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Malthusian overfishing occurs when poor fishermen. faced with
declining catches and lacking any other altemative, initiale
wholesale resource destruction in their effort to maintain their
incomes. This may invelve in order of serjousness, and
geoerally in temporal sequence: (1) use of gears and mesh sizes
not sanctioned by the government; (2) use of gears not
sanctioned within the fisherfolk communities and/or catching
gears tha destroy the resource base; and (3) use of “gears™ such
as dynarnite or sodium cyanide that do all of the above and
even endanger the fisherfolks themselves.

(from Pauly et al. 1989
as qouted in McManus ¢t al. 1992)

Alang sa akong inahdng puld
(nga nagsubd tungdd sa Malthusian overfishing):

Sa daghang mgd katuigan nga aké wald sa imong baybayon,
ubdn kanunay kanimo ang akong pangisip ug kasingkasing.
Kun, dinhd sa imong hunasan, mabarhaw lamang unta,

ang napukan nga nagkadaiyang matang nga kinabuhi,

nga matd'g usd, sakop sa dili masukib nga laing kalibutan,
wald na'’y dapit, mabisan-asa pa man,

nga molabdw sa imong kaanyag ug kaadunahan!
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Chapter 1

General introduction

Seagrasses are the only submerged flowering plants in the marine environment. They all
belong to one order (Helobiae) under the monocotyledon group (i.e., no marine dicotyledon
exists) and the total number of species so far recorded is less than 60 (57, Kuo & McComb
1989; 49, Den Hartog 1970), a negligible number (Den Hartog 1970) compared to the number
of flowering species found in the terrestrial environment. However, when present, seagrasses
and the extensive meadows they can form play an important role in the marine environment.
This can be summarized in six basic axioms (Larkum et al. 1989): (1) stability of structure,
(2) provision of food and shelter for many organisms, (3) high productivity, (4) recycling of
nutrients, (5) stabilizing effects on shorelines and (6) provision of a nursery ground for
various fauna including those which are of commercial importance.

As primary requirements to photosynthetic organisms, light and mineral nutrition affect
seagrasses. Thus, environmental changes, e.g. erosion-derived siltation (EMB Report 1990;
Yap 1992; Vermaat et al. in press), which leads to light climate deterioration could spell
serious threat to seagrass meadows. In fact, human activities leading to the reduction of water
clarity (which includes nutrient loading, entrophication, water quality, pollution, and turbidity)
ranked top on the worldwide list of causes of seagrass declines and disappearances (Short &
Wyllie-Echeverria 1996). Because seagrasses need nutrition, an increase in nutrients in the
environment, per se, may enhance seagrass productivity. However, excessive nutrient increases
also lead to periphyton and phytoplankton dominance which in effect deprives seagrasses of
light. As a net effect, loss of seagrasses is likely to happen (e.g. Cambridge et al. 1986).
Aside from environmental changes due to anthropogenic circumstances, seagrasses also have
to respond to natural phenomena, e.g. ‘wasting’ disease, (Rasmussen 1977; Den Hartog 1987;
Roblee et al. 1991), cyclones, (Cambridge 1975; Poiner et al. 1989} and physical clearances
by, for instance, dugongs (De Iongh 1993; Preen 1995). Particularly for the highly diverse SE
* Asian seagrass meadows, our understanding of seagrass responses to environmental changes,
whether natural- or man-induced, is poor.

In the tropical Indo-West Pacific Region, Enhalus acoroides (L.f.) Royle is the largest species
(Den Hartog 1970; Meiiez et al. 1983; Kuo & McComb 1989; Fortes 1988) among the total
of ca. 20 species occurring, and it structurally dominates many seagrass meadows in the
region (Erftemeijer 1993; Tomasko et al. 1993; Fortes 1994, Japar 1994; Kiswara 1994; Loo
et al. 1994; Poovachiranon et al. 1994; Vermaat et al. 1995), often together with Thalassia
hemprichii (Ehrenb.) Aschers. (Erftemeijer et al. 1993; Vermaat et al. 1995; pes. obs.; see also
the appendix summarizing the taxonomy and distribution of these two most common species).
Thus, it might be argued that understanding the biology of, especially, Enhalus acoroides,
could contribute substantially to understanding the effects of environmental changes on
seagrass meadows.

It is for the above argument that this dissertation focuses on Enhalus acoroides. The main
objective of this dissertation is to gain insight into the general question of “how this species
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would respond to environmental changes such as increased turbidity, nutrient loading and
siltation”. To approach this broad research question, there is a need to gather information on
(1) the growth characteristics of Enhalus in the established phase in relation to the prevailing
environmental conditions, (2) the influence of these characteristics on its capacity to
vegetatively and sexually reproduce, and (3) the fitness of the propagules (produced by
reproduction) in response to such environmental changes. These three basic research subtopics
form the framework of this dissertation.

In the period June 1993-April 1996, a research program based on these lines was carried out
in Bolinao, NW Philippines. The coral reef system in the area is largely comprised of a reef
flat where seagrasses abound (McManus et al. 1992), often in mixed-species meadows
(Vermaat et al. 1995) but also in monospecific stands of Enhalus acoroides (pers. obs.). In
Bolinao, the Marine Science Institute of the University of the Philippines has a marine
laboratory where basic facilities are available to conduct semi-controlled outdoor experiments
as well as to access these seagrass meadows and perform in sitie studies. Various sites with
and without Enhalus were selected. Of the sites with Enhalus, further site selection was made
on the basis of, initially, visual differences in (1) shoot size and abundance, (2) presence of
other seagrass species, and (3) environmental conditions, e.g. sediment type and turbidity. In
most aspects in the biology of Enhalus acoroides addressed here, differences in light
availability appeared to be the most important. Hence, a number of experiments manipulating
light were done. The effects of sediment type and nutrients were also tested experimentally.

The next six chapters report on the results of various studies during the research period.
Although this dissertation concentrates its efforts on Enhalus acoroides, some aspects of the
species biology are best understood when compared with other co-existing species. Hence,
the similarty abundant Thalassia hemprichii was included for the growth studies. In the aspect
of vegetative reproduction, the inclusion of other co-existing species, Syringodium isoetifolium
(Aschers.) Dandy, Halophila ovalis (R. Br.) Hook f., Halodule uninervis (Forssk.) Aschers.,
Cymodocea rotundata Ehrenb, & Hempr. ex Aschers., and Cymodocea serrulata (R. Br.)
Aschers. & Magnus was likewise done.

Immediately succeeding this chapter is the characterization of the relevant environmental
conditions at the selected sites (Chapter 2). Chapter 3 deals with shoot size and growth of
Enhalus acoroides and the co-abundant Thalassia hemprichii, focusing on major factors
controlling the spatio-temporal variation. Chapter 4 characterizes the recolonization capacities,
not only of Enhalus, but also, of all other co-existing species in response to artificial
disturbance. The chapter on the sexual reproduction of Enhalus acoroides (Chapter 5)
completes the descriptive aspects of this dissertation. Results of in situ and laboratory
experiments testing the effects of some relevant factors (based on the results obtained from
chapters 2, 3, 4 and 5) are presented in chapters 6 and 7. Chapter 6 reports on the effects of
sediment type, shading and nutrient addition on the performance of Enhalus seedlings cultured
in the laboratory vis-a-vis the establishment, survival and shoot sizes of seedlings grown in
situ. For mature stands of Enhalus acoroides, chapter 7 describes the results of in siru shading
and transplantation experiments. A general discussion concludes this present research and also
speculates on the implications of changes in primary environmental factors for different
aspects of the Enhalus acoroides biology.
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Appendix: Taxonomy and distribution of Enhalus acoroides (L.f.) Royle and Thalassia
hemprichii (Ehrenb.) Aschers.

A number of publications are available describing rather comprehensively the taxonomy, distribution and the
general ecology of Enhalus acoroides and Thalassia hemprichii. These publications include the works of Den
Hartog (1970), Meficz et al. (1983), Fortes (1986) and Phillips & Mefiez (1988). The following brief summary
was extracted from these previous works. In some cases, quantitative descriptions wete modified to agree with
personal observations and the resutts obtained from this thesis,

Thalassia hemprichii

Fig. 1.1. Habiws of Enhalus acoroides (L.f.) Royle and Thalassia he.mpr_ichii (El'lrenb.) A‘schcrs. after Den
Hartog (1970): Enhalus acoroides - w. habitus, b. female flower, ¢. longitudinal section of fruit, d. male spathe,
e. longitudinal section of a male spathe, f. male flower bud, g. opcne.d male flower, h. fcmalg flower
(unfertilized), . fruit on a curled peduncle; Thalassia hempn'chii_- a. flowering fem.alc plant, b. flowering “‘ffle
plant, ¢. ovary after fertilization, d. fruiting plant, e. opened fruit, f. sced, g. seedling, h. mature pollen grain,
i. germinating pollen grain.

Both Enhalus acoroides and Thalassia kemprichii (Fig. 1.1) belong to the same family Hydrocharitaceae which,
in contrast to the other family (Potamogetonaceae) found in the marine environment, is best distinguished by the
absence of a ligula. Both species are dioecious, bearing pedunculate inflorescences, and, relative to other
tropical Indo-West Pacific species, produce probably the largest fruits (ovoid, 5-7 cm long, Enhalus acoroides,
globose, 2-2.5 cm long, 1.75-3.25 cm wide, Thalassia hemprichii} . In both species, the seeds (obconical, 1-1.5
cm, Enhalus acoroides; conical, 8 mm, Thalassia hemprichii) are rcleased when the ripe fruit bursts.

In comparison, Enhalus acoroides is much larger than Thalassia hemprichii. Its leaves are wider (12.5-20 mm
vs. 4-11 mm) and tafler (30-150 cm vs. 10-40 cm). The rhizome of Enkalus acoroides is also massive (1.5 cm
in diameter vs. 0.3-0.5 cm in Thalassia hemprickii), branching monopodially when a new shoot is formed. In
contrast, new shoots of Thalassia hemprichii stem vertically from the creeping rhizome as short lateral branches.
Enhalus acoroides has no lateral branches, Roots of Enhalus acoroides are coarse, cordlike and unramified, ca.
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10-30 cm long and 3-5 mm thick arising from the axillary buds of the ventral leaves. Roots of Thalassia
hemprichii are also unbranched but densely set with fine hairs, each root arising from nodes of the creeping
shizome (internodes 4-7 mm lang). The male Enhalus acoreides bears a single pedunculate inflorescence
containing numerous flowers (ca. 531 + 39, n = 3; pers. obs.), each is highly reduced in form to a small free
floating device. The male Thalassia hemprichii bears 1-2 pedunculate and uniflorous inflorescences. Female
plants of both species bear single wniflorous inflorescences, but the peduncle of a female Enfalus flower is much

longer (30-150 cm vs. 1-1.5 cm in T, hemprickii). Pollination in Enhalus acorpides occurs at the water surface,
whereas that in Thalassia hemprichii does so underwater.
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In contrast to these differences in morphology and floral biology, the geographical distribution range of Enhalus
acoroides and Thalassia hemprichii is closely similar (Fig. 1.2) with the latter extending its longitudinal range
only a bit wider (East, as far as 180" meridian; West, Red Sea to Mozambique; Mwaiseje (1979) reported an
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Fig. L.3. A: Scaled diagram of
an Enhalus acoroides clone
(shoot cluster no. 3, site 6, see
Chapters 2 & 5). Lines
represent  lengths  of  the
monopedially branching
rhizomes (straight line = shoot;
branch = new shoot). Numbers
at the terminal ends represent
shoot ages (in years) at the
time of collection; x = dead
shoot. B: Diagram of an
Enhalus acoroides rhizome
segment showing leaf and
flower scars and internodes (ca.
30-day growth equivalents,
Rollon et al., Unpubl. data), C:
Schematic diagram of
Thalassia hemprichii  growth
form similarly showing leaf
and flower scars and vertical
rhizome internodes {ca. 10-day
growth equivalents: Vermaat et
al. 1995; Rollon et al., Unpbl.
data).

Enhalus acoroides occurrence on the coast of Tanzania). Both are widely distributed in the tropical parts of the
Indian Ocean and the Western Pacific and are very common in the Indo-Malay Archipelago and in the

Philippines.

In both species, shed leaves and flowers leave scars on their respective rhizomes (vertical thizomes for Thalassia
hemprichii; monomorphic rhizome for Enhalus acoroides; Fig. 1.3; cf. Tomlinson 1974). The horizontal
{creeping) rhizomes in Thalassia hemprichii bear reduced scaly leaves. This architecture allows the quantification
of rhizome growth and flowering events once the comesponding plastochrone intervals have been determined.
The details of this age reconstruction technique which proved powerful in describing seagrass growth dynamics
and flowering events over long-term scale have been formalized by Duarte et al. (1994).
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Chapter 2

Characterization of the environmental conditions at the selected study
sites: seagrass habitats of Bolinao, NW Philippines

Abstract. In connection with the study of spatio-temporal vanation in growth and reproduction of Erhalus
acorvides, a characterization of the eavironmental conditions at selected sites was done. A number of
environmental parameters differed significantly between sites although generally narrow in magnitude. Sites close
to the mainland (inner sites} had higher values than “outer” sites in terms of vertical light attenuation coefficient,
sediment organic maiter, sediment N & K and periphyton biomass. Of the variables measured, the incident light
(PAR}, rainfall and temperature showed distinct temporal patterns. Salinity values were fairly constant (28-34
/o) over a year excepl at a southern site where extreme drops (down to 20 */,) could occur over short periods
during rainy seasons. Periphyton colonization and light attenuance (amounting up to 75%) differed across time
and sites. An estimation of the absolute PAR reaching seagrass depth at the sites suggested that a1 the deepest
site {5 m}, there is probably a serious light limitation for Enhailus.

INTRODUCTION

In a preliminary visual survey, a number of sites in Bolinao (NW Philippines) differed in
several aspects. Shoot size and density distribution of seagrasses, particularly Enhalus
acoroides (L.f.) Royle, visually differed across mean water depth and, sites deeper than 3
meters had no Enhalus. Some of these Enhalus populations occurred in sites near the coast
where turbidity was visually higher. This chapter quantifies these visual observations and aims
to characterize different sites with and without Enhalus acorcides. Temporal and spatial
differences in prevailing environmental conditions may then be causally linked to the spatio-
temporal variation in different aspects of the biology of Enhalus acoroides and other less-
dominant seagrasses in the study area (succeeding Chapters 3-7).

Results are categorized into two: physico-chemical and biological factors. The physico-
chemical factors measured in this study include vertical light attenuation coefficient,
temperature, salinity, sedimentation flux, water flow velocity, sediment grain-size distribution
and organic matter content, nutrients N, P, K, rainfall, tides and global radiation. For
biological factors, this chapter reports on an overview of seagrass community structures at
different sites and quantifies biomass and light attenuance due to periphyton colonizing on
artificial seagrass leaves.

STUDY AREA

Bolinao, Pangasinan (Fig. 2.1) is located in the northwestern Philippines, a coastal
municipality of about 50,000 people. In a broader view, Bolinao is an integral part of
Lingayen Gulf (see also McManus & Chua 1990, McManus et al. 1992, Rivera 1997) where
siltation is threatening the entire system (see also Rivera 1997, this dissertation, Chapter 8).
The geology of the mainland part of Bolinao is basically limestone with its topsoil producing
only limited crops. Agricultural products have only little significance to the town’s economy,
and being so, the livelihood has been heavily dependent on the harvest from the marine
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Fig. 2.1. Map showing the study area (Bolinao, Pangasinan, northwestern Philippines). Sites are indicated by
numbers 1-6. Sites 1a, 1b and Ic are adjacent sites along a depth gradient (0.5, 1.0 and 3.0 m below zero datum;
see inset). Site 2 has no seagrasses (inset, shaded x-axis range). Visually turbid sites § and 6 are comparable 1o
1a in terms of mean water depth. Site 6 is located in front of the Balinao town center, Site § is in a narrow water
passageway south of Santiago Island. Sites 1, 2, 3 and 4 are outer reef sites. Sites § and 6 are inner sites. The
Bolinao Marine Laboratory (BML: 16.38°N; 119.91°N) of the Marine Science Institute is also shown.
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environment (see McManus et al, 1992). The bigger proportion of the marine (off-shore and
near-shore) catch comes from the near-shore reef system. Seagrass meadows form the bigger
part of the near-shore reef system (which includes the reef slope and reef flat), covering
approximately 37 km? of the total 50 km? of reef flat area (Fortes 1989). From these
meadows, fish and marine products (e.g. invertebrates and seaweeds) are harvested comprising
ca. 77% of the total near-shore catch (McManus et al. 1992). For example, the top-ranking
fish species by weight in shore landings in Bolinao (i.e., rabbitfish Siganus fuscescens, ca. 7
tons.month™) spends most of its lifetime in seagrass beds, i.e., it migrates only twice a year
to the reef slopes for breeding (Aragones 1987). No doubt, seagrasses together with their
associated flora and fauna form a substantial resource base for the economy of Bolinao,

To contribute to the understanding of the seagrass ecosystem in the area, data on various
physico-chemical and biological factors affecting seagrass biology (in particular Enhalus
acoroides) were collected during the period 1993-1996 at different sites (Fig. 2.1). From the
initial visual survey, the criteria used for site selection were: (1) presence and absence of
Enhalus; (2) visual differences in shoot size and density across a depth gradient; and (3)
visual differences in water turbidity. In a collaborative research project on the hydrodynamics
and sediment transport in the area, Rivera (1997) conducted a finer time-scale (weekly)
collection of data on e.g. vertical light attenuation coefficient, temperature, salinity,
sedimentation flux and water flow velocity, in 33 sampling sites around Santiagoe Island. The
data on the above variables collected from the same eight study sites of that study were
shared and are presented here in combination with the less frequent (once per 1-2 mos.) data
collection in this study.

MATERIALS AND METHODS
Physico-chemical variables

For the data collection of vertical attenuation of photosynthetically active radiation (PAR,
400-700 nm), temperature, salinity, and water flow velocity, the same sampling strategy (site
and frequency) was adopted, i.e., weekly from February 1994 - June 1995 at the sites. For
sites 1a, 1b, 1¢ and 2, which were very close to each other, measurements were done only
in one representative station (near 1c).

The PAR vertical attenuation coefficient of the water column was measured by taking
simultaneous light readings at two depths (distance between light sensors > 0.5 m). The
attenuation coefficient, K,, was then calculated according to the function I, = I, e ****, where
I, is the PAR recorded by the lower sensor, I, is the PAR recorded by the upper sensor and
z is the distance between sensors.

Water temperatures at the sites were measured using a thermometer connected to a digital
display with 0. readability. Surface and bottom temperature differences did not exceed 0.5
°C. Dala presented were obtained at bottom-depth.
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Salinities were measured using a hand refractometer with 1%, graduation. Readings were
mostly done in the field stations or otherwise, water samples were brought to the Bolinao
Marine Laboratory (BML, Fig. 2.1) in which case salinity was measured within the same day.

To measure sedimentation flux, sediment traps were installed at the sites. A sediment trap was
made of a PVC pipe closed at one end (5 cm wide, 30 cm long; Rivera 1997). In the field
stations, traps were fixed in a vertical position at the bottom and allowed to trap sediments
for two weeks. During retrieval, contents of the traps were carefully transferred to properly
labelled sampling bottles. Emptied traps were reinstalled for the next samples. At the
laboratory, sediment samples were filtered using pre-dried and pre-weighed GF/C filters. The
filtrates were then ovendried at 105 °C for 4 hours, cooled in a dessicator, and weighed.
Values reported are in terms of gDWmZhr'.

Water flow velocities were measured using the drogue method. A drogue was clocked while
allowed 1o drift to a certain distance. Flow speed was then calculated as the distance travelled
over the time elapsed and expressed in cm.s™. Flow directions were also recorded (cf. Rivera
1997) but are not presented in this report.

To characterize the sediment grain size distribution, three core samples (ca. top 10 cm) were
collected from each site. Sediment samples were air-dried for four weeks to allow excess
water to evaporate. Samples were then ovendried at 105°C to constant weights. Subsequently,
sediments were sieved dry for 15 minutes using various pore sizes of screens stacked in a
shaker. Before sieving, samples were gently crushed by hand to disintegrate well-sticked
particles. Particles from site 5 samples were difficult to disintegrate but, nevertheless, sieved
as above. After sieving, different size fractions were weighed and subsequently expressed as
percentages of the total weight. Broader diameter size classes (in um, e.g. coarse sand, 1000
> diameter > 230; fine sand, 250 > diameter > 125; very fine sand, 125 > diameter > 63; and
silt, diameter < 63) were also computed by lumping appropriate specific fractions.

For sediment organic matter content, three sediment cores were collected from each site using
a 20-ml syringe. Samples were ovendried at 105 °C to constant weights. Sediment samples
were then combusted at 550 °C for four hours. After cooling (in a dessicator), ashes were
weighed and the final values were expressed as % ash-free dry weights (AFDW).

Nutrients N and P in porewater and in the water-column were measured following
spectrophotometric methods. However, for practical reasons, not all samples were analyzed
at the same laboratory, depending on the cost of analyses and expertise available. Samples
in May 1994 (water-columnn) were analized at the Chemical Oceanography Laboratory of the
Marine Science Institute, University of the Philippines. Porewater samples in August and
December 1994 were analized at the Chemical Engineering Laboratory of the College of
Engineering, University of the Philippines. Samples in December 1995 were analyzed at the
Chemical Laboratory of the International Institute for Hydraulic, Infrastructural and
Environmental Engineering (IHE), Delft, The Netherlands (Knight 1996). Nutrients N, P, and
K for sediments were determined after digestion at the Bureau of Soils and Water
Management, Quezon City, Philippines. Soil samples in December 1995 were also analyzed
at the Chemical Laboratory of IHE (Knight 1996).
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Rainfall was measured at the Bolinao Marine Laboratory for the period January 1994 -
December 1996. Using a rain gauge (a graduated cylinder, the height-volume factor of which
had been calculated), rainfall was recorded as the total amount of rain accurnulated over a day
(24 hours; 0800H-0800H; expressed in mm.d'). Rivera (1997) collected the data for the
period April 1994 - April 1995, afterwhich this study continued the collection till January
1996.

Tide levels were based on the predicted values published by the National Mapping and
Resource Information Authority (NAMRIA, Philippines). Validations (Villanoy 1988, Rivera
1997) of these predictions revealed that only slight differences could be found between the
predicted and measured values.

Daily total radiation data (Joules.cm™d"') were obtained from the National Radiation Center
(Quezon City, Philippines) for the period 1992-1995. PAR values (Einsteins.m?.d") were
derived from these original values. Theoretical PAR values in a cloudless situation were also
calculated. For details of the function formulation, see Philippart (1995).

Biological factors

The occurrence and approximate abundance of seagrasses and associated biota were noted
throughout the study period. Density dynamics and recolonization data specific for Enhalus
acorides (L.f.) Royle and Thalassia hemprichii (Ehrenb.) Aschers. were also collected and are
presented in Chapter 4.

Mass accumulation and light attenuance (sensu Vermaat & Hootsmans 1994: proportional
light reduction relative to a blank) by periphyton were studied in detail at sites 1a, 1b, 1c, 3,
5 and 6. Artificial substrates (transparent plastic strips, 80 x 20 mm) were incubated in the
field for 28 days. Each substrate was properly tied to a small float and a sinker. In this way,
substrates stood suspended and moved simulating Enhalus leaves. At day zero, eight
substrates were thrown randomly within each of the sites. During retrieval, substrates were
carefully transferred to labelled bags. Filtered seawater was added to each bag to prevent
drying. After retrieval of all substrates from all sites, samples were transported to the
laboratory. At the laboratory, light attenuance was determined. A light sensor was fixed
inside a light-tight box with a small hole (diameter ~ 15 mm) on its topside. A light bulb was
suspended directly above the box. Light readings with and without the periphyton substrates
were taken. A blank strip had ca. 13% attenuance. Calculations were made to derive a one-
side attenuance per strip (mean of 3 random points).

To measure biomass, the periphyton on each substrate was carefully scraped using the blunt
edge of a scalpel. The periphyton was then filtered (pre-dried and pre-weighed GF/C filters)
and ovendried at 60°C for 8 hours. After cooling, final periphyton weights were determined
and expressed in mgDWem™,

Mass accumulation and light attenuance were also studied in finer time scales at sites 1b and
5. In both sites at day zero, 72 units of artificial substrates were randomly thrown. Eight

replicates were retrieved every five days. Further sample treatment procedures were done as
above,
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Data analyses

Significant differences between sites and between sampling months were tested using
ANOVA following Sokal & Rob!f (1981). Whenever multiple comparisons were made, Tukey
test was used (controlling the comparisonwise error rate, CER, to maintain an
experimentwise error rate, EER, of 5%). When variance heterogeneity was detected, data were
log-transformed which in all cases cured the problem.

RESULTS
Physico-chemical parameters

Light extinction and turbidity

The outer sites (1a, 1b, lc, 2, 3 and 4)
had consistently clear water with low
light vertical attenuation coefficients
(K,) ranging from 0.1 to 0.7 m” (Fig.
2.2). The inner sites (5 and 6) had
significantly (p < 0.05) higher mean
K, values and also wider variations
{0.1-2.0 m™) than the ocuter sites. For
any site, no significant differences
could be found between menths. For
site §, the relatively turbid water may
be atiributed to river runoff coming
from the southern part of the area.
Site 6 is located in front of an urban
center, and may receive a consider-
able amount of wastewater especially
from an adjacent fish market. Both
inner sites (5 and 6) had an easily-
resuspendable thin top layer of fine
sediments.

Temperature

Water temperature showed consider-
able variation over time, showing a
bimodal trend (Fig. 23). No
significant differences could be found
between sites. Major peaks (32-35°C)
were measured in April-May and
September-October while major drops
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Fig. 2.2. Veriical light atlenuation coefficient (K, in mY)
measured at the different sites. Different underlined letters
attached to site codes indicate significant differences (p < 0.05)
between overall site means.

(26-28°C) were recorded in July-August and January-February. Temperature peaks and drops
coincided between sites. The annual temperature range at any site throughout the study period

was not more than 7 °C.
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Salini

No clf:yar seasonality in salinity could be detected (Fig. 2.4). Values obtained for sites 1, 2,
3 and fluctuated between 30-35%,,. Site 5 had comparable values with an exceptional drop
(20%,,) in early August 1994 (shortly after few days of continous rainfall}. The lower mean
salinity and wider variation in site 6, most probably, was due to the high amounts of
wastewater from the dense human seitlement fronting this site.

Sedimentation flux

There was no substantial sedimentation occurring in most of the sites (1,2 3, 4 and 6) with
values less than 1.5 gDW mZhr! (Fig 2.5). Still, however, small peaks could be observed
(October-November 1994; February-March 1995), probably an aftermath of a stormy period
(June-September 1994) or sustained winds (mid-January to early March 1995; see also Rivera
1997). The effect of stormy conditions on the sedimentation flux was especially apparent in
site 3, a deep site (5 m below zero datum) with only occasionally, sparse shoots of Halophila
ovalis (pers. obs.). Sedimentation in site 5 was significantly higher than in all other sites (Fig.
2.5; averaging 3.73 % 0.31 gDW m>.hr?). Sedimentation in site 5 was also more dynamic,
that is, consequences of related factors e.g., rains, storms and sustained winds, could be
immediately recognizable. For instance, high values (the highest approached 10 gDW m™2.hr”,
mid-July 1994) were recorded coinciding with stormy days and continuous rainfall (see also
Figs. 2.4 and 2.8). The almost instantaneous effects of other factors on the sedimentation
dynamics in site 5 could be attributed to the facts that: (1) sediment substrate in this site is
loosely-packed and is highly resuspendable with only little disturbance; (2) average water
depth is below 1 m and; (3) there is strong influence of riverine waters coming from a bigger
bay south of the study area.

Water flow velocity

Comparing sitewise, sites 1, 2 and 3 had relatively stronger flow velocities, averaging > 9
cm.s”' (Fig. 2.6) while sites 5 and 6 had less flow with mean values of 6.7 + 0.76 cm.s” and
7.2 + 0.54 cm.s™, respectively. Overall, differences were only slight (see also Rivera 1997)
i.e., only a few centimeters per second. For all sites, the data did not show strong seasonality.

Sediment grain-size distribution

The sediment grain-size profiles of the sites (Table 2.1) indicated that all were mainly
composed of medium to very coarse sand (~60-75% of oven-dry weight, DW), fine sand
(~20-30% DW), very fine sand (~5-20% DW) and silt (ranging from a neglible amount to
~5% DW). Remarkable differences could be observed between sites 2 and 3 and all the other
sites because of their higher composition of the medium-very coarse sand (> 70%) fraction
as well as the lower amount of the very fine sand (only ~5%). Site 5 and 6 did not show
much difference from other sites but it should be noted that in these sites the topsoil is
composed of a very thin layer of highly resuspendable silt. Also, the color characteristics of
the sediments in sites 5 and 6 (from greyish to black} were strikingly in contrast with those
from all other sites (yellowish to white).

Sediment organic matiter content

The organic matter contents of the sediments from the outer reef sites were all similar (~5%
DW, Fig. 2.7). The inner sites 5 and 6 had significantly higher organic matter content (8-9%
DW).
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Nutrients

water-column

Nitrogen concentrations in the water-
column showed wide variation and to
infer meaningful comparison is difficult
{Table 2.2) . For instance in May 1994,
ammonium  concentration (which
comprise > 80% of the total dissolved
inorganic nitrogen) at Sla was found
significantly higher (p < 0.05) than
cither at S1b and Slc. S1b was only 15
m (horizontal distance) away from Sla
while S1c was 50 m away. With site 3
also having low concentration (see 1994
and all the values in December 1995;
Table 2.2), these results suggest an
effect of water depth. However,
corresponding concentrations at site 2
and site 4 in 1994 do not fit into this
correlation. Similar observations could
be made for phosphorus (Table 2.2).

porewater
Relative to the concentrations in the

water-column, porewater concentrations
of nitrogen were higher (Table 2.2; 16 -
86 pM with ammonium comprising
70% of total N). Sites 2 and 3 tended to
have lower concentrations. No clear
difference was shown between inner
(sites 5 and 6) and outer (sites 1, 2 ,3
and 4) sites. Phosphorus concentrations
in the porewater were also higher than
the corresponding water-column values.
No differences between sites could be
found.

sediment
Sediments from inner sites had higher
nitrogen and potassium contents than

10

g =

organic matter content (%}

1a 1b 1c 2 3 4 5 6
sites

Fig. 2.7. Organic matter content (%) of sediment
samples from the study sites. Different underlined leters
above bars indicate significant (p < 0.05) differences
between the means.
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Fig. 2.8. Rainfall (mm.d') measured at the Marine
Science Institute-Bolinag Marine Laboratory (BML, see
Fig. 2.1) for the period February 1994-December 1995.

those from outer reef sites (Table 2.3). For phosphorus content and pH, no distinct differences

could be found.

Rainfall

Distinct dry and rainy seasons were observed for Bolinao during the period January 1994 to
January 1996. The rainy period started about early May and ended mid-October (Fig. 2.8).
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Rainfall peaks were around July-Aungust resulting in short-term drops in salinity at especially
site S and, less strongly, site 6 (see also Fig. 2.4). This seasonal trend in rainfall agrees very
well with the rainfall normals for Pangasinan province for the period 1951-1985 (Fig. 2.9).

Tides

Tidal fluctuation in Bolinao for the years 1992, 1993, 1994 and 1995 (Fig. 2.10) was semi-
diurnal with varying amplitude (max. of 1.3 m during spring tides; minimum of 0.2 m during
neap tides). The time intervals between spring and neap tides were similar over the years.
However, the mean water level differed between months, although the tidal ranges between
months were similar. For these years, the mean water level was high in the June-September
period and low during December to February with a difference of about 0.4 m.
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Fig. 2.11. Total daily radiation (PAR, in Einsteins.m™.d""). Observed values (15-day
moving average. curve below) were derived from the data (in Joules.cm?d')
collected at a nearest weather station (National Radiation Center, Quezon City:
14.39°N; 121.02°E) recording global insolation. Theoretical PAR (thick line; smooth
curve) represents a clear-sky situation (for derivations, see Philippart 1995).

Global radiation

The total daily radiation recorded at the earth’s surface (14.39°N, 121.02°E) and the
corresponding theoretical radiation in a clear-sky condition are shown in Fig. 2.11. Without
clouds (smooth curve), the amount of radiation distinctly varies within a year, that is, peaks
in June-July (ca. 70 Einsteins.m.d"") and lows in December-January (ca. 50 Einsteins.m™.d").
Data recorded at the weather station (unstable curve) indicated substantial PAR reductions by
clouds averaging ca. 50%. Highest reductions were recorded during rainy seasons (July-
August 1993-1995; see also Fig. 2.8). This global radiation pattern is supposed to be also
prevailing in Bolinao (16.38°N, 119.91°E) as supported by the temperature and rainfall
normals for the two areas (1951-1985 data; Fig. 2.9; Kintanar 1986).
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Biological factors

community structure overview

site 1: Many species of seagrasses coexisted in this site. The number of species decreased as
water depth increased. The shallow portion (1a) was a mixed bed of Enhalus acoroides,
Thalassia hemprichii, Halodule uninervis (wide and narrow varieties), Cymodocea rotundata,
Cymodocea serrulata, Syringodium isoetifolium and Halophila ovalis. At 1b, Thalassia and
Enhalus stood taller and densities of other species became less. At 1c, the tallest stands of
Enhalus and Thalassia were found with occasional occumrence of Halodule and Halophila.
At lc, the density of Cymodocea serrulata was highest. At this depth (3.0 m below zero
datum), no shoots of Syringodium isoetifolium and Cymodocea rotundata could be found.
Further, seasonal abundance of the scaweed Halimeda macroloba was noted.

site2: In this area which was only a few meters away from site lc, no scagrass meadow
existed except the infrequent growth of Halophila and Halodule. In this area, the particularly
high density of Thalassinid shrimp mounds (i.e., Callianasa sp., ca. 4-5 m2) was remarkable
compared to site la.

site 3: Like site 2, there was no seagrass meadow in this area except the intermittent incidence
of Halophila. No occurrence of Halodule was observed. This site was 5 m below zero datum.

site 4: Here existed also a mixed secagrass bed closely comparable to 1b in water depth and
vegetation,

site 5: Here existed a relatively patchy meadow dominated by Enhalus acoroides, Thalassia
hemprichii and tall shoots of Halodule uninervis. During December - February period every
year (1993-1996), high incidence of green urchins (Salmacis sphaeroides) was observed.

site 6: This area was characterized by a thick forest of Enhalus and Thalassia with no other
seagrass existing under the canopy. Frequent algal scum could be observed on the water
surface. Often, Enhalus leaves were epiphytized with filamentous green macroalgae
(Chaetomorpha sp.). Jellyfish (Cassiopea sp.) was persistent here with peak abundance during
March-May.

Mass accumulation and light attenuance by periphyton

Mean periphyton biomass accumulation on artificial leaves per 28-day incubation ranged from
~1 mgDW.cm? to ~2.5 mgDW.cm™. This range corresponded into light attenuance ranging
from a low 35% to a high 75% (Fig. 2.12). Comparing between sites, higher values in both
periphyton biomass accummulation and light attenuance were found at sites 3 and §. Sites la
and 1b had lower values in both parameters. In general, biomass curves showed a unimodal
trend (peak in September of 1994; low in January), a pattern more or less followed by the
corresponding attenuance curves (Figs. 2.13 and 2.14). Periphyton characteristics differed
between sites as could be inferred from their attenuance-biomass curves (Fig. 2.15). For
instance, at site 6, a biomass of 11 mgDW.cm only corresponded to ~80% attenuance while
much lower biomass for sites 3 and 5 (e.g.. 3 mgDW.cm?) corresponded to ~90% light
reduction. Periphyton biomass at site 6 could be high but was mainly composed of green
algae (qualitative data, in prep) while at sites 3 and S, silt contents were higher. Sites la, 1b
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Across sites, some of the site

physico-chemical characteristics

differed, although the range was

generally narrow in magnitude. Fig. 2.12. Mean periphyton light attenuance (top) and biomass

Clearly the inner sites had more accumulation (bottom) studied in 6 sites, Error bars are standard
R . (n = 8). Different letters in italics show significant

turbid waters (Fig. 2.2), more o

. ? differences {p < 0.05) between site means.
organic matter (Fig. 2.7), and

more nitrogen (Table 2.3) and

potassium (Table 2.3) contents

in the sediments than the outer sites. Site 5 (an inner site) also had a significantly higher
sedimentation flux (Fig. 2.5). Of the outer sites, sediment particles in sites 2 and 3 had both
high percentages of the medium to very coarse sand and less of the very fine sand (Table
2.2). No other abiotic parameter was found to be distinctly different across outer sites.

The magnitude of the differences in light extinction coefficients across sites was not
enormous. A mean difference of about 0.3 m” (site lavs 5: 0.3 £ 0.02 vs. 0.6 £ 0.4 m"') was
not much compared to that of the carbonate (0.34 + 0.13 m™) vs. terrigenous sites (1.59 +
0.75 m™) in Indonesia (Erftemeijer 1993). More turbid waters over seagrass beds can be found
in other studies (Philippart 1995, Terschelling, The Netherlands, K, ranging from 2 to 4 m';
Zimmerman et al. 1995, Paradise Cove, California, K, range: 1 - 2.5 m™'; Van Lent et al.
1991, Mauritania, mean K;=161x0.10 m’'; Vermaat & Verhagen 1996, Zandkreek estuary,
SW Netherlands, K, = 2.1 £ 0.1 m").
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