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Catastrophic Decline of a Top Carnivore in the
Gulf of California Rocky Intertidal Zone

Abstract. The predatory sun star, Heliaster kubiniji, once the commonest rocky
intertidal asteroid of the Gulf of California, has been rare throughout this region
since summer 1978 when a devastating disease outbreak occurred. This unprecedent-
ed phenomenon and several other exceptional ecological events in marine communi-
ties of the northeastern Pacific appear to be linked to large-scale climatic changes
that occurred during 1977 and 1978. Implications of the decline in Heliaster kubiniji

are discussed.

Extreme population fluctuations are
likely to be important in the evolutionary
history of a population (/). They may
also have secondary effects on co-occur-
ring species,-a dramatic case in point
being the recent crown-of-thorns starfish
population explosion (2). We report here
on a phenomenon of the opposite kind,
the population crash of the predatory sun
star, Heliaster kubiniji Xantus, through-
out its principal range in the Gulf of
California. The crash appears to be one
of a series of events that were triggered
by climate changes in the northeastern
Pacific.

Prior to the summer of 1978, this large
(up to 220 mm in diameter) multirayed
asteroid was conspicuous in rocky inter-
tidal habitats throughout the Gulf of Cali-
fornia. In 1941, Steinbeck and Ricketts
(3) characterized H. kubiniji as ‘‘the
most common, obvious, and widely dis-
tributed shore starfish in the Gulf.”” At
Puerto Pefiasco, Sonora, Mexico, H. ku-
biniji was found regularly in abundance
from 1946 to 1978 (4). This species was
collected extensively in the northern
Gulf by Paine in 1962-1964 (5), and
found to be the commonest asteroid of
rocky intertidal habitats of the Gulf in
surveys during 1974-1975 (6). Brusca (7)
also considered Heliaster kubiniji to be
the commonest rocky-shore asteroid in
the Gulf, found in greatest numbers in
the northern and central Gulf, and rang-
ing to Central America. This species
occurred widely at densities of 0.1 to 1.0
per square meter in the northern and
central Gulf prior to July 1978 (6, 8).

Scores of disintegrating sun stars were

first observed during 18 to 20 June 1978
in the intertidal zone around Puerto Pe-
fiasco. Animals initially exhibited whit-
ish lesions on the aboral surface. The
lesions rapidly enlarged until the entire
animal fragmented, and the decaying
parts of the same individual were left in
close proximity. High concentrations of
bacteria were found in the lesions (9),
but it is not known whether bacterial
infection was the primary cause of death.
Mortality of H. kubiniji approached 100
percent; within 2 weeks the sun star had
virtually disappeared from this site.
Since the initial die-off was observed
at Puerto Pefiasco, we have surveyed
many sites in the northern and central
Gulf, and solicited information from col-
leagues who were familiar with H. kubin-
iji and who had worked in the Gulf in
recent years in attempts to determine the
present and former (pre-1978) status of
the sun star. The decline of H. kubiniji,
which to the best of our knowledge oc-
curred throughout the Gulf during sum-
mer 1978, has been precipitous. Figure 1
shows the approximate locations of sites
where H. kibiniji (i) was abundant and
could be found at densities within the
above range prior to 1978 and (ii) has
either not been found at all, or at maxi-
mum local densities less than 0.05 per
square meter in one or more surveys
since summer 1978 (10). In more than 3
years, with several sites being monitored
regularly, neither we nor our colleagues
have found a single site where H. kubiniji
has persisted at high densities, or where
substantial recruitment of juveniles has
occurred. Samples span the region
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Fig. 1. The Gulf of California.
All named locations designate
(approximately) sites where
Heliaster kubiniji was found at
high densities prior to 1978
and has been found rarely or
not at all since then (10).
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where H. kubiniji was formerly most
abundant (7, 10) (Fig. 1). We conclude
that a population crash of major propor-
tions has occurred.

This event appears to be unprecedent-
ed, at least within the last 40 years.
There is no reason to suspect the opera-
tion of a long-term population cycle (/7).
The die-off of H. kubiniji was not preced-
ed by a decrease in the abundance of its
principal prey, the barnacle Chthamalus
anisopoma (12).

Only one other species at Puerto Pe-
fnasco and other sites in Sonora (/3)
exhibited the symptoms and heavy mor-
tality described above; this species is the
small (to 90 mm in diameter) detritivor-
ous sea star Othilia tenuispina. Unlike
H. kubiniji, O. tenuispina occurs com-
monly in the subtidal (7) and persisted
there while mortalities occurred in the
intertidal zone. Othilia tenuispina has
since again become locally common in
the low intertidal zone at Puerto Pe-
fiasco. Less is known of the former dis-
tribution and abundance of this species
than of H. kubiniji, and we cannot gauge
the overall extent to which it has been
affected. Other primarily subtidal aster-
oids appear to have been unaffected (/4).

A similar die-off of shallow water echi-
noderms involving the same symptoms
in a greater number and variety of spe-
cies occurred in southern California wa-
ters during summer 1978 and to a lesser
extent during summer 1979 (15). Mortali-
ties were sharply restricted to shallow

990

waters, and have had persistent effects;
several species continue to be atypically
rare intertidally in many areas (/5).

The occurrence of similar die-offs in
geographically and oceanographically
distinct regions argues for a common
cause, and probably rules out most types
of localized disturbance as potential ex-
planations. Several lines of evidence im-
plicate the influence of climatic changes.
During winter 1977-1978, atmospheric
conditions produced unusually strong
southerly winds along the Pacific coast
of North America and across the south-
ern United States, enhancing the north-
ward transport of warm surface water in
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Fig. 2. Deviations from average monthly
mean onshore sea surface temperatures at
Puerto Pefiasco, Sonora, Mexico, between
September 1976 and September 1979. Mean
values are based on data from June 1964
through December 1979 (19). Asterisks de-
note record high monthly means.

coastal areas (16-18). Sea surface tem-
peratures increased substantially during
this time along the Pacific coast (16-18).
At Puerto Pefasco, a period of record
warm onshore sea surface temperatures
lasted from September 1977 to August
1978, with temperatures consistently av-
eraging 1° to 2°C above long-term means
(19) (Fig. 2). The greatest increase on the
Pacific coast, of similar magnitude, was
recorded offshore of southern California
(16). Heavy rains occurred in California
and in the deserts surrounding the north-
ern Gulf of California during early 1978
(20), and extreme low salinities and
downwelling were recorded along the
California coast (16).

Numerous unusual ecological events
along the Pacific coast during 1978 have
been attributed to the aforementioned
climatic changes (/6—18). Recent data on
seabird reproduction (21, 22) also point
to changes in oceanographic conditions
along the Pacific coast during 1978.

The restriction of the die-offs to shal-
low water, where the climatic changes
were most strongly expressed is consist-
ent with the hypothesized role of cli-
mate. Further, investigators in both the
Gulf and southern California induced the
disease symptoms in previously normal
animals by moving them into shallower
water (23). Finally, identical symptoms
have since been observed in H. kubiniji
in buckets and aquaria, coincident with
increasing temperatures.

Some of the phenomena reported from
the Pacific coast for 1978 (16, 17, 21, 22)
represent typical effects of climatic vari-
ation on marine organisms, which are
widely appreciated (24). The asteroid
die-offs in southern California and the
Gulf of California suggest an additional
way in which climate may exert severe
effects on marine populations.

We hypothesize that prolonged elevat-
ed temperatures, perhaps in conjunction
with other factors, rendered the animals
increasingly susceptible to infection by
the as-yet-unidentified pathogen (or
pathogens). Little is known about the
susceptibility of asteroids to bacterial
infection (25).

Localized disease outbreaks, although
not related to unusual climatic condi-
tions, have been documented at other
locales (26). The climate changes dis-
cussed above were relatively slight in
relation to the short-term variations to
which intertidal organisms are regularly
exposed. In this case, it appears that a
large-scale shift in the climate regime of
the Gulf and much of the Pacific coast
produced a prolonged change sufficient
to trigger the disease outbreaks and
cause the near elimination of H. kubiniji
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from the region where it was formerly
abundant.

The sun star is a top carnivore in the
rocky intertidal zone and may play an
important role in structuring intertidal
communities in the Gulf (5). In other
marine communities where top carni-
vores have been removed by various
agents, dramatic changes have ensued
(3, 27).

Chthalamus anisopoma, the most fre-
quent prey of H. kubiniji, has been
shown to be capable of competitively
excluding other species from emergent
rock surfaces (28). Chthalamus abun-
dance shows no significant changes be-
tween 1976 and 1981 at one site near
Puerto Pefiasco (29), but at another site
Chthalamus has increased since 1978
and has remained significantly above
1978 levels (30). This increase in density
is correlated with significant decreases in
cohabiting encrusting algae and limpets
(31). Considering the marked seasonality
of northern Gulf of California popula-
tions and the difficulty of sorting out
predator removal effects from impacts of
other factors, it is premature to charac-
terize these changes as responses to the
removal of the top carnivore in this sys-
tem.
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Bismuth Vanadate: A High-Pressure, High-Temperature

Crystallographic Study of the Ferroelastic-Paraelastic Transition

Abstract. Lattice dimensions of bismuth vanadate have been determined under 37
different high-pressure or high-temperature conditions or a combination of these
conditions. New high-pressure, high-temperature, single-crystal x-ray techniques
were used to bracket the reversible monoclinic (ferroelastic) to tetragonal (paraelas-

tic) transition.

Combined high-pressure, high-tem-
perature (P-T) crystallography is a pow-
erful new technique for measuring crys-
tal structures and stabilities at nonam-
bient conditions. In this report we de-
scribe the application of P-T crystal-
lography to the determination of a re-
versible phase transition.

Bismuth vanadate, BiVQ,, has re-
ceived considerable attention since the
discovery of a ferroelastic-paraelastic
phase transition at 250°C by Bierlein and
Sleight in 1975 (1). Subsequent studies of
crystal structure variation with tempera-
ture (2, 3), Raman spectroscopy at high
temperature (4) and high pressure (5),
transmission electron microscopy of the
domain structure (6), birefringence at
combined high temperature and pressure
(7), and Brillouin spectroscopy (8) have
provided a consistent set of descriptive
parameters for the transition. The high-
temperature paraeclastic phase has the
scheelite structure (space group, I4,/a;
multiplicity, Z = 4), in which vanadium
atoms are in isolated tetrahedra and bis-

muth atoms are coordinated by eight
oxygens. This high-symmetry, undistort-
ed form was observed above 250°C at
room pressure and above 15 kbar at
room temperature; thus a negative dP/dT
for the transition is indicated. The low-
temperature, low-pressure, ferroelastic
phase is a slight distortion of the tetrago-
nal structure to monoclinic symmetry
(I2/a, Z = 4), with Bi and O atoms shift-
ed by approximately 0.1 A from their
ideal tetragonal positions (2). There are
two permissible orientations of the fer-
roelastic state, and twinning in the low-
symmetry form is thus almost universal.

The transition in BiVQy is a pure dis-
placive, reversible transformation [a
“‘proper ferroelastic transition’ in the
terminology of Aizu (9)]. The monoclinic
v angle, therefore, gradually changes to
90° as the temperature or pressure of the
second-order transition is approached.
The deviation of v from 90° is a sensitive
measure of atomic displacements from
their ideal tetragonal positions and is
related to the order parameter of mean
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