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may have resulted from toxic lower hydrocarbons that, being very volatile, evaporate very quickly in
the wake of a spill. This was confirmed when Elgershuizen and Kruijf (1976), conducting very similar
experiments on Madracis mirablis in open aquaria, found little disastrous effect. Oil on the surface of
the water caused negligible disturbance to the coral and recovery was noticed after 24 hours of
exposure. Mixed with the sea water, the oil produced a marginally increased effect, though recovery
once again, was almost total. Both studies show a more significant effect on corals of chemical
dispersants used to clean up the spill. Elgershuizen énd Kruijf (1976) hypothesize that dispersants, by
emulsifying the oil into smaller and more abundant globules, increase the potential surface of contact
the oil can have with the coral. Furthermore, their experiments suggest that the dispersants themselves
are toxic to coral. Still in the laboratory, Loya and Rinkevich (1979) reported physiological stress
to corals exposed to crude oil expressed as an abnormal reproductive behaviour which they term the
"abortion effect". The céral Stylophora pistillata, exposed to oil and sea water mixtures at different
concentrations, showed an immediate mouth opening response and a premature expulsion of planulae.
Tﬁese planulae, they speculate, would be ill-equipped to deal with the vagaries of sea, less likely to
settle in favourable areas, be less competitive in the reef and more prone to predation. The extrusion
of planulae was accompanied by an expulsion of zooxanthallae, a well-documented sign of stress. Loya
and Rinkevich also noted that this abortion effect is manifest with many other physical disturbances
such as sediment load, fluctuations in temperature, storm winds and, in laboratory conditions, on the
application of chemicals such as ethyl alcohol.

Other physiological signs of distress have been noted by a number of researchers in the
laboratory. Oil pollution causes indirect damage to coral by stimulating excessive mucous sec;'etion
Mitchell and Chet (1975), coagulation necrosis in coenosarc tissues (Peters et al. 1981), damage to
feeding mechanisms (Reimer 1975) besides effecting other changes in coral behaviour (Cohen et al.
1977)

Coral researchers tend to agree that the best measure of stress on a reef is reflected in alterations
of growth rates in corals. The growth rate encapsulates a variety of physiological processes and a

change in any of them will be manifest as a change in the growth rate of the species (Brown and
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exposed to Kuwait crude oil applied evenly to them in a thin layer. The boulders were exposed to air

for a p.eriod of 30 minutes and then replaced carefully in the water.

The boulders were remapped one day after treatment, seven days after treatment, ﬁﬁeen days,
one month and two months post-exposure. At each remapping the portions bleached, silted or showing
signs of recovery were noted.

Three boulders of each species were used as controls for the experiment and were placed in
similar area of the reef. They were exposed to air for 30 minutes and mapped as with the experimental
boulders to control for the possible effects of exposure to air and stress caused by relocation.

Corals are generally sensiti've to extreme fluctuations in salinities. Very low salinities,
experienced during rainstorms, can kill a large part of the reef. Similarly, extremely high salinities are
also detrimental to coral.

To tést the effect that the substance "bittern" has on cofals I exposed the corals Porites
compressa and Favia favus to bittern at half its concentration for 30 minutes before replacing them in
the reef. The concentrations were determined using a Tbtal Dissolved Solutes instrument. The
Dissolved Solutes of the undiluted bittern was 80 x 10* TDS. This was approximately four times the

concentration of the winter sea waters in the Guif (19.8 x 10* TDS).

3.3. Data Analysis

To check for adequacy of sampling, a cumulative species diversity graph was plotted using a
running mean of the plot-wise Shannon-Weiner species diversity index -Y p; log. p, for both Narrara
as well as Pirotan. Here p; is the propotional contribution of each species to the community The index
was calculated using only Scleractinidian coral species for the calculation and for all further analysis,
only-coral species are considered.

Plotwise species diversity was calcuiated to compare Narrara and Pirotan in terms of their coral
species diversities. For this purpose, species richness, as well as the Shannon-Weiner index were used
as comparable indices of species diversity. Mean species diversities were also compared in different

depth zones, (estimated subjectively in the field) within and between study sites. Because of widely
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varying sample sizes, this trend could not be tested for significance. Continuing the comparison of the
two sites, I compared mean levels of sediment deposits on the boulders, bleaching, algae, uncolonized
and dead bouldery substrate in Pirotan and Nararra. Since none of the varibales were normally
distributed (K-S one sample test p < 0.001), Mann Whitney U tests were used to test these values for
significance.

Beyond this initial compérison, I used multivariate statistical techniques to look for species
associations and habitat differences between and within the sites. 1 used the statistical package
TWINSPAN (Hill 1979) to elucidate the major coral associations of the reef. This performs a two way
indicator analysis on the quadrat and species abundance data using reciprocal averaging to separate the
sampling points and the species into recognizable groups or associations. It is more and more being
used as a powerful and flexible technique for the clustering of species data (Kent and Coker 1992) and
is intuitively easy to comprehend. 1 found that the default abundances wvalues (the pseudospecies cut
levels) were adequate for the kind of abundances of species commonly encountered in the quadrats.
I chose to weight the most abundant species to facilitate clumping of associations. I plotted a
denrogram using the eigen values calculated by the analysis. The cut off point was determined by the
level below which making ecological sense of further divisions was infeasible. For ease éf
interpretation, 1 chose not to proceed beyond the third level of division.

In order to relate habitat variables and stress factors to the observed species associations, I used
Canonical correspondence analysis with no detrending as the algorithm for analysis. Many researchers
have found canonical correspondence analysis as a robust and versatile tool in the direct ordination of
community data and it does not produce the observed ‘arch effect’ that Principal Components Analysis
produces, nor does it possess the inelegancies of detrending that Detrended Corespondence has (Kent
and Coker 1992). Palmer (1993) found, that even with skewed and non-normal data sets with a lot of

environmental noise, the analysis was good enough to extract the two significant environmental axes

from a simulated data set. I used the statistical package, CANOCO (Ter Braak 1987) for this. I used

non-detrended correspondence analysis as the algorithm for analysis.
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Species diversity at various depth zones in the intertidal coral reefs
Figure 2. of Narrara and Pirotan, Gulf of Kutch, Gujarat, 1994-95
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4.1.2. Coral associations (TWINSPAN analysis)

TWINSPAN (ouput summarized in Table 2a) produced the first sampling point division at an
eigen value of 0.594. The second division occurred at an eigen value of 0.299. The first division
extracted 46 plots of Narrara as a separate group. In the next division, 82 plots of Pirotan separated
as a group. I considered divisions upto the third level as ecologically meaningful and the associations
they represent along with the abundance of all the species as distributed among these associations is
presented in Table 2a. The dendrogram (Fig 3) shows the division of the plots and the eigen values
at wﬁich they were separated. The following associations are seen:

A. Favites melicerum, Favia favus, Cyphastrea serallia (FFC)

B. Porites compressa, Favites melicerum, Porites compressa (PFM)

C. Favites melicerum, Favia favus, Favia speciosa (FFF)

D. Montipora .expianata, Favites melicerum, Favia favus (MFF)

E. Goniopora minor, Goniopora planulata, Turbinaria peltata (GGT)
F. Goniopora nigra, Goniopora planulata, Goniopora planulata (GGG)
G. Goniopora planulata, Favia favus, Favia favus (GFF)

The associations were named on the basis of two dominant and one characteristic species of the
association. For example, in Goniopora planulata - Favia favus - Favia favus association the first two
species are dominants and the last one is a characteristic species of the association. Three of the

identified associations were characteristic of Narrara and two were seen mainly in Pirotan.

A. The Favites melicerum - Favia favus - Cyphastrea serallia association: This community was
dominated by Favites melicerum and Favia favus with Cyphastrea serallia being a characteristic species
of the association. Algae densities were very high in the region. Dead and uncolonized boulders were

common. This was an association exclusively restricted to Pirotan.
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S. DISCUSSION

5.1. Community Structure

The diversity of the reefs in the Gulf of Kutch are characteristically low. A possible reef for
comparison would perhaps be the reef of the Gulf of Eliat in the Red Sea (see Loya 1972,1976a). This
region is as heavily used by industry and the seas are subject to oil spill often. The diversity in these
disturbed reefs as reported by Loya (1972) was 2.206. This is comparable to the diversities of Nararra
and Pirotan. Though 44 species of Alcyonarian and Scleractinidian coral have been reported from the
entire Gulf, most of them are extrer;lely rare and localized. The reef is dominated by a few hardy
species, chiefly Favia favus, Favites melicerum, and Porites compressa (species list see Appendix A).
These species thrive in high abundances in the intertidal reef both at Narrara and at.Pirotan.

If we compare Narrara and Pirotan in terms of their species richness and diversity, Pirotan is marginally
(though significantly) richer and more diverse.

An important limiting factor in the reefs of the Gulf appears to be the depth of water during low
tide. Corals cannot survive prolonged exposure to air and the unusually large tidal fluctuations in this
area make them extremely susceptible to emergence from the water during the low tide. It is not
suprising therefore that as depth at low water increases, the species richness also increases (Fig 2). This
has been found to be a general trend in the community organization of corals in most reefs (Sheppard
1982). A point should be noted here about the general growth form of the corals in the reefs of the
Gulf. - Corals are generally extremely flexible in their growth forms (Wood 1988) yet, in the Guif
waters, only massive and encrusting forms are seen with some semi-massive individuals seen in déeper
lagoons. The reefs are characterised by a total lack of any branching forms of coral and the genus
Acropora, abundant in most reefs of the world, is now extinct in the Gulf (Wafar 1986). I believe that
this extinction is a direct result of the Io}wering of low-water depth in the period after the tectonic uplift

that affected the region in the geological past (Naik et al. 1988).
Growth form also plays a major role in the response of coral to various disturbance factors. Of

particular importance to the reefs of the Gulf is the disturbance caused by sedimentation. Branching
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The communties identified by TWINSPAN for the reefs at Narrafa and Pirotan show a broad
trend in their distribution which can are quite instructive.

The Favites melicerum-Favia favus-Cyphastrea serallia community (FP“C) and the Porites
compressa-Favites melicerum-Porites compressa (PFM) communities represent associations of species
found almost exclusively in Pirotan. It is clear that they thrive in areas where currents are the strongest,
on the farshore regions of the reef, close to the reef crest. The waters of Pirotan have high levels of
sediment and these communities are best adapted to live in these waters. This is because strong currents
help keep coral clean of sediment. Most reefs that are affected by natural or anthropogenic stress will
have the concentrations of species in the regions of high currents (Rogers 1990). Rogers (1990)
hypothesizes that a high sedimentation reef will have less live coral cover, either only smaller coral
communities - (because they resist sediment better) or only larger communities (because recruitment is
limited by sediment loads). The communities of the Pirotan waters have generally large coral boulders,
and a high percent cover of dead (silted) coral boulders. This would suggest that the reef at Pirotan is
restricted in its development by high sediment loads. |

In contrast, the Goniopora minor-Goniopora planulata-Turbinaria peltata (GGT) community,
Goniopora nigra-Goniopora planulata- Goniopora planulata (GGG) community and the Goniopora
planulata- Favia favus-Favia favus (GFF) community are all characteristic of Narrara. They are all
near-shore communities and present in areas with low sediment and algae, and have a relatively low
percentage of dead coral boulders. They represent coral associations at the other end of the spectrum,
thriving in much less hostile reef conditions. From my own observations, these areas have a larger
spectrum of coral boulder sizes, most of the boulders are medium-sized coral boulders with some. large
forms (over 1 m in radius) and several smaller boulders. The reef at Narrara appears to be a growing
reef while Pirotan seems to be a stagnating ecosystem.

A trend is evident in the order of classification of coral associations (Table 2b). The coral
associations represent a declining gradient of distance from shore as well as declining gradient of algae

density. Bouldery substrate also decreases down this gradient.
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If we look at the plot of evironmental variables and species along Axis I and II, there are
definite patterns of community organisation.

Favites melicerum is a species found ubiquitously throughout the reef, in every strata. Together
with Favia favus and Porites lutea it is among the most generalist species in the reef. This is
adequately elucidated in the XY plot of species and environmental variables. These species are
indifferent and are situated very close to the environmental origin, unaffected one way or another by
environmental variables.

The positive quarter of the graph represents areas of high bouldery substrate, high algae d_ensity
and high sedimentation. Species lik;: Porites compressa Mycedium sps and Sideastrea saviagynyana
are found on this, the disturbed quarter of the graph. It is noteworthy that while one (Porites
compressa) is present all over the reef in varying numbers, the other two species are found exclusively
in the Pirotan reef. Most of the species bunch themselves on the opposite quarter of the axis,
characterised by low boulders, lower amounts of algae and lower amounts of siltation.

van Katwijk et al. (1993) show that for the Malindi-Watamu reefs of the Indian Ocean, the
major limiting factors are the amount of terrigenous sediment which is manifest in the reef as a greater
amount of coral-free substrate in the reef. Similarly, Ohman et al. (1993) showed that in a heavily
disturbed reef in Sri Lanka, the amount of dead coral and broken rubble was much higher ﬁm in an
undisturbed reef. Sheppard (1982) concludes that sedimentation can be a crucial factor in determining
the distribution and abundance of corals, reducing light for photosynthesis, sufffocating boulders with

sediment and exhausting the corals ability to produce enough mucous to deal with the sediment load.

S.2. Experiments on coral boulders
5.2.1. Response of Corals to Crude and Bittern

The work done thus far on the response of corals to oil is far from consistent in the results
obtained (see review). Major differences arise when results from the laboratories and observations from

the field are compared. One thing seems to be clear; corals are extremely variable in their response to
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Studies on the effect of increased salinities on coral are scarce. It is known that lowered
salinities cause extensive death (Brown and Howard 1985, Grigg and Dollar 1993) but data on the
response of coral to increased salinities is unavailable. Bittern releases pose an important threat to the
reefs of the Gulf (Singh, 1995) and the rapidly increasing number of salt pans on the coast makes this
an even more urgent worry.

Bittern at half its concentration, produced striking effects on the coral. Both coral species were
severely affected within a single day. Almost the entire boulder was bleached white and a layer of
sediment had deposited on the bleached areas. The response was variable as can be seen from the area
graphs but the trends are readily apparent. The affected areas that persisted two months post-treatment
were bleached and silted, either lightly c;r heavily without any signs of recovery in these regions.

Here too, much of the post-treatment stress was caused by sedimentation. In the pre-recovery
phase of the experiment, the polyps remained totally retracted for several days (for a description of the
response, see results). Almost no live tissue was seen in this period and presumably all ciliary action
was also paralysed or greatly reduced. In the recovery phase the cilia and the polyp tentacles began
actively rejecting sediment and much of the sediment was removed. Some areas still remained affected
and these did not show signs of recovery even after two months of observation.

That both stressors affected the coral detrimentally is apparent. What is also clear is that the
proximal cause of death was sedimentation that acted on the coral by smothering the coral polyps and
putting added stress on their cleaning mechanisms. Sediment loading on the coral boulders was
definitely facilitated by the stressors as no great changes were seen on the control boulders during the
course of the experiment. The nature of this facilitation however was aiﬁ'ewnt for two stressors. érude
oil acts, as mentioned before, to make the boulder an adhesive surface. This sticky surface actively
attracts sediment that is already abundant in the reef and a thick layer of this smothers the coral boulder.
The corals managed to remove only a little of these sedimented portions (Fig.7), most of the sediment
being too heavily loaded for the coral cleaning mechanisms to work effectively.

Bittern plays a slightly different role as facilitator in the sedimentation of the coral. At such

high concentrations of salinity, the coral tissue is heavily stressed and the polyps retract into the coral
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to compare across species and between stressors in lieu of the considerable amount of additional
information required to construct a more elaborate index.

There was a definite species specific response to the different stressors (Table 3). Porites
compressa is more sensitive to both crude oil pollution as well as bittern stress when compared with
Favia favus. Both species were more sensitive to stress from bittern but also showed a greater recovery.

.lt is important to note that though all the experimental boulders showed significant distress when
treated with the stressors, most of the boulders also showed some amount of recovery from the stressors.
In no case was the entire coral killed and the disturbance resulted in about 75 % of most boulder
remaining alive and apparently healtl;y'though, in the case of crude oil, traces of adhering oil could still
be seen on the boulder two and half months after the treatment. I can only theorize on the effect of
chronic oil spills on coral species but I would predict that small chronic spills, such as occur often
enough in the southern Gulf, would have a more serious impact on the reef than a single, large-scale
spill. Because of the large intertidal regions in the Gulf, even a small spill can cause, on its own create
a lot of damage to the reef. As the reef waters continue their ebb and flow, the spill moves towards
the shore. Depending on rate of movement, the oil will continue to affect coral with every subsequent

low water and even more damage can be done by this repeated dosing.

5.3. Sedimentation as factor in reef decline

All this while [ have been discussing community structure and experimental procedures as
separate and unconnected. Here I would like to lay stress on the some of the important points of
commonality that these two approaches to the problem of stress have in the light of conservation 6f the
reefs of the Gulf.

It is clear from the community ordinations that Pirotan is quite significantly disturbed. One of
the major causes of disturbance appears to be sedimentation and the fallouts associated with
sedimentation. By a variety of processes the levels of sediment rise to unacceptable levels in the reef
and this acts as a major stress to the coral (Brown and Howard 1985). When the sediment rejection

mechanisms break down in the organism, tissue necrosis and coral death generally take place.
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