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Abstract

Certain ecological aspects of the feeding habits of 260 scalloped lobsters Panulirus homarus collected during monthly
dives off the southeast coast of Iran were considered. Parameters under consideration included: water temperature, salinity,
turbidity, pH, dissolved oxygen and macrobenthose of the lobsters habitat. The mean number of empty stomachs varied from
25% to 62%. Statistical analysis revealed no monthly or seasonal significant difference in the frequency of non-empty
stomachs (P>0.05). 1 to 6 prey items were distinguishable in each non-empty stomach. Monthly mean of point counts of prey
obtained was from 8.76+4.18 to 154.95+73.62, without any significant difference by Tukeys’ HSD test. Bivalves often had
the maximum amounts of Fi and Pi amongst different prey items. Pearson x? test did not show any significant difference
between frequency of occurrence of each prey item with different length classes, sex, moulting condition and presence of eggs
in females (P>0.05). Ivlev electivity index of crabs, gastropods and bivalves was close to 1 and sloped to -1 for polychaetes
and echinoderms. This index revealed crabs, bivalves and gastropods were more important in the diet than sediment
throughout the year. Frequencies of food occurrence suggest bivalves as the main food; crabs, gastropods, barnacles and algae
as secondary food and polychaetes, fish, echinoderms and Ascidiacea as incidental food for P. homarus in the area.
Spearmans’ correlation coefficients of stomach fullness against different length classes, sexes, moulting and ovigerous
females were not significantly different (P>0.05). There was only a significant Pearsons' correlation between the number of
point for bivalves in the stomach against body weight (P<0.05).

Keywords: Lobster, Panulirus homarus, feeding ecology, Oman Sea, Iran.

Iran’in Giineydogu Kiyisinda Tarakh Istakoz, Panulirus homarus (Linneaus, 1758) (Decapoda: Palinuridae) Beslenme
Algkanhiklar:

Ozet

fran’m giineydogu kiyisinda aylik dahs yapilarak toplanan 260 tarakli istakozun Panulirus homarus beslenme
aliskanliklaria bazi ekolojik unsurlarin etkisi incelenmistir. Uzerinde durulan parametreler: su sicakligi, tuzluluk, bulaniklik,
pH, ¢dziinmiis oksijen ve makrobentostur. Ortalama bos mide sayis1 %25 ile %62 arasinda degismektedir. Istatistik analizler,
bos olmayan midelerin sikliginda aylik veya mevsimsel olarak anlamli bir farklilik olmadigini ortaya koymustur (P>0,05).
Bos olmayan her midede 1 ila 6 farkli besin ayirt edilebilmektedir. Elde edilen besine ait aylik ortalama sayimlar 8,76+4,18
ile 154,95473,62 arasinda olup Tukey HSD testinin sonucunda istatistiksel olarak anlamli bir fark goriilmemistir. Farkli besin
gruplari arasinda ¢ift kabuklular, genellikle azami Fi ve Pi miktarlarina sahip olmustur. Farkli boy grubu, cinsiyet, kabuk
degisim kondisyonu ve disilerde yumurta varligi olan her besin grubunun rastlanma sikligi arasinda Person y? testi,
istatistiksel olarak anlamli herhangi bir fark gostermemistir (P>0,05). Yenge¢lerin, karindanbacaklilar ve ciftkabuklulara
(bivalve) ait Ivlev’in secicilik gdstergesi 1’e yakin bulunmus ve cokkillilar (polychaete) ve derisidikenliler (echinoderma) igin
-1’e dogru egilim gostermistir. Bu gosterge; yengeglerin, ¢iftkabuklularin ve karindanbacaklilarin, y1l boyunca diyette diger
sedimenden daha 6nemli oldugunu gostermistir. Besin bulunma sikliklari; bolgede ciftkabuklularin ana yem oldugunu,
yengeglerin, karindanbacaklilarin, kaya midyelerinin ve alglerin ikincil yem oldugunu ve ¢okkillilarin, baliklarin,
derisidikenlilerin ve tulumlularin (ascidiacea) P. homarus i¢in yan besinler oldugunu one siirmiistiir. Farkli boy siniflarina,
cinsiyete, kabuk degistirme ve yumurtal disilere karsilik mide doluluguna ait Spearman’in korelasyon katsayisi, istatistiksel
olarak anlamli bulunmamistir (P>0,05). Viicut agirligina karsilik midedeki ciftkabuklulara ait puan sayisi arasinda yalnizca
Pearson’un korelasyonu anlamli bulunmustur (P<0,05).

Anahtar Kelimeler: Tarakli istakoz, Panulirus homarus, Beslenme ekolojisi, Umman Denizi, Iran.
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Introduction

The scalloped spiny lobster, Panulirus homarus,
is the only lobster species exploited in Iran due to
limited stocks of other species in the area. All caught
lobsters are exported and therefore have an important
role in the fishing economy in the south east of
Systan-o-Baloochestan province. Both the biological
and economical aspects regarding the fishing of P.
homarus lobsters in Iranian waters of the Oman Sea
have been studied in recent years. These include;
biosystematics and the appropriate tool (Sari, 1991),
population dynamics (Fatemi, 1998), management of
commercial catch (Mashaii and Rajabipour, 2002,
2003), numerous growth characteristics (Rajabipour
and Mashaii, 2003), reproduction, feeding biology
and ecology of the habitats (Mashaii, 2003).

Different aspects of the feeding ecology and
nutrition have been studied for the different Palinurus
spiny lobsters, e.g. P. interruptus (Castafieda-
Fernandez de Lara et al., 2005; Diaz-Arredondo and
Guzman-del-Préo, 1995); P. argus (Andrée, 1981;
Briones-Fourzan et al., 2003), P. cygnus (Joll, 1982;
1984); P. elephas (Goiii et al., 2001); P. longipes
(Dall, 1974, 1975); P. echinatus (Goées and Lins-
Oliviera, 2009) and P. homarus (Radhakrishnan and
Vivekanandan, 2004; Smale, 1978) in some countries
except Iran. Despite the current rules and controls for
lobster catching, continuous violation of the
regulations has seen a decline in stock, necessitating
an evaluation of the ecology and biology in order to
reverse the damage to the lobster population. Hence in
this study, feeding ecology of the spiny lobster, P.
homarus, its habitat off the south east coast of Iran, its
food preference, frequency of preys, comparison of
importance of prey items between stomachs and the
environment and the correlation between different
feeding indexes against ecological and biological
parameters have been investigated.

Materials and Methods

P. homarus samples were collected during
monthly dives off the southeast coast of Ramin
(60°40" E and 25°17' N) between January and
December 1999. Lobsters were collected in the early
morning period in order not to disrupt their nocturnal
feeding activity (Berry, 1971). Carapace length (+0.1
mm), body weight (£0.01 g), sex of the lobster and
presence of eggs in females were recorded in the
laboratory. Gonad stages of females (Berry, 1971)
were recorded and alimentary canals were removed
following dissection of the carapace. Moulting was
considered the presence of a soft shell under the old
carapace. Alimentary canals were preserved in 4%
formaldehyde in sea water for 24 h and then in 70%
ethanol for later analysis. The percentage fullness of
the stomach was visually calculated and categorised
according to the following scale: 0) empty, 1) >0—
25%, 2) >25-50%, 3) >50-75% and 4) >75-100%

(Williams, 1981). Feeding contents were sorted and
identified under a stereo-microscope and light
microscope to the lowest taxonomic level possible
(Gharanjik, 2000; Bosh et al., 1995; Jones, 1986;
Sterrer, 1986) for each lobster. Importance of each
prey in the stomach contents was measured using a
point method (Williams, 1981). Length groups of the
lobsters were defined by FISAT using the
Bhattacharya method.

Various equations are used to determine the
importance of prey items for species, which are:

(1) Fi=(ni/N)*100; Fi: frequency of occurrence
or frequency index of prey i; ni: number of stomachs
containing prey i; N: number of non empty stomachs
examined (Williams, 1981).

(2) IPi=(Pij/Pj)*100; IPi: point index; Pij: point
number of the prey i in the stomach j; Pj: total point
numbers in the stomach j (Williams, 1981).

(3) H=-C(pi Inpi)); H: Shannon diversity index
of the prey; pi: proportion of prey i relative to the total
number of preys (Beals et al., 1998).

(4) Ei=(ri-pi)/(ri+pi); Ei: lvlev electivity index of
the prey i; ri: the percentage of prey i in the stomach
contents of the predator (number of i individuals/total
number of prey individuals in the stomach *100); pi
the percentage of the prey in the natural environment,
which is calculated only from the prey eaten by the
predator. This index is used to assess the selective
feeding on preys associated with macrobenthic
organisms (lvlev, 1961).

A power model was applied to -calculate
regression indices (by and b;) between carapace length
(L) and body weight (BW) as: BW=b,CL"™. The
condition factor was obtained based on the allometric
length groups for each lobster, as: c.f.=BW=*100/L>
(Pauly, 1983).

Tukeys” HSD test (P<0.05) was used to compare
means of carapace length, body weight, condition
factor, Shannon diversity index, and prey numbers in
the stomachs of the examined lobsters. Frequency of
empty stomachs, also prey in nonempty stomachs
were considered using »* test (P<0.005). Kruskal-
Wallis and Pearson y* test with crosstables were used
to compare monthly, seasonally and yearly
frequencies (P<0.005), as nonparametric statistics.
Also, crosstables of each factor including length
classes, sex, moulting, presence of eggs in females
and season against frequency of each prey in
nonempty stomachs were considered using Pearson »°
test (P<0.05).

Sediments and water samples from the lobster
habitats were collected monthly by diving.
Macrobenthose samples were collected using a
quadrate sampler (0.25 m?), preserved in 70% ethanol
and stained using Rose Bengal (Williams and
Williams, 1974). Macrobenthic organisms were
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counted under a stereo-microscope and identified to
the lowest taxonomic level possible (Bosh et al.,
1995; Jones, 1986; Sterrer, 1986). Variances of mean
densities (N/m?) were analyzed, then compared using
Tukeys’ HSD test (P<0.05). Water samples were
collected early in the morning. Water temperature
(£0.1°C) and pH (£0.01) was recorded immediately
after transferring into 2 L plastic flasks to the surface
using pH-meter (WTW). Concentration of dissolved
oxygen, water turbidity and salinity (mg/L) were
measured in the laboratory by the Winkler method,
AgNO; titration (Clesceri et al., 1989) and
spectrophotometer (Hatch), respectively.

Ecological data analyses were performed using
Excel (2003) and SPSS (Ver. 11.5) software
packages. Pearsons’ two-tailed correlation coefficient
of mean number of each prey item, Shannon diversity
index of preys against carapace length, body weight,
condition factor and different water factors were
measured (P<0.05). Nonparametric statistics was used
for two-tailed correlation coefficient of stomachs
containing each prey item, also frequency of empty
stomachs against different length classes, sex,
moulting and presence of eggs in females, by
Spearmans’ correlation test (P<0.05).

Results

260 rock lobsters, P. homarus including 143
females and 117 males were collected and grouped by
month with the exception of July and August, when
monsoon weather resulted in disturbance to sea beds
off the coast. 104 females were mature, 42 samples
were ovigerous and 36 were moulting.

Carapace length frequencies of the examined
lobsters were classified into three length classes <54
mm, 54< to <79 mm, 79< (Table 1). Mean carapace
length and body weight of the Ilobsters were
71.39+£15.85 mm and 370.68+£13.06 g, respectively,
with significant monthly difference especially in May
when analysed by Tukeys’” HSD test (P<0.0001).
Mean condition factor was 4.176+0.099 without
significant monthly difference (P>0.05).

Stomach fullness: of all the stomachs examined
146 stomachs contained food pieces and 114 were
empty. Mean number of empty stomachs varied from
25% in March to 62% in June and December; mainly
with 25% fullness (Figure 1).

Kruskal-Wallis test did not show any difference
in the frequency of nonempty stomachs between
months (°=10.895, P=0.283) and seasons (y°=6.368,

Table 1. Monthly frequencies of sex, length group, molting condition and presence of food in the stomachs of P. homarus

from south east of Iran, 1999

Jan  Feb Mar Apr May June Sep. Oct. Nov. Dec. Total
Sex male 8 15 6 10 5 8 20 15 17 14 117
nonovigerous female 11 13 2 10 3 4 10 25 15 6 101
ovigerous female 3 8 2 3 2 1 7 11 5 1 42
Length 54< 1 7 1 4 0 0 5 7 12 2 39
<54, >79 13 17 6 13 0 4 16 29 21 16 135
79> 8 12 3 6 10 9 16 15 4 3 86
Molting  with soft shell 18 29 7 14 9 12 35 45 34 20 224
without soft shell 4 7 4 9 1 1 2 6 3 1 36
Stomach empty 9 17 4 12 5 8 10 22 14 13 114
nonempty 13 19 6 11 5 5 27 29 23 8 146
Total 22 36 10 23 10 13 37 51 37 21 260
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Figure 1. Monthly stomach fullness of P.
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homarus samples from south east of Iran, 1999.
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P=0.95). No differences were noted for seasonality
(P>0.005), but monthly significant difference
(x*=7.811, P=0.005) was observed in September, by
x° test. Frequency of nonempty stomachs in
September was significantly different, as was April
(x*=3.86, P=0.049), June (y*=4.973, P=0.026) and
December (x°=6.81, P=0.009), when using Pearson »*
test. Spearmans’ correlation coefficient of stomach
fullness against different length classes (-0.123,
P=0.05), sex (-0.043, P=0.494), moulting (-0.05,
P=0.425) and ovigerous females (0.055, P=0.515)
showed no significant difference (P>0.05). Moreover,
frequency of nonempty stomachs when compared
with the previous parameters did not show any
significant difference (P>0.005), by »* test.

Stomach Contents

Stomachs of the examined lobsters contained
pieces of shells and entrails of bivalves and
gastropods, barnacles, crabs and other decapoda;
operculum, chamber and body of polychaeta; scales
and bone and muscle of fish. The observed bivalves
belonged mainly to the Veneridae and Arcidae family
and gastropods from the Fisturellidae family. The
main barnacle type in the stomach contents was
Balanus. Hermit crabs were more frequently
decapods. Pieces of brown and green algae were
observed in late spring and red algae in late autumn. 1
to 6 items were distinguishable in each non-empty
stomach (Figure 2).

The mean number of points for the prey obtained
ranged from 8.76+4.18 in January to 154.95£73.62 in
June, without any significant difference between
months (P>0.05), by Tukeys’ HSD test. Yearly mean
number of points for each prey was: bivalves
38.77+£8.91; gastropods 2.97+0.79; other molluscs
0.15+0.02; crabs 23.41+7.14; barnacles 22.2+3.23;
other crustacean 0.019+0.02; algae 31.02+4.12;
echinoderms 1.7240.16; polychaetes 10.16+1.02; fish
0.28+0.04; Ascidiacea 0.44+0.03 and digested preys
13.43£2.57. There was no significant difference

4—

between monthly frequencies for gastropods,
barnacles, fish, echinoderms and Ascidiacea points
(P>0.05), using the Tukeys’ HSD test. Mean number
of points for bivalves (P=0.0181) and polychaetes
(P=0.0103) in May, crabs (P=0.0001) in April and
algae (P<0.05) in June was significantly more than in
other months. Shannon index varied between 0.038 in
May to 0.423 in March, without any significant
difference (P=0.527).

Frequency of Occurrence

Fi of different prey items varied, bivalves it was
17.2-100; gastropods 12.5-81.1; decapods 10.5-75;
barnacles 0-87.5; algae 0-39.1; polychaetes 0-33;
echinoderms 0-14.8 and Ascidiacea 0-3.7 (Table 2).

Point Index

Bivalves often had the maximum amount of Pi
amongst different prey items. However, gastropods in
October (15.15), barnacles in February (43.22),
bivalves in May (79.41) and March (77.58), crabs in
April (53.76), December (48.23) and October (45.02),
and algae in June (77.84), had the most monthly Pi
amounts (Table 3).

Comparison of frequency of prey: Seasonal
frequency of stomachs containing each prey item was
significantly different in autumn and winter
(P<0.0005), by »* (Figure 3).

Total number of points of prey examined in
stomachs of non-ovigerous females was higher than in
ovigerous lobsters, and Pi of the majority of prey
items especially barnacles and algae, as well.
However, Pi of the majority of prey items among
barnacles, gastropods and algae of moulting lobsters
were less than for the others.

Pearson y° test did not show any significant
difference between frequency of each of prey item
occurrence of with the different length classes, sex,
moulting condition and presence of eggs in females
(P>0.05). However, there was a seasonally significant

2

Figure 2. Percent of prey item numbers (1-6) in examined stomachs of P. homarus samples from south east of Iran, 1999.
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Table 2. Monthly Frequencies of occurrence (Fi) of different prey items of P. homarus from south east of Iran, 1999

Jan. Feb. Mar. Apr. May June Sep. Oct. Nov. Dec.

Bivalvia 30.8 54,5 100.0 81.8 100.0 60.0 55.6 17.2 47.8 75.0
Gastropoda 30.8 68.2 66.7 81.8 40.0 20.0 14.8 37.9 17.4 125
Barnacles 15.4 45 33.3 727 0.0 20.0 55.6 6.9 39.1 87.5
Crabs 15.4 40.9 0.0 727 40.0 60.0 37.0 51.7 435 75.0
Fish 7.7 0.0 0.0 0.0 20.0 0.0 111 0.0 0.0 0.0
Polychaeta 7.7 45 33.0 0.0 20.0 20.0 3.7 6.9 0.0 0.0
Other Molluska 7.7 0.0 0.0 0.0 0.0 0.0 0.0 34 0.0 0.0
Other crustacea 0.0 0.0 33.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ascidiacea 0.0 0.0 0.0 0.0 0.0 0.0 3.7 34 0.0 0.0
Echinodermata 0.0 0.0 0.0 0.0 0.0 0.0 14.8 0.0 0.0 0.0
Algae 30.8 18.2 0.0 27.3 0.0 60.0 22.2 37.9 39.1 25.0
Unidentified food 46.2 18.2 0.0 9.1 0.0 0.0 22.2 44.8 56.5 50.0

Table 3. Monthly amounts of Point index (Pi) of different prey items of P. homarus samples from south east of Iran, 1999

Jan. Feb. Mar. Apr. May June Sep. Oct. Nov. Dec.
Bivalvia 7.60 26.47 79.41 39.13 77.58 7.73 2491 4.52 37.02 23.03
Gastropoda 11.95 7.80 2.20 2.56 0.47 0.20 0.96 15.15 0.87 0.27
Barnacles 15.21 43.22 13.23 212 0.00 2.08 15.87 5.88 11.07 16.53
Crabs 11.95 18.03 0.00 53.76 0.47 2.19 23.59 45.02 21.79 48.23
Fish 3.26 0.00 0.00 0.00 0.47 0.00 0.26 0.00 0.00 0.00
Polychaeta 1.08 2.68 294 0.00 20.98 9.92 0.87 0.67 0.00 0.00
Other Molluska 1.08 0.00 0.00 0.00 0.00 0.00 0.00 0.22 0.00 0.00
Other crustacea 0.00 0.00 2.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Ascidiacea 0.00 0.00 0.00 0.00 0.00 0.00 0.09 1.58 0.00 0.00
Echinodermata 0.00 0.00 0.00 0.00 0.00 0.00 3.68 0.00 0.00 0.00
Algae 19.56 0.89 0.00 0.80 0.00 77.84 16.05 10.85 3.86 1.35

Unidentified food 28.26 0.76 0.00 1.60 0.00 0.00 13.68 16.06 25.36 10.56

Winter Summer

BARNACLE — OTHER MOLLUSKS

DIGESTED FOOD DIGESTED FOOD ————/

BVALVE

Spring Autumn
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BNVALVE

L Diow b
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POLY CHAET
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POLYCHAET
Figure 3. Seasonal frequencies of prey items in examined P. homarus samples from south east of Iran, 1999.
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difference between Fi for bivalves (P=0.047),
gastropods (P=0.02), barnacles (P=0.0005) and
echinoderms (P=0.001) by Pearson y” test (P<0.05).

Macrobenthic organisms: Macrobenthic
organisms collected from sediments in the lobster’s
habitat were from different taxons, mainly including
Cephalochordata, Nematoda, Sipunculids, Ostracoda,
Gastropoda, Bivalves, Polyplacophora, Scaphopoda,
Amphipoda, Isopoda, Cumacea, Cladocera, Decapoda
(mainly  crabs),  Echinodermata,  Polychaeta,
Oligochaeta, Mysidacea, Nemertea, Thanaidacea and
Copepoda, Polychaetes, nematodes, bivalves,
amphipods, ostracods, gastropods and crabs. These
were observed during the majority of the study. The
more frequent macrobenthic  organisms  were
cephalopods, polychaetes and nematodes. Monthly
frequencies of the main macrobenthic organisms in
the examined stomachs were greater in autumn and
spring than in winter and summer (Figure 4).

Ivlev electivity index of crabs was closer to 1 in
all months. However it often sloped to 1 for
gastropods and bivalves and -1 for polychaetes and
echinoderms (Table 4).

Physico-chemical  factors: Mean  water
temperature of the lobster habitats varied between
22.53+0.12°C in February to 31.17+0.42°C in May.
Yearly mean temperature obtained was 25.56+2.78°C.
Minimum and maximum amount for mean water
salinity was 36.7+0.001 ppt in April and 42+0.001 ppt
in June, respectively. The mean water salinity was
37.77£1.71 ppt, during the study period. The mean

B Echinoderms
O Mollusks

Decapods

Frequency
(N/m?)

@ Polychaets

amount of dissolved oxygen varied from 4.2+0.17
mg/L in May to 7.37+0.15 mg/L in January, with a
yearly mean of 6.07+1.12mg/L. Minimum and
maximum amounts of means for pH was 7.8440.02
and 8.424+0.001 in October and April, respectively.
Mean water turbidity had minimum and maximum
values from 0.33+0.58 to 9.67+0.58 in December and
September, respectively. Yearly mean for water pH
and turbidity of the lobster habitats was 8.22+0.17
and 3.03£2.98. Variance analysis showed significant
difference between monthly means in water
temperature, salinity, dissolved oxygen, pH and
turbidity (P<0.00005). Also, these factors were
significantly different among most of the study
months (P<0.05).

Correlation coefficients: Spearmans’ correlation
coefficient of nonempty stomachs against different
length classes (r=-0.123, P=0.05), sex (r=-0.043,
P=0.494), moulting (r=-0.05, P=0.425) and presence
of eggs in females (r=-0.06, P=0.51) was often close
to 0 and two-way analysis did not show any
significant difference (P>0.05).

Pearsons’ two-tailed correlation coefficient for
total number points for prey, points for each prey item
and Shannon index against carapace length, body
weight and condition factor were close to 0 and there
was little significant correlation between the point
number of bivalves in the stomach against body
weight (r=0.164, P=0.048).

Pearsons’ correlation coefficient for water
temperature was only significant against number of

@ Gastropods Bivalves

@ Total

Figure 4. Monthly frequencies of macrobenthic groups from P. homarus habitat at south east of Iran, 1999.

Table 4. Monthly amounts of Ivlev index of the preys of P. homarus samples associated with macrobenthic organisms of the

habitat at south east of Iran, 1999

Jan. Feb. Apr. May June Sep. Oct. Nov. Dec. Total
Bivalvia -0.058 1 0.772 0.974 0.6 -0.425 0 0.897 0.769 0.42
Gastropoda -0.351  0.322 0.25 1 0.904 1 1 0.018 0.739 -0.635
Echinodermata -1 - - - -1 1 - -1 - -0.5
Crabs 0.889 1 0.928 0.428 0.904 1 1 0.938 0.963 0.89
Polychaeta 0.926 0.437 -1 -0.353  0.176 -0.939 -0.97 -1 -1 -0.58
Total Molluska 0.25 0.789 0.647 0.902 0.142 -0.409 0.6 0.858 0.642 0.46
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points for polychaetes in the stomach (r=0.674,
P=0.033). There was a significant two-tailed converse
Pearsons’ correlation between total number of points
for prey (r=-0.753, P=0.012), bivalves (r=-0.765,
P=0.01) and polychaetes (r=-0.763, P=0.01) with
dissolved oxygen; Ascidiacea (r=-0.887, P=0.001)
with pH; also straight correlation between number of
point for algae (r=0.681, P=0.043) with water salinity,
and echinoderms (r=0.871, P=0.001) with water
turbidity (Table 5).

Discussion

The frequency of nonempty stomachs of the
rock lobster, P. homarus during the early morning
(often higher than 50%) may be the result of nightly
feeding activity (Berry, 1971). Post-monsoon qualities
of sea water might have resulted in more significant
nonempty stomachs in September, due to up swelling
of nutrients and reasonable water productivity (Broch
et al., 1991).

Yearly frequencies of different food items
showed bivalves were the main food source.
However, frequencies of gastropods and barnacles are
different seasonally. Therefore, feeding rate of
different items may be seasonally related. Different
food items observed in the examined stomachs could
be categorised for seasonal food preference based on
the frequency of occurrence (Euzen, 1987) as: Winter:
gastropods, bivalves (main), crabs, algae, barnacles
(secondary), polychaetes, fish (incidental); Spring:
bivalves, crabs, gastropods (main), barnacles, algae
(secondary), polychaetes, fish (incidental); Summer:
bivalves, barnacles (main), crabs, algae, gastropods,
echinoderms, fish (secondary), Ascidiacea,

polychaetes (incidental); Autumn: bivalves, algae,
crabs, barnacles, gastropods (secondary), polychaetes,
Ascidiacea (incidental).

Bivalves were observed in the stomach contents
in all months (Fi>50) with significant difference in
spring. Additionally, the mean number points for prey
was significantly higher in spring and April.
Altogether, we can conclude that bivalves are the
main food source; crabs, gastropods, barnacles and
algae act as secondary food; and polychaetes, fishes,
echinoderms and Ascidiacea as incidental food in the
examined lobsters. Variation of Fi and Pi amounts
were often proportionate to each other.

Comparison of importance of prey items
between the examined stomachs and the environment
by the Ivlev index revealed that crabs, bivalves and
gastropods were more important in the diet,
throughout the vyear. However, the presence of
polychaetes and echinoderms were usually more
important in sediments rather than in the lobster’s
stomachs. These results confirm our suggestion
regarding the main and secondary groups of prey
items.

In general, palinurid lobsters are omnivorous
and consume mainly crustaceans, molluscs especially
gastropods, fish and marine plants (Engle, 1979;
Colinas-Sanchez and Briones-Fourzan, 1990; Diaz-
Arredondo and Guzman del Prbo, 1995; Briones-
Fourzan et al., 2003); although P. inflatus and P.
gracilis do not appear to eat plants (Lozano-Alvarez
and Aramoni-Serrano, 1996). Although crustaceans
and gastropod prey are protein sources essential to the
structure and overall function of lobsters (Kanazawa,
2000), plant material may also be important in the diet
of lobsters. Joll and Phillips (1984) stated that

Table 5. Two-tailed Pearson correlation of point number of different preys and Shannon index (H) against carapace length
(CL), body weight (BW), condition factor (CF), water temperature (Tem), salinity (Sal), dissolved oxygen (D.O.), pH and

turbidity (Tur) of P. homarus habitat at south east of Iran, 1999
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CL 0.087 0.916 0.312 0.59 0.088 0.2 0.755 0.349 0.616 0.9 0.825 0.222
0.142 0.0088 -0.084 -0.04 0.1416 0.1 0.026 0.078 0.0194 0 0.019 -0.1
BW 0.048 0.773 0.317 0.92 0.048 0.1 0.528 0.466 0.856 0.9 0.608 0.246
0.164 0.024 -0.083 0.01 0.1641 0.1  0.0526 0.061 0.0151 -0 0.043 -0.1
CF 0.668 0.033 0.782 0.72 0.792 0.4 0.208 0.282 0.763 0.9 0.803 0.074
-0.036 -0.1768 -0.02 0.03 0.022 0.1 -0.1048 -0.0896 0.0252 -0 -0.021 -0.15
Tem 0.085 0.623 0.136 0.62 0.092 0.6 0.033 0.606 0.62 0.4 0.107 0.234
0.571 0.178 -0.506 -0.18 0.561 0.2 0.674 0.187 0.18 0.3 0.540 -0.41
Sal 0.543 0.663 0.98 0.35 0.486 0.5 0.365 0.675 _ 0 0.399 0.283
-0.235 -0.169 0.01 -0.36  -0.268 0.344 -0.163 0.7 0.322 -0.4
D.O. 0.01 0.912 0.233 0.78 0.009 0.6 0.010 0.957 0.911 0.3 0.012 0.136
-0.765 0.04 0.415 -0.1 -0.77 -0.763 -0.020 0.041 -04 -0.753 0.506
pH 0.376 0.885 0.863 0.3 0.389 0.9 0.505 0.001 _ 0.5 0.137 0.801
0.337 -0.057 0.067 0.39 0.328 0.257 -0.887 0.3 0.535 -0.1
Tur 0.814 0.97 0.646 054 0.813 0.7 0.801 0.974 0.001 1 0.707 0.177
0.086 0.014 0.166 0.22 0.086 -0.092 0.012 0.871 0 0.136 0.464
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cellulose fibre stimulates growth and the assimilation
of nitrogen in lobsters on high protein diets. When on
low protein diets, the plant material acts as an
extender, making a low protein diet adequate for
normal growth and survival (Castafieda-Fernandez de
Lara et al., 2005). Results of the present study
confirm the role of algae in the normal diet of P.
homarus as a secondary food item.

Pi of algae in the examined stomachs was
significantly higher in June. Blooms of the brown and
green algae species occur in June in this area
(Gharanjik, 2000). Also, higher Pi and Fi of barnacles
in winter and polychaetes in May coincides with their
increase in the habitats off coastal e regions and
macrobenthic organisms in the sediment samples.
Variation of bivalves, gastropods and polychaetes
frequencies in sediments of the lobster habitats are
often proportional with their frequencies in the diet of
lobsters. Also, variations of Shannon index of
diversity of macrobenthics in the diet and sediment
coincide with each other. Previous studies revealed
maximum diversity of macrobenthos in Chabahar Bay
post-monsoon (August to November) and minimum
in spring, with stability of some dominant groups
(Eksiri, 1996). Diversity and competition between
benthic populations are directly related, however,
competition between different macrobenthic groups
increases post-monsoon (Levinton, 1982). Spiny
lobsters are the greatest predators of benthic
populations and highly repress the secondary
production of some macrobenthic groups. Frequency
of macrobenthic organisms may be conversely related
to seasonal frequencies of lobsters and the distance to
their shelter (Jernakoff, 1987). Commercial catch of
lobsters in Iranian waters in the Oman Sea is
permitted post monsoon, mainly from mid September
to November (Mashaii, 2003). Therefore the stability
of bivalves' frequency in autumn in the present study
may be an outcome of the effect of lobster catch in the
area.

On the other hand, results showed significant
correlation between the number of points of bivalves
in the stomach against body weight. Therefore, larger
lobster might consume more bivalves than others. As
expected, larger predators may be more successful in
catching mobile prey.

The variation in the total number of points for
food in the examined stomachs was similar to the
points counted for with water temperature and
bivalves. Seasonal increase in temperature may result
in more feeding, more bivalves and less barnacle
consumption. Also, food items and their quantity in
the diet may be reciprocally influenced by different
environmental factors and population dynamics of the
invertebrate items in the area. An expected higher
metabolic rate due to an increase in water temperature
must be also considered. Changes in seasonal
nutrition may be related to differences in the quantity
and quality of trophic groups eaten in the previous
season (Castafieda-Fernandez de Lara et al., 2005).

Results of the present study showed significant
correlation between the total number of points
counted for prey, bivalves and polychaetes with
dissolved oxygen. Variation of Fi of the preys in
different months mainly corresponds with their Pi in
correlation with environmental factors. The desired
effect of increased seasonal dissolved oxygen on
different bivalve population has been repeatedly
reported (Yamamuro et al., 2000; Dolmer et al.,
1999). Ecological information of the environment is
fundamental in understanding the feeding ecology of
spiny lobsters. Engle (1979) reported differences in
the diet of P. interruptus that depended on local
habitat characteristics.

Lozano-Alvarez and Aramoni-Serrano (1996)
found higher densities of lobsters, P. inflatus with
diminished nutritional condition in winter. They
mentioned that this impoverishment could be the
result of intra-species competition for food by
migration of lobsters to the coastal habitat. Vega et al.
(1996) found a migration of reproductive females to
shallow waters (1-25 m) into the juveniles’ habitat
(<4 m) to carry out egg extrusion and hatching during
spring-summer. This suggests that further research on
possible trophic competition relating to different class
sizes from migration patterns of P. interruptus is
needed for clarification (Briones-Fourzan et al.,
2003).

An increase in the total number of points of the
prey examined in stomachs of non-ovigerous females
and Pi of the majority of prey items may be have
resulted from a decrease in feeding activity in
ovigerous lobsters that is also reported in other
decapods (Freire and Gonzalez-Gurriaran, 1995;
Wooton, 1992). Feeding pattern of non-ovigerous
female decapods is similar to males (Freire, 1966).
Nevertheless, the relationship between spawning time
and feeding condition is important for some aquatics
(Polovina and Ralston, 1987). Moulting and
ovigerous female lobsters have less mobility than
others and do not often leave their shelters. Therefore,
immobile available prey such as algae and barnacles
might be more easily utilized during this period.
However, the relationship between moulting,
metabolic and reproduction cycle in P. homarus has
previously been confirmed (Berry, 1971). Changes in
diet preferences between size classes or stages in
lobsters have been observed in some palinurid
species, as in P. cygnus (Joll and Phillips, 1984), P.
argus (Andrée, 1981; Herrnkind and Butler, 1986),
Jasus edwardsii (Edmunds, 1995), and P. elephas
(Goni et al.,, 2001). This general change in prey
choice with ontogeny probably reflects an expanded
foraging range and thus ability to exploit different
habitats and unique prey (Andrée, 1981; Edgar, 1990;
Briones-Fourzan et al., 2003). In general, it seems
that availability of relatively large invertebrates
concerning all infauna, epifauna and megafauna
among mollusks and decapods are more suitable food
items for P. homarus lobsters. Consumption of poorly
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mobile available invertebrates is suggested as a
feeding pattern for other decapods (Edgar, 1990;
Ropes, 1988).

Although results of this study present some
ecological information on the feeding habits of the
rock lobster P. homarus in its natural habitat in the
Chabahar area, more research is needed to draw a
more comprehensive pattern of their feeding
characteristics based on population dynamics of
macro-invertebrates, hydrobiology of the area with
similar studies on feeding and habitats of P. homarus
in the neighbouring areas of south east, Iran.
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