of mantle evolution, since oceanic ba-
salts, which are the best indicators of
mantle composition, can be identified
only with great difficulty at times earlier
than Mesozoic, the age of the oldest
ocean floor.

DoNALD J. DEPAOLO
Department of Earth and Space
Sciences, University of California,
Los Angeles 90024
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Foraminifera: Distribution of Provinces in the

Western North Atlantic

Abstract. All published distributional data on recent benthic foraminifera of the
North American Atlantic continental margin were archived into computerized cata-
logs. Cluster analysis of these data delimited seven large, marginally overlapping
provinces exhibiting a congruous relationship with western North Atlantic water
masses. The single major latitudinal faunal change occurs at Cape Hatteras.

Benthic foraminifera occur abundantly
in all marine environments. The number
of living foraminifera usually exceeds 10°
per square meter, and wet-weight bio-
mass estimates range from 0.02 to over
10 g/m? (/). Because of the biologic and
geologic importance of the foraminifera,
a vast literature exists on their distribu-
tion. During the last 130 years, we know
of 142 papers that were published on the
distribution of recent benthic foraminif-
era from the eastern continental margin
of North America. Analysis of such a
large data set by traditional methods of
preparing maps or tables for all taxa is
impossible. To obtain a synthesis of the
foraminiferal distribution along the east-
ern margin of North America, one of the
most completely studied areas in the
world, we compiled a computerized
catalog of the published occurrences
(presence or absence data) from New-
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foundland to the Bahamas (2). The cata-
log archives the distribution of 1303 spe-
cies names from 542 localities. Through
synonymization, achieved by reference
to published illustrations and specimens
lodged in the U.S. National Museum col-
lections, and by consultation with sever-
al researchers on benthic foraminifera,
the number of species names was re-
duced to 876. We report here the out-
come of a cluster analysis of these data
and relate the resulting distributions to
major water masses. As far as we know,
this is the first study to use all available
data to synthesize distributional patterns
over an entire continental margin.

For the cluster analysis, computer lim-
itations forced us to reduce the number
of localities to 350 by randomly deleting
localities. These 350 localities contained
791 species. We analyzed this data ma-
trix in the Q-mode by clustering Jaccard
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coefficients by the weighted pair-group
method (3).

The cluster analysis indicated that
there are seven large marginally over-
lapping areas or provinces, with a major
latitudinal faunal change in the vicinity
of Cape Hatteras (Fig. 1a). The diagnos-
tic species associations of the provinces,
too lengthy to be included here, will be
presented elsewhere (4).

Cape Cod has been suggested as a ma-
jor distributional barrier for benthic fo-
raminifera (5). Although the northern limit
of several southern forms is at Cape Cod
(2, 5), there are close similarities be-
tween foraminiferal faunas to the north
and south of the Cape. While discussing
the more common species of benthic
foraminifera on the Atlantic shelf, Sen
Gupta (6) noted, as we do, the greatest
latitudinal faunal change at Cape Hat-
teras. He described foraminiferal distri-
bution, however, in terms of the tradi-
tional five macrofaunal provinces of
the east coast of North America. These
macrofaunal (mollusk, crustacean, bryo-
zoan) biogeographic provinces (7) are as
follows: Arctic (North Pole to New-
foundland), Nova Scotian (Nova Scotia
to Cape Cod), Virginian (Cape Cod to
Cape Hatteras), Carolinian (Cape Hat-
teras to Cape Canaveral), and Caribbean
(south of Cape Canaveral). Our analysis,
based on all available presence or ab-
scuce data for all species of benthic fo-
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raminifera, indicates that, for the shelf,
the Nova Scotian and Virginian prov-
inces should be grouped together. We
recognize only the Nova Scotian-Virgin-
ian (Boreal), Carolinian, and Caribbean
(Bahaman) provinces on the shelf off the
east coast of North America, south of
Newfoundland.

In deeper (slope and rise) water we
recognize two northern provinces and
one southern province. The latitudinal
boundary between the northern and
southern provinces is also in the vicinity
of Cape Hatteras (Fig. 1a). Comparable
data are not published for the macro-
fauna offshore and, indeed, some dis-
agreement exists as to offshore macro-
faunal provinces. For example, Cerame-
Vivas and Gray (8) believed that, at Cape
Hatteras, the Virginian and Carolinian
provinces could be distinguished near-
shore and the Caribbean province off-
shore. Day et al. (9), however, did not
recognize the existence of an offshore
Caribbean province in this area.

At this point we cannot be certain if
the discrepancy between the number of
provinces for benthic foraminifera and
macrofaunal groups is due to wider envi-
ronmental tolerance on the part of fo-
raminifera or to differences in methodol-
ogy. In Jamaica, differences in species
composition between a back-reef flat and
a bay are dramatic for mollusks but only
slight for foraminifera (/0). A study of

biofacies in coastal California and the
Yucatan, however, indicated that foram-
inifera and mollusks were both directly
correlated with major habitats (/7). To
further complicate matters, Coomans
(12), unlike most macrofaunal zoogeog-
raphers, grouped mollusks of the Nova
Scotian and Virginian areas into a single
Boreal province, a scheme identical to
the one proposed here. The comput-
erization of large sets of faunal and floral
data and their subsequent analysis by
techniques similar to those used here
should, in the future, help to alleviate
some of these discrepancies.
Foraminiferal distributions are the re-
sult of a complex interplay of many vari-
ables. A single environmental variable,
such as temperature, cannot account for
all the variability observed in distribu-
tions. Planktic foraminifera have a dem-
onstrated relationship with the water
masses in both the Pacific (/3) and the
Atlantic (I4) oceans. Studies of benthic
foraminifera from nearshore (/5) and
abyssal depths (/6) also indicate a rela-
tionship with water masses rather than
a single environmental variable. Our
study, based on numerous samples con-
taining very many species, suggests a
congruous relationship between foram-
iniferal provinces and water masses over
a complete continental margin. The cur-
rent patterns of the major water masses
in the western North Atlantic are shown
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in Fig. Ib (/7). The close association of
provinces with water masses is apparent.
We suggest that the northern coastal
province is related to marginal waters,
the northern shelf province to shelf
(coastal) water, the northern outer shelf
and slope province to slope water, and
the northern slope and rise province to
open Atlantic water characterized in the
study area by the Western Boundary Un-
dercurrent and the Gulf Stream. South of
Cape Hatteras, the shelf province is re-
lated to southern shelf (coastal) water
and the southern slope province (inner
Blake Plateau) to water of the Florida
and Antilles currents. The northern
slope province is more closely similar to
the southern slope province than to the
northern shelf province, again indicating
close association of provinces with water
masses. In southern Florida a tropical
province (the Bahaman) makes its first
appearance and may be related to a
change of the sedimentary environment
(18) to a mainly carbonate regime.

A meaningful pattern thus results from
the analysis of a large data set based on
the work of 102 investigators over 130
years. The outcome presented here
should encourage workers to compile
and analyze similar data sets on other
groups of organisms.

M. A. Buzas
S. J. CULVER
Department of Paleobiology,
National Museum of Natural History,
Smithsonian Institution,
Washington, D.C. 20560
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Detection, Pursuit, and Overgrowth of Tropical Gorgonians by

Milleporid Hydrocorals: Perseus and Medusa Revisited

Abstract. Encounters leading to competitive interactions between colonies on cor-
al reefs are to some extent accidents of patterns of recruitment and growth. In con-
trast, colonies of Millepora spp. actively detect nearby arborescent gorgonians and
subsequently redirect growth in order to contact and overgrow them. Detection is
dependent on water flow over the two colonies.

Interactions between organisms are
common and important ecological phe-
nomena often affecting their fitness, dis-
tribution, and abundance. Many very
different types of interaction, such as
predator-prey, direct competition, para-
site-host, and mating involve, and are
preceded by, direct contact between or-
ganisms. The predictability of such en-
counters between potentially interacting
organisms is an important ecological pa-
rameter. A species’ ability to influence
its interactions by precipitating or avoid-
ing specific encounters will depend
largely on its degree of mobility and be-
havioral complexity. Thus, interactions
between many sessile organisms, such as
plants and colonial animals, appear to be
the result of patterns of recruitment and
normal, vegetative growth (/, 2). Here I
describe a competitive interaction be-
tween adult colonies of two common
coral reef taxa in which the initial en-
counter results from mechanisms more
often associated with mobile organisms:
detection and pursuit (in the form of di-
rected growth) of arborescent gorgo-
nians by competitively superior (3) mil-
leporid hydrocorals.

Millepora alcicornis (branched) and
M. complanata (bladelike) normally pro-
duce erect, planar colonies oriented per-
pendicularly to water flow ¢, 5). In con-
trast, colonies of both species pursuing
nearby gorgonians redirect growth of
varying numbers of specialized branches
out of the colony plane, horizontally
toward the target gorgonian. These at-
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tack branches (6) elongate, bifurcating
into handlike structures that eventually
contact, abrade, encircle, and encrust
branches of the target gorgonian, ulti-
mately overgrowing the entire colony
(Fig. 1, aand b). .

A survey of this interaction on the
shallow (7 m) fore reef of northern Ja-
maica reveals two characteristic pat-
terns, substantiated by qualitative obser-
vations elsewhere in Jamaica and in Be-
lize (C.A.). Millepora colonies produced
attack branches exclusively toward near-
by (within 30 cm) living colonies of many
of the common gorgonian species, and
never into open water or toward other
potential substrata, such as dead gorgo-
nians, live or dead coral, sponges, algae,
or other Millepora. Attacks by Millepora
exhibited a highly significant directional
component. Of 75 recorded attacks, 95
percent originated from Millepora colo-
nies down-current (in the oscillating
wave surge) from target gorgonians (7).
The observed specificity and direction-
ality of attacks suggest that production
of attack branches by Millepora is nei-
ther a device to randomly search for new
substrata, nor a general response to any
nearby object; rather it is a specific re-
sponse to living gorgonians detected by
water flow over them and onto Mille-
pora.

I tested these hypotheses by experi-
mentally inducing in situ production of
attack branches from previously normal,
planar, and noninteractive colonies of
M. alcicornis. To determine whether
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