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ABSTRACT

Rutzler, Klaus, and Ian G. Macintyre, editors. The Atlantic Barrier Reef
Ecosystem at Carrie Bow Cay, Belize, I: Structure and Communities. Smzth-
sonzan Contributions to the Marine Sciences, number 12, 539 pages, frontispiece,
232 figures, 5 plates, 47 tables, 1982.—The results of the first series of
multidisciplinary investigations of the Caribbean barrier reef complex near
Carrie Bow Cay, Belize, are reported in 34 papers in this volume, which
begins with a summary of past work on the Belizean reefs and cays. The first
section treats the structure of barrier reef habitats in the vicinity of Carrie
Bow Cay, influential physical parameters such as tides and currents, geological
and sedimentological history of lagoon, reef, and island substrates, and the
island’s environment, including its climate and the effects of hurricanes.
Subsequent papers analyze the distribution of endolithic microorganisms in
carbonate substrates, and the diversity, standing crop, and production in
selected lagoon and back-reef habitats. Related contributions report on the
benthos of an unusual submarine cave and on the surface zooplankton over
reef and lagoon bottoms. One section is devoted to the systematics and local
distribution of flora and fauna. Marine plants covered are plankton diatoms,
benthic algae—including a detailed study of the red alga Polysiphonia—and
sea grasses. Faunistic studies focus on hydroids, medusae, stony corals, octo-
corals, sipunculans, anthurid isopods, pycnogonids, a marine chironomid,
ophiuroids, and crinoids. In the papers on Polysiphonia, hydroids, stony corals,
and anthurids, all species are illustrated for identification by nonspecialists;
figures of important or unusual examples are shown in the other systematic
contributions. New species are described among anthurids, pycnogonids, and
ophiuroids. A section on ecological responses discusses the reaction of algae to
grazing pressure, the life history of an ichthyo-parasitic hydroid, the growth
response of the reef coral Montastrea annularis to a light gradient, and associa-
tions between zoanthids and their sponge hosts. Included in this section are
discussions of the ecology of the zoanthid Isaurus duchassaingi, settlement
behavior and development of the bivalve Malleus candeanus, and behavioral
ecology of two closely related reef fishes, genus Acanthemblemaria. The volume
concludes with two general surveys of the barrier reef and cays, which discuss
the Carrie Bow reef section and cay in relation to the overall barrier reef
complex.
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Dedication

This volume is dedicated to the 50th anniversary
of the Great Barrier Reef Expedition 1928-1929,
which pioneered the integration of many science disciplines
for the better understanding of the coral reef system



Foreword

Museum scientists tend to be specialists in a particular discipline and to
work alone. Those of us, however, who study living organisms learn sooner or
later that we cannot hope to understand our animals and plants fully without
some knowledge of the environment in which they exist. We also learn at
some point to appreciate the benefits of collaborating with fellow scientists
whose disciplinary focus may differ from ours, but whose interests are related
to our own through the “environmental” link. That is to say, a great natural
ecosystem such as the tropical coral reef draws together researchers of many
diverse disciplines.

The project “Investigations of Marine Shallow-Water Ecosystems”
(IMSWE) off Carrie Bow Cay has done this very thing for many of us at the
Smithsonian Institution and elsewhere, and thus we have learned far more
about our organisms and their environment than we might have done
otherwise. As a result, we are more than enthusiastic about IMSWE’s progress.
We started with only a few investigators, but as the years have passed we have
grown into a multidisciplinary contingent.

Needless to say, part of IMSWE’s success stems from the efforts of the
principal investigator, Klaus Rutzler. He is responsible for the organizing,
scheduling, coordinating, and orchestrating. He has done all this with good
humor and energy.

Of course, such an effort would not have been possible without the support
and encouragement of the Belizeans themselves. They love their barrier reef
and have high regard for its economic, recreational, and aesthetic value.
Recognizing the need for understanding and protecting this precious resource,
Belizean officials have approved and assisted our various endeavors since
IMSWE’s modest beginnings. In particular, Winston Miller, Fisheries Officer,
has helped us in every way, as have members of the staff at the Ministry of
Trade and Industry (after 1979 the Ministry of Health, Housing, and Coop-
eratives), and the Ministry of Finance.

We all know that research cannot go forward without adequate funding.
The Exxon Corporation has provided part of our support, and has done it in
a most generous fashion, allowing the scientists to go about their studies
independently.

This volume thus represents the culmination of research effort and support
from many quarters. It is the first of an open report series and serves as the
basis for future contributions. It not only “sets the scene” by determining
terminology and summarizing our knowledge to date, but it also points out
the gaps yet to be closed. We look forward to the next decade.

September 1980 Porter M. Kier, Director (1970-1979)
National Museum of Natural History
Smithsonian Institution

1x



Preface

On a windy, overcast morning of February 1972, we discovered Carrie Bow
Cay. Arnfried Antonius and I (K.R.) were on our way from Stann Creek (now
Dangriga) to Glover’s Reef, looking for the Tobacco Cay passage through the
barrier reef. We could already hear the waves pounding the coral crest but
neither of two islands in front of us matched our memory of Tobacco Cay,
and the crew of the charter boat from Belize City, unfamiliar with southern
waters, was uncertain too. The smaller but nearer one of the cays had
buildings and a solid dock so we decided to have a closer look. Minutes later
we tied up to the concrete pier and walked toward the stately main building.
No one was around, except for a few mildly disturbed pelicans, but a
weathered sign above the gate to the main porch said “Welcome to Carrie
Bow Island.” On that memorable day when we first walked around Carrie
Bow—a speck of sand covered by about 80 coconut trees overlooking three
cottages, two outhouses, and three water tanks—we could not have predicted
the developments of the eight years to come. Despite its small size, this island
has been the site of a simple but functional laboratory to which more than 70
scientists from 30 institutions have come to study the well-developed reef
complex nearby.

Records indicate that up to 1927 Carrie Bow Cay, then known as Ellen
Caye or Bird Caye, was an uninhabited sanctuary for migrating birds and for
sea turtles coming there to lay their eggs. The surrounding reef “abounded
with conch, lobster, turtles, and parrot fish, all of which have been depleted
by extensive trade in these commodities,” according to the historical account
of Henry T. A. Bowman, current owner of Carrie Bow Cay. Mr. Bowman
bought the island in 1943 and decided to name it after his wife Carrie. “At
that time the cay was about twice the size it is now, and was surrounded by
mangrove, and had about 75 coconut trees that were planted in the early
1900’s. The mangrove, breeding spot for mosquitos, was cleared off in 1944
when [he] decided to build a summer home. Of the original coconut trees
only six remain today.” Mr. Bowman’s account also cites the stresses intro-
duced by countless storms and hurricanes, which were particularly harsh
during the past three decades but whose damage Carrie Bow Cay and the reef
have managed to survive.

Notwithstanding these changes, the area remains relatively undisturbed by
scientific standards, and thus is an i1deal location for an ecological study of
coral reefs. More significant, it is a segment of an enormous reef complex that
is reasonably accessible from major cities on the North American mainland.

This volume presents the first extensive scientific account of the barrier reef
around Carrie Bow Cay, Belize. It is an outgrowth of the Smithsonian
Institution Program “Investigations of Marine Shallow-Water Ecosystems”
(IMSWE), which began in 1970 under the guidance of W. H. Adey, A. L.

X
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Dabhl, and the editors of this volume. It was our goal to introduce long-term
cooperation and a truly interdisciplinary approach to the ecological study of
coral reefs and related tropical environments. Our search for a study site that
would be satisfactory to the special requirements of various disciplines led us
to the reef off Belize.

IMSWE evolved alongside a larger proposed project for the study of a
coral-reef ecosystem that was to be a multi-institutional and multi-national
program sponsored by the International Decade of Ocean Exploration.
Glover’s Reef atoll was contemplated as a site for that program’s comparative
studies and Carrie Bow Cay—although not yet seen by any of the planning
committee—was discussed as an additional possibility because of its logistical
advantages, particularly its location half way between the mainland of Belize
and the atoll. Although the large program was not funded, Smithsonian
Institution scientists carried forward the idea for an interdisciplinary study of
a coral reef ecosystem.

Since that time, many enthusiasts have joined in IMSWE’s collaborative
investigations. Because of the growing body of information resulting from our
work, we are now able to present this volume, whose purpose is to give a
general introduction to the topography, oceanography, geology, and biology
of the Belizean barrier reef complex near Carrie Bow Cay.

Some new terms have been introduced in this volume to describe the
physiographic characteristics and zonation of the reef in this area. It is hoped
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that even if these terms are revised at a later date, they will serve as an
important reference for future research reports. This contribution also opens
a publication series that makes it possible to add information on this reef
complex as it becomes available and to keep the results in focus for subsequent
additions and for a later synthesizing monograph.

The use of brand names in this publication is for descriptive purposes only
and does not constitute endorsement by the Smithsonian Institution.

AckNOWLEDGMENTS.—QOur program and the production of this volume has
received, over the years, help and encouragement from so many supporters in
direct and indirect ways that it is impossible to give a just account of them all.
Those who have contributed specifically to papers published in the following
pages are acknowledged in the article introductions. Here, we wish to highlight
the accomplishments of individuals and groups whose efforts have made our
program successful and therefore made possible the production of this publi-
cation.

The Exxon Corporation extended grant support to us over the past five
years; we are grateful not only for the financial aid but also for the personal
interest in our studies shown by R. E. Chandler and E. W. Markowski, Public
Affairs Department. Other funds came from the Smithsonian Environmental
Sciences Program, National Museum of Natural History, Research Award
Program and Fluid Research Fund, for which we thank D. Challinor, P. M.
Kier, J. F. Mello, and S. D. Ripley. Special donations from AMOCO, Cities
Service, Getty, Gulf, and Union Oil companies, and from K. Sandved and L.
Taylor made possible the printing of the color plates in this volume.

The people of Belize greatly enriched our days in the field, and its
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government officials helped us in many ways. W. Miller, Fisheries Officer and
our scientific sponsor, patiently helped with certifications and permits. The
Ministry of Trade and Industry (after 1979 the Ministry of Health, Housing,
and Cooperatives) sanctioned our work, the Ministry of Finance granted
exemption of scientific equipment from duty. H.T.A. Bowman (“Sir Henry”)
and Mrs. Bowman were our generous hosts for the past eight years. At the
same time, H.T.A. Bowman, Jr. (*Junior”) worked hard as our agent and
guide, assisted by his wife Alice, sister Norma, and by other members of his
family. H. T.A. Bowman III (“Henry”) has read the tide gauge installed by us
at Pelican Beach Motel, Dangriga, for the past four years.

For many years the single most important person for the program was M.
R. Carpenter, who solved logistical problems at home and in the field. Mike
was preceded, or at times relieved, as field manager by H. Adolfi, A. Antonius,
R. J. Larson, A. B. Rath, R. H. Sims, and B. Spracklin. Others who
contributed to our comfort on the cay include people known familiarly to us
as Frank and Japs, staff members of Pelican Beach Motel, and Emily, Ernie,
and Genevieve, our cooks. Invaluable logistical help was also provided by C.
Moore of Sen & Co., Belize City. At the National Museum of Natural History
our study benefited greatly from the administrative expertise of C. A. Ossola,
M. Parrish, and M. R. Tanner and from the technical assistance of C. G.
Ahearn, W. T. Boykins, A. C. Cohen, L. G. Cole, R. J. and K. S. Larson, and
K. B. Sandved. J. Petroski, Travel Services Office, did miracles with airplane
reservations.

This volume is the product of our collaboration with a number of patient
authors and several dedicated assistants and goodwilled advisors. Presentation
was shaped at an early stage by the skillful editing of V. V. Macintyre and
the proficient illustrating of I. F. Jewett. M. Parrish and A. Stonework typed
or retyped most of the contributions. S. D. Cairns, M. R. Carpenter, M.
Parrish, and D. S. Robertson helped as editorial assistants. C. Schopfer-Sterrer
created the accompanying ink sketches and G. J. Thomas took the aerial
photographs for the frontispiece. The following colleagues helped us as
reviewers or scientific advisors: W. H. Adey, F. M. Bayer, T. E. Bowman, M.
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A. Buzas, S. D. Cairns, D. R. Calder, F. A. Chace, B. B. Collette, M. E.
Downey, G. L. Hendler, R. S. Houbrick, E. Kirsteuer, C. G. Messing, J. N.
Norris, D. L. Pawson, H. Pulpan, J. Rosewater, and T. Waller. Finally, special
thanks are due to A. L. Ruffin, managing editor, B. J. Spann, editor, and L.
J. Long, production manager, of the Smithsonian Institution Press, for seeing
this publication through the final stages of production.



The Atlantic Barrier Reef
Ecosystem at Carrie Bow Cay, Belize, I

Introduction

Klaus Rutzler
and lan G. Macintyre

The barrier reef off Belize, Central America,
has received the concentrated attention of scien-
tists only within the past two decades. Interest in
this area dates back to the late nineteenth cen-
tury, however, the first scientific reference to the
Belizean reefs having been made by Charles Dar-
win, himself, in an 1842 work, The Structure and
Distribution of Coral Reefs (pages 201-202). Using
information provided by Captain B. Allen, Dar-
win discussed the bathymetry associated with
Belizean reefs and included them in his classifi-
cation of principal reef types.

Early studies of the natural history of Belize,
then known as British Honduras, focused not on
the reefs but on incidental collections taken along
the shore or by dredge hauls by residents of the
colony and by visiting individuals and expedi-
tions, most notably the “Pawnee” (1925) and
“Rosaura” (1937-1938) expeditions. One of the
oldest such records is the description of a new
sponge, collected near Belize (now Belize City) by
Priest (1881). Other systematic work on early
collections dealt with algae (Taylor, 1935), sea-
grass Thalassia (den Hartog, 1970), sponges (Bur-
ton, 1954), cnidarians (Boone, 1928a), crusta-

Klaus Rutzler, Department of Invertebrate Zoology, and lan G.
Macintyre, Department of Paleobiology, National Museum of Natural
History, Smithsonian Institution, Washington, D.C.  20560.

ceans (Boone, 1927), mollusks (Boone, 1928b;
Marcus and Marcus, 1962; Robertson, 1975),
echinoderms (Boone, 1928c; John and Clark,
1954), and fishes (Breder, 1927; Tucker, 1954;
Robins and Starck, 1965; Birdsong and Emery,
1968). In addition, studies relating to commercial
fisheries were reported by Smith (1939, 1941) and
Craig (1966).

The first investigations focusing on the cays
and reefs of Belize were undertaken by the “Cam-
bridge Expedition to British Honduras” (1959-
1960) led by J. E. Thorpe (Thorpe and Stoddart,
1962). Some members of the expedition mapped
40 cays, including Carrie Bow Cay, and collected
samples of their flora. They also discussed the
origin, formation, and distribution of reef and
mangrove cays, and showed the migration of
some of these cays on the basis of exposed beach
rock (Stoddart, 1960). Another expedition team
mapped bottom characteristics and identified
coral species from around Rendezvous Cay, and
conducted experiments on coral behavior in re-
sponse to external stimuli (Thorpe and Bregazzi,
1960). Subsequently Stoddart, one of this expe-
dition’s participants, surveyed in detail the biol-
ogy and geology of the Belizean atolls, that is,
Turneffe Islands, Lighthouse Reef, and Glover’s
Reef (Stoddart, 1962a). At this time he also ini-
tiated an interesting series of studies concerning
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the hurricane destruction and post-storm recov-
ery of cays and coral reefs (Stoddart, 1962b, 1963,
1969, 1974).

A second stage of intensive research activity
was spearheaded by E. G. Purdy of Rice Univer-
sity, under whom several major projects—for the
most part doctoral disserations—treating various
geological aspects of the barrier reef complex were
completed between 1961 and 1967. Most of this
work appeared in a volume edited by Wantland
and Pusey (1975) that focused on sediments and
processes of sedimentation and diagenesis (L. R.
High, Jr., pages 53-96; M. R. Scott, pages 97—
130; W. C. Pusey III; pages 131-233; W. J.
Ebanks, Jr., pages 234-296), paleoecology and
diagenesis of Pleistocene limestone (G. E. Teb-
butt, pages 297-331), and distribution of benthic
Foraminifera (K. F. Wantland, pages 332-339)
and Ostracoda (J. W. Teeter, pages 400-499).
Another member of this group of doctoral
scholars documented elsewhere the genesis of re-
cent lime mud (Matthews, 1966). In addition,
Purdy himself produced two thought provoking
reports dealing with the origin of the topographic
relief of the Belizean reef and its influence on
sediment distribution (Purdy, 1974a, 1974b).

Among other studies of the Belizean reefs some
of the most notable have been conducted by the
University of Miami under the direction of R. N.
Ginsburg. This work, to date, has focused on
shallow-water submarine cements (Ginsburg and
James, 1976; James et al., 1976) and has included
geological investigations (James and Ginsburg,
1978) and a study of deep-reef fishes (Colin, 1974)
of the deep seaward margins of the barrier reef
and Glover’s Reef atoll.

Several recent studies have concentrated on the
barrier reef and the atolls. Devaney (1974) has
reported on shallow-water echinoderms collected
off Turneffe Island and Lighthouse and Glover’s
reefs. Wallace and Schafersman (1977) have ex-
amined the ecology and sedimentology of patch
reefs in the Glover’s Reef lagoon. This atoll was
also the point of origin for a series of ichthyolo-
gical studies that were expanded to the barrier
reef complex and are still under way (Greenfield,

1972, 1975a-c, 1979; Greenfield and Greenfield,
1973; Greenfield and Johnson, 1981).

With the establishment of the Smithsonian
Institution’s field laboratory at Carrie Bow Cay
in 1972, most of the marine research in Belize
concentrated on this part of the barrier reef; only
some early site surveys and comparative studies
included other locations. Smithsonian-sponsored
physiographic surveys (Dahl et al., 1974; Miller
and Macintyre, 1977) were important early steps
of our programs, while hurricane reports and
damage and recovery surveys (Antonius, 1972;
Stoddart, 1974; Highsmith et al., 1980) appear to
have become a continuing necessity. Among the
methods developed or modified during our reef
research were mapping (Rutzler, 1978a), under-
water coring (Macintyre, 1975), and ecological
sampling techniques (Dahl, 1973; Kirsteuer,
1978; Rutzler, 1978b; Rutzler et al., 1980).

Early in our program, attempts were made to
monitor the physical environment of Carrie Bow
Cay and the surrounding waters. Cooperation
with colleagues at the University of South Caro-
lina who contributed specialized equipment pro-
duced information on the diurnal energy balance
on the island (Kjerfve, 1978) and on tidal patterns
relative to the Caribbean system (Kjerfve, 1981).

Inventory of flora and fauna was a prerequisite
for the new program and produced an increasing
number of checklists, distributional tabulations,
taxonomic revisions, and descriptions of new
taxa: algae and seagrasses (Tsuda and Dawes,
1974); nemerteans (Kirsteuer, 1974, 1977); poly-
chaetes (Fauchald, 1980); sipunculans (Rice,
1976); copepods (H. B. Cressey, 1981; R. Cressey,
1981); ostracods (Kornicker, 1978, 1981; Kor-
nicker and Cohen, 1978); decapods (Kensley,
1981; Kensley and Gore, 1981), bivalves (Waller,
1978), holothuroids (Pawson, 1976); echinoids
(Kier, 1975); and fishes (Greenfield, 1981; Green-
field and Johnson, 1981; Johnson and Greenfield,
1982). A comparable inventory of novel chemical
compounds from algae, sponges, and gorgonians
is the subject of a series of publications of W.
Fenical’s group at Scripps Institution of Ocean-
ography (McEnroe and Fenical, 1978; Mec-
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Connell and Fenical, 1978; Kokke et al., 1979;
Kokke et al., 1981).

Participants of several programs have exam-
ined organisms producing limestone and calcar-
eous sand. Environmental influences on skeletal
development of corals were studied by Barnard
et al. (1974), Macintyre and Smith (1974), Graus
and Macintyre (1976), and Highsmith (1979).
Related work on mollusks has dealt with growth
rates of gastropods (Cerithium: Houbrick, 1974)
and shell calcification of bivalves (Arcoida:
Waller, 1980). Calcium carbonate breakdown by
biological processes, on the other hand, was the
subject of studies by Riitzler (1975), Rice (1976),
and Highsmith (1981), and the contribution of
noncalcareous (siliceous) components to reef
sands was treated by Rutzler and Macintyre
(1978).

Another topic of research at Carrie Bow Cay
has been the availability and quality of food as a
major factor determining growth and distribution
of invertebrates and fishes. Primary production
by benthic algae, including spatial and temporal

variability, were discussed by Dahl (1974, 1976).
Distribution of many algae is controlled by her-
bivores (Hay, 1981) but some plants can defend
themselves from grazers by producing toxic com-
pounds that act as feeding deterrents (Gerwick et
al., 1979; Sun and Fenical, 1979; Paul and Feni-
cal, 1980; Gerwick and Fenical, 1981). On the
other hand, strong symbiotic ties exist between
certain algae and invertebrates that were studied
by Kokke et al. (1980) and Rutzler (1981). An-
other report on invertebrate feeding presents be-
havioral observations on coronate medusae cap-
tured in plankton tows near Carrie Bow Cay
(Larson, 1979).

The earlier work summarized here will give the
reader an indication of research projects under
way at the Carrie Bow Cay laboratory or spon-
sored by the Smithsonian reef study program
elsewhere in Belize. The following papers in this
volume will add further data and important new
perspectives to our knowledge. Many more con-
tributions can be expected to follow.
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The Habitat Distribution and Community
Structure of the Barrier Reef Complex
at Carrie Bow Cay, Belize

Klaus Rutzler
and lan G. Macintyre

ABSTRACT

The reef complex near Carrie Bow Cay, which
is representative of the entire Belizean barrier
reef, is separated from the mainland by a deep
and wide lagoon, which grades into shallow sea-
grass bottoms, patch reefs, and mangrove cays on
the outer barrier platform. A study transect west
(lagoon) to east (open ocean) shows a distinct
zonation of substrates and organisms that reflects
primarily water depth and the prevailing wave
and current regime. The shallow back reef shows
massive coral growth, extensive pavement areas,
and large rubble accumulations caused by hur-
ricane surge; it is separated from the inner fore
reef by a narrow intertidal reef crest pounded by
waves. The inner fore reef (to 14 m depth) shows
a characteristic spur and groove structure, with
high buttresses in the shallow depth zone (to 10
m) and low-relief formations on the deeper ter-
race. The outer fore reef includes a steep inner-
reef slope, a sand trough and an outer coral ridge.
The steep fore-reef slope drops off at the top of
the outer ridge. Many topographic features are
comparable to those present on north Jamaican
reefs. Corals of the genus Acropora suffer heavy
damage but also gain wide distribution from
storm swells. Halimeda plates dominate the coarse
fraction of the sand substrates across the entire
transect even far below the occurrence of the alga.
Submarine pavement lithification is most pro-
nounced in areas of low sediment accumulation.
The outer ridge, although now dominated by

Klaus Riltzler, Department of Invertebrate Zoology, and Ilan G.
Macintyre, Department of Paleobiology, National Museum of Natural
History, Smithsonian Institution, Washington, D.C.  20560.

Acropora cervicornis on the study transect, appears
to be built up by more solid framework. The reef
at Carrie Bow Cay has a community composition
representative of the central barrier reef province
to which it belongs, but structurally it is a com-
posite, including features characteristic of the
discontinuous northern and southern province
reefs.

Introduction

The barrier reef complex—10-32 km wide
(James et al., 1976) and approximately 250 km
long—off Belize, Central America, is said to be
the largest continuous reef in the Caribbean Sea
(Smith, 1948; Adey, 1977). Beginning as a fring-
ing reef off the Pleistocene peninsula of Ambergris
Cay, it extends southward into the Gulf of Hon-
duras. This reef complex consists of an almost
unbroken barrier reef and numerous patch reefs
and mangrove cays in its shoreward lagoon. The
shelf lagoon is 20-25 km wide in the northern
section of the complex, but where the lower third
of the reef bends eastward towards Gladden Spit,
the lagoon becomes more than 40 km wide before
it opens into the Gulf of Honduras. The point at
which the reef complex bends eastward is marked
by two islets, one of which—Carrie Bow Cay—is
the subject of this volume (Figure 1; Plate 1).

Carrie Bow Cay (16°48'N, 88°05'W), known
as Ellen Cay up to 1944, is situated on top of the
barrier reef proper, 22 km southeast of Dangriga
(Stann Creek) (Figure 2) and 18 km east of Sittee
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Ficure 1.—Tobacco Reef looking south toward South Water and Carrie Bow cays; note cuts
isolating Carrie Bow Cay from barrier reef trend.
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Point, which is the nearest land. Shoreward from
Carrie Bow Cay, the eastern portion of the lagoon
(on the barrier platform) is less than 5 m deep
whereas the western part is as much as 20 m deep.
The reef at Carrie Bow Cay (Figure 3; Plate 1:
center right) is separated from the main barrier
trend by two channels, South Water Cut to the
north (0.4 km wide and 4 m deep) and Carrie
Bow Cut to the south (0.7 km wide and 5 m
deep). These and other channels through the
barrier reef allow oceanic waters from the Car-
ibbean Sea to flow onto the shallow barrier plat-
form and to transport platform sediments to deep
off-reef areas.

South Water Cut also separates Carrie Bow
Cay (120 m long and 40 m wide) from the larger
South Water Cay (440 m long and 100 m wide),
a low island less than 1 km to the north that, like
Carrie Bow Cay, is composed of reef rubble and
sand. Twin Cays, locally known as Water Range,

is a swampy mangrove island 2 km to the north-
west of Carrie Bow and is about 1 km in diameter
and is divided by a meandering canal (Figures 3,
284). Approximately 0.5-1.5 km west and south-
west of Carrie Bow Cay and within the range of
strong tidal currents passing through breaks in
the barrier reef, numerous patch reefs having low
relief occur among Thalassia seagrass in the shal-
low water (3-6 m) of the lagoon. Similar coral
build-ups known as “sand bores” that reach the
water surface and that are topped by intertidal
sand are clustered about 3 km to the southwest.
Although many aspects of the Belize Shelf have
already been studied and described—most nota-
bly by Stoddart (1963), Wantland and Pusey
(1971), Purdy (1974), Purdy et al. (1975), and
James and Ginsburg (1978)—most earlier work
has been geologically oriented. In contrast, our
description of reef zonation is based on detailed
information about composition of flora and fauna

Ficure 3.—Aerial view of Carrie Bow Cay looking northwest. South Water Cay (right) is a reef
island on the barrier trend; Twin Cays (left) is a mangrove island in the shallow lagoon.



NUMBER 12

as well as topographic and substrate characteris-
tics. Our study focuses on a 650 m research
transect (just north of Carrie Bow Cay) that
extends west to east from the lagoon to the deep
fore reef and is representative of the entire barrier
reef (Burke, herein: 509).

ACKNOWLEDGMENTS.—We are indebted to I
Jewett for patiently preparing the maps and
graphs, some of which are based on low-altitude
helicopter aerial photographs taken by Captain
G. Thomas. H. Adolfi, A. Antonius, G. Bretschko,
M. Carpenter, R. Larson, B. Spracklin, and P. E.
Videtich assisted in establishing and surveying
the main transect and in field mapping other reef
and lagoon habitats. A. Antonius, W. T. Boykins,
R. B. Burke, M. R. Carpenter, and K. Sandved
assisted with photography.

Methods

Vertical overlapping aerial photographs of the
Carrie Bow Cay environs were made by a heli-
copter-mounted 70 mm camera with timed mo-
torized film advance. Black and white or color
prints (12 X 12 cm) were used to make photo
composites (for instance, Frontispiece) from
which topographic features could be traced on
transparent overlays. The scales of the original
maps, shown here in reduced figures, are 1: 15,000
(Figure 2), 1:1500 (Figure 4), and 1:800 (Figure
5). Low-altitude aerial photographs (like Figure
8) were taken by balloon-suspended camera (Rut-
zler, 1978a). The bottom topography in depths
greater than eight meters is not discernible on
aerial photographs and therefore had to be ascer-
tained from underwater wide-angle photographs,
as well as compass, depth-gauge, and tape mea-
surements. Sediment thickness in each zone was
determined with the aid of a steel probe (1 cm
diameter) that could be extended in 3 m sections.

The study transect is approximately 200 m
north of Carrie Bow Cay, midway across and
perpendicular to the crescent-shaped reef crest
that half encloses the island (Figure 4). Metal
stakes driven into the coral and submerged and
surface buoys anchored permanently mark the
transect along its projected length (not bottom

13

contour) of 650 m. The zero point was established
arbitrarily in a seagrass community in the shallow
lagoon. Zones were determined on the basis of
bottom configuration, substrates, and relative
abundance of predominant organisms. Surveys
were carried out along both the transect line and
a 50 m strip on either side of it. Relative abun-
dance of organisms within zones was measured
by pointcounting organisms inside a 0.25 m®
frame randomly positioned (Rutzler, 1978b: 310,
fig. 3). Objects overlayed by a 16-intersection grid
(line stretched across every 10 cm) were recorded.
Vertical projections of the points were used where
the three-dimensional configuration of the sub-
strate did not permit direct contact. In areas of
high bottom relief, this method was more reliable
and efficient than surface coverage estimates em-
ployed by Rutzler (1975:206) for it avoids distor-
tions due to nonhorizontal substrate surfaces
(Dahl, 1973).

The Transect

On the basis of dominant biological and geo-
logical characteristics, the barrier reef along the
transect off Carrie Bow Cay can be divided into
five major units: lagoon, back reef, reef crest,
inner fore reef, and outer fore reef (Figure 5;
Table 1). Each unit except for the reef crest can
be subdivided into distinct zones. The movement
and depth of water apparently are the main
factors controlling the biological and geological
zonations of this area. The lagoon unit (1.5-2.0
m depth) is marked by weak currents and a
significant accumulation of fine sand and silt; the
back reef (0.1-1.0 m) is subjected to strong cur-
rents and the lagoonward transportation of sedi-
ments; the water over the intertidal reef crest is
in an almost constant state of agitation; the inner
fore reef (1-12 m deep) similarly is strongly af-
fected by both storm waves and waves related to
normal trade wind conditions; the outer fore reef
(at least 12 m deep), on the other hand, is affected
only by long-period storm waves. Following is a
detailed description of each unit.

Lacoon.—This environment consists of a sand
and seagrass (7Thalassia) zone (Figure 6) and a
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Ficure 4.——Map of sea-floor characteristics of Carrie Bow reef with location of permanent study
transect.
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sand and rubble zone (Figure 7) that together
extend only 50 m along the transect line. The
first section, which extends for about 20 m from
the zero point northwest of Carrie Bow Cay,
covers a patch of seagrass (Thalassia testudinum
Banks ex Konig, along with a few Syringodium
filiforme Kiitzing) on a silty sand bottom (Figure
6a; Plate 2: top left). This sand is fair sorted,
dominantly very fine to medium, and 1.0-1.2 m
thick. It consists mainly of coral, mollusks,
benthic Foraminifera (including Homotrema), and
Halimeda plates. During one of our surveys (May
1975) the lower 10-15 cm of the plants were
buried in sediments, presumably as a result of
hurricane Fifi in 1974. The alga Dictyota sp.,
which was sparse in 1975, was very common
during May and June of 1976, 1977, and 1978.
Other algae regularly interspersed with Thalassia
belong to the genera Halimeda, Udotea, and Peni-
ctllus. Empty conch shells and other rubble are
covered by algal felts and patches of crustose
coralline algae. Uncommon but conspicuous in-
vertebrates include the anemone Bartholomea an-
nulata (Lesueur) inside conch shells, the corals
Acropora cervicorms (Lamarck) and Siderastrea radi-
ans (Pallas), the gastropods Strombus gigas Lin-
naeus and Turbinella angulata Lightfoot, the echi-
noid Tripneustes ventricosus (Lamarck), and the hol-
othuroid Holothuria mexicana Ludwig. Benthic ma-
croinvertebrates associated with this 7Thalassia
community were studied by Young and Young
(herein: 115).

Between 20 and 50 m along the transect, sand
appears along with rubble (sand and rubble zone)
largely covered by algal felts (13%) and by Dictyota
spp. (6%) (Figure 7). The poorly sorted sediment
in this zone ranges in size from silt to gravel and
its composition is similar to that of sediments in
the Thalassia zone. The metal probe recorded
sediment thickness of 1.0-1.4 m over a hard bot-
tom. Acropora cervicornis was absent from the sand
and rubble zone in 1972, appeared in only two
percent of samples by 1975 (but was very com-
mon in patches nearby, particularly just north of
the transect), and by 1977 had taken over exten-
sive areas on both sides of the transect (Figure
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7a). A subsequent survey in spring 1979 after
hurricane Greta (September 1978) showed that
thickets of A. cervicornis had been broken up and
carried deep into the lagoon by storm surge. New
growth, however, was evident on some coral
branches that had not been completely buried in
sediment. During this survey, thick growths of the
red alga Champia parvula (C. Agardh) Harvey
(Norris and Bucher, herein: 201) appeared in
patches throughout both the Thalassia and the
sand and rubble zones (Figures 64, 7b).

Back Reer.—This unit, in which the bottom
rises steadily from an average of 1 m to the
intertidal reef crest, consists of a patch-reef zone
(Figures 8, 9) and a rubble and pavement zone
(Figure 11) that together extend from the 50 m
mark to the 245 m mark along the transect. The
substrate in the patch-reef zone (50-150 m marks)
consists of gravel scattered in a poorly sorted silt
to very coarse sand. The coarse fraction is com-
posed mainly of Halimeda, coral, Homotrema and
other benthic foraminiferans, mollusks, crustose
coralline algae, and echinoids. Maximum sedi-
ment thickness recorded with the metal probe
was 0.3 m. This zone is characterized by local
build-ups of dead coral framework forming iso-
lated patch reefs that consist primarily of Montas-
trea annularis (Ellis and Solander) and some Diplo-
ria labyrinthiformis (Linnaeus) and Agaricia agaricites
(Linnaeus) (Figure 9). Approximately 50 percent
of the surface area of the coral is dead and
overgrown by crustose coralline algae and algal
turfs (Figure 8). Characteristically, the vertical
sides of many coral heads and boulders are alive
but the top surfaces are dead, evidently because
exposure at low tide has limited the upward
growth of the corals. At the same time, consider-
able damage to this coral population is being
caused directly or indirectly by the blue-green
alga Oscillatoria  submembranacea Ardissone and
Strafforello (Antonius, 1973, 1977). Overhangs
and crevices are commonly populated by the sea
urchin Diadema antillarum Philippi, which, along
with several species of parrot fishes, is responsible
for extensive bioerosion of dead coral surfaces
typical of this zone. Clusters of the corals Acropora
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Transect Across Barrier Reef at Carrie Bow Cay, Belize
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Figure 5.—Map and bottom profile of the permanent study transect with zonation
terminology (® = permanent markers).

cervicornts and Porites astreoides Lamarck, and the
octocoral Plexaura spp. are dispersed throughout
the sandy flats (Figure 8), with a variety of biota
including Dictyota sp., Cliona caribbaea Carter, Thal-
assia testudinum, Strombus gigas, Udotea flabellum (El-
lis and Solander) Lamouroux, Amphiroa sp., and
Penicillus capitatus Lamarck—in order of abun-
dance—growing in between. In the spring of
1979, as a result of hurricane Greta, most of the
A. cervicornis showed extensive damage, and drifts
of A. cervicornis debris were piled up against the
patch reefs (Figure 10; Plate 2: center left). The
corals Acropora palmata (Lamarck), Porites porites
(Pallas), Diplonia strigosa (Dana), Siderastrea siderea
(Ellis and Solander), and Agaricia fragilis Dana
were observed close to this zone but were not
included in the counts.

The rubble and pavement zone appearing be-
tween 150 and 245 m along the transect consists
of gravel in a silt to very coarse sand matrix that
grades into a relatively smooth and undulating
rock pavement adjacent to the reef crest (Figure
11). As can be seen on the map (Figure 4) the
pavement is generally 40 m wide and forms the
shoreward border of the entire reef crest trend.
This pavement (described in detail by James et
al., 1976) consists of a conglomerate of coral
(Millepora), mollusk, and crustose coralline algal
fragments lithified by a magnesium calcite sub-
marine cement. We noted a maximum pavement
thickness of only 4 cm although James et al.
(1976) reported lithification down to 0.5-1.0 m
in other areas of the barrier reef off Belize. Rock
surfaces in this zone are overgrown by isolated
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coral heads (Siderastrea siderea and Porites as-
treoudes), scattered Dictyota spp., coralline crusts,
and the boring sponge Cliona caribbaea. Less abun-
dant organisms are algae of the genera Halimeda,
Caulerpa, and Penicillus and the corals Agaricia
agaricites, Diploria clivosa (Ellis and Solander), and
Acropora palmata. The depth of water in this zone
averages 0.6 m. Acropora cervicornis was abundant
in this zone in spring 1978 (Figure 11a) but had
nearly disappeared by the 1979 survey (Figure
114), apparently owing to storm surges associated
with hurricane Greta, which transported almost
all living A. cervicornis lagoonward. Due south
from the 150-200 m marks, between the transect
and the island, the same zone changes into a
Thalassia-dominated rubble flat, with Porites por-
ies, Siderastrea radians, crustose corallines (on rub-
ble), and Diadema (Plates 1: bottom right, 2: top
right).

201

30 -

REer CREST.—A transition zone (0.2 m deep)
occurs between the back reef and fore reef at the
245-265 m marks along the transect. This zone is
distinguished by a framework of dead (60%) and
living Acropora palmata along with Agaricia agaricites
and Porites astreoides (Figure 12; Plate 2: bottom left,
bottom right). The bottom consists mainly of rubble
and rock pavement covered by crustose coralline
algae along with patches of fine to medium, well-
sorted sand, the coarser fraction of which is
mainly Halimeda, coral, Homotrema, and crustose
coralline algae. This sand supports scattered
growths of Dictyota sp. whereas the dead coral
rock is commonly covered by algal turfs and
dense stands of Caulerpa racemosa (Forsskal) J.
Agardh. The section of the reef crest unit between
265 and 270 m along the transect (depth of 0.1
m) is dominated by the coral Acropora palmata, the
hydrocoral Millepora complanata Lamarck, and the
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TaBLE 1.—Relative abundance of dominant organisms on the Carrie Bow Cay main transect
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(column heads designate region, structural and biological zone, transect position in meters
from 0, depth in meters as average or range, and substrate in order of abundance; +++ =

Lagoon Back reef Reef crest
Sand-mud Sand- Patch reef- Rubble- Coral rock- Coral rock- Rubble-
rubble sand pave- sand rubble coral rock
ment
Thalassia Algal Montastrea-  Siderasirea-  Acropora- Acropora- Cora]lincs-
felts Diploria Porites Agaricia Millepora Mallepora
Biota 0-20 20-50 50-150 150-245 245-265 265-270 270-275
2 1.8 1 0.6 0.2 0.1 0.1
Muddy sand Sand Sand Rubble Rock Rock Rubble
rubble rock rock sand rubble rock
rubble sand rubble
Fleshy macro-algae ++ ++ + +++ ++
Calcareous macro-algae ++ + ++ ++ +
Crustose Corallinacea ++ ++ 4+ 4+ 4+
Algal felts and turfs +++ + + + ++ +
Thalassia testudinum +++ +
Massive Demospongea
Cliona spp. + 4+
Millepora alcicornis
M. complanata + 4+ A+
Palythoa caribaeorum +4++ 44+
Stephanocoenia michelinit
Madracis mirabilis
Acropora cervicornis P + +-+ P
A. palmala P + +++ +++
Agaricia agariciles ++ ++ +++ +++ ++
A. fragilis P
A. lamarcki
A. tenuifolia
Leptoserts cucullata
Stderastrea siderea P 4+ +
Porites astreoides ++ +4++ 4+ 44
P. porites furcata P + ++
Duplonia clivosa + +
D. labyrinthiformes +++
D. strigosa P P
Colpophyllia natans
Monlastrea annularis ERE P
M. cavernosa
Meandrina meandrites
Dichocoenia stokest
Dendrogyra cylindrus
Mycelophyllia danaana
Eusmilia fastigiata
Erythropodium caribaeorum +
Erect Gorgonacea spp. ++ + +
Strombus gigas +
Diadema antillarum ++ +

Didemnidae
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very common (>10% presence); ++ = common (5%-10% presence); + = less common (1%-
5% presence); P = present and obvious but not encountered in the statistical samples)

Inner fore reef Outer fore reef

Spur and groove Outer ridge
Coral pin- High relief  Low relief Inner reef Sand trough  Innerslope  Top Fore reef
nacles slope slope
Millepora-  Agaricia- Gorgonacea-  Acropora- Gorgonacea-  Acropora- Acropora- Montastrea-
Acropora Acropora Montastrea Montrastrea Montastrea Diploria Gorgonacea Gorgonacea
275-330 330-410 410-550 550-575 575-615 615-625 625-645 645-655
1.8 5 10 15-22 23 12-22 14 15-30
Rock Sand Sand Rock
sand rock rubble Sand Rubble rubble
rubble rubble rock Rubble rubble Rubble sand sand
++ + + ++ +
++ ++
++ + +
+
+++ ++ + ++ ++ +++
4+ +
+ +
4+ ++ +
+
+ + ++
+
++ +4++ 4+ P 4+ +++
4+ 4+
++ ++ P ++ ++
+ +4++
+ ++
+4+ +++ ++ ++ + +
4+
+ ++ ++
++ + + ++ ++ +
++ ++ + + ++
P +
p T4 ++ ++
++ ++ ++
++
+ P +++ +++ +++ + ++ ++
+ P ++ ++ 4+
P P
+ P P
+
p ++
++
P
++ +++ + 4+ ++ +++ 4+
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Ficure 6.—Sand and seagrass zone before and after hurricane Greta: «, March 1978; b, April
1979. (Note extensive development of epiphytic red alga Champia parvula on Thalassia testudinum
blades; scale = 40 cm.)

a S . ‘ b :
Ficure 7.—Sand and rubble zone before and after hurricane Greta: ¢, March 1978, stands of
Acropora cervicornis on plain substrate; b, April 1979, heavy red algal growth (Champia parvula) on
substrate devoid of living 4. cervicornis. (Scale = 40 cm.)

zoanthid Palythoa caribacorum Duchassaing and
Michelotti (Figure 13a,6; Plate 3: top left, top
right). Coralline algal crusts, algal turfs, and Por-
ites astreordes are attached to massive, extensively
bored coral rock. The last windward section of
the intertidal reef crest unit (270-275 m along the
transect) is built up by rubble and coral rock
(60%), covered by coralline crusts, Palythoa cari-
baeorum, Millepora complanata, some Porites porites,
Agaricia agaricites, algal felts, and extensive crusts
of the alcyonacean Erythropodium caribaeorum (Du-
chassaing and Michelotti). Just south of the tran-

sect line and at four or more other locations the
reef crest is interrupted by perpendicular chan-
nels (Figure 13¢), which facilitate the water ex-
change between lagoon and fore reef (Kjerfve,
herein: 59).

At its southern limit, due southeast of Carrie
Bow Cay, the reef crest zone grades into a coral-
rubble storm ridge, which is actively accreting
over the rubble and pavement zone (Figures 4,
14; Plates 2: center right, 5: top left). Our observa-
tions indicate that the shoreward transportation
of this material occurs only during severe storms
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Ficure 8.—Low-altitude aerial view of patch reef zone at the 100 m transect mark (lower
center). Most of the patch reef is built up by Montastrea annularis (light areas are dead),
accompanied by Agaricia agaricites and Acropora cervicornis; the latter also forms an extensive
thicket on the right flank of the patch reef. (Picture area: 6 X 6 m.)

or hurricanes. During lesser storms this rubble is
quite stable because much of it is platy (derived
from Acropora palmata) and offers protection to a
diverse interstitial invertebrate fauna (Plate 5: top
night). Another comparable area on the reef crest
is a small incipient rubble field located 50 m
north of the transect line (Figure 4).

INNer Fore REerer.—Just east of the 275 m
mark along the transect the bottom drops to a
depth of 1.8 m and the inner fore reef begins in

a transition zone (to 330 m along the transect) of
tall but unorganized coral pinnacles on a sand
and rubble bottom (Figure 15; Plate 3: center left).
These pinnacles are the result of turbulent water
movement related to oscillating wave energy that
is partly reflected by the reef crest. This area is
comparable to Chevalier’s (1973) Type II Outer
Reef at Mururos, in which he related “pillar
structure” of corals to heavy wave swell. Approx-
imately half of these massive pinnacles off Carrie
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Ficure 11.—Rubble and pavement zone before and after hurricane Greta: a, March 1978,
extensive Acropora cervicornis and Dictyota sp. on sand and rubble bottom; b, April 1979, most of

the dominant organisms and large quantities of sand have been transported lagoonwards.
(Scale = 40 cm.)

Ficure 12.—Inner margin of reef crest; algal turf covered coral rock surfaces show evidence of
rasping action by parrot fish; Caulerpa racemosa, Millepora complanata, and Porites astreoides in
foreground.
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Ficure 14.—Coral rubble storm ridge, south of the transect, photographed after hurricane Fifi
(1974); rubble prograding over back-reef pavement, partly burying Montastrea annularis colony.

Bow Cay are formed by build-ups of dead Acropora
palmata, the rest by live Millepora complanata, A.
palmata, and Agaricia tenuifolia Dana. The dead
framework is extensively covered by encrusting
Cliona caribbaea, coralline algae, and some Palythoa
cartbacorum. Diploria strigosa, Porites astreoides, P.
porites, Montastrea annularis, and M. cavernosa (Lin-
naeus) are massive corals of secondary impor-
tance.

The spur and groove zone of high relief (330-
410 m along the transect) has an average depth

Ficure 13.—Seaward margin of reef crest: a, Millepora com-
planata, with Poriles porites (foreground) and Acropora palmala
(background); b, A. palmata community; ¢, Reef channel
through Millepora ridge looking toward shallow inner reef
crest (note overturned live colony of A. palmala in fore-
ground). (Scale frame = 50 X 50 cm.)

of 5 m, but depth ranges from 3 to 10 m between
the highest coral spurs and deepest sand grooves
(Figure 16; Plate 3: center right). This well-defined
zone has been discussed by Wantland and Pusey
(1971) and has been described in detail by James
et al. (1976). The high-energy oscillating move-
ment of water in this zone has promoted coral
growth on the spurs (Shinn et al., herein: 63) and
has caused erosion in the grooves. The but-
tresses are characterized by foliate Agaricia tenui-
Solia and Millepora complanata enclosing clusters of
Porites porites (Figure 17; Plate 3: bottom left). The
tops of many buttresses are dominated by stands
of Acropora palmata and A. cervicornis (Figure 18)
and their flanks and the sand grooves in between
by Agaricia agaricites, Diploria strigosa, various spe-
cies of gorgonians (Muzik, herein: 303) and fleshy
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Ficure 15.—Pinnacles of Millepora complanala and Agaricia tenuifolia in an area of transition
between reef crest and high-relief spur and groove zone.

green algae (Figure 16; Plate 3: center right, bottom
right). Of lesser importance are Siderastrea siderea,
Porites astreoides, Dichocoenia stokest Milne Edwards
and Haime and Stephanocoenia michelinii Milne
Edwards and Haime. A characteristic and abun-
dant—but quantitatively unimportant—compo-
nent of this fauna is the purple hydrozoan Stylaster
roseus (Pallas) that occurs in niches and overhangs
along the sides of the buttresses. Another hydro-
zoan, Millepora alcicornis Linnaeus, commonly
grows over the dead skeletons of gorgonians,
mainly of Gorgonia ventalina Linnaeus. The me-
dium sand to gravel-sized sediment in the grooves
has a maximum thickness of 0.3 m. It has fair
sorting and is composed mainly of coral, Halimeda,
Homotrema, and mollusk and echinoid debris.
The spur and groove system of low relief ex-
tends between 410 and 550 m along the transect

(average depth, 10 m). A diverse population of
gorgonians dominates the rock and rubble sub-
strates of the sand flats as well as the low (about
I m relief) coral spurs, which are formed of
Montastrea annularis, M. cavernosa, Acropora cervicor-
nis, and Diploria strigosa (Figure 19, 20; Plate 4:
top lefl, top right). A few island-like coral pinnacles
attain 3 m in height and diameter. Massive De-
mospongea become quantitatively important in
this zone of reduced agitation of near-bottom
water, for example, Neofibularia nolitangere (Du-
chassaing and Michelotti), Callyspongia spp., Aply-
sina spp., Geodia neptuni (Sollas), Ircinia spp., as
well as the thickly encrusting Anthosigmella varians
(Duchassaing and Michelotti). Halimeda spp. and
Dactyota spp. are common algae. Conspicuous cor-
als having patchy distribution are Agaricia agari-
cites, A. tenurfolia, Diploria labyrinthiformis, Dendro-
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Ficure 16.—High-relief spur and groove zone, having 5 m relief. (Water depth at sand bottom:

6 m.)

gra cylindrus Ehrenberg, and Eusmilia fastigiata
(Pallas). Probes of the sand-filled grooves indi-
cated a maximum depth of 1.2 m at the shallow
end of this zone. Seaward, these sand lenses thin
out and eventually give way to sand pockets in a
rock pavement. The sediment is similar to that
found in the high-relief spur and groove zone.
James et al. (1976:532) referred to this low-relief
spur and groove zone as the “deep spur and
groove,” which was described as being separated
from a “shallow spur and groove” system by a
“rubble-covered terrace.” There is no indication,
however, that a terrace separates the high- and
low-relief spur and groove zones off Carrie Bow
Cay. In fact, the spurs having low relief are
commonly a continuation of the shallower high-
relief spurs, with one or more shallow grooves
spilling into one of the deeper and wider grooves.

Furthermore, the relief of the spurs is considerably
less than that reported by James’ group who
described spurs having relief of 3-4 m that rise to
within 2 m of the surface of the waters.

Outer Fore Reer.—This region begins with a
25-degree slope—the inner reef slope—where the
transect drops from 15 m depth at 550 m along
the transect to 22 m at a position 575 m along
the transect. Most of the bottom is covered by a
thicket of living and dead Acropora cervicornis that
offers substrate to some massive sponges— Veron-
gula gigantea (Hyatt), Callyspongia vaginalis (La-
marck)—and various gorgonians. Columnar col-
onies of Montastrea annularis at the top of the slope
give way to large platy colonies towards the base
that are accompanied by Porites astreoides, Sideras-
trea siderea, and Agaricia tenuifolia (Figure 21; Plate
4: center left). Very poorly sorted sediment com-
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Ficure 17.—Dominant framework builders of buttresses in high-relief spur and groove zone: a,
Agaricia tenuifolia capped by Acropora palmata; b, close-up view of characteristic coral association
consisting of 4. agaricites, Millepora complanata, and Porites porites. (Scale = 40 cm.)
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FiGurRE 18.—Acropora palmata development on top of buttress in high-relief spur and groove
zone. (Depth: 4 m.)
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Ficure 19.—Low-relief spur and groove zone with scattered
coral heads (foreground: Montastrea annularis) among octo
corals on the rock pavement of a low spur. (Depth: 10 m.)

Ficure 20.—Sand-covered hard ground dominated by oc-
tocorals with islands of coral heads, near outer edge of low-
relief spur and groove zone. (Depth: 13 m.)

posed of silt to medium-sized sand with scattered
coarser debris, occurs in patches on this slope.
Halimeda plates, mollusks, and echinoid spines
make up most of the readily recognized coarse
fraction. This inner reef slope is comparable to
“the steep coral-veneered rock slope” that James
and Ginsburg (1978:33-35) called the “reefstep.”

The next section along the transect is a sand
trough 40 m wide (575-615 m marks) and an
average of 23 m deep (Figure 22). The substrate
is a poorly sorted, silt size to very coarse sand
sediment plain. This sediment is mainly very fine
to fine sand, but coarser material consisting of
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Ficure 21.—Platy coral development (Montastrea annularis) at base of inner reef slope; note
brick with coral transplant (Graus and Macintyre, herein: 441). (Depth: 21 m; scale = 40 cm.)

Halimeda plates, mollusks, benthic foraminiferans,
and echinoids is scattered throughout. Probings
indicated that sediment varies in thickness from
about 1 m at the toe of the inner reef slope to
more than 12 m in the axis of the trough. Pieces
of rubble support gorgonians and sponges, as well
as some corals that form several small, isolated
coral patches, predominantly of Montastrea annu-
laris and M. cavernosa (Figure 22a). This sand
trough zone on the transect also encompasses one
tall coral pinnacle in the western part of the
trough that has a coral-gorgonian composition
similar to that of the inner slope with which it is
connected by a low Acropora cervicornis ridge (Fig-
ure 4). This zone correlates with the seaward-
dipping sediment terrace off Tobacco and But-
tonwood cays, where the slope is not bordered by
an outer ridge (James and Ginsburg, 1978).

At Carrie Bow Cay an outer ridge runs parallel
to the intertidal reef crest and delineates the
continental shelf (Figure 4). On the transect it is
formed mainly by a thicket of Acropora cervicornis
(Figures 225, 23a), but south of the Carrie Bow
transect Montastrea annularis becomes the principal
framework builder (Figure 2354). The steep 45-
degree landward slope of the outer ridge (Figure
22b) supports, among the branches of A. cervicor-
nis, massive Diploria labyrinthiformis, Porites as-
treoides, and Stephanocoenia michelinii, gorgonians,
large sponges— Pseudoceratina crassa (Hyatt), Xes-
tospongia sp.—and conspicuous algae—Halimeda
Spp-, Stypopodium zonale (Lamouroux), Peyssonelia
sp. The top of the outer ridge lies between 625
and 645 m along the transect and its depth ranges
from 12-14 m (Figure 23a). Acropora cervicornis
and gorgonians are the dominant organisms, with
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Ficure 22.—Sand trough: g, isolated coral patches at the base of inner reef slope, 23 m deep;
b, view from the top of the outer ridge over Acropora cervicornis thicket, 12 m relief.
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Ficure 24.—Fore-reef slope: a, looking up sand shoot from 25 m; b, platy coral-octocoral
community on transect at 30 m.

local accumulations of Montastrea annularis, Agari-
cia agancites, A. tenuifolia, and Madracis mirabilis
(Duchassaing and Michelotti). Fleshy green al-
gae, and sponges of the genera Aplysina, Verongula,
Callyspongia, Xestospongia, and Agelas are common
assoclates (Plate 4: center right). Poorly sorted, very
fine sand to gravel-sized sediments that are rich
in Halimeda plates occur in small, | m deep de-
pressions scattered along the crest of the ridge.
An identical shelf-edge ridge occurs off South
Water Cay (James and Ginsburg, 1978).
Approximately 645 m along the transect, the
fore-reef slope (Figure 24) drops at an angle of
50°-70° from depths of 14 m down to 30-60 m,

Ficure 23.—Outer ridge: a, coral community dominated by
Acropora cervicornis on transect line, 12 m depth; 6, platy
Montastrea annularis and Porites astreordes framework 100 m
south of transect, 14 m depth. (Scale = 40 cm.)

Fore Reef Slope

40
e
3 60 e e -
2 T ‘Lower limit of reef community
| e e
80+
Deep Fore Reef
100
Blocks of reef limestone
|20l /I
BT 140 Continental Slope
N
160
South Water Cay 2 ’ 3_Coral rubble in sand
S 150 .
g 18 S N4
South Water Cut o .
200 Lime mud
Carrie Bow Cay
Carrie Baw Cut 220 160m

Ficure 25.—Profile and dominant sea-floor characteristics
of fore reef off South Water Cay (adapted from James and
Ginsburg, 1978).
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Ficure 26.—Close-up view of representative fore-reef slope community of sponges, corals, and
octocorals, including (clockwise from center bottom) Cinachyra kuekenthali, Amphimedon compressa,
Agaricia lamarcki, Mycale sp., Iciligorgia schrammu, Porites porites, Pseudopterogorgia sp., and encrusting

Millepora sp. (Depth: 30 m.)

where it diminishes to 40°-50°. According to
previous observations from the research submers-
ible Nekton off nearby South Water Cay (James
and Ginsburg, 1978), a vertical wall continues
from a depth of 60 m to about 110 m where a
talus of large reef limestone blocks, coral rubble,
and Halimeda sand grades into a gently sloping
lime-mud bottom at about 200 m (Figure 25).
Our surveys, which were restricted to a maximum
depth of 30 m, show an abundance of platy
Montastrea cavernosa and M. annularis, Gorgonacea,
Agaricia fragilis, Leptoseris cucullata (Ellis and Solan-
der), and Demospongea (Figures 246, 26, 27,
Plate 4: bottom left, bottom night). Commonly asso-

ciated are A. agaricites, A. lamarcki Milne Edwards
and Haime, Porites porites forma furcata Lamarck,
Diploria labyninthiformis, Colpophyllia natans (Hout-
tuyn), and Mycetophyllia danaana Milne Edwards
and Haime. Abundance of gorgonians decreases
with depth whereas that of sponges increases. A
conspicuous gorgonian under 20 m is feiligorgia
schrammi Duchassaing (Figure 27). Quantitatively
important sponges are rope-shaped species of
Aplysina, Niphates, and Haliclona, tubular Agelas
sp. and Verongula sp., massive Ectyoplasia ferox (Du-
chassaing and Michelotti) and Cinachyra kueken-
thali Uliczka, and coral-eroding Cliona delitrix
Pang and Siphonodictyon coralliphagum Riitzler. Hal-
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Ficure 27.—Vertical fore-reef slope with platy development of Montastrea cavernosa and
abundant sponges and octocorals. (Depth: 40 m.)
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imeda-rich, very fine sand to gravel-sized sediment
occurs in pockets or small ledges between the
living cover of this slope. Other components of
this sediment include mollusks, echinoids, corals
and benthic foraminiferans.

Lagoon Environment

Reef-forming organisms and other character-
istic and quantitatively prominent associates ob-
served on the barrier reef transect off Carrie Bow
Cay are all sessile and require stable substrates to
keep them from being washed away. In the pro-
tected lagoon fine sediments tend to bury such
substrates and, by settling on organisms as well,
constitute a selective stress factor for the living
populations. Thus, we examined the lagoon
within a radius of 2 km from Carrie Bow Cay in
order to compare its characteristic benthic biota
with those of the barrier reef (Table 2). A similar
comparison of zooplankton is presented by Fer-
raris (herein: 143) and complemented by Rutzler
et al. (1980). Although seagrass flats and man-
groves were surveyed only qualitatively, patch
reefs were examined both quantitatively and
qualitatively. The Carrie Bow Cay reef flat (be-
tween the cay and the reef crest) is the subject of
a separate detailed study (Rutzler, in prep.).

SeaGrass CoMMUNITY.—An area of approxi-
mately 6 km? of lagoon bottom immediately due
west of Carrie Bow Cay was found to be less than
6.5 m deep, commonly 4-6 m deep. More than
90 percent of this area is flat soft bottom covered
by Thalassia testudinum; the rest consists of rubble,
reef patches, and large sponges. Most of the rub-
ble originates from the commercial conch Strombus
gigas. The shells, abandoned by fishermen in large
piles or fields, provide substrate for a variety of
algae (for instance, Amphiora fragilissima (Lin-
naeus) Lamouroux), sponges (Desmapsamma an-
chorata (Carter)), hydrocorals (Millepora sp.), cor-
als (Porites sp., Siderastrea siderea), gorgonians
(Plexaura sp.), and many less conspicuous orga-
nisms. The dark interior of these shells constitutes
a well-vented miniature cave habitat because
fishermen puncture the spire near the apex where
they cut the retractor muscle to remove the soft
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parts of the snail. Extent of colonization depends
on exposure time and position of aperture relative
to the sediment substrate. Small reef fishes, en-
crusting coralline algae, foraminiferans (Homo-
trema rubrum (Lamarck)), sponges (Spirastrella sp.,
Clathrina sp.), bryozoans and ascidians, as well as
anemones ( Bartholomea annulata), crabs (Mithrax
sp.), and ophiuroids (Ophiotrix spp.) are common
inhabitants. Several species of Cliona excavate the
walls of old shells, some of which are occupied by
the hermit crab Petrochirus diogenes (Linnaeus).
Distribution of living conchs is patchy and
their depletion in large areas observed by us over
a seven-year period indicates over fishing. On the
other hand we noted concentrations near certain
conch rubble patches comparable to those re-
ported by Hesse (1979). Another large gastropod,
Turbinella angulata, is a common associate. Sponges
are quantitatively the most important organisms
in the Thalassia meadows, even outside the rubble
fields. In 1975 and 1978 many were found loose
and only partly alive, together with gorgonians
in similar condition (Muzik, herein: 303) and can
be assumed to have been torn from the reef and
washed into the lagoon by hurricane surge (Rut-
zler and Ferraris, herein: 77). The presence of
recently sunken coconut trees confirms this as-
sumption. Other sponges, however, were healthy
and attached to small pieces of rubble and sea-
grass (Desmapsamma anchorata, Iotrochota birotula
(Higgin), Aplysina fistularis (Pallas), Niphates erecta
Duchassaing and Michelotti) or, like some very
large forms (5-40 1 volume), were rooted in sand
(Spheciospongia vesparium (Lamarck), Ircinia spp.).
Parcu Reers.—These lagoon reefs of low relief
are clustered about 0.3-2.0 km to the west and
southwest of Carrie Bow Cay (Figure 2). Favor-
able substrate conditions, together with trade-
wind and tide-induced currents passing through
South Water and Carrie Bow cuts probably pro-
moted the development of these structures that
now exhibit a richness of reef fauna that is sur-
passed only by the outer barrier fore reef. Diver-
sity and biomass of sponges, in particular, are
higher than in any other habitat of similar depth
because most species favor areas having a high
rate of water exchange but lack resistance against
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Ficure 28.—Twin Cays: g, aerial view of mangrove island showing channel and intertidal mud
flats behind red mangrove fringes; 4, red mangrove ( Rhizophora mangle) on mud bank bordering
channel.

detachment from substrates by undulating water depths of 3-6 m. Abundance data were derived
movement. The patch reefs are circular or oval,  from two perpendicular transects across a char-
some are arranged in string-of-pearl fashion, 5-60  acteristic patch reef, named “Spaghetti Reef,”
m in diameter and raised 0.2-1.0 m above the  after a new species of stringy sponge of the genus
surrounding flat sand and Thalassia bottom in Ulosa (Rutzler, 1981). Sand and coral rock make
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F1GURE 29.—Seagrass community of the shallow lagoon at the entrance to Twin Cay channel:
Thalassia testudinum, Halimeda incrassata, and Manicina areolata. (Depth: 1 m.)

up 45% of the surface area. Gorgonians are the
most abundant organisms (20%), followed by cor-
als and milleporids (17%), sponges (9%), and
Thalassia seagrass (on sand, 9%). Large algae are
notably absent. Gorgonia ventalina and Pseudoptero-
gorgia spp. are the most conspicuous octocorals on
the patch reefs. Massive forms dominate among
the corals (Siderastrea siderea, Diploria labyrinthifor-
mis, D. strigosa, Montastrea annularis), the most com-
mon hydrocoral is Millepora alcicornis, which en-
crusts numerous gorgonian skeletons. Sponges,
although they score comparatively low in the
point counts, contribute most to the standing
crop. The principal species are Ircinia spp., Xesto-
spongia sp., lotrochota birotula, Desmapsamma anchor-
ata, Amphimedon compressa Duchassaing and Mich-
elotti, and Callyspongia spp. (Plate 3: center left,
center right).

Mancrove.—Toward Twin Cays from the
southeast a belt of shallow (1 m) Thalassia flat
grades into the larger entrance of the channel
that divides this island (Figure 28a). The flat is
a transition zone between the more agitated
deeper lagoon and the protected mangrove where
moderate tidal currents control water exchange.
Most abundant among the Thalassia are some
algae (for instance, Penictllus capitatus, Halimeda
incrassata (Ellis) Lamouroux), sponges (7Tedania
ignis (Duchassaing and Michelotti), Oligoceras vio-
lacea (Duchassaing and Michelotti), Haliclona vir-
idis (Duchassaing and Michelotti)), and the coral
Manicina areolata (Linnaeus) (Figure 29). Millepora
sp. encrusts large surface areas of submerged
wood. Some more sponges, Aplysina fulva (Pallas)
and the large loggerhead Spheciospongia vesparium,
and numerous starfish (Oreaster reticulatus (Lin-
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naeus)) occur on the bottom of the channel en-
trance.

The meandering channel is 0.5-2.0 m deep and
is lined by red mangroves, Rhizophora mangle Lin-
naeus, which grow on intertidal mud banks and
extend their arched prop roots into subtidal water
(Figure 285). In places the mud banks are washed
out to form vertical walls and even overhangs
and caves. Mud caves, probably of similar origin,
are found outside the present mangrove margin
just north of Twin Cays. They extend horizon-
tally into mud banks surrounding 4 m depressions
in the seagrass floor. The caves are large enough
to harbor 2 m long sharks.

Mangrove roots offer the only substrates that
are not subject to accumulation of fine sediments.
In this habitat strong competiton for the limited
space takes place among diverse flora and fauna
(Figure 30). On the light-exposed roots and bank
edges, clusters of the algae Caulerpa verticillata
J. Agardh and Halimeda spp. compete with the
sponges Tedania ignis, Ircinia felix (Duchassaing
and Michelotti), and Lissodendoryx sp. (Figure
30a,b; Plate 5: bottom left, bottom right). The walls
of the shaded overhangs are dominated by the
sponge Ulosa ruetzlern Wiedenmayer and, at the
north entrance of the channel, by Mycale sp. Also,
locally important in biomass are the anemones
Bartholomea annulata and Condylactis gigantea (Wein-
land), the tunicates Ecteinascidia turbinata Herd-
man and Ascidia nigra (Savigny), and sabellid
polychaetes. The intertidal parts of the mangrove
roots are dominated by the oyster Crassostrea sp.,
whereas the Thalassza mud bottom supports a
dense population of Scyphomedusae (Cassiopea
spp.), with specimens of Oreaster reticulatus inter-
spersed (Figure 30¢). Mud caves and roots pro-
vide hiding places for a diverse fish fauna (Figure
300).

Summary and Conclusions

This paper presents the first detailed descrip-
tion of the biological-geological zonation of the
barrier reef complex off Belize. Despite some
variation along the barrier reef (see Burke,
herein), the zonation of the Carrie Bow Cay

segment is typical of the entire reef platform
(Figures 4, 31). Except for its large lagoon and
greater distance from land, the Belizean barrier
reef is comparable to well-investigated fringing
barrier reefs off the north coast of Jamaica (Go-
reau, 1959; Goreau and Land, 1974).

Seaward of the Thalassia-dominated lagoon,
the back reef occurs between an area of massive
coral heads on rock pavement and the breakers
of the reef crest (Figure 31). On our transect we
did not consider this “reef flat” as part of the
crest (Goreau, 1959:74) because, although this
zone is intertidal, it is very narrow and almost
always flooded by waves; instead, we defined
“reef flats” herein as large intertidal areas be-
tween the eastern shores of South Water and
Carrie Bow cays and their nearby crests (Larson
and Larson, herein; Rutzler, in prep.). Only the
narrow intertidal breaker zone is included in the
reef crest. The inner fore reef begins at this point
with a spur and groove (= buttress) zone of high
relief—which in Jamaica is considered a part of
the crest (Goreau, 1959)—but it changes abruptly
into a gently sloping terrace of spurs and grooves
having low relief (“seaward slope” or “upper fore-
reef terrace” in Jamaica). The outer fore reef on
our transect has a steep inner reef slope, a per-
pendicular sand trough parallel to the reef crest,
and an outer coral ridge where the fore-reef slope
begins to drop off to the deep (vertical) fore reef.
The comparable feature off Jamaica is a lower
fore reef having a lower fore-reef escarpment.
Both the trough and the ridge are missing in
Jamaica (Goreau and Land, 1974).

Water movement (direction and force) appear
to control the development of zonation patterns.
Wave action determines not only reef types, by
influencing coral zonation (Geister, 1977), but
also influences the distribution of all other sed-
entary organisms, some of which—for instance,
octocorals, sponges, and algae—have consider-
able ecological importance. The quantitative sig-
nificance of many coral associates is undervalued
by most field methods (point and chain-link
counts, estimates of area coverage) because pres-
ence or surface area is measured but not biomass
(massive sponges) or space occupied (swaying
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Figure 30.—Underwater views of man-
grove root system at edge of Twin Cay
channel: ¢, mudbank stabilized by root-
lets and overgrown by Halimeda mat; 6,
juvenile barracuda finding shelter and
food among the Rhizophora roots; ¢, Oreas-
ler reticulatus on mangrove roots penetrat-
ing sediment bottom of the channel.
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frs = fore-reef slope

hsg = high spur and groove
irs = inner reef slope

Isg = low spur and groove
or = outer ridge

pr = patch reefs
rc = reef crest

rf = reef flat

sg = seagrass

st = sand trough
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Ficure 31.—Carrie Bow reef zonation: above, oblique aerial
view looking toward lagoon; below, block diagram of transect.
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gorgonians). Objective evaluation of nonframe-
building organism:s is essential when comparisons
are made between reef biota and nearby lagoon
habitats that are not dominated by corals, or only
partly dominated by them.

We documented an impressive proliferation of
Acropora cervicornzs in the back-reef and lagoon
zones during the four years following the destruc-
tion caused by hurricane Fifi in 1974. Our spring
1979 survey indicated that destruction associated
with hurricane Greta (September 1978) was
mainly the breaking up and lagoonward trans-
portation of the shallow-water A. cervicornis. Few
colonies of the fragile branching coral escaped
this movement and subsequent burial in the sand
and rubble zone as well as in the patch reef zone.
Almost all of this coral has been washed out of
the rubble and pavement zone (Figure 11). Al-
though many of the living and partly buried
fragments will, in time, develop into large colo-
nies, the number of living 4. cervicornis in shallow
water has been drastically reduced. This constant
cycle of vigorous development, destruction, and
resurgence gives rise to the commonly observed
high proportion of A. cervicornis rubble in compar-
ison to living A. cervicornis in many shallow-reef
areas.

Although the branching corals Acropora palmata
and A. cervicormis suffer extensive mechanical dam-
age during hurricanes, the transportation and
reestablishment of living fragments are significant
factors in the distribution of these corals in the
shallow-water environment (Plate 2: center left;
Highsmith et al., 1980). Similar observations have
been made in Florida (Shinn, 1972; Gilmore and
Hall, 1976) and in Jamaica (Tunnicliffe, 1980)
where the dispersal of A. cervicornis in these reefs
was reported to be largely related to asexual
reproduction by regeneration of broken and
transported branches.

Our observations and those of James and Gins-
burg (1978) have documented Halimeda as a ma-
Jor contributor to sediment in the Belizean bar-
rier-reef complex. This calcareous green alga
forms a major fraction of these sediments, extend-
ing from the shallow lagoon down to at least 200
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m on the fore-reef slope, well below its living
depth range (approximately 100 m). Commonly
comprising the dominant component of the ex-
tremely coarse fractions (2-4 mm), the readily
identifiable calcareous plates of Halimeda are more
characteristic of reef-derived sediments than are
the fragments of any other organisms, including
the corals.

The narrow rock pavement that occurs directly
shoreward of the reef crest off Carrie Bow Cay
(Figure 4) is a characteristic substrate of shallow
reef areas that are constantly having their sedi-
ment cover swept away by turbulent waters. The
dates of 48090 years and 53490 years obtained
from coral fragments embedded in a pavement
off South Water Cay (James et al., 1976) indicate
a long period of formation. These dates also
support Macintyre’s (1977) observation that sub-
marine lithification is most highly developed in
reef areas of high agitation and/or slow accu-
mulation, where the substrate is exposed to nor-
mal marine conditions for long periods of time.

James and Ginsburg (1978) speculated that a
shelf-edge ridge off South Water Cay is a sub-
merged reef similar to the relict shallow-water,
Late Holocene reefs described by Macintyre
(1967, 1972), Adey et al. (1977), and Lighty et al.
(1978). In contrast, Burke (herein) proposed that
these ridges are active accumulations of the rap-
idly growing coral Acropora cervicornis. Burke points
out that not only is 4. cervicornis dominant on
these ridges, but that the ridges along the barrier
reef complex are restricted to areas protected
from long-period storm waves by the outlying
atolls. The difficulty with which we probed this
ridge (an average penetration of 1 m, maximum
of 1.5 m) in contrast to the ease of probing
through Acropora cervicornis at Rhomboid Shoals
near Victoria Channel (Macintyre et al., 1977)
indicates that this ridge does not have a similar
open-frame network. Our earlier observation that
Montastrea annularis constructs most of the modern
framework of the ridge south of our transect also
indicates that this shelf-edge ridge is not merely
an accumulation of A. cervicornis. Core samples of
the internal structure are needed to establish the
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relative importance of relict and modern frame-
work in the construction of this ridge system.
The reef off Carrie Bow Cay has a species
composition and community zonation that is rep-
resentative of the entire barrier reef system
(Burke, herein). The structure of shallow zones of
this central province reef, however, is somewhat
more similar to that of the discontinuous reefs in

the northern and southern provinces because cur-
rent flow through South Water and Carrie Bow
cuts influences the sediment and coral distribu-
tion patterns in the back reef and lagoon. The
Carrie Bow Cay fore-reef structures, on the other
hand, have a degree of development and flourish-
ing coral communities that are characteristic of
the central province.
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Tides at Carrie Bow Cay, Belize

Bjorn Kjerfoe, Klaus Rutzler,
and George H. Kierspe

ABSTRACT

The tide at Carrie Bow Cay, Belize, is micro-
tidal (mean range of 15 ¢m) and is of the mixed
semidiurnal type. Comparison with conditions at
Key West, Florida, indicates that high and low
waters off Carrie Bow occur earlier than at Key
West by 45 and 2 minutes, respectively. Because
of differences in tidal type and meteorological
conditions, corrections for height and time differ-
ence applied to the predicted tide at Key West
yield only approximate tide predictions for Carrie
Bow Cay.

Introduction

Because the tide in the Caribbean Sea is micro-
tidal, it might be expected to have little influence
on the water flow regime. Velocity measurements
indicate, on the contrary, that tidal forcing is a
major cause of currents in coastal regions of the
Caribbean (Roberts et al.,, 1975). Study of a
shallow reef flat and back reef shows that even
small tidal fluctuations have strong influence on
the distribution and succession of organisms
(Glynn, 1973; Rutzler, in prep.). This note de-
scribes, characterizes, and predicts the tide at
Carrie Bow Cay (16°48'N, 88°05'W), Belize, as
a necessary first step in the investigation of flow
and water exchange characteristics as well as

Bjorn Kjerfve, Marine Science Program, Department of Geology, and
the Belle W. Baruch Institute for Marine Biology and Coastal
Research, University of South Carolina, Columbia, S. C.  29208.
Klaus Riltzler, Department of Invertebrate Zoology, National Museum
of Natural History, Smithsonian Institution, ~Washington,
D.C.  20560. George H. Kierspe, Harbor Branch Foundation, Inc.,
Fort Pierce, Fla. 33450.
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intertidal and shallow subtidal communities at
this barrier reef location.
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has listed this paper as its Contribution Number
269.

Measurements, Analyses, and Results

A Benthos 2820 submergible in situ tide re-
corder, which senses the hydrostatic pressure, was
installed below the pier on the west side of Carrie
Bow Cay in the barrier reef lagoon. This location
is 120 m west of the reef crest, 24 km southeast of
Dangriga (Stann Creek). Two major navigation
cuts through the barrier reef, less than 1 km away,
connect the barrier reef lagoon to the Caribbean
Sea. The gauge intake was, on the average, 33 cm
off the bottom, 59 cm below water, 153 cm below
the top of the cement dock (the local reference
datum) and has been operated intermittently
since early 1976.

Several 29-day tide records were digitized to
hourly intervals and subjected to harmonic anal-
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Figure 32.—Comparison of measured and computer-predicted tides at Carrie Bow Cay,
Belize, 10 April-8 May 1976.

ysis (Schureman, 1940; Dennis and Long, 1971)
for the purpose of computing amplitudes and
epochs for the 24 major tidal constituents, which
correspond to more than 99% of the actual am-
plitude. The nine constituents with the greatest
amplitudes for a typical 29-day series are com-
pared in Table 3 with the same constituents at
Key West, Florida. The 24 amplitude and epoch
values for Carrie Bow Cay were entered into the
National Ocean Survey tide prediction computer
program (Pore and Cummings, 1967), which al-

lows monthly prediction of both hourly tidal
height values and times and heights of high and
low water. Results indicated reasonable agree-
ment between measured and predicted tides for
a 29-day test series (Figure 32). The prediction of
time of high and low water is in general more
successful than reproduction of water elevation.
The 29-day test record, 10 April-8 May 1976,
was also tabulated and subjected to high-and-low
water analysis on the basis of instructions for
Form 2211 (National Ocean Survey, 1974:44-59).

TapLE 3.—Comparison of values for the nine major tidal constituents at Carrie Bow Cay,
Belize, and Key West, Florida (symbol in parentheses follows each constituent; columns 1 and
2 computed for Carrie Bow Cay using Program ‘“Harmonic” (Dennis and Long, 1971); columns
3 and 4 supplied by D. Simpson, Predictions Branch, National Ocean Survery; columns 5 and

6 from Defant, 1960: 267)

Carrie Bow Cay Key West Theoretical
. . eriod coefficient
Tidal constituents Amplitude Epoch Amplitude Epoch (7 mzzn solar mtioﬂ(-Mz =
(em) (°) (em) () hour) 100)
SEMIDIURNAL COMPONENTS
Principal lunar (M) 5.7 251 17.8 285 12.42 100.0
Principal solar (:S2) 3.5 228 5.4 302 12.00 46.6
Larger lunar elliptic (N2) 2.5 243 35 269 12.66 19.2
Luni-solar (K2) 1.0 228 1.5 302 11.97 12.7
Larger lunar evectional (v2) 0.5 244 0.7 271 12.63 3.6
DrurnaL COMPONENTS
Luni-solar (K7) 7.9 185 89 282 23.93 58.4
Principal solar (P1) 2.6 185 2.9 287 24.07 19.4
Principal lunar (01) 25 244 9.2 284 25.82 41.5
Larger lunar elliptic (Qn) 0.5 273 2.2 275 26.87 7.9
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The pertinent results of this analysis are summa-
rized in Table 4.

Discussion

The tide at Carrie Bow Cay is microtidal and
of the mixed semidiurnal type. Its mean range is
15 cm and its semidiurnal and diurnal amplitudes
are of approximately equal importance (Table 3).
The form number F, an amplitude ratio between
harmonic constituents, may be used to quantify
the tide type (Defant, 1960:306-308). It is defined
by F = (Ki + 00)/(M; + S2), where K, is the
diurnal luni-solar, O, the diurnal principal lunar,
M, the semidiurnal principal lunar, and S: the
semidiurnal principal solar component (Table 3).
If F < 0.25 the tide is semidiurnal; if 0.25 < F <
1.50 the tide is mixed semidiurnal; if 1.50 < F <
3.0 the tide is mixed diurnal; and F = 3.0 the
tide is diurnal. The Carrie Bow Cay form number
is 1.13 in comparison with 0.75 at Key West,
Florida. Although both locations have the same
tide type, the diurnal influence is greater at Carrie
Bow Cay.

From the amplitude of the various harmonics
(Table 3) it is possible to compute additional
statistics (Marmer, 1954). With respect to the
semidiurnal tidal constituents, the spring tide
range is 2(M; + S2) or 18.4 cm and the neap
range approximately seven days later of 2(M, —
S2) or 4.4 cm. The mean semidiurnal tide is 2.2
M; or 12.5 cm. With respect to the diurnal con-
stituents, the tropic tide range measures 2(K; +
0,) or 20.8 cm, the equatorial range is 2(K1 — O1)
or 5.4 cm, and the mean diurnal tide is 1.5(K; —
01) or 15.6 cm. The values above are only ap-
proximate as the P; and N, constituents show
values significantly larger than could have been
expected from the theoretical coefficient ratio
based on the magnitude of the constituents’ tide-
producing forces (Table 3) at this location. Of
course, such discrepancies between the magnitude
of the tide-producing force and actual response
of the water mass is quite common and is due to
basin resonance characteristics.

The diurnal and semidiurnal partial tides are
approximately equal; however, the spring-neap-
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spring cycle of the semidiurnal tide is 29.5 mean
solar days (synodic month) and is related to the
phase of the moon. The tropic-equatorial-tropic
cycle of the diurnal tide is somewhat shorter, 27.3
mean solar days (sidereal month), and is related
to the declination of the moon from the equator.
Because of this time difference, several longer
cycles are introduced. If the occasional times of
high water in Ma, S3, Ma, K1, P1, and O occur
simultaneously, the total tide range could be as
great as 50 cm. Of course, wind tides are likely to
cause extreme sea level changes more so than the
astronomical forces.

The epoch or phase relative to the Greenwich
meridian yields the following information about
the inequality of the timing of highs and lows in
the component tides (Marmer, 1949). If epochs
are expressed in degrees, the difference D =
|M3 — (K + 0%)| indicates whether tidal in-
equality is entirely in the high waters (D = 0°),
is equally great in the high and low waters (D =
90°), or is entirely in the low waters (D = 180°).
If D is greater than 180°, its value is subtracted
from 360°. For Carrie Bow Cay, the D value of
120° indicates inequality in both high and low
waters, which is especially pronounced in the low
water elevations (refer to Figure 32). This so-
called diurnal inequality on the average measures
3.6 cm between low waters and 2.4 cm between
high waters (Table 4).

The epoch also yields information about the
phase age and the diurnal age. The phase age

TasLE 4.—Tide statistics for Carrie Bow Cay, corrected for
the longitude of the moon’s node and changes in the decli-
nation of the sun, based on computations using National
Ocean Survey Form 2211 for 10 April-8 May 1976 (refer to
Figure 32)

Tide datum (mean low water)’ 0 cm
Mean range (Mn) 15.0 cm
Mean tide level (MTL)? 7.5 cm
Diurnal high water inequality (DHQ) 2.4 cm
Diurnal low water inequality (DLQ) 5.6 cm
Greenwich lunitidal high water interval 2.14h
Greenwich lunitidal low water interval 844 h

1101 cm below local reference datum.
% Marked “0” on Figure 32, right hand scale.
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Ky

Ficure 33.—Co-tidal lines of the predominant tides for the Caribbean Sea (after Defant, 1960);
tide regression indicated by relative arrival time of high or low water, expressed in lunar hours:
a, semidiurnal tide, M- constituent, progresses along the Belizean coast from north to south; 4,
diurnal tide, K constituent, progresses along the Belizean coast from south to north. (Carrie

Bow Cay indicated by arrow).

refers to the semidiurnal tide and is the lag of the
spring tide relative to full or new moon. The
phase age is computed as 0.98(S% — M?) and
equals —22 hours for Carrie Bow Cay, which
indicates that spring tide leads the new and full
moon by 22 hours. The diurnal age, on the other
hand, is a measure of the timing of tropic tide
relative to maximum declination of the moon. It
is computed as 0.91(KY — 09) and is 0 hours for
Carrie Bow Cay, indicating a maximum diurnal
tide range at the time of maximum lunar decli-
nation.

Figure 33, which shows the main Caribbean
semidiurnal (M2) and diurnal (K;) amphidromic
systems (Defant, 1960) indicates that the M, tide
progresses from north to south along the Belizean
barrier reef, whereas the K; tide progresses in the
opposite direction, from south to north, along the
reef crest.

Because it is inconvenient, though possible, to
publish tidal predictions for Carrie Bow Cay, we
instead computed correction factors and applied

them to predicted tides for Key West, Florida, a
National Ocean Survey reference gauge for which
daily predictions are published. The Greenwich
lunitidal intervals at Key West are 2.89 hours for
high water (HW) and 8.48 hours for low water
(LW) (D. Simpson, pers. comm.). Comparison of
these figures with the lunitidal intervals for Carrie
Bow (Table 4) indicates that on the average HW
at Carrie Bow Cay leads HW at Key West by 45
minutes, and LW at Carrie Bow Cay leads LW
at Key West by 2 minutes. Using the predicted
tides for Key West for April and May 1976, we
also found that HW at Carrie Bow Cay is 23 cm
below HW at Key West and that LW at Carrie
Bow Cay is 4 cm above LW at Key West on the
average. However, because Carrie Bow Cay and
Key West can be expected to experience different
meteorological and oceanographic conditions at
given times, the resulting tide predictions for
Carrie Bow Cay now and then will deviate sig-
nificantly from actual tide variations.
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Water Currents Adjacent to Carrie Bow Cay, Belize

Jeffrey E. Greer
and Bjorn Kjerfoe

ABSTRACT

Tide, wind, and waves significantly influence
the water currents off Belize, as indicated by
continuous current-meter measurements at four
locations in or behind the barrier reef at Carrie
Bow Cay. Tidal currents reaching speeds of up to
40 cm s ' are dominant in the major reef en-
trances. In the lagoon behind the reef crest, the
water is primarily wind driven, without an ob-
vious tidal signature, and reaches maximum
speeds of 33 cm 5. On the leeward side of Carrie
Bow Cay a slow wave drift accounts for the
maximum 6 cm s~ flow. During the late part of
the study, a tropical depression forming just east
of Carrie Bow Cay caused an abnormally high
mean tide that increased the flow of water into
the lagoon.

Introduction

Coral reef ecosystems are controlled by the
complex interaction of biological, chemical, geo-
logical, and physical parameters (Odum and
Odum, 1955), of which the least understood are
probably the physical forces—waves, winds, tides
(see for example Macintyre et al., 1974). Early
studies of the physical oceanography of reefs fo-
cused primarily on Pacific atolls (Munk and Sar-
gent, 1948; von Arx, 1948) and paid considerably
less attention to coral reefs in the Caribbean.

Jeffrey E. Greer, Marine Science Program, University of South
Carolina, Columbia, S.C. 29208. Bjorn Kjerfve, Marine Science
Program, Department of Geology, and the Belle W. Baruch Institute
Jor Marine Biology and Coastal Research, University of South Caro-
lina, Columbia, S.C. 29208.
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Although recent investigations have increasingly
shifted to the Caribbean, mainly because of prox-
imity for American workers, physical oceano-
graphic investigations of the well-developed bar-
rier reef of Belize are only beginning. Previous
physical research in this area was concerned with
waves and wave-related processes (Roberts, 1974;
Roberts et al., 1975; Shinn, 1963; Storr, 1964;
Wilson et al., 1973), so that the interaction of
tides with other physical processes has received
little attention. Recent work on Grand Cayman
(Roberts et al., 1977) suggests strong tidal influ-
ence on physical processes within the shallow
fore-reef region. Because the tide in the Carib-
bean is microtidal and of mixed semidiurnal type
(Kjerfve et al., herein), it might be expected to
have considerably less influence on the reef system
than wind-driven currents and waves. Our study
around Carrie Bow Cay indicates that just the
opposite may be true—that is, tidal processes may
play a major role in controlling the water move-
ments within the reef system.

ACKNOWLEDGMENTs.—We are grateful for the
valuable field assistance given by L. Greczy,
Louisiana State University; J. A. Proehl and F.
M. Drescher, the University of South Carolina;
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United States Senator S. Thurmond of South
Carolina gave us invaluable logistic assistance
during the 1978 Belize trip, which allowed us to
complete the study. The Belle W. Baruch Insti-
tute for Marine Biology and Coastal Research
has listed this paper as its Contribution Number
270.
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Site, Measurements, and Analysis

The barrier reef off Belize, which extends in a
north-south direction for over 200 km, is sepa-
rated from the mainland by a lagoon that is 10—
25 km wide and 5-20 m deep. The study area,
Carrie Bow Cay (16°48'N, 88°05'W), a small,
sandy cay approximately 120 m long and 30 m
wide, lies 100 m west of a well-developed section
of the barrier reef crest (Figures 34, 40). Two
large cuts, 12 m deep and approximately 1 and
2 km wide, respectively, separate the Carrie Bow
reef section from Tobacco Reef to the north and
Gladden Cay Reef to the south (Figure 2). Carrie
Bow receives steady northeasterly trade winds
and has a mixed semidiurnal tide with a mean
range of 15 cm.

Current, tide, wind, and atmospheric pressure
were measured in June 1978. A Bendix Q-15
recording current meter suspended from a

L2, L4 e

South Water Cut

z—>

o] 100
L —

meters

16°48.1' N-

Carrie Bow Cut

L3°® gg°047'w

Ficure 34.—Location of current meter stations around Car-
rie Bow Cay.

moored boat was monitored at five locations (Fig-
ure 34) in the vicinity of Carrie Bow Cay for time
periods ranging from 17 to 74 hours. At each
location the Q-15 was positioned at mid-depth.
At location L1 it was placed in the lagoon 125 m
WSW of the island, where the total water depth
was 4 m (duration, 24 hours); at locations L2 and
L4 it was placed in South Water Cut above a
large, flat sand plain in depths of 11 m (duration,
43 and 44 hours, respectively); at location L4 it
was in Carrie Bow Cut above a 10 m deep sand
channel (duration, 74 hours); and at location L5
it was in the lagoon 150 m W of the main study
transect (Ritzler and Macintyre, herein), where
total water depth was 3 m (duration, 17 hours).

Each record of current speed and direction was
digitized at 10 min intervals, resolved into E-W
and N-S components, and then averaged vecto-
rially to obtain resultant hourly speeds and direc-
tions. The time-series plots of the data obtained
in the South Water Cut and Carrie Bow Cut are
shown in Figures 35 and 36. Current records for
stations L1 and L5 are presented as progressive
vector diagrams in Figure 37.

A Benthos 2820 submergible recording tide
gauge was installed below the dock on Carrie
Bow Cay to obtain the complete tidal record
during the study (Figure 38). Wind speed and
direction were read on a cup anemometer with
vane every hour on the hour; readings were av-
eraged by eye for 30 s to smooth high-frequency
noise. The wind data are plotted on a frequency
isopleth in Figure 39. The atmospheric pressure
was measured using a Weather-Measure B211
recording microbarograph.

Results and Discussion

Northeasterly winds with speeds of 4-5 m s~

were most frequent during the study period.
These conditions seem to prevail during 70% of
the year (Rutzler and Ferraris, herein). Sustained
winds did not exceed 9 m s™' and the wind
direction varied little from northeast. During the
latter part of the study (16-20 June), the average
wind speed increased slightly, to 6.5 m s*, and
water levels became abnormally high. The in-
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Ficure 37.—Progressive vector diagram of currents at cur-
rent meter locations L1 and L5, using vectorially averaged
hourly values.

creased wind speed and water level were probably
related to a tropical depression that was devel-
oping east of Glover’s Reef. The atmospheric
pressure showed a net drop of 6 mb from 15 to 20
June.

The predominant flow feature observed in the
major reef cuts was a strong tidal periodicity with
flood currents greatly exceeding the ebb currents.
Maximum current velocities in South Water Cut
were 26 cm s~ ' and 43 cm 5™ during the first (L2)
and second (L4) study periods, respectively. In
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Ficure 38.—Measured tide at Carrie Bow Cay dock, 8-22 June 1978; numbered segments
indicate water elevations when Q-15 current meter was in operation at locations L1-L5.

inflow was toward 260°, and for outflow toward
70°. In Carrie Bow Cut the flood flow was toward
275° and the ebb flow toward 105°. The predom-
inance of the flooding tide over the ebb during
the study period indicates a slow, continual in-
filling of the lagoon, which is also indicated by

w 5 E  data for the mean increase of the tide level (Figure
38). The tidal pattern was due to the stationary
tropical depression to the east of Carrie Bow,
which had strengthened the northeast trade

Sms? winds.
Current patterns observed at lagoon stations
Density: 207 149 082 048 0.4 L1 and L5 are shown in Figure 39 on a progressive
D vector diagram. Neither location exhibited the
Frequency (%): 198 214 N8 321 151 obvious tidal activity that had occurred at sta-

Ficure 39.—Frequency isopleth diagram (modified from
Seppila, 1977) of 312 hourly recordings of wind data at
Carrie Bow Cay, Belize, 8-22 June 1978, indicating density
of wind observations (in observations per m s~ and 15°
segments) and percentage of frequency corresponding to a
given direction.

Carrie Bow Cut, observed hourly peak velocities
measured 40 cm s™'. Directional changes during
each half tide (rising or falling) were negligible in
both South Water and Carrie Bow cuts. In South
Water Cut the average resultant direction for

tions L2, L3, and L4. Meter location L1 showed
weak water movement and little effects of tidal
or wind forcing. Hourly averaged currents at L1
did not exceed 6 cm s™' and were generally on
the order of 2 cm s™'. This location, being on the
lee side of the island, was shaded from direct
wind influence. The net flow direction to the
northeast at L1 suggests that the current was due
to wave drift. The wave crests that propagated
into Carrie Bow Cut were greatly refracted by
the reef crest and entered the Carrie Bow lagoon
from the southwest, as indicated by waves break-
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Ficure 40.—Vertical high altitude aerial photograph of Carrie Bow Cay (center) showing wave
refraction patterns; island to the north (top) is South Water Cay, sand bank to the south
(bottom) is Curlew Bank (picture area = 2.5 X 3.5 km).

ing on the lee side of the island and refraction
patterns on aerial photographs (Figure 40).
Although higher water levels and increased
wind speeds due to the developing tropical de-
pression were atypical conditions for station L5,

these conditions probably did not alter the typical
flow patterns there, but merely modulated their
intensity. Maximum hourly velocities at L5 were
33 cms™ !, with a net flow direction due southwest,
varying almost 180° from that at L1. The current
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at L5 did not have the strong tidal signature
evident in the major reef cuts. Rather, water was
being driven across the reef crest and into the
lagoon by the northeasterly trade winds. While
the higher than usual water levels and increased
wind speeds tended to move more water across
the crest than usual, the current at L5 appeared
to be primarily wind-driven.

Conclusions

Current flow through the major reef cuts bor-
dering Carrie Bow Cay appears to be tidally

dominated despite a small tidal range. Measure-
ments within the cuts showed a predominance of
flooding over ebbing currents that was related to
increased northeasterly winds associated with the
development of a tropical depression to the east
of the island. Depending on location, net currents
inside the lagoon may be wave-driven, wind-
driven, or both. Current records from this area
lack the clear tidal signature that was observed
in Carrie Bow and South Water cuts. Because
our study was conducted in the early summer,
however, caution must be exercised in extrapo-
lating the results to other seasons.
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Water Exchange across the Reef Crest
at Carrie Bow Cay, Belize

Bjorn Kjerfoe

ABSTRACT

Water movement across the reef crest off Carrie
Bow Cay, Belize, is affected by at least five mi-
crogrooves, 2-4 m wide and 1-3 m deep, cutting
across the reef crest and connecting the shallow
reef lagoon and the open Caribbean Sea. The
currents in these microgrooves flow into the la-
goon during rising tides and out to sea during
falling tide. Over one or more tidal cycles, how-
ever, net flow inside the microgrooves is directed
toward the ocean and along the remainder of the
reef crest it is directed toward the lagoon owing
to water being pumped over the crest by breaking
waves.

Introduction

Few environments are as hazardous or as dif-
ficult to sample as the reef crest on an exposed
coast. Breaking waves that pound the outside
edge of the reef dissipate vast quantities of energy,
and cause water to be pumped across the crest.
In addition, the water flow over the reef is typi-
cally influenced by tidal currents, hydraulic head
differences (Tait, 1972), and persistent 4-8 ms™',
trade winds. Few studies have examined this
complex of water motions.

Munk and Sargent (1948) noted that ‘“‘surge
channels,” cutting across the reef crest and reef
flat on the windward side of Pacific atolls, are
tuned to the average wave characteristics and

Bjorn Kjerfve, Marine Science Program, Department of Geology, and
the Belle W. Baruch Institute for Marine Biology and Coastal
Research, University of South Carolina, Columbia, S. C.  29208.
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play an important role in the dissipation of wave
energy. Although Roberts et al. (1975) found no
evidence of surge channels in exposed fringing
reefs around Grand Cayman and Barbados, a
section of the Belizean barrier reef at Carrie Bow
Cay in the western Caribbean (16°48'N,
88°05'W) has at least five channels cutting across
the reef crest. Because of their small size and
other characteristics that differ from the atoll
surge channels, the Carrie Bow channels are
called “microgrooves” in the following descrip-
tion of their role in the water exchange across the
reef crest.

AcKNOWLEDGMENTS.—For help with the collec-
tion of field data in 1977 and 1978 I am especially
indebted to J. B. Atkins, F. M. Drescher, J. E.
Greer, and J. A. Proehl, University of South
Carolina; L. Greczy, Louisiana State University;
and to L. Kjerfve. J. Stallings, United States
Geological Survey, and D. Middaugh, Environ-
mental Protection Agency, donated Rhodamine
dye and practice golf balls, respectively, for nu-
merous qualitative flow experiments. The Belle
W. Baruch Institute for Marine Biology and
Coastal Research has listed this paper as its con-
tribution Number 271.

Results

MicroGrooves.—The Carrie Bow section of
the barrier reef lies just off the south end of
Tobacco Reef. It is separated from South Water
Cay by a cut, 800 m wide and 12 m deep. The
reef crest forms a half-ellipse 1000 m long (Figure
41) that consists of dense growths of Acropora
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Ficure 41.—Schematic representation of the Carrie Bow
Cay reef crest, indicating location of five microgrooves (A-
E), refraction of typical wave crests before breaking, (curved
lines) and direction of predominant trade winds and deep
water waves (arrows). (Scale in m.)

palmata, Millepora complanata, Agaricia agaricites,
Porites astreoides, and other corals. The elevation
at the crest coincides approximately with the
mean low water level. The crest measures 20-35
m across from a 1 m deep sand-filled moat on its
lagoon side to another 4 m deep sand moat on its
seaward side.

The lagoonward edge of the reef crest is irreg-
ularly indented and gives the impression that
numerous channels open into the ocean. Most of
these cuts, however, extend only part of the way
across the crest, except for five locations (Figure
41) where the channels traverse the crest and thus
make it possible for a swimmer to reach the fore
reef even during moderate wave conditions.
These small passages are the microgrooves (2-4

m wide and 1-3 m deep) that wind their way
across the crest; they typically exhibit a con-
stricted area somewhere between the lagoon and
ocean where the water becomes significantly shal-
low compared with the rest of the microgroove.
The bottom of the microgrooves consists of poorly
sorted carbonate sand and large amounts of bro-
ken coral branches and rubble. Large numbers of
schooling fish appear to be associated with the
microgrooves. Microgroove E (Figure 41) across
the well-developed northern section of the reef at
Carrie Bow Cay is by far the deepest and widest
one.

The microgrooves differ from atoll surge chan-
nels (Munk and Sargent, 1948) in several ways:
they are shallower and narrower; they extend
across the reef crest with several bends and
branchings; they usually do not align with a fore-
reef groove; they appear less well tuned to the
predominant waves. These differences, however,
may all be due to the calmer wave climate in the
Caribbean. Whereas the trade-wind-generated
waves on Bikini Atoll are 2.0-2.5 m high with
steady 7-9 s periods, the Carrie Bow reef usually
experiences 1.0-1.5 m, 4-5 s waves with a great
variability over time.

WATER EXCHANGE.—As wave crests progress
toward a reef they shoal and refract. Before waves
reach the breaking point, refraction causes their
crests to become almost parallel to the outer reef
edge (Figure 41). When a wave breaks, water is
pumped across the reef crest (Shinn, 1963). and
some water surges back before the arrival of the
next breaker. The available wave energy is trans-
formed into kinetic energy and is dissipated, and
thus helps to maintain a superelevated water level
at the breaking point, in contrast to the still-water
levels of the lagoon (Munk and Sargent, 1948).
This reef set-up may be as much as 20% of the
incident wave height (Tait, 1972). If the waves
are high, the set-up can drive over the reef crest
a steady net inflow, which becomes superimposed
on the more or less symmetrical, oscillatory
pumping and return-surge action due to breakers.
Because of refraction, waves usually traverse the
barrier perpendicular to the local crest axis and
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along the mean direction of the microgrooves. As
in the case of atoll surge channels, this pattern
suggests a close relationship between micro-
grooves and wave action.

Qualitative features of the reef-crest water ex-
change were assessed by means of current-meter
measurements and dye drops during March 1977
and June 1978. A Bendix B-10 impeller-type,
ducted, bidirectional current meter was placed at
approximately middepth in microgrooves A, B,
and C, as well as in two locations on the reef crest
between microgrooves B and C. At each location
two 25 h time series were obtained via a 200 m
cable connecting the sensor and a shore-based
read-out unit and recorder. The signal was sub-
jected to a 2.5 s RC low-pass filter, and was then
read every 5 s for 3 min on the hour every hour.
Statistically significant hourly mean values based
on 36 readings were plotted versus time, and
compared with the tide for the same period. The
resulting plot for microgroove B is shown in Fig-
ure 42, that for the reef crest in Figure 43. In
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F1GurE 42.—A 25 hour time series of low-pass filtered current
in microgroove B, 15-16 June 1978, with simultaneous tide
record at the Carrie Bow dock (positive current = lagoon-
ward flow, negative current = oceanward flow).
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Ficure 43.—A 25 hour time series of the low-pass filtered
current on top of the reef crest between microgrooves B and
C, 19-20 June 1978, with simultaneous tide record at the
Carrie Bow dock (positive current = lagoonward flow, neg-
ative current = oceanward flow).

addition, Rhodamine B dye was released at ap-
proximately 50 locations along the Carrie Bow
section of the barrier, in front of the reef, in the
lagoon, on top of the crest, and in all microgrooves
during both falling and rising tides. In addition,
water movement was traced by means of 200
plastic practice golf balls released at several lo-
cations oceanward of the reef and observed as
they crossed the reef crest; these were subse-
quently collected.

Conclusions

Although these experiments yielded primarily
qualitative results, several generalizations can be
made. Currents in microgrooves as well as on top
of the reef crest varied on at least two time scales:
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wave and tide frequencies. The wave-induced
motions were largely oscillatory and perpendicu-
lar (back and forth, up and down) to the crest
with typical instantaneous microgroove speeds of
10-60 cm s™*. The hourly means, however, reflect
the tidal forcing and were typically 1-20 ¢cm s~*
m in the microgrooves, directed oceanward (neg-
ative) during falling tide and lagoonward (posi-
tive) during rising tide. The current on top of the
reef crest behaved similarly but exhibited a much
greater variation than it did in the microgrooves.

Both microgroove and reef-top currents clearly
display the tidal signature. When averaged over
a 25-hour period (2 semidiurnal or 1 diurnal
cycle), however, the microgrooves showed a net
oceanward flow, whereas the water on top of the
crest is directed toward the lagoon (Figure 43).

Dye experiments during the falling tide indi-
cated a jet-like flow from the microgrooves into
the forereef region. Once outside the reef, some of
this water, is transported southward with the
longshore current. Most of the dye seemed to
return via wave-pumping over the reef crest both
up- and down-stream of the microgroove exits,
thus setting up a series of circulation cells along
the outer reef edge. The currents are much more
vigorous at microgrooves C, D, and E compared
with B and A. Instantaneous and time-averaged
values were greater here because in this region
the incident waves have been subjected to a
minimum of refraction.

The features described thus far reflect trade
wind conditions estimated to occur 70 percent of
the time (Rutzler and Ferraris, herein). During
minor storm events and other times of high wave
activity, however, both reef crest and microgroove
net currents flow toward the lagoon and do not
display any tidal influence. At these times, the
wave set-up is probably sufficiently greater to
dominate any tidal influence by exceeding any
differences in tidal hydraulic head. Water then
leaves the shallow Carrie Bow lagoon both at the
north and south of the island.

Although Hernandez-Avila et al. (1977) found
that during storms, coral rubble was transported
from the deep fore reef to form coral boulder
ramparts along the south coast of Grand Cayman,
elsewhere in the Caribbean sand-sized material
appears to be slowly transported away from the
reef crest. These observations are not contradic-
tory. In view of the measured ocean-directed net
flow at Carrie Bow Cay, it can be assumed that
the microgrooves act as a passway for sediment
from the lagoon and reef crest during typical
conditions. When a storm strikes, however, the
wave drift is directed up the fore reef and the
forces are great enough to transport boulders
toward and over the reef. The rubble rampart
that makes up the SE reef crest of Carrie Bow
Cay (Rutzler and Macintyre, herein:9) undoubt-
edly owes its existence to wave transport during
heavy storms.
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Geology and Sediment Accumulation Rates
at Carrie Bow Cay, Belize

Eugene A. Shinn, J. Harold Hudson, Robert B. Halley,
Barbara Lidz, Daniel M. Robbin, and lan G. Macintyre

ABSTRACT

A 24 km long transect of cores consisting of
four rotary drill cores and seven vibrocores was
drilled in a line extending from the seaward side
of the reef crest at Carrie Bow Cay to the main-
land at a point between Sittee Point and the town
of Stann Creek. Two of the four rotary cores were
drilled seaward of the reef crest, one through a
spur to a depth of 7.6 m and the other into the
adjacent groove to a depth of 18.3 m. The two
cores show no evidence that the spur and groove
system was erosional in origin; rather, they dem-
onstrate that it was constructional. Submarine
cementation, chiefly in the form of fine-grained
high-magnesium calcite, was found mainly in
cemented internal sediment in both cores drilled
seaward of the reef crest.

Two other rotary cores were drilled landward
of the reef crest. One was drilled on the reef flat
to a depth of 8.8 m, and the other was drilled on
the southwest tip of Carrie Bow Cay to a depth
of 17.7 m. Both cores encountered essentially
uncemented carbonate reef sands with some coral
rubble. Of the four rotary cores, only the Carrie
Bow Cay core encountered Pleistocene bedrock.
Radiocarbon dating of a large head of Siderastrea
siderea, growing on bedrock from the Carrie Bow
Cay core at a depth of 15.04 m below sea level,
gave an age of 6960+110 years. The leached
calcitic coralline bedrock, at a depth of 15.7 m
below sea level in the Carrie Bow Cay core,
contained root marks, and iron staining indicative
of subaerial exposure.

Eugene A. Shinn, J. Harold Hudson, Robert B. Halley, Barbara
Lidz, Daniel M. Robbin, United States Geological Survey, Fisher
Island Station, Miami Beach, Fla. 33139. Ian G. Maciniyre,
Davision of Sedimentology, Department of Paleobiology, Smithsonian
Institution, Washington, D.C.  20560.
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Five of the seven vibrocores, with sediment
recoveries ranging from 1.6 to 5 m, contained
peat. Generally, the peat was located near the
bottom of the cores, and in the four most land-
ward cores the peat overlay clay, silt, quartz sand,
and in some a few quartzite pebbles. The peats
are interpreted to record flooding of the coastal
plain during the last transgression. Radiocarbon
dates of peats overlying terrigenous sediments
range from 6804150 to 8808+600 years.

Introduction

This paper reports the results of rotary rock
coring on and around Carrie Bow Cay and de-
scribes a transect of seven sediment vibrocores
drilled in a line from Carrie Bow Cay to the
mainland, 24 km to the west.

Carrie Bow Cays, literally within a stone’s throw
of the reef at 16°48"10” N, 88°04’45”W, is situated
between two tidal passes that cut through an
otherwise continuous reef flat (Figure 2). Tidal
passes through the Belize barrier reef are rare,
but wherever they occur, they are adjacent to
islands situated near the edge of the reef tract.
Carrie Bow, like other islands on the shelf south
of the Belize River, is a Holocene sedimentary
accumulation. Although there are extensive ex-
posures of Pleistocene limestones at the northern
limits of the Belizean barrier reef complex, nota-
bly Ambergris Cay, nowhere within Belizean wa-
ters south of the Belize River do Pleistocene or
older limestones extend to or above sea level to
form an island, as is common in other coral reef
areas of the Caribbean. Sediments, vegetation,
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Ficure 44.—Map of Carrie Bow Cay study area, Belize, showing transect of sediment
vibrocores (CB1-CB7).

Ficure 45.—Map of immediate Carrie Bow Cay area show-
ing rotary core locations (RC1-RC4) and the easternmost
sediment vibrocore (CB1).

and effects of storms on Belizean islands, includ-
ing Carrie Bow Cay, have been described by
Stoddart (1962, 1963).

Vibrocore locations are shown in Figures 44
and 46 and rotary drill core locations are shown
in Figures 45 and 46. Core RC2, immediately
adjacent to RC1, was taken on a spur (Figure
47). This core was compared with core RCI,
Carrie Bow Cay taken in a groove, to determine whether the spur

and groove system was formed by erosion, as
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proposed by Cloud (1959) for Saipan reefs or by
construction, as proposed for Jamaica reefs by
Goreau (1959) and determined for a Florida reef
by Shinn (1963).

This work, conducted on and around Carrie
Bow Cay, is part of a larger United States Geo-
logical Survey Belize project, the objectives of
which are to determine (1) porosity distribution
as controlled by submarine cementation, (2) fac-
tors that control reef distribution, (3) nature and
origin of the numerous patch reefs lagoonward of
the barrier reef, and (4) rate of sediment accu-
mulation during the past 10,000 years. Only that
work conducted on and around Carrie Bow Cay
is reported here.
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Ficure 46.—Cross sections of study area: a, entire area shown in Figure 44, with vibrocore (CB)
and rotary core (RC) locations; b, detailed cross section of Carrie Bow Cay and associated reef
area comparable to Figure 45. Note distribution of corals seaward of reef crest, which is
composed of coral rubble encrusted with Millepora sp. The inferred transition zone from in situ
coral accumulation to sand and rubble is indicated by the zig-zag line. Staghorn corals shown
near cores RC3 and RC#4 are inferred. Staghorn corals in RC1 and RC2 were recovered because
of cementation. RC1 and RC2 are at the same distance along the E-W section, RC2 being
immediately to the N of RC1. (For explanation of symbols, see Figure 47.)
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Ficure 47.—N-S cross section between cores RC1 (drilled in a groove) and RC2 (drilled on
adjacent spur) showing distribution of major coral components. Radiocarbon dates indicate
that the section is less than 7175 years old and that growth rates are rapid. See Table 6 for
accumulation rates. Also note apparent date reversal in corals between 14 and 17 m. Both ages
are within the margin of error for the method; the samples should therefore be considered
approximately.the same age. These two dates indicate an extremely rapid rate of accumulation

for that interval.

Methods

’

Rotary DriLr Coring.—Core drilling into the
reef (Figure 48a) was accomplished with a version
of the underwater hydraulic rotary drill described
by Macintyre (1975). Modifications include (1) a
portable, lightweight power source (manu-
factured by Custom Hydraulics of Miami, Fla.)
measuring | m in length, 60 cm in width, 80 cm
in height, and weighing only 125 kg, which is
easily operable from a small skiff; (2) a light-
weight plastic hydraulic hose, % inch (12.7 mm)
in diameter; and (3) a lightweight, collapsible
aluminum drilling tripod (Figure 484). Standard
length (5 ft, 1.5 m) N drilling rods and both X

and BX diamond-tipped core barrels were used.
Although the spur and groove zone was drilled
to a depth of 18 m (RC1), only nine meters of the
reef flat could be penetrated because of collapsing
sand. Drilling the sands of Carrie Bow Cay re-
quired drilling mud, but commercial drilling mud

Ficure 48.—Underwater coring equipment employed: a,
diver-operated hydraulic drilling rig at location of RC1; b,
hydraulic jackhammer in operation; ¢, equipment used for
vibrocoring (A = hydraulic jackhammer; B = adapter that
mates jackhammer to core tube; C = plastic cap for capping
core before extraction; D section of 3-inch (76 mm)
diameter aluminum core tubing, with vents for letting out
water as core is taken; E = aluminum clamps with handles
used for extracting core from sediment).
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was not available; a mixture of clay and silt dug
from an area near Stann Creek on the mainland
and diluted with sea water sufficed to accomplish
the drilling. Five garbage cans containing sedi-
ment were brought to the island and dumped
into a pit lined with plastic. The diluted mixture,
necessary to prevent collapse of the hole, was used
to drill the site near the south tip of Carrie Bow
Cay to a depth of 16.2 m, where Pleistocene
limestone appeared. Total depth including Pleis-
tocene bedrock was 17.7 m.

V1BROCORING.—Sediment vibrocoring (Figure
486) was accomplished by adapting a 36 kg hy-
draulic jackhammer (manufactured by Fairmont
Hydraulics of Fairmont, Minn.), similar to the
familiar air-powered jackhammers used to break
up concrete, so that it could use 6 and 9 m lengths
of standard 3 in (7.6 cm) aluminum irrigation
tubing. The advantages of this hydraulic equip-
ment were reduced corrosion and the ability to
utilize the same hydraulic power source as that
used for rotary drilling. The jackhammer was
joined to the thin-walled tubing by an adapter
that was constructed by press fitting an internally
fitted steel sleeve to a standard, hardened steel
chisel made especially for the hammer. The sleeve
is a friction-fitting device that slips approximately
10 cm into the tubing. Further insertion is pre-
vented by a collar (Figure 48¢).

Water is able to escape from the core tubing as
it penetrates sediment by means of relief ports
added near the upper end of the tubing (Figure
48¢). Slits were cut into the tube with a hacksaw
and one side of each cut hammered inward, so
that the resulting ports resemble gill slits. Ini-
tially, ports were made with an electric drill, but
the saw and hammer method was found to be
more efficient.

Coring was accomplished by attaching either
the 6 or 9 m lengths of tube to the jackhammer
and floating the entire device with an inverted
air-filled garbage can. When the core tube was
vertical over the selected site, one diver released
air from the garbage can while another diver
guided the unit to the bottom. When the tube
contacted bottom, the diver depressed the trigger

and the machine-gun action of the hammer drove
the core tube into the sediment (Figure 48b).
Generally, 6 to 9 m of penetration was achieved
in less than 30 seconds with an average of 80
percent recovery. In very clear water the tube was
first driven approximately % m vertically into the
bottom with a 1 kg sledge hammer. When the
tube was correctly oriented and free standing, the
jackhammer was floated into position and at-
tached to the adapter, and coring began. Because
the tube itself does not rotate during coring,
orientation of the core can be determined by
putting a scratch on one side of the soft aluminum
tube before extracting the core from the bottom.

Cores were removed from the bottom with the
aid of adjustable clamps with handles that were
attached to the tube at the sediment/water inter-
face. Excess tubing was sawed off underwater
by hacksaw. An externally fitting plastic cap
(Caplug EC-48, manufactured by Caplugs Divi-
sion of Protective Closures Company, Inc., Buf-
falo, N.Y.) was affixed to the protruding tube
end, thereby creating a vacuum and preventing
loss of core material from the buried end during
extraction. The cores were extracted and brought
to the surface by attaching the garbage can and
filling it with air from the SCUBA regulator.
Although cor¢ catchers were not used, sediment
was seldom Idst during extraction.

All vibrocores were dried and impregnated
with plastic according to the methods of Ginsburg
et al. (1966). Peats were removed prior to impreg-
nation. Carbon-14 dating was carried out at the
University of Miami’s Radiocarbon Dating Lab-
oratory.

Sediment types are described according to the
classification of Dunham (1962). In keeping with
his scheme, loose sediment is described as if it
were the rock it will eventually become. Thus,
“packstone’ is used to describe sand-size carbon-
ate grains whose interstices are filled with lime
mud; “grainstone” is used if mud is absent. In
addition, mud-supported sediments are termed
“mudstones” if they contain less than 10 percent
sand-size grains and “wackestones” if they have
more than 10 percent.
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Results

Outer Reer.—Of the four cores drilled in the
Carrie Bow Cay area, only RC1 and RC2 con-
tained in situ corals. Core RC1 from a groove in
7 m of water was by far the most difficult to drill
(see Figures 45, 46, 47). The core was drilled to
18.3 m before caving and other difficulties pre-
vented further penetration. Pleistocene bedrock
was not encountered. Table 5 shows that core
recovery was about 36 percent. Core RC2, ap-
proximately 10 m to the north on the adjacent
spur, was drilled to a depth of 7.6 m, the first 3.7
m being in the spur. Because the spur is composed
primarily of the lettuce coral, Agaricia sp., and
little cementation or infill of internal sediment is
present, there was practically no core recovery in
this interval. Recovery of material began when
the drill reached the level of the adjacent groove.
Because the material from both groove and spur
base was identical, we concluded that the spur is
of constructional origin. We recognize, however,
the possibility of a deep-seated erosional spur and
groove in the Pleistocene strata below 18 m which
might serve as a template for later growth. None-
theless, the visible portion of the spurs in this area
is clearly constructional, and the interval 3.7 to
7.6 m (below the spurs) is probably also construc-
tional.

The most noticeable feature in core RC1 and
the lower 3.7 to 7.6 m of RC2 is the occurrence of
both cemented and uncemented internal sedi-
ment. Fine-grained internal sediment was gener-
ally light gray in color and contained sedimentary
laminations, commonly inclined. The cement is
Mg-calcite, similar to that reported elsewhere
(Ginsburg et al., 1967; Macintyre et al., 1968;
James et al., 1976; Land and Goreau, 1970; Mac-
intyre, 1977; Shinn, 1969, 1971). In partially
filled small cavities (less than 1 cm across), inter-
nal sediment is commonly geopetal, that is, the
upper surface of the fill is horizontal. In larger
voids, however, such fillings are generally inclined
(Figure 49). Very little uncemented sediment was
recovered from large voids, but its presence was
indicated by bursts of muddy drilling water as-
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Ficure 49.—Two pieces of core from RCl: a, section from
10.75 m showing cemented internal sediment at steep angle
(arrow); note unusual network of voids in cemented internal
sediment; cause of the void network is not known, although
it does not appear to be caused by leaching; b, sample from
7.4 m; gray internal sediment resting on Pontes coral; note
steeply inclined laminations within cemented internal sedi-
ment. Cement is Mg-calcite; origin of voids is not known,
but they are thought to be organic borings.

sociated with sudden drops of the drill bit and by
small amounts of sediment recovered in the cores.

Fibrous aragonite, probably the most diagnos-
tic form of submarine cement, was present only
in small cavities, usually within shell and coral
chambers, and was visible only in thin sections.
This observation is identical to that reported by
Macintyre (1977) but is in strong contrast to the
fibrous aragonite crystals 1 to 2 cm long described
by Ginsburg and James (1976) and James and
Ginsburg (1978) from the deep fore reef at Belize
below 100 m.

REeEeF FLaT AND IsLaND.—Core RC3 was drilled
on the reef flat approximately 15 m behind the
reef crest in water about 25 cm deep. The seabot-
tom at the RC3 site consisted of a hard pavement
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composed of cemented sediment sparsely popu-
lated by small head corals. Drilling showed the
pavement to be only 1 cm thick and underlain
by coral rubble imbedded in coarse carbonate
reef sand. From approximately 2 m to total depth
(8.8 m), only carbonate sand with sparsely scat-
tered coral fragments was encountered. Except
for the thin cemented pavement exposed at the
surface, no evidence of submarine cementation
was found, nor did any corals appear to be in
growth position.

Core RC4 was drilled on the southwest tip of

Carrie Bow Cay (Figures 45). Drilling revealed a
section consisting mainly of coarse-grained car-
bonate sand. At a depth of 15.5 m, a single large
head of Siderastrea siderea appeared in growth po-
sition on Pleistocene bedrock. Bedrock was
reached at 16.2 m and cored to 17.7 m. It is
coralline limestone that has been leached and
contains brown caliche staining. The coral over-
lying the bedrock was dated by carbon-14 tech-
nique and is discussed below. There was no evi-
dence of cementation of the Holocene sands be-
neath Carrie Bow Cay.

TasLE 5.—Locations, water depths, core recovery, and general comments on rotary drill cores
and sediment vibrocores taken in the Carrie Bow Cay area, Belize

Location Water  Core hole
Core depth depth  Recovery
Lat., Long. Description (m) (m) (m) Comments
Rotary DriLr Cores
RC1 16°48'13"N, About 60 m seaward 6.7 18.3 6.55 Dirilled in groove
88°04'41"W of reef crest
RC2 16°48'13”N, 10 m N of core RC1 3.7 7.6 1.8 Drilled on spur; recov-
88°0441"W ery only below base
of spur
RC3 16°48"13”N, On reef flat 15 m W 0.25 8.8 =~0.5  Poor recovery due to
88°04'43"W of reef crest uncemented sand
RC4 16°48"10” N, SW tip of Carrie Bow  +0.5 17.7 =~(0.03 No core recovery above
88°04'45"W Cay 15 m; good recovery
from Pleistocene
16.2-17.7 m
VIBROCORES
CBl1 16°48’10”N, About 150 m W of 2.5 4.6 3.7  Carbonate sand bot-
88°05"10"W Carrie Bow Cay tom with scattered
Thalassia species
CB2 16°47'50”N, S of Twin Cays 7.3 3.5 2.8  Peat extends from
88°06'30"W about 2.3 m to bot-
tom of core recovery
at 2.8 m
CB3 16°49'30"N, See Figures 44 and 45 11.5 5.4 5.0  Contains peat from 4.5
88°07'45"W m to bottom of core
recovery at 5.0 m
CB4 16°50"20”N, Just W of dropoff into 20.2 2.0 1.6 Sticky red clay pre-
88°08'40"W Victoria Channel vented further core
penetration
CB5 16°53'25"N, See Figures 44 and 45 12.2 3.4 2.7 Peat in bottom 50 cm
88°14'00"W of core; water visibil-
ity about 25 cm
CB6 16°54'15"N, ~2 km from mainland 6.7 3.9 3.7 Peat in upper section
88°15'50"W of core; see Table 6
CB7 16°54"15”N, ~300 m from shore 43 3.1 2.4  Bottom 3/5 of core is
88°15'88"W peat
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Ficure 50.—Selection of plastic-impregnated sediment cores from transect shown in Figure 44:
a, core CB1, interval 40 to 70 cm; note burrowing, grass roots, and coral fragment at upper
right; smaller white fragments are Halimeda; b, same interval from core CB2; note large burrow;
¢, core CB2 from interval 2.2 to 2.5 m showing transition from lime sediment to peat; note coral
fragments at top, Oculina sp., and large unidentified oysters and other mollusks at transition; 4,
core CB4 showing transition from carbonate grainstone to orange terrigenous clay, contact is at
base of large gastropod, cracks in lower part of core are due to dessication in clay, which would
not impregnate because of its fine-grain size; ¢, top of core CB6 (interval 0 to 30 cm); upper
portion consists of coarse, poorly sorted quartz sandstone merging with peat near bottom; large

white fragments are quartz pebbles.

ViBrocorRe Transect.—Location of all seven
vibrocores is shown in Figures 44 and 46, and
brief comments on depth, location, and penetra-
tion appear in Table 5. Selected photographs of
these plastic-impregnated cores are shown in Fig-
ure 50.

Core CB1 consists entirely of burrowed, reef-
derived grainstone but lime silt content increases
slightly near the base, locally creating a packstone
facies associated with burrows. Despite a few

sticks of Acropora cervicornis, the principal sand-size
constituents are Halimeda plates and soritid fora-
minifera. Homotrema sp., a foraminifer generally
abundant in reef-derived sands, is rare.

Core CB2 is predominantly a packstone mot-
tled by abundant burrows. Mollusks are the most
obvious large fossils and soritid foraminifera are
abundant, approximately as abundant as Hali-
meda plates. At 2 m, there is a transitional change
to lime silt, grading into a mixture of peat and
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lime silt. Large oyster shells are mixed into the
peat down to 2.7 m. Broken oyster shells extend
deeper. Coral fragments of Oculina sp. occur be-
tween 2.1 and 2.2 m, just above the peat.

Core CB3 consists of burrowed packstone and
silty lime mudstone with pelecypods to 3.7 m.
Sediment becomes darker at 3.7 m owing to
abundance of peat flecks. Pelecypods occur be-
tween 4 and 5 m. Sediment is lime silt between 4
and 4.5 m with an admixture of clay that gives it
a gray-brown color. Peat begins at 4.5 m and
extends to the bottom of the core at 5 m. Gastro-
pods, such as Astrea sp. and various cerithids,
occur just at the transition from lime sediment to
peat.

Core CB4 was taken in 20 m of water imme-
diately landward of a continuous shallow rock
ridge (see Figure 46). The upper 1 m of the core
consists of burrowed mixed grainstone and pack-
stone. The grains are Halimeda, mollusk frag-
ments, and foraminifera. Soritid foraminifera are
rare, and obvious darkened grains make up 1 to
3 percent of the section. At 1.24 m the lime
sediment changes into brownish-orange clay con-
taining red-brown concretions. The unexpected
occurrence of such coarse-grained sediment at
this depth is probably explained by the nearby
shallow ridge. Sediment is probably periodically
swept landward off this ridge.

Core CB5 consists of brown mud and wacke-
stone with terrigenous clay containing scattered
mica flakes. The predominant fauna is small,
thin-shelled pelecypods. At 2.3 m there are large
oyster shells, and at 2.5 m the sediment grades to
a darker color clay and organic-rich mudstone.
Peat was collected from 1.78 and 2.67 m for
dating.

Core CB6 consists of 30 cm of very poorly
sorted quartz sandstone with quartzite pebbles
up to 1 cm in diameter. The only carbonate is
pelecypod fragments. Peat begins at 30 cm and
extends to 1.3 m. The remainder of the core down
to 3.65 m consists of massive, dirty sandstone with
root marks. Between 3.65 m and the bottom of
the core at 3.7 m, the sediment is gray clay with
bright-red clay mottles.

Core CB7 consists of almost 1 m of burrowed,

poorly sorted quartz sandstone with pelecypod
fragments, scattered Halimeda plates, and few gas-
tropods. Sediment contains peat fragments and
abundant quartzite pebbles at 75 cm. The section
becomes peat at 0.92 m, and peat extends to the
bottom of the core at 2.4 m. The peat contains
thin stringers of quartzite pebbles.

Peat was exposed on the bottom in 1 m of
water landward of site CB7, and a peat-forming
swamp Is present at sea level all along the shore,
just landward of a thin quartz-sand beach ridge.
The change from coarse-grained carbonates to
terrigenous clastics and peats in a shoreward
direction follows the basic pattern described by
Purdy et al. (1975).

Although red mangroves are abundant on the
seaward edge of the swamp, numerous hard-
woods, grasses, and small palms indicate the peat
is not entirely of mangrove origin. Nevertheless,
the peat is accumulating at sea level and can be
visually correlated with the submarine pet just
offshore and is thought to be continuous with the
peat in cores CB6 and CB7.

RaprocarBoN AGe DaTing—Corals from var-
ious depths within the rotary cores RC1 and RC4
were sampled and dated by the radiocarbon
method, as were peats from sediment vibrocores
CB5, CB6, and CB7. Dates, calculated accumu-
lation rates, and sediment and water depths are
provided in Table 6. In this table there are two
columns of figures under the heading “Accumu-
lation rates (m/1000 y)”. The first column (core
top to sample) lists the accumulation rates in
meters/ 1000 years, assuming the top of the reef is
growing and has a '*C age of approximately zero.
The second column (intervals between samples)
lists the calculated accumulation rates between
dated samples. This figure is more meaningful for
obvious reasons. All peat dates were obtained by
D. S. Introne in 1978 at the University of Miami’s
Radiocarbon Dating Laboratory. Coral material
was dated at the same laboratory by J. J. Stipp.

It can be seen from Table 6 that the reef off
Carrie Bow Cay has been growing upward at a
rapid rate (ranging from approximately 1 to 6
m/1000 y), considerably faster than accumula-
tion of the lagoonal sediments overlying the peats
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TasLe 6.—Radiocarbon dates and accumulation rates (m/1000 y) of selected material in
rotary drill cores and sediment vibrocores (further explanation in text; location coordinates
listed after each core number; note unexplained age reversal in two samples from RC1)

Accumulation
Depth (m/ 1000 y)
Jrom Age B —
Core Depth  Inter- water  differ- Core
n val be- surface  ence top  Inter-
core tween  Water to between to  wvals be-
Material hole  samples depth sample samples C age sam-  lween
Lab. no. dated (m) (m) (m) (m) &) (» BP) ple  samples
RC1 16°48'13”N, UM-1009  Montastrea 5.79 6.7 1249 5625+85 1.03
88°04'41"W annularis 2.44 540 4.52
UM-1010  Porites sp. 8.23 6.7 1493 6165+90 1.33
2.74 0 0
UM-1011 M. annularis 10.97 6.7 17.67 6140+90 1.79
6.70 1035 6.47
UM-1012  Porites sp. 17.67 6.7 24.37 7175100 246
RC4 16°48"10”N, UM-1013  Siderastrea 15.54 +0.5 15.04 6960+110 2.23
88°04'45"W siderea
CB5 16°53'25"N, UM-1249  Peat 1.78 122 13.98 7619-320 0.23
88°14'00"W 0.89 618 1.44
UM-1250  Peat 2.67 122 14.87 8237+270 0.32
CB6 16°54'15"N, UM-1252  Peat 0.30 6.7 17.00 6804%+150 0.04
88°1550"W
0.32 2004 0.16
UM-1251  Peat 0.62 6.7 1.32 8808+600 0.07
CB7 16°54"15”N, UM-1248  Peat 0.92 43 522 2861+190 0.32
88°1588"W

(<1to = 1.4 m/1000 y). This agrees with Purdy’s
(1974a) observation of an approximately 10 to 1
difference in accumulation rate between the bar-
rier platform and the shelf lagoon. Our reef ac-
cumulation rates exceed rates determined for the
Florida reef tract. Shinn et al. (1977) determined
accumulation rates in Florida to range from 0.38
m/1000 y to 4.85 m/1000 y. More rapid accu-
mulation rates have been reported at Alacran
Reef (north of the Yucatan Peninsula in the Gulf
of Mexico) by Macintyre et al. (1977), where the
average of four dated intervals is 5.6 m/1000 y
and one interval indicates a rate of 12 m/1000 y.
Further discussion of reef accumulation rates,
both in the Atlantic and Pacific, has been pro-
vided by Adey (1978).

Discussion

Figure 46 is an interpretation of facies changes
across the Carrie Bow reef. Core RC3 on the reef

flat just behind the reef crest clearly demonstrates
that the reef flat is not composed of corals that
have grown up to sea level, but instead is com-
posed of reef sands and some rubble, which have
probably been thrown up and over the reef crest
during storms. In many areas along the lagoon-
ward edge of the reef-flat sands, patch reefs are
in the process of being buried as these sands
accrete landward to extend the reef flat. Reefs off
the Florida Keys are also growing landward
(Shinn et al., 1977). From his work on Alacran
Reef, Logan (1969:189) termed such accumula-
tions off-reef clastic drape reefs (model 3).

If underlying topography accounts for the lo-
cation of Carrie Bow Cay, the proof cannot be
found in our drilling. Previous work (Halley et
al., 1977) proved conclusively, however, that Boo
Bee Patch Reef, near Wee Wee Key about 8 km
to the southwest, was initiated over a 6 m Pleis-
tocene topographic high. Drilling on two man-
grove islands situated on patch reefs also con-
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firmed Pleistocene bedrock topography to be the
controlling factor. In both cases Pleistocene cor-
alline limestone reached to within 12 m of sea
level under the island. Surrounding the island,
the rock was more than 21 m below sea level. On
the basis of his 1960 studies, Purdy (1974a,b) was
the first to suggest that rock floor topography is
the factor controlling island distribution on the
Belize shelf. We suspect, therefore, that the reef
off Carrie Bow Cay was initiated on a pre-existing
rock high and that initial flooding, determined
by "C age of coral growing directly on bedrock
(see Table 6), occurred before approximately
7000 y BP. Whether there has always been an
island since early Holocene flooding or whether
the island (actually little more than a sand spit)
sprang into existence during the past few thou-
sand years has not been determined.

On the basis of our observations and drilling,
the spurs and grooves appear to be relatively
recent in age and clearly are not of erosional
origin. Because the Holocene reef is greater than
18 m thick, however, it seems unlikely that the
present day spur and groove systems have existed
in the same place throughout the reef’s history.
This conclusion cannot be borne out by only two
core holes. We suspect that such a system has
existed in the past but that the position of the
spurs and grooves has shifted laterally as the reef
built up. Furthermore, it seems unlikely to us that
the present system is simply patterned over a
Pleistocene spur and groove system more than 18
m below the present reef surface.

Determining the origin of the spur and groove
system at Carrie Bow Cay reef was beyond the
purpose of the expedition; however, such a deter-
mination should be made. We encourage coral
reef researchers to drill spur and groove systems
at many sites in the Caribbean or Pacific to
determine the significant factors that lead to spur
and groove development.

Conclusions

The Holocene coral reef seaward of the reef
crest is in excess of 18 m thick. The present spur
and groove system is constructional. The reef flat
is composed primarily of reef-derived carbonate
sand with scattered coral rubble. Carrie Bow Cay
is Holocene and composed primarily of carbonate
sand over 15 m thick. Leached calcitic limestone,
which was subaerially exposed during the last
glacial period, underlies the island at a depth of
16 m. Flooding of the bedrock occurred prior to
7000 years ago. Submarine cementation is, for
the most part, restricted to the Holocene section
seaward of the reef crest. Except for a thin ex-
posed pavement directly shoreward of the reef
crest, all reef flat and lagoonal sediments over a
distance of 24 km are uncemented. Peat, repre-
senting former sea level, occurs in sediment cores
in the lagoon. Peat in cores near the mainland
overlie terrigenous clastic sediments; thus, the
peats probably record the initial flooding of the
coastal plain during the most recent transgression.
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Terrestrial Environment and Climate,
Carrie Bow Cay, Belize

Klaus Rutzler
and Joan D. Ferraris

ABSTRACT

Severe hurricane activity during the past 20
years has reduced Carrie Bow Cay (16°48'N,
88°05'W) to half its pre-1960 size of 0.8 ha. At
present, Carrie Bow Cay (0.4 ha area) is one of
the smallest inhabited sand cays on the barrier
reef of Belize. The island measures 120 X 36 m,
rises 40 cm above mean tide level, and supports
three wooden cottages with freshwater tanks. The
only permanent terrestrial plants are about 60
coconut trees. Other vegetation appears periodi-
cally and spreads until it is destroyed by inter-
mittent storm tides. Conspicuous animals include
a few birds, a lizard, and some supratidal crus-
taceans. About one-third of the island’s surface is
intertidal and occupied mainly by algae, crusta-
ceans, and mollusks that are adapted to this
habitat. The climate is oceanic and 1s dominated
largely by northeasterly trade winds.

Introduction

Previous terrestrial investigation of Carrie Bow
Cay was based on brief topographic and floristic
surveys (Stoddart, 1963; 1969; 1974) and a short-
term meteorological study (Kjerfve, 1978). Our
own first topographic survey was prompted by
the severe impact of hurricane Fifi, in 197, on the
shape and size of the island. From then on we
monitored morphological changes of the cay, con-

Klaus Rutzler, Department of Invertebrate Zoology, National Museum
of Natural History, Smithsonian Institution, Washinglon,
D.C.  20560. Joan D. Ferraris, Mount Desert Island Biological
Laboratory, Salsbury Cove, Maine 04672.

77

dition of the remaining coconut tree population,
and recovery of the vegetation that had been
entirely eliminated by salt water flooding. Our
other observations on the terrestrial and intertidal
flora and fauna of the islet are of casual qualita-
tive nature and restricted to large and conspicu-
ous organisms. Meteorological records were taken
regularly during the months of our field work,
mainly in spring and early summer, but are spo-
radic during the remaining parts of the year.
Carrie Bow Cay has been the base of the Smith-
sonian Institution coral reef study since the initi-
ation of the program in 1972, The small island
provided the necessary support in close proximity
of reef and lagoon habitats without having no-
ticeable terrestrial effects on these environments.
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(higher plants); J. C. den Hartog (cerianthids);
W. A. Newman (barnacles); B. Kensley (crusta-
ceans, except barnacles); R. S. Houbrick (mol-
lusks); D. L. Pawson (echinoids); R. I. Crombie,
F. J. Irish (reptiles); and W. Trivelpiece (birds).
C. H. Sprinkle helped with information on me-
teorological monitoring practices. The following
persons assisted in maintaining and evaluating
weather records: H.T.A. Bowman III, M. Car-
penter, B. Kjerfve, R. J. Larson, K. Leslie, A.
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Rath, D. S. Robertson, R. Sims and B. Spracklin.
I. Jewett drafted the graphs. Special thanks are
due P. J. Herbert for information on hurricane
events in Belize, particularly for case histories of
Fifi and Greta, and D. R. Stoddart for use of his
1972 map of Carrie Bow Cay.

Methods

GEeopETIC SURVEYS.—Tape measure, sighting
compass, and sighting along permanent or tem-
porary markers were used for determining shape
and size of the island and position of trees and
artificial structures. The concrete boat dock on
the lagoon side and the wooden main house in
the center of the cay provided the principal points
of reference. Vertical photographs from a helicop-
ter, in March 1976, helped to improve the docu-
mentation of the island’s physiography.

Prant ABuNpaANcE.—The first quantitative
survey of plants made in 1978 consisted of sub-
jective visual estimates of five categories of rela-
tive abundance. More objective measurements of
area of plant coverage were made in 1979 by
placing a 50 X 50 cm (0.25 m?®) frame subdivided
into 10 X 10 cm (100 cm?) fields over all surfaces
of the island showing vegetation. The number of
frames occupied by a given species was recorded
to the nearest half frame (50 cm?).

MEeTEOROLOGY.—Generally, meteorological
conditions were recorded three times a day (0600-
0800 h; 1200-1400 h; 1800-2000 h) whenever the
laboratory on Carrie Bow Cay was in operation,
most commonly during the periods January-June
and October/November, 1976-1978. Tempera-
ture was measured with £0.5° C accuracy in
shaded air, in sun-exposed sand (5 cm below
surface), in water on the reef flat (0.2 m average
bottom depth), and below low-tide level at the
boat dock (lagoon, 0.8 m average bottom depth).
Some continuous analog chart recordings of solar
radiation were made by pyranograph (Weather-
Measure B211). Wind speed and direction were
read from a cup anemometer with air foil vane
(WeatherMeasure W121). Precipitation was mea-
sured with two rain gauges (10 cm diameter), one

installed on the cay, and the other one on the
mainland at Pelican Beach Motel, Dangriga. The
rainy season (June-September) of 1979 was also
monitored by an unattended tipping-bucket rain-
gauge (WeatherMeasure P501-I) with solar-pow-
ered event recorder on Carrie Bow Cay. Humidity
was calculated from psychrometer (Psychro-Dyne
PP100) readings.

Physiography

Location.—Carrie Bow Cay (16°48'N,
88°05’'W) is a small sand island located on top of
the barrier reef that lines the outer shelf edge of
Belize (formerly British Honduras), Central
America (Plate 1: center right). Its former name,
Ellen Cay, is still recorded on many nautical
charts. The nearest significant settlement is Dan-
griga (Stann Creek), a town of 7000 inhabitants
on the mainland, 24 km due 320° (NW). The cay
belongs to H'T.A. Bowman of Dangriga and is
used as a vacation place for his family. The
nearest islands are South Water Cay, 1.5 km due
0° (N), a sand cay populated by a few fishermen
and occasional vacationers, and Twin Cays (also
known as South Water Range) 4 km due 323°
(NW), an uninhabited mangrove development.
Carrie Bow Cay is protected from open ocean
waves by a crescent-shaped reef crest to the east
and a 100 m wide reef flat that extends from the
crest to the island’s seaward shore (Plate 5: top
left).

SHAPE AND S1ze.—With a surface area of less
than 0.4 ha, Carrie Bow Cay belongs among the
smallest inhabited cays on the Belizean shelf
(Stoddart and Fosberg, -herein: 527) (Figure 51;
Plate 1: bottom left). The island formerly was
double its present size (H.T.A. Bowman, pers.
comm.) and bordered by mangrove, but clearing
of these trees in 1944 led to progressive erosion by
storm tides. Stranded beachrock as far as 30 m
east and south of the present seaward shore doc-
uments both a shift in dimensions and slow mi-
gration leewards. At present, the cay has an elipt-
ical shape with approximate north-south exten-
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Ficure 51.—Carrie Bow Cay, aerial view from the south, May 1973; note exposed beach rock
on the reef flat east of the island.

sion. The longer axis is directed due 30° (NNE)
and measures 120 m between mean tide level
(MTL) points; the greatest dimension perpendic-
ular to this axis lies along a line transecting the
center of the isle and measures 36 m. Surface area
calculated from planimetry is 0.36 ha to MTL,
0.25 ha if only dry-land (supratidal) area is mea-
sured. Highest elevation, which is approximately
40 cm above MTL, occurs at the central portion
of the island.

SuesTrATEs.—Reef-derived carbonate sand
and rubble on a base of Pleistocene bedrock
(Shinn et al., herein: 63) make up the entire
natural substrate of the cay (Figure 524). Accu-
mulation of beach sand varies with the direction
and force of wind and currents. Under the influ-
ence of the predominant northeasterly trade
winds, sand is deposited at the north point and
northwest beach and around the south tip; at

times separate intertidal sand spits are formed to
the north. Concrete block seawalls and rubble
and coral rock landfills built up over many years
to delay erosion dominate the northwest (Figure
52b) and southeast shorelines, which also have a
few small sandy beaches here and there. Conch
shells abandoned by generations of local fisher-
men are accumulated along the southwest coast.
StrucTURES.—Other than seawalls, artificial
structures on Carrie Bow Cay include two docks
and three buildings with water vats (Figure 51;
Plates 1: bottom right, 5: top left). The main or boat
dock to the west (lagoon side) of the cay is 26 m
long and built of concrete. A smaller wooden
dock over the reef flat (SE) serves the two out-
houses. The buildings are wooden and include
the main house, 14 X 12.5 m, “Junior’s House,”
13 X 3.5 m (now serving as our project’s labora-
tory), and a small cabin, 5 X 5 m (Figure 60).
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Ficure 52.—Intertidal substrates: a, sandand rubble (mainly conch shells) on western shore,
looking north (coconut palms felled by hurricane Greta); b, northwest seawall, coated by algae

Cladophoropsis and Oscillatoria, toppled by Greta.

Flora and Fauna

Carrie Bow Cay’s small size, lack of a fresh-
water lens, and exposed location near the open
ocean are responsible for the absence of a complex
permanent terrestrial environment. We distin-
guish between an intertidal zone along the shore
and a central island area above the high-tide

beach undercut, which, in our experience, has
been flooded by sea water only during hurricane
tides (see below).

SupraTIDAL ORGANISMS.—The most conspicu-
ous, and only permanent, plants, except perhaps
for the lichens, are coconut palms (Cocos nucifera
L.) most of which were planted during the past
35 years in at least five recognizable N-S rows. In
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May 1979 this population consisted of 58 healthy
trees, of which 38 were mature and showed either
nuts or flowers, 8 were immature (one or more
years established)., and 12 were freshly planted
after hurricane Greta (less than one year estab-
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lished). The remaining vegetation observed in
May 1978 and May 1979 (before and after hur-
ricane Greta; Table 7) recolonized Carrie Bow
Cay after salt water flooding associated with hur-
ricane Fifi (September 1974) had washed away

TasLE 7.—Systematic list and relative abundance of Carrie Bow Cay plants, excluding coconut
and others artificially introduced; figures for 1978 show recolonization of the island after
hurricane Fifi (September 1974), when all vegetation was destroyed, and are visual estimates;
data for 1979 reflect minor changes and losses (indicated by dash) in plant cover caused by
hurricane Greta (September 1978) and are compiled from quadrat counts (see “Methods”);
likely methods of dispersal are indicated for each plant (B = bird, D = drift, W = wind);
approximation of size and frequency of plants is given for 1978

Species 1979
(Family) 195‘9 2 Method of
m m % total rank dispersal

Paspalum distichum L. >5 0.010 0.08 9a D?
(Gramineae)

Sesuvium portulacastrum (L.) L. 0.02-0.50* 2.585 19.94 3 D?, B?
(Aizoaceae)

Philoxerus vermicularis (L.) Beauvois 0.02-0.50* - - D, B?
(Amaranthaceae)

Suaeda linearts (Elliott) Moquin <0.01 0.015 0.12 8a D, B?
(Chenopodiaceae)

Portulaca oleracea L. 1-5%* 4.825 37.22 1 B?
(Portulacaceae)

Coccoloba uvifera L. <0.01 - - - D, B?
(Polygonaceae)

Cakile lanceolata (Willdenow) O. E. Schulz 0.5-1.01 3.275 25.26 2 D
(Cruciferae)

Rhuzophora mangle L. - 0.010 0.08 9b D
(Rhizophoraceae)

Euphorbia blodgetti: Engelmann ex Hitchcock 1-5%* 0.185 1.43 6 B?
(Euphorbiaceae)

Euphorbia mesembrianthemifolia Jacquin 1-5%* 1.820 14.04 4 B?
(Euphorbiaceae)

Ipomoea pescaprae brasiliensis (L) van Ooststroom >5 0.190 1.47 5 D
(Convolvulaceae)

Ipomoea stolonifera (Cyrillo) Gmelin <0.01 - - - ?
(Convolvulaceae)

Tournefortia gnaphalodes (L.) Kunth <0.01 0.035 0.27 7 D
(Boraginaceae)

Eclipta alba (L.) Hasskark <0.01 - - w, B?
(Compositae)

Unidentified seedling
1 <0.01 0.015 0.12 8b D
2 <0.01 - - i} D

Total plant cover not 12.965 100.03

determined

* few medium-sized plants, each 0.02-0.30 m®
** numerous small plants, each 0.01-0.02 m®
} few large plants, each >0.3 m?
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or killed all plants except the majority of coconut
trees (Figure 53). In addition to the species listed
in Table 7, two were recently artificially intro-
duced: Casuarina equisetifolia 1. (Casuarinaceae)
and Hymenocallis littoralis (Jacquin) Salisbury (Lil-
iaceae, sensu lato). At least three species of lichens
are common on the northeast surfaces of wind
exposed palm trunks: Lecanora subfusca (L.) Achar-
1us, Pyxine cocoes (Swartz) Nylander, and Chiodecton
sp.

Although we have noted a variety of insects
and a few spiders on Carrie Bow Cay, we have
not determined the species and do not know
whether they are breeding resident populations.
Some ants, cockroaches, and spiders are no doubt

Ficure 53.—Plant cover on north point, May 1978: Ipomoea
pescaprae, Cakile lanceolata (foreground, with 0.25 m? frame),
and freshly planted Casuarina tree.

introduced by supply boats carrying produce.
Fleas and ticks have been left behind by dogs, the
former at times plaguing sensitive investigators.
Flying insects are commonly blown over from
land or larger islands during westerly winds. Most
of the island’s invertebrate fauna, however, con-
sists of three crustaceans: the hermit crab Coenobita
clypeatus (Herbst), and the crabs Ocypode quadrata
(Fabricius) and Gecarcinus lateralis (Freminville).

Only the lizard Anolis sagrei Duméril and Bi-
bron, a species widespread in the West Indies and
apparently expanding its range onto Caribbean
Mexico and Middle America (R. Crombie, pers.
comm.), occurs as resident population of verte-
brates on Carrie Bow Cay. A sea turtle, Caretta
caretta (L..), was last seen laying eggs on the island
on 28 May 1972 (A. Antonius, pers. comm.).
Birds that feed regularly around the cay are the
Brown Pelican (Pelecanus occidentalis L.), Frigate-
bird (Fregata magnificens Mathews), and Osprey
(Pandion haliaetus (L.)). Other birds commonly
seen include the Boat-tailed Grackle (Cassidix
mexicanus (Gmelin)), Common Tern (Sterna hirundo
L.), Brown Booby (Sula leucogaster (Boddaert)),
Snowy Egret (Leucophoyx thula (Molina)), and
Barn Swallow (Hirundo rustica 1..). An assortment
of involuntary visitors from the mainland, such
as warblers and flycatchers, arrive exhausted on
the island after periods of strong westerly winds.
All birds, except the grackle and the swallow,
roost eleswhere, most likely on South Water Cay.
The grackle may even breed on Carrie Bow Cay
because a female was observed gathering mate-
rials for nest building.

INTERTIDAL ORGANISMS.—The mean tidal range
at Carrie Bow Cay is only 15 cm (Kjerfve et al,,
herein: 47, Table 4). The observed maximum
range, however, partly because of wind forcing is
more than 40 cm. With a shoreline slope of 90°
to 4° the width of the intertidal zone on Carrie
Bow Cay ranges between 40 cm on vertical cinder
block walls and 6 m at the flat northern point, on
the average between 0.5 and 2.0 m. Only during
spring tides are wide areas on the reef flat exposed
(Plate 1: bottom right).

Sandy beaches have a diverse and rich interti-
dal meiofauna (Kirsteuer, in prep.) but only one
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benthic macro-organism, the cerianthid Arachhan-
thus nocturnus den Hartog, could be observed at
low tide buried in exposed sand on the northeast
shore. Ocypode quadrata crabs, however, temporar-
ily establish burrows in sand areas exposed at low
tide.

Rocky substrates support a more varied inter-
tidal flora and fauna but differences in abun-
dance can be observed between the leeward (west)
and windward (east) sides of the island. Coral
rock, rubble, and concrete blocks of the leeward
sea wall are thickly covered by algae (Figures
52b, 54a). Oscillatoria submembranacea Ardissone
and Strafforella and Schizothrix mexicana Gormont
(Cyanophyta), and Cladophoropsis membranacea (C.
Agardh) Bgrgesen (Chlorophyta) occupy the up-
per zone, Padina jamaicans (Collins) Papenfuss
(Phaeophyta) and Neomeris annulata Dickie (Chlo-

X4 .
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Ficure 54.—Intertidal organisms; a, algae Cladophoropsis and
Oscillatoria (top), Neomeris and Padina (bottom) on concrete
block seawall; &, gastropod Littorina ziczac on coral boulder.
(Picture width, a = 70 cm; b =5 cm.)
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rophyta) the zone below. On the windward side
only the calcareous green alga Halimeda opuntia
(L.) Lamouroux, red Laurencia papillosa (Forsskal)
Greville, and some of the Oscillatoria were found
exposed.

A few specimens of the actinian Stoichactis ane-
mone (Ellis) and barnacle Tetraclita stalactifera (La-
marck) were also encountered on the windward
side. The most abundant crustaceans on the la-
goon shore are the hermit crab Clibanarius tricolor
(Gibbes), which clusters in great numbers on
intertidal rock and rubble, and the elusive isopod
Ligia olfersui Brandt, which is particularly com-
mon around empty conch shells near the concrete
boat dock. Several crabs are common among
rubble and concrete blocks all around the cay.
Grapsus grapsus L. is the largest and most abun-
dant; other crabs include Pachygrapsus transversus
(Gibbes), Cyclograpsus integer Milne Edwards, and
Petrolisthes quadratus Benedict. Among the mol-
lusks only gastropods occur intertidally at Carrie
Bow Cay. On the windward side Nerita peloronta
L., N. versicolor (Gmelin), Littorina nebulosa La-
marck, L. ziczac (Gmelin) (Figure 54b), and Tec-
tarius muricatus (L.) are found on vertical coral
rock and concrete block surfaces of the seawall.
Several size classes of juvenile Cittarium pica (L.)
cluster among rubble or on beach rock below.
Nerita versicolor, L. ziczac, and T. muricatus also
occur on the leeward seawall but are less abun-
dant there. A few specimens of a single species of
echinoderm, the echinoid Echinometra vinidis Agas-
siz, are found here and there under tide-exposed
rocks.

Climatic Parameters

The climate of Belize is subtropical to tropical,
with temperatures ranging from 10° to 36° C
(average range in Belize City, 23°-33° C), and
rainfall averaging 125-450 cm a year. Tempera-
tures are lowest in the highlands and during the
cool period of the year (November to March).
Average rainfall increases from north to south;
the rainy season lasts from June to October. The
overall climate of the country, particularly of the
outer cays, is influenced by northeasterly trade
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winds that prevail at velocities of 4-5 m/s during
about 70% of the year. Our meteorological rec-
ords from Carrie Bow Cay, although not contin-
uous, indicate major patterns of temperatures,
solar radiation and cloudiness, wind, and rainfall
and allow some comparisons with conditions pre-
vailing on the mainland. In addition, 12-day
continuous measurements of radiation, evapora-
tion, wind, and air-water-sand temperatures in
June 1975 were reported by Kjerfve (1978).
TEMPERATURE AND SOLAR RapiaTion.—Figure
55 presents monthly temperature records, except
for July and December. Data for January, Feb-
ruary, and August to October are the result of a
single year’s readings; other data were derived
from at least three consecutive years of observa-
tion. Values are plotted against a background of
ten-year average minimum and maximum tem-
perature readings provided by the Melinda Forest
Station near Dangriga, on the mainland of Belize.
Temperature conditions on the cay follow closely
those on land, where the highest averages occur
during May and August (33° C) and the lowest

°
O

during January and February (22° C, 21° C).
Solar radiation measurements are only available
for the cay and for the months of March through
June, and November. The highest total radiation
reaching the ground on a single day was recorded
during April and May and amounted to 490 cal/
cm®. Monthly averages of daily radiation related
to this value give an indication of cloudiness and
haze (Figure 55).

Winp.—Measurements of wind direction,
speed, and frequency on Carrie Bow Cay are
summarized in Figures 56 and 57. Values for
March-June show the typical situation: northeas-
terly trade winds predominate and compare well
with published wind roses from the open ocean
surface off Belize (United States Naval Oceano-
graphic Office, 1963). Our observations on wind
for the rest of the year are sparse and may not be
representative of long-term averages. Speed val-
ues for the infrequent winds from the northwest
sector are somewhat low because of the shading
effect of the big house and of coconut trees.

RaimnrarL anp Humipity.—Long-term rainfall
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Ficure 55.—Monthly temperatures (mean, range) 1976-1980 and solar radiation (percentage
of maximum) 1978-1980 for Carrie Bow Cay; monthly temperature range (shaded area) at
Melinda Forest Station on mainland, averaged over a ten-year period, 1965-1975.
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Ficure 56 (above).—Wind roses for Carrie Bow Cay indi-
cating direction, speed, and frequency (figures in parentheses
are numbers of observations during 1976-1980).

Figure 57 (right).—Monthly summaries of wind speed fre-
quencies during 1976-1980, Carrie Bow Cay.

data taken at the Melinda Forest Station indicate
an average annual accumulation of 218 cm for
the Dangriga district. The range is from 4.4 cm
in March to 30.4 cm in September. Values for
Carrie Bow Cay are presented in Figure 58 and
compared with the mainland averages. The is-
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Ficure 58.—Monthly average (total bar) and daily maximum rainfall on Carrie Bow Cay
(1976-1980), compared with mainland monthly rainfall (Melinda Forest Station) averaged

over a 71-year period (1906-1977).

land receives, on the average, only 42 prcent of
the mainland rainfall if one excludes February
and December for which comparative data are
lacking. The high value (279 mm) for November
may be a peculiarity of the year (1979) in which
the record was taken. On the other hand, a second
but incomplete measurement of 213 mm (1978,
November 14-26) indicates a similarly high or
even higher rainfall during that month.

Humidity measured between March and June
averaged 78 percent, with a range of 58-96 per-
cent.

Recent Hurricane Effects on Carrie Bow Cay

Computer files of the United States National
Hurricane Center (P. J. Hebert, pers. comm.)
indicate that at least 20 hurricanes and 45 tropi-
cal cyclones have passed within 100 nautical miles
(185 km) of Belize City (17°30’N, 88°18'W) dur-
ing the last century (records date back to Novem-
ber 1889). From these data it can be determined
that nine hurricanes and seven tropical storms

have passed Carrie Bow Cay within a 50 km
radius. Storm activity in this area seems to have
increased recently as six of the hurricanes and the
most violent of tropical storms (Laura) have oc-
curred within the last 20 years (Table 8).

Hattie 1s the only storm for which the long-
term effects on Belizean reefs and cays, including
Carrie Bow Cay, have been monitored (Stoddart,

TasLe 8. —Hurricanes passing within 50 km radius of Carrie
Bow Cay, 1960-1980, including name, date, and maximum
sustained wind speed while storm center was within 50 km
of Carrie Bow Cay

Name Wind speed
Month/ Year (km/h)
Abby Jul 1960 128
Anna Jul 1961 148
Hattie Oct 1961 259
Francelia Aug 1969 182
Laura* Nov 1971 111
Fifi Sep 1974 176
Greta Sep 1978 176

* Officially declared a tropical storm.
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1963, 1969, 1974). Other recent hurricane reports
include a brief eyewitness account of tropical
cyclone Laura passing over Glover’s Reef and
Stann Creek (Dangriga) (Antonius, 1972), and
observations on the impact of hurricane Greta on
the reef community near Carrie Bow Cay (High-
smith et al., 1980).

Huricane FiF1 (14-22 September 1974).—A
tropical depression south of Puerto Rico and
Hispaniola moving westward developed into hur-
ricane Fifi on 17 September. Fifi, as reported by
Hope (1975), acquired its maximum sustained
winds of 95 kt (176 km/h) while it moved along
the coast of Honduras, 18-19 September, where
heavy rains caused a high number of deaths by

b

—
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inland flooding of rivers. The hurricane crossed
the barrier reef approximately 20 km south of
Carrie Bow Cay and reached the coast of southern
Belize during the afternoon of 19 September.
Our observations on the effects of Fifi on Carrie
Bow Cay rely on a survey in December 1974 as
no eyewitness reports are available. Storm surge
flooded the entire island, and most of the uncon-
solidated sand was either piled up high inside the
buildings or carried away, leaving a surface of
coral rubble and exposed palm tree roots. A
comparison of photographs (Figure 59) and a
map of Carrie Bow Cay prepared by D. R. Stod-
dart in 1972 (Figure 60a) indicate that coastal
erosion was strongest to the north, northeast, and

Ficure 59.—Carrie Bow Cay silhouettes looking east: a, February 1972; b, December 1974,
three months after hurricane Fifi. Note reduction of island size, in number of trees, and density

of leaves caused by the hurricane.
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Ficure 60.—Maps of Carrie Bow Cay showing hurricane effects and poststorm recovery: a,

changes 1972-1974, caused principally by hurricane Fifi, September 1974; 4, recovery, Decem-
ber 1974 to May 1978.
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Ficure 61.—Effects of hurricane Fifi: a, eroded north point of Carrie Bow Cay with fallen
coconut palms, looking northeast; 6, submerged bank of sand originating from northern portion
of the island, looking northwest.
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south of the island. About 30% of the island’s
surface area was lost, but some of it was regained
by subsequent deposition along the western
shoreline. Most island sand, however, settled as a
subtidal sand bank to the northwest of the cay
(Figure 6154). The eastern seawall and outhouse
dock were destroyed and a huge tree stump,
situated for years on the reef flat to the east, was
floated to the new south tip of the cay. At least
14 coconut trees, predominantly from the north
point and northeast shore were uprooted by ero-
sion and either fell in place (Figure 61a) or were
carried into the lagoon and sank. Others lost their
tops in the storm or withered from overexposure
to salt water. All other plants previously recorded
(Stoddart, 1969), such as low Tournefortia bushes,
Euphorbia, Ipomoea, and Sesuvium ground cover, and
grasses, disappeared and did not recover to the
approximate prehurricane condition until spring
1978. By that time, with the help of seawalls and
rubble fills, much of the prehurricane island out-
line was restored (Figure 606).

Hurricane GreTA (13-23 September 1978).—
The track of Greta was almost identical to that of
Fifi, and both storms occurred at almost the same
time in September. The meterorological history
of Greta is described by Lawrence (1979). A
depression formed northwest of Trinidad on 13
September. Hurricane force with sustained winds
of 115 kt (213 km/h) developed at a position
south of Jamaica on 16 September. Moving over
the Bay Islands off the north coast of Honduras,
Greta weakened and made its landfall with 80 kt
(148 km/h) winds near Dangriga on the evening
of 19 September. Greta was a much more severe
hurricane than Fifi but despite locally heavy rain
it did not cause devastating river floods (P. J.
Hebert, pers. comm.).

The eye of hurricane Greta passed Carrie Bow
Cay about 6 km to the north and brought the
island winds of approximately 95 kt (176 km/h).
Although direct observations are lacking, a con-
siderable storm tide (about two meters above
normal, estimated from events at Dangriga) must
have flooded the island because the smallest cot-
tage disappeared and the ocean-side wall of the

laboratory caved in. Despite damage to buildings,
coastal erosion was considerably lower than dur-
ing Fifi. About 20 coconut trees were lost, most of
these from the leeward side of the island. Other
plants were much less affected by Greta than by
the 1974 hurricane as only one common and four
minor species disappeared (Table 7).

Summary and Conclusions

From its position, structure, and flora, Carrie
Bow Cay can be classified as a reef-derived sand
cay. It is located at the seaward margin of the
barrier reef, is composed of reef rubble and sand,
and is held together primarily by coconut rootlets
and, to a lesser degree, by ground cover and
artificial structures. The island measured a little
over two acres (0.8 ha) when it was bought by
the present owners in 1943. Today it is less than
half that size and exposed beachrock on the wind-
ward side indicates westward (leeward) migra-
tion, which confirms the view that sand cays of
this nature are slowly migrating sand waves (Mil-
liman, 1973).

Because of its small size, low elevation, and
porous substrate, Carrie Bow Cay lacks a fresh-
water lens and it has not developed a complex
terrestrial environment. Considering the occa-
sional salt water flooding during storm tides, the
island may be described as a supralittoral habitat.
The climate, too, is dominated by the surround-
ing ocean and by northeasterly trade winds; it is
moderate in comparison with the nearest main-
land.

Clearing of vegetation during this century and
increased hurricane activity in the area during
the past two decades are mainly responsible for
the rapid shrinking of Carrie Bow Cay. Captain
Owen, who mapped the island as “Jack Ellin’s
Cay” in 1830, noted “tops of bushes 20 feet”
(Stoddart, 1963), presumably seagrape, baycedar,
and mangrove. Coconuts planted in the early
1900s, and repeatedly again since, may not be
equally effective in holding the sand, also, they
do not protrude into the intertidal to trap sedi-
ments or break the power of waves or currents.
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Although physiographic change of the cay was
minor during hurricane Hattie (Stoddart, 1963,
1969), later storms, Fifi in particular, took severe
toll. Recovery of plant cover destoyed by Fifi took
about four years. Colonization of sand cays is
thought to be primarily by floating seeds or by
seeds carried by birds (Stoddart, 1960), or by
wind, but direct observations on these processes
are sparse. Possible means of dispersal judged
from seed type are listed in Table 7 (data pro-
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vided by M.-H. Sachet). Our own findings sug-
gest that only four of 16 species of plants—coco-
nut, red mangrove, and two unidentified seed-
lings—arrived by sea and sprouted. None of them
survived beyond two years because of the unsuit-
able location of settlement. Experimental studies
on natural means of island colonization should be
the next step in elucidating the terrestrial devel-
opment of Carrie Bow Cay.
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Distribution of Microborers within Planted
Substrates along a Barrier Reef Transect,
Carrie Bow Cay, Belize

Jeffrey A. May, Ian G. Macintyre,
and Ronald D. Perkins

ABSTRACT

A diverse assemblage of endolithic microorgan-
isms was identified in a series of carbonate sub-
strate stations planted along a transect across the
barrier reef near Carrie Bow Cay, Belize. These
tropical endoliths at the sediment-water interface
include the cyanophytes, Hyella tenuior Bornet and
Flahault, Mastigocoleus testarum Lagerheim, and
Plectonema terebrans Bornet and Flahault, the chlo-
rophytes, Ostreobium brabantium Weber Van-Bosse
and Phaceophila engler: Reinke, the rhodophyte Por-
phyra sp. (Conchocelis-phase), and various fungi.
This assemblage was subdivided into an upper
photic zone assemblage dominated by Mastigoco-
leus, Hyella, Phaeophila, and Ostreobium species, and
a lower photic zone assemblage dominated by
Porphyra sp.

Subsurface endolithic activity detected at the
shallow lagoon station included filamentous irreg-
ular polygonal networks, irregular flattened
masses, and regular crenulate discoids, which dif-
fered from and were less diverse than the assem-
blage at the sediment-water interface. Affinities
of these subsurface microborings are unknown
but they resemble endolithic traces and organic
scars variously attributed to fungi, bacteria, and
Actinomycetes. The regular discoids and irregular
masses occurred only in association with the fila-
mentous form, and therefore may be related re-
productive bodies. For reasons not fully under-
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stood, microborings were not present in the sec-
ond subsurface station, in fore-reef sand at a
depth of 24 m.

Introduction

Endoliths are microorganisms (generally less
than | um to 100 um in diameter) that penetrate
calcareous substrates by chemical and/or me-
chanical means and that leave post-mortem mi-
croscopic networks. They are distinguished from
“epiliths,” which live only on a substrate’s sur-
face, and from ‘“chasmoliths,” which adhere to
surfaces of fissures or cavities within the substrate
(Golubic et al., 1975). Endoliths include cyano-
phytes, chlorophytes, rhodophytes, fungi, and
possibly bacteria and sponges.
~ The most diverse and ecologically important
microborers occur in the marine setting; their
boring patterns—size, mode of branching, spatial
arrangement, and growth directions—are taxo-
nomically characteristic (Golubic, 1972). The ma-
rine endoliths have been subdivided on the basis
of bathymetric and regional assemblage distri-
butions, which are controlled by geographic, cli-
matic, photic, and environmental factors (Perkins
and Halsey, 1971; Perkins, 1972; Rooney and
Perkins, 1972; Golubic et al., 1975; Green, 1975).
Various studies of ancient and modern forms
have indicated that endoliths may be used to
interpret paleoclimatic conditions and to recon-
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struct depositional environments (for example,
“see Swinchatt, 1965; Gatrall and Golubic, 1970;
Perkins and Tsentas, 1976). As well, microboring
organisms have been used to establish the posi-
tions of relict shorelines (Perkins and Halsey,
1971; Edwards and Perkins, 1974) and to detect
sediment transport (Rooney and Perkins, 1972).

Microborers modify both lithified and unlithi-
fied carbonate coasts (Purdy and Kornicker,
1958; Hodgkin, 1970; Schneider, 1976), in the
colonization of shifting upper sublittoral sub-
strates—where they create finer carbonate sedi-
ments, preferentially remove certain components,
and initiate micrite rind formation (Bathurst,
1966; Golubic, 1969; Alexandersson, 1972; Roo-
ney and Perkins, 1972; Perkins and Tsentas,
1976)—and in their alteration of the deep-sea
sedimentary record (Zeff and Perkins, 1979). En-
dolithic algae not only dissolve carbonates, but
also induce precipitation of calcium carbonate
within shallow marine corals (Schroeder and
Ginsburg, 1971; Schroeder, 1972a, b; Scherer,
1974). Furthermore, their biologically related
physico-chemical processes may influence low-
temperature sedimentary mineralization within
boring networks (Taylor, 1971; Kobluk and Risk,
1977).

Recently, planted substrates have been used to
identify modern microboring assemblages and to
establish rates of infestation (Golubic, 1969;
LeCampion-Alsumard, 1975; Perkins and Tsen-
tas, 1976). The present investigation examined
and identified endoliths within planted substrates
in order to determine the distributional patterns
of these organisms at the sediment-water interface
along a reef transect. Two stations planted below
the sediment surface allowed a cursory examina-
tion of subsurface microboring activity.
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Searles (Duke University) for helpful comments
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Methods

This study examined two types of carbonate
substrates planted at and below the sediment-
water interface along a reef transect of Carrie
Bow Cay (Figure 62): (1) crushed, fresh inner
shell parts of the queen conch, Strombus gigas
Linnaeus, and (2) cleaved calcite rhombohedra.
Samples of each type were retained -as controls.
Fragments from 1 to 10 mm in size were attached
to 15 cm® plexiglass plates (one type per plate)
and 40 cm long polyvinyl chloride (PVC) pipes
(types mixed) by a thin film of epoxy resin.
Fourteen substrate-covered plexiglass plates were
mounted on short lengths of protruding PVC
pipe to maintain the samples above shifting sub-
strata (Figure 63). These plates were placed in
pairs at seven locations extending from the la-
goonal Thalassia zone (depth 1.2 m) to the fore-
reef slope (depth 27.4 m). One subsurface pipe
station (consisting of one pipe) was inserted into
the sea floor in the Thalassia zone (Figure 64) and
another into the Halimeda-rich sand of the fore-
reef sand trough (depth 24 m). Exposure time of
substrates ranged from 21 to 24 months.

After being harvested, the planted substrates
were preserved in 4 percent formaldehyde in 0.1
M phosphate neutral buffer. Fragments intended
for light microscopic study were carefully scraped
to remove epilithic organisms, then dissolved with
5 percent EDTA solution (van Reine and van
den Hoek, 1966) at a pH of 6. Although the three-
dimensional configuration of the microborers is
lost because of their collapse, organic structure
and color are not damaged by this slow-dissolving
solution. Extracted tissues were then mounted on
glass slides.

Scanning electron microscopic (SEM) analysis
was based on the casting-embedding technique of
Golubic et al. (1970). An alcohol dehydration
series was followed by an infiltration series using
Durcupan ACM Araldite Base Embedding
Agent. After polymerization within plastic hold-
ers, the substrate fragments were exposed by
means of a rotary grinding tool, then etched with
3 percent hydrochloric acid. This technique re-
vealed plastic casts of the microboring networks,
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Ficure 62.—Idealized cross section of Carrie Bow Cay transect showing locations of substrate
stations planted at sediment-water interface and the distribution of endoliths collected from
these plates (hatched squares = great abundance; hatched rectangles = presence observed).

which retained the original spatial relationships
of the endoliths and their three-dimensional con-
figurations. The mounted plastic blocks were
scanned with an International Scientific Instru-
ments Super II electron microscope after vacuum
shadowing with gold-palladium alloy. Casts of
boring networks were correlated with the endo-
liths isolated by acid dissolution.

Results

EnporLiTHs AT THE SEDIMENT-WATER INTER-
FACE.—Blue-green algae were ubiquitous and

consisted of Hpyella tenuior Bornet and Flahault,
Mastigocoleus testarum Lagerheim, and Plectonema
terebrans Bornet and Flahault. Green algal micro-
borers, likewise abundant, included Ostreobium bra-
bantium Weber Van-Bosse and Phacophila engler:
Reinke. Red algae were much less abundant and
were represented only by the Conchocelis-stage of
Porphyra sp. Fungal forms were found in almost
all samples.

Plectonema terebrans was the most common cy-
anophyte at all stations. Diagnostic are its
smooth, elongate, thread-like filaments 2 to 4 um
in diameter, which may run along the interior

ALGAE

FUNGI
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Ficure 63.—Patch reef zone substrate station, Carrie Bow Cay, showing location of plates
above the sediment-water interface.

F1cuRrEe 64.— Thalassia-zone subsurface substrate station, Car-
rie Bow Cay, showing a closeup of the buried substrate-
covered 40 cm long PVC pipe. Note that only the protective
collar and a small portion of the pipe protrude above the
sediment-water interface.

surface of the substrate or may form dense, inter-
woven meshworks (Figure 65a,6). Also ubiquitous
was Mastigocoleus testarum, which is composed of
sharply curved to elongate filaments 5 to 8 um in
diameter that have numerous short lateral
branches and heterocysts (Figure 65¢,4). The mor-
phology of M. testarum penetrating inorganic sub-
strates is much more affected by the rhombo-
hedral microstructure than is the morphology of
P. terebrans; this observation corresponds with
findings of LeCampion-Alsumard (1975). Hyella
tenutor, which is less common, appears as a cluster
of slender, elongate, relatively straight to bent
filaments 5 to 8 um in diameter (Figure 66a,b).
These filaments grow subperpendicular to the
surface of the substrate.

Ficure 65.—Scanning electron and transmitted light pho-
tomicrographs of endolithic algae: a, Plectonema terebrans form-
ing a typical dense network of filaments, acid-etched mollusk
fragment, Thalassia zone (note the smooth, elongate, fine
nature of the plastic casts); b, P. lerebrans isolated by disso-
lution of a mollusk fragment, reef-crest zone; ¢, characteristic
heterocyst development of Mastigocoleus testarum shown on
plastic casts, acid-etched mollusk fragment, Thalassia zone;
d, M. testarum isolated by dissolution of a mollusk fragment,
Thalassia zone (note the heterocyst development marked by
arrows). (Scale = 50 pm for a, ; 40 pm for b; 25 um for ¢.)
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Phaeophila engleri was the most abundant and
widespread chlorophyte. This species is charac-
terized by rectilinear branching and pronounced
bulbous or irregularly ovoid, 15 to 20 pm swell-
ings at points of branching or along the irregular
5 to 10 um filaments (Figure 66¢,d). The largest
boring species detected, Ostreobium brabantium has
digitate growths of single or bilobate branches
(Figure 67a,b). Single plants up to 1 mm in length
radiate into the substrate; individual branches of
40 to 60 um may enlarge up to 120 um before
bifurcation. The Conchocelis-stage of the rhodo-
phyte Porphyra sp. is characterized by rectilinear
branching of long and fine, 2 to 3 pm filaments
running along slightly beneath the substrate sur-
face (Figure 67¢,d).

Extremely fine filaments from less than 1 up to
4 pm in diameter occur in a wide variety of forms,
from non-branched to extensively branched and
fused, sparse to massive networks (Figure 68a,6).
These filaments probably represent fungal hy-
phae. The hyphae appear to be directed towards
algae and can be observed penetrating these or-
ganisms, presumably in the act of feeding (Figure
686). Three different types of structures observed
with the scanning electron microscope were at-
tributed to fungal spore cases. Form A has 5 to
15 pm ovoid to pyriform reproductive bodies,
from the bases of which radiate long and thread-
like, 1 to 2 um hyphae (Figure 69a). These hyphae
are typically unbranched and connect spore cases.
Form B has 8 to 20 um, globose to oblong fruiting
bodies with connective hyphae attached at their

Ficure 66.—Scanning electron and transmitted light pho-
tomicrographs of endolithic algae: 4, elongate casts of the
blue-green alga Hyella tenuior directed away from the sub-
strate surface, some branching near their bases, plastic cast
within an acid-etched calcite rhomb, Thalassia zone (very
little control is exerted by the substrate microstructure); b,
filaments of H. tenuior displaying elongate, somewhat rectan-
gular cells, isolated by dissolution of the molluscan substrate,
Thalassia zone; ¢, green alga Phacophila engleri exhibiting
characteristic ovoid swelling at points of branching and
rectangular branching pattern, plastic cast of etched mollusk
fragment, Thalassia zone; d, P. engleri demonstrating probable
sporangia (arrows) and swellings at branching points, fila-
ments isolated by dissolution of a molluscan substrate, Thal-
assia zone. (Scale = 50 pm for a; 25 pm for b, ¢; 40 pm for 4.)
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sides, so that these spore cases appear positioned
along filaments (Figure 695). The irregular hy-
phae of less than 1 pum diameter become branched
and fused, and form interconnected networks.
Fungal form C has 5 to 15 um globose to discoid
sporangial bodies with indented ends that appear
“doughnut-shaped” (Figure 68¢). These bodies
occur alone or in clusters directly upon the surface
of endolithic algae; connective hyphae are lack-
ing.

ENDOLITHS BELOW THE SEDIMENT-WATER INTER-
FACGE.—In contrast to the diverse assemblage of
microorganisms boring into the substrates
planted at the sediment-water interface, only a
few endolithic forms were found below the sur-
face. These boring organisms were present only
in the molluscan fragments planted within the
lagoonal Thalassia zone. Classification is problem-
atic as these forms have not previously been
described. No microboring activity was recorded
at the subsurface station in the fore-reef sand-
trough zone.

An extremely irregular, polygonal network of
variable and intermittent filaments 5 to 7 um in
diameter (Figure 70a,b) commonly crosses the
regular and parallel lines representing remnants
of the organic matrix that separated the inorganic
crystals of the gastropod shell. This network of
variously spaced filaments bores just below the
surface of the molluscan substrates. The filaments
are curvilinear, have a twisted appearance, and
branch sideways. This form is recurrent in ap-
proximately 10 percent of the molluscan frag-
ments throughout the pipe planted in the Thal-
lasia zone, and was not found in the control
samples or in samples from the sediment-water
interface. Possibilities for taxonomic assignment
include marine fungi (Phycomycetes, Ascomy-
cetes, and Deuteromycetes) and filamentous bac-
teria (Actinomycetes).

Another group occurs as regular patches or
regular crenulate discs associated only with the
irregular polygonal networks described above
(Figure 70¢,d). These may be reproductive struc-
tures or separate endolithic forms; they range
from 125 to 200 pm in diameter and average 2
pm in thickness. Although they may be remnants
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Figure 68.—Scanning electron photomicrographs of endolithic fungi: g, little-branched, thin
plastic casts believed to be fungal hyphae, intertwined with the larger blue-green alga Plectonema
terebrans, etched mollusk fragment, Thalassia zone; b, network of fine fungal borings covering
and possibly feeding (arrows) upon the underlying alga, plastic casts within an etched mollusk
substrate, Thalassia zone. (Scale = 5 pm for a; 25 pm for b.)

of the organic matrix, no analogous structures
were found in any control sample or in any
sample infested at the sediment-water interface.

Ficure 67.—Scanning electron and transmitted light pho-
tomicrographs of endolithic algae; 4, large, radiating growth
form of the green alga Ostreobium brabantium, plastic cast
within an acid-etched mollusk fragment, Thalassia zone (note
both the single and bilobate branches, background forms are
algae and fungi); b, O. brabantium filaments isolated by dis-
solution of a molluscan substrate, patch-reef zone; ¢, char-
acteristic rectilinear pattern of the Conchocelis-stage of the red
alga Porphyra sp., plastic cast, enhanced on a microscale by
boring within a calcite rhomb, fore-reef slope zone (larger
forms are an unidentified alga with strong microstructural
control upon its boring pattern); d, Conchocelis-stage of Por-
phyra sp. displaying fine filaments in the typical rectilinear
pattern, isolated by dissolution of a moliuscan substrate,
fore-reef slope zone. (Scale = 200 pm for a; 100 um for &; 25
pm for ¢, 4.)

Discussion

ENDOLITHS AT THE SEDIMENT-WATER INTER-
FACE.—The bathymetric distribution of Belizean
endoliths was compared with similar tropical mi-
croboring assemblages recovered from artificial
substrate stations planted in reefs off St. Croix
and Jamaica (Green, 1975; Perkins and Tsentas,
1976). The distribution of autotrophic endolithic
organisms is related to light penetration in the
sea—Dboth the intensity of illumination and spec-
tral composition (Golubic et al., 1975). Although
endolithic organisms cannot be assigned to abso-
lute depths—owing to variations in water clarity,
currents, and other environmental factors—Per-
kins and Tsentas (1976) pointed out that “clear-
water” assemblages might be used to estimate
maximum depths for endolithic algae. Their di-
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Ficure 69.—Scanning electron photomi-
' ' crographs of endolithic fungi: «, form A,
’ ’ characterized by ovoid to pyriform repro-
ductive bodies, distributive unbranched
casts of hyphae radiate from the base of
the fruiting bodies just below the surface
of the substrate, plastic cast of an etched
calcite rhomb, fore-reef slope; b, repro-
‘ ductive bodies of fungal form B laterally
i connected by hyphae, etched mollusk
: _ L fragment, Thalassia zone (these bodies are
typically globose to oblong, note twisted
L : or irregular appearance of the hyphal
casts); ¢, “doughnut-shaped” or indented
sporangial bodies of fungal form C, plas-
tic cast in an etched mollusk substrate,
Thalassita zone (note that these occur in
close proximity to the outer substrate sur-
face or to algal borings). (Scale = 10 pm
| for a, b; 25 pm for ¢.)
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vision of such assemblages into an upper photic
zone of Mastigocoleus, Hyella, Phaeophila, and Os-
treobium species, and a lower zone dominated by
Porphyra sp. in its Conchocelis-phase parallels, to
some extent, the zonation found in the present
study (Figure 62).

Ostreobium brabantium was observed only in the
shallowest (1.2 and 1.5 m) sites of the Thalassia
and patch-reef zones off Belize. In St. Croix,
although present to 30 m, O. brabantium was pre-
dominant in depths less than 15 m (Perkins and
Tsentas, 1976). Also, only the three shallowest
sites off Belize contained Hyella tenuior, which was
found down to 45 m in Jamaica (Green, 1975).

Four species of algae occurred at all depths
along the Carrie Bow Cay transect. Phaeophila
englert was most abundant from 1.2 m to the 7.6
m spur and groove zone of the inner fore reef;
similarly, this species 1s very common in the
shallower zones of St. Croix and Jamaica. Masti-
gocoleus testarum was most abundant in the upper
12 m of the Belize sites, as was the case in St.
Croix. Off Belize, however, it decreased slightly
in the reef-crest and Thalassia zones. Plectonema
terebrans was ubiquitous off Belize as well as Ja-
maica and St. Croix, except that in Belize 1t was
less abundant in the Thalassia and reef-crest
zones. Patchily distributed below 1.5 m, Porphyra
sp. was most common in depths of 12 to 27 m,
the deepest zone examined off Belize. This pat-
tern has also been reported from the Australian
Barrier Reef (Rooney and Perkins, 1972), the
Puerto Rico shelf (Perkins, 1972), and Woods
Hole, Massachusetts (Golubic et al., 1975), as
well as Jamaica and St. Croix (Green, 1975;
Perkins and Tsentas, 1976).

Although thin filaments believed to be fungal
hyphae were present at all depths, the distribu-
tion of different sporangial structures was depth
dependent. Fungal form A, with pyriform to
ovoid bodies, from which basal hyphae radiate,
was found only in the sample from 27 m on the
fore-reef slope. Similarly, Perkins and Tsentas
(1976) found a reticulate fungal form at 30 m in
St. Croix. Forms B and C with laterally arranged
globose spore cases and isolated “doughnut-
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shaped” bodies, respectively, were found only in
the shallow reef-crest, patch-reef, and Thalassia
zones off Belize.

ENDOLITHS BELOW THE SEDIMENT-WATER INTER-
FACE.—Fungi may be as important as bacteria in
breaking down organic matter into a nutrient
source for other organisms. Marine fungi may be
as versatile and potent in their feeding activity as
their terrestrial and fresh-water counterparts, and
are probably able to attack the entire spectrum
of plant and animal detritus (Johnson and Spar-
row, 1961). Endolithic fungi in living and dead
shells at the sediment-water interface produce
intertwined, anastomosing, and branched net-
works, and are able to use the energy contained
in organic conchiolin and chitin matrix and to
parasitize algal microborers (Kohlmeyer, 1969;
Calvaliere and Alberte, 1970; Green, 1975; Zeff
and Perkins, 1979).

Although marine fungi are generally believed
to be restricted to the aerobic surface layers of
bottom sediments, the Thraustochytriacea and
Chyritidiaceae commonly occur well below the
sediment surface (Clokie, 1970; Bremer, 1976;
Johnson, 1976). The similarity between irregular
polygonal networks observed in this study and
microborings attributed to fungi leaves little
doubt that these polygonal networks are of fungal
origin.

The associated irregular masses and crenulate
discoids may be the reproductive bodies of these
boring fungi. Kohlmeyer (1969) described irreg-
ular black peritheca and conidia 100 to 125 um
in diameter as fruiting bodies for endolithic ma-
rine Ascomycetes and Deuteromycetes. Alterna-
tively, these masses may be separate endolithic
fungal colonies, similar to irregular patches and
to crenulate rosettes attributed to fungal colonies
attacking spores, pollen, and other organic micro-
fossils (Elsik, 1971).

In addition, two other groups of organisms, the
bacteria and Actinomycetes, could produce en-
dolithic scars resembling these forms. Similar
scars on modern and ancient spores and pollen
have also been attributed to bacteria and Acti-
nomycetes (Moore, 1963; Elsik, 1966, 1971; Hav-
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inga, 1971). Both groups are abundant at all
levels within bottom sediments (ZoBell and Fel-
tham, 1942) and at all depths sampled in lakes
and the ocean (ZoBell and Rittenberg, 1938;
Weyland, 1969; Willoughby, 1976). Boring by
bacteria and Actinomycetes into carbonate sub-
strates has not yet been investigated.

The heterotrophic or chemoautotrophic mode
necessitated by endolithic life within buried sed-
iments may explain the occurrence of these forms
only in the molluscan shell fragments planted in
the Thalassia zone. The lack of endoliths within
inorganic calcite rhombs planted below the sedi-
ment-water interface may indicate parasitic or
saprophytic requirements of these organisms. Bor-
ing might be an effort to obtain nutrients from
the organic matrix of the molluscan substrates.
No reasons are known for the lack of these endo-
liths in the deeper fore-reef sand-trough zone of
Carrie Bow Cay. Although both this environment
and the Thalassia zone consist of a carbonate sand
bottom, the latter may contain more interstitial
detrital organic matter or may be a more reducing
environment. The availability of nutrients may
control the distribution of these endoliths and
therefore may explain the paucity of these forms
within coarse sediments lacking necessary nutri-
ent sources. Eh conditions within sediments may
also be a controlling factor. Endolithic boring in
this case may not be an “active” search for or-
ganic matrices In carbonate substrates, but a
“passive” result of metabolic reaction or a form
of protection from interstitial grazers.

Ficure 70.—Scanning electron and transmitted light pho-
tomicrographs of unidentified microborings collected in sub-
surface station in the Thalassia zone: a, irregular polygonal
network of varying intermittent borings, plastic cast within
an etched mollusk fragment, 20 cm below the sediment-
water interface; b, irregular polygonal endolithic network
within molluscan substrate, collected 35 cm below the sedi-
ment-water interface; ¢, irregular, flattened aggregates asso-
ciated with a polygonal network, these patches might be
related reproductive bodies or separate colonial forms, plastic
cast of acid-etched molluscan substrate; d, crenulate discoid
associated with a polygonal network, this also might be a
separate organism or related reproductive body, plastic cast
of an etched mollusk fragment, 5 cm below the sediment-
water interface. (Scale = 50 um for q, ¢, &; 25 um for 4.)
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PALEOECOLOGIC AND GEOLOGIC SIGNIFICANCE.—
Endoliths and their borings found in carbonate
sediments that are exposed on the sea floor may
provide valuable information for the study of
paleoecological conditions of carbonate sedi-
ments. The microborers and their distributional
patterns at the sediment-water interface of Belize
closely resemble those of assemblages previously
examined in St. Croix, Jamaica, and Florida
(Perkins and Tsentas, 1976). It thus becomes
possible to identify endoliths typical of a tropical
shallow marine setting and to establish their oc-
currence in upper photic and lower photic zones.
Microborings commonly are preserved within an-
cient carbonates (Hessland, 1949; Gatrall and
Golubic, 1970; Golubic et al, 1975), but they have
not been examined in relation to recent zonations
for the interpretation of paleoenvironmental con-
ditions.

Conclusions

Carbonate substrates, both conch shell frag-
ments and cleaved calcite, planted just at the
sediment-water interface in various depths along
the reef transect off Carrie Bow Cay, Belize,
contained a diverse assemblage of microboring
forms. The blue-green alga Hyella tenuior and the
green alga Ostreobium brabantium were restricted to
the shallowest sample sites of the upper photic
zone, which is also characterized by the abundant
blue-green alga Mastigocoleus testarum and the
green alga Phaeophila engleri and very little of the
Conchocelis-stage of the red alga Porphyra sp. The
lower photic zone, below approximately 12 m, is
characterized by abundant Porphyra sp. and con-
siderably less M. testarum and P. engleri. The blue-
green alga Plectonema terebrans was abundant at all
depths examined. Hyphae of fungal endoliths
were present at all sample sites, although different
sporangial forms were bathymetrically restricted.
This study of algal endoliths supports previous
findings of a distinct tropical assemblage that
may provide a basis for paleoecological studies of
ancient assemblages.

Below the sediment-water interface off Belize,
endoliths infested only the molluscan (conch)
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fragments in the Thalassia-zone station and were
not present in material buried in a deeper fore-
reef sand-trough station. Restriction of infestation
to the molluscan shell fragments suggests that
these subsurface endoliths require organic matri-
ces as nutrient sources. Three types of endoliths
occur below the sediment-water interface: (1)
irregular filamentous networks, (2) irregular flat-

tened amorphous masses, and (3) regular crenu-
late discoids. These microborers have unknown
taxonomic affinities but they closely resemble
endolithic traces and scars attributed to fungi,
bacteria, and Actinomycetes. Further studies are
needed to explain the origin and geological im-
portance of these possible environmental indica-
tors and post-depositional carbonate degraders.
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Production of Some Benthic Communities
at Carrie Bow Cay, Belize

Paul E. Hargraves

ABSTRACT

The primary production of Thalassia testudinum,
mixed algae on coral rubble, and coral sand in
the vicinity of Carrie Bow Cay, Belize, was esti-
mated from in situ oxygen flux (by titrimetry) in
enclosed chambers. Thalassia beds were auto-
trophic, yielding a daily net production in the
range of 2.22-42.3 mg O3 per square meter (ap-
proximately equivalent to 0.67-12.7 g C per
square meter). The other habitats were hetero-
trophic despite considerable microalgal develop-
ment, with a production/respiration ratio (P/R)
less than unity. Contribution by the phytoplank-
ton was negligible. Diurnal oxygen flux in open
waters over Thalassia beds was typical for similar
tropical areas.

Introduction

In tropical coastal waters, coral reef ecosystems
are generally considered to be highly productive
in contrast to plankton communities, whose pri-
mary production is quite low or even negligible
(Lewis, 1977; Milliman and Mahnken, 1969;
Sournia, 1969). The metabolism of coral reefs as
a unit has been the subject of numerous studies
beginning with Sargent and Austin (1949) and
Odum and Odum (1955). The remarkable fertil-
ity of reefs, their dynamic balance, and suscepti-
bility to environmental perturbation have often
been noted (see reviews by Lewis, 1977, and
Johannes in Wood and Johannes, 1975).

The plants responsible for primary production
in tropical coastal waters include mangroves, sea

Paul E. Hargraves, Graduate School of Oceanography, University of
Rhode Island, Kingston, R. I. 02881

grasses, macroscopic algae, boring and epipelic
algae, zooxanthellae, and phytoplankton. The
relative importance of each group varies from
area to area, but except for special environments
such as enriched lagoons and upwelling areas
(Sournia, 1969; Steeman-Nielsen, 1975), the con-
tribution of phytoplankton is low. The techniques
of investigating primary productivity have varied
among investigators according to whether infor-
mation is required on the productivity of the total
community or its components, and according to
the facilities and methods available. In general,
chemical or polarographic measurements of oxy-
gen flux are sufficiently precise for nonplanktonic
biotopes, and these techniques have provided
considerable information on the metabolism of
tropical benthic communities (for instance, Lewis,
1977; McRoy and McMillan, 1977).

Reported here are results of production mea-
surements in several habitats at and near Carrie
Bow Cay, Belize. Topographic, oceanographic,
and ecological characteristics of the area are pre-
sented elsewhere in this volume.

AckNOWLEDGMENTS.— The technical assistance
of D. Hargraves and K. Zimmerly is gratefully
acknowledged. Partial support was provided by
National Science Foundation Grant OCE-76-
82280. N. Marshall reviewed an early draft of the
manuscript.

Methods

Oxygen flux was measured in three habitats:
seagrass beds ( Thalassia testudinum Banks ex Konig
with small amounts of Syringodium filiforme Kutz-
ing) at depths of 1 to 3 m on the lagoon side of
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Carrie Bow Cay; mixed algal communities on
coral rubble at depths of 0.5 to 1.0 m in the
rubble and pavement zone behind the reef crest;
and coral sand at a depth of 1 m in the back-reef
zone. The coral rubble was composed of cobble-
sized pieces of coral mixed with sand and with
small (unidentified) filamentous, crustose, and
thallose seaweeds. The coral sand first seemed
devoid of organisms, but microscope examination
revealed considerable numbers of blue-green al-
gae, diatoms, Foraminifera with symbiotic algae,
filamentous algae, and a multitude of other rep-
resentatives of the micro- and meiobenthos.

Experiments were conducted over periods of
dawn/noon, noon/sunset, and 24 h cycles with
determinations at 1 or 2 h intervals, all during
April/May 1977 and January 1978. For compar-
ative purposes, the production of phytoplankton
was also assessed.

For each experiment three transparent and two
opaque polystyrene boxes of 500 cm® area were
inverted over the substrate. The edges were
pushed into the sediment to prevent leakage
around the margin of the container. Water was
withdrawn through sampling ports with a 50 ml
capacity syringe. The total volume of enclosed
water was 4.2 liters. For diurnal fluctuations in
oxygen and phytoplankton production measure-
ments, 300 ml biological oxygen demand (BOD)
bottles were used.

Dissolved oxygen was measured titrimetrically
by the Winkler method, using phenylarsine oxide
(PAO) as titrant. PAO is superior to thiosulfate
in its longer shelf life and resistance to bacterial
decomposition, and produces results with com-
parable precision.

During the experiments water temperature
varied from 26° to 29°C (by mercury immersion
thermometer) and salinity varied from 34.4 to
35.2 %o (by Endeco refractometer type 102). As
much as possible, all experiments were conducted
on days that were cloud free, or nearly so.

Results and Discussion

Results of a preliminary experiment to deter-
mine the diurnal variation in dissolved oxygen in

the open water over a Thalassia bed are shown in
Figure 71. During predawn hours, characteristi-
cally, minimum oxygen concentrations are ex-
hibited. The subsequent rapid increase of dis-
solved oxygen reflects photosynthetic activity (as
light intensity increases). The daily oxygen max-
imum occurs at or somewhat after noon, at which
time minute streams of oxygen bubbles frequently
issue from some Thalassia blades. A gradual de-
cline in oxygen concentration occurs during the
rest of the day, becoming more pronounced in
the late afternoon. Minimum concentration is
again reached in the predawn hours. This pattern
is typical and well documented, not only for
tropical seagrass communities (for instance,
Odum et al., 1959; Qasim and Bhattathiri, 1971)
but for coral reefs as well (for instance, Sournia,
1976a). For part of the day, the water is supersat-
urated, often in excess of 150%, with respect to
oxygen. Some consequences of these conditions
are discussed below.

Table 9 summarizes the production of the dif-
ferent communities. Oxygen data were converted
to carbon assuming a photosynthetic quotient
(PQ) of 1.25 McRoy and McMillan, 1977; West-
lake, 1963). The standing stock of Thalassia blades
varied from about 34 to 126 g/m” dry weight,
with a mean of about 47 g. Other organisms were
not analyzed quantitatively.

Compared to published data for seagrass beds,
summarized in Lewis (1977) and McRoy and
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Ficure 71.—Changes over a 24-hour period in dissolved
oxygen over a Thalassia bed near Carrie Bow Cay, 28-29
April 1977.
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TasLE 9.—Oxygen production of communities at Carrie Bow Cay, 26 April-5 May 1977, unless
otherwise indicated (gross and net carbon production assumes PQ = 1.25 (Westlake, 1963);

phytoplankton assumes 1 m water depth)

Production .
Communiy - (mg Oz/mz/a’) . Production (g C/m*/d)
rials Respiration -
(n) Gross Net (mg Og/mz/d) P/R Gross Net
Thalassia beds 5 19.3-118.1 6.03-42.30 13.27-75.80 1.45-1.56 5.79-35.43 1.81-12.69
Thalassia beds 3 14.9-33.2 2.22-14.50 12.68-18.70 1.18-1.78 4.47-9.96 0.67-4.35
(Jan 1978)
Mixed algae/ 3 60.0-94.3 -163.0--31.6 223.0-125.9 0.27-0.75 18.00-28.29 -48.90--9.48
coral rubble
Coral sand 2 75.5, 107.9 -11.3, -32.1 86.8, 140.0 0.87,0.77 22.65, 32.37 -3.39, -9.63
Phytoplankton 2 0.48, 1.00 0.14, -0.07 0.34, 1.07 1.41,0.93 0.14, 0.30 0.04, -0.02

McMillan (1977), the data for Thalassia at Carrie
Bow Cay fall within previously noted ranges for
gross and net production. The standing stock is
rather low compared to several other localities in
the Caribbean and Gulf of Mexico (refer to table
1 in McRoy and McMillan, 1977). In contrast to
some Thalassia habitats in Puerto Rico (Odum et
al., 1959), in the present case all measurements
indicate a consistently autotrophic community,
that is, ratio of production to respiration (P/R)
in excess of 1. The wide range in measurements,
in part attributable to density variations in 7hal-
assia and seasonal differences, make extrapola-
tions to an annual production uncertain. For
comparative purposes the mean production for
all Thalassia measurements may be estimated at
1800 g C/m?*/y net production. This amount is
higher than those reported from seagrass beds in
Puerto Rico (Odum et al., 1959), but consider-
ably less than those reported from Cuba and
Florida (Buesa, 1972; Odum, 1957, 1963).

Differences in production were noted between
late spring and winter. The extent to which these
differences are significant in unknown because of
the small number of replicates analyzed. Such
variables as photoperiod (Marmelstein et al,
1968) and water temperature (citations in McRoy
and McMillan, 1977) affect Thalassia production
and add to the uncertainty of annual rate com-
parisons based on extrapolation.

A considerable area of the back-reef zone at
Carrie Bow Cay consists of coral rubble and

pavement rock overgrown with a variety of small
but conspicuous filamentous and thallose algae.
Despite a gross production generally exceeding
that of the Thalassia beds (Table 9), the commu-
nity as a whole is heterotrophic, having a P/R
less than 1. This habitat harbors a diverse and
abundant fauna of burrowing invertebrates that
contribute to the high community respiration.
Grazing effects of fishes and large invertebrates,
not considered here, are probably also significant
in the consumption of primary producers (Marsh,
1976). The relative contribution of microalgal
species in this habitat has generally been ne-
glected, although Qasim et al. (1972) reported
net production rates of 365-800 g C/m?/y for
similar types of algae from the Laccadive Archi-
pelago. Overall, the algal oxygen production in
this habitat is less than oxygen consumption by
herbivores and other animals.

Although the extensive coral sand areas north
and northwest of Carrie Bow Cay appear to have
few plant producers, microscopic examination
revealed large numbers of benthic pennate dia-
toms and filamentous blue-green algae (or cyano-
bacteria), smaller numbers of Foraminifera with
apparent endosymbiotic algae, and large num-
bers of micro- and meiobenthos metazoans. Com-
munity respiration slightly exceeded gross pro-
duction, with P/R less than 1 (Table 9), although
this habitat was closer to an autotrophic condi-
tion than the rubble-pavement habitat. The con-
tribution of bacteria to community respiration
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was not evaluated but it may be significant (see
for instance, Edwards, 1978). The gross produc-
tion approached that of the Thalassia beds, and
therefore indicated the high photosynthetic activ-
ity here.

That such sand areas are not necessarily het-
erotrophic has been convincingly demonstrated
by Sournia (1976b). Extensive development of
the blue-green alga Oscillatoria limosa in sand at
Moorea Island lagoon was responsible for an
average gross production equivalent of over 6000
mg Oz/m’/d with P/R = 1.5-3.0, a highly au-
totrophic habitat. Although blue-green algae are
not abundant at Carrie Bow Cay, the potential
contribution of coral sand areas should not be
ignored in calculations of production in reef areas.
Under some circumstances Foraminifera with en-
dosymbiotic algae may dominate coral sands.
Sournia (1976a) described sands from Takapota
Atoll with a net production of 115-354 mg
O2/m?/h (= 43-133 mg C/m?/h) and with pop-
ulations consisting primarily of Foraminifera with
endosymbionts. Small numbers of these protozoa
were also present in sands at Carrie Bow Cay, but
pennate diatoms dominated as primary pro-
ducers.

These sands could potentially assume the au-
totrophic role that Sournia (1976a) described. A
minor perturbation in the environment of orga-
nisms already under natural stress (by light and
temperature thermal, among others) may shift
community composition to one of low density
consisting of eurytolerant species (Wood and Jo-
hannes, 1975). Several different species of blue-
green algae, which certainly qualify as eurytoler-
ant, can be observed in the sands of Carrie Bow
Cay. Coral sand habitats have been largely ne-
glected by ecologists, so that it would be useful to
stress them experimentally in various ways in
order to determine whether and how their trophic
status is modified. Perturbation in the form of
nutrient enrichment was attempted in one micro-
atoll, resulting in significantly increased produc-
tion (Kinsey and Domm, 1974).

As expected, the production of the phytoplank-
ton was very low, and near the limits for accuracy

of the technique used (Table 9), supporting the
conclusion that phytoplankton in the vicinity of
coral reefs contribute a negligible amount to net
production (Milliman and Mahnken, 1969; Sour-
nia and Ricard, 1976). Although such shallow
areas generally have, in addition to the normal
complement of typically planktonic forms, a
higher number of benthic diatoms swept into the
water column by turbulence, net production re-
mains negligible. For offshore Caribbean waters
net production can be higher or lower than in
reef areas, depending on locale. Beers et al. (1968)
found 0.03-0.28 g C/m?/d offshore from Ja-
maica; Steeman-Nielsen and Jensen (1957) found
0.14 and 0.19 g C/m?/d in the south-central
Caribbean Sea. In contrast, Ricard (1977) found
higher production in the lagoon than in the open
ocean at Tahiti, but the converse was true at
Lakeba lagoon. Higher productivity is unques-
tionably possible under localized enriched con-
ditions (Gordon et al., 1971; Margalef, 1975).

The limitations of technique and procedures
used in this work deserve brief mention. Produc-
tion in tropical benthic communities has been
studied in several ways: by flow respirometry,
which measures changes in the flux of carbon
dioxide or oxygen (upstream-downstream); by in
situ light/dark bottle methods using oxygen flux
(titrimetric and polarographic) and various radio-
active tracers; and by direct measurement of
changes in standing stocks. All these methods are
subject to errors and various assumptions (for
discussion, see Lewis, 1977; Sournia, 1976¢c; Vol-
lenweider, 1974) that will not be examined here,
except to note that the technique used here ap-
pears to be satisfactory for benthic habitats. Un-
questionably, accuracy decreases in the case of
water supersaturated with oxygen; similarly, res-
piration of animals is affected by reduced oxygen
levels. Recycling of oxygen in lacunae of Thalassia
blades is another potential source of error (Hart-
mann and Brown, 1967).

The accuracy of conversion of oxygen flux to
its equivalent carbon varies widely depending on
the photosynthetic quotient assumed. This cre-
ates a problem in comparing the production rates
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calculated by different authors. Photosynthetic
quotients ranging from 0.86 to 3.00 are possible.
This work follows Westlake (1963) in the assump-
tion that PQ = 1.25 is valid for natural tropical
communities in favorable conditions.

Two important sources of tropical primary pro-
duction have not been considered here, namely
the coral zooxanthellae and the larger seaweeds.
The complex role of the former in reef trophic
structure has been discussed by Lewis (1977) and
Marsh (1976) among others, and the contribution
of zooanthellae at Carrie Bow Cay is certainly
worthy of investigation. Under some conditions
the larger seaweeds contribute significantly to
primary production, even more so than Thalassia
beds (Doty, 1971; Wanders, 1976), but their de-
velopment around Carrie Bow Cay is not exten-
S1ve.

Conclusions

Of the benthic habitats investigated at Carrie
Bow Cay, Thalassia beds were most productive,
yielding a maximum gross production of 35.4 g
C/m?/d and a maximum net production of 12.7
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g C/m?/d. Coral sand habitats and mixed algae
with coral rubble habitats were heterotrophic in
nature, despite considerable algal development.
Net production by phytoplankton was negligible.
The diurnal oxygen content of water flowing over
Thalassia beds fluctuates in a manner typical of
similar habitats previously described.

Given the problems inherent in comparing a
wide variety of techniques and procedures, the
pattern of primary production at Carrie Bow Cay
is typical of similar tropical areas.

Addendum

Since the writing of this contribution three
pertinent papers have appeared. Two center on
reef community metabolism elsewhere in the Car-
ibbean (Puerto Rico, U.S. Virgin Islands) and
also employ the Winkler method for oxygen de-
terminations (Rogers, 1979; Rogers and Salesky,
1981). The third deals with primary production
by microalgae in North Sea sediments comparing
various techniques, including platinum electrode
measurements that allow recording of dissolved
oxygen microprofiles (Revsbech et al., 1981).
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Macrobenthic Invertebrates in Bare Sand
and Seagrass ( 7halassia testudinum)
at Carrie Bow Cay, Belize

David K. Young
and Martha W. Young

ABSTRACT

The generally accepted view that seagrasses
support a more dense and diverse invertebrate
fauna than sand areas devoid of such vegetation
was tested in Thalassia testudinum beds of Carrie
Bow Cay lagoon, Belize. Mechanisms regulating
the distribution of invertebrates were also exam-
ined.

Core samples from five stations, ranging from
bare sand to dense seagrass, indicated no clear-
cut effect of seagrass versus bare sand on densities
of polychaetes and mollusks. The numbers of
species from all seagrass stations were not signifi-
cantly higher than those from sand stations. Spe-
cies diversities for all stations were influenced
mainly by species richness, except for the station
in dense seagrass where species evenness was high.
The most abundant polychaete and mollusk spe-
cies sampled were found at all stations.

The proportion of fine-grained sediments in
the substrate increased progressively from bare
sand into the seagrass. Encrusting coralline algae
provide a major contribution to the fine sedi-
ments of the grass beds. Seagrass standing crop
increased from the small seagrass patch to the
dense Thalassia bed. Inorganic components made
up 49% of live and 70% of dead seagrass.

This study found no relationship between sea-
grass standing crop and species densities of inver-
tebrates. Intense predation pressure is proposed
as the primary regulating mechanism of species

David K. Young, Naval Ocean Research and Development Activily,
Department of the Navy, National Space Technology Laboratory
Station, Miss. 39529. Martha W. Young, U.S. Fish and Wildlife
Service, National Coastal Ecosystem Team, Slidell, La. 70458.
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densities in the Carrie Bow lagoon. Experimental
field studies are needed to clarify predator-prey
interactions.

Introduction

Seagrasses are widely thought to support a
more dense and diverse invertebrate fauna than
bare sediment devoid of such vegetation. Only
recently has this generalization been subjected to
rigorous quantitative sampling and experimental
testing (Heck and Wetstone, 1977; Orth, 1977,
Reise, 1977; Young and Young, 1978). The mech-
anisms of distribution examined by these workers
primarily concern (1) food, (2) living space, (3)
predation, and (4) sediment stability.

Foop.—Because seagrasses decompose rapidly
relative to other vascular plants in the marine
environment, they are considered to be major
contributors to the detrital food web of seagrass
ecosystems (Fenchel, 1977). Heck and Wetstone
(1977) suggested from their work in Panama that
food reserves are abundant in seagrass ecosystems
and that food is not a limiting factor. Young and
Young (1978), however, have experimentally
demonstrated that numbers of certain deposit-
feeding invertebrates are food-limited in a sea-
grass detritus-rich habitat in Florida and that
significant increases in overall macrobenthic den-
sities result from addition of detrital food with
high nitrogen content.

Living Space.—Increased surface area afforded
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by topographically complex living and nonliving
substrata has been defined as an important eco-
logical parameter on the study transect at Carrie
Bow Cay (Dahl, 1973; Rutzler and Macintyre,
herein: 9). Dahl (1973) has estimated that the
functional surface area of bare sand is increased
over four times by the presence of seagrass in the
Carrie Bow Cay lagoon. Young and Young (1978)
have experimentally shown no significant de-
creases in overall species densities of macroben-
thos following the clipping and removal of sea-
grass blades from an area in a Florida seagrass
bed, although the abundance of several seagrass-
associated species diminished.

PrepaTion.—Heck and Wetstone (1977) sug-
gested that plant blades provide protection to
epifauna from visually searching fish predators.
Orth (1977) and Reise (1977) provided experi-
mental evidence that seagrass roots and rhizomes
decrease the effectiveness of crab predators upon
infauna. Reise (1977) has also shown that coarse-
grained sediments afford protection to infauna
from crab predation more than fine-grained sed-
iments. Because finer sediments accumulate more
in seagrass beds relative to adjacent areas bare of
vegetation (Orth, 1977), a clear-cut assessment of
the effect of sediment size versus that of seagrass
upon intensity of predation cannot be discerned
in most seagrass areas.

SEDIMENT STABILITY.—Seagrass roots and rhi-
zomes bind loose sediments together, and their
blades baffle waves; both actions assist in pre-
venting sediment resuspension and erosion (Gins-
burg and Lowenstam, 1958). Orth (1977) has
demonstrated that the overall sediment stabiliz-
ing effect of seagrasses is a major factor in in-
creased densities and diversity of infauna of sea-
grass beds in Chesapeake Bay and Bermuda.

Our primary intent in this study was to deter-
mine whether densities of macrobenthic inverte-
brates in the Carrie Bow Cay lagoon were related
to the presence of vegetation and, within the time
constraints, which mechanisms were regulating
the distribution of species.

AckNOWLEDGMENTS.—We thank B. Spracklin
for his invaluable assistance during our stay in

Belize. Appreciation is due T. Wolcott for sedi-
ment analyses. This study was funded by a grant
from the Atlantic Foundation to the Smithsonian
Institution and by the Harbor Branch Founda-
tion, Inc. Laboratory space was provided by Mis-
sissippi State University Research Center and
administrative support by the Naval Ocean Re-
search and Development Activity.

Study Area and Methods

The lagoon floor of Carrie Bow Cay is covered
by calcareous sediment comprised largely of coral,
encrusting coralline algae, Halimeda, molluscan,
foraminiferal, and echinoid material. The sand
surface in areas lacking vascular vegetation is
here and there covered with a fine filamentous
algal “felt” (Dahl, 1973). The seagrass Thalassia
testudinum Banks ex Konig grows profusely in these
sediments, and grades from small, thinly vege-
tated patches (from the back-reef region) to the
extensive, dense beds of the lagoon. The Thalassia
1s interspersed with sparse stands of the seagrass
Syringodium filiforme Kutzing. Thalassia blades are
heavily encrusted with coralline algae and con-
spicuously devoid of epizoans, with the exception
of Foraminifera.

We extended the established transect (Rutzler
and Macintyre, herein) from its beginning point
at the buoy (0 m) lagoonwards 5 m into a dense
bed of Thalassia (Figure 72). Station 1 (+23 m)
was an area of bare sand containing no vegeta-
tion, station 2 (+18 m) was a small patch of
Thalassia, station 3 (+12 m) was in bare sand,
station 4 (+5 m) was in Thalassia at the edge of
an area densely covered with seagrass, and station
5 (=5 m) was inside the Thalassia bed. Because of
the depth of water at the sampling locations
(approximately 2 m) and the small tidal variation
(0.2 m tidal range, Kjerfve, 1978), seagrasses in
this area of the lagoon are never exposed at low
tide. Salinity was 34 %o throughout the sampling
period and water temperature varied from 27° to
28° C. The grass area sampled at station 2 is
approximately 80 m from the nearest patch reefs.
The sand areas (stations 1 and 3) are at the same
depth as adjacent seagrass stations. These bare
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Ficure 72.—Diagrammatic representation of the transect in Carrie Bow Cay lagoon showing
sampling stations for this study; the buoy marks the beginning of the main transect (Ritzler
and Macintyre, herein), which was extended, for purposes of this study, 5 m into dense Thalassia
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(distance from zero point in parentheses).

sand stations show no traces of scour or ripple
marks.

Samples were taken from 23 to 31 March 1976
with a PVC corer (9.45 cm in diameter) to a
depth of 20 cm (= 1405 cm®) at five stations
along a 28 m long transect. Each sample consisted
of four replicate cores taken perpendicular to the
transect at each sampling station. The number of
replicate cores per sample was determined by
analyses of pilot samples taken in dense Thalassia
from the lagoon. Four replicate cores contained
90% or more of the species of polychaetes and
mollusks expected according to the test of Gaufin
et al. (1956). Samples taken in Thalassia included
blades, roots, and rhizomes.

Samples were sieved through 1.0 mm mesh
Nytex screen, narcotized with 0.15% propylene
phenoxytol in sea water, stained with rose bengal
and fixed in 5% to 10% formalin in sea water.
Organisms were transferred to 70% ethyl alcohol
after 24 hours for sorting, identification and stor-
age. In this study, the term “macrobenthos” refers
to those benthic invertebrates retained on a 1.0
mm mesh screen. Sampling efficiency of 1.0 mm
mesh was determined by screening one of the
replicates from each station through both 0.5 mm
and 1.0 mm mesh screen. Only whole animals,
anterior fragments of polychaetes and live shells
of mollusks were identified as to species and
counted. All other macrobenthos were identified
only to higher taxonomic categories and counted.

One sediment sample (comprising four repli-
cate cores) was taken with the PVC corer at each

station. Particle sieve size was determined using
a Ro-Tap and analyzed by the method of Folk
(1974). Samples from each particle size category
were examined microscopically.

All seagrass blades were clipped at the sediment
surface and shoots were counted from one-meter-
square areas adjacent to stations 2, 4, and 5. Erect
live seagrass blades and prostrate dead blades
were collected separately from each clipped plot.
Live and dead seagrass dried at 100° C for 48
hours and weighed provided an estimate of sea-
grass standing crop at each station. Organic and
inorganic composition was determined from the
ash of both live and dead fractions processed at
550° C for 2 hours.

A random sample of Thalassia blades that
showed evidence of grazing by herbivorous fishes
was collected, and bite marks were counted and
measured.

Data were analyzed (logz) using Shannon’s
information measure of species diversity, H" (Pie-
lou, 1966); species richness, d, was determined by
the method of Margalef (1958), and species even-
ness by E’ (Buzas and Gibson, 1969). A one-way
analysis of variance (ANOVA) using non-trans-
formed data compared numbers of species as well
as species densities at the 5 stations. The a pos-
teriori Student-Newmans-Keuls (SNK) multiple
comparison test was run, since in both cases the
ANOVA indicated significant differences among
means (Sokal and Rohlf, 1969). Significance for
the ANOVA and SNK tests was chosen at the
95% level of confidence.
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Results

Polychaetes and mollusks represented 51% of
1960 individuals collected in 20 core samples.
Nematodes, oligochaetes, and arthropods com-
prised 47% and miscellaneous other groups (pre-
dominantly sipunculids, anthozoans, and echi-
noderms) comprised 2% of the total macroben-
thos. Numerical dominance and the fact that our
species identifications were most complete for
polychaetes and mollusks led us to assume that
these taxonomic groups adequately represent the
macrobenthos at the community level of organi-
zation. A comparison of rankings of polychaetes
and mollusks from all five stations (Table 10),
using a grand mean of two specimens per species
per station as a criterion, shows that nine species
were common to both bare sand and areas con-
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taining Thalassia; only three species (Platynereis
dumerilii (Audouin and Milne-Edwards), Capitella
capitata (Fabricius), and Phyllaplysia engeli Marcus)
were found in seagrass alone. Mean densities
(extrapolated) of 8000/m? (polychaetes and mol-
lusks) were sampled in bare sand and 6476/m*
(polychaetes and mollusks) in Thalassia.

The faunal list given in Table 10 is not in-
tended to be all inclusive. Several species found
among grass blades from the clipped meter square
areas did not appear in the core samples, for
example, the mollusks Astrea phoebia Roding, Tri-
colia thalassicola Robertson, and Alaba incerta (Or-
bigny).

Figure 73 shows numbers of individuals and
species of polychaetes and mollusks per sample at
each of the five stations. The number of individ-
uals at station 3 was significantly (SNK) different
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FiGure 73.—Numbers of individuals and numbers of species
of polychaetes and mollusks per core (x + Sx) at five stations
in the Carrie Bow Cay lagoon.

circles), and species richness (d with dotted lines and open
triangles) of polychaetes and mollusks at five stations in the
Carrie Bow Cay lagoon; each sample consists of four repli-
cate cores.
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TasLe 11.—Standing crop of Thalassia per square meter at three stations in the Carrie Bow
Cay lagoon; dry weights and percentages of organic and inorganic (after ashing) fractions
compared for live and dead blades
. Live blades Dead blades
Station | No. of  Total dry
shoots  weight (g) Wi (g) Org. (%) Inorg. (%) Wt (g) Org. (%) Inorg. (%)
2 117 104.04 58.73 51 49 45.31 27 73
4 136 79.59 57.49 51 49 22.10 34 66
5 422 338.07 178.67 52 48 159.40 31 69
ok ' ' ‘ ' i ' stations were compared, stations 2 and 4 were
Station | significantly (SNK) different (95% level of confi-
0F dence) from stations 1 and 5. Station 3 was not
10 7 significantly (SNK) different from all other sta-
0 : — : . ' tions.
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Ficure 75.—Sediment size analyses at five stations in Carrie
Bow Cay lagoon. Weight percentages of sediment sizes (—1.0
to +4.0 ¢) at each station.

(95% level of confidence) from that at station 5.
All other stations, whether containing Thalassia
or no vegetation, were not significantly different
from one another. When numbers of species at all

Figure 74 shows that species diversity and rich-
ness indices for all stations except station 5 reflect
the same trend shown by numbers of species. The
higher species diversity at station 5 (dense Thal-
assia) compared to stations 1 and 3 (bare sand)
was largely due to the effect of high species
evenness at station 5. Species evenness was higher
in all seagrass stations than in bare sand stations.

Grass blades included in core samples con-
tained eight polychaetes that had burrowed into
the tissue of the grass blade, in some cases leaving
a trail of fecal pellets behind them. These repre-
sent a variety of families: three capitellids, three
syllids, one maldanid, and one sabellid. This phe-
nomenon is not explained.

Although 216 additional specimens of poly-
chaetes and mollusks were added by the 0.5 mm
mesh from five cores (one from each station), only
one species (the mollusk, Caecum ryssotitum Folin)
was found that did not occur in 1.0 mm mesh
samples.

Gravimetric measurements (Table 11) of both
live and dead blades of Thalassia clipped from
one meter square areas adjacent to stations 2, 4,
and 5 show that seagrass standing crop increased
from the patch at station 2 to the dense growth
at station 5. Overall, 49% of living plant material
and 70% of dead grass were inorganic in compo-
sition, whereas 51% and 30% respectively were
organic.

Sediment size analyses (Figure 75) indicated
that the percentage of fine sand (2 and 3 ¢)
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relative to coarse sand (—1 and 0 ¢) increases
from station 1 to station 5.

An examination of 20 randomly selected Thal-
assia blades with bite marks revealed 5.5+0.9 (x
+ Sx) bites per blade, with a diameter of 7.8+0.3
mm (x + Sx).

Discussion

Although extrapolated densities of macroben-
thos per meter square in the Carrie Bow Cay
habitat (total fauna: 12,167/m® in Thalassia;
16,750/m2 in bare sand) fall within the ranges
reported for subtropical and tropical locations
(Table 12), this study does not show a direct
relationship among seagrass standing crop, spe-
cies densities, and numbers of species. Although
some invertebrates may benefit from the protec-
tion and living space afforded by blades, roots,
and rhizomes, the overall composition of seagrass
and bare sand assemblages of macrobenthos in-
dicates that there is no clear-cut effect of seagrass
versus bare sand on species densities. In fact,
species densities are significantly (SNK) higher at
one of the bare sand stations (station 3) than at
the dense seagrass station (station 5). Numbers of
species from seagrass stations differ significantly
(SNK) from those collected in bare sand stations,
with the exception of station 5. Numbers of spe-
cles at station 5, in dense Thalassia, do not sig-
nificantly differ from those in bare sand stations
(stations 1 and 3).

The abundant species of polychaetes and mol-
lusks are found in both sand and seagrass. Among
the polychaetes, seven of the ten top ranked
species are common to all stations. Only three
species, the polychaetes Platynerers dumerilii and
Caputella capitata and the opisthobranch Phyllaply-
sia engeli, have relatively high densities in seagrass
and not in bare sand. In this habitat, all three
species live closely associated with seagrass blades:
P. dumerilii builds tubes on the blades, C. capitata
tunnels within the tissue of the blades, and P.
engel: feeds upon seagrass epiphytes.

In other studies comparing animal assemblages
of sand and seagrass, the water depths, tidal

range, hydrography, and sediment characteristics
have differed from those considered here. For
example, along the sampling transect at Carrie
Bow Cay the sediment interface between Thalas-
sia beds and adjacent bare sand is imperceptible
and not evidenced by erosional ridges (Jackson,
1972) or sand bars (Orth, 1977). Nor is there any
indication in the study area of erosion around the
rhizomes of seagrass plants or exposure of the root
system, in a pattern of “raised terraces” (Kikuchi
and Péres, 1977). In other words, the transition
from sand to seagrass off Carrie Bow Cay is
marked only by the advent of vegetation and by
a gradual lagoonward decrease in sediment grain
size. There is no evidence of sedimentary bedload
movement in the form of ripple marks (Santos
and Simon, 1974). Because the bare sand areas
studied are physically stable, no effect of sediment
instability on densities or species composition of
macrobenthos is evident.

The overall small size of specimens indicates
that few macrobenthic invertebrates survive to
maturity in this habitat. Only a few specimens
fall within the mature size ranges reported in the
literature; the lack of such larger sizes off Carrie
Bow: Cay implies high and persistent predation.
The Thalassia and adjacent bare sand environ-
ments here may be defined, according to the
model of Connell (1975), as having benign phys-
ical conditions in which predators usually kill all
young colonists each year, and thereby reduce
competition for resources (for instance, food and
space) and help to perpetuate a state of nearly
continual recolonization. Connell’s model ac-
counts for an occasional event in time and space
wherein certain prey species can reach invulner-
able sizes.

While seasonality may be less influential in a
tropical than a temperate habitat, seasonal dif-
ferences in densities of macrobenthos clearly
should be expected in the habitat studied here.
Nevertheless, our expectation that macrobenthic
densities would correlate positively at any given
time with seagrass was not substantiated by the
evidence from this study.

In Carrie Bow lagoon, a majority of Thalassia
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TasLe 12.—Published data on densities of macrobenthic invertebrates per square meter in
seagrass and bare sand from subtropical and tropical benthic studies
Substrate
Reference Sieve mesh
Seagrass Bare sand size (mm) Location
Bloom et al., 1972 - 510 1.0 Tampa Bay, Florida
Virnstein, 1972 17,151 0.5 Tampa Bay, Florida
Santos and Simon, 1974 33,485 8795° 0.5 Tampa Bay, Florida
Young et al., 1976 3994-14,236 - 1.0 Indian River, Florida
McNulty, 1970 - 291 (1956) 1.0 Biscayne Bay, Florida
- 108 (1960)

Brook, 1975 4000 (1972) 1.0 Card Sound, Florida

1895 (1973)
Brook, 1978 292-10,644 - 1.0 Biscayne Bay, Florida

4508 - 1.0 Florida Bay, Florida
Murina et al., 1973 583 354 1.0 Cuba
Young and Young, this study 12,167 16,750 1.0 Carrie Bow Cay lagoon,

6476 8000° Belize

2 Polychaetes only.
® Polychaetes and mollusks only.

blades were thickly encrusted with epiphytic cor-
alline algae at the time of sampling. Humm
(1964) notes that such encrusted blades sink to
the bottom when they are broken off the parent
plant and are not readily carried to other areas
by tidal currents as are nonencrusted blades. In
addition, observations of seagrass along the tran-
sect of this study suggest that individual Thalassia
blades are increasingly weighted down by heavy
growths of encrusting coralline algae at their tips,
so that dead blades are commonly retained in
situ. Gravimetric measurements of live and dead
seagrass clipped from meter-square plots at sta-
tions 2, 4, and 5 show that 49% of the total
biomass of live grass and 70% of dead sea-
grass consisted of inorganic material. Microscopic
examination of this inorganic residue revealed
mainly fragments of coralline algae. It is likely
that coralline algal epiphytes on Thalassia con-
tribute substantial carbonate sediments to the
lagoon at Carrie Bow in a manner similar to that
reported in Florida (Humm, 1964) and in Ja-
maica (Land, 1970). Patriquin (1972) estimated
that the annual carbonate production by encrust-
ing coralline algal epiphytes on Thalassia in Bar-
bados is 2800 g/m2.

Grazing fish help to distribute a portion of the
epiphytic crust on seagrass blades—sometimes
widely beyond the seagrass beds (Randall, 1967).
Numerous reef fishes, in mixed schools (mainly
scarids and acanthurids), were observed moving
between the patch reefs of the back reef area and
the seagrass of the lagoon. Although schools of
fish were observed among the seagrasses, individ-
ual fish appeared to feed on seagrass blades and
the sediment between. Direct feeding on seagrass
is evident from many bite marks on the edges of
the blades. Thomas et al. (1961) reported similar
crescent-shaped bites on Thalassia blades, and
Zieman (1974) attributed these bite marks to the
scarid, Sparisoma radians. Conspicuous bands of
bare sand between reef areas and adjacent sea-
grass beds in the Virgin Islands have been related
by Randall (1965) to heavy grazing by parrot fish
(scarids) and surgeon fish (acanthurids). Primary
invertebrate grazers of seagrass, such as echinoids
(Margalef and Rivero, 1958), were not observed
in the Carrie Bow lagoon.

Until night observations are made, we cannot
determine whether invertebrate-feeding fishes
such as pomadasyids (grunts) migrate nocturnally
from the reefs to the seagrasses of the lagoon, as
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described in the West Indies by Kikuchi and
Péres (1977). Decapod crustacean predation on
other members of the macrobenthos may be im-
portant as a regulator of species densities, as
suggested by Young et al. (1976) in Florida sea-
grasses. Caging experiments in both seagrass and
bare sand areas, as in the Indian River lagoon,
Florida, by Virnstein (1978), would help to deter-
mine the relative impact of fish and decapod
predation in the Carrie Bow lagoon.

This study provides only indirect evidence to
suggest that “within-community” predation may
be intense among the macrobenthic species of
Carrie Bow. Large numbers of bored shells of
bivalves and gastropods were found in our sam-
ples; in all cases, numbers of bored shells greatly
exceeded numbers of live shells. The only drill
species was Polinices lacteus (Guilding), a naticid
reportedly responsible for heavy predation on a
wide variety of mollusks in Thalassia beds 1n
Jamaica (Jackson, 1972). Polychaetes of the fam-
ily Syllidae were extremely abundant in samples
from both bare sand and Thalassia of Carrie Bow
lagoon; five species of syllids are ranked among
the 10 most abundant macrobenthic species. Mu-
rina et al. (1973) also reported large numbers of
syllids in Cuban seagrass beds. Syllids are be-
lieved to be carnivorous (Pettibone, 1963; Day,
1967), preying on other invertebrates. As often is
the case, ecological information is lacking for
most of the species collected here, so that details
of predator-prey interactions among the macro-
benthos remain largely speculative.

Conclusions

The data from this study do not substantiate
the generalization that seagrasses support a more
diverse and dense invertebrate fauna than areas
without seagrasses. There are no significant dif-
ferences in species densities of macrobenthos be-
tween seagrass and bare sand off Carrie Bow Cay.
Significant differences do not exist among num-
bers of species of polychaetes and mollusks from
all seagrass stations and from bare sand stations.

We suggest that the primary mechanism re-
sponsible for the regulation of macrobenthic spe-
cies densities and diversities in the Carrie Bow
lagoon is high and persistent predation. Intense
predation pressure probably limits the presumed
advantages of the more variable habitats and
increased living space provided by seagrasses.
Predator-prey interactions could be clarified by
the use of field-experimental techniques such as
caging.

Sediment instability appears to be unimpor-
tant in the regulation of macrobenthic species
densities and diversities in the lagoon.

Few macrobenthic species are associated exclu-
sively with seagrasses off Carrie Bow Cay. The
majority of species sampled are common to both
bare sand and seagrass stations.

Sediment size analyses showed a progressive
increase of fine-grained sediments from bare sand
into seagrasses. Important contributors to these
fine sediments are coralline algal epiphytes on
Thalassia.
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A Submarine Cave near Columbus Cay, Belize:
A Bizarre Cryptic Habitat

lan G. Macintyre, Klaus Rutzler,
James N. Norris, and Kristian Fauchald

ABSTRACT

An unusual cryptic habitat having an extensive
covering of serpulid worms has been discovered
in a submerged Pleistocene cave in the Belize
barrier-reef platform near Columbus Cay. Aggre-
gates of serpulids, which have been named “pseu-
dostalactites,” project from the ceiling of this cave
in the direction of a narrow opening (10 m long
and less than 3 m wide) that breaches the roof of
the cave at a water depth of 17 m. Apparently
this opening has restricted the movement of water
within the cave so that serpulid worms have
become more abundant on the ceiling than other
cryptobiota, which include some sponges, fila-
mentous algae, mollusks, and bryozoans. The
latter group, with the exception of boring bi-
valves, occurs only within a radius of 25 m from
the entrance of the cave. The pseudostalactites
are composed mainly of serpulids belonging to
two species of the Vermiliopsis glandigera infundibu-
lum group and extend at least 40 m from the cave
opening, which is the limit of our observations.
Varying amounts of submarine cement consisting
of magnesium calcite form a coating on, or matrix
in, the serpulid aggregations. A barren sediment
cone (very fine sand to mud) occurs at a depth of
30 m below the cave opening.

Introduction

In 1977 a Belizean SCUBA diver sent us a
“stalactite” sample approximately 15 cm long

Ian G. Macintyre, Department of Paleobiology; Klaus Rutzler and
Kristian Fauchald, Department of Invertebrate Zoology; and [ames
N. Norris, Department of Botany, National Museum of Natural
History, Smithsonian Institution, Washinglon, D. C. 20560.

and 5 cm in diameter that he had collected from
a submarine cave near Columbus Cay. This frag-
ment had two surprisingly different sides: one
composed predominantly of serpulid tubes and
the other composed of dense microcrystalline Mg
calcite forming a knobby surface. In our subse-
quent search for the source of this sample, we
discovered an unusual megacryptic environment.
This paper presents the results of our preliminary
investigation of the biological and geological
characteristics of a highly unusual habitat.
ACKNOWLEDGMENTS.—We are grateful to H.
Bowman, Jr., and A. Usher of Dangriga for bring-
ing this submarine cave to our attention. We
thank K. E. Bucher, W. Gerwick, G. L. Hendler,
P. M. Kier, W. M. Kier, R. J. Larson, K. Muzik,
A. B. Rath, and P. E. Videtich for their field
assistance. G. L. Hendler, W. M. Kier, and A. B.
Rath also took underwater photographs. For help
with identifications we thank A. H. Cheetham
(bryozoans), I. M. Goodbody (tunicates), and R.
S. Houbrick and T. R. Waller (mollusks). R. B.
Burke provided the aerial photograph of the cave
site and V. Krantz provided other photographic
assistance. I. Jewett drafted the diagrams.

Description of the Submarine Cave

AErReAL SETTING.—The submarine cave about
1 km northwest of Columbus Cay (17°00'N,
88°02'W) occurs in a Thalassia-covered lagoon (5
m deep) at a distance of about 3 km inside the
outer edge of the Belizean barrier reef platform
(Figure 76). The only other natural depression in
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F1Gure 76.—Map showing location of submarine cave near Columbus Cay, Belize.

the smooth Thalassia meadow is a sand-filled
sinkhole 200 m southeast of the cave (Figure 77).
The sinkhole (50 m in diameter) has a smooth
sandy bottom (10 m deep) that is ringed by a rich
coral community established on rocky ledges and
dominated by the corals Montastrea annularts (Ellis
and Solander), Acropora cervicornis (Lamarck), Di-
ploria strigosa (Dana), Porites astreoides Lamarck,
Porites porites (Pallas), Montastrea cavernosa (Lin-
naeus), Agaricia agaricites (Linnaeus), along with
the octocoral Briareum asbestium (Pallas), and the
sponges Niphates digitalis (Lamarck), lotrochota bir-

otula (Higgin), and Amphimedon compressa (Duchas-
saing and Michelotti).

Ficure 77 (opposite page, top).—Aerial view of location of
submarine cave (sc) and sinkhole (sh); regularly spaced and
aligned patches of bare sand in the Thalassia-covered lagoon
delineate seismic shot-hole (ssh) patterns that have not been
overgrown since seismic work was carried out here in the
early 1960s; diameter of sinkhole in foreground is 50 m.

Ficure 78 (opposite page, bottom).—Cave entrance; note
sediment-laden algal mat (am) covering the surface sloping
into the cave; water depth is 17 m.
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Ficure 79.—Diagrammatic sketch of cave in cross section; note large sediment cone directly

under cave entrance.

Interspersed in the Thalassia testudinum Banks
ex Konig bed are several dense and large calcified
green algae, mainly Penicillus pyriformus f. explanatus
Boergesen and Udotea wilsonii Gepp and Howe ex
A. and E. Gepp, with lesser amounts of Halimeda
stmulans Howe, Rhipocephalus phoenix (Ellis and
Solander) Kutzing, and Penicillus pyriformis A. and
E. Gepp. Brown algae, however, are dominant
among the coral heads, primarily Dictyota bartay-
ressit Lamouroux, Padina sp., and Lobophora varie-
gata (Lamouroux) Womersley (all Dictyotales;
Dictyotaceae), as well as Sargassum hystrix
J. Agardh (Fucales; Sargassaceae).

In contrast to the clear water and rich growth
of corals at the sinkhole, the waters near the cave
are turbid and the sea floor adjacent to the
opening is covered by a few hardy scleractinian
corals such as Montastrea cavernosa, M. annularis,

Porites porites, Mussa angulosa (Pallas), and Scolymia
sp., together with the octocorals Briareum asbestium
and Plexaura sp., and some sponges typical of
seagrass bottoms in the lagoon of the barrier-reef
platform, branching Aplysina fulva (Pallas), Am-
phimedon compressa and lotrochota birotula, vase-
shaped Niphates digitalis and Callyspongia vaginalis
(Lamarck) and massive Ircinia strobilina (La-
marck).

ENTRANCE ZONE.—An extensive sediment-
laden, green algal mat up to 8 cm thick and 1-2
m wide surrounds the entrance to the cave at a
depth of 17 m (Figure 78). The sediment is very
fine sand to mud size carbonate containing an
abundance of sponge chip material. The domi-
nant algal component is the turf/mat-forming
Cladophoropsis membranaceae (C. Agardh) Bgrgesen
(Siphonocladales; Siphonocladaceae), a siphona-
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Ficure 80.—Underwater views of pseudostalactites: a, club-shaped and steeply inclined projec-
tions 10 m from entrance, with conch shell fragment attached for settlement study; b, tapering
and almost horizontal projections 20 m from entrance. (Each picture width = 1.5 m.)
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ceous green alga (mainly unilaterally branched
and having filaments up to 145 um in diameter)
that typically occurs in the intertidal zone in calm
water, where it can form extensive mats that
sometimes become infiltrated with fine sand
(Taylor, 1960; Kapraun, 1972). Because fine sed-
iment clouds the water around the cave entrance
at the slightest motion of water, it appears that
the area 1s generally calm. Although suspended
or gradually settling very fine sediment hampers
visibility around the entrance, apparently enough
light is still present to permit luxuriant algal
growth, which may be enhanced by nutrients
retained in the fine sediments.

Large schools of spadefish, Chacetodipterus faber
(Broussonet), and permits, Trachinotus falcatus
(Linnaeus), are common around the cave open-
ing. In addition, a few cobia, Rachycentron canadum
(Linnaeus), appear along with reef sharks, Car-
charhinus springer (Bigelow and Schroeder), which
are known to use submarine caves as a retreat
where they can rest undisturbed on the sediment
floor (Clark, 1975).

Cave INTERIOR, GEOLOGY AND BioLoGgy.—At a
17 m depth, the opening of the cave itself is no
more than a large crack 3 m wide and 10 m long
(Figure 78). The resulting poor light conditions
within the cave as well as the considerable depth
of water to which the cave descends makes it
difficult to assess the overall size of the cave. At
a point 40 m north from the opening, the cave-
floor depth recorded on a line dropped to bottom
was 47 m, which indicates a sharp slope away
from the crest of the sedimentary cone located in
depths of 30 m just below the opening (Figure
79).

The ceiling of the cave, covered by countless
projections that are angled toward the opening,
is a phenomenon only recently recorded in the

Ficure 81.—Dried samples of pseudostalactites: a, lower
surface of club-shaped projections (15 m from entrance)
covered by serpulid tubes; b, upper surface of specimen in
showing knobby calcite cement capping; ¢, side view of
tapering projection (25 m from entrance) showing thick
calcite cement coating over serpulid tubes; 4, pencil-thin
projection collected 40 m from cave entrance (limit of obser-
vation). (Scale = 0.5 cm.)
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literature. These projections consist largely of ser-
pulid tubes and magnesium calcite cement, and
Macintyre and Videtich (1979) have named them
“pseudostalactites” because they superficially re-
semble stalactites but are entirely of marine ori-
gin. The pseudostalactite cover begins about 3 m
from the cave opening and extends for at least 40
m (the limit of our diving observations) at a water
depth of 30 m (Figure 79). They slope toward the
opening at angles varying from 40° to 60° near
the opening to an almost horizontal orientation
at the inner limit of observation.

These pseudostalactites are composed of ser-
pulid tubes and varying amounts of microcrys-
talline magnesium calcite cement in and around
tubes and infilling borings. Here and there, bor-
ing and subsequent lithification have resulted in
extensive replacement of worm-tube framework
by magnesium calcite cement. The largest pseu-
dostalactites occur about 10 m from the opening
of the cave and are distinctly club shaped, in
some cases measuring up to 30 cm in width across
the tip (Figures 80a, 81a,6). Within this area the
pseudostalactites are dominantly serpulid aggre-
gations and form an almost continuous field of
tightly packed projections. In contrast, deeper
into the cave, in addition to changing their angle,
they become more widely spaced and progres-
sively narrower, and the innermost surfaces ob-
served are covered with almost pencil-thin projec-
tions (Figures 806, 81¢,d). The upper surface of
most pseudostalactites consists of a layer of sedi-
ment-rich dense to chalky microcrystalline cal-
cite. In general these sediment-rich calcite cement
cappings are best developed on the innermost
pseudostalactites observed (Figure 81¢). Scanning
electron photomicrographs show that this domi-
nantly silt-sized sediment consists mainly of chips
produced by boring sponges (Rutzler, 1975).

The serpulid polychaetes partly responsible for
these projections have been identified as members
of two species of the Vermiliopsis glandigera infun-
dibulum group (H. A. ten Hove, pers. comm. 1978),
one of which is a thin-walled species commonly
referred to in the Caribbean as Vermuiliopsis annu-
lata (Schmarda), and the other a thicker-walled
species yet to be described (Figure 824,b). Other
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Ficure 82.—Underwater close-up of pseudostalactite surfaces: a, Vermiliopsis spp. worm aggre-
gation with sponge Placospongia carinata; b, live Vermiliopsis sp. with tentacle crown extended.

(Scales = 10 mm.)

relatively common tubes, which are long and
narrow, closely resemble those of Metravermilia
multicristata (Philippi). There are also a few Spi-
rorbinae tubes and some fine tubes of Josephella
marenzelleri Caullery and Mesnic. Although the
relative number of living serpulids could not be
accurately ascertained, the lack of extended
worms as well as a scarcity of worm-filled tubes
in collected samples suggest that only about one
percent of the surface tubes contain living serpu-
lids.

In the poorly lighted to dark zone of the cave
ceiling between 1 m and 20 m from the entrance,
sponges are the most conspicuous associates of the
serpulid projections. Samples from this area con-
tained gray to white Geodia gibberosa Lamarck,
some with drooping digitate processes (Figure
83a), a stringy yellow Aplysina sp., whitish cush-
ions of Chondrilla nucula Schmidt, orange-brown
cushions and crusts of Placospongia carinata Bow-
erbank (Figure 82a), and whitish crusts of Spiras-
trella coccinea Duchassaing and Michelotti. Two
other common whitish sponges belong to the
Lithistida, encrusting Desmanthus incrustans (Top-
sent) and egg-shaped Gastrophanella implexa

Schmidt (Figure 83b). Small cryptic species, in-
cluding Microciona affinis (Topsent), Stellettinopsis
sp., and Samus anonyma Gray, coat and permeate
dead serpulid worm tubes. The orange sclero-
sponge Ceratoporella nicholsoni (Hickson) (Figure
83a) is visible on a close-up photograph of the
vertical surface of a break in the ceiling contour,
but only a few minute specimens could be secured
from a nearby location.

The dominant living mollusks found in associ-
ation with the pseudostalactites for about 25 m
from the cave entrance were the nestling arcid
bivalve, Barbatia dominensis (Lamarck), and the
encrusting venerids, Chama congregata Conrad and
Chama macerophylla (Gmelin). Although boring
bivalves are common in the pseudostalactites to
the limit of our observations, to date none have
been collected alive. Most of these bivalves are
well lithified in their borings by magnesium cal-
cite submarine cement. They include Gastrochaena
sp., Lithophaga nigra (Orbigny), Gregariella corallio-
phaga (Gmelin), and Coralliophaga coralliophaga
(Gmelin). The common occurrence of as many as
three of these bivalves, one inside another, in the
same bore hole, indicates that many of them
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Ficure 83.—Views of cave ceiling showing sponge population: a, Geodia gibberosa (15 cm long)
projecting from ceiling and Ceratoporella nicholsoni attached nearby (arrow); b, Gastrophanella
implexa (5 cm diameter).
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prefer to occupy an extant boring rather than to
form their own.

Other biota present in this habitat include
trace occurrences of small and seldom freshly
preserved bryozoan colonies belonging to eight
species of cheilostomes: Parellisina  curvirostris
(Hincks), Cribrilaria radiata (Moll), s.l., Escharina
pesanseris (Smitt) (?), Exechonella antillea (Osburn),
Hippopodina feegeensts (Busk), Hippothoa flagellum
(Manzoni) (?), Tremogasterina cf. T. perplexa Cook,
and Hippoporina pertusa (Esper). Specimens of as-
cidians collected belong to Pyura sp., possibly near
P. vittata (Stimpson).

Several epizoic algae were found growing on
the pseudostalactites near the cave opening (17
m depth), primarily the red algae Spermothamnion
wnvestiens (H. and P. Crouan) Vickers (Ceramiales;
Ceramiaceae), and Polysiphonia macrocarpa Harvey
in MacKay (Ceramiales; Rhodomelaceae). Some
very small specimens of the green alga, Cladopho-
ropsis membranaceae occur here and there, and a
single specimen of the filamentous brown alga,
Sphacelaria sp. (Sphacelariales; Sphacelariaceae),
which was non-fertile and could not be identified
to species, was also recorded. Some microscopic
blue-green algae of Calothrix sp. (Nostocales; Ri-
vulariaceae) were also found.

The thickness of the entire veneer of serpulid-
calcite cement on the ceiling of the cave could
not be determined, and individual projections
could not be measured beyond 50 cm because
they tend to coalesce as they increase in size. In
several recessed areas, the veneer appeared to be
poorly developed and the ceiling became a rela-
tively smooth surface except for some rounded
depressions that are probably solution cavities in
the Pleistocene host limestone. Inverse steps in
the relief of the ceiling resembling “false walls”
to a diver also indicate that a thin Holocene cover
is present. These steps mark areas where the roof
slumped off during the formation of the cave in
subaerial Pleistocene conditions. In addition, here
and there vertical cones that are coated with
small inclined pseudostalactites project from the
ceiling (Figure 84). These cones are probably true
Pleistocene stalactites. The prominence of this
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Ficure 84.—Large (1 m) vertical projection (probably true
stalactite) with surface covered by inclined pseudostalactites.

Pleistocene stepped surface and the presence of
the stalactites as well as solution cavities in re-
cessed areas indicate that the maximum thickness
of the serpulid-cement veneer is probably less
than 1 m.

The crest of a large cone of sediment located in
a depth of 30 m directly below the cave opening
consists mainly of very fine sand to mud-sized
sediment (Figure 79); it has a relatively smooth
surface and shows no signs of current ripple
marks. Some recognizable trails leading to a few
empty Strombus shells, indicate an unsuccessful
search for food after these animals fell through
the cave opening. The fresh condition of these
trails long after the death and decay of the
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trapped gastropods suggest a lack of bottom cur-
rents strong enough to disturb the sediments on
the cave floor. The flanks of this sedimentary
cone slope away to unknown depths.

Discussion

Cave Biora.—Characteristics of the species
composition of the sessile benthos of marine caves
in the euphotic zone has long been known to
differ considerably from that of benthos in sur-
rounding light-exposed substrates. Early work on
shaded communities in the Mediterranean (sum-
marized in Riedl, 1966), was followed by studies
of coral reef tunnels off Madagascar (Vasseur,
1974), but little attention was given to crypto-
fauna of the Atlantic reef systems until the dis-
covery of sclerosponges and of a characteristic
brachiopod-sclerosponge community under over-
hangs and in caverns and tunnels on the fore-reef
slope of Jamaica (Hartman and Goreau, 1970;
Jackson et al., 1971). The distinctive character of
the cave faunas is principally the result of de-
creased illumination—lack of light excludes fast-
growing space competitors, mainly algae, and, in
coral reefs, hermatypic hydrocorals, scleractini-
ans, and octocorals. The available substrate inside
a cave is generally well suited for colonization by
sessile filter feeders because its ceiling and vertical
walls prevent burial in sediment. Water circula-
tion, however, must be sufficiently strong to en-
sure the renewal of food supplies and the trans-
port of metabolic waste.

Whether complete darkness may be limiting
for organisms that do not depend on photosyn-
thetic processes is difficult to determine because
low light levels in shallow-water environments
commonly occur in association with poor water
circulation. A few observations on dark but open-
ended (and therefore well-ventilated) tunnels
show that predominant sessile biota consist of
sponges, serpulid polychaetes, and a few ascidians
and foraminifers (Vasseur, 1974), as well as some
ahermatypic corals, sessile or boring mollusks
(Chama sp., Lithophaga sp.), and minute bryozoans
(Rutzler, unpublished observation from Ber-
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muda). These data indicate that except for
sponges, only a few representatives of a small
number of sessile groups have adapted to com-
plete darkness within the shallow-water environ-
ment. Dark caves in the Mediterranean having a
deep (10-40 m) single entrance—and therefore
poor water circulation—are reported to be colo-
nized mainly by serpulid polychaetes, along with
boring bivalves (Lithodomus lithophagus (Lin-
naeus)), scleractinians, and a few sponges (La-
borel and Vacelet, 1959). From such accounts it
appears that serpulid polychaetes can adjust more
easily than most cave dwellers to both complete
darkness and stagnant water conditions.

DisTRIBUTION AND RECRUITMENT OF SERPU-
Lips.—The dominant serpulids in the pseudosta-
lactites of Belize are not typical colonial orga-
nisms, for each tube is the result of the activity of
asingle individual. The projections thus represent
a series of discrete settlement events, but we do
not know whether the serpulids mature in the
cave and their successive generations are recruited
locally, or whether the settlements represent in-
vasions from the outside. Most of the common
serpulids in the cave near Columbus Cay mature
in about one year, and some reproduce the year
round. As a result, if serpulids were recruited
locally, distinct settlement surfaces would be dif-
ficult to identify. If recruitment was the result of
a rare event—such as a major flushing of the
cave—then these events should be recognizable
in the projections. The distribution of live serpu-
lids suggests local recruitment in that a few scat-
tered individuals were alive when the projections
were sampled, but there were not signs of sheets
or groups of live animals.

The low percentage of live serpulids and other
biota in an area of such impressive serpulid-tube
aggregations does suggest the episodic develop-
ment of this cryptic community, which is sup-
ported by observations from “Grotte de la Tri-
perie” near Marseille (Vacelet, 1964). Vacelet
found that the center ceiling and the entire blind-
ending tunnel of a large subtidal grotto were
azoic except for a cover of empty serpulid tubes
of Serpula concharum Langerhans, Pomatostegus
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polytrema (Philippi), and Vermuliopsis infundibulum
(Linnaeus) on the walls and on the numerous
stalactites present in that cave. During maneu-
vering at the end of August 1963, a submersible
(Soucoupe Cousteau) that entered the grotto
stirred up the water considerably. Subsequently,
small but live serpulids that had been established
in the normally azoic zones in mid-October, by
mid-January were dead.

Because filter-feeding serpulids are rheotactic
rather than phototactic, the orientation of the
pseudostalactites toward the cave entrance on
both sides of this elongate opening is probably
related to current conditions rather than light
conditions. The accumulation of fine sediment
around the entrance of the cave, the preservation
of tracks of deceased and decayed Strombus on the
sediment floor, and the lack of any currents dur-
ing diving observations suggest minimal current
activity around the entrance and inside the cave.
Apparently there is, however, enough movement
of nutrient-rich water associated with the cave
opening to influence the direction of serpulid
growth. The abundance of clionid sponge chips
on the upper surfaces of pseudostalactites and the
apparent lack of excavating sponges in the cave
indicate that the occurrence of temporary influxes
of outside water capable of transporting this fine
sediment into the cave.

DistriBuTiON OF CAVE SPONGES.—Divers study-
ing the ecology of shallow marine caves (0-5 m)
in the Mediterranean have found large and di-
verse sponge populations whose composition dif-
fers significantly from that of sponges found on
light-exposed rock substrates in similar depths.
Qualitative and quantitative comparisons re-
vealed that gradients of light, water movement,
and inclination of substrate (exposure to sedimen-
tation) are responsible for these zonation patterns.
Sponges known from much greater depths (10s to
100s m) were also found in these Shallow caves
(Sara, 1958, 1961; Russ and Rutzler, 1959; Rut-
zler, 1965, 1966). Similar findings have been re-
ported in shallow reef tunnels in the Indian
Ocean (Vacelet and Vasseur, 1965) and in deeper
caves (4-25 m) in the Mediterranean (Pouliquen,

1972). Among the most interesting sponges col-
lected from dark caves were live pharetronids
(Vacelet, 1964; Vacelet and Vasseur, 1965) and
sclerosponges (Hartman and Goreau, 1970). In
addition, lithistid sponges common at bathyal
depths elsewhere have been found in shallow
caves in Madagascar (Vacelet and Vasseur, 1971)
and in the Mediterranean (Pouliquen, 1972).

The sponge fauna in Columbus Cay cave dif-
fers considerably from that of the lagoon sur-
rounding the entrance, which is similar to the
fauna of other Caribbean lagoon habitats at sim-
ilar depths, for example, near Carrie Bow Cay.
Of the sponges in the cave, Geodia gibberosa, Pla-
cospongia carinata, and Spirastrella coccinea are spe-
cies common elsewhere under rocks or back-reef
rubble; Chondrilla nucula is one of the few sponges
that grow abundantly either in full light, where
it is olive to brown from symbiotic zoocyanelles,
or in full darkness, where it is white to cream
colored (Wilkinson and Vacelet, 1979); and 4ply-
sina sp. has been collected only in caves, although
morphologically it closely resembles species from
illuminated habitats and ecologically it resembles
Verongia (= Aplysina) cavernicola (Vacelet, 1959).

Little information is available on the cryptic
species found in the cave. The absence of clinoids
in the cave is surprising because most of the
carbonate silt on the upper surfaces of the pseu-
dostalactites is derived from these sponges. The
lithistid that is present (Desmanthus incrustans) is
known also from shallow caves in the Mediterra-
nean and Indian Ocean; although its type speci-
men was dredged from the Campeche Bank, Gulf
of Mexico (unknown depth), it has not since been
reported from the western Atlantic (Vacelet et
al., 1976). The other lithistid in the cave, Gastro-
phanella implexa, has not been found since its first
description from west of Florida (180 m depth)
and southwest of Cuba (230 m depth) (Schmidt,
1879:29). Although both sclerosponges and bath-
yal lithistids are now documented in Caribbean
caves, no representative of the pharetronids has
yet been found in these waters.

Whereas the serpulid pseudostalactites occur
along at least 40 m of the ceiling of the cave,
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sponges and the few other sessile biota present do
not extend beyond the first step in the ceiling,
which is less than 20 m from the entrance.
Whether or not other openings occur in deeper
parts of the cave and possibly admit water from
the lagoon, the sponge population near the known
entrance appears to receive an adequate supply
of nutrient-rich water. This is probably intro-
duced by waves, by the activity of resident or
visiting fishes, or by some tidal flow through the
small entrance. The inner zones of the ceiling
may now and then receive renewed water con-
taining nutrients and serpulid larvae as a result
of upheaval during severe winter storms or even
hurricanes.

DistriBuTiON OF ALGAE.—The epizooic algae
associated with the pseudostalactites near the
entrance of the cave (17'm depth) are all filamen-
tous, small in size, and sparsely distributed, and
are typical of cryptic habitats as well as algal
turfs, although elsewhere they generally occur in
shallower depths.

MINERALOGY OF PsEupOSTALACTITES.—Micro-
probe analyses indicate that the magnesium cal-
cite cement, which commonly constitutes more
than half of the pseudostalactites averages 15
mole percent MgCOj. This composition together
with the dentate crystals, peloidal texture,
knobby surface relief, and minor amounts of aci-
cular aragonite present in the pseudostalactites is
characteristic of shallow-water submarine ce-
ments (Macintyre et al., 1968; Shinn, 1969; Land
and Goreau, 1970; Ginsburg et al., 1971; Alex-
andersson, 1972; James et al., 1976; Macintyre,
1977). Oxygen and carbon isotope analyses indi-
cate that fresh water did not influence the for-
mation of these projections (Macintyre and Vi-
detich, 1979). Thus, petrographic and geochemi-
cal data point to a marine origin for the cave
cement.

Radiocarbon dates were obtained for two pseu-
dostalactite samples: the core of a club-shaped
specimen 5-10 m from the cave opening gave a
date of 820%60 years B.p., and the dominantly
Mg calcite cement cap of a specimen 25 m from
the opening gave a date of 650%+40 years B.P.
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Because these dates are uncorrected, however,
they may be less than true dates if bomb carbon
is present. A slow accretion of the Holocene cave
encrustation is confirmed by the lack of measur-
able encrustation over a one-year period on
conch-shell fragments nailed to the ceiling at a
distance 10 m from the opening. All the projec-
tions in the cave, including massive club-shaped
formations near the entrance, appear to be ac-
creting slowly. The date of the cement cap clearly
indicates that even the thick crusts of cement may
have developed over a long period of time. This
finding is surprising in light of Goreau and Land’s
(1974) observation at a blast site in the deep fore
reef of Jamaica. They found appreciable lithifi-
cation within a period of one year.

The extensive cover of Mg calcite submarine
cement on the ceiling of the cave confirms earlier
observations that submarine lithification is most
extensive in areas where little or no sediment
accumulation occurs and where substrates are
exposed for long periods of time (see Macintyre,
1977). Although similar cements have been well
documented in a variety of marine habitats, the
processes responsible for submarine lithification
remain unidentified.

Conclusion

The submerged Pleistocene cave in a Thalassia-
covered lagoon of the barrier-reef platform off
Belize is an unusual cryptic habitat having no
known counterparts in other marine environ-
ments. The restricted flow of water in this cave
has been more favorable to the establishment of
serpulid worms than to other forms of encrusting
fauna. Sessile biota, including sponges, filamen-
tous algae, mollusks, and bryozoans are only mi-
nor constituents sparsely distributed on the ceil-
ing of the cave over an area generally less than
25 m from the entrance. The serpulids, on the
other hand, have formed massive projections su-
perficially resembling stalactites (called pseudo-
stalactites) that are inclined at decreasing angles
away from the entrance and oriented toward the
cave opening. These projections are present for
at least 40 m from the opening, but their
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shape changes gradually from club-shaped forms
reaching 30 cm in width near the cave entrance
to pencil-thin forms at the inner limit of our
observation. The pseudostalactites are extensively

infilled and encrusted by submarine cement,
which is a magnesium calcite cement similar to
submarine cements reported elsewhere off Belize
as well as in other tropical reef areas of the world.
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Surface Zooplankton at Carrie Bow Cay, Belize

Joan D. Ferraris

ABSTRACT

Zooplankton at Carrie Bow Cay, Belize, was
sampled by conventional plankton net tows in
the open ocean immediately seaward of the reef
and in the lagoon in order to obtain plankton
both before and after it had passed over the reef.
Tows were taken at the surface and in depths of
3 m at each location, at approximately 0400 h,
0800 h, 1600 h, and 2000 h. The composition of
the samples indicates primarily oceanic plankton
at both locations, and elements of a presumed
resident reef fauna at the shallower lagoon sta-
tion. Results demonstrate a net import of zoo-
plankton to the reef and substantiate observations
by other workers that plankton abundance in-
creases at night.

Introduction

Investigations of zooplankton diversity, dy-
namics, and biomass provide essential informa-
tion about breeding patterns (Moore and Sander,
1976, 1977), behavioral strategies (Emery, 1968;
Alldredge and King, 1977), emergence patterns
(Glynn, 1973; Porter, 1974; Porter et al., 1977),
predation (Johannes et al., 1970; Goreau et al.,
1971; Stevenson, 1972; Davis and Birdsong, 1973;
Gerber and Marshall, 1974; Hobson, 1974; Por-
ter, 1974), and the energetic impact of planktonic
organisms on coral reef communities (Yonge,
1930; Sargent and Austin, 1954; Odum and
Odum, 1955; Quasim and Sankaranarayanan,
1970; Tranter and George, 1972; Glynn, 1973;
Johannes, 1974; Johannes and Gerber, 1974; re-

Joan D. Ferraris, Mount Desert Island Biological Laboratory, Sals-
bury Cove, Maine 04672.
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view by Lewis, 1977). The present report is con-
cerned with zooplankton from the surface water
adjacent to the coral reef at Carrie Bow Cay,
Belize, and its possible import to that coral reef
community.

AckNOWLEDGMENTS.—I thank B. W. Spracklin
for invaluable aid in the field and R. J. Larson
for assistance in the laboratory.

Materials and Methods

Plankton was sampled by towing a 29 cm
diameter plankton net (100 gm mesh net, 250 um
mesh basket) at a fixed distance behind a small
boat during April and May 1976. In order to
sample plankton both before and after it had
passed over the barrier reef, the net was towed
parallel to the reef at two locations. Site 1
(“ocean”) is immediately secaward of the fore-reef
slope. Water depth in this area is greater than
200 m. Site 2 (“lagoon”) is approximately 0.5 km
shoreward of the reef at Carrie Bow Cay. Water
depth at site 2 ranges from 5 to 8 m. The predom-
inant wind direction at the time was ENE, so
that trade winds were blowing from the open
ocean in the direction of the lagoon.

Horizontal tows at each site were taken consec-
utively at two depths, 0-0.5 and 2.5-3.0 m. Ap-
proximate times of tows were 0400 h (approxi-
mately 1 hour before sunrise), 0800 h, 1600 h and
2000 h (approximately 1.5 hours after sunset)
during the same 24-hour period, whenever
weather conditions permitted.

The net was equipped with a calibrated flow
meter and all tows were timed (5-10 min) with a
stopwatch, so that volume of water filtered could
be calculated. Samples were fixed in 10% for-
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malin in sea water in the boat immediately after
each tow. In addition, live samples were returned
to Carrie Bow Cay for observation.

The settled volume of the plankton in entire
samples was determined by straining samples
through 100 yum mesh plankton netting and rins-
ing them into a 25 ml graduated cylinder. Vol-
ume was recorded until constant readings were
obtained (24 to 36 h). Large organisms such as
Scyphozoa and Leptocephalus larvae (Pisces) as
well as plant debris (for instance, Thalassia testu-
dinum Banks ex Konig and Turbinaria sp.) were
removed prior to volume determination. Any em-
bryos suspended in mucus, however, could not be
removed without interfering with other organisms
in the sample.

All samples were then subdivided using an
eight-chambered plankton splitter. The volume
of each sample was adjusted to 100 ml by the
addition of 10% formalin in filtered sea water
prior to splitting. One-eighth of each sample was
removed and stained with 0.1% rose bengal to
facilitate identification and enumeration of or-
ganisms. The highly abundant copepods and
non-cirripede nauplii (mostly copepod) were
counted by adjusting the one-eighth subsample
to a volume of 20 ml and further subsampling it
by removing 1 or 2 ml with a Hensen Stemple
pipette. All counts were made under a Wild M 5
stereomicroscope having a plankton counting
wheel mounted on the base. The field of view at
X 25 magnification spanned the width of the
plankton wheel groove and permitted continuous
counting while the wheel was rotated.

The remaining seven-eighths subsample was
strained through 100 pm mesh netting, dried at
60°C for 24 h and weighed to the nearest 1 mg
after cooling in a desiccator. Samples were then
ashed at 510°C and ash-free dry weights calcu-
lated.

The Wilcoxon signed-ranks test (Sokal and
Rohlf, 1969) was applied to means generated
exclusively from paired groups of samples.

Results

Copepods and nauplii comprise much of the
plankton in both lagoon (n = 40) and ocean (n

= 32) samples (Table 13). In the lagoon, copepods
account for 53.0% and nauplii (mostly copepod)
account for 31.5% of the total number of individ-
uals (combined value = 84.5%). Similarly, in
ocean samples the mean percentage of copepods
was 52.7 and of nauplii 29.7 (combined value =
82.4%). At the taxonomic level at which the
organisms were counted, more than 82% of the
taxa were common to both lagoon and ocean
samples. These values are comparable to those
reported by Moore and Sander (1976) for the
inshore zooplankton overlying two other Carib-
bean coral reef areas, where copepods comprised
76.0% (Jamaica) and 84.4% (Barbados) of the
plankton.

Significant quantitative differences appear
when samples are compared on the basis of the

TasLe 13.—Relative abundance (percentage of individuals)
of major plankton categories (= 0.5%) on either side of the
barrier reef at Carrie Bow Cay (number of samples in
parentheses)

Lagoon Ocean

Plankton ( 4570 ) (32)
Copepoda 53.0 52.7
Nauplii 31.5 29.7
Gastropoda larvae 3.0 2.0
Fish ova 24 1.2
Larvacea 2.2 8.3
Polychaeta larvae 1.9 3.9
Shrimp* larvae 1.1 0.3
Brachyura larvae 1.1 0.3
Pteropoda 0.9 1.0
Cirripeda larvae 0.8 0.7
Chaetognatha 0.7 0.5

* Euphausiacea, Penaeidea, Caridea.

TasLe 14.—Results of Wilcoxon signed-ranks test applied to
abundance of organisms in different sample groups com-
pared on basis of mean number of individuals/m® (data
from Table 15; + = significant at P < 0.05; 0 = no significant
difference)

Copepods
Sample groups compared Total and
plankton nauplit  Others
Ocean : Lagoon + + +
Night : Day + + 0
0-0.5m : 2.5-3.0 m depth 0 0 +
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mean abundance of organisms in different habi-
tats and light periods (Table 14). In order to
eliminate the influence of the dominant copepods
and nauplii, these groups were tested as a separate
category. Abundance of organisms in ocean sam-
ples is greater than in lagoon samples with respect
to all three counts. Night tows (0400 h and 2000
h) yield a larger combined number of individuals
than daytime samples (0800 h and 1600 h), as
would be expected from the bimodal pattern of
plankton emergence (near dawn and dusk) indi-
cated by Glynn (1973). This difference does not
hold, however, for organisms other than copepods
and nauplii which show no significant quantita-
tive difference between night and day. On the
other hand, surface tows (0-0.5 m) differ signifi-
cantly from 2.5-3.0 m tows only with respect to
plankton other than copepods and nauplii.
These differences are not entirely reflected by
settled volume or ash-free dry weights (Table 15).
When mean values for settled volume generated
by paired groups of samples are compared by the
Wilcoxon signed-ranks test, significantly more
plankton volume/m?® is found in ocean samples
than lagoon samples and, contrary to individual
numbers, in day tows than in night tows (P <
0.05). The latter result is probably due to the
presence of significantly more siphonophores in
day samples (see below). Depth of tow did not
have bearing on volume of plankton. Ash-free dry
weight, which is a more reliable estimate of bio-
mass than settled volume, does not differ signifi-
cantly when locations or times of day are com-
pared (Table 17) using means generated by
paired groups of samples (Table 15). Significantly
more plankton biomass (mg/m®), however, is
found at 0-0.5 m than in 2.5-3.0 m, regardless of
location or time of day. The lack of agreement
between these measurements of numbers of indi-
viduals and biomass probably reflects differences
in the composition of the samples (Tables 13, 16)
as well as patchiness or unevenness in zooplank-
ton distribution. Patchiness is indicated by the
large standard errors of means calculated for all
counts and biomass measurements in the present
study (Tables 15, 16). It should be noted, how-
ever, that mean ash-free dry weight (mg/m?®) of

ocean samples is greater than that of lagoon
samples, that of night samples exceeds that of day
samples, and that of 0-0.5 m samples is greater
than that of 2.5-3.0 m samples (Table 17).

The dominant organisms other than copepods
and nauplii represented at both locations indicate
a primarily oceanic plankton: larval polychaetes,
gastropods, cirripedes, and shrimps (Euphausi-
acea, Penaeidea, Caridea) as well as pteropods,
larvaceans, chaetognaths, and fish ova (Tables
13, 16). Of these groups, polychaete larvae, gas-
tropod larvae, larvaceans, and chaetognaths are
significantly more numerous in ocean than in
lagoon samples (P < 0.05). Similarly, larval cni-
darians, platyhelminthes, bryozoans, pelecypods,
and echinoderms, as well as siphonophores, ostra-
cods, copepods, nauplii, salps, and doliolids are
more numerous in ocean samples. Also, although
the blue-green alga Oscillatoria (= Trichodesmium)
sp. was not counted, it was observed to be a major
component of the ocean but not the lagoon plank-
ton. These results may indicate a net import of
organisms to the reef because oceanic plankton is
removed from the water column by the reef com-
munity. Similar findings are reported by Tranter
and George (1972) at Kavaratti and Kalpeni
atolls in the Laccadives, by Glynn (1973) at
Puerto Rico, and by Johannes and Gerber (1974)
at Eniwetok Atoll. In contrast, Motoda (1940)
and Johnson (1949, 1954) found zooplankton to
be less abundant in ocean waters than in lagoon
waters. However, as pointed out by several au-

TasLe 17.—Carrie Bow Cay plankton biomass, expressed as
ash-free dry weights (mg/m® + standard error) for the six
major sample groups, with results of Wilcoxon signed-ranks
test for paired groups (+ = significant at P < 0.05; 0 = no
significant difference)

Sample

group mg/m® Wilcoxon test
Ocean 2.35+0.41 0
Lagoon 1.85%+0.30
Night 2.48+0.41 0
Day 1.71+0.25
0-0.5 m 2.44+0.41 +
2.5-3.0m 1.75%+0.28
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thors (Alldredge and King, 1977; Porter and
Porter, 1977; Porter et al., 1978; Rutzler et al.,
1980), plankton samples from the surface waters
associated with coral reefs do not necessarily re-
flect the amount of plankton actually available
to reef organisms. In the present study, certain
groups of organisms (mysids, cumaceans, brach-
yuran larvae) are present in significantly (P <
0.05) greater numbers per m® in the lagoon. Also,
the percentage of the plankton represented by
these groups, together with adult polychaetes and
shrimp larvae, is greater in the lagoon than out-
side the reef (based on data in Table 13, with the
addition of lagoon versus ocean sample percent-
ages for adult polychaetes, 0.2:0.04; mysids, 0.08:
0.004; and cumaceans, 0.4:0.005). Similarly, the
foraminiferan Rosalina (= Tretomphalus) sp. was
recorded as abundant in lagoon but not in ocean
samples. These results may indicate a significant
difference in the composition of the plankton
between the two localities. Hence, this difference
may also reflect the presence of a resident reef
fauna in the lagoon, represented by organisms
that are at times considered demersal, such as
adult polychaetes, mysids, cumaceans, shrimp
larvae, and brachyuran larvae (Tranter and
George, 1972; Sale et al., 1976; Alldredge and
King, 1977, Porter and Porter, 1977). Such a
resident reef fauna would be sampled only par-
tially by the methods used in the present study
and more likely would appear in samples from
the lagoon, where water depth is only 5-8 m and
small patch reefs are common. Similarly, differ-
ences in composition but not necessarily in bio-
mass of lagoon and offshore plankton were found
by Johnson (1954), Odum and Odum (1955),
Bakus (1964), Tranter and George (1972), and
Sale et al. (1976). This difference would indicate
removal of oceanic plankton by reef organisms
and replacement by a resident lagoon plankton
(Emery, 1968).

Tows taken at 0-0.5 m and 2.5-3.0 m appear
to have similar composition. Mysids, cumaceans,
and fish ova were more abundant (P < 0.05) at
0-0.5 m whereas pelecypod and anomuran larvae
were more common in 2.5-3.0 m tows.
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Comparing day and night tows, significantly
more cnidarian larvae, siphonophores, platyhel-
minth larvae, sipunculid larvae and cladocerans
appear in daytime (0800 h and 1600 h) tows.
Crustacean groups (ostracods, mysids, cuma-
ceans, amphipods, shrimp larvae, and anomuran
larvae) as well as doliolids, however, are more
abundant at night (0400 h and 2000 h). Results
of this study agree, in general, with Emery (1968),
Johannes et al. (1970), Glynn (1973), Porter
(1974), and Renon (1977), who have noted both
quantitative and qualitative differences between
day and night samples of zooplankton over a
variety of coral reefs. More specifically, Alldredge
and King (1977) also report more ostracods, my-
sids, cumaceans, amphipods, shrimps, and deca-
pod larvae in night tows than in daylight tows at
Lizard Island on the Great Barrier Reef.

Conclusions

Copepods and nauplii (mostly copepod) com-
bined account for 84.5% and 82.4% of the zoo-
plankton in lagoon and ocean samples, respec-
tively, from Carrie Bow Cay. Other major groups
of organisms represented at both locations (larval
polychaetes, gastropods, cirripedes, and shrimp,
as well as pteropods, larvaceans, chaetognaths,
and fish ova) indicate a primarily oceanic plank-
ton.

The relative abundance of mysids, cumaceans,
adult polychaetes, and brachyuran and shrimp
larvae in the lagoon may indicate partial sam-
pling of a resident reef fauna in this habitat.
Samples from the open ocean contain a signifi-
cantly greater number of organisms (copepods
and nauplii, as well as all others) per m® water
than those from the lagoon, and therefore suggest
a net import of zooplankton to the reef. Plankton
biomass, expressed by ash-free dry weight was
greater in ocean, night, and 0~0.5 m samples than
in lagoon, day, and 2.5-3.0 m tows.

Resident reef fauna will have to be sampled
directly before final conclusions can be drawn
about the impact of zooplankton on the energy
budget of the coral reef community.
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Plankton Diatoms (Bacillariophyceae)
from Carrie Bow Cay, Belize

Paul E. Hargraves

ABSTRACT

Seventy-three diatom taxa from the coastal
waters around Carrie Bow Cay, Belize (Central
America) were found in samples collected April/
May 1977 and January1978. Chaetoceros, Rhizoso-
lenia, and Coscinodiscus were the most common
genera. Six species are new records for the Car-
ibbean region. Distinct differences exist between
spring and winter diatom flora. Although numer-
ous spore-forming species were found, resting
spores were absent. Cultivation of more tropical
diatoms is seen as an aid in solving problems in
the systematics of tropical phytoplankton.

Introduction

The species composition of plankton diatoms
along the Carribean coast, unlike that of coastal
areas in temperate regions, is poorly known. For
oceanic areas of the Caribbean more information
is available because a considerable number of
oceanographic cruises have included sampling for
phytoplankton (for instance, Hargraves et al.,
1970; Hulbert, 1968; Marshall, 1973; Takano,
1960). Coastal floristic works are few and widely
scattered geographically (Buchanan, 1971; Mar-
galef, 1957, 1968; Sander, 1976). Apparently no
publications deal with coastal plankton diatoms
of Belize, although planktonic coccolithophorids
have been examined (Kling, 1975).

In terms of turnover rate and primary produc-
tion in tropical waters, the nanoplankton (larger

Paul E. Hargraves, Graduate School of Oceanography, University of
Rhode Island, Kingston, R. 1. 02881.
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than 1-10 pm but smaller than 50-70 pm, de-
pending on authors’ definition) is often more
important than the net plankton (Malone, 1971;
Texeira, 1963); nanoplankton may occasionally
dominate the biomass as well (Garrison, 1975).
Owing to my limited sampling, the annotated list
below does not completely represent plankton
diatoms of Carrie Bow Cay. Also, primarily
benthic species are excluded from this report,
except for the few whose consistent presence in-
dicates a pelagic as well as benthic existence.

Generally, diatom species have been defined on
the basis of morphological characteristics without
a proven genetic basis. Variability within a spe-
cies is often considerable, not only morphologi-
cally (for example, Van Landingham, 1967, lists
over 100 synonyms for Actinocyclus ehrenbergii that
were formerly considered species, differentiated
on morphological bases), but physiologically as
well (for example, Carpenter and Guillard, 1971;
Hargraves and Guillard, 1974). Although im-
practical for routine purposes, genetic analysis by
means of enzyme electrophoresis (Gallagher,
1979; Murphy and Guillard, 1976) shows consid-
erable promise for separating diatom species.
Nevertheless, morphological features are the main
criteria for current classification schemes.

The grouping of species into genera, of genera
into families, and of families into orders is in a
state of flux, primarily because of recent discov-
eries about fine structure of the siliceous diatom
frustule (see reviews in Werner, 1977). Organi-
zation of these hierarchies is subjective, depend-
ing on individual assessment of the relative im-
portance of given structures, and diatomists have
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probably not yet attained a wholly natural clas-
sification system. For this reason, the list below is
arranged in alphabetical order rather than in a
particular phylogenetic scheme. Some recent at-
tempts at an incisive phylogenetic arrangement
have been reviewed by Hendey (1974) and Si-
monsen (1974).

AcCKkNOWLEDGMENTs.—The assistance of P.
Boyd, D. Hargraves, and K. Zimmerly is grate-
fully acknowledged. Partial support came from
the National Science Foundation, Grant No.
OCE 76-82280.

Methods

Samples were collected with 30 cm diameter
plankton nets, having mesh sizes of 65 ym or 10
pm and were preserved in hexamine-buffered
formalin or Lugol’s iodine, without acetic acid.
Aliquots were washed with distilled water to re-
move salts. To remove organic matter, cells were
oxidized by either boiling for one hour in 30%
hydrogen peroxide, or by ashing samples for three
hours on cover slips on a hot plate. Permanent
slides of the oxidized material were prepared
using Hyrax (Custom Research & Development,
Inc., Auburn, California) as a mounting medium.
These permanent mounts and the liquid-pre-
served material were examined in a Zeiss Photo-
microscope II using brightfield, phase contrast,
and Nomarski interference contrast optics. When
necessary, identifications were confirmed using a
Cambridge Stereoscan electron microscope.
Slides are maintained in the author’s collection.

Collection sites were in the vicinity of Carrie
Bow Cay, in the central portion of the Belize
barrier reef. Surface tows were made over Thal-
assia, near the mangrove forests of Twin Cays, in
the channel between Carrie Bow Cay and South
Water Cay, in deeper water (over 200 m) about
0.5 km east of Carrie Bow Cay, and in the “South-
ern Shelf” of the lagoon, at approximately
16°55’N, 88°12'W in over 20 m depth. The sam-
ples were collected in April and May 1977 and
January 1978 at the same localities, and thus they
cover the late spring and mid-winter periods.

Annotated List of Diatoms
(Species new to the Caribbean flora are designated by *)

Actinocyclus ehrenbergii Ralfs in Pritchard (Figure

87a)

[= A. octonarius Ehrenberg)]

Found only in lagoon samples in spring; never
common. Previously reported from the Car-
ibbean by Hagelstein (1938) and Margalef
(1968). Characteristic of both benthic and
pelagic environments. Reference: Hendey
(1964).

Actinocyclus subtilis (Gregory) Ralfs in Pritchard
Found only in lagoon samples in spring; never
common. Previously reported from the Car-
ibbean by Hagelstein (1938) and Margalef
(1968). Characteristic of both benthic and
pelagic environments. Reference: Hendey
(1964).

Actinoptychus senarius (Ehrenberg) Ehrenberg
[= A. undulatus (Bailey) Ralfs in Pritchard]
Found only rarely in samples from the lagoon
side of Carrie Bow Cay in winter. A cosmo-
politan species, it is widespread in temperate
coastal waters in all seasons, but apparently
rarer in the tropics. Reported from the Car-
ibbean by Hagelstein (1938) and Margalef
(1968) among others. Reference: Hendey
(1964).

Asterionella notata (Grunow) Grunow in Van

Heurck (Figure 85d)
Uncommon to common in all samples; more
abundant on the ocean side of Carrie Bow
Cay. A tropical coastal species straying rarely
into temperate waters. Widespread in the Car-
ibbean, but apparently misidentified occa-
sionally as A. kariana, an Arctic species. Ref-
erence: Hustedt (1931-1959).

* Asteromphalus hooker: Ehrenberg (Figure 85¢)
Present rarely and only in spring from the
ocean side. Normally oceanic in cooler waters.
Not previously reported from the Caribbean.
Reference: Lebour (1930).

Bacteriastrum comosum Pavillard
Occasionally found in winter only in lagoon
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and ocean-side samples. A predominantly
tropical species, previously reported from the
Caribbean by Margalef (1968). Reference:
Hustedt (1927-1930).

Bacteriastrum delicatulum Cleve
Found in lagoon and ocean-side samples in
spring and winter. An oceanic species, reach-
ing its maximum abundance in temperate
waters. Widespread and occasionally abun-
dant throughout the Caribbean. Reference:
Hendey (1964).

Bacteriastrum elongatum Cleve (Figure 866)

Found rarely in ocean-side tows and only in
spring. Commonly found in tropical waters,
and widely reported from the Caribbean. Ref-
erence: Hendey (1964).

Bacteriastrum cf. furcatum Shadbolt (Figure 86a)
This cell was seen in one sample from the
ocean side in spring. It resembles B. furcatum
Shadbolt, sensu Boalch (1975), but insuffi-
cient material was found to make an identifi-
cation.

Bacteriastrum hyalinum Lauder (Figure 85a)
Occasionally found in winter samples, from
both lagoon and ocean side. Common in tem-
perate and tropical coastal waters. Previously
reported from the Caribbean by Hargraves et
al. (1970) and Margalef (1968). Reference:
Hendey (1964).

Bacteriastrum varians Lauder
Found once in a spring sample from the la-
goon side of Carrie Bow Cay. Generally con-
sidered a tropical oceanic species, it was re-
ported in the Caribbean by Takano (1960).
Boalch (1975) considers B. varians a synonym
of B. furcatum Shadbolt. Reference: Boalch
(1975).

Cerataulina pelagica (Cleve) Hendey
[= Cerataulina bergonii (Péragallo) Schutt]
Present in small numbers in winter samples.
Widely distributed in coastal temperate and
tropical regions. Found throughout the Car-
ibbean region. Reference: Hendey (1964).

Chaetoceros affine Lauder
Occasionally present in ocean-side samples in
winter and spring. Widely distributed in tem-
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perate and tropical coastal waters. Commonly
reported from the Caribbean. The morphol-
ogy of this species is highly variable. Some
chains appear transitional to C. diversum and
C. laciniosum. Single cells are also seen rarely.
Reference: Hustedt (1927-1930).

Chaetoceros atlanticum Cleve
Very rare in ocean samples in both winter and
spring. A widespread oceanic species in tem-
perate and tropical waters. Reported from the
Caribbean by Margalef (1968), Roukiyainen
et al. (1973), and Sander (1976). The variety
neapolitana seems more common to tropical
waters. The morphology of some chains re-
sembles C. laciniosum, from which it can be
distinguished by the multiple chloroplasts and
central tubule of the valve. Reference: Hus-
tedt (1927-1930).

*Chaetoceros boreale Bailey

Rarely found in a spring sample on the ocean
side of Carrie Bow Cay. This rather distinctive
species is normally found in temperate or cold
waters. It has not been reported previously
from the Caribbean. Reference: Hustedt
(1927-1930).

Chaetoceros coarctatum Lauder
A rarely found species from ocean-side sam-
ples in winter and spring. Generally found in
the tropics, occasionally in temperate waters.
Previously reported from the Caribbean re-
gion by Hargraves et al. (1970), Margalef
(1968), and Takano (1960). Rarely vorticellid
protozoans are attached to several cells in a
chain. Reference: Hustedt (1927-1930).

Chaetoceros compressum Lauder
Only seen once in a winter sample. This spe-
cies is normally considered a coastal species
from temperate or boreal waters. Nevertheless,
it is widely reported from the Caribbean,
sometimes as a dominant species (Sander,
1976). Reference: Hustedt (1927-1930).

Chaetoceros curvisetum Cleve
Occasionally seen in spring, but only in sam-
ples from the ocean side of Carrie Bow Cay.
Widely distributed in coastal waters in tem-
perate and tropical regions. Reported by most
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Ficure 85.—Light photomicrographs of representative diatoms: a, Bacteriastrum hyalinum, valve
view of cell with 17 setae (Hyrax mount); b, Chaetoceros peruvianum, girdle view of entire cell
(only bases of setae are shown; Hyrax mount); ¢, Asteromphalus hookert, valve view of cell (Hyrax
mount); d, Aslerionella notata, isolated cell in valve view (Hyrax mount); e, Coscinodiscus jonesianus,
valve view (Hyrax mount); f, Thalassionema nilzschioides, eight-celled colony in girdle view (living
material). (Scale = 10 um.)
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Ficure 86.—Scanning electron photomicrographs of representative diatoms: a, Bacteriastrum sp.,
probably B. furcatum (sensu Boalch, 1975), valve view of terminal cell; &, B. elongatum, terminal
and interior cells of a chain; ¢, Chaetoceros lorenzianum, girdle view; d, Hemialus hauckii, girdle view
of an isolated valve. (Scale = 10 pm.).
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authors throughout the Caribbean. Refer-
ence: Hustedt (1927-1930).

Chaetoceros danicum Cleve
Occasionally found in lagoon samples in win-
ter. Normally characterized as a temperate
species favoring somewhat reduced salinity.
Previously reported from the Caribbean by
Margalef (1968) and Sander (1976). Refer-
ence: Hustedt (1927-1930).

Chaetoceros decipiens Cleve
Rarely observed in winter samples from the
lagoon and ocean side of Carrie Bow Cay.
Nominally an oceanic species from temperate
and boreal waters, it has been previously re-
ported from the Caribbean by most authors.
The morphology of the species is variable; the
distinctive features distinguishing it from C.
lorenzianum are the nature of fusion of the setae
and the presence of resting spores in C. loren-
zianum. Fusion of the setae is a somewhat
unreliable character in nature, and spores are
rarely seen; it is possible that misidentifica-
tions have occurred, particularly in the case
of narrow cells and short chains. Minor differ-
ences between the two are apparent at the
ultrastructural level (Evenson and Hasle,
1976). Reference: Cupp (1943).

Chaetoceros didymum Ehrenbert
Fairly common in ocean-side samples in both
spring and winter. Widely distributed in tem-
perate and warm waters; also widely distrib-
uted in the Caribbean. Reference: Hustedt
(1927-1930).

Chaetoceros diversum Cleve
Found in winter and spring in most samples.
Considered to be a tropical coastal species, it
is occasionally reported also in temperate wa-
ters. Previously reported from the Caribbean
by Sander (1976) and Takano (1960). This
species is easily confused with C. laeve Leu-

Ficure 87.—Scanning electron photomicrographs of repre-
sentative diatoms: a, Actinocyclus ehrenbergii, interior side of a
small specimen; b, Trigonium formosum, external side of a five-
sided form; C, Rhizosolenia calcaravis, side view of the valve;
d, Triceratium pentacrinus, external side; e, Isthmia enervis, girdle
view of the entire cell. (Scale = 10 pm.)
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duger-Fortmorel and perhaps the two should
be synonymous. Sander and Takano include
both these species in their lists. Short chains
may resemble C. affine. Reference: Cupp
(1943).

Chaetoceros laciniosum Schutt

[= C. distans Cleve]

Occasionally present in ocean-side samples in
spring. This species is common and widely
distributed in temperate waters but also oc-
curs in the tropics. Previously reported from
the Caribbean by Hulburt (1968) and Sander
(1976), the latter as “dominant.” Chaetoceros
laciniosum 1s another highly variable species,
and in its growth forms can resemble C. pelag-
icum Cleve and C. breve Schutt. Superficially
some chains also resemble C. affine and narrow
forms of C. atlanticum. Reference: Hustedt
(1927-1930).

Chaetoceros lorenzianum Grunow (Figure 86¢)

Found in most samples in winter and spring.
A common coastal form from temperate wa-
ters, it also is widely distributed in the tropics.
It is widely reported, sometimes in abundance,
from the Caribbean. Narrow chains particu-
larly can be confused with C. decipiens (see
comment for that species). Reference: Hustedt

(1927-1930).

Chaetoceros pendulum Karsten

Seen once in a spring tow from the ocean side.
A fairly rare oceanic species characteristic of
tropical waters. Reports from the Caribbean
by Sander (1976) and Takano (1960). Refer-
ence: Cupp (1943).

Chacetoceros peruvianum Brightwell (Figure 856)

Found in a spring tow from the ocean side. A
very common and widely distributed species
in temperate and tropical waters, although
rarely abundant. Present in both coastal and
oceanic areas. Widely reported from the Car-
ibbean (for instance, Sanders, 1976; Takano,
1960), as short chains and single cells. Refer-
ence: Cupp (1943).

Chaetoceros pseudocurvisetum Mangin

Occasionally in winter samples. A coastal spe-
cies widely distributed in temperate and trop-
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ical areas. previously reported from the Car-
ibbean by Hagelstein (1938), Margalef (1968),
and Takano (1960). Reference: Cupp (1943).

Chaetoceros tortissimum Gran

Seen only once in a winter tow on the ocean
side of Carrie Bow Cay. This is a characteris-
tically temperate coastal species only occa-
sionally seen and rarely of any abundance. It
has been reported from the Caribbean by
Margalef (1968) and Takano (1960). Refer-
ence: Hendey (1964).

Climacodium biconcavum Cleve

Rare; observed in only one tow from the ocean
side in spring. A widely distributed tropical
oceanic species. Previously reported from the
Caribbean by Sander (1976) and Takano
(1960). Reference: Hustedt (1927-1930).
Climacodium frauenfeldianum Grunow

Fairly common in the spring in both lagoon
and ocean-side samples. Like C. biconcavum,
this species is found only rarely outside the
tropics, but it is apparently more common
that C. biconcavum. The shape of the intercel-
lular aperture is apparently the only distin-
guishing characteristic between the two spe-
cies: elliptical or quadrate in C. frauenfeldianum,
lanceolate or diamond-shaped in C. biconcavum.
Sander (1976) and Takano (1960) have re-
ported it in Caribbean waters. Reference:
Cupp (1943).

Coscinodiscus asteromphalus Ehrenberg
Occasionally seen in ocean tows in the spring
and lagoon samples in the winter. This is one
of the most common Coscinodiscus species in
temperate coastal waters. It is morphologi-
cally variable and may be confused with other
species, and has rarely been reported from the
tropics. The only previous Caribbean record
is Hargraves et al. (1970). Reference: Hustedt
(1927-1930).

Coscinodiscus centralis Ehrenberg

Present in one sample in the spring from the
ocean side. More common In oceanic waters,
this species is also found in coastal temperate
areas. Reported from the Caribbean by Bu-
canan (1971), Hargraves et al. (1970), Mar-

shall (1973), and Takano (1960). Reference:
Hustedt (1927-1930).

Coscinodiscus concinniformis Simonsen

Occasionally seen in ocean-side samples in
both spring and winter. This species was es-
tablished by Simonsen (1974) and includes in
part C. concinnus in the sense of Hustedt (1927~
1930). The relationship of C. concinniformis to
C. concinnus, C. concinnoides, C. granit, C. nobilis
and C. wailesii is discussed by Simonsen (1974:
14-16). At least some of the tropical records
of C. concinnus are probably C. concinniformus,
since the latter appears to be a tropical species,
whereas the former is found in “higher lati-
tudes.” Assuming this to be true, C. concinni-
Sformis is widespread in the Caribbean. Refer-
ence: Cupp (1943); Simonsen (1974).

Coscinodiscus jonesianus (Greville) Ostenfeld (Fig-

ure 85¢)

Found once in a winter sample from the la-
goon side. Widespread in tropical and tem-
perate coastal areas. Previously reported from
the Caribbean by Hargraves et al. (1970),
Margalef (1968), and Takano (1960). Refer-
ence: Hustedt (1927-1930).

Coscinodiscus nitidus Gregory

A distinctive species occasionally found in
lagoon samples in both spring and winter.
Commonly a benthic species. A widespread
species of coastal regions. Commonly reported
throughout the Caribbean region. Reference:
Hustedt (1927-1930).

Coscinodiscus rothiz (Ehrenberg) Grunow

Seen rarely in a lagoon sample in winter. A
widespread species often seen ih waters of
reduced salinity. Previously reported from the
Caribbean by Hargraves et al. (1970) and
Hagelstein (1938). This is a morphologically
variable species, and the taxonomy of the
group Fasciculati, to which this species be-
longs, is somewhat confused. Reference: Hus-
tedt (1927-1930).

Coscinodiscus sp.

Rarely seen in winter in lagoon samples, this
species has features that resemble both C.
perforatus Ehrenberg and C. apiculatus Ehren-
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berg. The former species has been reported
several times from the Caribbean, whereas the
latter has not.

Cylindrotheca closterium (Ehrenberg) Reimann and
Lewin

[= Nitzschia closterium (Ehrenberg) Smith)|
Rare to common in all samples, but more
common in samples from shallow water. This
species 1s ubiquitous in the plankton and ben-
thos from boreal to tropical regions. Previ-
ously reported from the Caribbean by Mar-
galef (1957) and Hagelstein (1938). Refer-
ence: Hendey (1964; as N. closterium).
Eucampia zoodiacus Ehrenberg

Seen once in a lagoon sample in winter. A
widespread coastal temperate species, uncom-
mon in the tropics. Previously reported from
the Caribbean by Buchanan (1971) and
Sander (1976). Reference: Cupp (1943).
Guinardia flaccida (Castracane) Péragallo

Fairly common in winter from both lagoon
and ocean-side samples. Widespread and com-
mon in coastal and oceanic regions; it is pre-
dominantly temperate but also found in trop-
ical areas. Commonly reported in the Carib-
bean region (for instance, Sander, 1976). Ref-
erence: Hustedt (1927-1930).

Hemiaulus hauckii Grunow in Van Heurck (Fig-
ure 864)

Found to be fairly common in ocean-side
samples in both spring and winter. This spe-
cies occurs worldwide in tropical waters, oc-
casionally abundant. Commonly reported
from the Caribbean (for instance, Hargraves
et al., 1970; Sander, 1976). Reference: Hus-
tedt (1927-1930).

Hemiaulus membranaceus Cleve

Distribution similar to that of H. hauckii in
Belize waters. Normally this species is a rare
member of tropical plankton. The polymor-
phism of this species has been discussed by
Sournia (1968). Previously recorded from the
Caribbean by Hargraves et al. (1970) and
Marshall (1973). Reference: Cupp (1943).

Hemiaulus sinensis Greville

Found rarely in lagoon samples in spring and
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ocean-side samples in winter. A widespread
but uncommon species of tropical areas. Pre-
viously reported from the Caribbean by sev-
eral investigators. Reference: Hustedt (1927-
1930).

Isthmia enervis Ehrenberg (Figure 87¢)
Commonly found in most samples, winter and
spring. This distinctive species is normally
epiphytic on algae and seagrasses in tropical
and temperate waters; more common in the
tropics. Several investigators have reported it
from the Caribbean. Reference: Hustedt
(1927-1930).

Nutzschia bicapitata Cleve
This species was rarely seen in ocean-side
samples in both seasons. It is a widespread
oceanic species from polar regions to the trop-
ics. It has previously been reported from the
Caribbean by Hargraves et al. (1970). Refer-
ence: Hasle (1960).

Nitzschia marina Grunow
Found occasionally in ocean-side samples in
the spring. A widespread species in tropical
waters. Previously reported from the Carib-
bean by Hargraves et al. (1970). Reference:
Simonsen (1974).

Nitzschia pseudodelicatissima Hasle
Seen once in a winter sample from the ocean
side of Carrie Bow Cay. This species is difficult
to distinguish from N. delicatissima Cleve in the
light microscope. The distribution of this spe-
cies in tropical waters is highly uncertain.
Several authors have reported V. seriata in the
tropical Atlantic and Caribbean but Hasle
(1971) has shown that M. seriata does not occur
south of 45°N; several other seriate species are
morphologically similar. Some of the tropical
and Caribbean records are probably N. pseu-
dodelicatissima or a closely related species. The
only listing positively noted as N. pseudodelica-
tissima is by Buchanan (1971). Reference: Ha-
sle (1971).

Odontella aurita (Lyngbye) Agardh
[= Biddulphia aurita (Lyngbye) Brebisson]
Present in a sample from the lagoon side in
winter. This is a benthic species, often epiphy-
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tic but occasionally found in the plankton. It
is widespread in temperate coastal waters, less
common in the tropics. Previously reported
from the Caribbean by Hagelstein (1938) and
Sander (1976). The distinction between Bid-
dulphia and Odontella is reviewed by Simonsen
(1974). Reference: Hustedt (1927-1930).
Odontella mobiliensis (Bailey) Grunow

[= Biddulphia mobiliensis Grunow in Van
Heurck]

Occasionally seen in lagoon samples of both
seasons. A widespread species characteristic of
temperate and tropical coastal plankton.
Widely reported from the Caribbean (for in-
stance, Hargraves et al., 1970; Sander, 1976;
Margalef, 1968). Reference: Hustedt (1927-
1930).

Odontella sinensis (Greville) Grunow

[= Biddulphia sinensis Greville]

Comments for O. mobiliensis apply here as well.
Paralia sulcata (Ehrenberg) Cleve

[= Melosira Sulcata (Ehrenberg) Kutzing]

A widely distributed coastal form, found dur-
ing winter and spring, apparently equally at
home in the plankton and benthos. More
common in temperate than tropical areas.
Found in the Caribbean by Hagelstein (1938),
Marshall (1973), and Buchanan (1971). Ref-
erence: Hendey (1964).

* Pleurosigma chilensis Krasske

Very rare in an ocean-side sample in spring.
this species is rare and its distribution poorly
known. It is one of the very few planktonic
species of this genus. Not previously reported
from the Caribbean, although the P. pelagicum
reported by Takano (1960) could be this spe-
cies. Reference: Krasske (1941).

Rhizosolenia acuminata (Péragallo) Gran

Found rarely in spring in samples from the
ocean side of Carrie Bow Cay. An oceanic
species commonly found in tropical waters.
Reported previously by several investigators
from the Caribbean (Sander, 1976; Takano,
1960). Reference: Hustedt (1927-1930).
Rhizosolenia alata Brightwell

Occasional in samples from the ocean side in
spring. A widespread and often abundant spe-

cies from temperate and tropical coastal wa-
ters. This species occurs in several morpholog-
ical forms, of which the form indica (Péragallo)
Ostenfeld was also occasionally seen. Often
observed in the Caribbean (Hargraves et al.,
1970; Marshall, 1973; and others). Reference:
Hustedt (1927-1930).

Rhizosolenia calcaravis Schultze (Figure 87¢)

Common in all samples from both seasons.
This species is nominally an oceanic one, but
it is also in coastal tropical waters. Widespread
and occasionally abundant throughout the
Caribbean. Reference: Hustedt (1927-1930).

Rhizosolenia castracanei Péragallo

Found once in an ocean-side sample in winter.
Nearly always found in tropical waters. Pre-
viously reported from the Caribbean by Har-
graves et al. (1970), Margalef (1968), and
Marshall (1973). Reference: Hustedt (1927-
1930).

Rhizosolenia delicatula Cleve

Seen once in a winter sample from the ocean
side. This species is usually found in boreal or
temperate coastal waters. Since it seems to
differ from R. stolterfothii mainly in the range
of cell diameter, number of chloroplasts, and
degree of bending of the cell chains, this rec-
ord may be merely a narrow specimen of R.
stolterfothii with a minimum bending of the
chain. Rhizosolenia delicatula has been reported
from the Caribbean by Margalef (1968) and
Takano (1960). Reference: Hustedt (1927-
1930).

Rhizosolenia hebetata Bailey forma semispina (Hen-

sen) Gran

Rarely seen in a winter sample from the ocean
side. An oceanic species common to temperate
and tropical waters. In north temperate waters
the spine i1s much reduced and the taxon is
called R. hebetata forma hiemalis Gran. Widely
distributed in the Caribbean (Marshall, 1973,
and others). Reference: Hustedt (1927-1930).

Rhizosolenia imbricata Brightwell

Found once in a winter sample from the ocean
side. Widely distributed in tropical and tem-
perate oceanic and coastal waters. Several
authors differentiate R. shrubsolei from this
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species, based on the former’s narrower di-
ameter and occurrence in cooler waters, but
probably they should not be separated. Wide-
spread throughout the Caribbean. The variety
shrubsoler has been reported by Hagelstein
(1938) and Takano (1960). Reference: Hus-
tedt (1927-1930).

Rhizosolenia robusta Norman
Occasionally seen in ocean-side samples in
winter. This species is found in oceanic and
coastal waters from tropical and occasionally
from temperate areas. Previously found in the
Caribbean by Hargraves et al. (1970), Mar-
galef (1968), and Takano (1960). Reference:
Hustedt (1927-1930).

Rhizosolenia stolterfothii Péragallo
Rare in winter samples from the ocean side of
Carrie Bow Cay. See comments for R. delica-
tula. Widespread in the Caribbean (for in-
stance, Hargraves et al., 1970; Sander, 1976).
Reference: Hustedt (1927-1930).

Rhizosolenia styliformis Brightwell
Found in both winter and spring in samples
from the ocean side. Widely distributed in
coastal and oceanic areas of tropical and tem-
perate waters. Widespread in the Caribbean
(Hargraves et al., 1970; Sander, 1976; among
others). Reference: Hustedt (1927-1930).

Skeletonema costatum (Greville) Cleve
Rare in winter samples. Widespread through-
out the world’s oceans. Many authors separate
this species from S. tropicum Cleve on the basis
of multiple chloroplasts in the latter. The
Belize specimens all had two chloroplasts so
that they are unquestionably S. costatum.
Widely reported from the Caribbean, often
perhaps as S tropicum. Reference: Cupp
(1943).

Stephanopyxis palmeriana (Greville) Grunow
Seen once in a lagoon sample in winter. This
is a coastal species common to tropics, occa-
sionally ranging into temperate waters. Pre-
viously reported from the Caribbean by Mar-
galef (1968) and Takano (1960). Reference:
Cupp (1943).

Thalassionema nitzschioides Grunow (Figure 85f)
Rare in winter samples from beth the lagoon
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and ocean sides. Widespread in oceanic and
coastal areas in temperate and tropical waters,
and common in the Caribbean. Reference:
Cupp (1943).

Thalassiosira eccentrica (Ehrenberg) Cleve

[= Coscinodiscus excentricus Ehrenberg]
Uncommon but usually present in all samples
in both spring and winter. A widely distrib-
uted tropical and temperate species in both
coastal and oceanic waters. Several other spe-
cies resemble 7. eccentrica closely and electron
microscopy is often useful in differentiating
similar species. Found throughout the Carib-
bean, and often listed as C. excentricus; the
possibility of occasional misidentifications
cannot be excluded. Reference: Cupp (1943;
as C. excentricus).

* Thalassiosira lineata Jouse

Seen once in a spring sample from the ocean
side. Apparently widely distributed in warmer
waters. This species resembles 7. leptopus (Gru-
now) Hasle and Fryxell, and electron micros-
copy is often necessary to distinguish the two.
Not previously reported from the Caribbean,
although several researchers report Coscinodis-
cus lineatus Ehrenberg, which is synonymous
with 7. leptopus. Reference: Hasle and Fryxell
(1977).

Thalassiothrix frauenfeldii Grunow

Seen occasionally in ocean-side samples in
winter. A widely distributed oceanic and
coastal species in tropical and temperate wa-
ters. Several investigators have previously
found it in the Caribbean (for example,
Sanders, 1976). Reference: Cupp (1943).

* Thalassiothrix vanhoeffenii Heiden

Found rarely in ocean-side samples in spring
and winter. A tropical oceanic species, 7.
vanhoeffenit is similar to 7. longissima Cleve and
Grunow from which it differs in the lack of
marginal spines. Not previously reported from
the Caribbean, although Hagelstein (1938)
and Margalef (1968) list 7. longissima. Refer-
ence: Simonsen (1974).

* Triceratium antediluvianum (Ehrenberg) Grunow

Occasionally present in winter samples from
the lagoon side. This is a coastal species in
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temperate and tropical waters. Both quadra-
and pentavalves were seen. Not previously
reported from the Caribbean, but has been
seen in the Gulf of Mexico (pers. obs.). Ref-
erence: Hustedt (1927-1930).

Triceratium pentacrinus (Ehrenberg) Wallach (Fig-
ure 87d)
[= Triceratium balearicum Cleve and Grunow]
Seen once in a lagoon sample in spring.
Widely distributed in benthic and coastal
samples in tropical waters. Previously re-
ported from the Caribbean by Hagelstein
(1938; as Biddulphia pentacrinus). Reference:
Hustedt (1927-1930; as 7. balearicum); Simon-
sen (1974).

Triceratium shadboltianum Greville
Found in most samples (although uncommon)
in spring and winter. The cells generally re-
semble the variety of elongata Grunow, which,
considering species variability of this genus, is
of questionable taxonomic status. The species
is benthic or planktonic in tropical coastal
waters. It has been reported previously from
the Caribbean by Hagelstein (1938; as Bud-
dulphia orbiculata (Shadbolt) Boy), Hargraves
et al. (1970), and Margalef (1968).

Trigonium formosum (Brightwell) Hendey (Figure
87b)
[= Triceratium formosum Brightwell]
Occasionally found in samples of both seasons
from the lagoon side of Carrie Bow Cay.
Three-, four-, and five-sided valves were seen,
all of which, according to some authors, have
distinct taxonomic status. This species is pri-
marily benthic, occasionally planktonic, in
tropical coastal waters. Hargraves et al. (1970)
have previously reported it from the Carib-
bean. Reference: Hustedt (1927-1930).

Discussion

Seventy-three diatom taxa were identified in
this study. For most species the observed morpho-
logical variation might justify further differentia-
tion of varieties and forms, but recent studies of
diatoms in culture (Hargraves and Guillard,
1974, among others) have demonstrated a broad

morphological plasticity, which makes many
names in the literature open to question. This
problem will remain unresolved until more spe-
cies are cultivated and examined. To date, few
tropical species have been cultivated.

The most diverse genus is Chaetoceros (16 spe-
cies), followed by Rhizosolenia (10 species) and
Coscinodiscus (7 species). The dominance of repre-
sentatives of these genera in tropical waters has
been noted before; Takano (1960), and Rouki-
yainen et al. (1973) list 42, 14, and 16 species for
these genera, respectively, from the Caribbean.
These are impressive numbers, even allowing for
misidentifications. In the material studied for this
report, several additional species of Chaetoceros,
Coscinodiscus, and Bacteriastrum were noted which
could not be identified with certainty.

A valuable characteristic in the identification
of plankton diatoms is the presence of resting
spores, particularly within the genus Chaetoceros.
For unknown reasons spores are rare in tropical
waters. No spores were seen among the species
listed here, although at least seven form spores in
temperate waters. Margalef (1968) illustrates sev-
eral species with resting spores but fails to indicate
whether they were, in fact, observed in his sam-
ples. Likewise, Takano (1960) shows resting spores
in C. affine, but indicates that the material used
as an illustration came from Aomori Bay, Japan.
Species of Bacteriastrum, Cerataulina, Rhizosolenia,
Stephanopyxis, and Thalassiosira are also known to
form spores, but none were seen. The almost total
lack of resting spores in species presumably ca-
pable of spore formation presents a problem for
those interested in speciation and biogeographical
ecology of phytoplankton.

It is often assumed that extensive season fluc-
tuations of phytoplankton do not occur in tropical
waters as compared to temperate regions (Parsons
et al,, 1977). Near Carrie Bow Cay 26 species of
diatoms were found in spring and winter, 27
species only in winter, and 20 species only in
spring samples. That is, 64% of the species listed
here appear to be seasonal in occurrence. Most
data on annual cycles of tropical phytoplankton,
however, are based on measurements of chloro-
phyll or isotopic carbon uptake and not species
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succession. Thus, what appears to be a contradic-
tion may not be. Tropical waters could have an
intricate species succession pattern and yet rela-
tively minor fluctuations in annual production
rates. It is perhaps premature to attach major
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significance to these samples, which were col-
lected during two seasons. Clearly needed is a
complete analysis of the annual cycle of species
succession and diversity coupled with primary
productivity measurements.
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Marine Algae and Seagrasses
from Carrie Bow Cay, Belize

James N. Norris
and Katina E. Bucher

ABSTRACT

A total of 165 taxa of benthic marine algae and
three of seagrasses (angiosperms) has been found
in the intertidal and subtidal habitats of Carrie
Bow Cay, South Water Cay, and Twin Cays on
the central barrier reef, Belize. Of the algae, 52
are Chlorophyta, 23 Phaeophyta, and 90 Rho-
dophyta; 34 genera, 77 species, six varieties and
five forms represent new records for Belize. The
annotated list includes for each taxon the date,
page and place of valid publication of its name,
selected references to descriptions and illustra-
tions, collecting stations with notes on habitats,
and records of distribution within the Caribbean.
The nomenclature, morphology, and taxonomy
of several species are critically reviewed.

Introduction

Despite the diverse marine habitats of the
mainland coast, barrier reef, atolls, and numerous
cays of Belize, Central America, little has been
recorded about its marine plants. To date, only
two floristic lists have dealt with the marine algae
of Belize, the first of which included algal collec-
tions of C. L. Lundell and W. C. Schipp (Taylor,
1935). Eighty-four marine algal species included
in this paper were later incorporated into Taylor’s
comprehensive book on algae of the eastern trop-
ical and subtropical coasts of the Americas (1960).

James N. Norris and Katina E. Bucher, Department of Botany,
National Museum of Natural History, Smithsonian Institution, Wash-
ington, D.C.  20560.
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Recently, Tsuda and Dawes (1974) published a
list of marine plants collected at Glover’s Reef
Belize. In their treatment of Polysiphomia from
Carrie Bow Cay, Kapraun and Norris (herein:
225) report seven taxa new to Belize. Seagrasses
were reported in Belize by den Hartog (1970).
These studies brought the number of benthic
algae and seagrasses recorded from Belize to 159
taxa.

ACKNOWLEDGMENTS.—We are grateful to I. A.
Abbot for studying the Helminthocladiaceae and
Antithamnion, D. Cheney for examination and dis-
cussion of Eucheuma echinocarpum and E. schrammui,
S. Earle for the list of species she found at Carrie
Bow Cay (April 1974), and W. Adey and J. L.
Connor for discussion on tropical algal species.
W. Fenical, O. McConnell, I. Macintyre, F. R.
Fosberg, M. Dante, B. Spracklin, T. Rath, W.
Gerwick, and A. Cohen assisted as diving partners
and shared their algal collections. Our thanks to
S. Rechen and R. Sims for processing some of the
specimens, and especially to C. Feller for the
illustrations of algae. A. R. Tangerini skillfully
prepared the maps and M. E. Hale printed their
legends. In particular, we thank I. A. Abbott, C.
J. Dawes, and R. B. Searles for reading the
manuscript and their helpful comments, and D.
H. Nicolson for critically reading and discussing
our remarks on nomenclature.

Study Area and Methods

During three ten-day expeditions to the Beli-
zean barrier reef in the spring (March-May) of
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1976, 1977, and 1979, benthic marine algae and
seagrasses were collected in the vicinity of Carrie
Bow Cay (16°48'N, 88°05'W), and nearby South
Water and Twin cays (Figures 88, 89). This area
and the characteristics of its habitats are discussed
by Rutzler and Macintyre (herein: 9).

In the following presentation higher taxa are
arranged phylogenetically, species alphabetically.
Taxa reported for the first time in Belize are
marked with an asterisk. The author, date, and
page of publication of the name of each taxon are
given, and wherever possible the original source
was examined by us. In place of a typical synon-
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ymy we include one or more references to pub-
lished descriptions and illustrations suitable for
identification in the hope of facilitating and en-
couraging further studies on the algae of Belize.
Each collecting locality (field station) is num-
bered and shown on the maps (Figures 88b, 89).
Habitat data of each collecting locality are listed
below. For Caribbean distribution, we include
published records, from references presently
known to us, on the Central American coast from
Mexico’s Yucatan Peninsula to Venezuela, the
Greater and Lesser Antilles, and the Bahama
Islands. Specimens were collected by the authors
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unless otherwise noted; the numbers with prefix
JN refer to the authors’ field notebooks. Symbols
for reproductive condition are as follows: bispor-
angia (©); cruicate or tetrahedral tetrasporangia
(®); zonate tetrasporangia (Z); carposporangia
or cystocarps (9); spermatangia (3); and monoe-

cious thallus (¢). Material studied will be depos-
ited in the United States National Herbarium,
Smithsonian Institution (US), with duplicates
sent to the herbaria of the University of Califor-
nia, Berkeley (UC), the University of Michigan
(MICH), and to the Fisheries Unit, Belize City.
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Station List

(With habitat and depth data; station numbers keyed to
Figures 886, 89)

Carrie Bow Cay

1. South Water Cut, along south side of channel
between South Water and Carrie Bow cays;
on sands, pavement rock, and coral rubble,
and among corals and gorgonians, 3-9 m.

2. North of cay, near 0 m to 100 m section of
IMSWE transect; sand and coral rubble, 2-
3 m.

3. West of cay, protected shallows of inner la-
goon; sand, 1.5 m.

4. West of cay, in Thalassia bed; sand and coral
rubble, 2-5 m.

5. South of cay, on reef, among corals and
gorgonians, 2-5 m.

6. East of cay, reef flat on lee side of reef crest;
coral and rubble-covered hard bottom, inter-
tidal to 1 m.

7. East of cay, on reef crest; coral rubble and
rock, intertidal to 1 m.

8. Northeast of cay, high-relief spur and groove
zone, coral and sand-filled channels, 4.5-
6.5 m.

9. Northeast of cay, area between high- and
low-relief spur and groove zones, corals, 7.5
9.0 m.

10. Northeast of cay, low-relief spur and groove
zone, corals, 9-12 m.

11. Northeast of cay, inner trough, vicinity of
IMSWE transect; corals, 12.0-13.5 m.

12. Northeast of cay, sand trough on lee side of
outer reef; sand and coral rubble, 18-20 m.

13. Northeast of cay, outer trough and slope of
reef; corals and coral rubble, some sand, 18-
23 m.

14. Northeast of cay, outer ridge of reef; coral
rubble, 15 m.

15. Northeast of cay, fore-reef slope, vicinity of
IMSWE transect; corals, 18-40 m.

16. Southeast of cay, outer ridge of reef; corals,
15-30 m.

Patcu REEFs AND Thalassia BEps, SoutH oF CAR-
RIE Bow Cay

17. Southwest of cay, coral patch reef; 6.5-8.0 m.

18. Southwest of cay, coral patch reef; 7.5 m.

19. Southwest of cay, coral patch reef; 7.5-9.0 m.
20. Southwest of cay, in Thalassia bed; sand, 6.5
7.5 m.

Sout WaTer Cay

21. East of cay, inside of reef crest; coral-covered
hard bottom, 0.5-1.0 m.

22. West of cay, sheltered sand-bottom lagoon;
on rocks, coral rubble and wood pier pilings,
0.5-1.0 m.

23. North of cay, lee side of reef crest; sand and
coral rubble, 1-2 m.

Twin Cays

24. East cay of Twin Cays, among mangroves;
roots of Rhizophora mangle Linnaeus (red man-
grove) and sediments held by the roots. In-
tertidal to 1 m.

25. Southeast end of east cay of Twin Cays; sand
and coral rubble bottom, intertidal to 1.0 m.

26. West cay of Twin Cays, channel between
Cays; mangrove roots, and sand among 7hal-
assia, intertidal to 2 m.

Division CHLOROPHYTA
Order CHAETOPHORALES
Family CHAETOPHORACEAE

* Entocladia vagans (Bgrgesen) Taylor

Entocladia vagans (Bgrgesen) Taylor, 1960:49.—Bgrgesen,
1920:418, fig. 400 [as Endoderma vagans).

Locar DistriButioNn.—Carrie Bow Cay: sta 7,
growing within the cell walls of Griffithsia globuli-
fera, 22 Apr 1977, JN-6991b.

CARIBBEAN  DisTrIBUTION.—Virgin
(Bgrgesen, 1920).

REMARKS.—This minute epiphyte, represent-
ing a genus new to Belize, was found within the
same host from which it was originally described
(Bgrgesen, 1920).

Islands

* Ulvella lens P. and H. Crouan

Ulvella lens P. and H. Crouan, 1859:288.—Taylor, 1960:52,
pl. 2: fig. 7.

Locavr DistriBution.—Carrie Bow Cay; sta 7,
epiphytic on Cladophoropsis membranacea, 22 Apr
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1977, JN-6949b.

CariBBeaN  DistriBuTiON.—Virgin  Islands
(Taylor, 1960); Puerto Rico (Diaz-Piferrer, 1963);
Venezuela (Diaz-Piferrer, 1970b).

REMARKs.—Another microscopic epiphyte that
is a new Belizean record for the genus.

Order ULVALES
Family ULVACEAE

* Enteromorpha chaetomorphoides Bgrgesen

Enteromorpha  chaetomorphoides Bgrgesen, 1911:149; 1913:5,
fig. 1.

Locar DistriBuTion.—Carrie Bow Cay: sta 10,
epiphytic on Stypopodium zonale, 23 Apr 1977, JN-
6924 (fertile).

CariBBEAN DisTrRIBUTION.— Jamaica, Puerto
Rico, Virgin Islands, Barbados (Taylor, 1960);
Cuba (Diaz-Piferrer, 1964a); Dominican Repub-
lic (Almodévar and Bonnelly, 1977); Costa Rica
(Dawson, 1962b); Curacao (Diaz-Piferrer,
1964b); Trinidad (Richardson, 1975); Venezuela
(Diaz-Piferrer, 1970b).

REeMaRrks.—OQur specimen is in general agree-
ment with Enteromorpha chaetomorphoides as de-
scribed by Bgrgesen (1911, 1913) and Taylor
(1960); with cells mostly 16-18 um diameter, with
slightly larger and sometimes elongate cells (to 40
pm long) in the broader portions of the thallus.

* Enteromorpha clathrata var. crinita (Roth)
Hauck

Enteromorpha clathrata var. crinita (Roth) Hauck, 1884:429.—
Scagel, 1966:48, pl. 25: figs. A-E [as Enteromorpha crinita).

Locar DistriButioN.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-7127.

CariBBeaN DistriBution.—Cuba, Hispaniola,
Puerto Rico, Virgin Islands, Guadeloupe, Gren-
ada (Taylor, 1960); Nevis, Dominica (Taylor,
1969); Isla San Andrés (Kapraun, 1972); Vene-
zuela (Diaz-Piferrer, 1970b).

REemarks.—The above distribution is of rec-
ords for the species, Enteromorpha clathrata. These
should be re-examined as some may possibly be
var. ¢rinita. The Carrie Bow Cay specimen super-
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ficially resembles E. chaetomorphoides but has cells
much larger throughout the thallus, 18-30 pm
wide and (18-) 30-45 pum long, and thus is closer
to E. clathrata var. crinita (see Norris, 1976:73-74).

* Enteromorpha flexuosa (Wulfen ex Roth)
J. Agardh

Enteromorpha flexuosa (Wulfen ex Roth) J. Agardh, 1883:
126.—Bliding, 1963:73-79, figs. 38-40.

Locar DistriBuTiON.—Twin Cays: sta 24, 31
Mar 1976, JN-6287.

CariBBEAN DistriBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Virgin Islands, St.
Barthélemy, Barbuda, Guadeloupe, Barbados,
Grenada, Costa Rica, Netherlands Antilles, Ven-
ezuela, Tobago (Taylor, 1960); St. Kitts, Antigua,
Montserrat, Dominica, St. Vincent, Bequia (Tay-
lor, 1969); Isla San Andrés (Kapraun, 1972);
Trinidad (Richardson, 1975).

REemarks.—This species is widespread in the
Pacific and Atlantic Oceans (see Abbot and Hol-
lenberg, 1976; Bliding, 1963).

* Ulva rigida C. Agardh

Ulva rigida C. Agardh, 1823:410.—Bliding, 1968:546, figs.
6A-E, 7a-F, 8a-E, 9a-1, and 10a-B.

Locar DistriBuTioN.—Twin Cays: sta 24, 31
Mar 1976, JN-6285a,b.

CariBBeaN DistriBution.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Puerto Rico,
Guadeloupe, Martinique, St. Vincent, Barbados,
Grenada, Costa Rica, Panama, Colombia, Ven-
ezuela, Trinidad (Taylor, 1960, as U. lactuca var.
rigida); Grand Cayman, Antigua, Dominica
(Taylor, 1969, as “var. lactuca or near var. rigida’).

Remarks.—The Twin Cays specimens possess
the microscopic dentation along the blade mar-
gins, characteristic of this species (Bliding, 1968).

Order CLADOPHORALES
Family CLADOPHORACEAE

Cladophora cf. fuliginosa Kutzing

Cladophora fuliginosa Kutzing, 1849:415.—Taylor, 1960:83,
pl. 2: fig. 3, pl. 3: fig. 4.
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LocaL DistriBuTiION.—South Water Cay: sta
23, 30 Apr 1979, JN-7329.

CariBBeaN DistriBuTiON.—Bahamas, Caicos
Islands, Turks Islands, Cuba, Cayman Islands,
Jamaica, Hispaniola, Virgin Islands, St.
Barthélemy, Guadeloupe, Martinique, Belize,
Netherlands Antilles (Taylor, 1960); Nevis, An-
tigua, Dominica, St. Lucia (Taylor, 1969).

REMARrRks.—Our material resembles this taxon,
but differs in cell size. The cells of the axes and
branches are much larger and of similar diameter
throughout, mostly 590 pm diameter and (2-) 3-
4 times as long; upper cells of the branches were
580 um diameter, slightly tapered towards apices,
and up to 12 times as long. These measurements
are almost 1.6 times the diameter reported for
Cladophora fuliginosa (Taylor, 1960), which has
main axes cells to 380 um diameter and 3-6 times
as long, with branch cells 150-160 (-290) pm
diameter and 10-13 times as long as wide.

We are aware that the earliest available name
for this taxon is Cladophora catenata (Linnaeus)
Kutzing, 1843 (van den Hoek, 1963:123). How-
ever, the name “C. catenata (C. Agardh) Ardissone
in Rabenhorst” is widely used in a different tax-
onomic sense (see for instance, Collins, 1909:347;
Taylor, 1960:83), and does not include the actual
Linnaean type. Thus, it seems, C. catenata may be
a good candidate for rejection under Article 69
(Stafleu et al., 1978), an action we are consider-

ng.

Order SIPHONOCLADIALES

Family SIPHONOCLADACEAE

* Cladophoropsis macromeres Taylor

Cladophoropsis macromeres Taylor, 1928:64; 1960:118, pl. 2:
fig. 2.

LocaL DistriBution.—Twin Cays: sta 25, epi-
phytic on Digenia simplex, 26 Apr 1977, JN-6894a.

CariseeaN DistriBution.—Cuba (Sosa, 1977);
Puerto Rico (Diaz-Piferrer, 1963); Jamaica (Tay-
lor, 1960; Chapman, 1961); Barbados (Taylor,
1969).

Cladophoropsis membranacea (C. Agardh)
Bgrgesen

Cladophoropsis membranacea (G. Agardh) Bgrgesen, 1905:275.—
Taylor, 1960:117, pl. 2: fig. 1, pl. 3: fig. 2.

Locatr DistriButioN.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6949a.

CariBBEAN DisTrIBUTION.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Puerto Rico,
Virgin Islands, St. Barthélemy, Guadeloupe,
Martinique, Barbados, Grenada, Belize, Panama,
Netherlands Antilles, Venezuela, Tobago (Tay-
lor, 1960); Grand Cayman, St. Kitts, Antiqua,
Dominica, St. Lucia, St. Vincent, Bequia (Taylor,
1969); Costa Rica (Dawson, 1962b); Panama
(Earle, 1972); Isla San Andrés (Kapraun, 1972).

Family VALONIACEAE

Dictyosphaeria cavernosa (Forsskal) Bgrgesen

Dictyosphaeria cavernosa (Forsskal) Bgrgesen, 1932:2.—Taylor,
1960:116, pl. 7: fig. 5.

LocaL Distrisution.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6401; sta 7, 21 Apr 1977, JN-
6977; sta 10, 23 Apr 1977, JN-6915; sta 14, 27
Apr 1977, JN-6797; sta 18, 25 Apr 1977, JN-6741.
South Water Cay: sta 21, 28 Apr 1977, JN-6715;
sta 23, 30 Apr 1979, JN-7328. Twin Cays: sta 25,
26 Apr 1977, JN-6862.

CariBBEAN DisTRIBUTION.—Bahamas, Caicos
Islands, Turks Islands, Cuba, Cayman Islands,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
St. Barthélemy, Nevis, Guadeloupe, Martinique,
Barbados, Netherlands Antilles, Panama, Isla las
Aves (Taylor, 1960); Antiqua, Dominica, St. Lu-
cia, Bequia, Grenada (Taylor, 1969); Belize
(Tsuda and Dawes, 1974); Costa Rica (Dawson,
1962b).

* Valonia macrophysa Kutzing

Valonia macrophysa Kiitzing, 1843:307.—Taylor, 1960:110, pl.
2: fig. 6, pl. 7: fig. 4.

LocaL DistrieutioN.—Carrie Bow Cay: sta 8,
27 Apr 1977, JN-6405; sta 9, 29 Apr 1977, JN-
6819b.
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CariBBEAN DisTriBuTION.—Bahamas, Cuba,

Cayman Islands, Jamaica, Hispaniola, Virgin Is-
lands (Taylor, 1960); Nevis, Antiqua, Barbados,
St. Vincent, Bequia (Taylor, 1969); Puerto Rico
(Diaz-Piferrer, 1963); Curagao (van den Hoek,
1969); Venezuela (Diaz-Piferrer, 1970b).

REMARKs.— Valonia macrophysa is often covered
with small epiphytic filamentous and thin crus-
tose coralline red algae.

Valonia ventricosa J. Agardh

Valonia ventricosa J. Agardh, 1885:96.—Taylor, 1960:110, pl.
9: figs. 4, 5.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 1,
30 Mar 1976, JN-7257; sta 7, 22 Apr 1977, JN-
6963; sta 9, 27 Apr 1977, JN-6406; sta 14, 17 Apr
1977, JN-6798. South Water Cay: sta 23, 30 Apr
1979, JN-7318. Twin Cays: sta 25, 26 Apr 1977,
JN-6864; sta 26, 29 Apr 1979, JN-7296.

CariBBEAN DistriBUTION.—Mexico, Bahamas,
Cuba, Cayman Islands, Jamaica, Hispaniola,
Puerto Rico, Virgin Islands, Guadeloupe, Marti-
nique, Barbados, Grenadines, Grenada, Old
Providence Island, Panama, Netherlands An-
tilles, Tobago (Taylor, 1960); St. Kitts, Nevis,
Antigua, St. Lucia, St. Vincent, Bequia (Taylor,
1969); Belize (Tsuda and Dawes, 1974); Costa
Rica (Dawson, 1962b).

Family BOODLEACEAE

Struvea anastomosans (Harvey)
Piccone and Grunow ex Piccone

Struvea anastomosans (Harvey) Piccone and Grunow ex Pic-
cone, 1884:20.—Bgrgesen, 1913:54, fig. 39a-f.

LocaL DistrisutioN.—Carrie Bow Cay: sta 7,
28 Apr 1979, coll. J. Norris and I. Macintyre, JN-
7492.

CariBBEAN DISTRIBUTION.— Jamaica, Virgin Is-
lands, Guadeloupe, Barbados, Venezuela, Trini-
dad, Tobago (Taylor, 1960); Cuba (Diaz-Piferrer,
1964a); Puerto Rico (Almoddvar and Blomquist,
1965); Dominica (Taylor, 1969); Costa Rica
(Dawson, 1962b); Belize (Tsuda and Dawes,
1974); Curagao, Bonaire (Diaz-Piferrer, 1964b).
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Family ANADYOMENACEAE

Anadyomene stellata (Wulfen) C. Agardh

Anadypomene stellata (Wulfen) C. Agardh, 1823:400.-Taylor,
1960:125, pl. 7: fig. 2, pl. 8: fig. 2.

LocaL DistriBution.—Carrie Bow Cay: sta 9,
29 Apr 1977, JN-6819a; sta 10, 23 Apr 1977, JN-
6921; sta 14, 27 Apr 1977, JN-6799. Twin Cays:
sta 24, on mangrove roots, 31 Mar 1976, JN-6282
and JN-6294; sta 25, 26 Apr 1977, JN-6865; sta
26, 22 Apr 1979, JN-7446.

CariBBEAN DisTriBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Puerto Rico, Virgin
Islands, Guadeloupe, Martinique, Barbados, Be-
lize, Panama (Taylor, 1960); Nevis, Antigua,
Dominica, St. Lucia (Taylor, 1969); Costa Rica
(Dawson, 1962b); Venezuela (Diaz-Piferrer,
1970b); Curagao (Diaz-Piferrer, 1964b).

* Microdictyon boergesenii Setchell

Microdictyon boergesenit Setchell, 1925:106.—Taylor, 1960:120,
pl. 8: fig. 1.

Locar DistriBuTioN.—Carrie Bow Cay: sta 15,
27 Apr 1977, JN-6685.

CariseeaN DistriBuTioN.—Cuba (Sosa, 1977);
Jamaica, Guadeloupe, Virgin Islands (Taylor,
1960); Puerto Rico (Diaz-Piferrer, 1963); Barba-
dos (Taylor, 1969); Curagao (Diaz-Piferrer,
1964b).

REemarks.—Reported from moderately deep
water, this species (a new Belizean record of the
genus) was found at 22 m depth in Belize.

* Valoniopsis pachynema (Martens) Bgrgesen

Valoniopsis pachynema (Martens) Bgrgesen, 1934a:10, figs.
1-2.

LocaL DistriBuTioN.—South Water Cay: sta
23, 30 Apr 1979, JN-7326 (fertile?).

CariBBeaN  DistriBuTION.—Cuba
1973); Hispaniola (Taylor, 1960).

REemarks.—This is a new record of the genus
in Belize.

(Suarez,
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Order DASYCLADALES
Family ACETABULARIACEAE

Acetabularia crenulata Lamouroux

Acetabularia crenulata Lamouroux, 1816:249.—Taylor, 1960:
105, pl. 4: fig. 5, pl. 6: fig. 12.

Locar DistriBuTioN.—Twin Cay: sta 26, on
mangrove roots, 29 Apr 1979, JN-7303.

CArIBBEAN DistrIBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
St. Martin, Guadeloupe, Barbados, Colombia,
Netherlands Antilles, Venezuela (Taylor, 1960);
Grand Cayman (Taylor, 1969); Panama (Earle,
1972).

* Acetabularia myriospora
Joly and Cordeiro-Marino

Ficure 90

Acetabularia myriospora Joly and Cordeiro-Marino in Joly et
al., 1965:80.—Howe, 1909:92, pl. 6: fig. 21, pl. 8: fig. 10
[as Acetabulum polyphysoides f. deltoideum].—Taylor, 1960:
105 [as Acetabularia polyphysordes f. deltoideum].—Valet,
1969:623, pl. 44: figs. 17-20.

LocaLr DistriBurion.—Carrie Bow Cay: sta 7,
growing on dead coral, in turf, 21 Apr 1977, JN-
7051b.

FicURE 90.— Acetabularia myriospora, habit of a thallus (JN-
7051b).
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CariBeaN DistriButioN.—Cuba (Sosa, 1977);
Bahamas (Howe, 1909; Valet, 1969).

Remarks.—Growing on the same coral with
the following taxon, Acetabularia polyphysoides; it is
distinguished by its smaller size, and fewer (5-7),
inflated rays. Described from Bahia, Brazil, by
Joly and Cordeiro-Marino (Joly et al., 1965);
Valet (1969) later considered the earlier described
taxon, Acetabularia  polyphysoides f.  deltoideum
(Howe) Collins (1909), to be a synonym of Ace-
tabularia myriospora.

* Acetabularia polyphysoides P. and H. Crouan

Acetabularia polyphysoides P. and H. Crouan in Schramm and
Mazé, 1866:101.—Howe, 1909:92, pl. 6: figs. 16-20, pl. 7:
figs. 5-9.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 7,
growing on dead coral, in short turf, 21 Apr 1977,
JN-7051a.

CARIBBEAN DISTRIBUTION.— Jamaica, Guade-
loupe, Barbados (Taylor, 1960).

REmMarks.—Plants were 2-5 mm tall; 3-4 mm
disc diameter, aplanosporangia (55-) 60-75 (-79)
in a ray, 86-94 pm diameter; 16-20 rays, heavily
calcified between rays; corona superior with 6-10
hairs. The Carrie Bow Cay specimens, though
superficially resembling  Acetabularia  pusilla
(Howe) Collins, are closer in taxonomic features
to A. polyphysoudes.

Family DASYCLADACEAE

* Neomeris annulata Dickie
FiGure 91

Neomeris annulata Dickie, 1874:198.—Taylor, 1960:101, pl. 5:
fig. 5, pl. 6: figs. 4-6.

Locar DistriBuTioN.—Twin Cays: sta 24, on
mangrove bark, 26 Apr 1977, JN-6863, and 29
Apr 1979, JN-7398.

CariBBEAN DIsTRIBUTION.—Bahamas, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, Nevis,
Guadeloupe, Martinique, Barbados (Taylor,
1960); Cuba (Diaz-Piferrer, 1964a); St. Thomas
(Valet, 1969); Antigua, Dominica (Taylor, 1969);
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Ficure 91.— Neomeris annulata, habit of a thallus (JN-7398).

Costa Rica (Dawson, 1962b); Panama (Earle,
1972); Curagao (Diaz-Piferrer, 1964b).

REeMarks.—The report of this and the follow-
ing species constitutes a new record for the genus
in Belizean waters.
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* Neomeris mucosa Howe

Neomeris mucosa Howe, 1909:84, pl. 5: figs. 1-14.

Locar DistriBuTioN.—Carrie Bow Cay: sta 1,
21 Apr 1977, JN-6933; sta 7, 22 Apr 1977, JN-
6959; sta 9, 29 Apr 1977, JN-6820; sta 10, 23 Apr
1977, JN-6920. South Water Cay: sta 21, 28 Apr
1977, JN-6717.

CARrRIBBEAN DisTriBuTION.—Bahamas, Cuba,
Netherlands Antilles (Taylor, 1960); Puerto Rico
(Almodovar, 1970); Antigua (Taylor, 1969).

REemARrks.—This report represents a new record
for this species along the Atlantic coast of Central
America. Neomeris annulata has calcified sporangia
that laterally cohere in regular bands about the
thallus. Neomeris mucosa differs in having calcified
sporangia free and not arranged in bands.

Order CAULERPALES
Family CAULERPACEAE

* Caulerpa ambigua Okamura

Caulerpa ambigua Okamura, 1897:4.—Eubank, 1946:410.—
Egerod, 1952:368.—Taylor, 1960:137, pl. 10: figs. 2-9.

LocaL DistriBuTiON.—Carrie Bow Cay: sta 7,
growing with Bryopsis, 28 Apr 1979, JN-7414.

CARrIBBEAN DISTRIBUTION.— Jamaica, Virgin Is-
lands, Barbados, Costa Rica (Taylor, 1960); An-
tigua, St. Lucia (Taylor, 1969); Cuba (Diaz-Pi-
ferrer, 1964a); Puerto Rico (Diaz-Piferrer, 1963);
Curacgao (van den Hoek, 1969); Venezuela (Diaz-
Piferrer, 1970b).

Caulerpa cupressoides (Vahl) C. Agardh

Caulerpa cupressoides (Vahl) C. Agardh, 1823:441.—Taylor,
1960: 146, pl. 14: figs. 3, 4, 6, pl. 15: figs. 1-4, pl. 18: figs.
11-13.

Locavr DistriBuTiION.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6393; sta 18, 25 Apr 1977, JN-
6743. South Water Cay: sta 23, 30 Apr 1979, JN-
7334 and JN-7353. Twin Cays: sta 25, 26 Apr
1977, JN-6857.
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CARIBBEAN DISTRIBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Jamaica, Hispaniola, Vir-
gin Islands, St. Barthélemy, St. Eustatius, Guad-
eloupe, Martinique, St. Vincent, Barbados, Gren-
ada, Belize, Panama, Colombia, Tobago (Taylor,
1960); Grand Cayman, Nevis, Antigua, Dominica
(Taylor, 1969); Puerto Rico (Almodévar, 1964);
Costa Rica (Wellington, 1973); Isla San Andrés
(Kapraun, 1972); Curagao (van den Hoek, 1969).

Caulerpa fastigiata Montagne

Caulerpa fastigiata Montagne, 1842:19.—Taylor, 1960:136, pl.
10: fig. 12.

Locavr DistriBUTION.—South Water Cay: sta
21, 28 Apr 1977, JN-6729.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,
Hispaniola, Virgin Islands, Guadeloupe, Barba-
dos, Belize, Panama (Taylor, 1960); Puerto Rico
(Diaz-Piferrer, 1963); Grand Cayman (Taylor,
1969); Trinidad (Richardson, 1975).

Caulerpa mexicana (Sonder) Kutzing

Caulerpa  mexicana (Sonder) Kitzing, 1849:496.—Taylor,
1960:141, pl. 12: figs. 2-5.

Locar DistriBuTiON.—Twin Cays: sta 24, 26
Apr 1977, JN-6860.

CARIBBEAN DisTrRIBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Cayman Islands, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, Guade-
loupe, Barbados, Belize, Colombia, Venezuela,
Tobago (Taylor, 1960); Antigua, Grenada (Tay-
lor, 1969); Costa Rica (Wellington, 1973); Cura-
¢ao (Diaz-Piferrer, 1964b; van den Hoek, 1969).

* Caulerpa paspaloides (Bory) Greville

Caulerpa  paspaloides (Bory) Greville, 1830:1xiv.—Taylor,
1960:149, pl. 16: figs. 1-4, pl. 18: figs. 8, 14, 15.

LocaL DistriBution.—Twin Cays: sta 26, 29
Apr 1979, JN-7285.

CARIBBEAN DISTRIBUTION.—Mexico, Bahamas,
Cuba, Jamaica (Taylor, 1960).

REemarks.—This report represents a new record
for this species along the Caribbean coast of
Central America.

* Caulerpa peltata Lamouroux

Caulerpa peltata Lamouroux, 1809d:145.—Taylor, 1960:155,
pl. 17: fig. 2, pl. 18: fig. 1.

Locar Distrisution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6962.

CaRriBBEAN DisTriBuTION.—Barbuda (Taylor,
1960); Cuba (Diaz-Piferrer, 1964a); Puerto Rico
(Diaz-Piferrer, 1963); Jamaica (Chapman, 1961);
Panama (Earle, 1972); Trinidad (Richardson,
1975); Curagao (Diaz-Piferrer, 1964b).

Caulerpa racemosa (Forsskal) J. Agardh

Caulerpa racemosa (Forsskal) J. Agardh, 1873:35.—Taylor,
1960:151, pl. 17: figs. 1, 3, 4, 6, 7, pl. 18: figs. 2-5, 7.

Locavr Distrisution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6950, JN-6952, and 21 Apr 1977,
JN-6975 and JN-6980. Twin Cays: sta 24, 31 Mar
1976, JN-6288; sta 25, 26 Apr 1977, JN-6858; sta
26, 29 Apr 1979, JN-7282 and JN-7304.

CariBeeaN DistriBuTiON.—Mexico, Bahamas,
Caicos Islands, Cuba, Jamaica, Hispaniola,
Puerto Rico, Virgin Islands, St. Barthélemy, St.
Eustatius, Antigua, Guadeloupe, Martinique,
Barbados, Grenadines, Grenada, Belize, Costa
Rica, Panama, Colombia, Netherlands Antilles,
Isla las Aves, Venezuela, Trinidad, Tobago (Tay-
lor, 1960); Grand Cayman, St. Kitts, Dominica,
St. Lucia, St. Vincent, Bequia (Taylor, 1969).

REMarks.—The most common of the species of
Caulerpa in the vicinity of Carrie Bow Cay. It is
usually abundant where found.

* Caulerpa serrulata (Forsskal) J. Agardh
Ficure 92

Caulerpa serrulata (Forsskal) J. Agardh, 1823:446.—Bgrgesen,
1932:5.—Taylor, 1960:145, pl. 14: fig. 5.

Locar DistriBution.—Carrie Bow Cay: sta 8,
22 Apr 1979, JN-7402; sta 9, 1 May 1979, JN-
7518.

CariBBEAN DisTriBUTION.—Bahamas, St. Bar-
thélemy, Guadeloupe, Barbados, Grenada, Ven-
ezuela (Taylor, 1960).
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Ficure 92.—Caulerpa serrulata, habit of a portion of the
thallus (JN-7402).

Caulerpa sertularioides (Gmelin) Howe

Caulerpa sertularioides (Gmelin) Howe, 1905:576.—Taylor,
1960:144, pl. 13: figs. 1-7.

Locar DistriBution.—Twin Cays: sta 25, 26
Apr 1977, JN-6861; sta 26, 29 Apr 1979, JN-7292.

CariBBeaN DisTrRIBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Jamaica, Hispaniola,
Puerto Rico, Virgin Islands, St. Barthélemy,
Guadeloupe, Dominica, Martinique, Barbados,
Grenada, Belize, Old Providence Island, Costa
Rica, Panama, Colombia, Netherlands Antilles,
Venezuela, Trinidad, Tobago (Taylor, 1960);
Grand Cayman, Antigua, St. Lucia, Bequia (Tay-
lor, 1969); Isla San Andrés (Kapraun, 1972).

* Caulerpa sertularioides f. farlowii
(Weber-van Bosse) Bgrgesen

Caulerpa sertularioides {. farlowii (Weber-van Bosse) Bgrgesen,
1907:365; 1913:133, fig. 106.—Taylor, 1960:144, pl. 13:
figs. 4-5.

LocaL DistriBuTioNn.—Carrie Bow Cay: sta 6,
23 Apr 1979, JN-7654; sta 7, 21 Apr 1977, JN-
6985.
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CariBBEAN  DisTriBUTION.—Virgin  Islands
(Bgrgesen, 1907); Aruba Island (Taylor, 1942).

* Caulerpa verticillata J. Agardh

Caulerpa verticillata J. Agardh, 1847:6.—Taylor, 1960:138, pl.
10: figs. 1, 2.

LocaLr DistriBuTioN.—Carrie Bow Cay: sta 9,
27 Apr 1977, JN-6412, and 29 Apr 1977, JN-
6831; sta 10, 23 Apr 1977, JN-6913, and 25 Apr
1977, JN-6965. Twin Cays: sta 24, 31 Mar 1976,
JN-6279; sta 25, 26 Apr 1977, JN-6859; sta 26,
29 Apr 1979, JN-7294.

CariBBEAN DisTriBUTION.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Puerto Rico,
Virgin Islands, Antigua, Guadeloupe, Marti-
nique, Grenada, Netherlands Antilles, Venezuela
(Taylor, 1960); Grand Cayman (Taylor, 1969);
Costa Rica (Dawson, 1962b); Trinidad (Richard-
son, 1975).

Remarks.—Though encountered in several
habitats, intertidal and subtidal (to 12 m depth),
this species was particularly abundant under the
mangroves at Twin Cays where it formed exten-
sive green carpets.

Family BRYOPSIDACEAE
Bryopsis pennata Lamouroux

Bryopsis pennata Lamouroux, 1809c:134.—Taylor, 1960:132,
pl. 9: fig. 12.

LocaLr DistriBuTion.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-6984 and JN-7052.

CariBBeaN DisTriBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Puerto Rico, Virgin
Islands, Guadeloupe, Martinique, Barbados, Be-
lize, Colombia, Netherlands Antilles, Trinidad
(Taylor, 1960); Antigua (Taylor, 1969).

Order CODIALES

Family CODIACEAE

Avrainvillea longicaulis (Kutzing) Murray and
Boodle

Avrainvillea longicaulis (Kutzing) Murray and Boodle, 1889:
70.—Taylor, 1960:160, pl. 19: fig. 1.
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LocaL DistriBuTioN.—Carrie Bow Cay: sta 1,
30 Mar 1976, JN-7249.

CariBBeaN DisTriBuTION.—Bahamas, Salt Key
Bank, Jamaica, Virgin Islands, Antigua, Guade-
loupe, Barbados, Grenada, Belize, Isla las Aves
(Taylor, 1960); Cuba (Diaz-Piferrer, 1964a);
Grand Cayman (Taylor, 1969); Costa Rica (Daw-
son, 1962b).

Remarks.—Our plants had blades composed
of cylindrical and torulose filaments similar to
Avrainvillea longicaulis (Taylor, 1960). However,
there is difficulty in distinguishing A. longicaulis
from A. migricans Decaisne solely on the basis of
the morphology of the blade filaments. Chapman
(1961) suggests A. longicaulis (as “A. mazei””) may
prove to be a variety of A. nigricans. Until more
collections and detailed studies have been made
on these taxa it seems best to continue to recog-
nize the two as separate species.

There has been some historical confusion in
application of the epithet longicaulis involving
both taxonomy and nomenclature. The bas-
ionym, Rhipilia longicaulis Kutzing (1858:13), per-
tains to material with a blade composed of toru-
lose filaments. Unfortunately, this epithet was
transferred to Avrainvillea by Murray and Boodle
(1889:70), in the sense of moniliform filaments.
Howe (1905:586), on examining portions of the
type of Rhipilia longicaulis Kutzing (Sonder Her-
barium, MEL), concluded that it was torulose
“the same as the more recently published A. mazei
[Murray and Boodle, 1889:70]”, and later he
(1907:508-510) recognized them as A. longicaulis,
reducing A. mazer to synonymy.

Bgrgesen (1908), while accepting this taxon-
omy, rejected the name Avrainvillea longicaulis as a
nomen confusum and called the taxon A. mazez,
an opinion more recently followed by Chapman
(1961).

Gepp and Gepp (1911:40-42), in reviewing the
situation, questioned the identification of the
type, Rhipilia longicaulis (based on their analysis
of Kutzing’s published illustration), and sug-
gested it be identified as “Avrainvillea sordida Mur-
ray and Boodle” [= A. levis Howe, 1905] a later
homonym of A. sordida (Montagne) P. and H.
Crouan ex Mazé and Schramm (1878).

We accept the taxonomy and nomenclature
used by Howe (1905, 1907), and note that this
was also accepted by Taylor (1960) without dis-
cussion.

Codium intertextum Collins and Hervey

Codium intertextum Collins and Hervey, 1917:54.—Silva, 1960:
500, pl. 107: figs. a-e, pl. 108: fig. a.

LocaL DistrisutioNn.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-6976.

CariBBEAN DisTriBUTION.—Bahamas, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Kitts,
Guadeloupe, Barbados, Netherlands Antilles,
Venezuela (Taylor, 1960); Cuba (Diaz-Piferrer,
1964a); Belize (I'suda and Dawes, 1974); Costa
Rica (Dawson, 1962b).

Family UDOTEACEAE

Halimeda copiosa Goreau and Graham

Halimeda copiosa Goreau and Graham, 1967:432-441.—Col-
invaux, 1968:30, fig. 1 [as Halimeda hederaceal).

LocaLr DistriBuTioN.—Carrie Bow Cay: sta 1,
21 Apr 1977, JN-6930; sta 15, 5 Apr 1976, JN-
7650.

CARIBBEAN DISTRIBUTION.— Jamaica, Curagao
(Colinvaux, 1968); Belize (Tsuda and Dawes,
1974); Venezuela (Diaz-Piferrer, 1970b).

Halimeda discoidea Decaisne

Halimeda discoidea Decaisne, 1842:112.—Taylor, 1960:179, pl.
24: fig. 2.

LocaL DistriBuTioNn.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7010, and 21 Apr 1977, JN-
6935; sta 8, 29 Mar 1976, JN-6157a, and 22 Apr
1979, JN-7403; sta 10, 23 Apr 1977, JN-6900; sta
11, 29 Apr 1977, JN-6833; sta 14, 27 Apr 1977,
JN-6784, and 1 May 1979, JN-7362; sta 15, 27
Apr 1977, JN-6684; sta 17, 25 Apr 1977, JN-7017.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,
Jamaica, Puerto Rico, Virgin Islands, Guade-
loupe, Martinique, Panama, Colombia, Venezu-
ela (Taylor, 1960); Antigua, St. Lucia (Taylor,
1969); Belize (Tsuda and Dawes, 1974).
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Halimeda goreauii Taylor

Halimeda goreauii Taylor, 1962a:173, figs. 1-7.

Locar DistriBution.—Carrie Bow Cay: sta 1,
30 Apr 1979, JN-7345; sta 10, 25 Apr 1977, JN-
6966; sta 14, 27 Apr 1977, JN-6792, and 1 May
1979, JN-7363; sta 15, 5 Apr 1976, JN-6333, and
27 Apr 1977, JN-6681.

CariBBEAN  DistriBuTiON.—Cuba  (Suarez,
1973); Jamaica (Taylor, 1962a); Puerto Rico
(Almodévar and Blomquist, 1965); Belize (Tsuda
and Dawes, 1974),

Halimeda incrassata
(Ellis and Solander) Lamouroux

Halimeda incrassata (Ellis and Solander) Lamouroux, 1812:
186.—Taylor, 1960:181, pl. 23: figs. 1, 4.

LocaL DistriBuTiON.—South Water Cay: sta
21, 20 Apr 1977, JN-6726. Twin Cays: sta 24, 31
Mar 1976, JN-6281, and 26 Apr 1977, JN-6851,
and 29 Apr 1979, JN-7381; sta 26, 29 Apr 1979,
JN-7280.

CariBBEAN DistriBUTION.—Cuba, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Mar-
tin, St. Barthélemy, Guadeloupe, Dominica, Mar-
tinique, Barbados, Grenada, Belize, Panama,
Netherlands Antilles (Taylor, 1960); Grand Cay-
man (Taylor, 1969); Venezuela (Diaz-Piferrer,
1970b).

Halimeda opuntia (Linnaeus) Lamouroux

Halimeda opuntia (Linnaeus) Lamouroux, 1812:186.—Taylor,
1960:176, pl. 23: fig. 3, pl. 24: fig. 1.

Locat DistriBuTtion.— Carrie Bow Cay: sta 7,
21 Apr 1977, JN-6979; sta 14, 27 Apr 1977, JN-
6796; sta 15, 27 Apr 1977, JN-6680. Twin Cays:
sta 24, 31 Mar 1976, JN-6289; sta 26, 29 Apr
1979, JN-7291 and JN-7299.

CariBBeaN DisTrRiBUTION.—Mexico, Bahamas,
Caicos Islands, Anguila Islands, Cuba, Cayman
Islands, Jamaica, Hispaniola, Puerto Rico, Virgin
Islands, Tortola Island, St. Barthélemy, Guade-
loupe, Martinique, Barbados, Grenada, Belize,
Old Providence Island, Costa Rica, Panama, Co-
lombia, Netherlands Antilles, Isla las Aves, Ven-

179

ezuela, Trinidad, Tobago (Taylor, 1960); St.
Kitts, Nevis, Antigua, St. Lucia, St. Vincent,
Bequia (Taylor, 1969); Isla San Andres (Ka-
praun, 1972).

Halimeda tuna (Ellis and Solander) Lamouroux

Halimeda tuna (Ellis and Solander) Lamouroux, 1812:186.—
Taylor, 1960:178, pl. 24: fig. 5.

Locar Distrisution.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7009; sta 8, 29 Mar 1976, JN-
6157b; sta 9, 29 Apr 1977, JN-6832; sta 10, 23
Apr 1977, JN-6906 and JN-6916, and 25 Apr
1977, JN-6969; sta 14, 27 Apr 1977, JN-6785 and
JN-6794; sta 18, 25 Apr 1977, JN-6738.

CariBBEAN DistrIBUTION.—Mexico, Bahamas,
Caicos Islands, Anguila Islands, Cuba, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Mar-
tin, Saba Bank, Guadeloupe, Barbados, Belize,
Panama, Colombia (Taylor, 1960); St. Kitts,
Nevis (Taylor, 1969); Costa Rica (Dawson,
1962b); Isla San Andrés (Kapraun, 1972); Ven-
ezuela (Diaz-Piferrer, 1970b).

Penicillus capitatus Lamarck

Penicillus capitatus Lamarck, 1813:299.—Taylor, 1960:171, pl.
21: fig. 2, pl. 25: fig. 4.

Locavr DistriBution.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6390a. South Water Cay: sta 21,
28 Apr 1977, JN-6727. Twin Cays: sta 25, 28 Apr
1977, JN-6852; sta 26, 29 Apr 1979, JN-7298.

CARrIBBEAN DisTRiBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Cayman Islands, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Mar-
tin, St. Barthélemy, St. Eustatius, Guadeloupe,
Dominica, Martinique, Grenada, Belize, Old
Providence Island, Panama, Colombia, Nether-
lands Antilles, Isla las Aves (Taylor, 1960); St.
Kitts, Antigua (Taylor, 1969); Costa Rica (Daw-
son, 1962b); Isla San Andrés (Kapraun, 1972).

Penicillus dumentosus (Lamouroux) Blainville

Penicillus dumentosus (Lamouroux) Blainville, 1834:553.—
Taylor, 1960:172, pl. 21:fig. 4, pl. 25: fig. 15.
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LocaL DistriBution.—Twin Cays: sta 26, 29
Apr 1979, JN-7306.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,
Cayman Islands, Jamaica, Hispaniola, Puerto
Rico, Virgin Islands, St. Barthélemy, Guade-
loupe, Grenada, Belize, Old Providence Island,
Colombia (Taylor, 1960); St. Kitts, Antigua
(Taylor, 1969).

Penicillus lamourouxii Decaisne

Penicillus lamourouxiz Decaisne, 1842:109.—Taylor, 1960:172,
pl. 21: fig. 1, pl. 25: fig. 2.

LocaLr DistriBuTtioN.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6390b. Twin Cays: sta 24, 31
Mar 1976, JN-6280.

CariBBEAN DisTrRIBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Jamaica, Puerto Rico, Vir-
gin Islands, St. Eustatius, Guadeloupe, Panama
(Taylor, 1960); Grand Cayman (Taylor, 1969);
Belize (Tsuda and Dawes, 1974).

Penicillus pyriformis A. and E. S. Gepp

Penicillus pyriformis Gepp and Gepp, 1905:1.—Taylor, 1960:
170, pl. 21: figs. 3, 5, pl. 25: fig. 1.

LocaL DistriBuTioNn.—Carrie Bow Cay: sta 1,
30 Mar 1976, JN-7254, and 30 Apr 1979, JN-
7348; sta 10, 23 Apr 1977, JN-6901, and 25 Apr
1977, JN-6881; sta 14, 27 Apr 1977, JN-6786.

CArIBBEAN DistriBUTION.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Virgin Is-
lands, St. Eustatius, Guadeloupe, Panama (Tay-
lor, 1960); Puerto Rico (Almodévar and Blom-
quist, 1965); Belize (Tsuda and Dawes, 1974);
Curagao (Diaz-Piferrer, 1964b).

* Penicillus pyriformis f. explanatus Bgrgesen

Penicillus pyriformis f. explanatus Bgrgesen, 1913:99 [as f. ‘ex-
planata’], fig. 82.

LocaL DistriBution.—Carrie Bow Cay: sta 15,
5 Apr 1976, JN-6329; sta 18, 25 Apr 1977, JN-
6739.

CARIBBEAN  DisTrIBUTION.—Virgin
(Bgrgesen, 1913).

Islands

Rhipocephalus phoenix (Ellis and Solander)
Kutzing

Rhipocephalus phoenix (Ellis and Solander) Kutzing, 1849:
506.—Taylor, 1960:174, pl. 22: figs. 2, 5.

LocaL Distrisution.—Carrie Bow Cay: sta 3,
27 Mar 1976, JN-7048; sta 4, growing among
Thalassia, 20 Apr 1977, JN-7006; sta 9, 27 Apr
1977, JN-6411; sta 10, 29 Apr 1977, JN-6818, 25
Apr 1977, JN-6882, and 23 Apr 1977, JN-6902;
sta 14, 27 Apr 1977, JN-6786.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, Guadeloupe,
Belize, Old Providence Island, Panama, Colom-
bia (Taylor, 1960); Antigua (Taylor, 1969).

* Rhipocephalus phoenix f. brevifolius
A. and E. S. Gepp

Rhipocephalus phoenix f. brevifolius Gepp and Gepp, 1905:4.—
Taylor, 1960:174, pl. 22: fig. 5.

LocaLr DistrisutioNn.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6392, and 27 Mar 1976, JN-
7049; sta 18, 25 Apr 1977, JN-6742; sta 19, 25
Apr 1977, JN-7016. South Water Cay: sta 23, 30
Apr 1979, JN-7316.

CariBBEAN DistriBUuTION.—Bahamas, Guade-
loupe (Gepp and Gepp, 1911); Jamaica (Collins,
1909).

* Rhipocephalus phoenix f. longifolius
A. and E. S. Gepp

Rhapocephalus phoenix f. longifolius Gepp and Gepp, 1905:4.—
Taylor, 1960:174, pl. 22: fig. 2.

LocaLr DistriBuTioNn.—Carrie Bow Cay: sta |,
21 Apr 1977, JN-6936, and 30 Apr 1979, JN-
7339; sta 4, 27 Mar 1976, JN-7050; sta 15, 5 Apr
1976, JN-6330, and 27 Apr 1977, JN-6679; sta
19, 25 Apr 1977, JN-7015.

CariBBEAN DistriBuTiON.—Florida (Gepp and
Gepp, 1911).

Udotea cyathiformis Decaisne

Udotea cyathiformis Decaisne, 1842:106.—Taylor, 1960:166,
pl. 22: fig. 4.
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Locar DistriButioN.—Carrie Bow Cay: sta 28,
29 Mar 1976, JN-6155; sta 9, 29 Apr 1977, JN-
6817; sta 10, 25 Apr 1977, JN-6883.

CarIBBEAN DistriBUTION.—Bahamas, Cuba,
Jamaica, Virgin Islands, Guadeloupe, Barbados,
Panama (Taylor, 1960); Dominican Republic
(Almodévar and Bonnelly, 1977); St. Vincent
(Taylor, 1969); Belize (Tsuda and Dawes, 1974);
Curacgao (Diaz-Piferrer, 1964b); Venezuela
(Diaz-Piferrer, 1970b).

Udotea flabellum (Ellis and Solander) Howe

Udotea flabellum (Ellis and Solander) Howe, 1904:94.—Tay-
lor, 1960:168, pl. 20: figs. 4, 5, pl. 25: fig. 3.

Locar DistriButioN.—Carrie Bow Cay: sta 1,
21 Apr 1977, JN-6934; sta 10, 23 Apr 1977, JN-
6919; sta 14, 5 Apr 1976, JN-6332; sta 18, 25 Apr
1977, JN-6735. Twin Cays: sta 25, 26 Apr 1977,
JN-6853, JN-6854, JN-6855, and JN-6877.

CariBBEAN DisTtriBUTION.—Bahamas, Caicos
Islands, Salt Key Bank, Cuba, Cayman Islands,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
St. Barthélemy, Guadeloupe, Martinique, Gren-
ada, Belize, Panama, Colombia (Taylor, 1960);
St. Kitts, Antigua, Dominica, St. Lucia, Barba-
dos, St. Vincent (Taylor, 1969); Curagao, Bonaire
(Diaz-Piferrer, 1964a).

* Udotea cf. occidentalis A. and E. S. Gepp

Udbtea occidentalis Gepp and Gepp, 1911:127-128, figs. 18,
22a-b, 63-65.

LocaL DistriBution.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6391.

CariBBEAN  DisTriBUTION.—Virgin
(Taylor, 1960).

Islands

Division PHAEOPHYTA
Order ECTOCARPALES
Family ECTOCARPACEAE

* Ectocarpus elachistaeformis Heydrich

Ectocarpus elachistaeformis Heydrich, 1892:470.—Taylor, 1960:
202, pl. 29: fig. 9.—Earle, 1969:133, fig. 28.
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Locar DistriBution.—Carrie Bow Cay: sta 1,
epiphytic on Avrainvillea longicaulis, 30 Mar 1976,
JN-7249b.

CariBBEAN DistriBuTiON.—St. Thomas (Bgr-
gesen, 1914); Tobago (Taylor, 1960); Puerto Rico
(Almodévar and Blomquist, 1965); Venezuela
(Diaz-Piferrer, 1970b).

REMaRrks.—Representing a new record of the
genus in Belize, it was found on a blade of
Avrainvillea.

Order CHORDARIALES
Family CHORDARIACEAE

* Cladosiphon occidentalis Kylin
Ficure 93

Cladosiphon occidentalis Kylin, 1940:27.—Earle, 1969:180, figs.
72, 75, 76.

Locar DistriBuTioN.—Carrie Bow Cay: sta 2,
epiphytic on Thalassia, 27 Apr 1979, JN-7648
(plurilocular sporangia). South Water Cay: sta
23, epiphytic on Thalassia testudinum, 30 Apr 1979,
JN-7325 (plurilocular and unilocular sporangia
present).

CAriBBEAN  DistriBuTioN.—Virgin  Islands
(Taylor, 1960); Grand Bahamas (Taylor, 1969);
Panama (Earle, 1972).

REemarks.—This 1s a new record of the genus
in Belize.

Order SPHACELARIALES
Family SPHACELARIACEAE

* Sphacelaria tribuloides Meneghini

Sphacelaria tribuloides Meneghini, 1840:2.—Taylor, 1960:211,
pl. 29: fig. 6.

LocaL DistriBuTioNn.—Carrie Bow Cay: sta 1,
epiphytic on Turbinaria, 30 Mar 1976, JN-7270
(fertile).

CariBseaN DisTriBUuTION.—Mexico, Bahamas,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
Guadeloupe, Martinique, Barbados (Taylor,
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Ficure 93.—Cladosiphon occidentalis (JN-7325): a, plurilocular
sporangia (p), assimilatory filament and hairs; b, unilocular
sporangium (u), and assimilatory filaments (plurilocular and
unilocular sporangia were from same thallus.

1960); Cuba (Suarez, 1973); Antigua, Dominica
(Taylor, 1969); Curagao, Bonaire (Diaz-Piferrer,
1964b); Trinidad (Richardson, 1975); Venezuela
(Diaz-Piferrer, 1970b).

Order DICTYOTALES
Family DICTYOTACEAE

Dictyota bartayresii Lamouroux

Dictyota bartayresii Lamouroux, 1809b:331.—Taylor, 1960:
219, pl. 30: fig. 2.

Locar DistriBution.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7011; sta 7, 23 Apr 1977, JN-
6995; sta 14, 27 Apr 1977, JN-6789. South Water
Cay: sta 21, 28 Apr 1977, JN-6724.

CARrIBBEAN DisTriBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Virgin Islands, An-
tigua, Guadeloupe, Dominica, Martinique, Bar-
bados, Grenada, Panama, Colombia (Taylor,
1960); Belize (Tsuda and Dawes, 1974); Costa
Rica (Dawson, 1962b); Venezuela (Taylor, 1976);
Curagao, Bonaire (Diaz-Piferrer, 1964b); Isla San
Andrés (Kapraun, 1972).

Dictyota cervicornis Kutzing

Dictyota cervicornis Kuitzing, 1859:11.—Taylor, 1960:222, pl.
31: fig. 2.

LocayL DistriButioN.—Carrie Bow Cay: sta 9,
29 Apr 1977, JN-6825; sta 10, 23 Apr 1977, JN-
6899, and 25 Apr 1977, JN-6970; sta 14, 27 Apr
1977, JN-6788, and 5 Apr 1976, JN-6331; sta 18,
25 Apr 1977, JN-6750. Twin Cays: sta 24, 31 Mar
1976, JN-6273; sta 25, 26 Apr 1977, JN-6870.

CARIBBEAN DisTRIBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Cayman Islands, Jamaica,
Hispaniola, Virgin Islands, St. Barthélemy, Bar-
buda, Nevis, Antigua, Guadeloupe, Martinique,
Barbados, Grenadines, Belize, Panama, Colom-
bia, Netherlands Antilles, Venezuela, Tobago
(Taylor, 1960); Dominica (Taylor, 1969); Trini-
dad (Richardson, 1975).



NUMBER 12

Dictyota dichotoma (Hudson) Lamouroux

Dictyota dichotoma (Hudson) Lamouroux, 1809b:331.—Tay-
lor, 1960:218, pl. 31: fig. 5.

LocaL DistriBuTtion.—Carrie Bow Cay: sta 15,
5 Apr 1976, JN-6339; sta 11, 25 Apr 1977, JN-
6972; sta 19, 25 Apr 1977, JN-7018.

CariBBEAN DistriBuTiON.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, Puerto
Rico, Guadeloupe, Martinique, Barbados, Gren-
ada, Colombia, Netherlands Antilles, Venezuela
(Taylor, 1960); Nevis, Antigua, St. Vincent (Tay-
lor, 1969); Dominican Republic (Almodévar and
Bonnelly, 1977); Belize (T'suda and Dawes, 1974);
Costa Rica (Dawson, 1962b); Trinidad (Richard-
son, 1975).

Dictyota divaricata Lamouroux

Dictyota divaricata Lamouroux, 1809a:43.—Taylor, 1960:221,
pl. 31: figs. 3, 4.

LocaL DistriButioN.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-6981; sta 10, 23 Apr 1977, JN-
6918; sta 14, 27 Apr 1977, JN-6793. South Water
Cay: sta 21, 28 Apr 1977, JN-6725. Twin Cays:
sta 25, 26 Apr 1977, JN-6889.

CariBBeaN DistriBuTioN.—Mexico, Bahamas,
Caicos Islands, Cuba, Jamaica, Hispaniola,
Puerto Rico, Virgin Islands, Guadeloupe, Marti-
nique, Belize, Old Providence Island, Colombia,
Netherlands Antilles, Trinidad (Taylor, 1960);
St. Kitts, Nevis, Antigua, Dominica, St. Luclia,
St. Vincent, Bequia (Taylor, 1969); Barbados
(Almodévar and Pagan, 1967); Costa Rica (Daw-
son, 1962b); Panama (Earle, 1972); Venezuela
(Taylor, 1976); Trinidad (Richardson, 1975).

* Dictyota linearis (C. Agardh) Greville
Ficure 94

Diciyota linearis (C. Agardh) Greville, 1830:xliii.—Earle,
1969:161, fig. 52.

Locar DistriButioN.—Twin Cays: sta 24, 31
Mar 1976, JN-6276.

CariBBEAN  DistriBuTioN.—Caicos Islands,
Cayman Islands, Jamaica, Hispaniola, Virgin Is-
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Ficure 94.—Dictyota linearis, portion of the dichotomously
branched frond (JN-6276), showing uneven dichotomies of
the narrow frond.

lands, Guadeloupe, Netherlands Antilles (Taylor,
1960); Antigua, St. Vincent (Taylor, 1969); Ven-
ezuela (Diaz-Piferrer, 1970b).

REemarks.—This taxon is distinguished primar-
ily by its slender, dichotomous branches. Earle
(1969) noted that it has forms resembling Dictyota
dichotoma, D. divaricata, and D. cervicornis and ques-
tioned its validity as a species. Further collections
in Belize are necessary before we can ascertain
that it is a distinct species.

* Dilophus alternans J. Agardh
Ficure 95

Dilophus alternans J. Agardh, 1882:108.—Taylor, 1960:216,
pl. 30: fig. 3.

LocaL DistriBution.—Carrie Bow Cay: sta 9,
29 Apr 1977, JN-6822; sta 14, 27 Apr 1977, JN-
6791.

CariBBEAN DistriBuTiON.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, His-
paniola, Virgin Islands, Barbados (Taylor, 1960);
Antigua, Dominica, St. Lucia (Taylor, 1969);
Curagao (van den Hoek, 1969).

ReEemarks.—Dilophus s similar in morphologi-
cal appearance to Dictpota. The two genera are
separated on anatomical differences; Dilophus has
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FiGure 95.— Dilophus alternans (JN-6822): a, portion of the
thallus; b, transection showing a medulla more than a single
cell thick along the margin, and a single layer of cortical
cells.

a medulla two or more cells thick (particularly in
the margins or near the base) and Dictyota a
medulla of a single layer of cells.

Dictyopteris delicatula Lamouroux

Dictyopleris delicatula Lamouroux, 1809b:332.—Taylor, 1960:
227, pl. 33: fig. 3.

Locar DistriBuTiON.—South Water Cay: sta
21, 28 Apr 1977, JN-6730.

CariBBEAN DisTrIBUTION.—Mexico, Cuba, Ja-
maica, Hispaniola, Puerto Rico, Virgin Islands,
Redonda Island, Guadeloupe, Isla las Aves, Dom-
inica, Martinique, Barbados, Grenadines, Gren-
ada, Costa Rica, Panama, Colombia, Nether-
lands Antilles, Venezuela, Trinidad, Tobago
(Taylor, 1960); St. Kitts, Nevis, Antigua, St. Vin-
cent, Bequia (Taylor, 1969); Belize (Tsuda and
Dawes, 1974); Isla San Andrés (Kapraun, 1972).

Lobophora variegata (Lamouroux) Womersley

Lobophora variegata (Lamouroux) Womersley, 1967:221.—
Taylor, 1960:231, pl. 33: fig. 4 [as Pocockiella variegalal.

LocaL DistriButioN.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7004; sta 9, 29 Apr 1977, JN-
6823, and 25 Apr 1977, JN-6974; sta 10, 23 Apr
1977, JN-6905; sta 14, 27 Apr 1977, JN-6795; sta
15, 5 Apr 1976, JN-6338, and 27 Apr 1977, JN-
6696b; sta 18, 25 Apr 1977, JN-6740. Twin Cays:
sta 24, 31 Mar 1976, JN-6296 and JN-6272; sta
25, 26 Apr 1977, JN-6868, and JN-6876.

CariBBEAN DistrisuTiON.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Virgin Is-
lands, St. Barthélemy, St. Eustatius, Nevis, Guad-
eloupe, Martinique, Barbados, Old Providence
Island, Panama, Colombia (Taylor, 1960); Puerto
Rico (Almodévar, 1964); Grand Cayman, St.
Kitts, Antigua (Taylor, 1969); Belize (T'suda and
Dawes, 1974); Costa Rica (Dawson, 1962b); Ven-
ezuela (Taylor, 1976); Curacao (Diaz-Piferrer,
1964b); Trinidad (Richardson, 1975).

Remarks.—Two forms differing in thickness,
color and habitat, were encountered. Dark
brown, thin flattened forms, 105 to 120 pm wide,
were collected from 12 m to 14 m depths through-
out the Carrie Bow Cay area (for example, JN-
6974); golden brown, thicker plants with ruffled
margins (120 to 180 um thick) were found usually
in clumps in the intertidal to 1 m depths along
the eastern shore of the east cay of Twin Cays
(for example, JN-6876).

Padina jamaicensis (Collins) Papenfuss

Padina jamaicensis (Collins) Papenfuss, 1977:272.—Taylor,
1960:237, pl. 34: fig. 2 [as P. sanctae-crucis).
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Locar DistriButioNn.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-6982. Twin Cays: sta 24, 31 Mar
1976, JN-6269.

CariBBEAN DisTriBUTION.—Bahamas, Caicos
Islands, Anguila Islands, Cuba, Cayman Islands,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
St. Barthélemy, Guadeloupe, Grenada, Belize,
Netherlands Antilles (Taylor, 1960); Nevis, An-
tigua, Dominica, Barbados, St. Vincent (Taylor,
1969); Venezuela (Diaz-Piferrer, 1970b).

Padina vickersiae Hoyt ex Howe

Padina vickersiae Hoyt ex Howe, 1920b:595.—Taylor, 1960:
236, pl. 34: fig. 1.

Locar DistriButioN.—Twin Cays: sta 25, 26
Apr 1977, JN-6856.

CariBBEAN DisTriBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Virgin Islands, St.
Barthélemy, Guadeloupe, Isla las Aves, Marti-
nique, Barbados, Grenada, Belize, Panama, Co-
lombia, Netherlands Antilles, Venezuela, Trini-
dad (Taylor, 1960); Puerto Rico (Almoddvar,
1964); Grand Cayman, St. Kitts, Nevis, Antigua,
Dominica, St. Lucia, St. Vincent (Taylor, 1969);
Costa Rica (Dawson, 1962b); Isla San Andrés
(Kapraun, 1972).

Stypopodium zonale (Lamouroux) Papenfuss

Stypopodium zonale (Lamouroux) Papenfuss, 1940:205.—Tay-
lor, 1960:232, pl. 28: fig. 1.

Locar DistriButioN.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7007, and 21 Apr 1977, JN-
6931; sta 2, 4 Apr 1976, JN-6303; sta 8, 29 Mar
1976, JN-6159; sta 9, 29 Apr 1977, JN-6821; sta
10, 23 Apr 1977, JN-6897; sta 11, 25 Apr 1977,
JN-6880; sta 15, 5 Apr 1976, JN-6328, and 27
Apr 1977, JN-6682.

CariBBEAN DisTriBUTION.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, His-
paniola, Puerto Rico, Virgin Islands, St. Bar-
thélemy, Guadeloupe, Dominica, Barbados, Pan-
ama, Colombia, Venezuela, Tobago (Taylor,
1960); Nevis, St. Vincent (Taylor, 1969); Belize
(Tsuda and Dawes, 1974); Curacao, Bonaire
(Diaz-Piferrer, 1964b).
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REmARKS.—Stypopodium zonale was found grow-
ing in depths of 3 m to 28 m. Plants from greater
depths (for example, JN-6328) were much thin-
ner, about 165 pm wide, whereas those from
shallower water were thicker, to 480 pum thick,

and with more medullary cell layers (for example
JN-6897).

Order DICTYOSIPHONALES
Family PUNCTARIACEAE

Colpomenia sinuosa (Roth) Derbes and Solier

Colpomenia sinuosa (Roth) Derbes and Solier, 1856:11.—Tay-
lor, 1960:260, pl. 36: fig. .—Wynne and Norris, 1976:2,
fig. la,b, 2a,b, 3, 11a.

Locar DistriBuTion.—Twin Cays: sta 24, 31
Mar 1976, JN-6284.

CARIBBEAN DisTRIBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Puerto Rico, Virgin Islands,
Guadeloupe, Martinique, Barbados, Panama,
Netherlands Antilles, Venezuela (Taylor, 1960);
Dominican Republic (Almodévar and Bonnelly,
1977); St. Kitts, Nevis, Antigua, Dominica, St.
Lucia (Taylor, 1969); Belize (Tsuda and Dawes,
1974); Costa Rica (Dawson, 1962b); Trinidad
(Richardson, 1975).

REemarks.—Collected only once, this species
was uncommon, at least during our spring sur-
veys.

Order FUCALES
Family SARGASSACEAE

Sargassum filipendula C. Agardh

Sargassum filipendula C. Agardh, 1824:300.—Taylor, 1960:
270, pl. 37: fig. 3, pl. 40: fig. 2.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 1,
21 Apr 1977, JN-6932, and 20 Apr 1977, JN-
7008.

CariBBEAN DisTriBuTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Puerto Rico, Virgin
Islands, St. Barthélemy, Nevis, Redonda Island,
Guadeloupe, Dominica, Venezuela (Taylor,
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1960); St. Kitts (Taylor, 1969); Belize (Tsuda and
Dawes, 1974); Costa Rica (Dawson, 1962b); Isla
San Andrés (Kapraun, 1972); Trinidad (Richard-
son, 1975).

Sargassum fluitans Bgrgesen

Sargassum fluitans Bgrgesen, 1914:66.—Taylor, 1960:281, pl.
39: fig. 2, pl. 40: fig. 7.

LocaL DistrisutioN.—Twin Cays: sta 24, drift,
31 Mar 1976, JN-6286.

CArIBBEAN DistriBUuTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Virgin Islands, Guade-
loupe, Belize, Costa Rica, Panama (Taylor,
1960); Grand Cayman, St. Kitts, Nevis, Antigua,
St. Lucia, Barbados (Taylor, 1969).

REMARKs.—Originally described from free-
floating material (Bgrgesen, 1914), this species is
only known in the pelagic state (Taylor, 1960;
Earle, 1969).

* Sargassum hystrix J. Agardh

Sargassum hysirix J. Agardh, 1847:7.—Taylor, 1960:279, pl.
37: fig. 1, pl. 38: fig. 2, pl. 40: fig 6.

LocaL DistriButioN.—Carrie Bow Cay: sta 8,
29 Mar 1976, JN-6169; sta 10, 23 Apr 1977, JN-
6898; sta 14, 27 Apr 1977, JN-6790; sta 15, 5 Apr
1976, JN-6346.

CAriBBEAN DistriBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Puerto Rico, Virgin Islands,
Guadeloupe, Grenada, Costa Rica, Trinidad
(Taylor, 1960); St. Kitts, Dominica, St. Lucia,
Barbados (Taylor, 1969); Dominican Republic
(Almodévar and Bonnelly, 1977); Curagao, Bon-
aire (Diaz-Piferrer, 1964b); Venezuela (Taylor,
1976).

* Sargassum hystrix var. buxifolium Chauvin

Sargassum hysirix var. buxifolium Chauvin in J. Agardh, 1848:
322.—Taylor, 1928:128, pl. 18: fig. 1, pl. 19: fig. 9; 1960:
279, pl. 38: fig. 2, pl. 40: fig. 6.

Locar DistriButioNn.—Carrie Bow Cay: sta 10,
23 Apr 1977, JN-6917; sta 11, 25 Apr 1977, JN-
6971.

CARIBBEAN DisTriBUTION.—Bahamas, Virgin
Islands (Taylor, 1928); St. Lucia, Barbados (Tay-
lor, 1969).

Sargassum polyceratium Montagne

Sargassum polyceratium Montagne, 1837:356.—Taylor, 1960:
276, pl. 40: fig. 1.

LocaL DistrisutioNn.—Carrie Bow Cay: sta 6,
29 Apr 1977, JN-6378; sta 9, 29 Apr 1977, JN-
6824; sta 15, 27 Apr 1977, JN-6683; sta 18, 25
Apr 1977, JN-6736.

CARIBBEAN DisTrIBUTION.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, His-
paniola, Puerto Rico, Virgin Islands, Guade-
loupe, St. Lucia, Barbados, Old Providence Is-
land, Panama, Colombia, Venezuela (Taylor,
1960); Antigua (Taylor, 1969); Belize (Tsuda and
Dawes, 1974); Isla San Andrés (Kapraun, 1972);
Curacao, Bonaire (Diaz-Piferrer, 1964b).

* Sargassum polyceratium var. ovatum

(Collins) Taylor

Sargassum polyceratium var. ovatum (Collins) Taylor, 1928:129,
pl. 18: fig. 7, 10, pl. 19: fig. 16.

Locar DistriBuTion.—South Water Cay: sta
21, 29 Apr 1977, JN-6379. Twin Cays: sta 24, 31
Mar 1976, JN-6290.

CariBBEAN DistrIBUTION.—Grand Cayman
(Taylor, 1969); Jamaica (Collins, 1901); Hispan-
iola (Taylor and Arndt, 1929); Costa Rica (Daw-
son, 1962b); Colombia (Bula Meyer, 1977).

Turbinaria tricostata Barton

Turbinaria tricostata Barton, 1891:218, pl. 54: fig. 3.

LocaL DistriBuTioNn.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7005 (fertile).

CariBBEAN DistriBuTION.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, Puerto
Rico, Virgin Islands, Guadeloupe, Netherlands
Antilles (Taylor, 1960); Belize (Tsuda and Dawes,
1974); Isla San Andrés (Kapraun, 1972); Vene-
zuela (Diaz-Piferrer, 1970b).
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Turbinaria turbinata (Linnaeus) Kuntze

Turbinaria turbinata (Linnaeus) Kuntze, 1898:434.—Taylor,
1960:285, pl. 39: figs. 3-5.

LocaL DistriBuTiON.—South Water Cay: sta
21, 28 Apr 1977, JN-6718 (fertile); sta 23, 30 Apr
1979, JN-7350.

CariBBEAN DistriBUTION.—Bahamas, Caicos
Islands, Anguilla Islands, Cuba, Jamaica, His-
paniola, Puerto Rico, Virgin Islands, St. Barthé-
lemy, Antigua, Guadeloupe, Belize, Panama, Co-
lombia, Netherlands Antilles (Taylor, 1960);
Grand Cayman, St. Kitts, Nevis, Dominica (Tay-
lor, 1969); Venezuela (Taylor, 1976).

REemMarks.—This species was very common in
the shallow waters behind the reef crest off the
north end of South Water Cay.

Division RHODOPHYTA

Class BANGIOPHYCEAE

Order GONIOTRICHALES

Family GONIOTRICHACEAE

* Goniotrichum alsidii (Zanardini) Howe

Goniotrichum alsidii (Zanardini) Howe, 1914:75.—Bgrgesen,
1915:4, fig. 2 [ as Goniotrichum elegans).

LocaL DistriButioN.—Carrie Bow Cay: sta 1,
epiphytic on Polysiphonia, 30 Mar 1976, JN-7265b;
sta 9, epiphytic on Sargassum, 29 Apr 1977, JN-
6838b.

CariBBEAN DisTriBuTiION.—Bahamas, Cuba,
Jamaica, Virgin Islands, Guadeloupe, Barbados,
Tobago (Taylor, 1960); Puerto Rico (Diaz-Pifer-
rer, 1963); Curagao (Diaz-Piferrer, 1964b); Costa
Rica (Dawson, 1962b); Venezuela (Diaz-Piferrer,
1970b).

REmMarks.—This is the first report of this genus
in Belize.
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Class FLORIDEOPHYCEAE
Order NEMALIALES

Family ACROCHAETIACEAE

* Acrochaetium corymbiferum (Thuret) Batters

Acrochaetium corymbiferum (Thuret in Le Jolis) Batters, 1902:
59.—Taylor, 1960:312 [as Acrochaetium borneti1].—Dixon
and Irvine, 1977:88, fig. 21 [as Audouniella corymbifera).

LocaL DistriBuTion.—Carrie Bow Cay: sta 17,
epiphytic on Trichogloeopsis, 25 Apr 1977, JN-
7042b (& and monospores on same thallus).

CariBBEAN DistriBuTion.—With this record
from Belize, Acrochaetium corymbiferum is now added
to the flora of the Caribbean Sea.

REemarks.—These specimens are epiphytic on
Trichogloeopsis, apparently a new host. Previously
reported from Bermuda, North Carolina (Taylor,
1960), the Mediterranean, and England (Dixon,
1976; Dixon and Irvine, 1977), it represents a new
record of the genus in Belize.

* Acrochaetium seriatum Bgrgesen
Acrochaetium seriatum Bgrgesen, 1915:32, figs. 25-28.

LocaL DistriBUuTION.—Carrie Bow Cay: sta 8,
epiphytic on Halimeda, 27 Apr 1977, JN-6423b;
sta 9, 29 Apr 1977, JN-6845a (monospores); sta
14, epiphytic on Sargassum blade, 27 Apr 1977,
JN-6809a (monospores), and epiphytic on Polysi-
phonia, 5 Apr 1976, JN-6356 (monospores).

CARiBBEAN  DistriBUTION.—Virgin  Islands
(Taylor, 1960); Costa Rica (Dawson, 1962b).

* Acrochaetium unipes Bgrgesen
Acrochaetium unipes Bgrgesen, 1915:35, figs. 31-34.

LocaL DistriBuTiON.—Carrie Bow Cay: sta 9,
epiphytic on Stypopodium, 23 Apr 1977, JN-6923
(monospores).

CariBBeaN DistriBuTioN.—Hispaniola, Virgin
Islands (Taylor, 1960).
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Family HELMINTHOCLADIACEAE LocaL DistriBution.—Carrie Bow Cay: sta 8,
29 Mar 1976, JN-6161a,b (?), JN-6165, JN-6166,
* Liagora farinosa Lamouroux JN-6214a-e (d), and JN-6215a—c (3); sta 10, 25

Apr 1977, JN-6967 (3); sta 19, 25 Apr 1977, JN-

7021a,b (?) and JN-7022 (9).

Liagora farinosa Lamouroux, 1816:240.—Taylor, 1960:326, CariBeEaN DisTriBuTiION.—Bahamas, Turks Is-
pl. 43: fig. 3, pl. 45: fig. 2. lands, Cuba, Cayman Islands, Jamaica, Hispan-

FiGures 96a, 97

Ficure 96.—Habits of Carrie Bow Cay species of Liagora: a, L. farinosa (JN-6161); b, Liagora
species (JN-6216); ¢, L. valida (JN-6945); d, L. pinnata (JN-6163).
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FiGure 97.—Liagora farinosa, details of reproductive structures: a, carpogonial branch (cb) with
trichogyne (tr) borne laterally off an assimilatory filament (JN-6161); b, an assimilatory filament
with capitate spermatangia (JN-6215bd); ¢, mature cystocarp, showing portion of dense
involucre filaments and large carpospores (JN-6161).
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iola, Virgin Islands, Guadeloupe, Martinique,
Barbados (Taylor, 1960); Puerto Rico (Diaz-Pi-
ferrer, 1963); St. Kitts, Nevis, St. Lucia (Taylor,
1969); Venezuela (Taylor, 1976); Curagao (Diaz-
Piferrer, 1964b; van den Hoek, 1969).

REemMarks.—This  species 1s  widespread
throughout tropical seas (Abbott, 1945).

In describing a new genus, Ganonema, Fan and
Wang (1974) segregated Liagora farinosa from
other species of Liagora on the basis of differences
in the female reproductive structure. The genus
Liagora Lamouroux is described as having carpo-
gonial branches borne laterally off ordinary as-
similatory filaments (cf. Yamada, 1938; Abbott,
1945). Ganonema farinosa (Lamouroux) Fan et
Wang (1974:492) bears carpogonial branches
that are restricted to short filaments initiated by
the basal cells of the assimilatory filaments (Fan
and Wang, 1974, figs. 1-3, 6-7). This feature has
previously been illustrated and noted for L. far:-
nosa by Bgrgesen (1927:61, figs. 33b-d) from the
Canary Islands, and Yamada (1938, fig. 15) for
Japanese specimens. However, none of these ear-
lier authors gave any taxonomic or evolutionary
significance to the unusual position of the carpo-
gonial branch in L. farinosa. In our Belize speci-
mens (Figure 97) we have observed carpogonial
branches borne on short filaments originating off
the basal cells of assimilatory filaments. Most
recently Abbott (1976:130) stated, “Liagora fari-
nosa has been named at least eight times (Abbott,
1945), a clear reflection of the variation shown by
this species, and for lack of critical evaluation of
this variation, further comparison and discussion
of the generic attributes of Ganonema would be
premature.”

* Liagora pinnata Harvey

Ficures 964, 98

Liagora pinnata Harvey, 1853:138.—Bgrgesen, 1915:74, figs.
76-81.

Locar DistriBution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6941 (¢), JN-6942 (¢), and JN-
6943 (¢); sta 8, 29 Mar 1976, JN-6163 (¢), JN-

6164 (3), and JN-6213a,b (¢'); sta 9, 29 Apr 1977,
JN-6826 (¢).

CariBBeEaN DisTriBUTION.—Bahamas, Jamaica,
Virgin Islands, Guadeloupe, Venezuela (Taylor,
1960); Cuba (Suarez, 1973); Grand Cayman
(Taylor, 1969); Puerto Rico (Diaz-Piferrer, 1963),
Curagao (Diaz-Piferrer, 1964b).

REemarks.—It is a widely distributed tropical
species having been reported in the Pacific from
China, Japan, and Hawaii (Abbott, 1945).

Liagora valida Harvey
FiGURE 96¢

Liagora valida Harvey, 1853:138.—Taylor, 1960:327, pl. 43:
fig. 2.

Locar Distrisution.—Carrie Bow Cay: sta 3,
28 Apr 1977, JN-6399 (8); sta 7, 22 apr 1977, JN-
6939 (9), JN-6940 (&), JN-6945 (8); sta 9, 29 Apr
1977, JN-6828 (9); sta 10, 23 Apr 1977, JN-6904
©.

CariBBEAN DisTriBUTION.—Bahamas, Caicos
Islands, Cuba, Cayman Islands, Jamaica, His-
paniola, Puerto Rico, Virgin Islands, Guade-
loupe, Barbados, Belize, Panama (Taylor, 1960);
St. Kitts, Dominica, St. Vincent (Taylor, 1969);
Curagao (Diaz-Piferrer, 1964b); Costa Rica
(Dawson, 1962b); Isla San Andrés (Kapraun,
1972).

Remarks.—This is a wide ranging species,
known from warmer waters of the Atlantic and
Pacific (Abbott, 1945). Some of our Belize speci-
mens, for instance, JN-6945 (3), contained “mon-
osporangial discs” among the assimilatory fila-
ments as described by Howe (1920a) and Bgrge-
sen (1920). These “discs,” of unknown function,
would make an interesting culture investigation.

* Liagora species
Ficure 966

LocaL DistriButioNn.—Carrie Bow Cay: sta 8,
29 Mar 1976, JN-6176a (9), b (3), JN-6216 (3),
JN-6217 (9), and 4 Apr 1976, JN-6300 (9), JN-
6301a (9), b (8); sta 9, 29 Apr 1977, JN-6827.
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FiGURE 98.— Liagora pinnata (JN-6213¢), details of reproduction: a, carpogonial branch (cb)
with trichogyne (tr; note spermatia near tip) borne laterally off an assimilatory filament, and
showing developing involucral filaments (if); 4, assimilatory filament bearing lateral sperma-
tangia; ¢, mature cystocarp.
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REemarks.—The Carrie Bow Cay specimens
differ in habit from other species of Liagora re-
ported from the Caribbean. The carpogonial
branches are formed by the modification of one
of the furcations of the assimilatory filaments.
They seem to represent an undescribed species;
however, further material is needed to evaluate
their taxonomic status.

*Trichogloeopsis species
Ficure 99

Trichogloeopsis cf. pedicellata (Howe) Abbott and Doty, 1960:
632-640, figs. 1-23.

107?m

LocaL DistriButioN.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6953 (), JN-6954d (9); sta 8, 29
Mar 1976, JN-6167 (9); sta 19, 25 Apr 1977, JN-
7023 (9), JN-7024a (9), JN-7025 (9), and JN-7026
®).

REmarks.—Collections from Carrie Bow Cay
represent the first record of the genus Trichogloeop-
sis in Belize. Trichogloeopsis Abbott and Doty
(1960) is distinguished from other genera of the
Helminthocladiaceae by the production of sterile
rhizoids, “gonimorhizoids,” by the gonimoblast
(Figure 99b). The Belizean material resembles 7.
pedicellata (Howe) Abbott and Doty (1960) in
internal measurements and in being monecious.

FiGure 99.— Trichogloeopsis species (JN-6953), details of reproductive structures: 2, carpogonial
branch (cb) with trichogyne (tr) arising as a lateral (in the place of a vegetative branch) at the
dichotomous branching; 6, mature cystocarp with well-developed gonimoblastic rhizoids (gr).
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The Belizean plants, however, differ in several
respects: the assimilatory filaments are shorter in
length; the cystocarps on the same thallus have
both elongated (= “pedicellate” of Abbott and
Doty, 1960) and non-elongated primary cells of
the carpogonial branch; and the gonimoblastic
‘rhizoids are well developed on mature cystocarps
in contrast to the weakly developed ones of T.
pedicellata (Abbott and Doty, 1960, fig. 20). A
detailed study of variation in T. pedicellata and
the Belize Trichogloeopsis species is needed before
we can determine whether the Belize specimens
are a new species or if they represent variation
that could be included within 7. pedicellata. The
latter was originally described from the Bahamas
as Liagora pedicellata Howe (1920b), and reported
in Florida, Caicos Islands, Jamaica, Guadeloupe
(Taylor, 1960), Barbados (Taylor, 1969), and
Curagao (van den Hoek, 1969).

Family CHAETANGIACEAE

* Galaxaura cylindrica (Solander) Kjellman

Galaxaura cylindrica (Solander) Kjellman, 1900:64.—Taylor,
1960:341, pl. 44: fig. 1.

LocaL DistriBution.—Carrie Bow Cay: sta 8,
22 Apr 1979, JN-7404 and JN-7408.

CariBBEAN DistrIBUTION.—Cuba, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Bar-
thélemy, Guadeloupe, Martinique, Barbados,
Grenada, Costa Rica, Panama, Venezuela (Tay-
lor, 1960); St. Kitts, Nevis, Dominica, St. Lucia
(Taylor, 1969); Curagao (Diaz-Piferrer, 1964b).

REemarks.—The Carrie Bow Cay specimens are
of larger diameter than is “typical” of the species,
but they agree with this species in other respects.
The branch diameters of Galaxaura ¢ylindrica and
G. oblongata (Ellis and Solander) Lamouroux over-
lap (Chou, 1947; Taylor, 1960). Chou (1947)
suggested the two may prove to be one species,
but Taylor (1960), while acknowledging that
“branch diameters converge,” stated there is little
difficulty in distinguishing them. More specimens
must be assembled and studied to evaluate their
distinctness.
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* Galaxaura lapidescens (Ellis and Solander)
Lamouroux

Galaxaura lapidescens (Ellis and Solander) Lamouroux, 1816:
264.—Bgrgesen, 1916:95, figs. 102-104.

LocaL DistriButioN.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7013; sta 7, 22 Apr 1977, JN-
6946. South Water Cay: sta 21, 28 Apr 1977, JN-
6723; sta 23, 20 Apr 1979, JN-7323 and JN-7332.

CAriBBEAN DisTrisuTiON.—Mexico, Bahamas,
Cuba, Jamaica, Puerto Rico, Virgin Islands,
Guadeloupe, Martinique, Barbados, Grenada,
Old Providence Island, Panama, Colombia (Tay-
lor, 1960); Dominican Republic (Almodovar and
Bonnelly, 1977); St. Lucia (Taylor, 1969); Cura-
¢ao (Diaz-Piferrer, 1964b); Costa Rica (Dawson,
1962b); Venezuela (Diaz-Piferrer, 1970b).

* Galaxaura oblongata (Ellis and Solander)
Lamouroux

Galaxaura oblongata (Ellis and Solander) Lamouroux, 1816:
262.—Bgrgesen, 1927:7], figs. 39-41.

LocaL DrstriButioNn.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7012, and 30 Apr 1977, JN-
7342, and 30 Mar 1976, JN-7255; sta 7, 22 Apr
1977, JN-6948; sta 9, 29 Apr 1977, JN-6834; sta
10, 25 Apr 1977, JN-6973, and 23 Apr 1977, JN-
6903, and 28 Apr 1979, JN-7565; sta 18, 25 Apr
1977, JN-6744; sta 19, 28 Apr 1979, JN-7620.
South Water Cay: sta 21, 29 Apr 1977, JN-6382;
sta 23, 30 Apr 1979, JN-7330.

CariBBEAN DisTriBuTION.—Bahamas, Caicos
Islands, Cuba, Jamaica, Hispaniola, Puerto Rico,
Virgin Islands, Guadeloupe, Martinique, Barba-
dos, Costa Rica, Panama, Trinidad (Taylor,
1960); St. Kitts, Antigua, Dominica, St. Lucia,
Bequia (Taylor, 1969); Curacao (Diaz-Piferrer,
1964a).

Remarks.—It is difficult to separate this species
from Galaxaura cylindrica (see notes under that
taxon), except that its branches are more than 1
mm in diameter (Taylor, 1960).
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* Galaxaura obtusata
(Ellis and Solander) Lamouroux

Galaxaura obtusata (Ellis and Solander) Lamouroux, 1816:
262.—Taylor, 1960: 342, pl. 44: figs. 4, 5, pl. 45: fig. 5.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 15,
27 Apr 1977, JN-6678, and 27 Apr 1979, JN-
7600.

CariBeeaN DistriBuTiON.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, St. Eustatius,
Guadeloupe, Barbados, Tobago (Taylor, 1960);
Nevis, St. Lucia (Taylor, 1969); Curagao (Diaz-
Piferrer, 1964b); Panama (Earle, 1972); Venezu-
ela (Diaz-Piferrer, 1970b).

Remarks.—At Carrie Bow Cay, it has been
found only in deep-water (18-37 m) habitats.

Family BONNEMAISONIACEAE

* Asparagopsis taxiformis (Delile) Trevisan

“Falkenbergia hillebrandii™ stage of Asparagopsis taxiformis (De-
lile) Trevisan, 1845:45.—Bgrgesen, 1918:332, figs. 332,
333 [as Falkenbergia hillebrandii).—Taylor, 1960:571, pl. 72:
fig. 8 [as Falkenbergia hillebrandii].

Locavr DistriBuTioN.—Twin Cays: sta 26, 29
Apr 1979, JN-7451.

CariBBEAN DisTriBUTION.—Mexico, Bahamas,
Cayman Islands, Virgin Islands, Guadeloupe,
Martinique, Barbados (Taylor, 1960); Cuba
(Suarez, 1973); Puerto Rico (Diaz-Piferrer, 1963);
Jamaica (Chapman, 1963); Antigua, Dominica
(Taylor, 1969); Curacao (Diaz-Piferrer, 1964b);
Venezuela (Diaz-Piferrer, 1970b).

REmMARKs.—Only the sporophytic stage, “Fal-
kenbergia hillebrandii,” was encountered at Twin
Cays. This is a new Belizean record of the genus.

Family GELIDIACEAE
Gelidiella acerosa (Forsskal) Feldmann
and Hamel

Gelidiella acerosa (Forsskal) Feldmann and Hamel, 1934:
533.—Taylor, 1960:351, pl. 46: fig. 5.

LocaL DistriBution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6947. South Water Cay: sta 21,

entangled with Sargassum holdfasts, 28 Apr 1977,
JN-6721, and 29 Apr 1977, JN-6380; sta 23, 30
Apr 1979, JN-7322.

CariBBEAN DistriBUTION.—Bahamas, Caicos
Islands, Salt Key Bank, Cuba, Cayman Islands,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
Guadeloupe, Martinique, Barbados, Grenadines,
Grenada, Belize, Costa Rica, Panama, Nether-
lands Antilles, Venezuela, Trinidad, Tobago
(Taylor, 1960); Nevis, Antigua, Dominica, St.
Lucia, Bequia (Taylor, 1969).

Order CRYPTONEMIALES
Family DUMONTIACEAE

* Dudresnaya crassa Howe

Dudresnaya crassa Howe, 1905:572.—Taylor, 1960:364, pl. 43:
fig. 6.

LocaL DistriBution.—Carrie Bow Cay: sta 8,
29 Mar 1976, JN-6168 (%,8); sta 10, 25 Apr 1977,
JN-7054 (,3); sta 19, 25 Apr 1977, JN-7124.

CariBBeaN DistriBuTioN.—Puerto Rico (Al-
modoévar, 1970).

Remarks.—Numerous specimens of this soft
gelatinous species, representing a new Belizean
record for the genus, were encountered subtidally
at Carrie Bow Cay. Dudresnaya crassa, described
from Bermuda by Howe (1905), has been re-
ported to be dioecious (Taylor, 1950), but the
Belizean plant is monoecious. The female and
male reproductive structures and other morpho-
logical features of the Belizean specimens, how-
ever, agree with those described for D. crassa by
Taylor (1950; 1960). One other species, D. vert:-
ctllata, has also been reported to be both dioecious
and monoecious (Taylor, 1950).

Family RHIZOPHYLLIDACEAE
Ochtodes secundiramea (Montagne) Howe

Ochtodes secundiramea (Montagne) Howe 1920b:583.— Joly
and Ugadim, 1966:55, pl. 1: figs. 1-8, pl. 2: figs. 1-7, pl.
3: figs. 1-4.
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LocaL DistriBuTioN.—South Water Cay: sta
21, 28 Apr 1977, coll. JN, KB, W. Fenical, and
O. McConnell, JN-6714, and 29 Apr 1977, JN-
6895 (9.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, St. Bar-
thélemy, Guadeloupe, Martinique, Barbados,
Grenada, Belize, Costa Rica, Panama, Trinidad,
Tobago (Taylor, 1960); St. Kitts, Dominica, St.
Lucia, Bequia (Taylor, 1969); Curagao (Diaz-Pi-
ferrer, 1964b); Venezuela (Diaz-Piferrer, 1970b).

REMARKs.—Many of the specimens were cys-
tocarpic, and the cystocarps were clustered in
pale wart-like nemathecia, reminiscent of para-
sitic algae. In fresh plants, numerous unicellular
hairs issuing from the cortex of young portions
were observed, as described by Joly and Ugadim
(1966). Once preserved in 3% Formalin/seawater,
these hairs become detached or disintegrate. The
“gland cells” of fresh plants, viewed under a Wild
M. 5 stereo microscope, were densely interspersed
throughout the cortex, and appeared iridescent
blue against the red pigmented cortical cells.
After methanol extraction, the “gland cells” ap-
parently lost their contents and no longer were
iridescent blue. McConnell and Fenical (1978)
discovered halogenated compounds in this plant,
one of which, ochotodene, was up to 50% of the
crude organic extract. These “gland cells” are the
probable site of halogenation storage as they have
been discovered to be in another red alga, Lauren-
cra snyderae (Young et al., 1980).

Family KALLYMENIACEAE

* Kallymenia limminghii Montagne

Kallymenia lLimminghii Montagne, 1860:173.—Taylor, 1960:
432, pl. 80: fig. 2.

LocaL Distrisution.—Carrie Bow Cay: sta 12,
29 Apr 1977, coll. M. Danty, JN-7105; sta 13, 23
Apr 1979, JN-7701, JN-7702, JN-7703; sta 15, 27
Apr 1979, JN-7596; sta 18, 28 Apr 1979, JN-7622.

CARIBBEAN DisTriBUTION.—Bahamas, Caicos
Islands, Guadeloupe (Taylor, 1969); Puerto Rico
(Almoddvar, 1970).
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REMARKs.—Our material was found only epi-
zooic on dead gorgonians, and is the first record
of the genus in Belize.

Family CORALLINACEAE
Articulate Corallinaceae

* Amphiroa fragilissima (Linnaeus) Lamouroux

Amphiroa fragilissima (Linnaeus) Lamouroux, 1816:298.—
Taylor, 1960: 403, pl. 47: figs. 1, 2.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 6,
23 Apr 1979, JN-7671a; sta 19, 25 Apr 1977, JN-
7019; sta 20, 22 Apr 1979, JN-7745. Twin Cays:
sta 25, epiphytic on Halimeda, 26 Apr 1977, JN-
6873; sta 26, 29 Apr 1979, JN-7311, JN-7534.

CARIBBEAN DisTrIBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
St. Barthélemy, Guadeloupe, Dominica, Marti-
nique, Barbados, Grenadines, Grenada, Belize,
Costa Rica, Panama, Colombia, Netherlands An-
tilles, Venezuela, Tobago (Taylor, 1960); Grand
Cayman, Nevis, Antigua, St. Lucia, Bequia (Tay-
lor, 1969); Trinidad (Richardson, 1975).

* Amphiroa rigida var. antillana Bgrgesen

Amphiroa rigide var. antillana Bgrgesen, 1917:182.—Taylor,
1960:404, pl. 47: fig. 3, pl. 48: fig. 1.

LocaL DistriBution.—Carrie Bow Cay: sta 1,
21 Apr 1979, JN-7752; sta 10, mixed with A.
tribulus, 28 Apr 1979, JN-7567.

CariBBEAN DisTriBuTION.—Bahamas, Jamaica,
Hispaniola, Virgin Islands, Guadeloupe, Barba-
dos, Belize, Panama (Taylor, 1960); Cuba (Diaz-
Piferrer, 1964a); Puerto Rico (Almododvar, 1964);
Antigua, Dominica (Taylor, 1969); Costa Rica
(Dawson, 1962b); Curagao (van den Hoek, 1969);
Venezuela (Taylor, 1976).

* Amphiroa tribulus (Ellis and Solander)
Lamouroux

Amphiroa tribulus (Ellis and Solander) Lamouroux, 1816:
302.—Taylor, 1960:406, pl. 47: figs. 4, 5.
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LocaL DistriBuTioN.—Carrie Bow Cay: sta 1,
21 Apr 1979, JN-7754; sta 6, 23 Apr 1979, JN-
7682; sta 9, 29 Apr 1977, JN-6835; sta 14, 5 Apr
1976, coll. JN and W. Fenical, s.n.; sta 19, 28 Apr
1979, JN-7625.

CARIBBEAN DISTRIBUTION.—Mexico, Bahamas,
Cuba, Jamaica, Hispaniola, Puerto Rico, Guad-
eloupe, Martinique, Belize, Panama (Taylor,
1960); Nevis (Taylor, 1969); Costa Rica {(Dawson,
1962b); Trinidad (Richardson, 1975).

* Jania capillacea Harvey

Jania capillacea Harvey, 1853:84.—Taylor, 1960:412, pl. 49:
fig. 4.

LocaL DistriBuTiON.—Carrie Bow Cay: sta 1,
epiphytic on Turbinaria, 30 Mar 1976, JN-7268;
sta 6, 23 Apr 1979, JN-7655b, JN-7672a; sta 7,
21 Apr 1977, JN-7129a, and 23 Apr 1977, JN-
6993; sta 9, 23 Apr 1977, JN-6929; sta 10, 25 Apr
1977, JN-7218b.

CAriBBEAN DistriBuTiON.—Bahamas, Cuba,
Jamaica, Hispaniola, Virgin Islands, Barbados,
Belize, Costa Rica, Panama, Colombia (Taylor,
1960); Puerto Rico (Diaz-Piferrer, 1963); Grand
Cayman, St. Kitts, Antigua, Dominica, St. Lucia,
Grenada (Taylor, 1969); Curacao (Diaz-Piferrer,
1964b); Venezuela (Diaz-Piferrer, 1970b).

Non-articulate Corallinaceaef

* Fosliella farinosa (Lamouroux) Howe

Fosliella farinosa (Lamouroux) Howe, 1920b:587. —Masaki
and Tokida, 1960:39, pl. 1: figs. 4-5, pl. 2: figs. 8-12, pls.
6-7.—Ugadim, 175:119, pl. 3: figs. 1-2

LocarL DistriBuTioN.—South Water Cay: sta
21, epiphytic on Laurencia, 29 Apr 1977, JN-
6381b.

CariBBEAN DisTriBUTION.—Bahamas, Cuba,

T Contributed by Roberta A. Townsend, School of Bio-
logical Sciences, University of Sydney, Sydney 2006, New
South Wales, Australia (work completed while author was
on a Smithsonian Institution Predoctoral Fellowship, Na-
tional Museum of Natural History, Washington,

D.C. 20560).

Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
Guadeloupe, Barbados, Belize, Old Providence
Island, Costa Rica, Panama, Colombia, Venezu-
ela, Netherlands Antilles, Tobago (Taylor, 1960);
St. Kitts, Antigua, St. Lucia, Dominica, Bequia
(Taylor, 1969).

* Fosliella species 1

LocaL DistriBuTiON.—South Water Cay: sta
21, epiphytic on Laurencia, 29 Apr 1977, JN-638 1c.

REMarks.—This epiphyte has cells (7-15 pm
long) and tetrasporangia (30-42 um long) that
are much smaller than those of Fosliella farinosa,
which has larger cells (12-30 pm long) and te-
trasporangia (40-90 pm long). Therefore it rep-
resents a different species. See generic comments
below.

* Fosliella species 2

LocaL DistriBuTioN.—Carrie Bow Cay: sta 6,
epilithic on coral rubble, 23 Apr 1979, JN-7668
@).

REMaRrks.—Before species names can be con-
fidently placed on uniporate, thin crusted non-
articulate corallines, the problems with the cir-
cumscription of the genera Fosliella and Hetero-
derma must be resolved. At this time, it seems best
to refer to the two unknown Belizean species of
Fosliella as F. species 1 and F. species 2.

* Lithoporella atlantica (Foslie) Foslie

Lithoporella atlantica (Foslie) Foslie, 1909:59;1929, pl. 73: fig.
9.—Taylor, 1960: 387 [as Fosliella atlantica).

LocaL DistriBution.—Carrie Bow Cay: sta 7,
epilithic on coral rubble, 28 Apr 1979, coll. J.
Norris and 1. Macintyre, JN-7512 (Z).

CariBBEAN DisTRIBUTION.—Virgin Islands, His-
paniola (Taylor, 1960).

REMARKs.—From the Caribbean collections of
W. H. Adey (Coralline Herbarium, US), this
species appears in few localities and where found,
is apparently not abundant. It is a new Belizean
record for the genus.
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* Hydrolithon boergesenii (Foslie) Foslie

Hydrolithon boergesenii (Foslie) Foslie, 1909:56.—Taylor, 1960:
397, pl. 76: fig. 2 [as Goniolithon boergesenii).

LocaL DistriBuTiON.—Carrie Bow Cay: sta 6,
epilithic on coral rubble, 23 Apr 1979, JN-7669
and JN-7670a, and 10 May 1978, coll. K. Rutzler,
s.n.

CariBBEAN DisTrIBUTION.—Dominican Repub-
lic, Virgin Islands, Barbados, Costa Rica (Taylor,
1969); Nicaragua (Dawson, 1962b).

REMARks.—In the Caribbean, this species is
common throughout the intertidal zone and may
be found to a depth of 67 m. This is the first
report of the genus in Belize.

* Mesophyllum species 1

LocaL DistriBuTiOoN.—Carrie Bow Cay: sta 14,
on coral rubble, 27 Apr 1979, JN-7589.

REemarks.—Unfortunately this specimen is not
reproductive; however, it has a leafy habit, thick
coaxial hypothallium, “large-celled” meristem
(cf. Adey and Macintyre, 1973), and rounded
epithallial cells. It also lacks heterocysts; therefore
I place it into the genus Mesophyllum. A new
record of the genus in Belize, this specimen rep-
resents a new species that is under study by W.
H. Adey (pers. comm.).

* Neogoniolithon strictum (Foslie) Setchell and
Mason

Neogoniolithon strictum (Foslie) Setchell and Mason, 1943:92.—
Taylor, 1960:399, pl. 48: fig. 4, pl. 77: figs. 1-2 [as
Goniolithon strictum).

LocaL DistriBuTtion.—Carrie Bow Cay: sta 6,
28 Apr 1979, coll. J. Norris and I. Macintyre, JN-
7501, and 23 Jun 1977, coll. K. Rutzler, CBC-
71.6.23.

CariBBEAN DistriBUTION.—Cuba, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands (Taylor,
1960); Curacao (van den Hoek, 1969).

REmarks.—This material has the sloughing
epithallium characteristic of Neogoniolithon stric-
tum. A rather common species at Carrie Bow Cay,
it is free living among Thalassia on the reef flat
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seaward of the IMSWE laboratory. A new generic
record for Belize, this is apparently the first record
of this taxon from the Central America coast of
the Caribbean.

* Neogoniolithon species 1

LocaL DistriBuTiON.—Carrie Bow Cay: sta 6,
23 Apr 1979, JN-7670b (Z).

Remarks.—This specimen 1is regularly
branched, and grows sympatrically with Hydroli-
thon boergeseni: on the same coral rubble. It pos-
sesses a coaxial hypothallium, single heterocysts,
and conceptacles of 750 um outside diameter.

Neogoniolithon species 1 and 2 are under study
by W. H. Adey and represent undescribed species
(pers. comm.)

* Neogoniolithon species 2

LocaL DistriBuTioN.—Carrie Bow Cay: sta 6,
on coral surface, 28 Apr 1979, coll. J. Norris and
I. Macintyre, JN-7499.

REMARKS.—A  non-branched  Neogoniolithon,
with a parallel hypothallium that is coaxial in
places. The conceptacles range from 250 to 500
pm outside diameter. See also comments on M.
species 1 above.

* Porolithon pachydermum
(Weber-van Bosse and Foslie) Foslie

Porolithon pachydermum (Weber-van Bosse and Foslie in Foslie)
Foslie, 1909:57; 1929, pl. 67: figs. 9-10.—Taylor, 1960:
401.

LocaL DistriButioN.—Carrie Bow Cay: sta 6,
on coral face, 28 Apr 1979, coll. J. Norris and L.
Macintyre, JN-7498 (Z).

CariBBEAN DisTRIBUTION.— Jamaica, Puerto
Rico, Virgin Islands, Barbados (Taylor, 1960);
Curacao (van den Hoek, 1969).

Remarks.—This crust has the definite hetero-
cyst fields found in the type of Porolithon pachyder-
mum (isotype number FT-121, Coralline Herbar-
ium, US). This species is common in shallow
waters to depths of 20 m on Caribbean outer reefs
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(W. H. Adey, pers. comm.), and represents a
genus new to Belize.

Order GIGARTINALES
Family GRACILARIACEAE

* Gracilaria crassissima P. and H. Crouan
Ficure 100

Gracilaria crassisssma P. and H. Crouan in Mazé and
Schramm, 1878:218.—Taylor, 1960: 443, pl. 55: fig. 4, pl.
57: fig. 4.

Locavr DistriBution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6996.

CarisBEAN DisTriBUTION.—Bahamas, Jamaica,
Hispaniola, Puerto Rico, Guadeloupe (Taylor,
1960); Cuba (Diaz-Piferrer, 1964a); St. Lucia,
Grenada (Taylor, 1969); Barbados (Almodévar
and Pagan, 1967); Curacao (Diaz-Piferrer,
1964b); Costa Rica (Dawson, 1962b); Panama
(Earle, 1972).

Remarks.—The fresh specimen measured 14
cm in diameter, approximately 8 cm in height,
and up to 5 cm in width, individual fronds were

Ficure 100.—Gracilaria crassissima, habit of a portion of a
robust specimen (JN-6996).

up to 1.3 cm in thickness. It was growing on the
reef crest in shallow water, attached to the un-
derside of a large piece of dead Acropora palmata
coral in an area of strong swells and surge.

Family SOLIERIACEAE

* Eucheuma? echinocarpum Areschoug

Eucheuma echinocarpum Areschoug, 1854:349 [= reprint p.
23].—Taylor, 1960:458.

Locav DistriBuTioNn.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6960 (Z).

CariBBeaN DistriBuTioN.—Cuba (Diaz-Pifer-
rer, 1964a; Suarez, 1973); Jamaica (Collins, 1901;
Chapman, 1963); Dominican Republic (Almo-
dévar and Bonnelly, 1977); Puerto Rico (Almo-
dovar, 1964); Guadeloupe (Taylor, 1960); Nevis,
Dominica (Taylor, 1969); Barbados (Almodovar
and Pagan, 1967); Curagao (van den Hoek,
1969); Venezuela (Diaz-Piferrer, 1970b).

Remarks.—The correct generic placement of
this taxon is currently under study by D. Cheney
(pers. comm.).

* Eucheuma? cf. schrammii (P. and H. Crouan
J- Agardh

Ficure 101

Eucheuma schrammii (P. and H. Crouan in Schramm and
Mazé) J. Agardh, 1892:124.—Taylor, 1960:458.—Diaz-
Piferrer, 1970a:12, fig. 6.

Locar DistriBuTion.—Carrie Bow Cay: sta 7,
21 Apr 1977, JN-7106 (9).

CariBBEAN  DIsTRIBUTION.—Virgin  Islands,
Guadeloupe (Taylor, 1960); Puerto Rico (Almo-
dovar, 1970); Dominica (Taylor, 1969); Curagao
(Diaz-Piferrer, 1964b); Costa Rica (Dawson,
1962b); Venezuela (Diaz-Piferrer, 1970b).

REmARKks.—In habit, the Carrie Bow Cay plant
resembles both Eucheuma schrammii and Meristo-
theca tobagensis Taylor (1962b:55). Examination of
mature cystocarps from the type of M. tobagensis
(Taylor, 1962b, pl. 4: fig. 1; holotype number
US-33935) revealed a structure like that described
and illustrated for the type of the genus, M
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Fi1GURE 101.—Eucheuma? cf. schrammii (JN-7106): a, habit of a portion of the thallus showing
spiny nature of mature cystocarps; b, cross section through a mature cystocarp showing
parenchymatous central tissue (pct), and the gonimoblast and carposporangia (c) developing

outward towards the “Faserhulle” (F).

papulosa (Montagne) J. Agardh, by Bgrgesen
(1934b:13-16, fig. 11). Mature cystocarps of both
M. papulosa and M. tobagensis have gonimoblast
tissue and carposporangia developing outward
from the parenchymatous central tissue. Simi-
larly, in cystocarps of the Carrie Bow Cay speci-
men, the gonimoblast and carposporangia appear
to develop outwards towards the “Faserhulle”
from the parenchymatous central tissue (Figure
1016). Therefore, we suggest that the taxon E.
schrammui is probably a Meristotheca. However, un-
til the type of Mychodea schrammii is re-examined
to determine if its cystocarpic construction and
carposporangial development is the same as our
Belizean plant, we tentatively identify the latter
as E.? cf. schrammai.

Recently, Cheney and Dawes (in press) exam-
ined the “Originalexemplar” of Eucheuma schram-
mu selected by Kylin (1932, pl. 10: fig. 23) (Mpy-
chodea schrammui P. and H. Crouan in Schramm
and Mazé 1865:10; Herbarium Agardh number
34680, LD) and concluded that this taxon is not
a FEucheuma (a genus in which the mature cysto-
carps possess a single fusion cell). The generic
placement of M. schrammii is under study by D.
Cheney (pers. comm.).

Taylor (1960:458) has described the cystocarps
of Eucheuma schrammii as “hardly projecting from
the surface, but the overlaying tissue often api-
culate.” Cystocarps of the Belizean plant differ in
being confined to marginal portions of the blade;
they also are very spiny (Figure 101a). More
Caribbean material must be studied, particularly
from the type locality in Guadeloupe, to assess
the importance of these features for taxonomic
purposes.

Family CAULACANTHACEAE

Guiry (1978:193) has recently pointed out that
the family name Caulacanthaceae Kutzing
(1843) has nomenclatural priority over Rhabdon-
1aceae Kylin (1925).

Catenella repens (Lightfoot) Batters

Catenella repens (Lightfoot) Batters, 1902:69.—Taylor, 1960:
462, pl. 66: fig. 13.

Locar DistriBuTioNn.—Twin Cays: sta 24, 31
Mar 1976, JN-6293c and JN-6295, and 26 Apr
1977, JN-6872.

CarigBeaN DistrisuTioN.—Bahamas, Cuba,



200

Jamaica, Virgin Islands, Tortola Island, Guade-
loupe, Martinique, Belize, Panama (Taylor,
1960); Puerto Rico (Almoddvar, 1965); Curagao,
Bonaire (Diaz-Piferrer, 1964b); Venezuela (Diaz-
Piferrer, 1970b); Trinidad (Richardson, 1975).

REemarks.—This species, a new Belizean record
for the genus, was found in association with Bos-
trychia, growing on mangrove roots; its common
habitat in the Caribbean.

Family HYPNEACEAE

Hypnea cervicornis J. Agardh

Hypnea cervicornts J. Agardh, 1852:451.—Taylor, 1960:466,
pl. 73: fig. 2.

LocaL DistriButioNn.—Carrie Bow Cay: sta 3,
entangled with Laurencia, 28 Apr 1977, JN-6395
(P); sta 7, 21 Apr 1977, JN-6983. Twin Cays: sta
24, 31 Mar 1976, JN-6299 (f); sta 25, 26 Apr
1977, JN-6893.

CARrRIBBEAN  DistriBuTiON.—Mexico, Cuba,
Cayman Islands, Jamaica, Hispaniola, Virgin Is-
lands, St. Barthélemy, Guadeloupe, Martinique,
Belize, Panama, Colombia, Netherlands Antilles,
Venezuela (Taylor, 1960); Puerto Rico (Diaz-Pi-
ferrer, 1963); Antigua, Barbados, Grenada (Tay-
lor, 1969); Costa Rica (Dawson, 1962b); Trinidad
(Richardson, 1975).

RemMarks.—Bispores, 15-23 um X 45-52 um,
borne in specialized branches were found on JN-
6299; the usual mode of sporophyte reproduction
is by zonate tetraspores.

Hypnea musciformis (Wulfen) Lamouroux

Hypnea musciformis (Wulfen) Lamouroux, 1813:131.—Taylor,
1960:467, pl. 73: fig. 1.

LocaL DistriBuTioN.—Twin Cays: sta 24, 31
Mar 1976, JN-6271.

CariBBeaN DistriBuTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Cayman Islands, Jamaica,
Hispaniola, Puerto Rico, Virgin Islands, St. Bar-
thélemy, Guadeloupe, Martinique, Barbados,
Grenada, Belize, Costa Rica, Panama, Colombia,
Netherlands Antilles, Venezuela, Trinidad, To-
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bago (Taylor, 1960); St. Kitts, Nevis, Antigua,
Dominica, St. Lucia, St. Vincent, Bequia (Taylor,
1969); Isla San Andrés (Kapraun, 1972).

Order RHODYMENIALES
Family RHODYMENIACEAE

* Botryocladia shanksii Dawson

Botryocladia shanksi: Dawson, 1962b:385, pl. 2: figs. A, B, pl. 5:
fig. B.—Schnetter, 1977:79, figs. 8-11.

LocaL DistriBuTioN.—Carrie Bow Cay: sta 1,
20 Apr 1977, JN-7107.

CARrRIBBEAN DistriBuTiON.—Barbados, Costa
Rica (Dawson, 1962b); Colombia (Schnetter,
1977).

Family CHAMPIACEAE

Champia parvula (C. Agardh) Harvey

Champia parvula (C. Agardh) Harvey, 1853:76.—Taylor,
1960:490, pl. 61: fig. 4.

LocaLr DistriButioN.—Carrie Bow Cay: sta 3,
epiphytic on Udotea, 28 Apr 1977, JN-6400; sta 6,
epiphytic on Thalassia, 23 Apr 1979, JN-7651; sta
8, epiphytic on Halimeda, 27 Apr 1977, JN-6420
(®), JN-6435 (?); sta 9, 29 Apr 1977, JN-6846a;
sta 10, 23 Apr 1977, JN-6922; sta 11, epiphytic
on Sargassum, 29 Mar 1976, JN-6175; sta 14,
epiphytic on Sargassum hystrix, 5 Apr 1976, JN-
6350 (@) and epiphytic on Dictyota dichotoma, JN-
6340 (@), and 27 Apr 1977, JN-6804; sta 15,
epiphytic on Sargassum blade, 27 Apr 1977, JN-
6689 (9); sta 18, 25 Apr 1977, JN-6752 (2,D).

CARIBBEAN DistriBuTION.—Bahamas, Caicos
Islands, Jamaica, Hispaniola, Puerto Rico, Virgin
Islands, Guadeloupe, Dominica, Barbados, Ven-
ezuela (Taylor, 1960); Cuba (Suarez, 1973);
Nevis, Antigua (Taylor, 1969); Belize (Tsuda and
Dawes, 1974); Costa Rica (Wellington, 1973).

REMARks.—In 1976 and 1977 Champia parvula
was found at several stations in the vicinity of
Carrie Bow Cay, but it was always sparse in
distribution and coverage. In the spring of 1979,
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however, this species appeared in great abun-
dance as an epiphyte on Thalassia at station 6, a
dominant yellow coverage seen over the entire
reef flat (compare Riitzler and Macintyre, herein:
15, Figures 66, 7).

Coelothrix irregularis (Harvey) Bgrgesen

Coelothrix irregularis (Harvey) Bgrgesen, 1920:389.—Taylor,
1960:488, pl. 45: fig. 3, pl. 46: fig. 4.

LocaLr DistriBuTiON.—Carrie Bow Cay: sta 6,
23 Apr 1979, JN-7658 and JN-7666.

CariBBEAN DistriBUTION.—Bahamas, Cuba,
Jamaica, Hispaniola, Puerto Rico, Virgin Islands,
Guadeloupe, Belize (Taylor, 1960); Grand Cay-
man, Antigua, Dominica, St. Lucia, Barbados
(Taylor, 1969); Curacgao (Diaz-Piferrer, 1964b);
Trinidad (Richardson, 1975).

* Chrysymenia cf. okamurai Yamada and
Segawa

Chrysymenia okamurai Yamada and Segawa, 1953:110, fig. 3.

LocaL DistriBution.—Carrie Bow Cay: sta 8,
27 Apr 1977, JN-6428.

REemMarks.—This species represents a genus not
previously recorded in Belize, and is apparently
not known elsewhere in the Caribbean. The plant
resembles Chrysymenia okamurai Yamada and Se-
gawa (1953:110, fig. 3; see also Abbott and Lit-
tler, 1969) from Japan and Hawaii in general
morphology. More specimens, however, particu-
larly cystocarpic ones, are needed before the iden-
tity of the Belize alga can be established.

Order CERAMIALES
Family CERAMIACEAE

Antithamnion ogdeniae Abbott

Antithamnion ogdeniae Abbott, 1979:218, figs. 11-14.

LocaL DistriButioNn.—Carrie Bow Cay: sta 8,
epiphytic on Halimeda, 27 Apr 1977, JN-6429 and
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JN-6430; sta 14, epiphytic on Sargassum, 5 Apr
1976, JN-6347.

CariBBEAN DistriBuTion.—This species was re-
cently described from St. Croix, U.S. Virgin Is-
lands, and Belize, with specimens (paratypes)
from Carrie Bow Cay (Abbott, 1979).

* Antithamnionella flagellata (Bgrgesen) Abbott

Antithamnionella flagellata (Bgrgesen) Abbott,
1979:222, figs. 18-20 [as ‘flagellatum’].—Bgrgesen,
1945:5, figs. 1, 2 [as Antithamnion flagellatum].

LocaL DistriBution.—Carrie Bow Cay: sta 8,
epiphytic, 27 Apr 1977, JN-6427 (&©); sta 9, epi-
phytic, 29 Apr 1977, JN-6841d.

CarieeaN DistriBuTiON.—Virgin Islands (Ab-
bott, 1979).

Remarks.—This species was originally de-
scribed from Mauritius (Bgrgesen, 1945) and only
recently found near St. Croix, U.S. Virgin Islands
(Abbott, 1979). Belizean specimens (the first rec-
ord of the genus in Belize), while in general
agreement with Antithamnionella flagellata, have
branchlets reaching only 300 pwm in length,
shorter than the 300-600 pm length previously
described.

Centroceras clavulatum (C. Agardh) Montagne
Ficure 102

Centroceras clavulatum (C. Agardh) Montagne, 1846:140.—Ab-
bott and Hollenberg, 1976:604, fig. 547.

LocaL DistriBution.—Carrie Bow Cay: sta 3,
epiphytic on Laurencia, 28 Apr 1977, JN-6394; sta
7, entangled with turf, 23 Jun 1977, coll. K.
Rutzler, CBC-77.6.23, and in algal turf, inter-
mixed with Anotrichium tenue, Jania and Ceramium,
22 Apr 1977, JN-6958b, and in algal turf, entan-
gled with Taenioma, Herposiphonia, and Jania, JN-
6989a (8); sta 15, 27 Apr 1977, JN-6688a. South
Water Cay: sta 21, on concrete block, 29 Apr
1977, JN-6384. Twin Cays: sta 26, 22 Apr 1979,
JN-7435.

CARIBBEAN DistriBUTION.—Mexico, Bahamas,
Caicos Islands, Cuba, Cayman Islands, Jamaica,
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Ficure 102.— Centroceras clavulatum, upper portion of thallus,
showing node with emergent tetrasporangia subtended by
spines and involucres (JN-6384).

Hispaniola, Puerto Rico, Virgin Islands, St. Bar-
thélemy, Guadeloupe, Dominica, Martinique,
Barbados, Grenada, Belize, Old Providence Is-
land, Costa Rica, Panama, Colombia, Nether-
lands Antilles, Venezuela, Tobago (Taylor,
1960); St. Kitts, Antigua, St. Lucia, St. Vincent,
Bequia (Taylor, 1969); Isla San Andrés (Ka-
praun, 1972); Trinidad (Richardson, 1975).

REMARKS.—Centroceras  clavulatum apparently
has variable tetrasporangia as well as vegetative
morphology. Tetrasporangia of the Belize speci-
mens are emergent, subtended by 2-3 celled
spines and occasionally by 4- to 5-celled involu-
cres (Figure 102). Taylor (1960:537) describes the
tetrasporangia as mostly exposed, generally
formed in the whorl of spines, but does not men-
tion involucres, while Joly (1965, pl. 39: fig. 502)
illustrates the tetrasporangia of material from
Brasil with involucres but without spines.

* Ceramium brevizonatum var. caraibicum
H. Petersen and Bgrgesen

Ceramium brevizonatum var. caraibicum H. Petersen and Bgrge-
sen in Bgrgesen, 1924:29 (as ‘caraibica’).—Taylor, 1960:
527, pl. 67: figs. 7-9.

LocaL DistriBution.—Carrie Bow Cay: sta 7,
22 Apr 1977, JN-6988 (J), and epiphytic on
Liagora, JN-6955¢ (®,?). South Water Cay: sta
21, 28 Apr 1977, JN-6732 (D).

CariBBEAN DistriBuTiON.—Hispaniola (Tay-
lor, 1960); Antigua, Barbados (Taylor, 1969).

* Ceramium fastigiatum f. flacci<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>