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The purpose of this research was to examine the

effects of fishing on life history parameters of the spiny

lobster, Panulirus homarus. The study areas selected had

different levels of fishing pressure but relatively similar

habitats. The lowest fishing effort was found in Hadbin

while the highest fishing effort was recorded in Mirbat.

Size compositions, growth rates, sizes at first maturity,

sex ratios and fecundities of spiny lobsters in the study

areas were determined and compared. A total of 4,519

lobsters were examined in Hadbin, Sudh and Mirbat from

October 1987 to February 1988, and from September to

December, 1988. The lobsters in the catch in Hadbin and

Sudh were larger (P<.001) than lobsters in Mirbat. Mean

carapace lengths (CL) between Hadbin and Sudh did not

differ significantly (P>.05). Lobsters in Hadbin had the

lowest growth rates (k=0.36 for males and k=0.60 for



females) whereas lobsters in Mirbat (had the highest growth

rates (k = 0.75 for males and k = 1.20 for females) for

both sexes. The growth rates in Sudh were k = 0.70 for

males and k = 0.80 for females. The lobsters in Hadbin

matured at larger sizes (84.9 mm CL for males and 84.0 mm

CL for females) than lobsters in either Sudh (78.4 mm CL

for males and 77.25 mm CL for females) or Mirbat (74.1 mm

CL for males and 69.25 mm CL for females). The sex ratio

of the spiny lobsters in Hadbin (1.11:1) was closer to

unity while the sex ratios in Sudh (1.22:1) and Mirbat

(1.36:1) were slightly skewed in favor of males. Hadbin

lobsters were less fecund than lobsters in either Sudh or

Mirbat. The regression equations of fecundity against

carapace length for Hadbin and Mirbat (P<0.001) and Hadbin

and Sudh (P<0.01) differed significantly in both slopes and

elevations.

The results of this study demonstrate significant

correlation between changes in life history parameters of

the spiny lobsters populations and level of harvesting.

These correlations may constitute responses of the lobster

populations to different fishing pressures.
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Effects of Exploitation of Life-History
Characteristics of Spiny Lobster Populations

(Panulirus homarus) off Oman

INTRODUCTION

The demand for lobsters has resulted in increased

exploitation leading to significant declines in lobster

stocks in many areas of the world (Cobb and Wang, 1985).

The Omani lobster fishery represented by the spiny

lobster, Panulirus homarus, has like other lobster

resources been subjected to intensive fishing pressure.

Prior to 1988 catches ranged from 400 to 600 metric tons

annually. In 1986, the reported annual catch surpassed

2000 metric tons (Johnson, 1987).

In fisheries, management schemes have concentrated on

mathematical models such as surplus yield (Schaefer 1954,

1957) and dynamic pool models (Beverton and Holt 1957,

Ricker 1975) that tended to emphasize the numerical

properties of stocks (Warren et al., 1986). As a result,

most focus has been placed on assessment of population

performances such as abundance, mortality, recruitment and

yield. The importance of genetics and life history

characteristics has received much less attention

(Allendorf et al., 1985).

Recent work has indicated that there may exist strong

correlation between life history changes and numerical

properties such as recruitment, yield and abundance
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(Larkin 1977; Botsford 1986; Hirai 1987). For instance,

Botsford (1986) has suggested that effective population

sizes are reduced when sex ratios are not in equilibrium.

Botsford (1986) observed that the preponderance of female

lobsters in a population may increase the population's

susceptibility to environmental fluctuations.

Others (Borisov 1978; Nelson and Soule 1985) have

indicated that life history traits such as individual

growth rate, size at first maturity, fecundity and sex

ratio may be better gauges of the condition of a fishery

than catch statistics.

Harvesting may be partly responsible for changes in

adaptive responses manifested by life history

characteristics (Garrod and Knights 1979; Charnov 1981;

Ricker 1981; Warren et al., 1986). These changes may

affect a population's chance to persist. A better

understanding of the relationship between the responses of

a population and harvesting is thus required for

successful management of a fishery. Comparative studies

of lobster populations under different levels of fishing

pressure appear to provide an excellent avenue for

advancing such understanding, especially if one of the

involved populations, is relatively pristine. To date,

however, there has been little research done on lightly

exploited lobster populations. Most studies have instead

focused on heavily exploited populations, and often only

after signs of stock depletion have become apparent

(Kanciruk, 1980).
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The goal of this study is to obtain a better

understanding of the impact of harvesting on the adaptive

capacities and life history parameters of lobster

populations. Lobster fishing grounds in Oman are

subjected to different levels of fishing pressure. These

areas provide a unique opportunity to study the effect of

fishing on population structure and life history

characteristics of lobsters that include size structure,

size at first maturity, individual growth rate, fecundity

and sex ratio.
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THEORY

Theoretical frameworks and conceptual approaches are

critical in development of research designs and

interpretation of findings. Fisheries management has

relied on simple models and rules that are often

inadequate (Dickie 1970). Dickie (1970) attributes the

dissatisfaction in fishery management to the lack of

concepts required to guide research efforts and provide

useful interpretation rather than to scarcity of data.

The need to rethink traditional approaches to fishery

research and management and consider new conceptual

frameworks is thus imperative. Leaman and Beamish (1984)

stress the importance of developing harvest strategies

that consider life history characteristics.

Population structures are dynamic and respond to

external influences. A spiny lobster population exposed

to external (environment) influences may readjust its

genetic structure and its life history patterns (Garrod

and Knights 1979). Warren and Liss (1980) conceptualized

that both individuals and populations have potential

adaptive capacities to develop and evolve in different

ways with different life history patterns and compositions

in different environments. A spiny lobster population

then will have potential adaptive capacity to develop and

evolve in different ways in accordance with its

environment (Figure 1).
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The adaptive capacity of a population assumes an

organization that involves incorporation of life history

types of its individuals. Each life history type has a

life history adaptive capacity to develop different life

history patterns. The life history patterns displayed

will depend upon the individual organism's adaptive

capacity and the prevailing environment (Figure 2). In

this study life history patterns of individuals of a

particular population refer to performances such as size

at first maturity, growth and fecundity. For a spiny

lobster population, therefore, the adaptive capacities and

performances of individual lobsters contribute in

determining the adaptive capacity and life history

patterns of that population.

A population also has evolutionary adaptive capacity

to alter life history capacities from one generation to

the next in the face of changes in the environment.

Together, the life history capacity and evolutionary

adaptive capacity constitute the population's realized

capacity. At any time then, a population will possess a

specific structure or organization determined by its

potential capacity and the prevailing environment.

Adaptation is the achievement of concordance of the

capacity of the population with the capacity of its

environment. Any change in the condition of the

environment will alter the realized capacity of the

population. This will result in the restructuring of the
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Figure 1. Potential adaptive capacity and levels of
development of a spiny lobster population.At each level of
its development the population has some realized capacity
determined by its potential capacity and the environment
at that time.After Warren,Liss and Wever(1986).
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Figure 2.A spiny lobster has individual life history
capacity to develop different life history patterns.
As with the population the spiny lobster has a realized
capacity determined by the potential capacity and the
prevailing environment that allows the lobster to exhibit
certain perfomances.After Warren,Liss and Wever(1986).
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population such that some life history traits will

disappear and others evolve.

Harvesting is a form of external stress that

represents an additional source of mortality. It thus

necessarily results in the alteration of the environment.

Harvesting then, will alter the realized capacity of the

population and the entailing life history patterns of that

population. Thus, a spiny lobster population subjected to

different levels of fishing pressure may develop and

evolve along different trajectories in which each

trajectory will have different realized capacities and

display different life history patterns and performances

(Figure 3). Each of these trajectories will be a product

of the harvesting element and the prevailing environmental

condition of the area. Among the responses of marine

organisms to changes in the environment caused by

harvesting are early maturation, increased growth rate,

increased size specific fecundity, reduced mean sizes and

skewed sex ratios.

For spiny lobster populations the preceding theory

could be interpreted to predict:

1. That spiny lobster populations will exhibit life

history patterns and performances that reflect

their life history capacities and prevailing

environments.

2. That different levels of fishing pressure will
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Figure 3. A spiny lobster population assuming different
sequences of realized capacities with different prevailing
environments as they are altered by different levels of
harvesting.For any realized capacity determined by the
population's potential capacity and a given environmental
condition there is a different set of life history
patterns.
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result in different life history traits being

displayed by the populations.

3. In areas of intense fishing pressure some of the

effects of harvesting on populations may include

reduction in mean sizes and sizes of maturation,

increased size-specific fecundity, higher growth

rates and skewed sex ratios.



STUDY AREA

The Environment

10

The three areas selected for the study, Mirbat, Sudh

and Hadbin, lie in the southern region of Dhofar in the

sultanate of Oman, between 16° 59.4' N 54° 41.2' E and 17°

17.8' N 55° 15.8' E (Figure 4). Mirbat represents the

westernmost point and Hadbin the easternmost point of the

three sites. Mirbat is also the closest to Salalah, the

major town and lobster processing station in the region.

Studies on the topography and biological communities

of the region were conducted in 1984 and 1985 (Barratt et

al., 1984, 1986). The three areas are relatively similar

in terms of physical habitats for lobsters. The areas are

composed primarily of metamorphic bedrock (Barratt et al.,

1984). Sublittorally the topography of the region is

distinguished by a very steep drop off into deep waters

very close to shore. The immediate sublittoral in Mirbat

is, however, shallow and does not drop off as steeply into

deeper waters as in Sudh or Hadbin (Barratt et al., 1984).

This is because the relatively high metamorphic foothills

descending directly into the sea that characterize the

coastal strips of Sudh and Hadbin are absent in Mirbat.

In all areas the metamorphic rock gives way to limestone

bedrock at depth.

The climatology of the region is dominated by two

basic monsoon gyres, the southwest and the northeast
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Figure 4. The map of the sultanate of Oman and Dhofar
region showing the study areas.
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monsoons. The southwest monsoon is established in May and

persists through September. The northeast monsoon, on the

other hand, commences in November and continues through

March.

Surface water temperatures and salinities in the

three study areas, taken between 1977 and 1985 (Anonymous

1977, CCEWR 1986, Savidge et al., 1986) are shown in Table

1. There is little variation in either surface water

temperature or salinity between the areas. Both mean

surface water temperatures and salinities appear to be

closely linked to the monsoon gyres. The lowest tempera-

tures (18.0 to 20.0° C) and salinities (35.75°/oo) were

registered in August-September. This period coincides

with the stronger southwest monsoon winds blowing from the

west parallel to the coast (CCEWR 1986). The southwest

monsoon winds create a divergence in the coastal zone and

result in upwelling. It is this upwelling that

contributes to the cooler temperatures in this region.

The sea surface temperatures and salinities rise sharply

in April, the transitional period between the northeast

monsoon and the southwest monsoon.

Table 2 presents a list of microfauna and flora

recorded in Hadbin, Sudh, and Mirbat. The communities in

all three areas are dominated by two molluscan species,

Saccostrea cucullata (a rock oyster) and Tetraclita sp. (a

barnacle) in the intertidal, and large brown algae in the

sublittoral (Barratt et al., 1984). In Sudh, the large



13

Table 1.Mean surface water temperatures (T°C) and
salinity( ° /oo) in the three study areas[Anonymous(1977),
CCEWR(1986),Savidge et al.,(1986)1.

HADBIN MIRBAT SUDH

MONTH T°C S°/oo T°C S°/oo T°C S°/oo

JANUARY 25.0 35.90 25.0 35.95 24.5 35.95
FEBRUARY 25.0 35.95 25.0 35.90 25.0 36.00
MARCH 26.0 36.25 26.0 36.25 26.0 36.25
APRIL 27.0 36.25 27.5 36.25 27.5 36.25
MAY 27.0 36.00 27.0 36.00 27.0 36.25
JUNE 26.0 36.25 26.0, 36.00 26.0 36.00
JULY 25.0 35.75 25.0 35.75 25.0 35.75
AUGUST 18.5 35.75 18.5 35.75 18.0 35.75
SEPTEMBER 19.5 35.75 20.0 35.75 20.0 35.75
OCTOBER 25.0 35.90 25.5 35.90 24.0 35.75
NOVEMBER 26.0 35.75 26.5 36.00 26.0 35.90
DECEMBER 25.0 35.95 25.5 35.90 25.0 36.15
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Table 2.Comparison of macrofauna and flora associated
with spiny lobsters in the study areas.a

SPECIES HADBIN MIRBAT SUDH

Algae
Ecklonia radiata X
Sargassopsis zamadinii X X X
Sargassum sp. X X X
Cystoseira trinodis X X
Ulva sp. X X X
Suhria vittata X X X
Amphiroa anceps X X X

Molluscs
Haliotis sp. X X X
Tetraclita sp. X X X
Saccostrea cucullata X X X
Narita textilis X X X
Nodolittorina X X
Acanthopleura X
Siphonaria sp. X X X
Centhidae X

Echinoderms
Echinometra mathaei X X X
Echinostrephus molarls X X X
Diadema savignyi X X
Asterina burtoni X X X
Linkia mu/tifora X
Amphiura sp. X X X
Ophiactis savignyi X X X

Fish
Diplodus noct X X X
Lutjanus sp. X X X
Epinephelus sp. X X X
Thalassoma sp. X X X
Paraupeneus sp. X X X
Pomacentrus sp. X X X
Scams ghobban X X X
Apogon sp. X
Acantharus sp. X X X
Siganus oramin X X X

aData from Barratt et al.(1984,1986).
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brown algae are represented by two species. Sargassopsis

zarnadinii occurs in the shallow sublittoral (6-9m) and

Ecklonia radiata is found in much deeper waters (over 9m).

In Hadbin and Mirbat the species Sargassopsis zarnadinii

appears to be the only dominant species of macroalgae.

There is no evidence of Ecklonia radiata in either Hadbin

or Mirbat (Barratt et al., 1984). The macroalgal

resources in the region appear to have a role in energy

production (Barratt et al., 1984). This role is played by

coral reefs, mangroves and sea grasses in other tropical

environments.

The Fishery

The spiny lobster (Panulirus homarus) fishery in the

study areas commences on the first of September of each

year and extends until March. The fishery is uniform

throughout the region and is primarily an inshore fishery.

Small gasoline-powered fiberglass boats are used for

fishing. The boats range in length from 4.5 to 6 meters

and are operated by a crew of two to four persons. The

catch is taken by plastic collapsible traps which measure

104 x 81 x 36 cm. The traps have two side entrances, are

weighted with concrete blocks, and tied in series to a

buoyline. Bait, usually in the form of fresh fish, is

placed in a bait container in the catch chamber of the

trap. The traps are set overnight and are checked every

morning. The same type of traps are used in all areas.
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The number of traps per boat range between 25 to 40 and

does not vary greatly among the study areas. The traps do

not have escape vents, hence lobsters of all sizes are

retained.

In 1976 regulations to protect lobster populations

were enacted by a ministerial decree. These regulations

include a legal minimum size of 80 mm carapace length, a

closed season from April to September and prohibition of

taking berried females. Lack of enforcement has, however,

rendered these regulations ineffective. Only the

regulation pertaining to closed season is maintained,

although this may largely be due to the rough weather

conditions during this period rather than enforcement.

To gauge the extent of fishing intensity in the study

areas data on the number of boats and fishermen were

collected. The data is summarized in Table 3. The

highest fishing effort was registered in Mirbat and the

lowest fishing effort in Hadbin.
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Table 3.Number of boats and fishermen in spiny lobster
(Fanulirus iomarus) fishery in each study area in
1988.

Area Number of Boats Number of Fishermena

Hadbin 32 76

Sudh 49 147

Mirbat 61 291

aFigures provided by the Department of Fisheries,Oman(1988).
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MATERIALS AND METHODS

The study areas Hadbin, Sudh and Mirbat were selected

because they had different levels of fishing pressure but

relatively similar habitats. The three study areas were

thought of as an environmental system with each area

constituting an effective environment making up the

system. Accordingly then, Hadbin was designated as

environment 1, Sudh environment 2, and Mirbat environment

3. Lobsters were sampled from commercial catches during

monthly visits to the ports of Hadbin, Sudh and Mirbat. A

total of 4,519 lobsters were examined (2,146 lobster from

October 1987 to February 1988 referred to subsequently as

1987 and 2,373 from September to December 1988, referred

to hereafter as 1988).

For each lobster, data on carapace length, leg length

(second and third walking legs for males and fifth leg for

females), sex, presence and condition of eggs were

recorded. Carapace length (CL) refers to the measurement

taken along the midline between the tip of the rostrum and

the posterodorsal edge of the carapace. Leg length (LL)

refers to measurement of the walking leg (periopod) along

the ventral surface from the tip of the dactyl to the

proximal margin of the ischium. Carapace lengths and leg

lengths were measured to the nearest millimeter with

venier calipers. During each sampling egg-bearing females

were collected. Both newly spawned (orange) and late
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spawned (brown) eggs were included. The eggs and pleopods

of the female lobsters collected were removed while still

fresh, placed in individual plastic bags, and frozen

before being taken to the laboratory for fecundity

analysis.
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Size Composition
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Length data for each area were combined over all

months for 1987 and 1988. Length-frequency distributions

were developed for each sex on the basis of CL intervals

of 5 mm. The distributions were plotted in the form of

histograms representing percent of lobsters in each length

class. Modal and mean individual sizes of spiny lobsters

for each sex and each year were determined. Mean sizes

were compared using the method of contrasts (Wilkinson

1987) to determine differences between areas.

Growth

Determination of growth parameters of tropical marine

species poses a number of problems. The method of aging

based on annuli of hard parts is difficult because of the

uniformity of tropical environments. Also, lobsters

periodically shed their hard parts during molting so that

using growth rings is not possible. Fisheries research in

the tropics has thus relied largely on length-based

methods. Tropical species, however, exhibit protracted

spawning which results in multiple broods. This makes

conventional length-frequency analysis rather difficult to

apply.

Determination of growth parameters using length-

frequency analysis may be classified as parametric or
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nonparametric (Majkowski et al., 1987). Parametric

methods include graphical (Harding 1949, Cassie 1954 and

Bhattachyra 1967) and computer based (Abramson 1971 and

MacDonald and Pitcher 1979) methods. These methods have

been applied with mixed results in the tropics. The

methods assume that the components are normally

distributed. This assumption is almost always violated,

particularly when dealing with small samples.

Conventional length-frequency analyses also rely on the

separation of peaks into age groups. Information on

recruitment periodicity is required in order to separate

peaks into age groups. If species spawn continuously this

information is difficult to obtain.

Non-parametric methods like the scatter diagram

method (Devaraj 1982) and ELEFAN I (Gayanilo et al., 1988)

estimate growth parameters by tracing the progression of

modes representing individual broods. These methods

attempt to constrain the growth of a species by a

particular growth curve, thereby eliminating the problem

of lack of information on recruitment periodicity.

Estimation of growth parameters using nonparametric

methods has been tried with good results. Attempts to use

ELEFAN I to estimate growth parameters that are already

known in various populations have been encouraging (Mathew

et al., 1987; Morgan 1987; Rosenburg and Beddington 1987).

For the estimation of growth parameters in this

study, length-frequency data for each sex in each area
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were grouped into 5 mm CL intervals by month and converted

into percentages. The growth pattern was assumed to

conform to the von Bertalanffy equation:

Lt = Loo (1-e-k (t-to))

where Lt is the length at time t, Lco is the asymptotic

length, k is the growth rate and to is the age at which

Lt = 0. The growth parameters (L ood() of the lobster

populations were estimated for each sex in each area using

ELEFAN I (Pauly et al. 1984; Gayanilo et al., 1988). To

is, however, not estimated by ELEFAN I.

Size at First Maturity

The spiny lobster, Panulirus homarus, exhibits two

phases of relative growth - an immature juvenile phase and

a mature adult phase. External morphological changes have

been observed in a number of palinurid species as they

mature. The onset of sexual maturity in several spiny

lobster species is marked by abrupt elongation of the

second pair of walking legs in males and the broadening of

the fifth leg in females (Berry 1970; George and Morgan

1979). Both Berry (1970) and George and Morgan (1979)

suggested that these changes constituted important

reproductive adaptations. George and Morgan (1979) and

Grey (1979) were able to use changes in the 2nd leg

length/carapace length ratio in males and the 5th leg

length/carapace length ratio in females to determine the

sizes at first physical maturity of spiny lobsters.
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In this study a computer program (Saila et al., 1988)

based upon the work of Somerton (1980) was used to

estimate the sizes at first maturity of spiny lobster

populations in Hadbin, Sudh and Mirbat. The program

allows for the estimation of the size at first maturity

for each sex in each population by finding the best fit

for a pair of intersecting regression lines that describe

different allometric relationship (immature and mature)

between carapace length and leg length. The intersection

of the regression lines, termed the break point,

identifies size at first maturity. The break point value

with the highest F-statistic for each sex in each area

gave the best fit. Depending on whether the slope of the

regression lines changes so that the lines meet at a

point, or whether the slope does not change but there is a

large increment in the Y axis between the two lines, the

best fit of the segmented regression is determined by a

conjoint model or a disjoint model, respectively (Figure

5). The conjoint model constrains the two lines to meet

at the break point (C*). The disjoint model, on the other

hand, allows for the break point value to be independent

(i.e., the segmented regressions are discontinuous at

break point). The two models are expressed as follows:

a) Disjoint Model

1. Li = A + B Ci C. < C

2. L = K + J Ci Ci > C
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Figure 5.Fitted regression lines describing allometric
growth relationship (immature and mature) between leg
lengths(LL) and carapace lengths(CL) of spiny lobsters.
In A the regression lines are discontinuous at break
point(Disjoint model),In B the segmented lines meet at
the break point(Conjoint model).Cases A and B typify
male patterns.Cases C(Disjoint model) and D(Conjoint
model) are typical patterns in females.
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b) Conjoint Model

1. L = A + B Ci C. < C*

2. Li = L* + D (Ci - C*) Ci > C

thwhere Li and Ci are the .pairs of measured leg length

and carapace length values respectively, L is the value of

leg length relative to Ci and L* = A + B C* is the value

of the leg length at break point, C.

A grid search routine (Saila et al., 1988) was used

to select the initial break point for each set of data.

The initial break point values were then used to estimate

the slopes and intercepts of segmented lines by computer

assisted linear regression. The process was repeated each

time increasing or decreasing the value of the break point

slightly until a break point value (C*), which minimized

the residual sum of squares pooled over both lines, was

obtained. This was the break point value with the highest

F-statistic. Also determined were the size of the

smallest female with eggs and the size where 50% of the

females were observed to carry eggs. These values were

then compared to those obtained by the intersect method.

Sex Ratio

Sexes of the spiny lobsters were differentiated by

external sexual dimorphism. The dactyl of the fifth

walking leg in males is simple and pointed. In female

lobsters, the dactyl of the fifth walking leg is chelate.

Also the swimmerets (pleopods) of male lobsters are
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uniramous whereas the swimmerets of females are biramous.

The data on sex was then pooled over all months in each

area. Chi-square tests were performed to compare sex

ratios between areas.

Fecundity

The method used to estimate fecundity in this study

was similar to the method of Morgan (1972). Each egg mass

was hardened in Gilson's fluid and then dried in an oven

at 150°C for 3 hours. The dried egg masses were then

separated from pleopods and weighed to the nearest

milligram. Four samples of 0.5 g each were taken from

each egg mass, counted, and mean values from the four

counts determined. The total number of eggs was then

computed by simple proportion. For each sampling area, a

regression equation relating number of eggs to caparace

length was determined. The slopes and elevations of the

three regression lines were then compared to determine

significant differences (Zar 1984).
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In all areas, there was a preponderance of males in

larger size classes (Figures 6,7). Of the total male

lobsters landed in Hadbin and Sudh during both time

periods, more than 62% were above 82 mm CL whereas only

30% of the females were 82 mm CL or larger. The trend was

the same in Mirbat, although the proportions of both males

(about 50%) and females (about 28%) that were 82 mm CL or

larger were much smaller than in Hadbin and Sudh. Also,

no females larger than 102 mm CL were observed in Mirbat.

The mean sizes of males were greater than females in all

areas (Table 4).

For each sex, the largest lobsters were caught in

Hadbin and the smallest in Mirbat (Table 4). The mean

carapace length of lobsters caught in Hadbin and Sudh was

significantly greater than those caught in Mirbat (Table

5). No significant differences were observed in the mean

carapace lengths of lobsters between Hadbin and Sudh

except for females during 1988.

Growth

Growth rates (k) of male and female lobsters in

Mirbat were relatively higher than growth rates in Hadbin

or Sudh (Table 6). The lowest growth rate for each sex

were obtained in Hadbin. Lobsters in Hadbin also had the



28

42 52 62 72 82 92 102 112
47 57 67 77 87 97 107

HADBIN M
N = 343
X = 85.45 mm

skidl11.11111111,11.

MIRBAT M
N = 505
X = 80.35 mm

-.111111111111KIOrk

SUDH M
N = 440
X = 86.7 mm

47 57 67 77 87 97 107 117
52 62 72 82 92 102 112 122

CARAPACE LENGTH(mm)
Figure 6.Percent size frequency distribution of spiny
lobsters(panulirus homarus) off Hadbin,Mirbat and Sudh
from October 1987 to February 1988.M is male and F is
female.
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HADBIN M
N = 471

111011....

X= 84.4 mm

MIRBAT M
N = 425
X ./ 76.8 mm

47 57 67 77 87 97 107 117 127
52 62 72 82 92 102 112 122

47 57 67 77 87 97 107 117 127
52 62 72 82 92 102 112 122

CARAPACE LENGTH(mm)
Figure 7.Percent size frequency distribution of spiny
lobsters(panulirus homarus) off Hadbin,Mirbat and
Sudh from September to December 1988.M refers to
male F refers to female.
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Table 4 .Mean carapace length (CL) in mm of male (M) and
female (F) spiny lobsters (Fanulirus Jiamarus) by area.
Standard deviation (SD) , sample size (N) and range (in
parentheses) are indicated.Data is based on samples
collected in 1987 and 1988.

HADB IN MIRBAT SUDH

YEAR SEX N CL SD N CL SD CL SD

1987 M 343 85.45 12.14 505 80.3 12.01 440 86.7 10.72
(52-122) (52-117) (56.9-122)

1987 F 251 77.07 10.47 376 73.8 10.23 231 78.8 9.33
(51-107) (42-100) (59.1-110)

1988 M 471 84.4 13.36 425 76.8 10.74 406 83.7 11.29
(55-127) (53-122.2) (55-122)

1988 F 425 78.4 10.09 312 72.4 8.88 334 76.3 9.53
(55-112) (48.7-99.6) (56.1-102)
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Table 5.Post-hoc contrasts comparing mean carapace
lengths of spiny lobsters in Hadbin,Mirbat and Sudh
for each sex based upon data collected in 1987 and
1988.

Year Sex Hypothesis tested pa

1987 M Hadbin vs Mirbat <.01
1987 F Hadbin vs Mirbat <.01
1987 M Hadbin vs Sudh NS
1987 F Hadbin vs Sudh NS
1987 M Mirbat vs Sudh <.01
1987 F Mirbat vs Sudh <.01
1988 M Hadbin vs Mirbat <.01
1988 F Hadbin vs Mirbat <.01
1988 M Hadbin vs Sudh NS
1988 F Hadbin vs Sudh <.05
1988 M Mirbat vs Sudh <.01
1988 F Mirbat vs Sudh <.01

aF-statistic.
NS = Not significant.
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Table 6.Von Bertalanffy growth parameters for spiny
lobster(Panulirus homarus)populations in Hadbin,Sudh
and Mirbat as estimated by ELEFAN I.Based upon data
collected in 1988.

AREA Na kb Looc

HADBIN
Malaa 471 0.36 139.28 mm
Females 425 0.60 119.00 mm

SUDH
Males 406 0.70 125.00 mm
Females 334 0.80 119.00 mm

MIRBAT
Males 425 0.75 124.00 mm
Females 312 1.20 106.00 mm

aNumber of spiny lobsters.
bIndividual growth rate.
cAsymptotic length.
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largest asymptotic lengths (Lop). In each area the

asymptotic length of males was greater than that of

females, while females had higher growth rates.

Size at First Maturity

Summaries of sets of break point values with their

respective F-Statistics are given in Tables 1 to 6 in

Appendix A. In all areas, females appear to mature at a

slightly smaller size than males, although the difference

may not be significant (Table 7). Lobsters of each sex

from Hadbin attained maturity at relatively larger sizes

than those from Sudh and Mirbat. Lobsters from Mirbat had

the smallest sizes at maturity.

The presence of eggs on females has been used to

indicate size at first maturity (Kensler 1967; Davis

1975). Some studies have considered size at first

maturity as the smallest size in which females were

observed to carry eggs. The smallest females carrying

eggs in Hadbin and Sudh were in the 70-74 mm size class

(Table 8). In Mirbat the smallest female with eggs was in

the 60-64 mm size class. Most studies (e.g. Davis 1975;

Somerton 1981), however, have regarded the size at first

maturity as the size in which 50% of all females were

observed to carry eggs. In Hadbin this occurred at 85-89

mm size class, in Mirbat at 75-79 mm and in Sudh at 80-84

mm size class (Table 8). The size classes based on 50%

maturity appear to be in relatively close agreement with
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Table 7.Summary of the sizes at first maturity of
spiny lobster(Panulirus homarus) populations in
Hadbin,Sudh and Mirbat determined by the segmented
regression method.All data collected from September
to December 1988.

Size at First Maturity(mm)

Area Males Females

Hadbin

Sudh

Mirbat

84.9

78.4

74.1

84.0

77.25

69.25
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Table 8.Relationship between size and reproductive activity
of female spiny lobsters(Panulirus homarus) in the study
areas.Data collected in 1988.

Carapace length(mm)
Hadbin

Total Berried(%)
Mirbat

Total Berried(%)
Sudh

Total Berried(O /o)a

40-44 1

45-49 1

50-54 2 1

55-59 6 6 8

60-64 19 49 2.04 10
65-69 64 70 5.71 59
70-74 75 1.33 78 30.77 76 10.53
75-79 71 16.90 46 50.00 61 21.31

80-84 75 38.67 24 58.33 56 50.00
85-89 47 48.94 17 47.06 32 53.13
90-94 39 38.46 13 38.46 17 41.18
95-99 24 29.17 6 100.00 8 12.50

100-104 5 40.00 4 50.00
105-109 2

110-114 1

a Egg bearing females.
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the sizes at first maturity determined by the inflection

method (Table 7).

Sex Ratio

Males outnumbered females in the catch in both Mirbat

and Sudh whereas the sex ratio in Hadbin tended towards

unity (Table 9). Sex ratios differed significantly

between Hadbin and Mirbat (X2, P < .05) but were not

significant between Hadbin and Sudh nor between Mirbat and

Sudh.

Fecundity

Fecundity was high in all three areas (Table 10).

Regression equations of the number of eggs per individual

(Y) against carapace length (CL) for the three study areas

were:

Hadbin Y = -3468.34 + 5385.52 CL

Sudh Y = -5101.94 + 6349.55 CL

Mirbat Y = -4987.14 + 6948.09 CL

The fecundity of lobsters in Hadbin was lower than

that of lobsters in Mirbat or Sudh. For a female of 80 mm

CL the regressions predict a fecundity of 427,413 eggs in

Hadbin, 502,858 eggs in Sudh and 550,860 eggs in Mirbat.

The regression equations for Hadbin and Mirbat (P < .001)

and Hadbin and Sudh (P < .01) were significantly different

in both slope and elevation.
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Table 9.Sex ratios of spiny lobsters(panulirus
homarus) in Hadbin,Sudh and Mirbat.Data collected in
1988.

A.Summary of the data by area.

Area Number Sex Ratio Total sampled
Ma Fb M:F

Hadbin 471 425 1.11:1 896

Sudh 406 334 1.22:1 740

Mirbat 425 312 1.36:1 737

aMale;bFemale.

B.Comparison of sex ratios between areas.

Test Chi-square statistic Significance

Hadbin x Mirbat 4.04 *

Hadbin x Sudh 0.77 NS

Mirbat x Sudh 1.07 NS

* = Significant at the 95% level.
NS = Not significant.
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Table 10.Comparison of egg counts of spiny lobsters
in the study areas.Data collected from September to
December 1988.

Area
Carapace Length(mm)
smallest largest

Total number of eggs
minimum maximum

Hadbin 75.0 97.7 197,789 706,350

Sudh 72.0 93.5 301,828 725,384

Mirbat 71.0 96.5 390,000 777,188
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There is some difference in size compositions of

spiny lobsters between the three study areas. Lobsters

caught in Hadbin and Sudh were consistently larger than

lobsters caught in Mirbat for both sexes. This difference

appears to be related to differential harvesting intensity

in the study areas. Intensified harvesting has been shown

to cause declines in average individual size (Skud 1969,

Ricker 1981). Ricker (1981) attributed the decline in the

average sizes of Pacific salmons in British Columbia to

the removal of larger, older individuals from the

population by harvesting. Skud (1969) reported a

progressive reduction in the size composition of Homarus

americanus populations from the offshore waters of New

England and ascribed this to heavy fishing pressure.

Davis (1977), in one of the few studies on the effect of

harvesting on spiny lobsters, noted significant

differences in the size class structures of spiny lobster

populations in a protected and a commercially harvested

area off Florida.

Others (Caddy and Campbell 1986; Cobb 1986), however,

have suggested that differences in topography may account

for some of the disparities in the size compositions of

lobsters. Cobb (1986), for example, indicated that sizes

and availability of crevices were important in determining
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population size structures. As noted earlier, the

immediate sublittoral in Mirbat does not drop off as

steeply into deep waters as it does at the other two

areas. Although not conclusive, this may be related to

differences in the size composition of the lobsters

between the study areas.

Growth

Growth rate (k) was relatively high for lobsters in

Mirbat, particularly females, when compared to Hadbin and

Sudh. Mirbat is also the area with the highest fishing

pressure. Conversely, growth rates in Hadbin were the

lowest in the three areas. This area was the least

intensively harvested. These results are consistent with

a number of studies on the effect of exploitation on

individual growth rates (Regier and Loftus 1972; Spangler

et. al. 1977; and Borisov 1978). Borisov (1978) reported

an increase in the growth rate of the Atlantic Cod Gadus

morhua morhua as a result of intensive harvesting.

Intensified harvesting has also been suggested as the

reason for higher growth rates in other fishes (Murphy,

1968, Sprangler et. al. 1977). Garrod and Knights (1979)

have suggested that changes in growth rate may be adaptive

responses of organisms in the face of exploitation.

Newman and Pollock (1974) indicated that the growth

rate of the lobster Jasus lalandii was related to food

availability. This suggests a possible density-dependent



41

relationship between food supply and population abundance.

Reduction of abundance of a population from harvesting

could result in improvement in the supply of food for

individuals in the population and consequently an increase

in growth rate. However, relative abundance of food of

lobsters in the three study areas is not known.

Temperature (Cobb and Wang 1985) has been cited as another

possible cause of increased growth rate. The close

correspondence of hydrological features in the study area,

however, makes it unlikely that temperature could have

been a factor in the alteration of the growth rates.

Size at Fist Maturity

Spiny lobsters in Mirbat appear to mature at smaller

sizes when compared to lobsters in Hadbin and Sudh.

Variation in the sizes at first maturity and differences

in fishing pressure in the three areas appear to be

closely related. Regier and Loftus (1972) noted a

reduction in age of sexual maturity of salmonid

communities in some of the lakes in Canada. They

suggested that the changes in maturity constituted a

physiological mechanism that compensated for stress caused

by harvesting. Davis (1975) observed that the sizes at

first maturity of spiny lobsters at Dry Tortugas in

Florida, an area under protection from fishing, were

generally larger than those reported for lobsters in other

areas of Florida that were under heavy fishing pressure.
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Differences in diets and temperature have also been

cited as possible factors in the alteration of the size at

first maturity in lobsters and other marine organisms

(Chittleborough 1976; Borisov, 1978). Although the close

conformity of the environments and habitats in the study

areas would appear to suggest a limited role for these

factors in changing sizes at maturity, more research would

be needed before this could be ascertained.

Sex Ratio

The analysis of the data on sex ratios indicate

significant differences in sex ratios between Hadbin and

Mirbat. While the sex ratio in Hadbin (1.11:1) is close

to unity, the sex ratio in Mirbat (1.36:1) and Sudh

(1.22:1) are skewed in favor of males. A number of

reasons have been postulated as possible causes of

skewness in sex ratios. These include differences in

growth and mortality rates between males and females (Cobb

and Wang 1985), the tendency of female lobster to lead

solitary life (Bagge and Munch-Petersen 1979) which makes

them less susceptible to harvest, and different movement

patterns of males and females due to reproductive activity

(Kanciruk 1980). All these physiological and behavioral

factors appear to be common to all lobster populations and

consequently cannot convincingly explain regional

variations in sex ratios.
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Skud and Perkins (1969) and Cobb and Wang (1985) have

suggested harvesting as a possible factor that causes sex

ratios to deviate from unity. The effect of harvesting

would thus appear to provide a more plausible reason for

explaining the differences in sex ratios of lobster

populations in Hadbin and Mirbat and Sudh.

Fecundity

Fish populations exhibit different reproductive

performances under different environmental conditions as

part of their adaptive responses to changing environments

(Garrod and Knights 1979, Roff 1984). Changes in

reproductive performances may include accelarated

maturation, an increase in fecundity and frequency of

spawning (Nikol'skii, 1960). Differences in fecundity of

spiny lobsters in this study may constitute adaptive

responses to differential harvesting. Cole (1954) listed

increased fecundity among changes that constitute a

population's response to exploitation. Chittleborough

(1979), working on lobsters, found evidence that appears

to correlate increased mean fecundity in lobster stocks to

heavy exploitation. Lyons et al (1981) noting the

ability of spiny lobsters to spawn more than once in a

year suggested that a lobster that spawns more than once

may contain fewer eggs in its second or third spawning.

This suggests a potential for bias in fecundity studies of

lobsters in that samples collected for egg counts may be
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comprised of repeated spawners and consequently

underestimate fecundity. Care needs to be taken,

therefore, in the interpretation of fecundity analyses

of spiny lobsters.
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CONCLUSION

The life history traits among the spiny lobster

populations were distinctive, with each population

exhibiting a variety of patterns different from those

displayed in the other populations. The spiny lobsters in

Hadbin were the largest, had the lowest growth rates, the

lowest size-specific fecundity, attained maturity at

relatively larger sizes and had a sex ratio that was the

least skewed of the three populations. Conversely, the

lobsters in Mirbat were the smallest, had the highest

growth rates, the highest size-specific fecundity,

attained maturation at very small sizes and their sex

ratio was significantly skewed. The lobsters in Sudh

exhibited traits that were in between those observed in

Mirbat and Hadbin.

The above results appear to reflect correlation

between the levels of harvesting and the types of life

history traits observed in the lobster populations.

Lobsters in the lightly fished area were larger, had low

size-specific fecundity, low growth rates, matured at

larger sizes and were less skewed in terms of their sex

ratio. On the other hand, lobsters in the more intensely

fished area displayed life history traits that were the

opposite of those observed in the lightly fished area.

These results appear to be consistent with existing

theories on the effect of harvesting on population
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structures. There is, however, a need to continue the

research work in this area further and over a longer time

frame before any definitive conclusions can be made.

Further, it is also possible that the non-homogeneity of

stocks displayed in the three areas may be due to some

other factors in the habitats. Differences in the

topography and biological communities in the areas may

have accounted for some of the disparities in the life

history characteristics of the lobster populations between

areas.Nevertheless, the study of the influences of

harvesting on life history parameters and how these

influences reflect adaptive responses of marine species to

harvesting may provide useful information about management

of fishery resources, particularly if this leads to the

understanding of the limits of life history capacities to

adapt in the face of harvesting stress (Warren and Liss

1980). Some life history parameters may also be better at

providing early warning signs about the condition of a

fishery than conventional fishery management techniques.

New conceptual frameworks and management approaches that

consider life history characteristics may thus be required

in order to achieve successful management of fishery

resources.
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Table A.1.Summary of break points based upon different
data fit for female ?anulirus tomarus in Hadbin.The
F-statistics compare different segmented fit.The
highest F value is the optimal break point and is taken
to indicate the size at first physical maturity.

Break point
(Carapace length in mm)

R-Squared F-statistic

80.0 .936 5.354
80.5 .936 5.676
81.5 .934 3.904
82.0 .939 7.795
82.6 .940 8.925
83.0 .940 9.325
83.5 .946 15.435
84.0 .948 17.557**
84.5 .946 15.800
85.0 .946 15.800
86.0 .945 14.815
86.5 .945 14.815
87.0 .943 11.644
87.5 .943 12.565

Disjoint model(F = 17.557) had a better fit than
Conjoint model(F = 0.000).
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Table A.2.Summary of break points based upon different
data fit for male Panulirus liomarus in Hadbin.The
F-statistics compare the different segmented fit.The
highest F value is the optimal break point and is taken
to indicate the size at first physical maturity.

Break point
(Carapace length in mm)

R-Squared F-statistic

82.0 .937 13.626
82.5 .937 13.671
83.0 .937 14.165
83.5 .938 14.565
84.0 .939 16.144
84.5 .940 16.457
84.9 .940 16.962**
85.0 .938 15.275
85.5 .937 14.107
86.5 .937 13.486
87.0 .938 14.809
87.5 .938 15.289
88.0 .937 13.868
89.0 .934 10.733

Disjoint model(F = 16.962) had a better fit than
Conjoint model(F = 1.741).
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Table A.3.Summary of break points based upon different
data fit for female panulirus homarus in Sudh.The
F-statistics compare the different segmented fit.The
highest F value is the optimal break point and is taken
to indicate the size at first physical maturity.

Break point
(Carapace length in mm)

R-Squared F-statistic

75.00 .857 1.525
75.50 .861 3.36676.00 .863 4.717
76.50 .864 5.07077.00 .865 6.04877.25 .865 6.068**
78.20 .865 5.958
79.20 .864 5.133
80.00 .863 4.801
81.00 .862 3.966
83.00 .860 3.006
84.00 .861 3.709
85.00 .861 3.581
86.00 .860 3.116

Conjoint model(F = 6.068) had a better fit than
Conjoint model(F = 4.019).
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Table A.4.Summary of break points based upon different
data fit for male Panulirus liomarus in Sudh.The
F-statistics compare the different segmented fit.The
highest F value is the optimal break point and is taken
to indicate the size at first physical maturity.

Break point
(Carapace length in mm)

R-Squared F-statistic

73.0 .883 1.275
73.7 .884 2.067
74.5 .886 3.529
75.0 .885 2.712
75.5 .887 3.594
76.0 .887 4.163
76.5 .887 4.047
77.0 .890 5.735
77.5 .890 6.316
78.0 .891 6.433
78.4 .891 6.441**
79.0 .890 6.295
79.5 .889 5.618
80.0 .889 5.156
80.5 .890 5.998
81.5 .890 5.568
82.0 .888 4.776

Conjoint model(F = 6.441) had a better fit than
Disjoint model(F = 4.265).
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Table A.5.Summary of break points based upon different
data fit for female Fanulirus liomarus in Mirbat.The
F-statistics compare the different segmented fit.The
highest F value is the optimal break point and is taken
to indicate the size at first physical maturity.

Break point
(Carapace length in mm)

R-Squared F-statistic

67.35 .849 20.407
68.00 .859 25.250
68.50 .867 29.534
69.00 .871 32.035
69.50 .882 39.874
69.95 .901 56.597**
70.00 .876 35.503
70.50 .873 33.250
71.00 .869 30.781
72.00 .869 30.910
72.60 .870 31.385
73.00 .870 31.381
73.50 .870 31.333
74.00 .870 31.061

Disjoint model(F = 56.597) had a better fit than
Conjoint model(F = 47.140).
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Table A.6.Summary of break points based upon data fit
for male Panulirus bomarus in Mirbat.The F-statistics
compare the different segmented fit.The highest F value
is the optimal break point and is taken
size at first physical maturity.

to indicate the

Break point
(Carapace length in mm)

R-Squared F-statistic

72.0 .782 0.606
72.5 .782 0.606
73.0 .782 0.593
73.5 .782 0.593
74.0 .782 0.585
74.1 .790 2.552**
74.5 .789 2.222
75.0 .787 1.721
75.5 .788 2.115
76.0 .786 1.461
76.5 .787 1.689
77.0 .785 1.268
77.5 .785 1.268
78.0 .784 1.117

Disjoint model(F = 2.552) had a better fit than
Conjoint model(F = 0.000).


