Reports

Oceanographic Observations of the 1982 Warming of the

Trop_ical Eastern Pacific

Abstract. Moored current meter, sea level, hydrographic, and surface drifter
measurements show the large changes that took place in the eastern tropical Pacific
during the onset of the warm episode of 1982. In August the near-surface flow at 0°,
110°W reversed direction to eastward. By October the sea surface temperature in the
equatorial zone increased by 5 degrees Celsius above the long-term monthly mean
value, sea level rose by 22 centimeters at the Galdpagos Islands, and the thermocline
was displaced downward by 50 to 70 meters along the equator and the South

American coast.

The interannual appearance of excep-
tionally warm surface waters in the cen-
tral and eastern tropical Pacific Ocean
and along South America is referred to
as El Nifio (/). Such an event began in
1982 and, as of April 1983, is still in
progress. The socioeconomic effects on
the coastal regions of Ecuador and Peru
have been disastrous: a tremendous in-
crease in rainfall, flooding and land-
slides, damage to transportation facili-
ties, huge agricultural losses, distur-
bance of many coastal fisheries, and loss
of life (2). Such episodes of anomalously
warm water may be associated with ab-
normal weather over the mid-latitude
regions of the Northern Hemisphere—
for instance, lower atmospheric pressure
in the vicinity of the Aleutian Low and
large perturbations in the seasonal posi-
tion of the jet stream over North Ameri-
ca (3).

In 1982 El Nino started in the western
and central Pacific Ocean, where strong-
ly anomalous trade winds first appeared
in July 1982. Sea surface temperature
anomalies subsequently expanded until,
by October and November 1982, sea
surface temperatures in the eastern Pa-
cific were approximately 5°C warmer
than the 20-year monthly mean value (4).
[Most Niios, those of 1972 and 1976 for
example, have evolved quite differently
because warm sea surface temperatures
usually first appear off the coasts of
Ecuador and Peru during the early
months of the year and then expand
westward until the entire Pacific is af-
fected 6 months later (5).] The current
Nifio, which is considered to be one of
the largest events during the past 100
years, is the best documented one yet, in
large measure because the Equatorial
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Pacific Ocean Climate Studies (EPOCS)
program of the National Oceanic and
Atmospheric Administration started in
1979. The EPOCS program includes a
variety of oceanic measurements with
current and temperature recorders
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Fig. 1 (left). Temperature sections along 85°W
in November-December in (A) 1981 and (B)
1982, Station spacing was 0.5°. Fig. 2
(right). (A) Low-pass filtered time series (31-
day running averages) of temperature (7) at
15- and 100-m depths and 0°, 110°W, and
pressure (P) at 20-m depths at the Galdpagos

placed beneath moored surface buoys,
with satellite-tracked drifting buoys,
with sea level recorders located on is-
lands, and with temperature, salinity,
and velocity profiling instruments low-
ered from research vessels. This report
describes some of these measurements
and contrasts conditions during the 1982
El Nifo with normal conditions.

The unusual oceanographic conditions
during El Nino are not confined to the
surface of the ocean but are observed to
depths of hundreds of meters. This is
evident in Fig. 1, for example. In No-
vember-December 1981 the thermocline
(defined as the region between the 25°
and 15°C isotherms) at the equator was
about 40 m thick and the depth of its
center (defined by the 20°C isotherm)
was about 40 m. A year later, in Novem-
ber—December 1982, the equatorial ther-
mocline was nearly twice as thick and
twice as deep. In fact, the entire thermo-
cline along 85°W from 4°N to 10°S (the
boundaries of our measurements) was 50
m deeper. Sections normal to the South
American coast at 5°S and 10°S also
showed an anomalous deepening of the
thermocline. Clearly, by November—De-
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Islands. The pressure fluctuation in millibars is equivalent to sea level variation in centimeters.
Pressure and temperature data are shown for 1981 and 1982. (B and C) Low-pass filtered time
series (31-day running averages) of east-west current component at 15- and 100-m depths and 0°,

110°W; nearly 2.5 years of data are shown.
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Fig. 3. Net movements of drogued surface buoys during December. Solid arrows show
displacements from beginning to end of December 1979, 1980, 1981. Broken arrows show those

for December 1982.

cember 1982 there was a large accumula-
tion of unusually warm water in the
eastern tropical Pacific Ocean. This ac-
cumulation of warm water produced an
increase in sea level primarily because of
the temperature-dependent steric effect.
The difference in the dynamic height
anomaly between the surface and 1000
decibars was nearly 30 dynamic centime-
ters between November 1981 and No-
vember 1982—comparable to the sea lev-
el change observed at the Galdpagos
Islands (Fig. 2). The rise in sea level at
the Galapagos Islands started toward the
end of July 1982. By October the sea
level was 22 cm higher than the long-
term mean for that month and was as
high as it had been in November 1972
during El Nifo of that year (6). The
increase in sea level at the Galapagos
Islands was accompanied by a sharp
increase in the temperature at a depth of
100 m and a less pronounced increase
near the surface at 110°W on the equator
(Fig. 2). Between mid-July and mid-Oc-
tober the monthly average increase in
heat storage of the upper 100 m of the
ocean at 0°, 110°W was about 250 W/m?.
This change is more than 2 times great-
er than the climatological mean surface
heating for that season (7) and was
caused by changes. in the flow field.
Surface currents in the eastern tropical
Pacific have been measured with satel-
lite-tracked drifter buoys since 1979 (8).
Normally these buoys are carried away
from the equator by the wind-driven
equatorial divergence and upwelling. Be-
ginning in August 1982, several buoys
were carried toward or even across the
equator. The monthly displacements
during December for the years 1979-—
1981 and those for December 1982 are
shown in Fig. 3. The vectors for 1979-
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1981 show a predominance of westward
flow except in the region where the
North Equatorial Countercurrent is
found between about 5° and 8°N. To the
east of 90°W the magnitude of the west-
ward flow decreases; at about 10°S there
has been some suggestion of southwest-
ward flow outward from the coast. In
contrast, the December 1982 vectors in-
dicate a predominance of eastward flow
within about 5° of the equator and also
some southward flow along the coast of
Peru and Chile, opposite to the local
wind. The westward flow that occurred
south of about 5°S and west of 90°W was
weaker and more disorganized than dur-
ing prior years. These observations sug-
gest that warmer equatorial water was
being transported into the eastern Pacific
instead of the normal offshore transport
of cooler coastally upwelled waters. In
January 1983 the near-equatorial surface
currents again turned westward, and ex-
ceptionally large speeds, up to 80 cm/
sec, have been observed.
Measurements that describe the cur-
rent and temperature fluctuations on the
equator near 110°W have been made at
several depths between 15 and 250 m
since March 1980 (9). The striking fea-
tures in these records are the strong
seasonal variations in the surface layers
and the near absence of such a variation
at depths of 100 m and more (Fig. 2). For
example, in 1981, which was a normal
year, the near-surface currents at 15-m
depth were eastward and the sea surface
temperatures were high in March
through May, when the intensity of the
westward trade winds was at a mini-
mum. In September and October 1981,
when the trades were intense, the near-
surface flow was westward and near-
surface temperatures were low (Fig. 2).

In 1982 the currents followed the season-
al cycle during the early part of the year,
but in July 1982 (when the sea level and
sea surface temperature at the Galdpagos
Islands started to increase) the westward
surface flow decelerated and by late Au-
gust the surface flow was eastward. The
surface currents subsequently fluctuated
while the temperature and sea leével con-
tinued to increase monotonically.

Our measurements seem to ponﬁrm
theoretical results (10) concerning the
variability of upper ocean equatorial cir-
culation. The 1982-1983 warm event is
the best documented one yet. Further
analysis of measurements from other lo-
cations is necessary to determine exactly
how the eastward transport of unusually
warm surface waters occurred. The mea-
surements made during the current El
Nino are likely to provide answers to
many questions concerning its initiation,
growth, and final decay.
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Siphonodictidine, a Metabolite of the Burrowing Sponge
Siphonodictyon sp. That Inhibits Coral Growth

Abstract. Siphonodictidine is the major secondary metabolite of an undescribed
Indo-Pacific sponge Siphonodictyon sp. that burrows into living coral heads. The
structure of siphonodictidine was determined from spectral data. Laboratory bioas-
says suggest that siphonodictidine and, by analogy, the siphonodictyals from S.
coralliphagum are responsible for maintaining zones of dead coral polyps around the

oscular chimneys of these sponges.

Most burrowing sponges, like the rela-
tively common Cliona species, burrow
into shells, rocks, or dead corals. A few
sponges, such as Siphonodictyon coralli-
phagum (1) from the Caribbean and the
undescribed Siphonodictyon species (2)
burrow deep into living coral heads,
leaving only the oscular chimneys ex-
posed. In order to survive, these sponges
must be able to prevent overgrowth by
the coral polyps and are observed to
have a 1- to 2-cm zone of dead coral
polyps around the base of each oscular
chimney. Riitzler (/) suggested that the
dead zone was maintained by thé pro-
duction of mucus that flowed down the
oscular chimney and spread around the
base. We contend that the mucus acts as
a carrier for secondary metabolites that

Table 1. Hydrogen nuclear magnetic reso-
nance (NMR) data for siphonodictidine (1),
marislin (3) and hydroquinone 4; recorded in
CDCl; solution at 360 MHz (except at 100
MHz for 4) with internal tetramethylsilane as
staridard (8 = 0). Abbreviations: s, singlet; t,
triplet; m, multiplet; and J, coupling constant.

H at 1 3 4

C-1 3.78 (t,2 H, 3.35
J =7Hz)

C-2 5.21(, 1 H, 5.73 53
J =7Hz)

C-4 2.05 (m, 2 H) ~22 ~2.15

C-5 2.12(m, 2 H) ~ 2.2 ~2.15

C-6 5.18(t, 1 H, 5.18 5.3
J =7Hz)

C-8 3.22(; 2 H) 3.22 33

C-10 5.86 (s, 1 H) 5.86 5.95

C-12 7.06 (s, 1 H) 7.06 7.1

C-13 1.97 (s, 3 H) 1.98 2.0

C-14 1.58 (s, 3 H) 1.60 1.65

C-15 1.68 (s, 3 H) 2.20 1.75
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are toxic to coral polyps. We now report
the structure of a toxic secondary metab-
olite, siphonodictidine (1) from the Indo-
Pacific Siphonodictyon species and pre-
sent evidence to support the hypothesis
that 1 is responsible for inhibiting coral
growth around the base of the oscular
chimney.

While collecting marine organisms at
Palau, Western Caroline Islands (3), we
encountered a sponge that was similar in
appearance and habitat to the burrowing
sponge S. coralliphagum, except that the
protruding oscular chimneys were an off-
whité color in contrast to the familiar
yellow oscular chimneys of S. coralli-
phagum. Only the oscular chimneys of
the undescribed Siphonodictyon sp.
could be collected, but even after collec-
tion the sponge material exuded a sticky
mucus. The ethyl acetate soluble materi-
al from a methanol extract of the sponge
was chromatographéd on a Sephadex
LH-20 column with methanol as eluant.
Fractions that showed antimicrobial ac-
tivity against Staphylococcus aureus and
Bacillus subtilis were combined and
chromatographed again on Sephadex
LH-20 with a mixture of dichlorometh-
ane and methanol (1:1) as eluant, and
obtained siphonodictidine (1, 1.06 per-
cent, dry weight) as the major metabolite
“@.

Siphonodictidine (1) had the molecular
formula C,¢H,sN3O. A positive Sakagti-
chi test (5) and a signal at 3 157.4 in the
13C nuclear magnetic resonance (NMR)
spectrum indicated the presence of a
guanidine group. Condensation of 1 with
2,4-pentanedione yielded the corre-
sponding 4,6-dimethylpyrimidine deriva-

tive 2, confirming the presence of the
guanidine group (6).

The sesquiterpenoid portion of 1 was
identified by interpretation of the spec-
tral data. Comparison of the '"H NMR
data (Table 1) and '*C NMR data (Table
2) of 1 with those of the model com-
pounds marislin (3) from Chromodoris
marislae (7) and the hydroquinone 4
from Sinularia lochmodes (8), indicated
that the molecules were identical in the
C-4 to C-14 region. In the '"H NMR
spectrum (CDCl;) the signal at 8 3.76 (t,
1 H, J = 7 Hz), coupled to a NH proton
signal at 7.80 (br t, 1 H) and an olefinic
proton signal at 5.21 (brt, 1 H, J =7
Hz), was assigned to the C-1 methylene
group attached to the guanidine group.
Addition of methanol-d4 to the sample
resulted in exchange of the -NH protons
causing the signal at 3 3.78 to appear as a
sharp doublet. The major mass spectral
fragmentation peaks at m/z of 126 (100
percent, C¢H;N3), 148 (7.6 percent,
C|0H|20), and 149 (5 percent, C10H|30)
result from cleavage of the bond between
C-4 and C-5.

In laboratory assays measuring rates
of photosynthesis and respiration in the
hard coral Acropora formosa (9), respi-
ration was stimulated by 1 at concentra-
tions of 1072 to 10™' ppm in seawater.
The rate of photosynthesis was unaffect-
ed at these concentrations but was slight-
ly depressed at concentrations over 10
ppm. At a concentration of 100 ppm
acute toxicity was observed with cell
lysis occurring as the tissue was stripped
from the skeleton. At the higher concen-
tration, 1 was a quick-acting toxin,
showirig an effect in 5 to 30 minutes.
However, its effects on photosynthesis
and particularly respiration in A. formo-

Table 2. Carbon-13 nuclear magnetic reso-
nance data for siphonodictidine (1), marislin
(3), and hydroquinone (4); recorded in CDCl,
solution (C¢Dg for 3) at 20 MHz with internal
tetramethylsilane as standard (3 = 0).

Atom 1 3 4
C-1 39.6* 188.8 28.8
C-2 117.8 115.4 122.9%
C-3 141.2 162.3 137.6t
C-4 39.0% 40.7 39.6
C-5 26.2 26.0 26.5
C-6 125.5 125.4 126.2%
C-7 132.2 133.0 132.3%
C-8 38.2% 38.7 38.4
C-9 153.9 154.5 154.3
C-10 108.6 109.2 108.8
C-11 120.3 120.7 120.5
C-12 137.4 138.2 137.6
C-13 9.6 9.8 9.7
C-14 15.9* 15.9 16.0
C-15 16.3* 19.0 16.0

*Signals may be interchanged.
signed these signals.

tWe have reas-
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