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Abstract:

The ecotoxicological effects of oil spill from the grounded vessel MV River
Princess on the intertidal benthic organisms of Sinquerim — Candolim beach at
Goa were investigated. An intertidal expanse of 1km on either side of the
grounded vessel was selected to evaluate the concentration of Total Petroleum
Hydrocarbon (TPH) in the sediment and its effects on the composition,
abundance and diversity of micro-, meio- and macrobenthos. TPH in the intertidal
sediment ranged from 7.8 to 89 pg g (mean35.44 + 26.35 SD). Microbenthos
comprised of microalgae, protozoans and juvenile forms of meiobenthos. Apart
from juvenile nematodes, which were abundant, Coscinodiscus spp, Navicula
spp, and Nitzschia spp. representing microalgae were also observed in
microbenthic samples. Meiobenthos was represented by 13 taxa and their total
density ranged between 92-1057 no. 10cm™. Maximum meiobenthic abundance
of 1057 no.10cm™ was observed at Sinquerim. Nematodes were the dominant
meiobenthic taxa followed by turbellarians and harpacticoid copepods. The
macrobenthoc was numerically dominated by polychaetes, followed by
crustaceans whereas bivalve molluscs were less represented. There was
substantial increase in the petroleum concentration in the beach sediment
compared to the previously reported values and highest TPH (89ug.g” sediment)
values were in the vicinity of the grounded vessel. The polychaete/amphipod
ratio and cumulative and partial dominance abundance- biomass curves showed
significant negative impact of TPH on macrofauna. The benthic community
structure also showed measurable changes, as there was significant decrease
(60%) in the number of species. Given that the microalgal counts were low in
sediment, it is assumed that the intertidal meiofauna was possibly using oil-
degrading bacteria as alternate food source. In conclusion, the results reported
here suggest that the grounded ore carrier is not only detrimental to the beach
community, that may take longer time for recovery, but also affect the beach
morphology which may have long-term impact on local fishery.
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INTRODUCTION

It is well known that oil spills represent one of the major threats to the
marine environment. Petroleum hydrocarbon from oil spills and various other
sources constitutes a potential threat to the coastal environment and to growing
economic activities, such as ecotourism and fisheries (Commendatore et al.
2000). Oil spill can cause increase in abundance of benthic fauna via organic
enrichment or mass mortality, as a result of direct toxicity as well as asphyxiation.
In addition, the incorporation of sub-lethal amounts of oil and oil products into
organisms can result in reduced resistance to infection and other diseases
thereby affecting the survivability of marine species, which stand higher in the
marine food web. However, the degree of impacts of oil on marine organisms
varies depending on the concentration of oil, oil type, duration of contact with oil,
sensitivity of organisms and geographical location of spill (Gin et al. 2001). Out of
the one billion gallons of oil that enter the world oceans each year, 36% is from
runoff, 12% is accidentally released from tankers, 22% is intentionally released
from oil tankers as normal operating functions, and 8% is from natural seeps
(Suchanek 1993).

Benthic organisms are important component of the marine ecosystem and
play a decisive role in maintaining ecological balance. They not only act as a
major food source for many fish species but humans also consume some of the
large sized bivalves and crustaceans. Polychaetes, bivalves and crustaceans are
dominant among the macrobenthic forms and are considered as environmental
indicators. In the benthic ecosystem, hydrocarbon pollution may cause
irreversible changes such as elimination of organisms in the lower trophic level,
which could be useful in the breakdown processes of carbon, nitrogen and
sulphur cycles and also altering the species composition in the food web (Gray
and Ventilla 1971). Cyanobacteria and microalgae (diatoms) are components of
primary trophic level and contribute significantly to the primary productivity
(Maclintyre and Cullen 1996) as well as sediment stabilization (Sutherland 1998)

in the marine habitats. Meiobenthos, being an important link between macro-



and microbenthos, any adverse effects of petroleum on this integral component

is enough to cause an imbalance in the food chain.

An ore-carrier “MV River Princess” ran aground hardly 500 meters off
Goa’s internationally famous Sinquerim-Candolim-Calangute beach on 6™ June
2000. This 240 meter-long ship (Fig.1) drifted away with rough heavy winds on
6™ June 2000 after being anchored for one and a half year at Marmugao harbour.
Almost 40 tonnes of oil was removed from the ship while the Coast Guard still
suspects about 15 tonnes of leftover. Urgent removal of MV River Princess was
anticipated as it was expected that, the ship over the time would affect the
ecology of Sinquerim — a tourist spot in Goa. However, due to some unavoidable
circumstances, removal of the ship was hindered and it remained grounded for a
period of 3 years. It was assumed that grounding of the vessel for such a long
period would affect the benthic biota. Thus, sampling in intertidal area was

conducted with a view to study the impact of oil spill on the benthic organisms.
MATERIALS AND METHODS
Study Area

The study area is located between Lat. 15° 30’-15° 33° N and Long.73°
40-73° 46’ E along the Sinquerim — Calangute beach (Fig.2). The ship was
grounded at Candolim, which is flanked by Sinquerim beach on one side, and
Calangute on the other. Benthic samples were collected during low tide at mid
tide level along the intertidal stretch of 2km starting from Sinquerim to Calangute,

covering an area of 1km each on either side of the ship.
Field Sampling

Total 11 stations were fixed at ~ 200 m distance (Fig.2). The beach area
from Sinquerim to Candolim (place where ship was grounded) was =1km. Thus,
for comparison purpose, sampling towards Calangute (north of the vessel) was
also limited to 1km. Samples were collected at a regular interval of 200m from
Sinquerim to Calangute. A total of 5 stations were sampled at Sinquerim (SQ1,
SQ2, SQ3, SQ4, and SQ5); 1 at Candolim (CD) and remaining 5 stations (CL1,



CL2, CL3, CL4, and CL5) were sampled at Calangute. Sediment samples were
collected separately for analysis of micro-, meio- and macrobenthos. Samples for
macrobenthos were collected using quadrant (625cm?) and organisms retained
on 0.5mm sieve were preserved in 5% formaldehyde with rose bengal stain for
further identification. Duplicate quadrants were taken from each station. Acrylic
core (J4.5cm) was used to collect the meiobenthos. Vertical distribution of
meiobenthos in the sediment up to 10cm deep was studied by sectioning the
core at an interval of 2cm each and the sections preserved in 5% formaldehyde
with rose bengal stain. Microbenthic samples were collected using acrylic core
(D2cm). Since benthic diatoms dominate these samples, only the top 2cm

sediment was collected and preserved in Lugol’s formaldehyde solution. .

Sediment samples were also collected separately to analyze sediment
chlorophyll, organic carbon and dissolved Total Petroleum Hydrocarbon (TPH).
Analysis of physico-chemical parameters of the surf water like temperature,

dissolved oxygen, nitrite, nitrate and phosphate were also carried out.
Laboratory analysis

In the laboratory, preserved macrobenthic samples were washed once
again on 500um sieve in running water, sorted and identified upto genus /species
level. Meiobenthic samples were passed through 500um and 63um sieve and
material retaining on 63um sieve was considered as meiobenthos. Further, the
meiobenthic organisms were counted and identified up to group level. Similarly,
microbenthic samples were sieved through 500um, 63um and 25um sieves and
sample retained on 25um sieve was collected and analyzed for microbenthos.
Sediment chlorophyll was estimated with acetone extraction method (Holm-
Hansen 1978), organic carbon was estimated with wet oxidation method (El
Wakeel and Riley 1957). TPH content in sediment was analyzed by method
given in Sleeter et al. (1980). All raw data was processed using standard excel
statistical package. Correlation was sought between macrobenthic biomass and

sediment TPH and Nematode Copepod ratio (N/C) ratio TPH. Species diversity,



cumulative (a) and partial dominance (b) abundance- biomass curves were
calculated using PRIMER package (Clarke and Warwick 1991).

RESULTS AND DISCUSSION
Environmental parameters

The sampling stations did not show much variation in temperature (air,
water and sediment; Table 1). Nitrite value of surf-water ranged from 0.28 — 0.30
i mol ', whereas, nitrate varied from 0.6 - 0.9 umol I" at Candolim and
Sinquerim, respectively. Phosphate ranged from 0.24 umol I at Calangute and
0.34 umol I at Sinquerim and Candolim. Dissolved nutrients and temperature
showed higher values at Sinquerim as compared to other stations. The values
obtained for dissolved oxygen were low (2.8-3.1 ml I'") compared to values
reported for open water (Ansari et al. 2003) suggesting reduced oxygen
conditions in surf-waters. Reduced oxygen levels could be due to the increased
benthic biomass and respiratory activities of some aerobic bacteria, especially
those that can mineralize hydrocarbon (which may have leaked from the

grounded vessel) after an input of oil products (Bakke et al. 1982).

The TPH concentration in the sediment varied very drastically with values
ranging from 7.77-89.01ug.g”" at stn CL2 and CL1, respectively (Fig.3a). TPH
value at station CD was 75.27 pg.g” and decreased further north with lowest
value recorded at station CL5 (11.59ug.g™"). Lower values of TPH at stn CL were
mainly due to the dilution of TPH, which increases with distance from the
grounded vessel. After an oil spill, the oil reacts with smaller particle in the
sediment to form oil in water emulsion. These form clay flocs, which because of
their buoyancy are dispersed and carried away by currents. Also chemical and
biological degradation occurs during their transport. The combined effect of
physical, chemical and biological processes explains why adjacent stations do
not have high TPH (Bragg and Yang 1995). Since the grounding of the vessel,
the intertidal expanse (width) at Candolim has increased along the vicinity of the
ship as compared to the study area (Fig. 1). In the present study, the TPH values

(7.77 to 89 pg.g”) showed 2-fold increase than those reported by Ansari and



Ingole (2002) from the same area. A comparative study showed almost negligible
amount of TPH before 1994 spillage (0.43 —1.025 ng.g™”'; Anon 1993). The major
oil spill from MV Sea Transporter revealed an expected sharp increase in TPH
concentration at Sinquerim (216.84 ug g'1; Fig.4). During this period, there was
no significant increase in TPH at adjacent Candolim and Calangute beaches.
Very high TPH values at Sinquerim during the spill were reduced back to normal
within a period of 5 weeks (Ansari and Ingole 2002). However, in the present
study, TPH values recorded were one order higher in Candolim and Calangute,
while a 2-fold increase was observed in Sinquerim. Hence, it can be assumed
that accumulation of hydrocarbon in the sediment observed in the present study
is due to continuous leakage of hydrocarbons over the years from the grounded
vessel. Values for sediment organic carbon ranged from 2.66 - 3.65%, at
Sinquerim and Calangute (Table 1). Higher values were recorded at stn. CL4 and

lowest values were at stn. SQ3.
Biological parameters
Microbenthos

Microbenthos was comprised of microalgae, protozoans and juvenile
forms of meiobenthos. The maximum counts of microbenthos (65 nos 3.3cm™)
were recorded at stn SQ1 (Fig.3b). As compared to the other stations, maximum
counts of microalgae and nematodes were also observed at stn SQ1. This may
be due higher nutrient recorded at this station. Intertidal area in the vicinity of this
station was partly covered with rocks that served as a substratum for seaweeds
like Padina sp, Enteromorpha sp and Ulva reticulata. Therefore, the higher
counts of microalgae encountered at SQ1 could be the epiphytic population
associated with the seaweeds washed in the sediment due to continuous
splashing of the seawater on the rocks. Coscinodiscus spp, Navicula spp, and
Nitzschia spp were the microalgae identified. Minimum density of microbenthos
(6 nos.3.3cm™) was observed at stn SQ5 and was mostly comprised of juvenile

nematodes.



The highest value for TPH (89 ug g') was observed at stn CL1, where the
density of microbenthos was very less and was dominated by nematodes (87%).
Although there is no baseline microbenthic data for comparison purpose, in
general, the contribution of microalgae to the microbenthos was negligible except
at stn SQ1. Similarly, the concentration of chlorophyll in the sediment was also
low (Table 1). Nematodes recorded in the microbenthic samples were the
juvenile forms retained on 25um sieve. The dominance of nematodes in
meiobenthos and availability of juvenile forms in microbenthos clearly
demonstrate their tolerance or insensitivity to increased TPH. While reporting the
impact of oil spill on intertidal meiofauna, Danovaro et al. (1995) and Ansari and
Ingole (2002) have also reported higher number of nematodes as compared to

the other taxa.
Meiobenthos

Literature on the pre-pollution status of meiofauna from this area is scarce
and limited only to Candolim (Ansari and Ingole 2002). In fact, since meiobenthic
assemblages usually fluctuate on a seasonal and/or year-to-year basis, it is a
difficult task to distinguish pollution-induced changes from natural changes. A
number of workers reveal very contradictory results on the ill effects of oil spill on
meiobenthos (Danovaro et al. 1995; Boucher 1980). The resilient nature of many
meiobenthic species enables them to recover to normal abundances in a very
short time (weeks to months). Generally, the effects of TPH on meiobenthos
have been little studied compared to the number of investigations conducted on
macrobenthos. However, meiobenthos are considered as better indicators of
pollution due to their large numbers, small size, relatively short generation time,
high fecundity and flexible feeding habits (Fleeger and Chandler 1983; Kim et al.
2000; Sanduli and Nicola 1990). A total of 13 meiobenthic taxa were recorded
during the present study. Nematodes were most conspicuous contributing >60%

to the total meiobenthos.

During the major oil spill from “MV Sea Transporter”, meiofaunal density at

Sinquerim ranged from 0 to 22 nos.10cm™, which was mainly due to high TPH



content in the sediment (216.84 ug g') and showed a slow recovery as the TPH
concentration gradually decreased. It took almost 5 weeks for meiobenthic
density to increase up to 64nos.10cm™ with the TPH content of 12 ug g™'. The
immediate decline in meiobenthic counts was attributed to the synergistic effects
of oil pollution and southwest monsoon (Ansari and Ingole 2002). In comparison,
the present study showed one order increase in the meiobenthic count (136 -
1057 nos.10cm™, Fig.3c), despite of having mean TPH concentration of 31ug g~
in the sediment (Table 1). Average TPH concentration in the sediment at stn CD
located in the vicinity of grounded vessel was 75.27ug g™'. Meiobenthic density at
this station was 264 nos.10cm™ (Fig.3c) as against 111-202 nos.10cm™ reported
at same location by Ansari and Ingole (2002) with corresponding sediment TPH
value of 0.121ug g. Stn. CL, located further away from the grounded vessel,
apparently was not affected by the spill as the TPH values ranged from 0.1-0.4ug
g and the meiofauna count ranged from 102-186 nos.10cm™ (Ansari and Ingole
2002). In present study, the average TPH concentration at CL was 33 ug g™ with
meiofaunal density ranging from 92-196 nos.10cm® (Fig.3c). Increased TPH
could be due to the slow accumulation of hydrocarbon in the sediment that may
have allowed the dominant metazoan (eg nematodes) to adapt to the prevailing
TPH concentrations. Among the metazoan meiofauna, nematodes are the most
resistant and remained unaffected to oil pollution but decrease in their density
immediately after oil spill has been observed (Ansari and Ingole 2002). However,
they are also known to recover after a month or year (Coull 1988). Lack of
meiobenthic mortality was observed at TPH concentration of 13000ug g™ in a
salt marsh where oil prevailed for long time, which indicated their strong

tolerance to hydrocarbon stress (Boucher 1980).

Similarly, reduction in harpacticoid copepod density was reported after oil
spills (Boucher 1980; Giere 1979) while they survived the toxic effects of oil
during the Azip Abrupp oil spill (Danovaro, 1995) and the experimental spill
(Fleeger and Chandler 1983). In the present study, an average copepod density

of 62nos.10cm™ was recorded at stn. SQ and the values were much higher as



compared to 1994 data (Ansari and Ingole 2002). The N/C ratio proposed by
Raffaelli and Mason (1981) strongly suggests the use of meiofauna in monitoring
pollution studies (Ansari and Ingole 2002; Lambshead 1986; Shiells and
Anderson 1985; Lambshead 1984). Also, following oil pollution from Amoco
Cadiz, N/C ratio in sublittoral habitats increased to 83 and then decreased to the
normal pre pollution values (Boucher 1980). As shown in figure 6, the N/C ratio
did not exceed the values given by Raffaelli and Mason (1981. Generally,
Crustaceans are considered as highly sensitive to oil spills (Dauvin 1998; Gomes
Gesteria and Dauvin 2000). Higher percentage of copepods in the meiofaunal
samples further suggests the adaptability of copepods to the TPH
concentrations. Increase in copepod density after 30-60 days of experimental
spill has been attributed to enhanced benthic bacterial production and

subsequent copepod grazing (Naidu et al.1978).

Sedimentary bacteria and microalgae are major food source for
meiobenthos (Miller et al. 1996; Mitbavker and Anil 2002). Although the bacterial
counts in the sediment were not analysed in the present study, sediment
chlorophyll was estimated. The values in the intertidal sediment ranged from 0.04
— 0.07ug.g”". One of the well-documented effects on areas adjacent to heavily
oiled shorelines are the increase in the number of TPH degrading microbes,
which are fed upon by opportunistic species of meiobenthos (Lee and Page
1997). These oil-degrading bacteria are known to dominate the oil-contaminated
sediment in the absence of benthic microalgal population (Lee and Page 1997).
At the present study site, increased meiobenthic density compared to earlier
values (Ansari and Ingole 2002) could be due to increased hydrocarbon
degrading bacteria, which serve as a food source for opportunistic fauna (Lee
and Page 1997). Moreover, opportunistic taxa such as nematodes may have
been adapted themselves to the prevailing TPH concentrations. Hence, food
availability may not be the only limiting factor for intertidal meiofauna and other
abiotic factors such as wave action, current and predation could be equally
important in regulating the intertidal meiobenthic population. It was apparent from

this study that the meiobenthic diversity was reduced along the Sinquerim-



Calangute beach as compared to the earlier data and was dominated by
nematodes Rynchonema spp. and Viscocia spp.. Thus, the meiobenthic
community structure did indicate the occurrence of an overall acutely toxic event

associated with the oil spill.
Vertical distribution of meiobenthos

Meiobenthic communities are known to concentrate in the top
sedimentary layers (Coull 1988). The vertical distribution of meiobenthos studied
upto a sediment depth of 10cm suggested that maximum organisms were
concentrated in the upper 2cm sediment section. Nematodes were dominant in
all the depths, followed by turbellarians and harpacticoids. Both these groups
also showed a vertical reduction in density. Other groups that included
Polychaeta, Oligochaeta, Gastrotricha, Sarcomastigophora, Nemertina and

Amphipoda, which were randomly distributed in all the depths (Fig. 5).
Macrobenthos

A total of 21 macrobenthic taxa were identified during the present study.
Polychaetes and crustaceans were the dominant groups representing 38% (8
species) and 33% (7 species), respectively of the observed taxa. Molluscs were
represented by a single class, Bivalvia (19%) and were comprised of 4 species
recorded at stn CD (Table 2). Highest numbers of species were recorded at
Calangute (15 species) and lowest in Candolim (11 species) near the grounded
vessel. Mysid Gastrosaccus spp. was the most dominant species with a mean
density of 640+913nos.m™ and was recorded at all the stations except at SQ2
and SQ3. Mean abundance of polychaetes was 115n0s.m™ followed by Bivalvia
(62 no.m?). Abundance of macrobenthos varied from 32 (Stn SQ3) to 4080
nos.m? (Stn CL2) with a mean value of 862+1157 (Fig. 3d) and biomass varied
from 0.017 (Stn SQ3) to 43gm.m? (Stn CL2) with a mean value of 7gm.m™.
Mysidacea contributed to 74 % of the total density followed by polychaeta (13%),
Bivalvia (7%) and Amphipoda (3%). Other groups contributed to remaining 3% of
the total density. Overall, the mysid shrimp Gastrosaccus spp. (74%) and

pisionid polychaete, Pisionidens indica (9%), dominated the benthic
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communities. Grall and Glemarec (1997) have suggested five groups of pollution
resistant polychaetes. Accordingly, 13% of the polychaetes were represented by
group-1V that are second order opportunistic and 75% belonged to the group-II,
which do not show any change with enrichment, suggesting the possible
adaptation of polychaete communities to the altered condition. Remaining 12%

polychaetes could not be identified as a separate group.

Gesteira and Dauvin (2000) suggested the use of polychaetes/amphipod
ratio for detecting the impact of pollution. In the present study, the
polychaetes/amphipod ratio was equal to 1 indicating that macrobenthic
community was undeniably affected due to the TPH concentration. The ABC
dominance curve (Fig.7a) exhibits a moderately disturbed state as there is
perhaps a suggestion from the partial dominance curve a loss of biomass
dominance resulting in a slight merging of the curves (Fig.7b). Thus, the intertidal
macrobenthic community along Sinquerim-Calangute beach was moderately
affected by hydrocarbon concentration in the beach sediment. Ansari and Ingole
(2002) and Dauvin (1998) suggested that intertidal benthic communities are
generally sensitive to oil spills, but the effects of oil pollution strongly depend on
the proportion of hydrocarbon-sensitive species, especially crustaceans. Benthic
amphipods are exceedingly sensitive to oil pollution (Sanders et al.1980; EImgren
and Firthsen 1982). This group was represented by 4 species belonging to a
single-family Gammaridae (Phoxocephalus sp., Urothoe sp., Ampithoe sp. and
Synchelidium sp.). Further, mysids shrimps are considered as highly sensitive to
environmental pollution and commonly used in the biological monitoring studies.
The genus Gastrosaccus was very abundant and constituted more than 80% of

the faunal density at Calangute where TPH concentration was comparatively low
(33ngg’).

The present study revealed 11 macrobenthic species at Candolim as
against 27 species reported earlier by Harkantra and Parulekar (1984) out of
which only three were common (Table 2). Since the TPH content in the surface

sediment was very high compared to previous studies (Fig.4) and has not only
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affected the macrofaunal diversity but also changed the faunal composition as
many of the dominant species (viz., Pisionidens indica, Eurydice peraticis,
Pontharoinia unirostrata, Gastrosaccus simulans) recorded during the earlier
study (Harkantra and Parulekar 1984) were absent or observed in very low
density during the present study. Although, through a detailed one-year study on
intertidal meiofauna of this area, rapid recovery of meiofauna following a major oil
spill was observed by Ansari and Ingole (2002) recovery times following spills
can vary and there is no clear-cut correlation between size and extent of
damage. According to them, the aromatics present in the fuel oil get quickly
evaporated, leaving only residual component in the sediment. Therefore, it is
worth mentioning that the values of TPH observed during the present study were
high as compared to the previous data (Ansari and Ingole 2002) and affected the
benthic fauna to a very large extent. When physical and biological parameters
vary slightly and predictably from year to year, fauna is diverse and relatively
stable in numbers and composition. Whenever some environmental parameters
or some exotic influence exceeds normal range of variation, the fauna suffers
dislocation or stress or severe mortality. The high values of TPH observed during
the present study could be due to the possible oil leakage from the grounded
vessel and their accumulation in the sediments. Natural oil seeps have shown
high abundance of bacteria near oil seeps, which results in high densities of
meio- and macrofauna (Montagna et al. 1987). Increased densities of such
communities associated with seep is a function of bacteria adapting to utilize
petroleum as a source of carbon and energy and this in turn is consumed by
benthic invertebrates specially nematodes (Montagna et al. 1987). Lee and Page
(1997) have reported that at lower but significant concentrations of TPH, the
effect of oil is to produce an environment suitable for opportunistic species, which

can take advantage of increase in microflora thriving on hydrocarbons.

Accurate evaluation of the impacts of an oil spill on coastal ecosystem is
difficult. Because it is virtually impossible to predict the time and space of an
accident, data on pre-disturbances conditions are generally unavailable (Peterson

and Eates 2001). Therefore, one of the greatest challenges when determining the
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impact on benthic communities is the lack of baseline data and overall context in

which benthic communities can be compared.

TPH showed a negative correlation with meio- and macrofaunal abundance
and positive correlation with microbenthic abundance. However, the variation was
not significant (Table 3). Moreover a change in beach morphology has been
observed in the area where the ship is grounded. It was seen that the intertidal
expansion has been increased in the area, where the ship was grounded
(Candolim, Fig. 1, per. Obs.). Since the biological parameters are considered as
useful tool to evaluate the ecological quality of marine ecosystem, our study
certainly provides essential data on status of sediment TPH and benthic
community of the three intertidal beaches of Goa. Given the importance of these
beaches, which are famous tourist spots, any damage to them will directly affect
the state’s economy because tourism is a major industry in Goa. Nevertheless, the
data presented here is based on a single sampling and hence has its limitations on
the inferences. Also, it is very much essential to understand the natural population
changes in oil spill area before attributing all changes after an oil spill to oil effects.
Further investigations therefore, are necessary to provide evidence to extent of

potential danger of grounded “MV River Princess” to the ecology of the study area.
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Table 1: Physico-Chemical parameters of the study area investigated on 22"
November, 2003

DO | Air | Water | Sed | NOy(u | NOs(n | PO4(n | OC | TPH | Chlorophyll a
Stations | (i) | (°C)| (°C) | (°C) | mole/l) | mole/l) | molef) | (%) | (uglg) | (ug/g)
Sinquerim | 3.135 | 25 29 30 0.30 0.9 0.34 2.66 31 0.0452
Candolim | 2.798 | 25 28 29 0.30 0.6 0.34 3.05 75 0.005
Calangute | 2.97 25 28 29 0.28 0.7 0.24 3.65 33 0.073

18




Table 2. Macrobenthic species recorded from the Candolim beach, Goa

Species 1984* Present study
Lineus sp. + (CM) -
Cerebratulus + (VR) -
Pisionidens indica +(VC) -
Pisione sp. +(VR) -
Syllis sp. +(VR) -
Nereis sp. + (CM) -
Glycer alba + (VC) +(VR)
Prionospio polybranchiata - +(VR)
Polydora sp. + (RR) -
Sphaeroma walkeri +(VR) -
Eurydice peraticis +(VC) -
Cyathura sp. +(VR) -
Pontharoinia unirostrata +(VC) -
Parhyalella natalensis +(RR) -
Perioculodes sp. +(CM) -
Talorchestia spinipalm +(VR) -
Phoxocephalus sp. - +(RR)
Urothoe sp. - +(VR)
Ampithoe sp. - +(VR)
Cumacea - +(VR)
Gastrosaccus simulans +(VC) +(VC)
Alpheus malabarica +(VR) -
Diogene affinis +(VR) -
Emerita holthuisi +(RR) -
Matuta lunaris +(VR) -
Philyra globosa +(VR) -
Ocypode ceratophthalma +(RR) -
Paphia textile +(VR) -
Gafrarium pectinatum +(VR) -
Mactra cuneatus +(VR) -
Donax incarnatus +(VR) +(VR)
Sunetta scripta - +(VR)
Sunetta solandri - +(VR)
Sunetta sp. - +(VR)
Oliva gibbosa +(VR) -

* Harkantra and Parulekar (1984)
VC- very common (40-60%)

CM- Common (20-40%)
RR- rare (10-20%)
VR- very rare (<10%)
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Table 3: Correlation matrix of environmental parameters and benthic abundance
(n=11).

TPH OoC ChlorophyllMicro  [Meio Macro
TPH 1
oC -0.28 1
Chlorophyll| -0.33 0.45 1
Micro 0.15 0.16 0.47 1
Meio -0.03 | -0.19 0.38 0.61 1
Macro -0.27 0.48 0.08 0.02 -0.28 1
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Legends to the figures:

Fig. 1. The ore- vessel "River Princess” grounded at Candolim.

Fig. 2. Location of sampling stations.

Fig. 3. Variation in the abundance of benthic fauna and TPH in the beach
sediment.

Fig. 4. Variation in hydrocarbon for period of ten years.

Fig. 5. Vertical distribution of meiobenthos at all stations.

Fig. 6. Correlation between N/C ratio and TPH.

Fig. 7. Cumulative (a) and partial dominance (b) curves of abundance and

biomass curve.
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Fig. 1. The ore- vessel ”River Princess” grounded at Candolim.
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