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ABSTRACT: Sublethal concentrations of Iranian crude oil induce immediate mouth-opening in the Red Sea coral Stylophora 
pistillata, followed by premature extrusion of planulae larvae. Laboratory experiments with different concentrations of water 
soluble fractions (WSF) of Iranian crude oil (0.1-10.0 ml-l), showed that the average number of planulae extruded in each oil 
concentrat~on was significantly higher than in the control. In natural conditions S,  pistlllata sheds its planulae only during the 
night. In presence of WSF of crude oil, shedding is immediate, day or night. Shedding of planulae during an  oil spill decreases 
their viability and chances of successful settlement. In chronically oil-polluted reefs, such as the coral nature reserve of Eilat, 
almost no colonization of new coral colonies occurs, while high colonization is evident in reef areas free of oil pollution. 

INTRODUCTION 

Oil pollution of the seas is currently a world wide 
environmental problem ('Marine Ecology', Volume V, 
Kinne, in press), and coral reefs are increasingly expo- 
sed to it (see reviews by Johannes, 1975; Loya and 
Rinkevich, in press). The scleractinian corals are a key 
group in forming coral reefs and providing substrate 
and shelter for many invertebrates and fishes. Acute 
damage to the corals may result in a collapse of the 
complex community of organisms which are in close 
association with the corals. 

In previous works, Loya (1975, 1976a) noted that no 
colonization of corals occurred on the reef flats of the 
nature reserve of Eilat which is chronically polluted by 
oil, while a pollution-free control reef was flourishing 
with high diversity of newly settled corals. He sugges- 
ted that the frequent oil spills around the nature 
reserve of Eilat resulted in either one or a combination 
of the following possibilities: (1) damage to the repro- 
ductive system of corals; (2) decreased viability of coral 
larvae; (3) changes in some physical properties of the 
reef flat which interfere with normal settlement of 
coral larvae. These possibilities were further investiga- 
ted by Rinkevich and  Loya (1977) on populations of the 
coral Stylophora pistillata (Esper) in the field (chroni- 
cally oil-polluted area vs. clean reef) and laboratory. 
The coral population at the oil-polluted reef showed 
higher mortality rates of colonies, smaller numbers of 
breeding colonies, a decrease in the average number 
of ovaria per polyp, smaller numbers of planulae pro- 
duced per coral head (fecundity was 4 times higher in 

the clean reef), and lower settlement rates of planulae 
on artificial objects. 

The branched scleractinian coral Stylophora pistil- 
lata is one of the most abundant coral species in the 
shallow waters of the Gulf of Eilat, Red Sea, and is 
among the most important frame builders of the reef 
flat (Loya, 1972). Some aspects of the life history of this 
species were studied including its reproductive bio- 
logy (Rinkevich and Loya, 1979a, b),  development and 
growth rate, regeneration rate, population dynamics 
(Loya, 1976b, c) and oil pollution effects on its popula- 
tion (Rinkevich and Loya, 1977). 

In this paper we describe an  abortion effect in popu- 
l a t i o n ~  of Stylophora pistillata induced by crude oil, 
which causes untimely shedding of premature larvae, 
decreasing their survivorship and chances for suc- 
cessful settlement. 

MATERIALS AND METHODS 

Five large colonies of Stylophora pistillata (more 
than 25 cm in  their larger diameter) were carefully 
brought to the laboratory. All colonies were tested for 
healthiness, prior to the beginning of the experiments, 
using similar criteria described by Elgershuizen and 
De Kruijf (1976). The experiments were conducted 
during April which is a peak period in the reproduc- 
tion season of S. pistillata (Rinkevich and Loya, 1979a), 
starting always around 11 a.m. Since there is synchro- 
nization in breeding between different branches of the 
same colony (Rinkevich and Loya, 19?9b), it is safe to 
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assume homogeneity in the number of potential planu- 
lae to be shed from equal-sized branches. 

Tests were performed at room temperature in wide- 
mouthed glass jars filled with 3 1 of unfiltered, aerated 
sea-water. Branches of approximately equal size (8 cm) 
were cut from each colony. Three branches were intro- 
duced into each of 6 experimental jars. The compari- 
son between the effects of different oil concentrations 
was done on branches belonging to the same colony. 
This procedure was repeated for all 5 colonies. After an 
hour of acclimation, crude-oil sea-water mixtures were 
added to the jars in increasing concentrations (see 
below). A few planulae which were shed in the jars (0 
to 1 planulae per jar) prior to the oil treatment were 
removed. 

For the preparation of the bioassays, extracts contai- 
ning water-soluble fractions (WSF) of Iranian crude oil 
were obtained as follows: Ten parts of Iranian crude 
oil were slowly stirred by a magnetic stirrer with 1000 
parts of sea-water in a glass-stopped Pyrex bottle. After 
12 h, stirring was stopped and the solutions allowed to 
stand for 4 h before the aqueous phase under the 
surface of the oil layer was siphoned off into a delivery 
burette for dispensing to the experimental jars. Since 
the concentration of oil derived compounds was 
unknown, this aqueous phase was designated as a 
100 O / O  oil extract (or 10.0 ml-l; Fig. 1). Lower percenta- 
ges were obtained by dilution of the aqueous phase 
with appropriate volumes of sea-water to obtain wor- 
king concentrations of 0.1, 1.0, 2.5, and 5.0 ml-l. It 
should be stressed however, that the real concentra- 
tions obtained were much lower, since not all the WSF 
of the crude oil were dissolved, as shown by Anderson 
et  al. (1974) and Winters et  al. (1976). Anderson et  al. 
(1974) tested the concentration of totally dissolved 
hydrocarbons of several crude oils and fuel oils in WSF 
of 10 ''I'~, oil-in-water solutions, after 20 h of stirring. 
They found that only 10-20 ppm of the crude oils tested 
had been dissolved. Similar results were obtained by 
Winters et al. (1976) on a variety of other crude oils. 

RESULTS AND DISCUSSION 

Intact colonies of Stylophora pist~llata held in con- 
tainers in the laboratory reacted by immediate mouth- 
opening after an addition of a few drops of Iranian 
crude oil to the container. Within a few minutes, nume- 
rous larvae were shed through the open mouths of the 
colonies (Fig. 2). In addition, large quantities of zoo- 
xanthellae were expelled to the water. In order to 
quantify the rate of planulae extrusion at different oil 
concentrations, the number of extruded planulae 
within 1 h and within 6 h after treatment, was recorded 
for the 5 tested colonies (Fig. 1). 

It is apparent from Figure 1 that, within the first hour 
of treatment, the highest extrusion occurred in the 
highest oil concentration. After 6 h of treatment the 
distribution of planulae extruded in the different oil 
concentrations was much more even than within the 
first hour. The average number of planulae extruded in 
all oil concentrations, within 1 h or 6 h after treatment, 
was significantly higher than in the control (t-tests, P < 
0.05). Thus, the average number of planulae extruded 
within the first hour of oil treatment was 5.0, 5.7, 10.2, 
11.5, and 27.0 times higher than the control in increa- 
sing oil concentrations from 0.1 to 10.0 ml-l, respecti- 
vely. After 6 h of treatment the average percent of 
planulae extruded was 3.6, 4.6, 6.4, 7.9, and 12.4 times 
higher than the control in the same oil concentrations 
(Fig. l). 

If no external disturbance exists, Stylophora pistil- 
lata sheds its planulae larvae only during night. In 

OIL CONCENTRATION (ml 1 ' )  

Fig 1 Stylophora pistillata. Percent extrusion of planulae in 
different oil concentrahons. Histrograms on the left represent 
percent extrusion wi th~n  1 h of oil treatment. Histrograms on 
the right represent extrusion within 6 h of oil treatment in the 

same colony. 0 = Control. 1-5 = Colony number 
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presence of WSF of crude oil the shedding is imme- 
diate, with no connection to time, day or night. This 
immediate extrusion is untimely and hence, we have 
termed it 'abortion effect' The mature planula shed by 
S. pistillata in natural conditions is highly developed, 
with 6 pairs of complete mesenteries (Halcampoides 
stage). Although high variability exists in develop- 
mental stages of newly-shed planulae of S. pistillata in 
nature (Rinkevich and Loya, 1979a), it is likely that 
untimely extrusion of planulae increases the percen- 
tage of premature larvae in the reef. Laboratory obser- 
vations indicate that the settlement of S. pistillata 
planulae occurs within a few hours after shedding and 
only in the Halcampoides stage (Rinkevich and Loya, 
1979a). It may be  argued that prematurely extruded 
larvae (pale planulae without any complete mesente- 
ries or planulae with 2 to 4 couples of complete mesen- 
teries) may con~plete their development in the water 
and hence, no harm has been done. However, labora- 
tory observations indicate that the development of 
immature planulae to the Halcampoides stage usually 
takes up to 30 h depending on the stage at which the 
planulae were shed (Rinkevich and Loya, 1979a). The 
chances of survival of such planulae are very low, due  
to the high predation pressure existing in the reef from 
a wide variety of organisms. 

The most significant point, however, in the untimely 
shedding of planulae is the fact that it coincides with 
a n  oil spill. Premature planulae may be shed by corals 
due  to a variety of physical or chemical disturbances 
(heavy storms or sedimentation, for example). In the 
laboratory we observed that mouth-opening and shed- 

ding of planulae occured in response to an  increase or 
decrease of water temperature, or following a n  addi- 
tion of a few drops of 70 "/o alcohol or 4 O/O formalin to 
the aquaria. The corals' reaction to oil pollution is 
therefore similar to any other physical or chemical 
perturbation. However, since extrusion of planulae 
occurs during an  oil spill, they are expelled into a n  
hostile environment containing WSF of crude oil, in 
which case their chances of survival and settlement are 
very low. The coral nature reserve of Eilat may serve a s  
an example of an  area which is chronically polluted by 
oil (at least once per month; Loya, 1975). During these 
frequent oil spills, which have continued until today, 
an  oil film covers the shallow reef (e.g. lagoon, back 
reef and reef flat) for several days. 

Prolonged and abnormal mouth-opening of sclerac- 
tinian corals in response to crude oil was previously 
described (Reimer, 1975a, b) in connection with fee- 
ding mechanisms. Reimer (1975a) described feeding 
reactions in 4 scleractinian corals and a zoanthid coral 
Palythoa (Reimer, 1975b), elicited by oil floated over 
the surface water covering the corals (1-4 m1 of Marine 
Diesel or Bunker C oils per litre of sea-water). These 
reactions were abnormal in the sense that they were 
exaggerated and lasted up to 17 days of observations. 
Control colonies remained healthy with their mouths 
closed throughout 20 days of observation. Reimer 
(1975a, b) suggested some permanent damage to tis- 
sues involved in contraction or perhaps some perma- 
nent stimulation of mouth-opening chemoreceptors. 
She warned that such interference in chemoreceptive 
processes by oil to corals may have delayed, but long- 

Fig. 2. Stylophora pistillata. Mouth-opening response followed by extrusion of planulae in a colony exposed to Iranian crude oil 
(scale bar = 0.50 mm) 
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lasting, effects on the organisms affected and, indi- 
rectly, on the communities of which these organisms 
form part. 

Oil pollution decreases significantly the survival 
chances of many pelagic larvae. Chia (1973) exposed 
14 species (5 phyla) of pelagic larvae to 0.5 "/D of No. 2 
Diesel oil in sea water and reported that they survived 
from 3-72 h, except the larvae of an echinoderm, which 
lived for 8 days. The common symptoms on the contact 
with oil and before death for most of the larvae were 
acute contractions of the gut, asynchronization and 
sluggish beat of the cilia or setae, and occasional 
violent movement of the body. He suggested that spe- 
cies specificity, in terms of survival of the larvae in oil- 
polluted water, may be related to the size of the larvae, 
where larger larvae are expected to survive a longer 
time. We have observed asynchronization and occasio- 
nal violent movement in planulae of Stylophora pistil- 
lata, even in the lowest oil concentrations. Laboratory 
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Erratum 

Re: Loya and Rinkevich, Mar. Eco1. Prog. Ser., 1, 77-80, 1979 

Page 78, right column, line 13: the word 'percent' should read 'number'. In legend 
to Figure 1, the words 'percent' in lines 1 to 3 should be omitted. 

0 Throughout the paper read 'm1 I-", instead of 'ml-l'. 




