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Growth and reproduction of the red-banded lobster Metanephrops thomsoni (Bate, 1888)
around Jeju Island, Korea
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1. Introduction

Metanephrops thomsoni, the red-banded lobster, are found mainly in the sandy
mud bottom at about 200 m. They are mainly distributed in parts of the South
Sea of and distributed in the East China Sea, Japan, Taiwan, the South China

Sea, the Philippines, and Australia.

Previous studies on red-banded lobster are conducted on embryogenesis
(Hamasaki & Matsuura, 1987) and egg loss (Matsuura & Hamasaki, 1987) in
Japan. Hamasaki & Matsuura (1987) mentioned that embryonic development
period is the fastest. Hamasaki & Matsuura (1987) and Choi et al. (2008)
observed egg loss of M. thomsoni. Population biology and mitochondrial

genome were studied in Korea (Choi et al., 2008; Ahn et al., 2016).

M. thomsoni has been utilized as fisheries resource in Korea, and many trawler
ships have flowed into the M. thomsoni fishery since 2016. As a result, the catch
of M. thomsoni increased from 62,116 tons in 2016 to 206,142 tons in 2018.
Nephrops norvegicus biomass caught by the seabed by trawler fishing may
represent a large proportion of the benthic biomass and production in the areas
(Johnson et al., 2013). M. thomsoni and N. norvegicus have similar life histories,
as slow-moving benthic ecosystem predators, and burrowing habitants (Johnson
et al., 2013; Choi et al., 2008). Johnson et al. (2013) and Choi et al. (2008)
suggested that fishing effort in M. thomsoni may have critical roles in the flows
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of carbon and nutrients through marine communities. In addition to trophic
interactions, M. thomsoni may interact with benthic species and sediment-water
column fluxes through activities that shape the habitat: the construction of

burrows and sediment resuspension.

Most of commercial crustaceans have been studied on minimum catchable size
regulations, age and growth, reproduction, and ecology for fisheries
management. However, there is no research on size at sexual maturity as a
reference point for minimum catchable size and reproductive aspects to
determine the closed season of M. thomsoni. Therefore, this study is to

investigate growth, and reproduction for fishery management of M. thomsoni.



2. Materials and Methods

2-1. Sample collection

M. thomsoni specimens were monthly sampled in the coastal area of Jeju
Island, Korea from March 2021 to March 2022 (Fig. 1). Samples were collected
in the depth range of 80—110 m, using bottom seine trawl and mesh size was 60

mm. Collected samples are preserved in 10% neutralized formalin solution.

2-2. Sex ratio

Sex was determined by the shape of the first swimmeret. Males have boney
swimmerets, and females have feathery swimmerets (Fig. 2). The sex ratio of
the sample was expressed as the proportion of females. The carapace length (CL)
was measured to the nearest 0.01 mm with vernier calipers, as the distance from

the base of the eyestalk to the posterior edge of the carapace.
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Fig. 1. Map showing sampling area of Metanephrops thomsoni (Bate, 1888)

around Jeju Island, Korea.



Fig. 2. Swimmeret morphology of Metanephrops thomsoni (Bate, 1888)

around Jeju Island, Korea. a: male; b: female



2-3. Length-frequency distribution

Population structure was revealed through length-frequency distribution of
both sexes. Length-frequency distribution of each sex was constructed using 1

mm length intervals of carapace length.

2-4. Morphometric relationship

Morphometric relationship between carapace length (CL) and body weight
(BW) was analyzed. CL was measured as mentioned in the sex ratio part, and
BW was measured using a digital balance to the nearest 0.01 g after all remain
water was removed from lobster body. Linear regression was analyzed to reveal
the relationship between CL and BW with using natural log-transformed data.

The equation is:

InBW =a+bInCL

where a and b were intercept and slope, respectively.



2-5. Ovarian examination

An ovarian observation was conducted to investigate the female reproductive
cycle. The maturity of ovary was expressed in five stages according to Becker
et al. (2018): (1) immature; (2) development; (3) maturity; (4) spent; (5)
recovering (Table 1). In order to measure the dry weight of body and ovary, each
individual was dried for 48 hat 60  and measured to the nearest 0.0001 g using
digital electronic balance. The gonadosomatic index (GSI) was determined by

the following equation:

Ovarian dry weight
GSI = - x 100
Body dry weight




Table 1. Ovarian stage modified from Becker et al. (2018).

Stage Descriptions according to Becker (2018) Present study
0 Threadlike translucent immature ovary of a juvenile female. Immature
2 Progressing stages of ovary: restricted to the thorax Developing
3 Progressing stages of ovary: extend into the pleon

Maturity

4 Progressing stages of ovary: extend into the second pleomer and can be very swollen
B Egg Spent
la Recovering (earliest) ovary stage
Sa Ovary is spent and therefore collapsed

Recovering
5b Ovary occurs in females which have not spawned and fully resorb the ovary instead
1b Full resorption of the ovary is completed




2-6. Mean CL of ovigerous females

Monthly CL average of ovigerous females was investigated. From March
2021 to February 2022, the ratio of ovigerous females in the monthly CL class

interval was calculated. The monthly CL class interval was divided into 5 mm.

The monthly ovigerous females CL average was determined by the following

equation:

> a;b;
2 b;

Mean CL of ovigerous females =

where a was monthly ovigerous females class interval average and b was

monthly ovigerous females (n) / monthly total females (n)



2-7. Egg volume

Egg size of ovigerous females was recorded as two stages: (1) non-eyed egg
and (2) eyed egg. In order to measure egg volume, the eggs in the pleopods are
carefully separated using fin forceps. For egg volume calculation, 10 eggs were
selected before drying. These were measured along the major and minor axes
(including the chorionic membrane tightly adhering to the egg surface), using a
binocular microscope (ZEISS SteREO Discovery. V8) with a calibrated

eyepiece. Eggs were treated as ellipsoids, and volume quantified by the formula:

4 2
V= 3 T

where 11 is half the major axis and 1> is half the minor axis

10



2-8. Relationship between the number of eggs (EN) and carapace length

(CL)

The relationship between the number of eggs (EN) and carapace length
(CL) was estimated for ovigerous females carrying non-eyed and eye eggs.
Linear regression analysis using natural log transformed data of EN and CL
was used to determine the relationship between body size and the number of
eggs, with following equation:

InEN =a+ blnCL

where a is intercept and b is slope. Slope and intercept of both non-eyed and
eyed egg stage in the regressions were compared to investigate egg loss. The

percentage of egg loss was estimated from the intercepts by following equation:
Egg loss % = 100(1 — exp(a’ —a))

where a’ and a are intercepts of two equations (a’ < a).

11



2-9. Fecundity and reproductive output (RO)

Eggs were carefully stripped from pleopods using fine forceps, and any setal
material or extraneous matter was removed. All eggs were counted directly
because indirect methods can cause errors. For carapace length-fecundity
relationship and reproductive output estimation, all females with spawned eggs
were used. Female and egg dry weights were determined by drying at 60  for
48 h and weighing to the nearest 0.0001 g using an electronic digital balance.
Reproductive output (RO) was estimated using dry weight by the following

equation:

total mass of egg batch

mass of female

12



2-10. Size at sexual maturity (CL5g)

The proportions of sexually mature females were measured based on
individuals with ovarian stage of 3 or higher. The proportion of mature females

according to the carapace length was fitted to the logistic equation:

1

P = 1 + e(a-bCL)

where a and b are parameters. The parameter estimation of this equation was
made by correlation analysis of variable P and CL after linearization. Size at
sexual maturity (CLso) correspond to the proportion of 50% of the sexually

mature females. It was calculated from ratio between the constants a and b:

a
CLsy = b

13



2-11. Growth

The length-frequency distributions were constructed using 1 mm length
intervals of carapace length. Growth was described using the modified von

Bertalanffy growth function (VBGF) (Pauly & Gaschiiz, 1979):

L= Lo [1 - e[-K(f-fo)-(%)sinzﬂ“-ts)]]

where L., isthe asymptotic carapace length, K is the intrinsic growth rate, ¢,
is the age at which the length of lobster is 0, C is the amplitude of seasonal
growth oscillation, t; is the age at the beginning of growth oscillation and
WP = t,+ 0.5 is the time of year when growth is slowest.

Growth curves were estimated from the length-frequency distributions using
the ELEFAN program in FISAT II program (Gayanilo & Sparre, 2005), a non-
parametric method to fit the modified VBGF through modes. The R, value
gives an estimator of the goodness of fit. ELEFAN estimated the growth
parameters (L, K, C and WP) without standard errors. t, estimatescannot
be obtained solely from the length-frequency data (Pauly, 1987), so ELEFAN
routines alone allow their calculation. Thus t, was estimated using the relation

(Lopes Veiga, 1979).

1/ Lo—1L,
toz t+E<lTL—LOO )

where Lj, is the carapace length at hatching.

14



Growth performance of M. thomsoni was using a growth performance
index (¢’) (Pauly and Munro, 1984):
¢ =2logioLs + log,oK
The growth performance index is preferred for growth comparison rather than
comparison of L, and K individually, because these two parameters are
correlated. The growth performance index is more robust than either L, or K

individually as it.

15



2-12. Statistical analysis

Chi-square test was performed to determine whether the observed ratio of both
sexes differed from the expected 1:1 ratio. Differences in length-frequency
distributions between the two sexes, whether the two sexes came from the same
distribution, were determined by the Kolmogorov-Smirnov two-sample test.
Student #-test was used to investigate the difference in CL between sexes, egg
volume, and GSI values between non-eyed egg and eyed egg stages. The
monthly mean difference in the GSI was tested by one-way analysis of variance
(ANOVA). The Tukey HSD test was performed to compare changes in monthly
mean CL of ovigerous females. Analysis of covariance (ANCOVA) was used
to determine the difference in intercept and slope of regressions on relation
between; 1) carapace length and body weight of both sexes and 2) carapace
length and the number of eggs for eyed and non-eyed eggs. Linear regression
analysis with using natural log transformed data was used for investigate the
relationship between carapace length-body weight on each sex and carapace
length-fecundity on both egg stages. Likelihood ratio test (Kimura, 1980) was
used to test the differences between the estimated parameters of both sexes in
von Bertalanffy length-based growth curve. MINITAB (v. 18), SPSS (v. 26), R,
and automatic differentiation model builder (ADMB) were used for all

statistical analysis, and mean value was presented with a 95% confidence limit.

16



3. Results

3-1. Sex ratio

A total of 5,430 specimens (2,672 males and 2,758 females) of M. thomsoni
was collected during the sampling period. There was no significant difference

in sex ratio between male and female (x* = 22, df = 20, P> 0.05) (Fig. 3).

3-2. Length-frequency distribution

Actotal 5,430 lobsters were collected during sampling from March 2021 to next
February 2022 (Fig. 4). The mean CL was 26.25 + 4.77 mm (range 14.41-
43.15 mm) in males and 25.43 + 3.93 mm (range 11.52-43.15 mm) in females.
There was a significant difference in mean CL between males and females
(Student #-test, t = 6.962, df = 5,428, P < 0.001). A statistical analysis showed a
significant difference in the length-frequency distribution of the both sexes

(Kolmogorov-Smirnov two sample test, P < 0.001).

17
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3-3. Morphometric relationship

The body size of females was smaller than that of males. Mean body weight
(BW)was 16 + 9.3 g(range 1.59-65.37 g) in males and 14.35 + 6.70 g (range

1.06-49.58 g) in females.

The relationships between carapace length (CL) and body weight (BW) of
males and females were analyzed by linear regression using natural log

transformed data (Table 2).

In both sexes, the relationship between CL and BW was positive allometric
(Fig. 5). There was no significant difference in slope of regression of log
carapace length versus log body weight between male and female (ANCOVA,

F=0.525,df =1, 5412, P > 0.05) (Fig. 6).

20



Table 2. Regression analysis between carapace length (CL) and body weight (BW) of male and female of Metanephrops

thomsoni (Bate, 1888).

Linear regression CL (mm) BW (g)
Sex (Slope + 95% In CL) (Mean + SD) (Mean + SD)
InBW = 3.1719 (+ 0.012)InCL — 7.6966
I + 66 + 4. 01+09.
Male (n = 2669,r2 = 0.9721,P < 0.001) 20QGE 17011983
InBW = 3.1624 (+ 0.01)InCL — 7.6476
Female " (£ 00DIn 25.54 +4.26 14.74 + 7.35

(n = 2747,r% = 0.9790,P < 0.001)

21
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3-4. Breeding period

The breeding period was determined by both the ovarian stages of females and
the gonadosomatic index (GSI). Ovigerous females was observed in all month

except May 2021 (Fig. 7).

The GSI started to increase in April, reached a peak in June (8.64), and
decreased to its lowest value in December (5.98). There was a significant
difference in the monthly GSI (ANOVA, F=17.82, df=10, P <0.001) (Fig. 8).
Mean CL of ovigerous females tend to decrease from June to December (Tukey

HSD, P < 0.001) (Fig. 9).

There was a significant difference in the GSI value with non-eyed and eyed
egg stages showing higher GSI in eyed stage (Student #-test, 1 = 6.17, df = 302,
P < 0.05) (Fig. 10). This result indicates that females of M. thomsoni are

consecutive breeders.

24



Om Wy @y

1
_
3 0.8 A %
i‘) .
= .
3
k) 0.6
: .
: 2 ﬁ
S 041 - -
& Nl
0.2 4 ] rd
; nl=R= u
M A M J J A S O N D J F
Month
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3-5. Fecundity and reproductive output

Total 117 ovigerous females, 75 females with mean carapace length 30.32 +
3.33 mm (range 26.08-37.79 mm) were carried 406.99 + 90.46 non-eyed eggs
(range 24-609), and 42 females with mean carapace length 30.32 + 3.26 mm
(range 25.51-37.94 mm) were carried 233.21 + 86.85 eyed eggs (range 543—

609).

Mean egg volume of eyed eggs (2.28 + 0.46 mm’, n = 100) was significantly
larger than non-eyed eggs (1.53 + 0.22 mm’, n = 100) (Student r-test, ¢ =

19.463, df = 198, P < 0.001) (Fig. 11).

The relationships between carapace length (CL) and the number of eggs (EN)
for females with non-eyed and eyed egg stages were analyzed, as shown in Table

3.

There was no significant difference in the slopes of the linear regression
between In CL and In EN for the two egg stages (ANCOVA, F=0.39, df =1,
113, P > 0.05), but a significant difference in the intercept of the linear
regression for the two egg stages (ANCOVA, F=148.89,df=1, 114, P<0.001)
(Fig. 12). Therefore, a common slope was recalculated from the data. In this
study obtained the new regression equations having a common slope and
passing through the mean values of both the carapace length and the number of

eggs in two phases (Fig. 13). Decrease in values of the intercept with progress
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of embryonic development indicates that egg loss occurred during incubation.

The percentage of egg loss between two egg stages was estimated as 42.3%.

Reproductive output (RO) was 0.066 £ 0.026 (n=160).
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thomsoni (Bate, 1888) for the two egg stages.
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Table 3. Relationships between In the number of egg (EN) and In carapace length (CL) of Metanephrops thomsoni (Bate,

1888).
Egg stages Relationship Linear regression
(£ 95% In CL)
Eyed EN versus CL InEN =12.147 (£ 3.66)InCL —135.14

(n= 42,72 = 0.2164,P < 0.01)
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Fig. 13. Recalculated equations showing the relationship between the
carapace length (X) and number of eggs (Y) of Matanephrops thomsoni
(Bate, 1888) assuming a common slope. Solid line: eyed; dotted line: non-

eyed.
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3-6. Size at sexual maturity (CLs()

Total 851 of the females of M. thomsoni used in the analysis ranged from 11.5
mm to 42.5 mm. The proportion of sexually mature females by length class was
calculated by fitting a logistic equation (Fig. 14). The size at sexual maturity

(CLgyp) of females was estimated as 23.21 mm.

1
1 + ¢(54.93-2.36CL)

P =
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Fig. 14. A logistic function fitting proportion of mature females to carapace

length of Metanephrops thomsoni (Bate, 1888). CLsq, which corresponds to

the proportion of 50% of mature females, was 23.21 mm.
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3-7. Growth

The von Bertalanffy growth parameter was estimated by ELEFAN for both
sexes. Asymptotic length (CL,,) was higher in males (44 mm) than females
(42.3 mm). Growth coefficient (K) also was higher in males (0.69 yr~1) than
females (0.55 yr~1). Seasonality growth rate (C) was 10% for males, 9% for
females. The slowest growth season (WP) is June in males and July in females.
The growth performance index (¢') were 3.13 in males and 2.99 in females
(Table 4). The length-frequency distribution showed that there was an

appreciable modal shift in the length of the cohorts with time (Fig. 15).

The von Bertalanffy growth function is follow (Fig. 16):

0.1x0.69

_pl069+0)- (51

)sinZn’(t+0)]

Male: 44[1 —el!

0.09x0.55

_olm055(t+0)-(F

)sin2n(t+0.08)]

Female: 42.3[1 —ell

The differences in length-based growth curves between both sexes were
compared by the method of Kimura’s likelihood ratio test (Kimura, 1980). This
method allows the testing of several hypotheses to compare the two curves by

analyzing one or more growth parameters simultaneously (Table 5).
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Table 4. Parameter estimation of the ELEFAN analysis of length-frequency
distribution for both sexes: CL, : asymptotic length (mm); K: growth

coefficient (yr~1); C: amplitude of growth oscillation; WP: winter point;

@ : growth performance index; R,,: score function.

Parameter Males Females
CL, 44 423
K 0.69 0.55
C 0.10 0.09
WP 0.50 0.58
Q' 3.13 2.99
R, 0.26 0.20

40



Table 5. Von Bertalanffy parameters between both sexes, compared using the Kimura method's likelihood ratio test (Kimura,

1980). 1: females and 2: males, RSS: residual sum of squares.

Linear

Hypothesis  Le Le Ki K  tm tm C Gt to  RSS X P
constraints
Ho CLs 4291 4291 050 0.82 0.00 005 0.09 0.11 0.00 0.05 793 444 <0.05
Hi K 40.14 4547 0.64 064 0.02 000 0.10 0.09 0.04 0.00 10.69 7.73 <0.05
H» to 41.65 4430 054 071 0.00 0.00 0.09 0.11 0.00 0.00 530 0.00 >0.05
H; C 41.65 4430 0.54 0.71 0.00 0.00 0.09 0.09 0.00 0.00 530 0.00 >0.05
Hy ts 41.65 4430 054 071 0.00 0.00 0.09 0.11 0.00 0.00 530 0.00 >0.05
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4. Discussion

4-1. Sex ratio

In this study, there was no significant difference in sex ratio. Metanephrops
mozambicus, there was also no significant difference in sex ratio (Berry, 1969;
Robey, 2013). However, in N. norvegicus, males outnumberd females (Barnes

& Bagenal, 1951).

This difference could be caused by oxygenate activities and burrows. M.
mozambicus females would have to spend more time outside their burrows to
oxygenate eggs (Berry, 1969). In N. norvegicus, burrows have two entrances
which facilitate water flow over the eggs of sheltered females (Rice & Chapman,
1971). This is another means of oxygenating eggs for females, so the ratio of
males was more dominant than females in N. norvegicus (Barnes & Bagenal,
1951; Thomas, 1964; De Figueiredo & Thomas, 1967). This study had observed
oxygenation activity to M. mozambicus, leading to no significant difference in

sex ratio.
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4-2. Growth

There was a significant difference in length-frequency distribution of both
sexes, and males were predominant in the bigger size classes. These results are
identical to study of; Metanephrops rubellus and Metanephrops binghami

(Cusba et al., 2017; Severino-Rodrigues et al., 2018).

Size difference between sexes are caused by competition related to
reproduction. If breeding burrows are scarce, males should compete more
intensely to monopolize them. Mating success of males depend on both
competitions for burrows and their ability to attract females. Males are bigger
than females, as males compete to defend breeding burrows from which they

attract potential mates (Forsgren et al., 1996; Kvarnemo & Ahnesjo, 1996).

There was no significant difference between males and females in the slope of
the relationship between carapace length and body weight. Juveniles of
palinurus elephas migrate rapidly from shallow settlements to deeper habitats
in winter or spring (Goiii et al., 2001). Similar ontogenetic migrations have been
described in other Palinurid lobsters (Herrnkind, 1980; Morgan, 1982; Lyons,
1986). The smallest juveniles of M. thomsoni could be excluded from the
sampling, so the growth rates of both sexes in the relationship are not different.
Therefore, further studies will be focused on bias, which could be occurred at

sampling.

In this study suggested that 50% of the females of M. thomsoni are mature at
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23.21mm CL. This result was smaller than M. binghami (30.55 mm) and M.
chllengeri (30.1 mm) (Paramo & Saint-Paul, 2012; McCarthy et al., 2018).
CLs, isused as a parameter to establish the minimum catchable size. The CLs,
for N. norvegicus studied on the Portuguese coast were 21-32 mm, 37.5 mm,
and 47-51 mm (ICES, 2006; Ayza et al., 2011). Ayza et al. (2011) suggested
that CLso can be influenced by several factors, such as behavior and fishing
pressures during the breeding cycle. Therefore, in order to obtain the CLs,,
which determines minimum catchable size of M. thomsoni, biological research
is required to know the reproductive cycle and the factors that affect the success

of spawning, which are necessary for the management of fisheries (Cusba et al.,

2017).

Seasonal von Bertalanffy growth parameters showed that L., (males: 44 mm,
females: 42.3 mm) and K (males: 0.69, females: 0.55) were higher in the male
M. thomsoni. Difference in growth performance index (¢') between both sexes
could be attributed to difference in reproductive pattern an energy investment.
The growth performance index (¢’') can be used for averaging growth
parameters obtained from the von Bertalanffy growth function of a particular
species (Sparre, 1998) and is a useful tool for comparing growth under a variety

of environmental conditions (Pauly, 1991).

The growth performance index (¢') is different among the Metanephrops
genus lobsters (Table 6). N. norvegicus, showed that the parameters for
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calculating growth performance index (¢') L, and K are different depending
on the location and method (Haynes et al., 2016) (Table 7). Numerical methods
have also been developed to the convert length-frequency data used in this study
into age composition, but such approaches are only reliable when direct age
readings are available to confirm the age composition of length cohorts. Thus,
further studies using the recently developed direct age determination methods,
such as gastric ossicle analysis or lipofuscin analysis, are needed (Kilada &

Driscoll, 2017).
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Table 6. Comparison of the growth performance index (¢') in genus Metanephrops lobster.

®
Genus Species Reference
Male Female

M. thomsoni 3.13 290 Present study

M. mozambicus 3.42 Robey (2013)
Metanephrops M. australiensis 3.14 3.19 Wallner & Phillips (1995)
M. velurinus 229 3.16 Wallner & Phillips (1995)
M. sibogae 3.1 3.16 Wallner & Phillips (1995)
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Table 7. Comparison of the growth parameters for Nephrops norvegicus across Atlantic areas.

Male Female
Location Method Reference
K Lo K Lo
Skagerrak 0.138 728, 0.056 64.9 Tag & recapture Ulmestrand & Eggert (2001)
Scottish West 0.166 v} 0.228 46.6 Tag & recapture Bailey & Chapman (1983)
Irish Sea (east coast) 0.16 60 0.1 56 Unknown ICES (2000)
Irish west coast 0.161 70.8 0.077 558 Tag & recapture Haynes et al. (2016)
Portugal (northern) 0.38 88.3 0.38 64.5 ELEPHAN Ayza et al. (2011)
Portugal (south) 0.14 78.9 0.12 71.3 FISHPARM Mpytilineou et al. (1998)
Spain (Atlantic) 0.13 83.4 0.12 70.7 Length-cohort analysis Sarda et al. (1998)
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4-3. Reproduction

In this study, ovigerous females appeared from June to next April. Yamada et
al. (1986) reported that ovigerous females of M. thomsoni appeared from
September to next April in the East China Sea. The appearance period of
ovigerous females was earlier in this study than that of Yamada's study. M.
norvegicus females incubation period varies from 6 to 10 months depending on
latitude (Powell & Eriksson, 2013). Difference in incubation period of M.
thomsoni between these two studies could be explained by differential

environment factors.

This study showed that mean CL of ovigerous females tend to decrease from
June to December. In M. thomsoni, the bigger ovigerous females appeared first
in June-August, and smaller females close to sexual maturity appeared after
September. Choi et al. (2008) suggested that M. thomsoni females have several
spawning times during the breeding season from September to next April, which
is a characteristic of multiple breeding. In this study, large ovigerous females
appeared first, and small ovigerous females appeared later, suggesting that M.
thomsoni had a longer incubation period. Therefore, M. thomsoni is not a
multiple breeding, but a consecutive breeding, and this reproductive pattern can

be also found in N. norvegicus (Powell & Eriksson, 2013).

Fecundity is a vital parameter that permits the estimation of the reproductive

potential and future stock size of a given species or population (Hattori &
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Pinheiro, 2001). Furthermore, it is a crucial component of fitness, dependent on
lifetime reproductive performance (Sastry, 1983). Therefore, when studying the
fecundity of crustaceans, it is essential to note differences in egg size or any

change in egg numbers during development.

In this study, egg volume (EV) of the eyed egg stage was significantly bigger
than eyed egg and non-eyed egg stages. Egg size, fecundity, and egg loss for the
genus Metanephrops is shown in Table 8. The size of the eggs has been found
to increase with the duration and extent of egg development (Mori et al., 1998).
Generally, bigger eggs are also associated with smaller broods, better egg or
larval survival, and abbreviated free-living larval periods (Pollock, 1997). The
incubation period of M. thomsoni was 11 months, which is longer than that of

N. norvegicus (6-10 months; Farmer, 1975).

There was no significant difference in the slope of the relationship between EN
and CL but a significant difference in the intercept for eyed egg and non-eyed

egg stages. The egg loss estimated form the intercept difference was 42.3%.

The egg losses are typically attributed to reasons such as incomplete formation
of egg envelope during oocyte maturation (Talbot & Harper, 1984), disease,
cannibalism, predation, habitat abrasion, water temperature, failure to adhere to
pleopods during extrusion (Wear, 1976; Estrella & Cadrin, 1995; Goiii et al.,
2003), natural egg loss (Campbell & Brattey, 1986; Matsuura & Hamasaki,

1987) and poor attachment and interference or disturbance during egg laying
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(Talbot et al., 1984). In crustacean stock assessment, egg loss can be affecting
on recruitment process of fisheries resources and thus should be incorporating

into spawning stock-recruitment model.
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Table 8. Egg size (mm), fecundity and egg loss (%) of Metanephrops species and Nephrops norvegicus previously studied.

Egg size

Egg loss

Species (mm) Carried eggs %) Reference
1.67-2.67 133-609 42.30 Present study
M. thomsoni
1.78-2.66 210-880 20-40 Choi et al. (2008), Matsuura & Hamasaki (1987)
M. challengeri 2.08-3.15 800 (Max) 44 Fenaughty (1989), Balss (1914)
M. mozambicus 1.95-2.83 10 Berry (1969), Robey & Groeneveld (2014)
M. australiensis 2.8 (Max) Bruce (1966)
M. boschmai 1.9 (Max) Holthuis (1964)
M. japonicus 2.1-4.0 Okamoto (2005)
M. binghami 102-781 Paramo & Saint-Paul (2012)
N. norvegicus 1.2-1.56 600-4500 30-75 Smith (1987), Bell et al. (2013)
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Our study showed that the value of RO was 0.066 + 0.026 (n = 160). The RO
of Pleuroncodes monodon and Panulirus argus was 0.03 and 0.49 (Guzman et
al., 2016; Baeza et al., 2016). The RO of M. thomsoni was similar to that of
deep-sea lobster P. monodon, but smaller than P. argus. The main influencing
factor of RO is temperature, which affects the abundance of food for larvae
(Goodbody, 1965; Lancaster, 1990) and the maintenance of gametogenesis and
ovarian development, which define the species’ reproductive period (Bauer,
1992). The differences in RO between the other species, give rise to varied
brood sizes, and subsequently lead to changes in annual egg production. The
RO can also vary with age and nutrient levels in the diet and between broods for
a species with multiple breeding patterns within a single productive period, or

as a function of the primiparous or multiparous female condition (Oh, 2011).
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