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ABSTRACT 

Coconut crab (Birgus latro) is a crustacean that has a large size until four kilograms. The study  
aimed to analyze sex ratio and growth pattern including the relationship of thorax length - body 
weight, thorax width - body weight and cephalothorax length plus rostrum - body weight in Daeo 
(Morotai Island), Laigoma (South Halmahera District) and Fitako (North Halmahera District). The 
sex ratio was determined using χ

2
 test and the growth pattern was tested by the b value through 

t test. The results showed sex ratio of 1: 0.9 in Daeo (n = 581), 1: 0.6 in Laigoma (n = 24), and 
1: 2 in Fitako (n = 31). The relationship of thorax length, thorax width and cephalothorax length 
plus rostrum with body weight were strongly correlated (R

2
> 70%). The growth pattern of 

coconut crab in Daeo was negative allometric, while in Laigoma and Fitako were negative 
allometric and isometric. 
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1. Introduction 

Robber crab or coconut crab (Birgus 
latro) is a crustacean group of the 
Coenobitidae family found primarily in 
tropical regions of the Indo Pacific (Drew et 
al., 2010) and in sub-tropical of Japan 
(Hamasaki et al., 2011; Sato et al., 2013). 
This species is also found in three island 
groups at Indian Ocean, there are Aldabra 
Atoll, Chagos Islands and Nicobar, and 
Andaman Islands. In the Western Pacific, 
coconut crab is found in many islands 
including the Solomon Islands, Guam, 
Carolin Island and Fiji (Drew et al., 2010). 

Indonesia is one of the potential areas 
of coconut crab, but its distribution is only in 
eastern of Indonesia. North Moluccas is one 
of these potential areas. Coconut crabs 
have different names, in Ternate commonly 
known as a walnut crab or walnut stalk, 
while in Daeo (Regency of Morotai Island) 
known as “kutati”. Other names are “butati” 
in Fitako and surrounding areas (North 
Halmahera Regency) and “gafan” in 

Laigoma region (South Halmahera 
Regency). 

Coconut crabs have a large size and 
have a very strong tear ability (Oka et al., 
2016). Exploitation of coconut crabs by 
humans and other predatory animals, slow 
population growth rates and habitat 
degradation has caused a decline in the 
population of coconut crabs in their natural 
habitat (Helagi et al., 2015). Coconut crabs 
are a lot of exploitation because they are 
relatively easy to catch and have high price. 
Coconut crabs are widely caught and used 
as special menu in some restaurants 
because of its excellent meat taste 
especially the female coconut crabs laying 
eggs (Kesler, 2006; Buden, 2012; Sato and 
Yoseda, 2010). Coconut crab meat also has 
a high nutrient content (Serosero et al., 
2014). 

Coconut crab is currently categorized 
as a data deficient resource in the 
International Union for Conservation of 
Nature (IUCN) red list (Eldredge, 1996; 
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Drew and Hanson, 2014) and previous 
information about its potential in North 
Moluccas area is not yet available. In 
Indonesia through the Minister of Forestry 
Regulation Number P.57/Menhut-II/2008, 
coconut crab was categorized as deficient 
data due to lack of information about 
distribution. Through this research also adds 
information about spread area of  coconut 
crab in North Moluccas. 

Biological information is one of 
parameters that are needed to predict stock 
availability and to formulate management. 
Sex ratios and growth patterns are biological 
studies required as a base to manage 
coconut crab resources in their natural 
habitat. The length or width and weight in 
the determination of growth patterns and the 
relationship of length-weight are important 
parameters in biological, physiological and 
ecological studies because the weight 
estimation can be determined by knowing 
the length or width. Length and body weight 
information can also be used to predict food 
and feeding habits. Several studies on this 
biota in Indonesia have been done among 
others, i.e. Sulistiono et al. (2007), Sulistiono 
et al. (2008), Sulistiono et al. (2013), 
Sulistiono et al. (2009), Refiani and 
Sulistiono (2009), Supyan et al. (2015), 

Jahidin (2010), Supyan et al. (2013), Handa 
(2013), Serosero et al. (2016), Serosero et 
al. (2018a; 2018b). However, research on 
sex ratio and growth pattern of coconut crab 
in Morotai Island and surrounding area has 
never been done. This study aimed to 
analyze the sex ratio and growth pattern 
included the relationship of thorax length-
body weight, thorax width-body weight and 
cephalothorax length plus rostrum-body 
weight in Daeo District Morotai Island, 
Laigoma District of South Halmahera and 
Faitako District of North Halmahera 
Indonesia. This data is very important as a 
basis for management of the coconut crab 
resources in North Moluccas Province. 

 
2. Material and Methods 
 
2.1 Time and location 

 
The research was conducted at three 

locations in North Moluccas Province, i.e. 
Daeo (Morotai Island), Laigoma (South 
Halmahera District) and Fitako (North 
Halmahera District) (Figure 1). The 
specimens were collected for one year in 
Daeo, and only one sampling in Laigoma 
and Fitako.  

 

Figure 1. Sampling location of coconut crab in Daeo (Morotai Island), Laigoma (South 
Halmahera District) and Fitako (North Halmahera District). 
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2.2 Coconut crabs sampling 

The coconut crab samples were 
obtained using direct capture by hand. 
Coconut crab bait was several cut of 
coconut fruit that placed in coconut crabs 
habitat, i.e. front of stone holes, tree 
crevices, and ground holes. The number of 
samples were found various in all locations 

(n = 581 in Daeo, n = 24 in Laigoma and n = 
31 in Fitako). 

The thorax length, thorax width and 
length of cephalothorax plus rostrum (Cp + 
r) (Fletcher, 1990) of coconut crabs were 
measured by using a digital caliper with a 
precision of 0.01 mm (Figure 2). The weight 
was measured by a hanging digital scale 
with a precision of 0.1 gram. 

 

 
 
Figure 2. Measurement of cephalothorax length plus rostrum (Cp + r), thorax width (TW) and 
thorax length (TL) of coconut crab (Source: Serosero et al., 2018a). 

 
2.3 Data analysis 

 
The sex ratio of coconut crabs was 

calculated by comparing the total number of 
males with the total number of females. The 
sex ratio was tested by Chi-Square test 
(Siregar, 2004).  
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Where:  

χ
2
hit = χ

2
count value 

oi     = frequency to-i 
ei     = frequency of expectation to-i 

 
The parameters relation measured 

(TL, TW, Cp + r) with body weight were 
calculated using the following equation 
(Effendie, 2002). 

 
W = aL

b 

Where: 
W         = body weight (g) 
L        = thorax length (TL) (mm); length of 

cephalothorax plus rostrum (Cp + 
r) (mm); thorax width   (TW) (mm)  
a and b = constants. 

 
The linear relationship of TL, Cp + r, 

TW with W was determined by transforming 

those parameters to logarithmic equation log 
W = log a + b log L. Allometric model 
(growth pattern) was applied to relationship 
of TL - W, Cp + r - W and TW - W. The b 
value tested using t test, with the hypothesis: 
H0: b = 3, isometric and H1: b ≠ 3, allometric 
consisting of positive allometric and negative 
allometric. Positive allometric was the b 
value > 3 that increased in length not as fast 
as weight and negative allometric was the b 
value <3 that increased in weight not as fast 
as the length (Effendie, 1979). 
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Where: 
thit = tcount value 
b   = the slope value 
Sb = standard error value b 

 
The tcount is compared with ttable (tα/2, n-

2) on t-student table with α = 0.05. The growth 
pattern of coconut crab is determined by 
considering the rules of decision as follows: 
If the value of tcount> ttable, then reject the null 
hypothesis (H0), If the value of tcount <ttable, 
then accept the null hypothesis (H0). 

Differences in carapace relationships 
of TL-W, TW-W and Cp+r-W between the 
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sexes were tested with one-way ANOVA (p 
= 0.05). 
 
3. Results  
 
3.1 Sex ratio 

The coconut crab samples during this 
study were 636 individuals consisting of 581 
individuals collected in Daeo (54% male and 
46% female), 24 individuals collected in 
Laigoma (62.50% male and 37.50% female) 
and 31 individuals in Fitako (29.03% male 
and 70.97% female). Coconut crabs were 
distinguished by males and females based 
on morphological characteristic (absent or 
present of pleopods). The female coconut 
crabs have three pleopods to incubate the 

eggs before they are released into the sea, 
while the males do not have pleopods 
(Figure 3).  

Overall, sex ratio between males and 
females in Daeo was 1: 0,9 which meant 
male coconut crabs dominant. The temporal 
sex ratio based on the χ

2
 test indicated that 

sex ratio of 83% was balanced except in 
December and February. The highest 
proportions of male and female were in 
February and May, while the lowest 
proportions of male and female were May 
and February. Coconut crab in Laigoma was 
dominated by male with a ratio of sex ratio of 
1: 0.6, whereas in Fitako was dominated by 
female coconut crab with a sex ratio of 1: 2.4 
(Table 1). 

 
 

 

Figure 3. Morphology differences of female (A) and male (B) coconut crab. 
 

 
 
Table 1. The sex ratio of coconut crabs from Daeo (Morotai Island District), Laigoma (South 
Halmahera District) and Fitako (North Halmahera District).  
 

Location and 
time sampling 

N Proportion 
Sex Ratio χ

2
 

Males Females Males Females 

Daeo 
October-16 
November-16 
Desember-16 
January-17 
February-17 
March-17 
April-17 
May-17 
June-17 
July-17 
August-17 
September-17 

 
22 
26 
35 
28 
35 
25 
27 
19 
31 
24 
23 
19 

 
21 
23 
21 
21 
17 
22 
27 
26 
23 
17 
24 
25 

 
51.16 
53.06 
62.50 
57.14 
67.31 
53.19 
50.00 
42.22 
57.41 
58.54 
48.94 
43.18 

 
48.84 
46.94 
37.50 
42.86 
32.69 
46.81 
50.00 
57.78 
42.59 
41.46 
51.06 
56.82 

 
1 : 1.0 
1 : 0.9 
1 : 0.6 
1 : 0.8 
1 : 0.5 
1 : 0.9 
1 : 1.0 
1 :  1.4 
1 : 0.7 
1 : 0.7 
1 : 1.0 
1 : 1.3 

 
0.0233 
0.1837 
3.5000 
1.0000 
6.2308 
0.1915 
0.0000 
1.0889 
1.1852 
1.1951 
0.0213 
0.8182 

Laigoma 15 9 62.50 37.50 1 : 0.6 1.5000 

Fitako 9 22 29.03 70.97 1 : 2.4 5.4516 

 
 

B 

pleopod 

A 
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3.2 Size distribution 
 

Coconut crabs have variation size in 
three locations (Table 2). Overall, TL, TW,  
and Cp + r size ranged from 19.56 to 54.86 
mm, 36.67-109.98 mm, and 43.98-114.72 
mm. 

Table 2 shows that the TL of male 
was larger than female in each location, i.e. 
Daeo (19.58-54.86 mm for male and 19.56-
48.65 mm for female), Laigoma (28.56-33.48 
mm for male and 28.44-34.66 mm for 
female) and Fitako (27.44-46.39 mm for 
male and 24.33-34.50 mm for female). The 
TW parameters have variation size range in 
each location, but average of male has a 
larger size than female one. The TW size in 
each location ranged from 36.67-106.98 mm 
for male and 37.67-82.44 mm for female 

(Daeo), 51.25-75.33 mm for male and 41.58-
76.25 mm for female (Laigoma), and 60.89-
77.56 mm for male and 46.47-76.88 mm for 
female (Fitako). While, the average of Cp + r 
parameter of male was larger than females 
in each location, i.e. 43.98-114.72 mm 
(male) and 43.90-90.67 mm (female) in 
Daeo, 65.23- 76.12 mm (male) and 61.38-
87.36 mm (female) in Laigoma and 60.48-
77.12 mm (male) and 55.47-78.16 mm 
(female) in Fitako. Overall, weight of male 
was larger than female with a range of 50-
990 grams (male) and 50-520 grams 
(female) in Daeo, 140-310 grams (male) and 
140-290 grams (female) in Laigoma, and 
160-410 grams (male) and 110-300 grams 
(females) in Fitako. 

  
Table 2. Measure range of TL, TW, Cp + r (minimum, maximum, mean and standard deviation) 
coconut crabs in Daeo (Morotai Island District), Laigoma (South Halmahera District) and Fitako 
(North Halmahera District) 
 

Sampling 
location 

Sex n Parameter Minimum Maximum mean± 
standard deviation 

Daeo 

Male 314 TL 
TW 

Cp+r 
Weight 

19.58 
36.67 
43.98 

50 

54.86 
106.98 
114.72 

990 

33.53±4.89 
70.87±11.03 
76.29±10.47 

237.58±134.53 

Female 267 TL 
TW 

Cp+r 
Weight 

19.56 
37.67 
43.90 

50 

48.65 
82.44 
90.67 
520 

29.71±3.86 
62.47±9.33 
68.13±8.50 

214.94±82.45 

Laigoma 

Male 15 TL 
TW 

Cp+r 
Weight 

28.56 
51.25 
65.23 
140 

33.48 
75.33 
76.12 
310 

31.32±1.63 
65.13±7.07 
70.55±3.67 

223.33±43.86 

Female 9 TL 
TW 

Cp+r 
Weight 

28.44 
41.58 
61.38 
140 

34.66 
76.25 
87.36 
290 

31.21±2.29 
63.02±10.68 
70.97±7.60 

217.78±57.17 

Fitako 

Male 9 TL 
TW 

Cp+r 
Weight 

27.44 
60.89 
60.48 
160 

46.39 
77.56 
77.12 
410 

32.93±5.700 
65.75±8.60 
69.85±5.11 

243.33±74.33 

Female 22 TL 
TW 

Cp+r 
Weight 

24.33 
46.47 
55.47 
110 

34.50 
76.88 
78.16 
300 

30.03±2.72 
63.10±8.93 
69.35±5.82 

220.00±58.80 
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3.3 Lenght-body weight relationship 

The relationship of TL, TW and Cp + r with weight in the three study sites showed a 
varied relationship  (Table 3). The relationships of TL-W, TW-W and Cp + r-W have a close and 
fluctuating relationship. 

 
Table 3. Intercept value (a), slope (b), tcount value, ttable and coefficient determination (R

2
) of 

coconut crab in Daeo (Morotai Island District), Laigoma (South Halmahera District) and Fitako 
(North Halmahera District) based on TL-W, TW-W and Cp + r-W relationships. 
 

Location 
and 

parameter 
relationship 

Sex and constanta Tcount 

 
Growth pattern R

2
 (%) 

Male Female 

a b a b Male Female Male Female Male Female 

Daeo 

TL-W 

TW-W 

Cp+r-W 

 

0.024 

0.005 

0.001 

 

2.689 

2.608 

2.955 

 

0.024 

0.011 

0.001 

 

2.654 

2.373 

2.811 

 

3.448 

6.107 

2.616 

 

3.264 

8.197 

2.026 

 

Allo- 

Allo- 

Allo- 

 

Allo- 

Allo- 

Allo- 

 

74.05 

84.10 

 

 

73.24 

78.42 

Fitako 

TL-W 

TW-W 

Cp+r-W 

 

0.151 

0.001 

0.001 

 

1.758 

2.938 

3.086 

 

0.196 

0.006 

0.001 

 

1.689 

2.540 

2.983 

 

5.388 

2.690 

0.196 

 

1.071 

5.795 

0.051 

 

Allo- 

Allo- 

Iso 

 

Allo- 

Allo- 

Iso 

 

85.67 

85.93 

87.70 

 

72.27 

73.58 

80.68 

Laigoma 

TL-W 

TW-W 

Cp+r-W 

 

0.032 

0.151 

0.002 

 

2.590 

1.758 

3.330 

 

0.028 

0.197 

0.001 

 

2.589 

1.689 

2.836 

 

1.651 

2.443 

0.782 

 

0.927 

0.126 

0.329 

 

Iso 

Allo- 

Iso 

 

Iso 

Iso 

Iso 

 

89.31 

93.34 

82.73 

 

82.96 

83.86 

82.16 

Description: Iso: isometric; Allo-: negative allometric. 
 

Table 3 showed close relationship 
between TW and weight of male (R

2
 = 

84.10%) and female (R
2
 = 78.42%); TL and 

weight of male (R
2
 = 74.05%) and female 

(R
2
 = 73.24%) in Daeo. While in Fitako also 

seen a close relationship between Cp + r 
and weight of male (R

2
 = 87.70%) and 

female (R
2
 = 80.68%); TW and weight of 

male (R
2
 = 85.93%) and female (R

2
 = 

73.58%); TL and weight of male (R
2
 = 

85.67%) and female (R
2
 = 72.27%). For 

Laigoma, there was also a fluctuating 
relationship that was close relationship 
between TL and weight of male (R

2
 = 

89.31%) and female (R
2
 = 82.96%); TW and 

weight of male (R
2
 = 93.34%) and female R

2
 

= 83.86%); length of Cp + r and weight of 

male (R
2
 = 82.73%) and female (R

2
 = 

82.16%). This condition indicated that 
TL,TW and Cp + r length contribute greatly 
to the weight of coconut crabs (> 70%).  
Those parameters could be used to estimate 
weight of coconut crabs. Based on The 
growth pattern of coconut crab in Daeo and 
Fitako is negative allometric for both male 
and female, whereas in Laigoma the growth 
pattern is allometric negative (male) and 
isometric (female). 

The relationship of carapace size (TL-
W, TW-W, Cp + r-W) in all research sites 
also showed a close relationship (Figure 4). 
The figure described relationship of Cp + r 
with weight (83.93%), TW with weight (84%) 
and TL with weight (77.43%). 
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Figure 4. The relationship of cephalothorax plus rostrum (Cp+r) (a), thorax width (TW) (b), and 
thorax length (TL) (c) with weight. 
 

The male of coconut crabs on three 
parameters measured had an average b 
value greater than the female. The a value 
of female was on average larger than male. 
The a and b values differed between male 
and female coconut crabs (p <0.05). Based 
on the b value and t test obtained the 
average growth pattern of male coconut crab 
is negative allometric,  except at Fitako on 
Cp + r parameter and Laigoma on TL and 
Cp + r parameter were isometric. In female 
coconut crabs, isometric growth patterns 
were found in TL-W and Cp + r - W (Fitako) 
relationships as well as the relationship of 
TL, TW and Cp + r parameters with weight 
in Laigoma. 
 
4. Discussion 

 
Coconut crab in this study was 

dominated by male coconut crabs at Daeo 
and female at Laigoma. The large number of 
coconut crabs in each catching period was 
especially in Daeo for one year (October 
2016-September 2017) because female 
crabs are target of fishermen catch for 
higher selling price. Gonad mature of 

coconut crab in some Ternate restaurants 
could reach 500,000 IDR/individual. Crab 
populations generally, was often found that 
male crabs were more dominant than female 
crabs (Warburg et al., 2012). 

The number of male coconut crab 
catches in Daeo and Laigoma were higher 
than female with a sex ratio of 1: 0.9 and 1: 
0.6, but in Fitako was 1: 2.4. The sex ratio 
showed temporarily fluctuations At all times 
was dominated by male except in May (1: 
1.4), August (1: 1.0) and September (1: 1.3). 
Nevertheless, the overall sex ratio based on 
Chi Square test was balanced. Sulistiono et 
al. (2008) found coconut crabs with a 
balanced sex ratio (1: 1.1) in Pasoso Island, 
Central Sulawesi. Abubakar (2009) also 
found a 1: 1 sex ratio on Yoi Halmahera 
Central Island and Supyan found a sex ratio 
of 1: 1.78 on the Uta Island of Central 
Halmahera. Effendie (2002) suggested that 
an imbalance of sex ratio was caused by 
lifestyle for food availability, population 
density, and food balance. The difference of 
male and female numbers in population was 
due to extent of exploitation and existence of 
variations in environmental conditions  
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Coconut crab catches during the 
study at all three sites showed that male 
coconut crabs had a range of TL, TW and 
Cp + r length greater than female coconut 
crabs. Male have larger sizes than female 
(Anagnostow and Schubart, 2014; Drew and 
Hansson, 2014). The smallest and largest of 
TL size were 19.58 mm and 54.86 mm for 
male and 19.56 mm and 48.65 mm for 
female. While the smallest and largest of TW 
were 36.67 mm and 106.98 mm for male 
and 37.67 mm and 82.44 mm for female. 
The smallest and largest of Cp + r size were 
43.98 mm and 114.72 mm for male and 
43.90 mm and 90.67 mm for female. Drew 
and Hansson (2014) on Christmas Island 
found thorax length female with 16.9 to 51.2 
mm and male with 19.4 to 76.1 mm. Budden 
(2012) in Micronesia also found a male with 
the largest thoracic length of 71.4 mm and 
female of 44.0 mm. Gurusu et al. (2016) 
found coconut crabs in CP + r lengths 
ranging from 18-130 mm in Menui Islands. 
Heryanto and Wowor (2017) also found 
coconut crabs with a size of Cp + r male 
length 4.10-12.40 cm and females 3.92-9.10 
cm in Batudaka Island, Central Sulawesi. 

The TL size showed that size of 
coconut crabs at all three locations was 
smaller than the coconut crab from 
Christmas Island and Micronesia. Mean of 
TW was ≥ 39.25 mm in male and ≥ 42.25 
mm in female that found only one individual. 
The high catches with small size during this 
study indicated that coconut crab 
populations in all three locations were 
depressed, so their growth became 
obstructed and catch activity in larger size. 
Wang et al. (2007) stated that decline 
populations were occurred human 
intervention inhabited areas. It was also 
influenced by the biological characteristics of 
coconut crabs that have slow growth (Drew 
and Hansson, 2014; Helagi  et al., 2015). 
Hamasaki et al. (2014) found juvenile 
coconut crabs with a thoracic length of 4 mm 
at the age of 24 months. 

The relationship of Cp + r with weight, 
thorax width with weight and thorax length 
with weight showed a close relationship with 
R2> 70%. These three parameters could be 
used to estimate the weight. Nevertheless, 
the use of Cp + r size should be seen in 
condition of sample used (rostrum was not 
damaged). Anagnostou and Schubart (2014) 
stated that Cp + r or carapace length was 
most susceptible parameter to measurement 
variations due to damage body parts. The 

growth pattern in three research sites was 
isometric and negative allometric. 
Anagnostou and Schubart (2014) found an 
isometric relationship between thorax length 
(TL) with weight from Chrirstmas Island in 
the Indian Ocean.  

The growth pattern of Cp + r and 
thorax length in male and female was 
isometric. The growth of Cp + r with thorax 
length was proportional between length and 
weight. While the growth pattern of thorax 
width with weight was negative allometric. 
This meant that growth of thorax width was 
faster than weight. Hamasaki et al. (2014) 
stated that coconut crab growth only 
occurred during molting like other 
crustacean classes. This growth variation 
was influenced by sex and size of coconut 
crab. Length, width, and weight are 
important parameters in determining growth 
patterns. Long-term relationships are useful 
in the study of biology, physiology and 
ecology (Satake et al., 2009) especially 
species that have commercial value 
(Mohapatra et al., 2010). Weight estimates 
can be determined by knowing the size of 
length or width and can be used to compare 
between populations. This relationship 
analysis could also be used to determinate 
conservation and management concept of 
coconut crab. 

The b value of male has relatively 
larger than female at all three locations. This 
showed that male have more rapid growth 
than females. Male crabs have faster growth 
of claws that served to protect females from 
predator attacks and during marriage. 
Female could excrete an egg packet in a 
year with weight up to one-third of total body 
so that female crabs have slower growth 
than male crab. Based on TL-W, TW-W and 
Cp + r-W relationships (Table 3), females 
have a larger a (intercept) value than male. 
This indicated that the increase in body 
weight of female in this study faster than 
male. In female, ovarian filling conditions 
(maturity) greatly affected the body weight. 
Individuals who have the same of Cp + r, 
TW and TL could have different weight at 
different stages of ovarian maturity. 

The difference of b value between 
male and female coconut crabs could occur 
by sex, size, and food availability. The 
relationship analysis of length-weight could 
be used as an indicator to estimate the stock 
population size as well as information to 
exploit and evaluate a resource (Atar and 
Secer, 2003; Josileen, 2011). 
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5. Conclusion 
 

The total sex ratio at Daeo, Laigoma 
and Fitako locations was 1: 0.9. The Cp + r, 
thorax width (TW) and thorax length (TL) 
varied across the three location sites. The 
relationship of Cp + r, TW and TL was 
closely related determination coefficient > 
70%, so the three parameters can be used 
to estimate the weight of coconut crab. 
Based on the b value and t test value, 
relationship of Cp + r with weight and thorax 
length with weight was obtained isometric 
growth pattern between male and female. 
While, the thorax width with weight was 
negative allometric. 
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