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Abstract
This study presents an analysis on the food diet of Batissa violacea – a threatened indigenous non-marine
edible mollusk, in the largest river ecosystem in the Philippines. The B. violacea samples were collected
along the Cagayan River using a dredging equipment locally known “Tako”. A 240 samples out from
collected 1,510 B. violacea were dissected and food organisms were estimated using gut analysis. The
food diet of B. violacea is composed of 80-90% detritus and 10-20% food items such as green algae
(35.83%), diatoms (33.13%), euglenophyceae (3.22%) and cryptophyceae (1.94%). These food items
could be acquired by the bivalves through suspension feeding and deposit feeding. To ensure success in
fishery development on breeding and production of B. violacea to replenish natural stocks in Cagayan
River and in the prospect of venturing to aquaculture production of B. violacea in the future, sufficient
supply of these identified food items must be ensured.
Keywords: Batissa violacea; food diet; gut content; Cagayan River

1. Introduction
The Batissa violacea is a non-marine edible mollusk indigenous in the Cagayan River,
Northern Philippines reported to also occur across the western Pacific including Malaysia,
Indonesia, Northwestern Australia, Fiji, and Papua New Guinea [14, 15, 16, 18, 26, 31]. The clam can
be found on the sandy or muddy beds of rivers, in fresh and brackish, often running water and
to almost freshwater areas of mangrove swamp [7, 15, 16, 24].
In the Philippines, the populations of B. violacea stocks in the Cagayan River have dwindled
due to over-harvesting [13]. The highest B. violacea production of 75.00 MT was in 2003 and
declined continuously up to 21.95 MT in 2012 [6, 15, 16]. This was the reason of the Bureau of
Fisheries and Aquatic Resources (BFAR) Region 02 in categorizing the B. violacea as a
threatened species in Cagayan River in 2013 [15, 16]. Hence, conservation and species
management of B. violacea in Cagayan River is urgently needed. However, the incomplete
understanding of the feeding ecology of freshwater bivalves, particularly in its preferred food
items, impedes successful conservation efforts [25]. For instance, the bivalve conservation
efforts have included translocation but mortality rates have averaged to ~50% [8, 25]. Likewise,
captive bivalve rearing programs show highly variable survival rates [9, 25].
The B. violacea are filter feeders and are important members of the suspension-feeding fauna
[11]
. They are free living clams, burrowing to a depth of 10 cm to 15 cm in river beds and
capable of substantial movement [14, 15, 18, 26, 31]. This burrowing activity is an adaptive strategy
used to gain access to water from moist sediments during droughts [15, 16, 18, 31]. This natural
behavioral capability also enables B. violacea to migrate and survive in estuarine and
subsequently lacustrine environments [15, 16, 18, 31].
In Northern Philippines, with only few studies on B. violacea so far been conducted [13, 15, 16, 17],
the food sources of wild B. violacea in Cagayan River is still unknown. Thus, this study aims
to determine the food sources of wild B. violacea in Cagayan River to be used as an input to
the conservation and management efforts of the bivalves. In particular, this could be used for
future fishery development on breeding and production of the clam in captivity to replenish
natural stocks in the river and when venturing to aquaculture production of B. violacea.
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Cagayan River where the B. violacea are reportedly found.
The average distance between stations is approximately 3.3
km with a range of 1.8 km to 6.4 km. The stations were
assigned along the stretch of the river covered by three
municipalities of Cagayan province where the B. violacea
only thrive. The selections of sampling stations and transect
lines considered the typical sandy-substrate habitat of B.
violacea and the dredgeable areas of the river.

2. Materials and Methods
2.1 Sampling areas
The B. violacea has been collected using a dredging
equipment locally known as “Tako” in the identified major
harvesting areas of B. violacea in Cagayan River, Northern
Philippines (Figure 1). The clams were collected during its
abundance from the month of June to August 2014 [16] from
the six sampling stations along the downstream area of

Fig 1: Sampling site of the study along the Cagayan River Basin

The presence of B. violacea in the selected sampling stations
was validated on field by key informants. Coordinates of each
sampling station were taken using a Global Positioning
System (GPS) and was likewise photo documented. Six
transect line replicates were laid out along a 50m length in
each station parallel to the river [15, 17]. Collection of B.
violacea was done on each of the six sampling stations
namely: Station 1 = Aguiguican, Gattaran (18°6'10.98" N 121°39'20.48" E); Station 2 = Sta. Maria, Lallo (18°8'16.84"
N - 121°39'50.29" E); Station 3 = San Lorenzo, Lallo
(18°9'5.93" N - 121°39'13.38" E); Station 4 = Catayauan,
Lallo (18°10'11.89" N - 121°39'5.72" E); Station 5 =
Tucalana, Lallo (18°11'16.97" N - 121°39'33.62" E); and
Station 6 = Jurisdiction, Camalaniugan (18°14'40.53" N 121°40'22.87" E) (Fig. 1.).

contrasts. This was scanned under the electronic microscope
to identify food items. The counted microorganisms from the
20% portion of gut were multiplied to the remaining 80% gut
to estimate the complete gut content of the bivalve. Gut
contents were identified to order and family using the
taxonomic keys of freshwater algae [1, 2, 3]. The number of
phytoplankton cells was determined and the result was
expressed as percentage.
3. Results and Discussion
3.1 Food diet of B. violacea
The gut content of the clam was 80-90% sediments and
detritus and only 10-20% was composed of different food
items (Table 1; Figure 2). A total of 1,337 food items of B.
violacea were estimated in this study, which is comprised of
green algae (35.83%) as the most dominant species with
Chlorella spp. (15.56%) as the most common species across
stations, and followed by Oedogonium spp. (10.32%). A total
of 13 species of diatoms were likewise noted accounting for
33.13%, and with Brachysira spp. (6.36%) as the most
dominant species across stations. The blue green algae
accounted for 4.34% in the gut and intestine of the clam while
Euglenophyceae and Cryptophyceae accounted for 3.22% and
1.94% respectively. The remaining 21.54% content of the gut
were composed of unidentified structures and species.

2.2 Gut content analysis
A randomly selected 240 samples (40 clam each station) from
collected 1,510 B. violacea were dissected in the laboratory to
estimate food organism of the clam using gut content analysis.
The B. violacea specimens exhibited a size range of 13mm85.50mm. The clams were shucked and the intestines were
removed. These contents were placed into a petri dish with
70% alcohol.
A 20% portion of the gut was placed in the hemacytometer
cell counting slide stained with mythelene blue to provide
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Table 1: The microalgae and other food items found in the gut of B. violacea
Food Item
Chlorophyceae
Oedogonium spp.
Ankistrodesmus spp.
Chlorella spp.
Cosmarium spp.
Selenastrum spp.
Bacillariophyceae
Navicula spp.
Meridion spp.
Synedra spp.
Gyrosigma spp.
Cymbella spp.
Pinnularia spp.
Melosira spp.
Fragilaria spp.
Surirella spp.
Cocconeis spp.
Nitzschia spp.
Brachysira spp.
Eunotia spp.
Cryptophyceae
Cryptomonas spp.
Euglenophyceae
Euglena spp.
Trachelomonas spp.
Cyanophyceae
Gomphosphaeria spp.
Gloeocapsa spp.
Rivulria spp./Calothrix spp.
Unidentified species/structures
Total

Stations (n=240)
3
4
(n=40) (n=40)

5
(n=40)

6
(n=40)

Total

35
11
41
5
0

20
5
30
5
0

45
15
62
10
30

138
63
208
35
35

7
5
5
6
5
5
5
5
0
0
12
12
5

13
8
10
0
15
10
0
15
5
6
5
20
0

5
0
6
11
5
5
0
6
0
0
0
7
0

15
6
6
15
15
10
8
13
6
0
10
23
12

54
25
32
32
47
35
13
54
11
6
27
85
22

5

5

5

5

6

26

0
0

0
7

0
5

9
5

5
0

7
5

21
22

0
0
0
32
70

5
7
0
58
239

5
0
0
47
184

6
0
5
55
284

5
5
0
43
168

8
12
0
53
392

29
24
5
288
1,337

1
(n=40)

2
(n=40)

6
5
16
0
0

22
20
36
10
0

10
7
23
5
5

5
0
0
0
0
0
0
0
0
0
0
6
0

9
6
5
0
7
5
0
15
0
0
0
17
5

0

%
35.83
10.32
4.71
15.56
2.62
2.62
33.14
4.04
1.87
2.39
2.39
3.52
2.62
0.97
4.04
0.82
0.45
2.02
6.36
1.65
1.94
1.94
3.22
1.57
1.65
4.34
2.17
1.80
0.37
21.54
100

Sediments and detritus are the main component of food items
in the gut of wild-caught B. violacea which shows that the
clam feed more on organic matter, while different
microorganisms serve as minor food source (Table 1.). This
observation conforms to the results of earlier studies noting
that diet of freshwater bivalves chiefly consist of fine organic
detritus dislodged from the substrate and with phytoplankton
having minor importance [25].
The food diet consumed by bivalve could not have been only
acquired through suspension feeding (removal of suspended
particles including phytoplankton from the water column) but
also through deposit feeding (consumption of particles from
the sediment) given that the bivalve exhibits burrowing
activity [14, 15, 16, 18, 31]. This burrowing activity of the bivalve
has been used in previous studies to describe the depositfeeding mode of sphaeriids bivalves within specific context in
which direct feeding upon sediment by adults is not usually
considered to be typical [17, 25].
Nevertheless, the presence of planktons and other
microorganisms in the diet of B. violacea also conformed to
previous studies indicating that suspension-feeding bivalves
can consume zooplankton as well as phytoplankton as part of
their diet [5]. For instance, the observed number of diatom
species in this current study was consistent with previous
study on the analysis of gut content of Anadara tuberculosa
(Sowerby, 1833) [20]. A total of 102 food items in which 917
corresponded to diatoms (91.5%) was recorded [20]. Also, the
presence of different food items of the clam was similar to the
recent findings that different microorganisms such as coccal
bacteria, spirochetes, monadoid algae, diatoms (Fragilaria,

Fig 2: Plankton species found in the gut of B. violacea. 1.)
Gyrosigma spp. 2a.) and 2b.) Navicula spp, 3.) Nitzschia spp. 4a.)
and 4b.) Brachysira spp., 5.) Eunotia spp. 6.) Cocconeis spp. 7.)
Cymbella spp. 8.) Meridion spp. 9.) Pinnularia spp. 10.) Surirella
spp. 11.) Fragillaria spp. 12.) Chlorella spp. 13.) Gloeocapsa spp.
14.) Cosmarium spp. 15.) Gomphosphaeria spp.16.) Ankistrodesmus
spp. 17a.) and 17b.) Euglena spp.
~ 33 ~
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conservation efforts [25].

Navicula, Pinularia, Tabelaria), green algae (Scenedesmus,
Coelastrum, Eudorina sp., Pediastrum simplex, P. duplex,
Volvox sp.), Zygnematophycae (Closterium, Zygnema,
Cosmarium), ciliophores (in particular Oligotrichea) and
euglenophytes were found in the gut of freshwater bivalves
Sphaerium corneum, S. rivicola, Pisidium supinum, P.
casertanum S. nucleus, P. milium [12].
The B. violacea are filter feeders and are important members
of the suspension-feeding fauna. Normally, the clams lie
buried in the substrate with only the siphons communicating
with the sediment surface. Like other filter-feeder bivalves
(e.g M. mercenaria,), specialized gill cilia draw a respiratory
feeding current down the inhalant siphon, through the gills,
and out the exhalent siphon. Food particles brought in by the
inhalant stream are filtered out by cilia, trapped in mucus
strings, and transported to the labial palps, where the material
is sorted by size. Material rejected (pseudofeces) from the
sorting cilia on the gills or labial palps is concentrated near
the base of the inhalant siphon and periodically ejected by
forceful closing (adduction) of the valves. The sensory
tentacles on the inhalent siphon can reduce the aperture to
limit the inhalation of sediment [27].
Bivalves are important in benthic-pelagic coupling, grazing of
primary production, transfer of carbon and nitrogen to benthic
food chains and through excretion and in rapid recycling
particulate nitrogen as ammonia [27]. Studies about the feeding
habits of benthic species may provide a unique opportunity to
determine not only their role in energy transformation
between benthic and pelagic environments, but also the
relationship between these two layers in terms of suspended
particles [19, 20, 28]. Hence, incomplete understanding of the
feeding ecology of freshwater bivalves impedes successful

3.2 Frequency and distribution of food diet of B. violacea
The frequency and distribution of twenty-one (21) microalgae
species out from 25 total food items of B. violacea were found
to be significantly different (p<0.05; p<0.025; p<0.010)
across stations. These microalgae species are the 12 species of
Bacillariophyceae or diatoms; 5 species of Chlorophyceae; 1
species of Euglenophycea; 2 species of Cyanophyceae; and
unidentified species. The highest species number of diatoms
among microalgae food items was in station 6 than in station
1 that could possibly be explained by sedimentation in station
1 which can be seen to its highest TSS value (728.88 mg/L) as
compared to station 6 (573.64 mg/L) [16]. Such river
sedimentation has negative effects to diatom assemblages and
species diversity [10, 29].
Post Hoc test using Tukey HSD shows that species frequency
and distribution of microalgae food items of B. violacea
significantly varied (p<0.05; p<0.025; p< 0.010) across
stations (Table 2). Thirteen (13) species of microalgae food
items of B. violacea significantly varied between station 1 and
6. This is the highest number of microalgae species that
significantly varied between these stations, followed by
between station 1 and 4 with 9 species of microalgae; between
station 4 and 6 as well as station 5 and 6 (7 species
microalgae); 6 microalgae species variation between station 2
and 6. Also, 5 species of microalgae species varied between
station 3 and 6; followed by station 3 and 4 (4 species).
Similar number of species frequency (3 species) also occurred
between station 2 and 1, 4: and 4 and 5; whereas the lowest
species frequency occurred in station 1 and 3, 5: station 2 and
3, 5: and station 3 and 5 (1 species).

Table 2: Significant frequency difference of microalgae food item of B. violacea across six (6) sampling stations.
Food Item

S1-S2

S1-S3

S1- S4

S1-S5

S1-S6

Significant Difference across stations
S2-S3
S2-S4
S2-S5
S2-S6
S3-S4

S3-S5
S3-S6
S4-S5
Chlorophyceae
Oedogonium spp.
0.000***
0.000***
0.005*** 0.002***
0.000***
Chlorella spp.
0.045*
0.000***
0.032**
0.000***
Cosmarium spp. 0.043*
0.043*
Selenastrum spp.
0.000*
0.000***
0.000***
Bacillariophyceae
Synedra spp.
0.013**
Gyrosigma spp.
0.032* 0.001***
0.032* 0.001***
0.032*
Cymbella spp.
0.003***
0.003***
Pinnularia spp.
0.033*
0.033*
Melosira spp.
0.002***
0.002***
Fragilaria spp. 0.012**
0.012**
0.047*
Surirella spp.
0.032*
0.032*
0.032*
Cocconeis spp.
0.002***
0.002***
0.002***
0.002***
Nitzschia spp.
0.013**
0.013**
0.013**
Brachysira spp.
0.017**
Eunotia spp.
0.000***
Euglenophyceae
Euglena spp.
0.007***
0.007***
0.007***
Cyanophyceae
Gloeocapsa spp.
0.000***
0.000***
Rivulria/Calothrix
0.011**
0.011**
0.011**
0.011**
spp.
Unidentified
species
0.027*
/structures
Number of species
3
1
9
1
13
1
3
1
6
4
1
5
3

S4-S6

S5-S6

0.002***
0.003***
0.000*** 0.000***
0.001***
0.002***
0.002***
0.000***

0.002***
0.032*
0.031*
0.000***

-

-

0.000***

-

0.011**

-

-

-

7

7

Note: S1= Station 1; S2=Station 2; S3=Station 3; S4=Station 4; S5=Station 5; S6=Station 6. Level of significance: *= p<0.05; ** = p<0.025;
***=p< 0.010.

River. This conforms to findings of several studies that abiotic
factors and biotic factors affect the distribution of benthic
algae [4, 30]. For instance in this study, species frequency

The frequency difference of microalgae food items of B.
violacea between stations could be explained by the
difference of water quality and soil substrate of the Cagayan
~ 34 ~
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variation of microalgae food items of B. violacea between
station 1 and 6 could be due to the significant difference of
soil pH (p<0.010) of these stations whereas species frequency
difference between station 1 and 4 could be due to the
significant difference of soil pH (p<0.010), water current
(p<0.010), Total Suspended Solids (TSS) (p<0.010), and %
sand (p<0.010) [16]. The species frequency variation of
microalgae food items of B. violacea between station 4 and 6
and 5 and 6 could be due to the significant difference of
stations on water depth (p<0.010), water current (p<0.025),
TSS (p<0.010), % sand (p<0.010), % silt (p<0.025), and %
soil pH (p<0.010) whereas species frequency variation of
microalgae food items of B. violacea between station 2 and 6
could be due to the significant difference of stations on water
depth (p<0.010), TSS (p<0.010), soil pH (p<0.010) and clay
(p<0.010) [16]. Lastly, the significant difference of microalgae
food items of B. violacea between station 1 and 3; station 1
and 5; station 2 and 3; station 2 and 5; and station 3 and 5
could be due to the significant difference between stations of
water quality parameters such as water depth (p<0.010), water
current (p<0.010), D.O (p<0.050), TSS (p<0.010) and
substrate quality such as % sand (p<0.010; 0.025), % silt
(p<0.050), % clay (p<0.010), and soil pH (p<0.010; 0.025)
[16]
.
The environmental factors associated with rainfall, particularly current velocity and turbidity, are considered as the
most important factors influencing temporal fluctuations of
algae in tropical regions [4, 21, 22]. In addition, certain genuses
of microalgae have different response to environmental
conditions. For instance, the significant high frequency of
genus Eunotia in station 6 as compared to station 1, 4 and 5
and significant high frequency of genus Cymbella in station 6
than station 1 and 4. The genus Eunotia seems to favor acidic
environment while genus Cymbella to neutral pH [30, 33]. Thus,
the presence of high frequency of two genuses Eunotia and
Cymbella in station 6 suggests the fluctuation of pH within
the tolerance of the two genuses of microalgae food items.
However, the presence of significant variation in frequency of
other different microalgae food items between stations could
suggest that few species are able to tolerate the fast and wide
fluctuations of environmental conditions typical to lotic
ecosystems [4, 23].
On the other hand, the patterns of spatial distribution of
microalgae food items across the six stations may also be due
to ecological relationships among the different species of
microalgae. This could be observed to the significant
difference of frequency and distribution of microalgae genus
under family Chlophyceae between station 1 and 2,4: station 6
and 1,2,3,4,5: station 3 and 4; microalgae genus of
Bacillariophyceae between station 1 and 2,4,5,6: station 2 and
3,4,5,6: station 3 and 4,5,6: station 4 and 5,6: station 5 and 6;
microalgae genuses of Euglenophyceae between station 4 and
1,2,3; microalgae genus of Cyanophyceae between station 1
and 4,6: between station 4 and 2,3,5,6; and station 6 and 3.
Some microalgae species in this study possibly have large
quantitative dominance and qualitative predominance of few
species; niche pre-emption in which one or few species
occupy most part of the environmental resources and the other
species compete for the remaining resources; and patch
distribution in which communities with higher abundance
have higher diversity (in species numbers) across stations [4,
23]
.
Thus, it is an important consideration to future studies that
combination of river characteristics (e.g. microhabitat

combinations among a set of physical, chemical and biotic
characteristics), ecology of algae species and ecological
relationship among algae species could influence algal
communities and its frequency and distribution in lotic
environment.
4. Conclusion and Recommendation
The food diet of the clam is composed of 80-90%
sediments/detritus and 10-20% different food items such as
green algae (35.83%), diatoms (33.13%), euglenophyceae
(3.22%) and cryptophyceae (1.94%). This has been acquired
through suspension feeding and deposit feeding because the
bivalve exhibits burrowing activity.
The food source of Batissa violacea in this study should be
considered for future fishery development on breeding and
production of the clam in captivity to replenish natural stocks
in the river and when venturing to aquaculture production of
B. violacea. For instance, in rearing and growing B. violacea
in ponds, tanks and cages, the food sources should contain 8090% sediments and detritus and 10-20% different food items
(e.g. green algae). This is necessary in order to achieve a good
result from B. violacea aquaculture. On the other hand, further
study to determine the feeding ecology of B. violacea in
Cagayan River could be conducted.
Lastly, species frequency and spatial distribution of
microalgae food items of B. violacea across stations may be
influenced by the interactions of river characteristics (e.g.
microhabitat combinations among a set of physical, chemical
and biotic characteristics), ecology of algae species and
ecological relationship among algae species.
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