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ABSTRACT
Biodiversity of macroinvertebrate community in four areas of Malubog Bay in the

Moro Gulf was intensively studied within two-month period. The monitoring stations were
homogeneous based in water and substrate temperature, pH, salinity and dissolved oxy-
gen. The mean number of species per stations ranging from 21 to 34 did not vary signifi-
cantly. Shannon Weiner diversity index H’ indicated significant difference among the four
stations. Sambulawan an area with old mangrove stand exhibited the highest H’ value, while
Pisaan which had no vegetation cover had the least. Mangroves harbored tree-dwelling
macroinvertebrates. Presence of a tributary river also accounted for the existence of species
not found in the other sampling sites. Gathering by hand of some macroinvertebrates did
not diminish the yield of these species found in the area because of selective harvesting
that is embedded in the culture of coastal-dwelling Muslims.

Key Words :  Benthic, Spatial distribution, Macroinvertebrates, Seashells
INTRODUCTION
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The mangrove ecosystem provides
habitat for invertebrate fauna. The soil surface
is the abode of mudskippers and snails, crabs
and others22. Presence of organisms in a certain
area shows the organisms’ physiological
characteristics which could serve as an
indication of conditions in the environment. In
rivers, aquatic macroinvertebrates have been
shown as good indicators of stream quality
because they are not migratory and cannot
escape pollution. Being sedentary they show
cumulative impacts of pollution as well as
impacts of habitat loss not detected by

traditional water quality assessments12. In other
environments, macroinvertebrates are primarily
used to characterize current status, and to track
down or predict significant change13 as well as
the stability of their habitat10-16. Some of their
characteristics that make invertebrates ideal
indicators of pollution14, and of ecosystem
health19 are: a wide diversity in form that
ensures a wide range of responses, b) generally
limited mobility; c) sensitivity to changes in both
water quality (of virtually any nature) and
habitat1,28,29 and d) their relatively long life
cycles that allow for a temporal scale analysis
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of population response appropriate for pollution
assessment15,5. Finally, these organisms are
easy to collect using established sampling
techniques. 

This study concerns biodiversity of the
benthic macroinvertebrate (BM) communities
in four areas (barangays) in the littoral zone of
Malubog Bay, a portion of the Moro Gulf. With
mangroves in the four areas as the basic unit
of study, the general objective was to assess
biodiversity of BM community. Specifically, it
aimed to determine the composition of the BM
community in the littoral zone covering over an
area of about 500 hectares based on species
richness, species diversity, relative dominance
and similarity indices. 

This study is the first of its kind
undertaken in the Moro Gulf. Since the Moro
Gulf is protected by Moros, the results of this
study will serve as the first formal
documentation of the baseline information on
invertebrate biodiversity in the coastal area of

Malubog Bay. 

MATERIAL AND METHODS
The Sampling Scheme

The sampling sites were established
considering the following: (a) substrate types;
(b) presence/absence of a mangrove stand;
(c) distance from the water level during high
tide; and d) mean water depth range at low
tide (Table 1).

Of the four sampling sites, Site 1 is near
the spring source and human settlers. Site 1, 3
and 4 are semi-confined in a cove where the
water is relatively less disturbed by wind
induced turbulence. Six numbered quadrats per
sampling site were established parallel to the
waterline. For each sampling date, three
numbers out of six were randomly drawn to
represent the particular quadrats to be sampled.
The numbers drawn were applied to all of the
sampling sites. Each quadrat measured at
10 10 m in size. There were four sampling

Table 1 : Salient features of the four sampling sites, Malubog Bay, Zamboanga del 
Sur, April and May 2006

Sampling 
Site Substrate Mangrove Stand 

Distance 
from 

Shore line 
(m) 

Mean water 
depth range 
at low tide 

(m) 

 Site 1  

Sambulawan 

Muddy peat associated 
with fine cracked shells; 
part of the area is rocky. 

Few patches of 
very old mangrove 

stands 
15 - 100 0.30- 0.80 

 Site 2  

Pisaan 

Open mudflats facing the 
open sea; sandy mud 
associated with fine 

cracked shells; few pebbles 
were present. 

No mangroves 300 – 400 0.30 –0.90 

 Site 3  

Pigklot 

Far from old dense 
mangroves; clayey mud 

Few patches of 
mangrove saplings 

were present. 
10 – 150 0.30- 0.60 

 Site 4  

Sungayan 

Muddy peat with fine 
cracked shells. 

Few mangrove 
stands 10 – 100 0.30- 0.60 
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dates: April 11, April 28, May 14, and May 30,
Measurement of Physical and Chemical 
Characteristics

The following parameters were
determined using the indicated methods of
analysis: dissolved oxygen or DO in mg L-1,
salinity (ppt) and pH using digital DO meter
(YSI 550 QV -R4 Model); ATAGO-telescope
type salinometer ; and WTW pH meter 330
model for the pH, respectively, with the
corresponding instantaneous temperature (°C)
readings. Four replicate readings were taken
in every site for every sampling period.
Collection of Biological Samples

Five persons were employed to hand
pick the invertebrates in each quadrat and in
the following sampling date. Faunal samples
collected had a lower size limit of 10 mm in
size. Organisms smaller than the 10 mm were
excluded. All samples collected from a quadrat
were pooled together in a basin and sorted
according to their local name. Some specimens
were brought to the Animal Biology Division,
Institute of Biological Sciences, University of
the Philippines Los Baños for further
identification at generic level. Books and
references authored by Ruppert and
Barnes4,32,23 were used in the identification of
the invertebrates for accuracy. The number of
individuals per genus per quadrat was
determined to represent species density
(number of individual per 100 m2).

The species composition of BM fauna
collected was analyzed using the simple
percentage and ecological statistics (e.g.
relative dominance, density, and species
richness and diversity). The species
compositions were compared using the species
diversity value in each site. Species richness
was arrived at by simply enumerating the
varying genera identified. For species diversity
analysis, Shannon Wiener Index of diversity
(H’) was used using the formula:

  H’ = -   {pi ln pi} (7)
i= 1

where :    H’ = Diversity index
   pi  = Proportion of total sample

belonging to ith species in the
sample

The Simpson Index of Dominance was
used in calculating

the species  dominance;
n
C =   pi 2 .
i-1
The index of similarity (IS) between sites

in terms of species composition was determined
using the formula:

IS = 2 ( c )    100 (26)
                  S1 + S2

where IS = index of similarity
            c = number of common species to both
               sites (compared sites)
S1 and S2= number of species in site 1 and 2
                respectively.

To determine the variation of each
parameter for the entire sampling period,
ANOVA was done. The tendency of
parameters to vary parallel with other
parameters was determined .

RESULTS AND DISCUSSION 
Description of the Study Sites

Malubog Bay is geographically located
at 7º 33’ 20? to 7º 33' 28" latitude and 123º 20'
49" and 123º 23' 13" longitude (Fig.1). It is in
the eastern part of the coastal area
of Zamboanga del Sur. Through Proclamation
No. 2152 of December 29, 1981, (20), the area
is now included under the National Integrated
Protected Areas System (NIPAS).

In recent times, the number of local
settlers along the foreshores of Malubog Bay
has increased. Some mangroves nearby have
been converted into aquaculture
ponds. Nevertheless, no major and significant
destruction of the said protected areas has
occurred because the area is practically
impenetrable to Christians/non-residents. Thus,
the Muslim culture and beliefs that give a high
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respect for Mother Nature have basically ruled
and protected the whole area from non-resident
fishermen and shell pickers/collectors (pers.
com.). Some BM of economic importance are
a source of income for shell pickers in those
areas. Nonetheless,  the local coastal dwellers
most of whom are Moro and / or Muslims (90
– 95%) have, thus far, succeeded through their
culture, in managing the virgin mangroves, so
that to this day, these have remained intact and
pristine compared with other mangrove zones
in the Western Mindanao.

Water Quality
The physico-chemical properties of the

four sampling stations are shown in Table 2.
No significant spatial and temporal differences
were noted  in  the  levels  of  the  various
parameters. The  DO  levels  in  all  stations
indicated satisfaction of the recommended DO
concentration of 7 mg L–1 for the protection of
benthic macroinvertebrates (16) and exceeded
the ANZECC (1) guideline of 6mg L–1. A
positive correlation between the average
number of species and DO was observed
(r = 0.713).

Table 2 : The Physical and chemical properties of the four sampling sites, Malubog 
Bay, Zamboanga del Sur, April and May 2006

  TEMP (°C) DO SALINITY pH
SITE water Substrate ( mg L–1) (ppt)  
 1               

 Sambulawan 30 30 7.59 32 7.13
 2
 Pisaan 33 32 7.06 33 7.27
 3
 Pigklot 31 30 7.22 33 7.33
 4
 Sungayan 31 30 7.38 33 7.41

Fig. 1 :  Location map of the study.
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PHYLUM CLASS ORDER FAMILY SCIENTIFIC 
NAME 

LOCAL NAME 

              Muslim/cebuano 
MOLLUSCA Gastropoda Archaeogastropoda Neritidae Nerita 

planospira 
 Sehi 

      Mesogastropoda Cerithidae Cerithium 
aluco 

 Dalo-dalo 

           Cerithium sp. Bagongon 
      Neogastropoda Buccinidae Cantharus sp. Tapok-tapok 
         Cancellarriidae Cancellaria 

asperella 
Jerex 

         Fissurillidae Diodora 
cayenensis 

Limpet 

      Littorinidae Littorina 
scabra 

Suso sa Kahoy 

         Vexillidae Vexillium sp. 1 Pacs 
           Vexillium sp. 2 Dehunlay 
           Vexillium sp. 3 Banesel 
   Bivalvia  Adapendota Solenidae Solen sp. Ugpan 
      Heterodonata Cardiadea Regozara 

flava 
Tikod-tikod 

      Corbiculidae Geloina erosa Tuway 
      Mactridae Anatina 

truncata 
Kaykay 

         Tellinidae Tellina 
altemata 

Agihis 

         Venerridae Grafarium 
tumindium 

Balinsala 

            Cirse sp. Tagnigpis 
            Venus 

mercenaria 
Embaw 

            Venus sp. Bebe embaw 
    Isodonta Ostreidae Crassostrea 

sp. 
 Sese/talaba 

      Taxodonta Arcidae Anadara 
antiquata 

Litob 

           Anadara 
granusa 

Bacalan 

ARTHROPODA  Malacostraca Decapoda Portunidae Charybdis 
orientalis 

Kasag (shore 
crab) 

 Subphylum :           Pagurus sp. Omang/hermit 

 Crustacea          Portunus sp.1 Bebkamangcas 
            Portunus sp.2 Aligocoy/kayap 
        Portunus sp. 3 Kasway 
            Portunus 

sanguinolentus 
Lambay 

Table 3 : Taxonomic classification of benthic macroinvertebrate fauna collected from
the sampling sites, Malubog Bay, Zamboanga del Sur, April and May 2006.
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Composition of Benthic Macroinverte-
brate Communities 

The distribution of species by class is
shown in Fig. 2. Class Bivalvia (Phylum
Mollusca) had the highest percent representation
of 30.76% followed by Class Malacostraca
(Phylum Arthropoda) with 28.2%, and Class
Gastropoda, 25.6%. The least represented were
the classes Polychaeta (Phylum Annelida) and
Hydrozoa (Phylum Cnidaria) each with 2.6%
representation. In the overall, the Order
Neogastropoda had the most number of
represented families while all Orders except
Heterodonata had only one (Table 3). 

There were 39 species of benthic
macroinvertebrate fauna collected from the four
mangrove sampling sites representing five Phyla,
seven Classes, 14 Orders, and 22 families. The
taxonomic classification of these is presented
in Table 3. In overall, the bivalve A. granusa
(bakalan) led the others with a dominance value
of 14.78%, followed by C. aluco (dalo-dalo)
with 10.99%; G. tumidum (balinsala),
6.72%. All of these are mud- to sand-burrowing
and a preferred food species gathered through
hand-picking. These  species  that  manifested
their dominance at different times during the
sampling periods are known to lay and attach
their eggs to materials like worm tubes, rock
crevices, oyster shells, dead shells, and adult
arks31. In  these places,  they  are  sheltered  and
protected from predators.

Fig. 2 : Percent composition of benthic macroinvertebrate collected from the sampling sites
of Malubog Bay, Zamboanga del Sur. 

Comparison of Sampling Sites
The four sampling sites were compared

based on species richness, species diversity
and species dominance. 
Species Richness

Species richness reflects the number of
different species inhabit a certain locality. The
various species encountered in the sampling
sites are listed in Table 3. Taking the overall
proportion represented by all species found per
sampling site, Sambulawan came out as the
most species rich with its 34 species
representing 87% of the total, followed by
Sungayan, 31 species (79%); Pisaan, 29
species (74%); and lastly, Pingklot, 21 species
(54%). 

The occurrence of the highest species
richness in Sambulawan draws attention to
this place’s bio-physicochemical features.
Sambulawan was  found  to  be  the most  aer-
ated (Table 2) even though statistical analy-
sis did not show its edge over the others as
statistically significant. This study site was the
only place with an old mangrove stands, rocks,
finely cracked shells and a muddy peat
substrate. The presence of the mangrove stand
may have been an advantage at the nutritional
level. Phillips and Rainbow21 noted that man-
groves are a source of organic matter where
mollusk with their filter-feeding organs are
benefited as a component of the detritus food
chain. Another feature of the place that makes

Bivalvia
30.76%

Mollusca
56.4%

Echinodermata
5.13%

Cnidaria
2.56%

Annelida
2.56%

Arthropoda
28.21%

Gastropoda
25.64%
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Sambulawan distinct from the rest of the sam-
pling sites is its being traversed by a freshwa-
ter stream that emptied into the sea. The
present observation on species richness con-
curs with the reported improvement in species
diversity in the vicinity of incoming rivers in

coastal areas has been observed in the case
of fish fauna9. 

Pisaan is a place pauperate in
macroinvertebrates. This place was barren with
no standing crop of mangrove species. For lack
of plant-derived organic detritus coming from

Fig. 3 : Species diversities of the four study sites at Malubog Bay, Zamboanga del Sur

these, the substratum was sandy and exposed
to the sun. Nonetheless, the temperature
elevation noted in Pisaan could conceivably
pervade in the place for longer periods and may
have served as a factor inimical to the survival
of the juveniles. The importance of
temperature in the survival of
macroinvertebrates has been reported by
Veluco30. The  other  water-  and  substrate-
related environmental conditions are pH33 and
salinity25. 
Species Diversity

Determination of the values of Shannon-
Weaver’s diversity index, H’, reiterated the
findings on species richness. As shown in
Fig. 3, the river-fed Sambulawan area gave
the highest value while the barren area of
Pisaan yielded the lowest. High diversity
indicates that the niche space, habitat, and food
sources are adequate for the survival of many
species2.  In many situations, diverse
populations make for an increased stability
which means the communities are less affected
by disturbance12.
Species dominance
           Sambulawan  was  dominated  by  A.
granusa (15.22%) followed by G. tumindium.

(14.20%) and lastly Portunus sp. 2
( 12.63%). A. granusa exceeded the
dominance of the second-ranking species
1.02%, and the third ranking species by 2.59%. 
Two of the dominant pecies in Sambulawan,
namely, A. granusa, and G. tumindium were
also found in Sungayan together with C.
aluco.  Pisaan  was  also  inhabited  by  G.
tumindium. Sambulawan was 13.65% higher
than that of Pisaan.
Similarity Index

The similarity index was determined
based on the orders and genera of
macroinvertebrates present in a pair of
localities. Based on orders, Sambulawan which
had an old mangrove stand and Pigklot which
had a younger stand were highly similar with SI
equals 91%. The Pisaan area that did not have
a mangrove cover and the area of Pigklot with
mangrove were perfectly similar with SI equals
100% (Table 4). 

At the level of the genera, a high
similarity of 89% was observed between
Sambulawan   (0.30  –  0.80 m WDLT),  and
Sungayan (0.30 – 0.60 m WDLT).  Pigklot
and Sungayan  were  the most  biologically
disparate (34%). The results imply that different

1.729

0.2141

1.0602 1.1692

0

0.5

1

1.5

2

SUNGAYAN   PISAAN   SMBULAWAN PIGKLOT
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degrees of similarity are revealed when orders
and genera are utilized in solving for the
similarity index. Other more important factors
not addressed in this study may have come into
play in the biological similarity of places in the
coastline of Malubog bay. 
Impact of Harvesting Pressure

There is a high dependence on the hand-
picking of macroinvertebrate food species
among the coastal dwellers of Malubog
Bay for consumption and support of household
economy. As expected, shellfish gatherers
harvest will trim down the population of any
preferred food species7. Surprisingly, however,
this does not occur in the fertile areas
of the invertebrates particularly in
Sambulawan. Food macroinvertebrates were
reportedly increased in population with time
despite the possibly growing number of shellfish
gatherers. This is because in general, the less
than marketable-size or undersized individuals
do not command a good market price in the
coastal areas of Malubog Bay. It is customary
for the local coastal-dweller Muslims, to reject
food species less than the desirable size since
the quantity of shellfish sold in the market is
more than enough to meet local needs. In
practice, therefore, in Malubog Bay, the
principle observed by Swalding27 as cited by
Meehan17 applies that the invertebrate
population is sustained when size limitation is
imposed on shellfish gathering. The human
effort at avoidance of juvenile harvest,
however, must be accompanied by the provision
of the suitable environmental conditions for the
growth and reproduction of macroinvertebrate
food species. The trees themselves function in

Table 4 : Analysis of Similarity between fauna in 4 sampling sites, Malubog Bay, 
Zamboanga del Sur

 Taxonomic PAIR 1 IS PAIR 2 IS PAIR 3 IS PAIR 4 IS PAIR 5 IS PAIR 6 IS 
  Level Site 1 Site 2 % Site 1 Site 

3 
% Site 

1 
Site 

4 
I% Site 

2 
Site 3 % Site 

2 
Site 

4 
% Site3 Site 

4 
% 

  Order 14 12 62 14 8 91 14 13 67 12 8 100 12 13 64 8 13 57 
  Genus 34 29 91 34 21 69 34 31 89 29 21 76 29 31 80 21 31 34 

 
like manner in addition to their contribution to
the development of the appropriate
microclimate for spawning, nursery, grazing,
and protection from predators. Absence of
mangroves in this area may have a strong
implication on the needs for growth, survival
and reproduction of macroinvertebrates.

CONCLUSION
The mangrove areas of Malubog Bay is

comprised of 39 identified benthic macro
invertebrate species (<10 mm in size). The
Class Gastropoda were composed of seven
families had relatively 10 species. The Bivalvia
class has recorded eight families under 4
Orders. Class Malacostraca with 2 order of
groupings has recorded six genus. 

Class Bivalvia is the most represented
species in all sampling stations followed by class
Gastropoda. The Anadara granusa,
Cerithium aluco and Grafarium tumindium
were the top three dominant species along the
coast of Malubog Bay.

The sampling sites with the highest
species richness was Sambulawan, 34 species,
followed by Sungayan (31 species), Pisaan (29
species) and Pigklot (21 species). Statistically,
there is no significant difference based on
species number.

Sambulawan was the most species rich
with 87% of the total occurring there, followed
by Sungayan with 79% and Pigklot with
74%. Only about 54% of the total number of
species identified occurred in the mangrove-
bare area of Pisaan. 

Similarity index values based on the
orders and genera of macroinvertebrates
indicated that the use of the orders tends to
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downplay the differences arising from the
presence of an old mangrove stand, and the
type of substratum. 

The practice of coastal-dweller
Muslims of avoiding the harvest of juveniles
is one of the explanations why places like
Sambulawan, a place for harvesting food
species of macroinvertebrates do not appear
to have diminishing populations of these
animals despite the increasing harvest rate by
the similarly increasing demand for this type
of seafood. 
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