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ABSTRACT
San Pablo City in Laguna province (Luzon Islamsiknownfor its seven freshwater lakes, one |pf
which, Lake Mohicap, is of major use for aquacuturhis year-round study (April, 2013-March,
2014) involving biweekly water sampling evaluatkd phytoplankton community structure in tfie
lake in terms of occurrence of dominance by phydfimajor groups and their succession by seagon
and the relationship between water quality paramsetin terms of cell density, Bacillariophyta (Bd)
showed the highest abundance, followed in decrgeamider by the Cyanophyta (Cy), Chlorophye
(Ch), and both Euglenophyta and Dinophyta. Ba apdcG-dominated in the rainy season (Ju i
Nov), Ba, Cy and Ch in cool dry season (Dec-Febjl, again, Ba and Cy in hot dry season (Mar-
May). Results of Pearson’s correlation coefficiéntbetween phytoplankton densities by phyllim
and the water quality parameters were consistentdgatively significant. Cyanophyta was npt
correlated with all considered parameters. Dinoghytas correlated negatively significant wi
nitrate (n) and conductivity (c), as did Euglenoghyith temperature (te), phosphate (p), n, ahd
dissolved oxygen (DO), and Chlorophyta with tramspay (tr), te, p, n, and DO. Onl}
Bacillariophyta gave significant positive correlatis with te, p, n, DO and chlorophyll a, but iflst
was with significant negative correlation with tOverall, Mohicap is a small lake and it$
phytoplankton community exhibited temporal (seaBobat not spatial fluctuations in physic
chemical water parameters. Its use in aquacultsraijeopardy making its water quality in critica
level.

Keywords Lake Mohicap (Philippines), phytoplankton, temgdowariation, physico-chemica
parameters

INTRODUCTION
Aquatic ecosystems are highly susceptible to dpadiad temporal changes, their component
phytoplankton community includédThe phytoplankton is an assemblage of primargpeers occurring
mainly in the upper stratum of the water. In thissemblage prokaryotic (blue-green algae or
cyanobacteria) and eukaryotic organisms (algaeifferent phyla) vary widely in size and growth
organization at the microscopic le¥ghence constitute the all-important foundatiorthef food web in
the ecosystefri®®
In freshwater lakes in the tropics, the phytoplanktommunity serves as a long-term gauge of patenti
total productivity, energy flow and fish yield, atikewise of the trophic status of the laKeslterations
in species composition, biomass and primary préoiittave a major impact in the environnféfit
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These correlate with seasonal changes in the givgbiemical properties of the water such as levels o
pH, temperatuf®e transparency, dissolved oxygérphosphate, nitrogéhand zooplankton grazify

San Pablo City in Laguna province (Luzon Islandki®wn for its seven lakes, one of which, Lake
Mobhicap, is of major use for aquaculture. Globatu¥a Fund (GNF) has pronounced Lake Sampaloc and
the six other lakes, that includes Lake Mohicathas Threatened Lakef the Year 2014” because of the
deterioration of water quality resulting from pfeliation of fish cages, aquaculture malpracticeg.,(e
overstocking and overfeeding), illegal physical stomctions along the shoreline, pollution and other
anthropogenic activitiéd The Environmental and Research Division of thgurea Lake Development
Authority (LLDA) have been monitoring the phytopkdon community in Lake Mohicap since mid
1990’s. Categorized into phyla, Cyanophyta and figloyta dominated from 1996 to 2005, Chlorophyta
in 2006 to 2008, Cyanophyta and Chrysophyta in 284d 2011, and Chrysophyta and Cyanophyta in
20129202122 However, there is no detailed information on bibin temporal and spatial variations of the
phytoplankton community in relation to changestia physico-chemical parameters of the water. It is
this aspect that the present study is focused &a Mohicap from April, 2013 to March, 2014.

MATERIALS AND METHODS
Study Area
Lake Mohicap (N 14° 07.330’, E 121° 20.078’), orieghe famed seven lakes in San Pablo City, is &tat
in Barangay San Buenaventura (Fig. 1.). Its suréaea is 22.89 ha, and maximum depth of 38 2inis
of volcanic origin, as are its six sister lakegnfed by the eruption of distant Mt. San Cristobahntry
Mt. Banahao. Lava from the eruption intersectechwilite groundwater forming concentric depressions
which then eventually filled with water. These lakae natural resting places of migratory birdsiogm
from China and Japan in wintérThe LLDA by virtue of Republic Act 4850 in 196@& jurisdiction
over Lake Mohicap. It is responsible for the depebtent, environmental management and control,
preservation of the ecological systems, and préveif the deterioration and pollution of the lakake
Mohicap water is “Class C” type of inland wateg.,.suitable for growth and propagation of aquatic
resources, recreation and industrial use [Dept.Eaironmental & Natural Resources (DENR)
Administrative Order No. 34, Series of 199®hilippines experiences two alternating seasanh gear.
The rainy seasonstarts in June and ends in November anddiiyeseasonbegins in December and
extends till May. Philippine Atmospheric, Geophydic& Astronomical Services Administration
(PAGASA) further subdivides the dry season intwml dry (December-February) arttbt dry (March-
May) seasorfd. This 3-season-year calendar was adopted intthniy.s
Water Sampling
Lake Mohicap was cross-transected into four appnaiely equal-sized sections for even collection of
samples. Three marked linear sampling stationsdesjant to each other were then established didgona
to each section. Water sampling was done biwee&h enonth from April, 2013 to March, 2014,
between 11:30 am and 4:00 pm. A 3-L customizediRJmss water sampler was used for three hauls
each from the surface, middle and bottom of themablumn at each sampling station. The total amoun
of samples was then pooled or integrated into anegpte. From the latter, 1 L was quickly fixedsitu
by the addition of a few drops of 70% Lugol’s icglisolution, then sealed in plastic bottle; this wesd
in ex situdetermination of phytoplankton composition andgitgn Another 1 L was untreated, placed
and sealed in plastic bottle, kept cool during $pamt, and frozen in the refrigerator in the labanafor
later use irex situdetermination of chlorophy#, nitrates and phosphates.
Water Physico-chemical Parameters
For physical parameters, water temperature, wegasparency and rainfall were included. Xplorer GLX
was used for temperature and, for transparenc@;@BSecchi disk was used and determinesitu. For
rainfall data, it was obtained from a governmesstitotion (PAGASA). For chemical parameters, these
include chlorophylla, nitrates, phosphates, pH, conductivity and digsbloxygen. Recommended
method of American Public Health Association (APHARPOO was followed for chlorophylh
determinatioh
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Nitrates and phosphates were measured using a HARRHL 2800 Complete Water Quality Lab
Equipment. Dissolved oxygen, conductivity and pHrevevaluatedn situ using Xplorer GLX water
sensor. When this was not available for field dsmyever, Lutron PDO-520 and Hach Water Quality
Test Strips were substituted for DO, temperatuckth, respectively.

Phytoplankton Density

The protocol of Martinezt al, was followed. Ten-mL aliquots from iodine-fixecater samples were
centrifuged (20,000 rpm) for 10 minutes and appat@ramounts were loaded in Neubauer Counting
Chamber for density determination as viewed usitygnPus CH20 compound light microscpe

Statistical Analyses

Normality of the data for the physico-chemical paeters and phytoplankton abundance in four sampling
sections was tested using Shapiro-Wilk test. Resslibwed that these were not normally distributed.
Non-parametric Kruskal-Wallis test was then useadfdicther analysis. Results showed that there veas n
significant difference between the physico-chemigater parameters and phytoplankton abundance by
phylum among the four sampling sections. This mayatiributed to the relative small size of the lake
To determine the relationship between the phytdan groups (phyla) and physico-chemical
parameters, Pearson’s Correlation Coefficientas used.

RESULTS AND DISCUSSIONS
Water Physico-chemical Parameters
Temperaturewas highest in May (30.0°C) during the hot dry seaand the lowest was in January
(25.8°C) during the cool dry season in the coufifigble 1). Transparenayas lowest in April (1.3 m)
during the hot dry season and its highest was pie®eber (4.1 m) during the rainy season. Nitrates
content was highest in June (25.8 mg/L) duringdhset of the rainy season and lowest in Januagy (3.
mg/L) during the cool dry season. From April toyJ@013, the amount exceeded by about 1% the
allowable limit for Class C type of inland watett 5 the DAO 1990. Phosphates level recorded was
highest in June (2.4 mg/L) and lowest in March (@.@L). The levels determined throughout the one-
year water sampling were consistently way above lin@ for fish aquaculture in lakes. The high
amounts of nutrients in Lake Mohicap may be atteduto aquaculture malpractices and anthropogenic
activities in the aré&**'? Dissolved oxygen (DO) was highest in May (7.8 Ij\gdwards the end of the
hot dry season. This could be due to the presehbaglo density of phytoplankton that contributed DO
thru photosynthesis. Rainfall in the country, adang to PAGASA, peaks during the rainy season [@17.
(318.3-682.0)mnif. The lowest DO recorded was in February (3.3 hilthe cold dry season. This
coincided with the low density of phytoplankton dadr rainfall. From the mid-January to mid-February
2014, the amount of DO was in critical value. lsvielow the set limit that can support good aguarsil
in Class C type of wattrThe pH value was maximum in April (7.9) and lowesJune (5.7). The pH
values in June and July could have been due taipheelling that occurred in mid-June. Upwelling
increases the amount of nutrients in the watermooluFish kill was observed during that time. Also
contributory to acidification were run-off waterofn surrounding areas and intense aquaculture.
Conductivityreading was highest in January (560.4 uS/cm) anddbin April (326.0 uS/cm). Range of
conductivity that can support good mix of fisheriedreshwater ecosystem is from 150 to 500 pS/cm.
Values outside this range can be harmful to soreeisp of fish or macro invertebrat®sThe high value
of conductivity in January could be due to the ulfimg that happened in the middle of the month
causing nutrients from the bottom sediment to mixhe water column. Another fish kill was observed
during this time. Highest amount of chlorophall was in the hot dry season in the month April 42.2
mg/L and its lowest was in the cool dry seasorthenmonth of January (0.011 mg/L (Figure 3f). This
observation was also supported by the evaluatigghgtfoplankton density.
Phytoplankton Density
Direct cell counts by phylum with the use of Neulra€ounting Chamb&t and transformed to cell
density clearly showed the diatoms as the most mumse followed in decreasing order by the
cyanophytes, chlorophytes, and both the eugleneptand dinophytes.
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The occurrence of nearly all the phytoplankton gsedn the different phyla exhibited remarkable
fluctuations throughout the year. Highest and ldwe# densities for diatoms were 4.0363dglIs/mL in
April and 0.007x18ells/mL in January (Fig. 2b)Aulacoseira granulataSynedra ulnaCyclotella
menegheniana, Nitzschia amphibia, and Navicula mwmta were the most abundant and dominant
species of diatoms in the entire sampling perfodyranulataandS. ulnawere frequently accounted at all
sampling times. For the chlorophytes, highest lamest densities recorded were 0.380k&0s/mL in
February and 0.007x3@ells/mL in December (Fig. 2a). Among the greenaelgof Chlorella sp,
Kirchneriella sp, Crucigeniasp, Closteriumsp. and Staurastrumsp. were dominant during the rainy
months and dry cool months, whiRediastrumsp and Ankistrodesmusp. appeared rare except during
summer months. Cyanophytes were abundant the wiealewith peak counts at 1.348x&6lls/mL in
March, 1.065x1%&ells/mL in May and 1.057x%6ells/mL in October (Fig. 2c). For the blue-greens
Merismopedia glauca, Anabaena catenula, Oscillatsp., Synechocystisp.andLyngbyasp.were quite
common during the dry season. Euglenophytes arapHiries were encountered respectively in nearly all
sampling months and in July-January, but cell dissivere very low, highest at 0.009zd€lIs/mL for

the former and less than 0.005xdglls/mL for the latter (Figs. 2d & 2e).

Seasonal variation of phytoplankton community

Overall, all five groups (phyla) of phytoplanktonere present but with oscillations in cell counts
throughout the year (Fig. 2). When counts for theugs were totalled, expressed in percentages, and
clustered into the three seasons qualified by PBG?A the relative proportions of each group in the
total community per season became clear (Fig.3jinBuhe rainy season (Jun-Nov), the phytoplankton
community in Mohicap was dominated by Bacillariofghy55%) and Cyanophyta (41%). Chlorophyta
was at a low 3%. Come cool dry season (Dec-Heb)ever, there was a near complete reversal in
abundance among these three groups. Cyanophyta) (4bfb Chlorophyta (36%) outnumbered
Bacillariophyta (18%). Advent of the hot dry seagtar-May) completed the cycle; overall relative
proportions of the groups resembled those in tleyraeason. Chlorophyta was down again to 3%.
Bacillariophyta (74%) increased by about 20%, ashras did Cyanophyta (22%) decrease its abundance
in the phytoplankton community. Euglenophyta anddphyta, each with two genera and two species
occurred during the rainy season till the followit@pl dry season but only as minor components ®f th
phytoplankton community in the lake (Figs. 2d & .ZEfjeir relative composition is less than 1% and wa
not included in Fig.3Since all five groups co-occurred year-round inwlaer, blending of their intrinsic
visible colorations was expected. Thus, when Bawilphyta and Cyanophyta were dominant during the
wet and hot dry seasons, water in Lake Mohicap agpketurbid and bluish-brown. But when both co-
occurred with Chlorophyta during the cool dry seasake water turned bright dark green.

Pearson’s Correlation Coefficient

Pearson’s Correlation Coefficient) (was used to determine possible direct positivenegative
relationships between the set of water physico-ét&nparameters and phytoplankton densities by
phylum. Chlorophyta was negatively correlated withnsparency p=0.001), temperaturep£0.000),
phosphatespE0.000), nitratesp=0.020) and dissolved oxygep=0.000). These green algae occur in
lakes with a wide range of trophic conditions, frastigotrophic to hypereutrophic. They become
dominant or co-dominant in early summer or durifepacwater phase The results suggested that high
density of Chlorophyta in Lake Mohicap occurredtlie month of January during the cool dry season
extending to March during the early hot dry sead®acillariophyta was negatively correlated with
transparency p=0.016), but positively correlated with temperatype0.001) phosphatesp£0.000)
nitrates p=0.000), dissolved oxygemp<£0.001) and chlorophyk content =0.000). The results showed
that Bacillariophyta (diatoms) highly dominatedlfire months of April to June 2013 when phytoplankton
densities, phosphates and nitrates were highesteThutrients are the limiting factors in the piiidity

in freshwater environment, the former in tempetakes and the latter in tropical laR&3/Nhen nitrogen
supply is high, diatoms dominate because of th#imaced storage capacity for the eleffeMoreover,

it is a well-known fact that the diatoms have a enefficient nutrient uptake syst&has reflected by their
higher intrinsic growth rates
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They occur in a wide range of trophic conditions are normally abundant in eutrophic environrent
hence, serve as a good indicator of acidificat@rrophication and climate charig¥. Phytoplankton
generally plays an important role in the regulatidrglobal climate system. They produce compounds,
e.g., organic sulfur, as a defense from the harreffécts of sunlight and ultraviolet radiatfon
Cyanophyta (blue-green algae) showed no correlatitm all the physico-chemical parameters of water
quality. In tropical and subtropical countries, dslgreen algae may dominate at any time and their
dominance may continuously persist in the entirar§eIn the present study, densities of these
prokaryotes fluctuated all year round and, compaoedther groups, were highest in all three seasons
They are present in oligotrophic to eutrophic wetaran tolerate high pH and low G@oncentratiors,
survive and reproduce even in a low nitrate andsphate environmefi? and have depth regulation
buoyancy®. Zooplankton and even macro invertebrates in msosharios cannot effectively prey on
filamentous blue-green algae (e @scillatoria, AnabaenandLyngbyd which are generally inedibfe
and grazer-resistaft Euglenophyta was negatively correlated with tempee p=0.015) phosphates
(p=0.014), nitratesp=0.026) and dissolved oxygep=0.002). The euglenoids are not useful as bioldégica
indicators. They are abundant in enriched decagiggnic environment and can thrive even in very low
pH% In this study densities of euglenoids were abohda the months of July-August and February-
March. These were the months after the upwellirdyfesh kill had occurred. Dinophytaas a significant
negative correlation with nitrateg<0.016) and conductivitypE0.002). These dinoflagellates appeared in
July, 2013 after the bloom of diatoms and onwardslanuary 2014. Their growth is favored after
depletion of some inorganic substartéemd in environments with high concentrations dtioan ions.
Phytoplankton density was negatively correlatechwiinsparencypE0.17) but positively correlated
with temperature p=002), phosphates£0.000), nitrates g=0.000), dissolved oxygerp£0.005) and
chlorophyll a p=0.000). It was highest during the hot dry seasbhenwater quality was not good. High
temperature favors the growth of the phytoplankdod increases the biological activities and chemica
processes.
Lake Mohicap: Trophic Conditions Then and Now
Lake Mohicap in 1996-2012 was in eutrophic conditimsed on the level of chlorophgllassessed by
LLDA % Some three months thereafter until the end oémsampling in this study (April, 2013-March,
2014), trophic conditions of the lake varied frorasatrophic to hypereutrophic based on the lakehtcop
states by Fulleet al,*". It was mesotrophic at best based on the averayeahSecchi disk transmittance
but hypereutrophic at worst on account of the ay@@nnual readings for chlorophglland phosphates.
Phosphates level throughout the study period walipleutimes above the limit set by DAO 1990.
Degradation of water quality leading to high physémikton density especially during the hot dry seaso
(March-June) could be due to the inflow of domesfftuent from communities residing nearby and also
to aquaculture malpractices by fish cage oper&t@rsSumming up, water quality in Lake Mohicap
remains in a critical state, just as it was in LLBAeport of 2012. Moreover, it gives credence t6FG
2014 inclusion of Mohicap with Lake Sampaloc ane tither five sister lakes in San Pablo City as the
“Threatened Lake of the Year 2014".

Table 1. Lake Mohicap, April, 2013-March, 2014: Wagr parameters (means and ranges) by season

Rainy Season Cool Dry Season Hot Dry Season

Parameters (Jun - Nov) (Dec-Feb) (Mar — May)
Rainfall* (mm) 417.6 (318.3-682) 81.1 (30-192) 7822132.6)
Conductivity (uS/cm) 471.5 (391.8-560.3) 469.895-560.4) 458.8 (326-506.8)
pH 6.8 (5.7-7.6) 7.4 (7.1-7.6) 7.6 (7.2-7.9)
Temperature (°C) 28.3 (27.8-29.2) 26.8 (25.8-27.7) 28.6 (26.8-30)
Transparency (m) 2.9 (2.0-4.1) 2.1 (1.5-4.0) 1.8812.4)
Dissolved oxygen (mg/L) 6.4 (5.3-7.6) 4.6 (3.3-5.8) 6.4 (5.8-7.8)
Phosphates (mg/L) 1.5(1.1-2.4) 1.0 (0.8-1.2) 0.8-1.9)
Nitrates (mg/L) 10.1 (3.3-25.8) 3.6 (3.2-4.0) 16410-25.0)
Chlorophylla (mg/L) 0.041 (0.020-0.147) 0.030 (0.016-0.075) G.12044 - 0.242)

*Rainfall data from Tayabas (Quezon) PAGASA Statioiotained from Climate & Agromet Data Section,
Climatology and Agro Meteorology Division, PAGASAAST, Quezon City.
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Table 2 Lake Mohicap, April, 2013-March, 2014: Pearson’s correlation coefficientsr) between
phytoplankton densities by phylum and physic-chemical water quality parameter
Trans Temp pH Phos Nit Cond DO Chloa

Chloro- — Pearson's 55, 519 103 420 -273 192 -458  -1901
phyta Correlation

Sig. (2-ailed) .001  .000 384 .000 .020 .103 .000  .105
Bacillario- - Pearson's .o, 395 560 570 809 030 371  .842
phyta Correlation

Sig. (2-tailed) .016  .001 615 .000  .000 .802 .001  .000
Cyano-  Pearsom's .0 ga4 091  -139  -126 -.036-022  -148
phyta Correlation

Sig. (2-tailed) 515  .711 445 242 286 .764 .855 211

Eugleno-  Pearson's a9 095 157 .28 -261 162 -354  -.101
phyta Correlation

Sig. (2-tailed) .751 .015 .307 .014 .026 172 .002 .397
Dinophyta Pearson’s

. 073 056 -001 .022 -282 -356 .108  .021
Correlation
Sig. (2-tailed) 541  .638 990 852  .016  .002 .361  .860
Total pearson’s - .4 351 .009 472 729 029 323 760
Density  Correlation

Sig. (2-tailed) 017 .002 938  .000 .000  .807 .005 .000
rin red, significantp>0.05) and, in blue, highly significariX0.01)

Fig.1: Location map and photo of the study site (Lke Mohicap)
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Fig. 2: Lake Mohicap, April 2013 —March, 2014: Biweekly densities of phytoplankton byphylum
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Fig. 3: Lake Mohicap, April 2013 — March 2014: Rel&ive composition of the three major
phytoplankton phyla by season
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CONCLUSION

Lake Mohicap is only a small lake and its phytogtan community exhibited temporal (seasonal) but
not spatial fluctuations in physico-chemical watsrameters which are generally with significant
negative correlations with densities of the domirBacillariophyta, Cyanophyta and Chlorophyta. The
dominance of the Bacillariophyta, Chlorophyta angh@phyta in this study tallied with the analyses
done in 1996-2012, in these reports Bacillariophwytes given as Chrysophyta. It appears, thus, Heat t
composition of the phytoplankton community in LaWehicap has not changed in nearly two decades
(18 years, 1996 to 2014).
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However, its continued utility in aquaculture is jeopardy because of the critical state of its wate
especially with the phosphate load far exceedirgg-yeund the limit defined in DAO 1990.
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