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ABSTRACT

Distribution of zooxanthellate zoanthids Palythoa mutuki, Palythoa tuberculosa and Zoanthus sp. was studied on
rocky Intertidal areas at Vearval, Sutrapada, Dhamlgj and at Kodinar along the coastal Saurashtra, Gujarat, India.
The Intertidal area was divided into four zones based on extent of exposure. Distribution and population
quantification were studied using belt transects and quadrates. All the species exhibited habitat preference and were
confined to large tide pools of mid - lower intertidal area. Palythoa mutukia nd Zoanthus sp. were dominant in
zones 3 and 4, respectively at Sutrapada, Dhamlej, and Kodinar while Palythoa tuberculosa was absent at Veraval.
Ecological attributes like abundance, density and frequency of occurrence of species exhibited significant spatio-
temporal variations. Seasonal variability of sea water parameters was correlated with ecological attributes of
species; where pH showed significant correlation with mean seasonal abundance of P. mutuki (R’= 0.79,
p<0.01)and P. tuberculosa (R*= 0.64, p<0.01) at different study sites.
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INTRODUCTION

The intertidal zone of rocky shores and its fauarad floral community have been studied intensivelyast 3-4
decades [1]. Organisms dwelling in intertidal zare often grouped in specific pattern which arased by
different kinds of physical and biotic factors [&, The intertidal or coastal environments are higrariable in

terms of time and space as compared to the patagiconment and, therefore, intensive samplingeisded to find
out the controlling variables of species distribnt{4]. Amongst all the animals dwelling in marieavironment,
few groups have so far not been studied well. Zudatare generally found as prominent animal comityun the

reef areas where corals are not found extensilg]. Although common animal of in the marine eamiment;

zoanthids are not often studied because their targns difficult [7]. So far, a total of 354 spesief zoanthids
have been reported from the world [8]. Zoanthidseha simple body plan that lacks distinct morphudaly
characters for species level identification, a Heyrel of intraspecific variation in terms of caodbion, and trapping
of sand and detritus material in the mesoglea mtleiternal examination of the body problema8ic 10].Thus
there are several reasons behind the confuseddexoaf the group.

The coastal areas of Saurashtra are rich in maipdiversity and total 180 species of macrobenthima have
been reported so far [11]. The zoanthid fauna ef $laurashtra coast have not been studied well ariérethe
identification of the species were at generic lemdly [12]. In previous studies, two species of tfeusPalythoa
have been identified that includealythoa tuberculosa and Palythoa mutuki from the Saurashtra coast [13].
Therefore, the main objective of the study wasxangine the variation in the population and disttitnu pattern of
zoanthids at four different study sites with speoéderence to habitat characteristics, abiotiddexand seasonal
variations.
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MATERIALS AND METHODS

The present study was carried from April 2011 toréha2013 at four different locations, Veraval (8@’ 37" N,
70° 21’ 04" E), Sutrapada (2@9’' 53" N, 70 29’ 17" E), Dhamlej (2046’ 29" N, 70 36’ 19” E) and Kodinar (20
45' 29" N, 70' 39’ 39” E) situated along the Saurashtra coag}. (Fj. The intertidal area of each location vaites
terms of exposure area and geomorphology. Thetithrarea of Veraval is rocky with upper zone mangeof
sandy shore. The lower intertidal zone of Veravadsswith steep slope in sub tidal zone. The irdaltareas of
Sutrapada, Dhamlej and Kodinar are mostly rockypature with small to large tide pools. The exposanea or
width of the intertidal area varies location to dbdon, maximum exposure was observed at Dhamle) (%
followed by Sutrapada (140 m), Kodinar (130 m) &etaval (60 m). The width of the exposure areaegviith
the season with an average size of 120 meter amsetvDhamlej, Sutrapada and Kodinar while averigéh of
exposed intertidal area at Veraval was 50 meter.

‘GUJAR]AT A

Fig. 1. Map of study area. 1. Veraval, 2. Sutrapada&8.Dhamlej and 4.Kodinar

In the present study three species of zooxantketl@anthidsPalythoa mutuki (Haddon & Shackeleton 1891) (Fig.
2a), Palythoa tuberculosa (Esper 1791) (Fig. 2b) aribanthus sp. (Fig. 2c) were identified using the identifioa
key provided by Reimer et al. [14]. Each of theethispecies forms colonies that are attached to hstrata.
These species are distributed more or less adnessrtire intertidal area so the intertidal area digided in upper
(Zone 1), middle (Zone 2) and lower zone (Zoned)3p find out the exact distribution pattern. &k four study
sites were surveyed on monthly basis for the samgpli

Colony count using the belt transect method is rtiost appropriate method used for the sampling ahttod
population [15] but in the present study, the sikzéhe colonies of all the species observed at saally sites were
very large (10mx 10m or more) so the colony comtid not be adopted for sampling. Therefore, irdtafacolony
count, polyp count method was adopted using 0.2§umdrate [16]. Total 10 belt transects were lathpndicular
to the shore line and 0.25’muadrates were laid at about 10 -15m apart on &ankect at each study site. Among
the abiotic factors, surface water temperatureap#i salinity were recorded using digital instrursent

Each study site was sampled monthly for varioudoggcal attributes such as abundance, density seguéncy of
occurrence of the species. The monthly data weraptied for different seasons viz. winter (November
February), summer (March to June) and monsoon (#ul@ctober). Monthly data were also recorded foee
different abiotic factors. In statistical analysif the data two-way ANOVA without replication wappdied to
determine the spatial and temporal differences d&etwfour sites and between three seasons. Regress
correlation coefficient tests were applied to asshe influence of abiotic factors on the populatitensity of the
species.
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Fig. 2.Zoanthid diversity of study area (a)Palythoamutuki(Haddon &Shackeleton, 1891) (bJPalythoatuberculosa(Esper 1805) (c)
Zoanthus sp. (d) Mix colony of zoanthids

RESULTS AND DISCUSSION

The mean sea water temperature varied betweendiffstations. Maximum fluctuation in temperatu8.2°C to
27.5C) was recorded at Veraval (Table. 1). The tempeeadid not fluctuate much at other stations. Tlamsea
water pH did not fluctuate between different stasian different seasons. Maximum pH 8.36 was olesbrat
Kodinar during monsoon season while minimum pH %a8 recorded at Dhamlej in monsoon. The mean agar w
salinity varied between different stations in diffet seasons. At Veraval, the mean sea water tyahairied
between 39.7% in summer to 30.1% in monsoon, pysdile to the addition of fresh water in sea wakering
monsoon (Table. 1).

Table 1. Seasonal variation in the mean values offfiérent abiotic factors at different stations

Sutrapada | Dhamlej [ Kodinar | Veraval
Sea water temp (C)
Winter 28.46 £0.78] 30.8+0.92 29.76 £1.59 2&#8370
Summer 30.42+05% 3245+1.62 32.27+1|68 3320
Monsoon 29.15+0.59 28.7+1.41] 30.75+1/06 310195
Sea water pH
Winter 8.27 £0.29 8.06 + 0.09 8.18 £ 0.07 8.12660
Summer 8.12+0.17 8.34 £ 0.19 8.27 £0.19 8.26190
Monsoon 8.14£0.10 7.77 £0.26 8.36 £ 0.20 8.1728
Salinity
Winter 36.62+1.09 3766+x160 37.63+x1.B8 3OIL53
Summer 39.42+1.78 38.32+1.57 39.63+1{38 3F.638
Monsoon 32.25+0.34 33.7%0.97 30.1+1.80 301180
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At all study sites, it was observed that each ef $pecies were mostly confined to the lower irdattzone in
association with the presence of deep and largepiiibls and probably because of the presence ef wating low
tide. The average width of the lower intertidal @omas observed to be 40m at Sutrapada, DhamleKadthar,
while at Veraval the width of the lower intertidadne was observed to be only 20m. In lower intaftibnes of
Sutrapada, Dhamlej, and Kodinar, the maximum aboecelaf Palythoa mutuki and Palythoa tuberculosa were
observed in zone 3whileaZnthus sp. was observed abundant in Zone 4 (Table 2)ekaval, botHPalythoa mutuki
and Zvanthus sp. were observed abundant in Zone 3 while théildision of Palythoa tuberculosa was not
observed in intertidal zone (Table 3).As mentioradier, species of gentalythoa were observed to be abundant
in zone 3 of lower intertidal area.

Table 2. Intertidal distribution of zoanthids at Sutrapada, Dhamlej and Kodinar

Abundance (No. of Polyps/0.25 A
Species Study Sitef Zone 1 Zone 2 Zone 3 Zone 4
0- 20 meter | 20-80 meter] 80-100 meter  100-120meter
Sutrapada 0 0 406 216
P. mutuki Dhamlej 0 0 460 308
Kodinar 0 0 450 435
Sutrapada 0 0 536 484
P. tuberculosa | Dhamlej 0 0 511 462
Kodinar 0 0 605 452
Sutrapada 0 0 0 480
Zoanthussp. Dhamlej 0 0 110 559
Kodinar 0 0 140 639
Table 3. Intertidal distribution of zoanthids at Veraval
Abundance (No. of Polyps/0.25
Study Site Species Zone 1 Zone 2 Zone 3
0- 20 meter | 20-40 meter| 40-60 mete
P. mutuki 0 0 274
Vearaval | P.tuberculosa 0 0 0
Zoanthus sp. 0 0 386

Palythoa mutuki was observed as prominent species in zone 3 dhalkites. The abundance of the species was
much higher than its density at all the study sikdaximum density and abundance of the speciesolvasrved at
Dhamlej followed by Kodinar, Sutrapada and VeraVWéle density of the species declined during thesoon and
winter season (Fig. 3a, 4a). The species requpedific kind of micro habitat for survival. Maximudensity of the
species was observed in the large tide pools fikitth water. The lower intertidal area of Kodin&ytrapda and
Dhamlej are mostly covered by large tide pool wkiteall size tide pools were observed at Veravdle ffequency

of occurrence oP. mutuki was observed increasing during winter and sumrageitlwas observed declining during
monsoon season (Fig. 5a).

Palythoa tuberculosa was observed to be prominent species of zone Zhatiej, Sutrapda and Kodinar, but its
distribution was not observed at Veraval. The almed and population density of the species wasraddeo be
high. Maximum density and abundance of the speg#ssobserved to be high at Kodinar, followed by e and
Sutrapda, respectively, during summer season wihdedensity of the species was declining duringatier two
seasons (Fig. 3b, 4b). Maximum density of the gmewgias observed in shallow and large tide podkdfilvith
water. The frequency of occurrenceRoftuberculosa was observed increasing during winter and summegit lvas
observed to be declining during monsoon season Hbig

Zoanthus sp was observed in Zone 4 of lower intertidal avéall the sites. The abundance of the species was
observed to be very high as compared to its demditgll the study sites (Fig. 3c, 4c). Maximum dgnand
abundance of the species was observed to be highdihar followed by Sutrapda, Dhamlej and Verawalile the
density of the species was declining during other seasons. The species was mostly observed toumelant near
the lowest low-tide line where water is availablgidg low tide. The frequency of occurrenceZobnthusSp.was
observed in be increasing during winter and sumipugrit was observed to be declining during monsseason
(Fig. 5¢).
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Fig. 3. Seasonal mean variation in density of diffent zoanthid species of different study sites
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Fig. 4. Seasonal mean variation in abundance of @&rent zoanthid species of different study sites

The species belonging to genera sucPasgthoa and Zoanthus are very common in rocky intertidal areas or coral
reefs and have a great influence on the local efabna. Worldwide, several studies have beeriezhinut on the
population dynamics and intertidal distributionzofanthids [17] but as far as the Indian subcontirenoncerned,
very few studies have been carried out on the @dijonl dynamics and ecology of zoanthids [18]. Weenbed that
zoanthid species required specific kind of micratslfor survival and growthP. mutuki andP. tuberculosa were
very common in Zone 3 of the lower intertidal amlaere specific kind of microhabitats, like wide t(25m) and
deep (0.5 to 1m) tide pools were available. Irglefl5]conducted a study on the distribution g@@ttof zoanthids at
Okinawa Island, Japan and have reported that geofsitifferent species of genera liRalythoa andZoanthus were
high in different kinds of microhabitats such asfrerest, reef slope and reef moat. Zoanthids asd particles and
detritus material present in the water column tkentheir structure [19]. Due to different kind efdustrial and
mining work that are carried out along the coastgion of the study sites, the present study asdading huge
problems of sediment load which on the other haalp hhe zoanthids to grow their populations. Excfept
sediment, the geomorphology and physiographic chers such as flatness of the intertidal area hvihéxluces
wave action and presence of wide and large tidéspgbat remain filled with the water during low gidalso favor
the growth of zoanthids.
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Fig. 5. Seasonal mean variation in frequency of oaarence of different zoanthid species of differenstudy sites

In the present study. mutuki was observed as the dominant zoanthid specidstheastudy sites. The results of
ANOVA test suggested that non-significant variatieas observed for the mean values of density anddence of
the species, but significant variation was notedtfie mean values of frequency of occurrence ofsfiecies for
different study sites and different seasons (Tdplélaximum density of the species was observethdisummer
as compared to other seasons which may be due tmalimum exposure observed during the months rafreer.
Maximum density and abundance of the species wssrebd at Kodinar, Dhamlej and Sutrapda becauseotigy
intertidal areas of these study sites are flaff@lat in shape and made up of large number of tmEof different
sizes and shapes. However, regression and coorelatialysis between different abiotic factors abdnalance of
the species for different sites and seasons showeesignificant results except for pH that showedderately
significant correlation with the abundance of tpedes in monsoon season at Veraval (Table 5) whidrealue
fluctuations were observed to be high in differsgdsons.

Table 4. Results of the Two — way ANOVA without refication analysis of the mean seasonal density, abdance and frequency values of
the three species of zoanthids sampled at four déffent sites (* p < 0.05; ** p < 0.01)

Species Source of variatioh  Density Abundafice Frequ
P. mutuki Stations 3.63 3.02 17.05**
) Seasons 211 4.32 9.06**
P. tuberculosa Stations 0.51 0.77 0.34
) Seasons 5.35 25.61** 16.35**
Zoanthus sp Stations 4.26 16.13** 12.23**
Seasons 2.83 6.27* 3.74

The distribution ofP. tuberculosa was patchy at Kodinar, Dhamlej and Sutrapda in Zdwé lower intertidal area.
As per the ANOVA results, non-significant variatiovas observed for mean values of density, abundande
frequency of the species between different stuths diut significant variation was observed for iiean values of
abundance and frequency of the species betweenaiiff seasons (Table 4). This kind of phenomenaolyssrved
due to the discontinuous and patchy distributiorthef species at different study sites and anothssiple reason
could be that the species may be competing Ritinutuki for space. Perez et al.[20] have studied the streatf
animal community associated witPalythoa caribaeorum and stated that the animal like barnacles whigh ar
associated wittPalythoa caribaeorum compete for the space for their survival. Howevegression and correlation
analysis between different abiotic factors and dlance of the species for different sites and seasbowed non-
significant results except for pH that showed matidy significant correlation with the abundancetaf species at
Sutrapada and Kodinar (Table 5). Distribution @& $ipecies was not observed at Veraval bedausiberculosa are
quires wide and deep tide pools for survival ared/tivere not available at Veraval.
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Table 5. Results of the regression and correlatiocoefficient analysis between mean seasonal abundarof zoanthid species and mean
sea water temperature, salinity and pH (* p < 0.05* p < 0.01)

Sutrapada Dhamlej Kodinar Veraval
H 2 2 H 2 H 2
Regres_smn R Regression equation R Regres_smn R Regres_smn R
equation value value equation value equation value
Water Temp. (°C)
P. mutuki y = 23.39x - 354.7 0.255| y=-1.425x+ 468.9 0.002 = 4/7.54x - 1045 0.221| y=16.37x-2705 0.1p
P. tuberculosa y = 38.67x - 606.0 0.082| y=-19.75x+1103.0 0.04% =-17.34x+ 1033 0.034
Zoanthussp. y =-1.145x + 492.1 0.002| y=4.811x+424.8 0.004y = 9.112x + 319 0.012 y =28.47x-518 0.42
Salinity
P. mutuki y = 6.539x +94.76 0.187 y =37.02x - 947.)7 0.373 =38.47x-616.4] 0.463] y=9.110x-99.84 0.03
P. tuberculosa y = 29.45x - 548.2 0.448 y=37.35x-890.8 0.153 = 36.72x - 122.4|  0.185
Zoanthussp. y =15.88x - 125.6 0.338 y=15.64x-7.336 0.046 = H7.13x - 29.44| 0.257| y=28.69x-693.1 0.4(
pH
P. mutuki y =-325.2x +2990 0.211 y =325.9x - 2221 0.211 44-A46x+ 93.17 0.001 y = 101.6x - 8102 0;120
P. tuberculosa y = -165.88x+ 1407 9;648 y =557.7x - 4034 0'373 y = 50.38x+ 910.6 0.002
Zoanthus sp. y =-462.5x + 4234 0.13 y = 381.9x - 252 0.4p4 ¥7=51x - 38.22 0.006 y =431.1x - 3174 0.14

The distribution of Zoanthus sp. was observed mastlzone 4 of the lower intertidal area of diffetesites. On
some occasions, the colonieszafanthus sp. were observed coexisting with the colonie®.aiuberculosa and P.
mutuki in the intertidal areas (Fig. 2d) of the coastali@shtra, but in this kind of mixed coloniestuberculosa
was found as the dominant species. Maximum dersity abundance of the species was observed at Kodina
followed bySutrapda, Dhamlej and Veraval becausgelacolonies of the species were distributed ifieckht
patches of the zone 4 of the lower intertidal axdahe sites. The results of ANOVA revealed siguaifit variation
among the mean values of abundance of the spec@iffeaent sites in different seasons. The resoftANOVA
also showed significant variation for the mean galof frequency of occurrence at different statidreble 4). This
kind of phenomena was observed due to the patatslition of the species and the fluctuationshim width of the
exposure during different seasons. It has beenrtegpahat different kinds of abiotic factors, seasoand
geomorphology of the intertidal area have immerifeces on the intertidal distribution of benthiaufa along the
Saurashtra coast [21, 22, 23]. However, regresaiah correlation analysis between different abiédictors and
abundance of théoanthus sp for different sites and season showed non signif results (Table 5).

CONCLUSION

The present study reports the distribution pattefnthree different zoanthid species along the @b&3aurashtra,
Guijarat. Significant variations were observed fifiedent kinds of ecological attributes like degsitbundance and
frequency of occurrence for different zoanthid $gecDifferent kinds of abiotic factors also plagrsficant role in
the spatio-temporal distribution of the zoanthiéaps. Amongst the three species studiednutuki was observed
to be dominant as compared to other zoanthid spétithe study area and it was competing with otierspecies
for the space. Long-term monitoring on the distiitnu and population dynamics of zoanthid specieseisded to
find out its impact on the local benthic fauna.
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