biodiversity (Figure 2). Most of the
accounts (N = 24) were focused on the lake environment,
particularly studies and assessment on the water quality
and ecological interactions. Limited studies that dealt
solely on the physical limnology of the SMLs were found.
The fewest accounts (N = 7) were focused on biodiversity
or biological communities, including inventory data on
aquatic species from individual lakes. Of the seven lakes,
Lake Sampaloc was the most studied (N = 33) and was
also the first (ca. the 1930s) to have been studied. Other
lakes have received considerably less attention (Brillo
2016a), with only 7–12 published works each.

SMLs formed a federation that traditionally established
the aquaculture methods. These methods entail using fish
cages of a common size (10 × 20 × 5 m), stocked three
times per year with 3,150 pieces of tilapia (Oreochromis
niloticus), which consumes 1.25 tonnes of commercial
feeds per day (Santiago and Arcilla 1993).

Figure 2. Timeline of SML case studies under the four major
categories: biodiversity, environment, fisheries, and
socioeconomics.

After two decades of implementing the code, excessive
total SA devoted to aquaculture can still be observed
– especially in Lakes Calibato, Bunot, and Palakpakin –
where the present estimations of fish cage SA exceed the
10% allowable lake SA devoted to fish cages (Table 1).
In Lake Calibato, fish cage SA percentage was estimated
at 14.47% in 2017 but has reached 22.36% in 2018.
Increasing unrestricted operations can also be observed
in Lake Bunot with 18.70% SA and Lake Palakpakin
with 17.25% SA for fish cages, following somewhat
more acceptable 2017 data: 13.08% SA and 11.78%
SA, respectively. Meanwhile, the remaining lakes –
Sampaloc, Mohicap, Yambo, and Pandin – conformed
to the allowable fish cage SA. This may be due to the
gradual trend of using the lakes for ecotourism rather than
for aquaculture, as efforts from local government units
determined to turn the SMLs into venues for ecotourism
(Brillo 2017). The managers of the SMLs (i.e., LLDA and
local government units) issued a new fishing structure
zoning map, massively demolished fish cages of an area
of 900 million m2, relocated over 400 families of illegal
settlers around the lake circumference, and offered

Socioeconomics: Developments and challenges faced
by the SMLs. Like all freshwater ecosystems, the SMLs
have been playing important roles in the lives of the
people living near each catchment. Aquaculture and
inland capture fisheries had a growing importance in fish
production for human consumption and poverty reduction,
especially in rural areas (FAO 2014). Legaspi et al. (2015)
and Bannister et al. (2019) presented information about
the SMLs prior to the introduction of aquaculture through
sedimentary histories of Lakes Sampaloc, Mohicap, and
Yambo. They detected abrupt environmental changes
by looking on variation in the diatom assemblages
before, during, and after the introduction of aquaculture.
Widespread aquaculture practices began in the SMLs
in 1975, with challenges accumulating as the decades
progressed such as mismanagement arising from
unregulated aquaculture practices in some of the lakes.
Historically, small fishermen operating fish cages in the

Challenges in the management of the SMLs were
identified such as conflicting interests among stakeholders,
inappropriate zoning plans for fish cages, domestic wastes
from informal settlers on the lakeshore, and policy and
institutional disputes (LLDA 2014). In almost all of the
SMLs, sustainable development initiatives and programs
were lacking (Brillo 2015a, b, 2017; Amit et al. 2016).
Other challenges were brought by the degree of power and
influence in the use of lake resources (Amit et al. 2016)
and spreading urbanization (Brillo 2015b). In the face of
the demands by a growing population, the expansion of fish
cages in the SMLs – such as in Lake Sampaloc (Santiago
and Arcilla 1993) – was unmanaged and uncontrolled in the
past. Then in 1998 – through the Philippines Fisheries Code
(Republic Act 8550) – licenses for fish cage operations were
implemented, as was an allotment of 10% of each lake’s SA
for fish cages and other structures for aquaculture. These
policies were further amended through R.A. 10654 – an act
for the prevention and elimination of illegal, unreported,
and unregulated fishing – which were included by 2015.
These ensure the rational and sustainable development,
management, and conservation of the fishery and aquatic
resources in the Philippine waters. However, these policies
were founded on legal considerations rather than scientific
ones (LLDA 2014).
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alternative livelihood to those who were displaced by the
new promulgations (Cinco 2017).
The SMLs were shown to have important roles in
tourism, agriculture, and aquaculture, as well as urban
expansion (Quintal et al. 2018). These lakes also give
identity to its city, San Pablo, known as the ‘City of the
Seven Lakes.’ Realizing the SMLs importance to the
local community, managers executed zoning and land
use requirements through Ordinance No. 2012-40, which
requires an easement area of 30 m away from the lakes
if it will be used for urban purposes. Implementation of
prior permits for conversion of land use in forest areas
(e.g., residential, commercial, or industrial) through
the Department of Environment and Natural Resources
(DENR) is also passed (Quintal et al. 2018). Aside from
these implementations, careful monitoring is necessary to
determine whether these were strictly followed.
Fisheries: Aquaculture practices impacting the lakes.
Occasional fish kill events, mainly affecting aquaculture
sites, were documented in the SMLs (e.g., Calibato,
Mohicap, Sampaloc, and Bunot). These events, which
happened in the 1990s and 2000s, may be related to the
decline of the water quality in the SMLs. This deterioration
may have been brought by nutrient inputs from the fish
cages, excessive use of commercial fish feeds, domestic
waste, as well as upwelling of anoxic waters that happens
during the “cold” months (i.e., December to February)
(Brillo 2015a; 2016a, c, f; Diana 2009). Aeration was
already attempted – for example in Lake Palakpakin
wherein an automated aerator was installed together with
wireless sensors measuring and recording DO, temperature,
and conductivity – so as to detect critical water quality
values at the onset of fish kill events (Solpico et al. 2014).
Agencies with deep involvement and interest in the SMLs
seek sustainable measures to protect and rehabilitate
the lakes, as the extensive utilization of fish cages with
excessive use of fish feeds pose a great threat to the aquatic
life and stand to lead to faster deterioration of the lakes
(Orosa 2014). The SMLs’ development and management
plan recommend assessing the carrying capacity of
aquaculture in order to establish a baseline relative SA for
fish cage volume (LLDA 2014). This recommendation is
expected to help determine and control the stocking density
and feeding requirements of the fish cages (R.A. No. 8550).
In the future, GIS-based research may help to evaluate the
relative importance of domestic loading coming from each
lake’s catchment vs. from aquaculture loading.
Underestimated biodiversity of SMLs. In these small
tropical maar lakes, plankton research comprised most of
the published data on biodiversity. Much of these were in the
form of taxonomic researches investigating distributional
patterns of zooplankton in Philippine inland waters (Papa
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et al. 2012, Pascual et al. 2014, Dela Paz et al. 2016). This
includes a report on the presence of an invasive calanoid
copepod, Arctodiaptomus dorsalis, which has potentially
displaced native and or endemic calanoid copepod species
in many Philippine lakes, including the SMLs (Papa et al.
2012). Limited research on phytoplankton communities has
also been conducted as part of the water quality reporting
by local government institutions (Zapanta et al. 2008).
In Lake Mohicap, for instance, studies on phytoplankton
abundance and composition have revealed that an increase
in nutrient levels was caused by anthropogenic factors,
particularly by aquaculture and domestic waste inputs
(Cordero and Baldia 2015, Sambitan et al. 2015). An earlier
study compared phytoplankton diversity between Lakes
Pandin and Sampaloc regarding the latter as eutrophic
and ‘organically polluted’ lake (Zafaralla 2010). While
documentation of microalgae in the SMLs and in the nearby
Crocodile Lake was done by Zafaralla (2014). In the said
study, seven classes, 19 orders, 38 families, and 98 genera
were documented – from which most were collected from
Lakes Pandin, Sampaloc, and Crocodile – and with only
few representatives from the remaining lakes.
Most of the biodiversity researches in the SMLs were done
in Lake Sampaloc, including the earliest study in the SMLs
which was a taxonomic account of the shrimp Palaemon
talaverae (Blanco 1939). A study on gastropod diversity
was also conducted in Lake Sampaloc, which was then
compared to two other lakes in the southern Luzon island
region – Laguna de Bay and Lake Taal (Adorable-Asis et
al. 2016). Studies on fish parasites have also been heavily
concentrated in Lake Sampaloc (de la Cruz et al. 2013,
Briones et al. 2015, Paller et al. 2015).
With limited biodiversity research conducted in these
small maar lakes, it should be noted that the present listing
of all flora and fauna in the lakes may not be accurate.
For example – although the apparent aquatic species
richness (59 species) of Lake Sampaloc is highest among
the SMLs – this may be merely a consequence of research
effort concentrated on Lake Sampaloc, rather than a real
diversity peak. From this perspective, lower apparent
species richness in other lakes may result solely from the
lack of research effort there. In the same light, it would be
interesting to determine if native species recorded in Lake
Sampaloc are also present in other lakes. These lakes are
yet to be assessed, not only for common and charismatic
species (large species such as fish) but also for smaller
and non-charismatic species (insects and benthos), in
order to view without bias the holistic response of aquatic
communities exposed to considerable and potentially
irreversible environmental changes.
Environment: Assessment of past and present water
quality status. Currently, we have limited knowledge
on the physical limnology of the SMLs in spite of the
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known importance of determining the dynamics behind
stratification, transport processes, and vertical gradients in
lake ecosystems (Boehrer and Schultze 2008). Monitoring
the SMLs’ water quality over time is important to allow
the managers and stakeholders to follow trends, detect
the lakes’ health, and sense unforeseen problems as they
emerge. In spite of this, efforts were still done to maintain
the water quality of the SMLs. A management framework
was initially drafted for Lake Pandin and eventually
implemented for the rest of the SMLs. The LLDA aimed to
maintain ‘Class C’ water quality, according to the national
criteria set by the DENR in Administrative Order (DAO)
2016-08 and DAO No. 34 (LLDA 2014, DENR 2016).
These standards were set for freshwaters intended primarily
for the propagation of fish and other aquatic resources;
for recreation such as boating, fishing, and other similar
activities; and for industrial water supply, agriculture,
irrigation, and livestock watering (DENR-EMB 1990).
On this basis, these orders determined that the maximum
temperature shifts within the water column should only be 3
°C. Our present monitoring (during August 2018) revealed
that the maximum water temperature shifts in the first 5 m
depth of each of the lakes remain within this limit (Figure
3). Meanwhile, the ideal pH range for the thriving of fish
species – according to the standard adopted for Class C
fishery water – has to remain between 6.5 and 8.5 (Hallare
et al. 2005). From the water quality monitoring report of
LLDA (Zapanta et al. 2008), the averaged pH values of the
SMLs from 2006 to 2008 still fall within the said limits.
Bannister et al. (2019) presented pH data collected during
February, May, August, and November 2017 at Lakes
Yambo, Mohicap, and Sampaloc. They presented annual
pH estimates from the summed and averaged monthly data,
from which certain depths (i.e., 10–20 m of Yambo, 5–10
m of Mohicap, and all depths for Sampaloc) revealed pH
estimates outside the ideal range during May and August
2017. While our present pH measurement, taken August
2018, revealed that Lakes Yambo (5–40 m, averaged values
6.31 ± 0.10); Pandin (0–15 m, 5.16 ± 0.22); and Calibato
(all depths, 5.74 ± 0.33) with pH levels less than the 6.5
limit (Figures 3e, f, and g). Implications of low pH levels in
lakes, specifically within 5.8–6.0, were reported to severely
affect the growth and reproduction of aquatic organisms
(Kelly et al. 1984). Our present pH readings may still be
out of the said critical range for aquatic organisms, but we
should note already that it has now out limited the Class
C standards. For this reason, we insist on more intensive
monitoring of important physicochemical parameters (such
as pH) to aid in maintaining good water quality, predict
trends, and avoid future aquaculture disasters.
DO, another important parameter for the survival of
aquatic organisms and in turn indicates good water quality,
was also being monitored by the LLDA. The minimum

Figure 3. Vertical profiles of water temperature (♦), DO (▲), pH
(+), conductivity (●), and salinity (x). Each value shown
represents measurements at each depth during August
2018. Lakes are arranged according to maximum depth:
a) Palakpakin, b) Bunot, c) Sampaloc, d) Mohicap, e)
Yambo, f) Pandin, and g) Calibato.

DO at the present water temperature range in the SMLs
(24.24–28.98 °C) is required to remain at or above 60%
saturation i.e., 8.4 to 7.7 mg/L, respectively (Rice et al.
2012). Below this level and the established Water Quality
Class C standard at 5 mg/L, DO requirement was met in
each lake only for the shallowest few meters of depth, or
not at all, with some variation among SMLs (Figure 3).
This was especially the previous observation in Lakes
Bunot, Mohicap, and Calibato – where the acceptable
DO amounts were attained only at 2 m depth from 2006
to 2008 (Zapanta et al. 2008).
Strong evidence from an extensive body of research shows
the impacts of human population demands on the physical
characteristics of lakes. In particular, the transport of
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dissolved organic carbon, which causes oxygen depletion,
is detrimental to the aquatic community (Poff et al.
2002). In Lake Mohicap, Legaspi et al. (2015) examined
the impacts of the developing freshwater aquaculture
along with expected effects of relevant regulations. They
further pioneered the use of paleolimnological methods
to reconstruct the long-term dynamics of lake ecosystems
in the Philippines. In 2018, Engels et al. (2018) used data
on spheroidal carbonaceous particles from sediment cores
collected from Lakes Yambo, Mohicap, and Sampaloc as
an atmospheric pollution indicator. Their data was then
compared to those from Lake Tasik Chini (Malaysia) and
Singapore Reservoir (Singapore) to trace the development
of air pollution in the Philippines, Malaysia, and Singapore.
As an indicator of the trophic status of lakes, chlorophyll
α concentrations were measured monthly as a pilot for
a future monitoring scheme for the SMLs (Table 1). In
general, Lakes Palakpakin, Bunot, and Calibato were
categorized as eutrophic (6.1–22 μg/L), while Lakes
Sampaloc, Mohicap, Yambo, and Pandin were classified
as mesotrophic (2.2–6 μg/L). Lakes Yambo and Pandin
were previously reported as oligotrophic (Zapanta et al.
2008), but our data reveal that these lakes’ trophic status
has shifted to mesotrophic over the past decade. This may
suggest that current rehabilitation efforts have not been
fully successful, and that cultural eutrophication is still
happening in these two lakes. Further efforts should be
made to reduce nutrient loadings into the SMLs, which
have been intensively used for aquaculture.
Recommendations and Call for Science-based Lake
Management
Several frameworks for sustainable management of
fisheries and aquaculture for freshwaters have already
been proposed. From this, strict implementation and clear
sanctions should be established if the enforcements are
not followed. As fish cage aquaculture in the SMLs has
already been one of the major sources of livelihoods, it is
impossible to simply eradicate this practice to solve the
deteriorating health of the lakes. Biological perspectives
on fisheries problems can be complemented by taking an
economic and political point of view (Kumar 2014). While
we benefit in the farming of non-native fish such as tilapia,
native fish species face threats since the inevitable escape
of tilapia in fish cages result in competition for food and
space, hence tend to be invasive (Vicente and FonsecaAlves 2013). Lake managers and lawmakers may consider
promoting native fish fingerling seeding for open-water
fishing. They may further organize events encouraging
lake users to realize the importance of responsible fishing
for the health of the lakes. New measures should be
motivated by science while being mindful of sustainability
and maintaining reasonable yields.
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As lakes are sensitive to climate-related changes, we
must also identify limnological variables that could show
lake responses to climate forcing and the influence of the
catchment (Adrian et al. 2009). Such analyses could also
provide a better understanding of these lakes, making way
for the development of management strategies capable of
increasing their resiliency to the direct impacts of climate
change. This was fulfilled by Bannister et al. (2019) by
presenting paleo- and contemporary limnological data that
provides insights into past and present states of three of the
SMLs (i.e., Lakes Yambo, Mohicap, and Sampaloc). Highquality research work such as the previously mentioned
published paper is a breakthrough in understanding and
knowing the present state of these crucial ecosystems
and natural resources, as well as in formulating sciencebased recommendations for more efficient management.
After the publication of scientific results, experts should
try to share and transform the knowledge in a way that
managers, lawmakers, and locals could use.
With the present state of the SMLs, we further recommend
continuous and consistent water quality monitoring of the
SMLs by the LLDA. The identified challenges in their
monitoring task could be resolved if the focus on important
water (i.e., water temperature, DO, pH, and salinity) and
biological (i.e., macro and micro invertebrates, fish, and
plants) parameters will be done based on clear and well
thought out targets. Capture fisheries stock assessments
and improvement of native fish stocks could significantly
help in the sustainable use of the SMLs. Good aquaculture
practices and use of environment-friendly floating fish
feeds is also advised.
Rehabilitation efforts and management programs for
eutrophic lakes have been the focus of many nations
using dilution, aeration, aquatic plant management, and
the curbing of nutrient influx (Peterson et al. 1974, Born
1979). Although not all have been successful, several
strategies in lake rehabilitation have been effective in some
cases (e.g., Lakes Biwa in Japan, Constance in Germany,
and Erie in North America). Since lakes are found in
different latitudinal regions, each with its own set of
unique limnological properties, generalizations regarding
lake protection and management cannot be made (Lewis
EM 2000). Most importantly, the sustained collaborative
efforts from the LLDA, the city government, and
various stakeholders of the SMLs – including fishermen,
landowners, local government officials, non-government
organizations, academe, and other agencies – is the key
to conserve and protect all the SMLs.
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CONCLUSION
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APPENDIX
Table I. Provisional species list documented in the SMLs of San Pablo City, Laguna, Philippines.
Phytoplankton

Macrophyte

Zooplankton

Fish

Gastropod

Other invertebrate

Anabaena sp. (7)

Eichhornia
crassipes (6)

Arctodiaptomus
dorsalis (1–7)

Carassius gibelio
(6)

Bullastra
cumingiana (6)

Acanthogyrus sp.
(6)

Aulocoseira granulata (3)

Nymphaea
pubescens (6)

Asplachna sieboldi
(1–7)

Cichlosoma sp. (6)

Cipangopaludina
chinensis (6)

Palaemon talaverae
(6)

Ceratium sp. (5)

Pistia stratiotes (6)

Bosmina
longirostris (1–7)

Hypopthalmichthys
nobilis (6)

Jagora asperata (6)

Cladophora spp. (6)

Brachionus
angularis (1, 2, 3,
5, 6)

Channa striata (4,
5, 6)

M. tuberculate (6)

Closterium sp. (5)

Brachionus
calicyflorus (1–7)

Cyprinus carpio
(4, 5, 6)

Melanoides cf.
turriculus (6)

Coelastrum sp. (1–7)

Brachionus
caudatus (2, 4, 5, 7)

Oreochromis
aureus (4, 5, 6)

Physastra
hungerfordiana (6)

Cosmarium sp. (5)

Brachionus
diversicornis (3)

Oreochromis
niloticus (1–7)

Plotia scabra (6)

Crucigenia sp. (1–7)

Brachionus falcatus
(1–5, 7)

Parachromis
managuensis (4,
5, 6)

Pomacea
canaliculata (6)

Cyanophyta sp. (7)

Brachionus
forficula (1, 2, 3,
5, 6)

Giuris
margaritacea (4,
5, 6)

Tarebia granifera
(6)

Fragilaria crotonensis (3)

Brachionus
quadridentatus
(2,4,5)

Glossogobius
aureus (6)

Thiara winteri (6)

Glenodinium sp. (5)

Brachionus sp. (1)

Leiopotherapon
plumbeus (4, 5, 6)

Hormidium sp. (1–7)

Brachionus
urceolaris (1, 2,
3, 6)

Clarias batrachus
(6)

Melosira sp. (1–7)

Ceriodaphnia
cornuta (1–7)

Pangasianodon
hypopthalmus (6)

Microcystis sp. (1–7)

Diaphanosoma
excisum (1–7)

Vieja sp. (4, 5, 6)

Navicula sp. (5)

Diaptomus sp. (1,
3, 5, 6)

Nitzschia sp. (1–7)

Filinia longiseta (1,
2, 3, 4, 5, 6)

Oscillatoria sp. (7)

Filinia opoliensis
(1, 3, 4, 5, 6)

Oocystis sp. (5,6)

Hexarthra fennica
(2–7)

Schroederia sp. (1–7)

Keratella sp. (1–7)

Staurastrum sp. (5)

Kurzia sp. (6)

Stephanodiscus sp. (5)

Lecane sp. (3,5)

Aulacoseira granulate (3,
6, 7)

Lecane ungulata (1,
2, 4, 6)

Cyclotella meneghiniana
(3, 6, 7)

Macothrix sp. (6)
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Discostella stelligera (3,
6, 7)

Mesocyclops sp.
(1–7)

Discostella
pseudostelligera (3, 6, 7)

Moina sp. (4)

Nitzschia palea (3, 6, 7)

Synchaeta sp. (1,5)
Thermocyclops
crassus (1–7)
Thermocyclops
decipiens (1, 3)
Thermocyclops
sp. (2)
Thermocyclops
taihokuensis (1, 3,
4, 5, 6)
Trichocerca sp.
(1–7)
Trichocerca
ungulata (4)

References: Adorable-Asis et al. 2016; Bannister et al. 2019; Blanco 1939; Briones et al. 2016; de la Cruz et al. 2013; Dela Paz et al. 2016; Legaspi et al. 2015; Papa et
al. 2012; Sta. Ana et al. 2005a, b, c, d, e, f, g; Zapanta et al. 2008
1) Bunot, 2) Calibato, 3) Mohicap, 4) Palakpakin, 5) Pandin, 6) Sampaloc, and 7) Yambo
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