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Abstract—The shelled molluscan fauna of the Northern Marianas, a chain of volcanic islands in
the tropical western Pacific, consists of at least 300 species. Of these, 18 are unknown from or
are very rare in the biologically better known southern Marianas. These northern-restricted
species are over-represented among limpets and in the middle to high intertidal zones of the
northern Marianas. At least 22 gastropods which are common in the intertidal zone and on reef
flats of the southern Marianas are absent in the northern Marianas.

The northern Marianas lie within the presumed source area of the planktonically derived
part of the Hawaiian marine fauna. The ocean barrier between the northern Marianas and the
Hawaiian chain appears to select against archaeogastropods and against intertidal species but is
unselective with respect to adult size and to other aspects of gastropod shell architecture. These
findings are consistent with those for other dispersal barriers.

Introduction

The Mariana Islands form the southern part of an island chain which extends
northward through the Bonin, Volcano, and Izu Islands to central Honshu, Japan.
Whereas the marine biota of the southern Marianas (Guam, Rota, Tinian, and
Saipan) is becoming relatively well known, that of the northern Marianas (Fig. 1) is
largely unstudied. Besides a few scattered records, the only published marine
biological accounts are those of Tsuda and Tobias (1977a, b), who provided a
checklist of algae.

The taxonomic composition and biogeographical affinities of the marine fauna
of the northern Marianas are interesting for at least three reasons. First, the shores of
the northern islands are almost entirely volcanic and might be expected to yield
species that are absent from the raised limestone and associated reef-flat shorelines of
the southern Marianas. Second, the Marianas lie in what has traditionally been
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Fig. 1. Map of the Mariana Islands.

considered a source area for the fauna of the Pacific islands which lie to the east of
the Indo-Malayan archipelago (Ekman, 1953; Kay, 1984). Thirdly, the northern
Marianas lie on the eastern edge of the Philippine plate, separated from the Pacific
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plate on which most of the islands of the Pacific lie, by the deep Marianas Trench,
and thus are a test area for some of the biogeographical hypotheses recently proposed
by Kay (1980a, 1984) and Springer (1982). _

The molluscan fauna of the northern Marianas especially invites comparison
with that of the Hawaiian Islands which, like the northern Marianas, are largely
volcanic. The Hawaiian chain consists of a series of 26 islands extending from Hawaii
in the southeast, the youngest at —1 my, to Kure, an atoll resting on an ancient
volcanic pedestal to the northwest. Dating of basalt at Midway near Kure indicates
that the island was above the sea in the Miocene, 30 my ago (Ladd et al. 1970). The
age sequence in the Mariana Islands is opposite that in Hawaii; Guam and Saipan in
the south are the oldest islands and much of their volcanic base is capped with
Pliocene and Pleistocene limestone. The northern arc of islands, from Anatahan to
Uracas, is a series of young volcanic islands, and Pagan, Asuncion, and Uracas are all
active volcanoes.

The subtropical countercurrent, which arises in the west as an offshoot from the
Kuroshio Current, flows eastward through the northern Marianas and continues
erratically eastward to Johnston Island and thence to the northwestern Hawaiian
islands. (For discussions of the biogeographical affinities of the Hawaiian Islands see
Kay, 1967, 1980a; and Grigg, 1981.) The fauna of the northern Marianas thus affords
the opportunity to examine the selectivity of the dispersal filter between the Hawaiian
biota and its presumed source in the northwestern Pacific.

Very little is currently known about the ecological and architectural differences
between widely dispersing and poorly dispersing species. The topic is important
because wide dispersal is associated with long-term resistance to extinction (Stanley,
1979). If statistical associations exist between dispersability and biotic competence,
longsterm evolutionary trends toward an increase in biotic competence might be tied
to the evolution of large-scale dispersal by planktonic stages.

Materials and Methods

The material reported on results from several expeditions to the northern
Marianas organized by the University of Guam Marine Laboratory between 1972
and 1981. All three of us have made field observations in the northern Marianas and
all nine islands have been visited by one or another of us.Shallow-water habitats were
sampled by wading, snorkeling, and scuba diving. Sediment samples collected from
tidepools and offshore to depths of 30 m were examined for micromolluscs (molluscs
less than 7mm in greatest dimension) and quantitative analyses were performed
following the method of Kay (1980b). We have also examined the collections made
by C. Carlson and P. J. Hoff aboard the WANDERER and those of the National
Museum of Natural History, Smithsonian Institution (USNMNH).

The shelled molluscs reported on are deposited in the University of Guam
Marine Laboratory collection, in the Vermeij collections, and in the Kay collections
at the University of Hawaii.
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Only species with shells greater than about 10 mm in greatest dimension are used
for the analyses of architectural differences among shells. Thick-lipped shells are those
which have an expanded or thickened rim of the aperture in the adult stage; thin-
lipped shells are those which lack this modification. Species referred to the intertidal
are those found in the intertidal and include species which occur both in the intertidal
and the subtidal.

Results

Northern Mariana-Southern Mariana Comparison.

A list of species and their occurrence on the nine northern Mariana Islands is
presented in Appendix 1. We have excluded small alga-dwellers such as the
Eatoniellidae and Cingulopsidae and the sessile Vermetidae (except for Serpulorbis
variabilis) from our list, and our inventory of the fauna is certain to be incomplete in
other respects. However, it shows clearly that several species which are abundant on
the shores of Guam and others of the southern Marianas are conspicuously rare or
absent in the northern Marianas and vice versa.

Twenty-two common shallow-water, hard-bottom molluscs from Guam which
are absent from the northern islands are listed in Appendix 2. Eight (36%;) are
confined to the middle or high intertidal zones, and 14 (64%) are found chiefly or
exclusively on reef flats. It is interesting that Trochus niloticus has not been found in
the northern Marianas. This species was introduced from Belau (formerly Palau) to
Saipan in the late 1930s and to Guam about two decades later (Eldredge, in press). It
is now abundant on reef-flats and subtidally to a depth of at least 12m (B. Smith,.
pers. comm.) on both Saipan and Guam.

Several other species which are abundant on Guam are found only sporadically
in the northern Marianas; others may have been erroneously recorded from these
islands. Only one specimen of Cerithium columna was found in the northern islands
(at Pagan in 1981), and it differs from the abundant intertidal form at Guam by
having much finer sculpture. Seven species in the USNMNH collections made by
U.S. Armed Forces in 1945 (Appendix 1) have not been found during the University
of Guam Marine Laboratory expeditions, and the locality data accompanying the
specimens may be erroneous.! We have identified 18 species from the northern
Marianas which are absent or very rare in the biologically better known southern

! A. H. Banner (pers. comm. to GJV, 28 June 1984) tells us that molluscs which he collected at
Agrihan and Maug in 1945 were very likely intermixed with material taken at Saipan when a large military
truck drove accidentally over the collected specimens. Although he attempted to salvage the remains,
Banner cannot guarantee the accuracy of the locality data of the molluscs, which were subsequently
deposited at the USNMNH. Species which we believe are erroneously recorded from the northern islands
in this way include Cerithium nodulosum, Cymatium nicobaricum, C. muricinum, Chicoreus brunneus,
Cantharus fumosus, Nebularia chrysalis, and Vasum turbinellus. All these species are common on the reef
flats of the southern Marianas including Saipan. We also doubt the record of Trochus maculatus, a species
probably absent from the southern Marianas.
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Marianas (Appendix 1).

Although Pusia sp. may be easily overlooked because their shells are less than
about 10 mm in greatest dimension, the other species have prominent shells, and we
do not believe their absence or rarity on Guam is an artifact of collection.
Additionally, several northern Marianas species are reported from Guam but have
not been found in recent years. Haliotis ovina and H. varia varia were recorded by
Talmadge (1963).. H. ovina is represented in the USNMNH collections by one
specimen from Saipan. Nodilittorina pyramidalis is recorded by Rosewater (1970)
from “Apra Bay” (Guam) and from Saipan, but we have not found it in the southern
Marianas. Planaxis niger, abundant in the northern Marianas, was collected from
northern Saipan (Kropp, pers. comm.), but no other southern Marianas record of this
species is known.

Most (66%,) of the northern-restricted species were found on two or more of the
nine islands (Appendix 1). They are particularly well represented in the intertidal
zone. Of the 35 gastropod species found in or above the middle intertidal barnacle
(Tetraclita) zone, 10 (29%;) belong to the northern-restricted group. An additional
species, Nerita guamensis, occurs at two of the northern islands as a dark form which
is unknown from the southern Marianas. Species with a limpet-like form comprise
89, of the northern Marianas gastropod fauna as a whole but 299;of the northern-
restricted species.

Northern-restricted species are not confined to the Mollusca. Among corals,
Leptastrea sp. and Millepora foveolata are known from Pagan but not from the
southern Marianas (R. H. Randall, pers. comm.). At least two porcellanid crabs are
northern-restricted (R. K. Kropp, in prep.). The high intertidal hermit crab Calcinus
seurati has been found at Pagan and Saipan but is unknown: from Guam (D. S.
Wooster, pers. comm.). The fishes Labroides pectoralis and Pseudodax molluccanus
are also absent from Guam but have been seen at Pagan (R. Myers, pers. comm.).
Randall (1982) reports that the surgeon fish Acanthurus leucopareius, rare at Guam, is
common in the northern Marianas. Algae found in the northern but not the southern
Marianas include the phaeophytes Dictyota hamifera, Hormophyta triquetra, and
Stipopodium hawaiiense (Tsuda and Tobias, 1977a; Eldredge et al., 1977) and the
rhodophytes Dermonema frappieri, Polysiphonia sacchorhiza, Laurencia succisa, L.
surculifera, Galaxaura filamentosa, G. hystrix, and G. veprecula (Tsuda and Tobias,
1977b; Itono, 1980).

Northern Marianas-Hawaiian Comparison.

Data comparing the molluscan faunas of the northern Marianas and the
Hawaiian Islands are set out in Tables 1-3. The northern Marianas Archaeo-
gastropoda (superfamilies Pleurotomariacea, Fissurellacea, Patellacea, and Tro-
chacea) are less well represented in the Hawaiian Islands than are the mesogastro-
pods and neogastropods (Table 1). Indeed, two families of archaeogastropods, the
Haliotidae and Acmaeidae, which contribute 17%, of the archaeogastropod species to
the northern Marianas fauna, are not present at all in Hawaii. The effect of this
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Table 1. Hawaiian affinities of the northern Marianas fauna.

No. of species in
northern Marianas

%Occurring in Hawaii

Taxonomic groups

Archaeogastropoda 41
Neritacea 8
Mesogastropoda 87
Neogastropoda 111
Euthyneura 21
Polyplacophora 2
Bivalvia 39

Architectural groups
* Gastropods, narrow

57
aperture
* Gastropods, thick
. 72
or expanded lip
* Gastropods, thin lip 107
* Gastropods, large 37
(>50 mm)
* Gastropods, small 53
(>10mm)
Habitat groups
Gastropods, middle to 35
high intertidal
Gastropods, lower shore, 122
hard bottom
Gastropods, soft bottom 56
Bivalves, soft bottom 13

24
50
70
59
33

46

58

68
55
51

53

51

60

52
54

* Comparison excluding Archaeogastropoda

Table 2. Numbers of intertidal mollusc species recorded in the northern
Marianas and in Hawaii (Hawaiian data from Kay, 1979).

Northern Marianas

Hawaii

Archaeogastropods 7 (4 families,
6 genera)

Neritidae
Littorinidae
Planaxidae
Muricacea
Mitracea
Smaragdinellidae
Melampidae

N — — 00 N O

[\

Siphonariidae
Bivalvia 0

3 (1 family,
1 genus
all endemic)

(1 endemic)

(2 endemic)

A= N ONBAS

(2 possibly
endemic)

w N
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Table 3. Numbers of samples and percent species composition of major
components of micromolluscan assemblages in the Northern Marianas
and in the Hawaiian Islands.

N. Marianas  Hawaii I.! Oahu 1.2 Niihau? F.F.S*

No. of samples 19 9 11 6 11
Number shells 3,053 3,032 3,978 2,705 2,334
Percent Composition
Archaeogastropoda’ 18 7 3 9 1
Rissoidae 4 23 17 27 18
Cerithiidae 19 3 4 7 13
Dialidae >1 4 31 9 15
1 Samples from 3-10m depth transects on subtidal reef, Kona, Hawaii
2 Samples from 10m depth on transects at Waianae, Oahu
3 Samples from 3-10m depth on transects on the lee shore of Niihau
4 French Frigate Shoals. Samples from 8 m depth
5

Archaeogastropoda do not include Tricolia variabilis.

relative lack of archaeogastropods is reflected in two comparisons (Tables 2 and 3).
When the numbers of species found in the intertidal in the northern Marianas and the
Hawaiian Islands are compared, about the same numbers are found in both areas,
but whereas seven species of archaeogastropods occur in the intertidal of the
northern Marianas only three archaeogastropod species occur in that zone in Hawaii,
all in the same genus (Cellana) and all endemic. The numbers of species in other
groups are similar for the two island groups, i.e., there are four or five species of
nerites, five or six species of littorines, and eight or nine species of muricaceans.

When the relative proportions of micromolluscs from subtidal sediment samples
(Table 3) are compared, 189, of the micromolluscs in the samples from the northern
Marianas are archaeogastropods (exclusive of Tricolia variabilis which is highly
variable in numbers both in the northern Mariana and Hawaiian Islands) while in the
Hawaiian Islands the figure ranges from 3 to 119. Rissoids comprise a low
proportion of the shells in the northern Marianas but a higher proportion in the
Hawaiian Islands, and cerithiids which are also prominent in the northern Marianas
(they comprise about 199, of the fauna) are less prominent in Hawaii.

The northern Marianas and Hawaiian marine molluscan faunas are similar in
gastropod: bivalve proportions—88:12 and 88: 17, respectively, and the figures for
both island groups are consistent with those reported for other islands (Kay, 1967).
Soft-bottom and hard-bottom species from the lower shore do not differ in their
relative proportions (Table 1). The Hawaiian marine molluscan fauna differs from
that of the northern Marianas, however, in its relatively high percentage of endemism
at the species level (about 15%, Kay, 1979). There is apparently little or no endemism
at this level in the northern Marianas. Several species in the Hawaiian fauna are
widespread in the Pacific Ocean and have been termed Pacific plate species (cf.
Springer, 1981, 1982; Kay, 1980a, 1984) because they appear to be restricted to the
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Pacific plate. In molluscan groups for which there is good distributional information,
such as the cowries and strombids, more than 259 of the species in Hawaii are Pacific
plate species. We have detected only one cowrie—Cypraea maculifera which is
predominantly Pacific plate species in the northern Marianas.

With respect to gastropod antipredator shell architecture, mesogastropods,
neogastropods, and euthyneura with a narrowly elongated aperture are found in
about the same proportion in the northern Mariana Islands and the Hawaiian Islands
as are member of these groups with a broad aperture. Furthermore, there are no
differences in the proportion of thick-lipped and thin-lipped gastropods exclusive of
the Archaeogastropoda (that is, the Neritacea, Mesogastropoda, Neogastropoda,
and Euthyneura) in the northern Mariana and Hawaiian Islands. Had we compared
the distribution of thick-lipped members of these groups to all thin-lipped gastropods
rather than excluding the archaeogastropods, then more thick-lipped, narrow-
apertured species would appear. Gastropods of large size (more than 5cm maximum
dimension) are found in Hawaii in the same proportion as are smaller-shelled species
(Table 1).

Discussion

The presence/absence and the distribution of molluscs within the northern
Marianas are affected by at least three factors: collecting effort, types of habitat, and
an island effect, as shown by patchy distributions. More visits were made to Pagan
for which the largest number of species was recorded (230) than to other islands of
the northern Marianas, and fewer visits were made to Uracas. Pagan is also the most
geologically diverse of the islands in the chain, with black sand beaches, raised
limestone benches, and subtidal coral communities. Uracas is characterized by a
foreshore of basalt boulders and is surrounded by warm sulphurous water. Maug,
composed of three weathered volcanic peaks which surround the old crater may have
the most extensive coral reef development among the islands. Finally, species
presence or absence on all the islands may be the result of an island effect in that the
presence or absence of species can be the result of chance. Patchy distributions on
islands have been documented for the Line Islands (Kay, 1971) and the Hawaiian
Islands (Kay, 1979; 1980a).

Of the occurrences of several species which are abundant on the shores of Guam
and others of the southern Marianas but which are absent or rare in the northern
Marianas, some are explicable. The absence of species that inhabit seagrass meadows
and mangroves is expected because these habitats are not represented in the northern
Marianas. For other shallow-water species, however, absence in the north is more
puzzling. We rather expected the southern-restricted species to be confined to
limestone surfaces and to be absent from volcanic substrates. With the possible
exception of the limestone-restricted limpet Patelloida sp., however, the southern-
restricted species are known from both limestone and volcanic shores. The 22
common shallow-water hard-bottom molluscs from Guam which are absent from the
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northern islands are ecologically and biogeographically unrepresentative of the fauna
as a whole, with over a third of the species confined to the middle and high intertidal
zones, and the other two-thirds found on reef flats.

The northern-restricted species are also ecologically, morphologically, and
biogeographically atypical of the northern Marianas fauna as a whole, and a high
proportion of intertidal and limpet-like forms also characterizes the northern
Marianas forms. Additionally, many of the northern-restricted species appear to be
confined to high islands and to be absent from atolls. Usilla fusconigra, for example,
is known from Okinawa, Samoa, the Marquesas, and the Hawaiian Islands, but has
not been collected from atolls in the Marshalls, Societies, or Tuamotus (data from
USNMNH, British Museum (Natural History), B. P. Bishop Museum). Other
examples of high island species include Cellana toreuma, the three acmaeids,
Nodilittorina pyramidalis, and Planaxis niger. Some or all of these species may be
restricted to volcanic substrates.

The most obvious difference between the Hawaiian fauna and that of the
northern Marianas is in the proportion of archaeogastropods, both in terms of
species composition and in terms of absolute numbers. The lesser proportion of
archaeogastropods in the Hawaiian fauna as compared with that of the northern
Marianas is consistent with what is known of the larval life history of these
gastropods: they tend to lack widely dispersing teleplanic larval stages (Kay, 1984)
which may prevent them from reaching the Hawaiian chain from the west.
Mesogastropods and neogastropods have teleplanic larvae which are taxonomically
widespread and therefore are expected in larger proportion. There are, however,
some anomalies in the dispersal pattern: for example, only three of the southern-
restricted species—Hipponix foliaceus, Cymatium gemmatum, and Mitra cucu-
mering —— 149 of the southern-restricted species are also found in Hawaii
and only one of the common northern-restricted species (Usilla fusconigra) is also
known from Hawaii.

Other studies of selectivity of dispersal barriers in the ocean have yielded results
similar to those we report here. The barrier between the Line Islands in the west and
the offshore islands of the eastern Pacific in the east is unselective with respect to
apertural shape and shell size (Vermeij, 1978), but there is a selective diminution of
numbers of species with apertural modification between the eastern Pacific islands
and the mainland coast of western tropical America (Vermeij, 1978). This latter
conclusion, however, rests on a small sample, because most of the Indo-west Pacific
elements which extend as far east as the offshore islands do not also occur on the
mainland (see also Emerson, 1978; Zinsmeister and Emerson, 1979). The selectivity
of the Suez Canal as a barrier remains a matter of dispute, but Vermeij’s (1978)
analysis suggests that there is no strong reduction of any one architectural group of
species between the Red Sea and the Mediterranean through the Canal. On the
other hand, upper shore species have perhaps been less prone to migration through
the Suez Canal from the Red Sea to the Mediterranean than have lower shore species
(Safriel and Lipkin, 1975; Vermeij, 1978).



36 Micronesica

The biogeographical distinctiveness of the gastropods of the upper shore in the
northern Marianas recalls the upper shore endemism in the Hawaiian Islands,
although endemism per se is not pronounced in the northern Marianas. Similar
situations have been reported in the southern tropical Atlantic, western Indian
Ocean, and Red Sea (Vermeij, 1972, 1978). The data from the present study suggest
that poor dispersability and effective adaptation to locally distinctive environments
contribute to the endemism of the high intertidal biota.

Finally, we wish to emphasize that, although faunal surveys have often been
maligned as being superficial descriptive studies, they are essential for the under-
standing of biogeographical affinities, selectivity of barriers, and patterns of diversity.
We believe that a comparison of the tropical East Asian mainland biota with that of
the northern Marianas will shed further light on the nature of the open-ocean
dispersal barrier.
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