Elimination of Two Reef-Building Hydrocorals
Following the 1982—83 El Nifio Warming Event

P. W. GLYNN AND W. H. DE WEERDT

One probable extinction and one range reduction of eastern Pacific reef-building
hydrocoral (Millepora) species mark the first documented cases of species eliminations
resulting from the worldwide 1980s coral reef bleaching events. Two of 12 Panama-
nian coral species were eliminated suddenly from their former ranges by prolonged
high sea temperatures during the 1982-83 El Nifio—Southern Oscillation event. Three
conditions contributed to their demise: high sensitivity to sea warming, populations
confined to a small geographic area, and bathymetric restriction to the euphotic zone
(=20 meters depth) where El Nifo sea warming had its greatest effect.

XTINCTION EVENTS ARE WELL DOC-

umented in the geologic record

among marine and terrestrial biotas
and in extant terrestrial ecosystems, especial-
ly in tropical latitudes during the present
century (1). In contrast, no species extinc-
tions have been noted in coral reef ecosys-
tems despite widespread tropical marine
habitat disturbances over the past few dec-
ades (2—4). We describe the disappearance of
two zooxanthellate hydrocoral (Millepora)
species that were present in reef coral com-
munities on the Pacific coast of Panama
before the extraordinarily strong 1982-83
El Nifo-Southern Oscillation (ENSO)
event. The hydrocorals were among the first
reef-building species to lose their zooxan-
thellae during the ENSO sea warming event
and subsequently experienced the highest
mortalities of all affected coral reef orga-
nisms. The two hydrocoral species have not
been seen alive in Panama since 1983, de-
spite intensive searches over their formerly
known ranges. This may represent the first
documentation of an extinction (total loss of
genetic diversity) and an extreme range re-
duction of coral reef species, perhaps a har-
binger of future extinctions should habitat
destruction and coral reef bleaching events
continue.

Three species of hydrocorals (Phylum
Cnidaria, Class Hydrozoa) were first discov-
ered in the eastern Pacific, Gulf of Chiriqui,
Panama (Fig. 1) in 1970 (5, 6). These
hydrocorals were represented by two widely
distributed Indo-Pacific species (Millepora
intricata Milne Edwards and Millepora platy-
phylla Hemprich & Ehrenberg) and one still
undescribed species (Millepora sp. nov.) (7).
The nearest known populations of M. intri-
cata occur in the Caroline Islands and M.
platyphylla in the Marquesas Islands, 13,000
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km and 6,600 km west of Panama, respec-
tively (8). Subsequent studies revealed large
populations of these hydrocorals through-
out the Gulf of Chiriqui, but nowhere else in
Panama. Before 1983, Millepora spp. repre-
sented 0.9% of the total cover of photosym-
biotic corals in the lower forereef slope at
the Uva Island reef (20). Millepora spp. have
not been found in any of several coral reefs
extensively studied in the Pacific Panamic
Province (Mexico, El Salvador, Costa Rica,
Colombia, mainland Ecuador, and the Gal-
apagos Islands), and were probably restrict-
ed to the Gulf of Chiriqui (9-19).

The evidence linking coral bleaching with
the high temperature anomalies of the severe
1982-83 El Niiio event is cogent. All zoo-
xanthellate reef coral species in the equato-
rial eastern Pacific experienced some degree
of bleaching and mortality during the pro-
longed (5 to 6 months) warming (2° to 3°C
above normal) period. Interregional com-
parisons in the eastern Pacific indicated that
mortality rates were related to magnitude
and deviation of high temperature anoma-
lies (23). Although information on the ther-
mal tolerance limits of Millepora spp. is
lacking, their field responses to sea warming
in Panama (20) and elsewhere (4, 24) were
similar to those reported for scleractinian
corals (4, 25).

The three Millepora species were severely
bleached during January through March
1983 (Fig. 2), and by May 1983 no living
colonies could be found in the Gulf of
Chiriqui (20). Compared with photosymbi-
otic scleractinian corals, the hydrocorals ap-
peared to be more sensitive (that is, all
colonies were fully bleached) and most died
shortly after the initial bleaching response.
Numerous colonies of most scleractinian
corals regained their zooxanthellae and were
recovering by October 1983. By the end of
April 1983, no live Millepora were observed
to 20-m depth on the approximately 3-ha
Uva Island coral reef or elsewhere in the
Contreras Islands (four sites), at Coiba Is-
land (three sites), or on mainland coral reefs
around Bahia Honda (three sites). The only

known surviving hydrocoral was a 2-cm
branch of M. intricata found on a nearly 6-ha
coral reef in the Secas Islands (four sites) in
late October 1983 (21).

Intensive surveys in the Gulf of Chiriqui,
from 1983 through 1990, have revealed
only M. intricata. Several small colonies of
M. intricata began to colonize basalt substra-
ta at Uva Island in 1985, and by May 1987
recruits were seen on the Uva reef. Since no
Millepora survivors were present on the reef
(about 100 m from the earliest colonies that
recruited on basalt), we assume that the reef
recruits were sexually derived. Only seven
colonies have grown to a large size (20- to
40-cm diameter) since 1987. Some of the
large colonies are now reproducing by frag-
mentation. The parent colonies have real-
ized rapid growth during 4 years (1987 to
1990) with a mean branch extension of 4.6
*+ 0.7 mm per month (mean * 95% confi-
dence interval). If M. platyphylla or Mille-
pora sp. nov. demonstrate equally rapid
growth, then colonies recruiting from survi-
vors of the 1983 mortality event should be
clearly visible after 7.5 years.

Thus, we conclude that two species of
Millepora have been eliminated from the
Panamic Pacific Province. Recolonization of
M. platyphylla could result from long dis-
tance transport of propagules across the
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Fig. 1. The pre-1983 distributional range of
Millepora spp. in the Gulf of Chiriqui, Panama, is
denoted by diagonal lines. Circled numbers iden-
tify 1, the Contreras Islands; 2, Secas Islands; 3,
Coiba Island; and 4, Bahia Honda.
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Fig.
Numbered arrows identify 1, Millepora intricata; 2, Millepora platyphylla; and 3, Millepora sp. nov.

Pacific Ocean (22). Even if the planktonic
larvae of Millepora are short-lived, Millepora
is known to attach to pumice (26) and
perhaps their initial arrival into the eastern
Pacific occurred by long-distance rafting by
way of the North Equatorial Counter Cur-
rent.

An alternative hypothesis, that Millepora
sp. nov. is present but unknown in the
central-western Pacific, is less tenable than
the extinction hypothesis for several reasons.
The Millepora species of the Pacific Ocean
are relatively well known and since Millepora
sp. nov. was conspicuous and abundant in
Panama, it would probably be noticed if it
were present elsewhere. Also, Millepora sp.
nov. was absent from six major museum
collections of hydrocorals studied in Europe
and North America. Additionally, there are
far fewer species of reef-building hydrocor-
als than scleractinian corals (27). Only four
new species of Millepora have been described
since 1884. This description rate of one new
Millepora species per 23.5 years indicates a
low likelihood that new species remain to be
discovered.

Unlike documenting the loss of conspic-
uous terrestrial species, the task of docu-
menting marine extinctions is much more
difficult (28). Only one other historical ex-
tinction of a marine invertebrate, a limpet
inhabiting eelgrass, has been published (29).
Because eastern Pacific Millepora spp. were
restricted to the Gulf of Chiriqui, it was
possible to conduct intensive searches over
all habitats within their formerly (pre-1983)
known range. Further, these hydrocorals are
highly visible, sessile organisms that deposit
massive calcareous skeletons. Millepora sp.
nov. and M. platyphylla produced 30-cm
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2. Bleached scleractinian corals and hydrocorals, Coiba Island, 6 m depth, 27 April 1983.

and 80-cm-diameter colonies, respectively,
prior to 1983.

The recent disappearance of Acropora val-
ida (Dana) from the eastern Pacific reef coral
fauna may represent another regional elimi-
nation related to the 1982-83 ENSO event
(30). A small population of the wide-rang-
ing Indo-Pacific A. valida was discovered at
Gorgona Island, Colombia, in late 1983 and
then vanished thereafter (31). Since the con-
dition of this species was not observed dur-
ing the El Nifio sea warming period, the
cause of its. demise is not known. Other
potentially stressful El Nifio-related condi-
tions that precede or follow sea warming
events, such as dinoflagellate blooms and
strong anti-El Nifio upwelling, also cause
coral mortalities (25, 32).

Several eastern Pacific scleractinian popu-
lations experienced local eliminations—that
is, disappearances from particular reefs, is-
lands or archipelagoes, following El Nifio
coral bleaching and mortality responses. For
example, Porites panamensis Verrill was not
present on most coral reefs in Panama after
1983, and Pocillopora elegans Dana, Pocillo-
pora damicoris (Linnaeus), and Tubastraea
tagusensis Wells in the Galapagos Islands
disappeared from all sites where they were
formerly abundant (31, 34). All of these
species except T. tagusensis have reappeared,
but in many instances they have not recolo-
nized the coral reef habitats they occupied
before the disturbance. It is possible that the
non-zooxanthellate T. tagusensis, a Galapa-
gos endemic, is also extinct. However, be-
cause this species has not been well studied
its status is problematical.

The eastern Pacific reef coral fauna, con-

sisting of several small, geographically iso-

lated populations in a highly varying envi-
ronment, would seem to be especially
vulnerable to extinction (32). The extremely
restricted distribution of Millepora spp.,

"~ members of the peninsula-like Panamic

Province, was confined further to offshore
islands in the Gulf of Chiriqui, a relatively
small (100 by 150 km) body of water.
Eighteen to 65 El Nifio events of magnitude
comparable to the 1982-83 event are
thought to have occurred during the Hol-
locene (35). Therefore, such disturbances
may in large part be responsible for the
meager development of coral reefs and low
coral specis diversity in the tropical eastern
Pacific region. How Mdlepora Spp. managed
to survive earlier warming episodes is not
known, but may be related to the extensive
geographic spread of the 1982-83 El Nifio,
which, unlike previous events, reached to
10°N latitude (30).

With the exception of Emiliani ez al. (36),
who invoked high temperatures to explain
Late Cretaceous tropical marine extinctions,
the cause of coral reef extinctions has fo-
cused on periods of global sea cooling (37).
The recent patterns of coral bleaching and
mortality associated with high temperature
stress suggest that slight and sustained ther-
mal increases should be explored further as a
physical agent of tropical marine species
extinctions. If present species eliminations
associated with ENSO warming can be ex-
tended to possible future global warming,
then reef-building corals with restricted
ranges, or small populations at their distri-
butional limits, could succumb to slight but
sustained sea warming.
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Identification of the Envelope V3 Loop as the
Primary Determinant of Cell Tropism in HIV-1

STEPHEN S. HWANG, TERENCE J. BoyLE, H. KiM LYERLY,

Bryan R. CULLEN*

Cells of the monocyte-macrophage lineage are targets for human immunodeficiency
virus—1 (HIV-1) infection in vivo. However, many laboratory strains of HIV-1 that
efficiently infect transformed T cell lines replicate poorly in macrophages. A 20—amino
acid sequence from the macrophage-tropic BaL isolate of HIV-1 was sufficient to
confer macrophage tropism on HTLV-IIIB, a T cell line—tropic isolate. This small
sequence element is in the V3 loop, the envelope domain that is the principal neu-
tralizing determinant of HIV-1. Thus, the V3 loop not only serves as a target of the
host immune response but is also pivotal in determining HIV-1 tissue tropism.

LTHOUGH THE CD4" LYMPHO-

cyte is the major target for HIV-1

replication in the peripheral blood
compartment, cells of the monocyte-mac-
rophage lineage represent the predominant
HIV-1-infected cell type in most tissues,
including the central nervous system (1-3).
An HIV-1 infection of macrophages, al-
though less cytopathic than an infection of
T cells, compromises macrophage function
and may underlie many of the pathogenic
effects of HIV-1 infection in humans (1-3).
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Despite the importance of macrophages as a
primary target for HIV-1 infection in vivo,
many laboratory isolates of HIV-1 are un-
able to replicate in these cells (3-8).

The HIV-1 isolates can be divided into
two major subgroups on the basis of their
cellular host range in vitro (2-9). Macro-
phage-T cell (MT)-tropic isolates efficiently
infect both macrophages and CD4" periph-
eral blood lymphocytes (PBLs) but are un-
able to replicate efficiently in many trans-
formed cell lines of either T cell or
monocytic origin. A second class of viruses,
termed T cell (T)~tropic, replicates efficient-
ly in both PBLs and transformed T cell lines
but poorly in macrophages (2-9). The tro-
pism of HIV-1 is determined early in the
viral replication cycle, between binding of
the virus to the cell surface and initiation of
viral reverse transcription (6, 7) and is inde-
pendent of the viral long terminal repeat (&)
but dependent on sequences in the viral

gp120 envelope protcin (5, 6).

The HTLV-UIB isolate of HIV-1 is
T-tropic, whereas the Bal. strain 15 MT-
tropic (3, 8). To determine which sequences
were important for in vitro tropism, we
cloned and sequenced the envelope gene and
flanking viral sequences of Bal. with DNA
derived from BaL-infected macrophages
(10). We then constructed a scries of chi-
meric HIV-1 proviruses by substitution of
Bal.-derived sequences into an HTLV-IIIB
proviral clone (Fig. 1). These chimeric vi-
ruses were then tested for tropism by anal-
ysis of their replication competence in PBLs
(11), primary monocyte-derived macro-
phages (12), and the transformed CDD4* T
cell lines H9 and CEM (Table 1).

Both the parental HTLV-IIIB clone
(pIIIB) and the provirus with the complete
BaL env gene (pBaL) replicated equivalently
in primary PBLs, as we determined by mea-
suring secreted p24 Gag protein (Table 1)
Or supernatant reverse transcriptase activity
(13). As predicted (3, 8), the plIIB provirus
also replicated efficiently in both the H9 and
CEM cell lines but not in macrophages. In
contrast, the pBal. provirus replicated cfhi-
ciently in macrophages but not in H9 or
CEM cells (Table 1). The various chimeric
proviral constructs, like the parental pIIIB
and pBaL clones, all displayed comparable
replication competence in PBLs.

In addition, all chimeric clones were ei-
ther fully T-tropic or fully MT-tropic; that
is, no intermediate or dual tropism was
detected. As previously reported (5, 6), tro-
pism was determined entircly by sequences
located within gpl120. A 20-amino acid
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