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ABSTRACT

Understanding the dynamics and production of phytoplankton may contribute to the elucidation of
the status of fishery resources and may be the key for better fisheries management since phytoplankton
is at the base of the food chain. The changes and succession of phytoplankton community structure
in Manila Bay was studied by conducting hydrobiological survey every other month from January
2012 to November 2015. It was determined from this study that diatoms dominated the phytoplankton
composition all throughout the survey period and the total phytoplankton density was generally high-
est during southwest monsoons. Dinoflagellates and cyanobacteria, on the other hand, were relatively
most dense during tradewinds. Although causative species for harmful algal blooms and fish kills were
present, only the bloom of red Noctiluca scintillans was observed in January 2014 albeit no harmful
implication to consumers was reported. Phytoplankton typically converged in the coasts of the bay,
particularly at the eastern portion, but it is noteworthy to say that the sporadic pattern seen maybe at-
tributed to the presence of their predators. The dramatic drop in the phytoplankton densities seem to
coincide with the spawning of Sardinella fimbriata and Sardinella gibbosa.
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INTRODUCTION

Management of fisheries resources is
likely to succeed if there is a genuine apprecia-
tion of the environment. The elements that are
vital to the preservation and conservation of fish
must be taken into account so that scientific deci-
sions may be made not only for management but
for the marine habitat’s eventual revitalization.

The deterioration of the water quality to
a highly eutrophicated state of Manila Bay was
due to the increased anthropogenic activities
along its surrounding coastal areas (Chang et al.,
2009). Water quality is affected by the physico-
chemical and hydrobiological parameters. The
biological components of the said parameters
include phytoplankton, a community of micro-
scopic alga that is at the base of the food web.
They are an important resource that supports the
higher trophic levels in the bay (MBRRA, 2004).
Generally, increase in phytoplankton density is
actually a beneficial condition to the fisheries
(Legendre 1990) since they fuel the production of
the food of fish. However, the algal bloom may
become so dense that they become the cause of
fish kills due to oxygen depletion and the cause
of shellfish poisoning to humans (Hallegraeff
2002).

Phytoplankton, as a primary producer,
can be an indicator of ecological problems (MBR-
RA, 2004). Algal monitoring is a very useful tool
in surveillance of harmful algal blooms and early
warning for shellfish toxicity (Aune et al. 1995).
Because of this, studies of phytoplankton in Ma-
nila Bay were either usually limited to the areas
previously affected by toxic shellfish poisoning
and fish kills or conducted in a short survey pe-
riod—phytoplankton was included in the study
as a support parameter in an attempt to prove or
disprove the hypothesis. With the many changes
in the ecosystem, there were claims that thereis a
decline in the phytoplankton population, but

there are no concrete data to support this (Bid-
aure, 2009). Nonetheless, an investigation was
made to know the extent of the phytoplankton
population change. This information may lead
to a cohesive understanding of the dynamics
of the present marine environment. This study
shall assess the changes and succession in phy-
toplankton community structure and correlate
the results with the studies on the distribution of
ichthyoplankton and spawning of Sardinella spp.

MATERIALS AND

METHODS

Collection of phytoplankton samples was
done in Manila Bay (lat. 14°53" N, long. 120°76’
E) every two months starting January 2012 up to
November 2015. Plankton net (ca. 20 um mesh
size, 30cm mouth diameter, 1m long) was verti-
cally towed from surface waters down to 10m
depth throughout the water column of the 16 es-
tablished stations (Figure 8.1). Plankton samples
were placed in Nalgene bottles, treated with 10%
buffered seawater-formalin solution for its pres-
ervation and stored in a cooler on board prior to
its analysis.

In the laboratory, the volume of samples
was measured using a graduated cylinder. A 1
ml aliquot sample was taken for light micros-
copy using Sedgewick Rafter counting chamber.
Quantitative and taxonomic analysis of phyto-
plankton was done using the method of Omura
et al. (2012).

Resours

Phytoplankton population was com-
posed of diatoms, dinoflagellates, and cyanobac-
teria (Figure 8.2). Diatoms dominated the phyto-
plankton community throughout the survey
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period. There were 15 families of dinoflagellates,
24 families of diatoms and 1 species of cyanobac-
teria (Table 8.1). Thalassiosira sp., Skeletonema spp.
and Chaetoceros spp., were the most dominant
species among the diatoms while Ceratium spp.,
Protoperidinium sp. and Noctiluca scintillans domi-
nated the dinoflagellates population. Trichodes-
mium spp. also occurred in densities high enough
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to be included in the list of 10 most dominant spe-
cies (Figure 8.3). Relative abundance of all spe-
cies from 2012 to 2015 are shown in Table 8.1.

By and large, phytoplankton was most

dense during the southwest monsoon (July and
September) (Figure 8.4). On the other hand, the
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Figure 8.1. Sampling stations for hydrobiological surveys in Manila Bay (2012-2015)
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Figure 8.2. Densities of Diatoms, Dinoflagellates and Cyanobacteria in Manila Bay (2012-2015)
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Figure 8.3. Twelve most dominant phytoplankton species found in Manila Bay (2012-2015)
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Table 8.1. List of phytoplankton identified in Manila Bay 2012-2015. (a) Diatoms; (b) Dinoflagellates and

Cyanobacteria
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Figure 8.4. Spatiotemporal abundance of phytoplankton in Manila Bay (2012-2015)
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Figure 8.5. Spatiotemporal diversity index (H') of phytoplankton in Manila Bay (2012-2015)
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density of dinoflagellates and cyanobacteria in-
creased during tradewinds or Southeast (SE)
Monsoon. The highest record of phytoplankton
abundance was observed in July 2013 while the
lowest was recorded in March 2015.

The coast of Manila Bay was where phy-
toplankton often abounds. It is usually observed
in the eastern portion of the bay at Manila area
which characteristically had the highest phyto-
plankton concentrations (Figure 8.4). These accu-
mulations seemed to ‘flush out” into the mouth
of the bay located in the southwestern side on the
succeeding months of sample collections. This
could be the effect of the double-gyre horizontal
water circulation system in Manila Bay located
on the western side and eastern side (Yniquez et
al., 2000). Aggregations on the northern portion
of the bay were rare.

Phytoplankton communities were typi-
cally more diverse in the northwestern, western
and southeastern parts of the bay (Figure 8.5).
The lowest diversity was recorded on March 2013
while the highest was on March 2015. November
had the most fairly moderate diversity (0.9 - 2.3)
albeit the inconsistencies at what portions of the
bay these occur. The phytoplankton species di-
versity indices (Shannon-Weiner Index) mea-
sured in the bay within the span of four years
(2012 -2015) ranged from 0.1 to 2.8, an indication
that the bay has a low to moderate species diver-

sity.

DISCUSSION

The identified phytoplankton species
from this study is lower compared to the 61 gen-
era that were identified by Bidaure in the same
bay (1999). The result of the phytoplankton com-
position and dominant species echo the results
of Azanza and Miranda (2001). However, in the
present study, Coscinodiscus sp. was bumped
into the last place by Lauderia annulata, Thalas-

sionema nitzschioides, Chaetoceros sp., Bacteriastrum
furcatum, Rhizosolenia alata, Thalassiosira rotula,
and Trichodesmium spp. (Figure 8.3) in terms of
total abundance for the whole duration of the
survey. Although species known to cause harm-
ful algal bloom were present (Alexandrium tami-
yavanichii, Noctiluca scintillans, Dinophysis spp.,
Nitzschia spp.), their densities did not reach den-
sities high enough to cause an alarm. However, a
short-lived bloom of red Noctiluca scintillans was
observed on January 2014 at the eastern portion
of the bay. The appearance of red N. scintillans
coincided with the coldest temperature (17.66°C)
recorded during the survey. Trichodesmium spp.
is a cyanobacterium known to form blooms
which cause fish mortality. Several species pos-
sess neurotoxin similar to anatoxin-a (Rorig et.al.
1997). Thus, this species should be kept in check.

It can be said that the prevalence of di-
noflagellates during tradewinds or SE monsoon
is an indication that they thrive in warmer water
temperature. However, during an exceptionally
hot water surface temperature of 35.59°C in May
2014 (Sy et al., unpublished, also included in this
chapter), dinoflagellates community were rela-
tively lower. Perhaps the temperature exceeded
the required optimum for most of the dinoflagel-
lates’ growth as in the laboratory experiment con-
ducted by Boyd et al. (2013), where the maximum
tolerated temperature of the dinoflagellates, A.
sanguinea, is only 35°C while P. donghaiense is only
30°C. Even though the phytoplankton exhibited
thermal adaptation in the study of Padfield et
al. (2012), it took about 10 generations of culture
before the phytoplankton finally adapted to the
temperature increase. In this regard, the abrupt
increase in the water temperature may also
have triggered the decrease in the population.

No remarkable values of temperature,
salinity, dissolved oxygen (DO), silicates, chloro-
phyll-a and nutrients in July 2013 to explain the
extraordinary increase in the phytoplankton den-
sity (Vergara et al., unpublished, also included in
this chapter). In fact, the abundance may even be
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the culprit for the dissolved oxygen depletion in
the water column since it recorded the lowest DO
value for the said year. Afterall, phytoplankton
can also modify the aspects of its physical envi-
ronment (Jenkinson and Wyatt, 1993).

Interestingly, the study of Harvey et al.
(2012) about the fleeing behaviors of phytoplank-
ton away from predators seemed to be one of the
factors for the phytoplankton distribution when
the occurrence of the zooplankton and fish larvae
is factored in. Phytoplankton was observed to be
usually abundant at the opposite side of the ad-
jacent portion of the bay where zooplankton and
fish larvae are distributed (Jose, et al., and Tobias
et al., unpublished, also included in this chapter).
This perspective might explain the intermittent
pattern in the phytoplankton distribution even
though the physicochemical parameters of the
bay was relatively consistent with the seasons.

Obviously, the possibility of prey-pred-
ator factor cannot also be discounted on this es-
pecially since phytoplankton diet provides the
reserve material needs of the highly opportunis-
tic feeder, sardines (Garrido and van der Lingen,
2014). The decrease in the density of the phyto-
plankton was observed to correspond with the
major peak of the spawning seasons of Sardinella
gibbosa from October to December and Sardinella
fimbriata from October to December and Febru-
ary (Bendano, 2016). There was also a drop in the
density during the minor peaks in March, April,
and August for S. gibbosa and from May to June
for S. fimbriata. It appears that S. gibbosa is a more
voracious eater than S. fimbriata because phyto-
plankton density can recover more easily after
the minor peak of the latter. Needless to say, al-
though the spawning of these species occurs all
year round, the peak for spawning appears to
commence at the height of the phytoplankton
population. Unfortunately, the survey periods
for phytoplankton sampling did not cover the
exact months of the spawning peak of these two
species to be able to infer the relationship.

Species diversity indices are also a good
indicator of pollution in the aquatic ecosystem.
Diversity index value greater than 3.00 indicates
clean water. Values in the range of 1.00 to 3.00
are characteristics of moderately polluted water
and values less than 1.00 characterize heavily de-
teriorated condition (Mason, 1998). With the re-
corded diversity index value ranges of 0.1 to 2.8,
Manila bay can be classified as moderately heavy
to heavily polluted. Diversity is better during
northeast monsoon though especially just before
the onset of tradewinds.
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