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ABSTRACT
Lutraria sp., locally known as lapis, is an edible bivalve collected in Taguines
Lagoon, Benoni, Camiguin much sought after by local resort visitors for the squid-like
flavor and high nutritive value of its meat. Indiscriminate harvesting of this clam
through the years had resulted in observable, though undocumented, reduction in its
abundance and catch rates. Despite this, no investigations have been made about its
habitat, life history, and aquaculture potential. This report presents the findings on the
habitat characterization, spawning, fecundity, and larval development of Lutraria sp in
Taguines Lagoon conducted in 2007.
The substratum of the lagoon consisted
predominantly of fine sand with coarse and very fine sand occurring in smaller
proportions. Sediment pH was within a narrow range of 8.0-8.5, the organic matter
content was low (0.742 - 1.490%), salinity was at 33 ppt and water temperature ranged
from 28-300C. The diatoms Chaetoceros sp., Thalassiosira sp. and Coscinodiscus sp.
dominated the phytoplankton; Calanus sp., Oithona sp. and Acrocalanus sp. were the
dominant zooplankton; and nematodes, foraminiferans and bivalves dominated the
meiofauna. Adult clams were commonly collected buried 30cm in the substrate
although one juvenile was found buried at 12cm deep. Natural spawning under
laboratory conditions was attained two months after broodstock conditioning and
occurred either on the first quarter, full moon or last quarter phase of the moon. Only
two female clams (SL=78.8mm and 89.7mm) survived under laboratory conditions,
which released from 250,000 to 9 million eggs upon spawning. The fertilized eggs had a
mean diameter of 56µ. Two-cell stage was reached 25 minutes after fertilization and
trochophore stage was reached after 6 hours which hatched into D-larvae (SL=90µ) 18
hours later. Four-day old veligers (SL =120µ) became globular as the hinge line began
rounding off and reached late umbo stage (SL=160µ) on Day 7. Pediveliger stage (SL=
201.38µ) was attained on Day 8 and began to settle as spats (SL=266.67µ) on Day 10.
Research findings are useful in developing a sound and realistic strategy for
management of this species, especially in its culture and large-scale seed production to
replenish natural stocks and for future commercial utilization.
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INTRODUCTION
Lutraria sp., locally known as lapis, is an edible bivalve collected in Taguines
Lagoon, a marine lagoon situated in Benoni, Camiguin (9.13246oN, 124.79425oE) . This
delicacy is popular among local resort visitors because of the squid-like flavor and high
nutritive value of its meat. Biochemical analysis of its meat (Pan et al. 2007) showed a
crude protein content of 81.20% and essential amino acids content of 30.22%. Due to its
high commercial value, the clam has been harvested indiscriminately over the years
resulting in observable, though undocumented, reduction in abundance of natural stocks
and volume of landed catch.
Before this species disappears completely from its natural habitat in the lagoon,
initial ecological and reproductive studies to generate information on the bio-physical
characteristics of its natural habitat and details of its spawning, fecundity and larval
development were conducted from June to December 2007. Such information is essential
in the development of a sound management scheme to sustain the clam fishery and
explore initiatives for laboratory production of seedstock to support future restocking
efforts and large-scale production for human food.
MATERIALS AND METHODS
Habitat Characterization of Taguines Lagoon
Ecological surveys were conducted in six sites in Taguines Lagoon (Fig. 1) in
June, July and October, 2007 to describe the physical, chemical and biological
characteristics of the habitat of Lutraria sp. Meiofauna samples in three replicates were
taken in each site using a plexiglass corer (Fleeger et al., 1988). Sediment samples in
three replicates were also obtained for grain size, organic matter content, and sediment
pH analysis. Salinity and water surface temperature were measured in-situ using a
refractometer and a mercury-filled thermometer, respectively. Burial depths of Lutraria
were determined from interviews with clam collectors in the field. Vertical tows to
collect plankton samples were made in three replicates in every site.
Water and soil samples were analyzed following standard procedures for specific
analyses such as grain size, organic matter content, and sediment pH. Qualitative and
quantitative analyses of meiofauna and plankton followed the methods of Pfannkuche et
al. (1988) and Stafford (1999). Other macrobenthos in the sediment were identified from
meiofauna samples.
Gut Content Analysis
Lutraria sp. specimens which died during transport were immediately dissected
to determine their gut contents and to gain insights into the type of food materials taken
in by the bivalve. Analysis was done using a compound microscope.
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Figure 1. Taguines Lagoon in Benoni, Camiguin (dots indicate where Lutraria sp. are
found and sampled).
Spawning, Relative Fecundity and Larval Development
Preliminary observations on spawning, fecundity and larval development of
Lutraria sp. (Fig. 2) were made at the MSU Naawan Hatchery Complex. Broodstock of
Lutraria sp. collected from the lagoon were reared in 100L fiberglass tanks filled with
seawater (33ppt) and conditioned to spawn by feeding them daily with Tetraselmis sp.
and Chaetoceros calcitrans at 50,000 cells ml-1.
Relative fecundity was determined using the volumetric method. Spawned eggs
were rinsed first through a sieve (51µ) to remove debris before they were suspended in a
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1L graduated cylinder. Three aliquot samples taken from the egg suspension were
counted using a compound microscope, and then the total count was extrapolated to the
total volume of egg suspension.
Fertilization was initiated using a ratio of 20ml spermatozoa for every liter of
egg suspension. Fertilized eggs were incubated in 100L fiberglass tanks supplied with
aeration. Larvae were fed with Tetraselmis sp. and C. calcitrans and reared at ambient
temperature (28-30oC). Photomicrographs of developmental stages of Lutraria were
taken using a digital SLR camera.

Figure 2. Adult Lutraria
sp. (SL = 124mm)

RESULTS
Habitat Characteristics of Lutraria sp.
Stocks of Lutraria sp. occurred in soft bottoms characterized by a high
proportion of fine sand (42.28%) and smaller amounts of very fine (32.44%) to coarse
sand (15.32%). The substratum in all sampling stations had generally low organic matter
content (0.742 – 1.490%). Sediment pH was consistently within a narrow range of 8.08.5; salinity was measured at 33ppt while water temperature was within a narrow range
of 28 to 300C. Adult Lutraria (SL= 65.0-124.0mm) were commonly found buried
approximately 30cm into the substrate, however, one juvenile (SL = 20.0mm) was found
buried 12cm from the sediment surface.
The diatoms, Chaetoceros sp., Thalassiosira sp. and Coscinodiscus sp.,
dominated the phytoplankton community in the lagoon while the zooplankton was
predominantly represented by copepods, Calanus sp., Oithona sp. and Acrocalanus sp.
(Fig. 3). Nematodes dominated meiofauna which is comprised of nine taxa (Fig. 4). Other
bivalves under the families Tellinidae, Sportellidae, Cardiidae and Veneridae dominated
the macrobenthic associates aside from gastropods and polychaetes (Table 1).
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Table 1. Macrobenthic associates of Lutraria sp. in Taguines Lagoon.
Associates
Bivalves
Family Tellinidae
Family Sportellidae
Family Cardiidae
Family Veneridae
Gastropods
Family Cerithiidae
Polychaetes

Number of Individuals
June 2007
July 2007

October 2007

9
4
0
1

15
2
0
0

13
7
1
0

1
1

2
1

1
0

Figure 3. Dominant phytoplankton (left) and zooplankton (right) in the habitat of
Lutraria sp. in Taguines Lagoon

Figure 4. Dominant groups of meiofauna in Taguines Lagoon where Lutraria sp.
occurred.
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Gut Content Analysis
The gut contents of Lutraria comprised mainly of diatoms, Cocconeis sp.,
Amphiproa sp., Navicula sp. and Melosira sp., together with some foraminiferans and
polychaetes. These data, aside from being relevant in determining the food items ingested
by Lutraria, can also be used as basis for experimentally selecting which food items will
likely serve as nutrient source.
Spawning, Relative Fecundity and Larval Development
From the 12 adult Lutraria individuals collected and reared in the hatchery only
one male and two females survived after two months of conditioning in one 100L
fiberglass tank. These constituted the Lutraria broodstock which spawned naturally. Five
separate spawnings were recorded throughout the study period, of which one was a
purely male spawning event (Fig. 5). Intermittent spawning occurred either on the first
quarter, full moon or last quarter phase of the moon. The estimated number of eggs per
spawning was an aggregate of eggs released by the two female individuals (SL = 78.8mm
and 89.7mm) which ranged from 0.25-9 million (Table 2).
The following description of the developmental stages of Lutraria sp. is
presented in Figure 6. The fertilized eggs measured 56µ in diameter. Polar bodies were
released approximately 20 minutes after fertilization, the two-cell stage was observed 25
minutes later, then followed by the four-cell stage after another ten minutes. Morula was
observed in three hours and 20 min and trochophore was reached after 6 hours.
Trochophores developed into veligers or D-larvae with shell length measuring 90µ in 24
hrs. Four-day old veligers (SL=120µ) became globular with their hinge line rounded off
attaining the early umbo stage. On Day 7, the larvae (SL=160µ) reached late umbo stage
with prominently rounded umbo. The larvae (SL=201.38µ) further developed into
pediveligers, distinguished with their non-functional foot, in eight days and began to
settle as spats (SL= 66.67µ), in 10 days. Eighteen-day old spats measured at 1.00mm SL
Table 2. Spawning and fecundity of Lutraria sp.
Date of Spawning
(2007)

Estimated No. of Eggs
Released (x 1000)

Number of
Females

Lunar Phase

Aug 29

90,000

2

Full moon

Sep 22

250

2

1st Quarter

Nov 01

350

2

Last Quarter

Nov 30

2,400

2

Last Quarter
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Figure 6. Stages of embryonic and larval development of Lutraria sp.: (A) Fertilized eggs
56µ; (B) Two-cell, 45 minutes after fertilization; (C) Four-cell, after 10 minutes; (D) Morula, 3
hours and 20 minutes after fertilization; (E) Trochophore, 6 hours after fertilization; (F) Veliger
or D-larva, 18 hours after fertilization, 90µ SL; (G) Umbo, 7 days after hatching, 160µ SL; (H)
Pediveliger, 8 days after hatching, 201.38µ SL; (I) Spat, 266.67µ SL, 10 days after hatching with
a functional foot; and (J) 18-day old spat, 1.0mm SL.
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DISCUSSION
Habitat Characteristics
Taguines Lagoon generally consisted of fine and coarse sand, an attribute that
may have influenced the low organic matter content of the sediments. The distribution of
organic carbon is closely associated with the texture of sediments and clay content.
Compared to clay, coarser sediments contain lower amount of organic matter due to their
high porosity and permeability (Baurone et al., 2003). The values of organic matter
content obtained in this study agree closely with the values of total organic matter (0.721.17%) obtained by Bongiorni et al. (2004) from unexplored component of marine
sediment microbiota.
The pH values in sediments are fairly constant and within the range recorded for
marine habitats. In Taguines Lagoon sediment pH values were within range of pH of
pore water (7.0-8.2) recorded by Ben-Yaakov (1973) in his study on recently anoxic
marine sediments. Salinity and water temperature measurements in the lagoon fall within
normal range in marine habitats.
Interviews with Lutraria collectors indicated that burial depth of the clam is
closely related to size of the individuals. Juveniles or small-sized Lutraria tend to stay
buried at the upper layer of the substrate, then burrow deeper into the substrate as they
become adult. This behavior is associated with the length of the organism’s siphon
which is normally extended above the substratum surface. The juveniles have yet to
acquire longer siphons, hence, are found buried at the upper layers of the sediments.
Similar observations have been reported with other clams. A positive relationship
between size and burial depth was found in another clam species, Mya arenaria (Zaklan
and Ydenberg, 1997), while Goodwin and Pease (1989) reported that postlarvae of
geoduck clam were not found in deeper layers of the sediment burrows because
apparently their siphons were not developed yet.
Plankton is an important component of the habitat of Lutraria, providing food for
this filter feeding clam. Some diatoms, such as Cocconeis, Melosira, Amphiproa, and
Navicula, together with some polychaetes and foraminiferans, were common constituents
of the gut contents of dissected specimens. Diatoms are the dominant microfauna in
Taguines Lagoon and finding these organisms in the gut of Lutraria indicates that they
may be a preferred food item of this clam. Food preference and availability are important
considerations for future efforts in the culture of this economically important species.
The dominance of nematodes over other meiofauna taxa in the lagoon is
predictable since nematodes can colonize virtually every moist habitat. These organisms
have been documented to be abundant in marine sediments (Riemann, 1988). Other
groups such as foraminiferans, copepods, and polychaetes are typical meiofauna residents
in marine sediments (Gooday, 1988; Wells, 1988; Westheide, 1988). Meiofauna are
considered a significant food source for animals at higher trophic levels (Coull, 1988). In
this study, the presence of foraminiferans and polychaetes (two of the most dominant
meiofauna taxa) in the gut content of dissected clam specimens also implies that this
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species, although primarily a filter feeder, utilize resident meiofauna as food. This
assumption, however, should be subjected to further investigation.
Faunal associates of Lutraria are other bivalves, represented by four families,
Tellinidae, Sportellidae, Cardiidae and Veneridae, which are also of economic
importance as potential source of food and additional income to the local people.
Spawning, Relative Fecundity and Larval Development
Larvae of Lutraria reared at 28-30oC settled relatively faster (10 days) than that
of the blacklip oyster, Saccostrea echinata (14 days), reared at the same temperature
(Southgate and Lee, 1998). This settlement rate, however, was relatively slower when
compared with the larvae of the windowpane shell, Placuna placenta (8 days) reared at
the same water temperature (Dharmaraj et al., 2004).

CONCLUSION AND RECOMMENDATIONS
Lutraria sp. inhabits areas in the marine lagoon that are generally characterized
with soft bottom, mainly composed of fine sand, sediment pH within a narrow range of
8.0-8.5 and low organic matter content. The study organism thrives on plankton
dominated by diatoms. The natural spawning of Lutraria sp. and the subsequent rearing
of its larvae under laboratory conditions has potential applications on its culture and
large-scale seed production to replenish natural stocks as well as to support its
commercial utilization.
The authors recommend related studies, particularly on the following aspects:
Influence/effects of some selected biological-physico-chemical factors such as food
types, salinity, pH and temperature on the embryogenesis of the species; and Studies on
the development and growth of the juveniles of Lutraria sp. in different containers (eg.
experimental scale upweller, sunk cages, and others).
Lastly, the initial findings of this study must be provided to the Local
Government Unit (LGU) of Benoni, Mahinog, Camiguin and the resort operators in the
lagoon for their information and appropriate management plans for the resource.
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