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Marine Bivalvia (Mollusca) of Guam
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Abstract—The marine bivalves of Guam are documented from new
collections and 339 species recorded. Nevertheless Guam’s fauna
remains imperfectly known and is estimated to be considerably more
diverse. Such high diversity on a local scale in the west-central Pacific
suggests that bivalve diversity in the Indo-west Pacific is much higher
than previously recorded. Pteriomorphs and heterodonts dominate
Guam’s fauna, while protobranchs and anomalodesmatans comprise only
four species. Galeommatids represent the most species rich family, even
though they are uncommon in samples.

Introduction

REGIONAL SETTING

Guam (13°N, 144°W), the southernmost of the Mariana Islands, is the largest,
most populous, and developed island in Micronesia. As part of the island arc
bordering the northwestern margin of the Pacific plate, Guam has had a complex
geological history since initiation around 42 Ma. Submarine and subaerial
volcanic episodes interspersed with periods of sedimentation and reef formation,
together with alternating subsidence and uplift have led to complex physiography
both above and below water. Northern Guam is a relatively flat, uplifted
limestone plateau, bordered by karstic cliffs and limited reef development. In
contrast southern Guam is dominated by volcanic hills, locally with limestone
veneers, with same valleys terminating in small bays. Barrier reefs are limited to
shallow Cocos lagoon at the southern tip of the island, and Apra Harbor at the
junction of the volcanic south and karstic north (Fig. 1). Other than these two
small lagoons, Guam’s shore is fronted by fringing reefs or lacks reef protection.

Guam has a diversity of marine habitats, even if it lacks the large and
complex lagoons that characterize many Micronesian islands to the south. Major
habitats include exposed limestone shores without reef protection, supratidal
benches, narrow, intertidal reef flats, fringing reefs with well developed (1-3 m
deep) moats, and shallow (<12 m) Cocos and deep (60 m) Apra Harbor lagoons.
A gradient of southwardly increasing fringing reef development appears to be
partly the result of greater tectonic uplift toward the north. Reef development is
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under further local geological control, with large embayments, created by
faulting and groundwater discharge in Tumon, Hagatfia (Agafia) and Pago bays,
having developed the widest fringing reefs, and with a barrier reef (Apra Harbor)
developed north of the projecting Orote peninsula. Additional variation in reef
habitats result from differences in wind, wave, and current exposure, with eastern
reefs considerably more exposed than western reefs to both tradewinds and
typhoons. Finally, terrigenous sediments are limited to the south, most prevalent
along the southwest coast, and this is reflected in the localization of several
infaunal bivalve species. Fore reefs exhibit moderate variation around the island
in width, terracing, and in the abundance and nature of mobile sediments.
Mangroves are limited to very small stands in stream estuaries, and to larger, but
still narrow bands in inner Apra Harbor and at the southeast end of the island in
Merizo. Seagrass beds are developed along the larger fringing reef systems as
well as in Cocos lagoon.
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Figure 1. Map of Guam.

Apra Harbor, the largest and busiest port in Micronesia, is the only deep
lagoon in the Marianas. Its unique habitats host many species not found
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elsewhere on Guam or in the Marianas. The harbor is also the main entry point
for species introduced by shipping traffic (Paulay et al. 2002). Apra Harbor has
been substantially altered following World War 1I, as a large breakwater built
over the barrier reef and bank that previously bounded the lagoon along the north
has substantially reduced circulation with the surrounding ocean. Despite such
major alterations, Apra Harbor has a vibrant and thriving marine biota, with well-
developed reefs, some of the highest coral cover (albeit dominated by Porites
rus) on Guam, and a diverse biota. Physical, chemical, and biotic conditions all
show pronounced east to west gradients in the harbor, related to the
unidirectional exchange of water through the western entrance. Benthic habitats
range from fairly exposed and oceanic reefs along the northwestern end of the
Orote Peninsula, to silt-choked, lagoonal patch reefs, mud and silty sand bottoms,
and mangroves in Sasa Bay and the Inner Harbor, with corresponding variation
in the biota.

BIVALVES

Mollusks are among the taxonomically better known phyla, partly because
shells have long fascinated naturalists, are often sufficient in themselves for
species level identification, and persist and accumulate after the animal’s death.
Shells provide more abundant material for study, and a better cross section of
what lives in an area, than is available for most organisms, which can only be
studied alive. The study of Indo-West Pacific bivalves is nevertheless hampered
by the diversity of the fauna and paucity of revisionary studies. The publication
of several regional faunistic monographs (Oliver 1992, 1995, Lamprell &
Whitehead 1992, Lamprell & Healy 1998, Okutani 2000) and taxonomic
revisions (e.g., Willan 1993, Vidal 1999, Glover & Taylor 2001), have greatly
facilitated taxonomic work on Indo-West Pacific bivalves in the past decade.
Nevertheless this diverse class remains poorly known. Although many, especially
smaller bivalves remain undescribed, a perhaps greater limitation for faunistic
studies is the profusion of inadequately described taxa and consequent abundance
of junior synonyms that have resulted from the ready availability and attraction
of shells. Revisionary studies are badly needed for most families to stabilize both
species level nomenclature and generic and higher classification.

The bivalves of Guam have received little attention in the past. Species from
the island have been included in some revisions (e.g., Stenzel 1971, Rosewater
1961, 1965, Waller 1972, Willan 1993, Vidal 1993, 1997, 1999), and one species
was described from Guam (Raines 1996). Several M.S. theses at the University
of Guam focused on bivalves (Jameson 1975, Day 1977, Braley 1981, Persselin
1998, Peshut 2000). The mollusks of the Northern Mariana Islands, but not
Guam, were checklisted by Vermeij et al. (1983), while Cloud (1959) recorded
48 species from Saipan. Checklist attempts for Guam began with Smith (1986),
who listed 65 species, while Paulay (1996a) recorded 201 species, and Peshut
(2000) encountered 223 taxa in a quantitative survey. I have been incidentally
collecting and identifying bivalves on Guam since 1991, but attention paid to the
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comprehensive marine biodiversity survey featured in this volume has limited
effort spent specifically on bivalves. The present checklist is thus more a report
of progress to date than an authoritative list of the fauna. Nevertheless it already
demonstrates the substantial local diversity of the group. Other than the 20
sediment samples (500+ specimens each) picked by Peshut (2000) and ca. 20
dredge hauls from 50-150 m depths fully sorted for bivalves, bivalve collecting
has been incidental to other work. Taxonomic determinations remain
preliminary, with many species identified to generic level only. Accurate species
level identifications in bivalves often require mini revisions of relevant taxa.

Methods

Bivalves were collected from beaches, reef flats, moats, lagoons, fore reefs,
and the lower reef talus to ca. 200m by walking, snorkeling, SCUBA, and
dredging. Dredging was largely confined to 50-150m depths, focused on a well-
developed terrace at that depth around the island. Epifaunal and endolithic
species were collected from reef substrata, while dead shells and infaunal
bivalves were taken by fanning sand during dives and from sediment samples
retained on 0.8mm mesh sieves (see Peshut 2000). I have examined ~15,000
specimens, although over 80% of these came from fewer than 40 sediment and
dredge samples.

The extent of coverage varies with macrohabitat as well as microhabitat.
Coverage is relatively good on the leeward deep slope and on fringing reefs. It is
moderate on the fore reef at diving depths, in Apra Harbor, and on the windward
deep slope. Endolithic taxa have received little attention, as have cemented,
epibenthic species. Unidentified taxa are given consecutive numbers in my notes,
these are used here as they apply to Guamanian taxa. Literature records are
included where available. Records from other Mariana Islands were not
systematically searched, although are included when they are based on specimens
seen or from reliable literature.

Results & Discussion

At present 339 species of bivalves are known from Guam (Appendix 1).
Because considerable effort was placed on picking shells from sediment retained
on a 0.8mm mesh, microbivalves are at least as well documented as larger
species. Nevertheless new records are still commonly encountered: almost every
sediment sample processed included species previously unrecorded from Guam.
Given that sampling was virtually confined to <200m and remains modest there,
the entire bivalve fauna of the island is likely considerably greater than 500
species.

Such richness underscores Bouchet et al.’s (2002) observation that the Indo-
West Pacific mollusk fauna is considerably more diverse than previously
recognized. The highest currently documented regional bivalve diversity in the
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world is around 1200 species (Crame 2000), in the Southeast Asian — Indo-
Malayan region. Species richness rapidly decreases eastward from this diversity
center in most marine organisms (Paulay 1997). In comparison to these regional
diversities, the local species richness of bivalves on Guam is remarkable,
considering the location and small size of the island, limited habitat diversity, and
limited extent of coverage, especially with regard to depth. Bouchet et al. (2002)
documented very high mollusk diversity in a 5 X 5 km area in Koumac, New
Caledonia, with 519 species of bivalves recorded. Their results were based on a
sample size (N = 45,480) ca. three times greater than in the present study, from
an island with substantially greater habitat diversity than Guam. An interesting
comparison can be made between the opisthobranch fauna of Koumac (271
species) and Guam (485 species; Carlson & Hoff 2003). Opisthobranchs have
been more exhaustively sampled on Guam than any other mollusk group. As a
group they are also more difficult to sample in rapid biodiversity surveys than
shelled taxa like bivalves, because most species can only be collected alive.
These comparisons suggest that Guam’s bivalve biota remains substantially
undersampled. It further implies that the species richness of bivalves in the still
poorly-explored Indo-Malayan diversity center is likely much higher than
heretofore documented. Preliminary samples from the area indeed suggest very
high species richness, especially when microbivalves are considered.

Pteriomorphs and heterodonts dominate Guam’s fauna (Table 1), while
protobranchs and anomalodesmatans are represented by just 4 species.
Dominance of these two subclasses is typical for shallow-water, tropical Pacific
island bivalve faunas (Paulay 1990). 46 families were encountered, 9 with >10
species, while 23 families were represented by 1 or 2 species each (Table 2). In
comparison, Bouchet et al. (2002) encountered 62 families at Koumac, New
Caledonia, 14 with >10 species, and 27 with 1 or 2 species. The rankings of
families in terms of species diversity are similar between Guam and New
Caledonia (Tables 2). The main overall difference is that infaunal taxa are
proportionately more diverse than epifaunal taxa in New Caledonia relative to
Guam. Thus the ratio between the predominantly infaunal heterodonts and
predominantly epifaunal pteriomorphs is 1.99 for New Caledonia and 1.56 for
Guam. This difference reflects the different nature of reef habitats at these
locations, with a very wide, soft-bottom-dominated lagoon enclosed by the
barrier reef at Koumac compared with limited fringing reef development giving
way to a hard-bottom-dominated fore reef environment on Guam.

The Galeommatidae sensu lato (cf. Ponder 1998) stand out in both samples
as a megadiverse group. Their actual diversity must be substantially higher than
indicated in Table 3, and could be several times higher than that of any other
family. Galeommatid shells are relatively uncommon in samples, and many
species are currently known from one or a few valves on Guam. Similarly, at
Koumac galeommatids accounted for only 1.6% of the shells, but 12% of the
species diversity (Bouchet et al. 2002). Their rarity is likely in part a
preservational artifact, as shells are often exceptionally fragile, and in part an
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ecological / collecting issue, as many species live in specialized microhabitats,
often in commensal association with varied invertebrate hosts. Such a
combination of rarity and diversity implies that the known diversity of this group
will grow rapidly and substantially when larger samples become available.
Galeommatids are poorly known taxonomically, with generic and even higher
taxonomic limits poorly understood, and much if not most of their indicated
diversity may be in undescribed species (Morton & Scott 1989).

Table 1. Species richness of bivalve subclasses on Guam and New Caledonia

Clade Guam Koumac, NC
Protobranchia 1 2
Pteriomorphia 131 165
Heterodonta 204 329
Anomalodesmata 3 21

Data for Koumac, New Caledonia from Bouchet et al. (2002)

At least 10 of the bivalve species documented appear no longer to survive on
Guam. Locally extirpated taxa include 3 intentionally (Crassostrea gigas,
Saccostrea tuberculata, Tridacna gigas) and 3 accidentally introduced species
(Anomia nobilis, Chama fibula, Chama macerophylla), 3 indigenous species
from Apra Harbor (Lopha cristagalli, Timoclea sp. 9, Spondylus varius) and the
previously widespread Hippopus hippopus. The last two species were probably
collected to death, S. varius for curios following WWII, while Hippopus
prehistorically, presumably for food. The other two indigenous species may have
succumbed to environmental change in Apra Harbor.

Table 2. Most species rich bivalve families on Guam and New Caledonia

Family Guam Guam Koumac, NC  Koumac, NC
# of species % of fauna # of species % of fauna

Galeommatidae s. 1. 39 11% 61 12%
Tellinidae 38 11% 51 10%
Cardiidae' 29 9% 37 7%
Veneridae 28 8% 53 10%
Limidae 21 6% 15 3%
Pectinidae 21 6% 27 5%
Arcidae 19 6% 24 5%
Mytilidae 18 5% 27 5%
Lucinidae 17 4% 20 4%

Species richness of families with >10 species on Guam compared with Koumac, New Caledonia
(Bouchet et al. 2002). The other families in the New Caledonian sample that had >10 species
are: Semelidae (19), Spondylidae (16), Psammobiidae (13), Pteriidae (12), and Mactridae (11).
'includes Tridacnidae of Bouchet et al. 2002.
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