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Abstract
 

This study provides the ¿rst information on the population parameters of 
Karumballichirus karumba. A total of 902 K. karumba samples were collected, 

consisted of 412 males and 490 females. The von Bertalan൵y parameters were 
estimated to have asymptotic length L∞ (mm): male = 44.21, female = 42.8, and 
pooled = 44, negative allometric condition factor, growth rate K (/years): male 
= 0.58, female = 0.67, and pooled = 0.9. Growth performance index (ϕ’) : male 
= 3.05, female = 3.08, and pooled = 3.24. The natural mortality rate M (/years): 
male =0.7, female = 0.8, and pooled = 1, and shrimp mortality rate F (/years): 
male = 1.57, female = 2.89, and pooled = 3.12. The current exploitation rate 
is slightly higher than optimal exploitation rate = 0.5, indicating that there is a 
need to regulate ¿shing so that it is sustainable. The size of the ¿rst time caught 
is still below (1/2 Linf); thus, the reproductive opportunities of K. karumba 

are guaranteed, and in terms of utilization, fall into the category of sustainable 
¿shing. The estimated life span of K. karumba is 4 to 6 years. Reproduction 
occurs continuously every month, indicated by the discovery of ovigerous 

females. The highest recruitment occurs in January and November. YPR (yield-

per-recruitment) shows that the value of Fcur = 3.12 years⁻¹ in the estimated 
population is lower than Fmax = 5 years⁻¹ and above F05 = 1.99 years⁻¹ and F01 
= 1.8 years⁻¹. 
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1. Introduction
More than 60 million people worldwide depend 

on ¿sheries as their source of income and livelihood 
(FAO, 2018). Global ¿sh production from marine re-

source captures was estimated at approximately 84.4 
million tonnes in 2018 (FAO, 2020). Demand for ¿sh 
for human consumption has been steadily increasing, 

reaching 179 million tons in 2018 (FAO, 2018). The 

majority of people still eat ¿sh, especially those living 
in low- and middle-income countries (Delgado, 2003; 

Hassberg et al., 2020). Fish consumption for human 

consumption is expected to continue to increase from 
50% in 2020 to 89% in 2030 (FAO, 2022). Food 

sourced in aquatic environments is important for the 

economies, livelihoods, nutritional security, and cul-

tures of people in many nations; they are often nu-

trient-rich (Golden et al., 2021). It may help address 

problems related to environmental impacts and human 

health (Crona et al., 2023). 

It is widely believed that the majority of marine 

species are resilient to population reduction and local 

extinction due to their extensive geographic ranges, 
high reproductive rates, and great ability to move. 

Nevertheless, there exist several marine species that do 
not conform to these generalizations, and extinctions 
in the ocean can occur more frequently than expected 
(Carlton et al., 1999; Roberts et al., 1999). Even 

species that are plentiful and have a wide distribution 

can have signi¿cant decreases in population or even 
become extinct as a result of habitat loss, changes, and 
climate change (Ragheb, 2024). However, declines 

in uncommon or unidenti¿ed species may not be 
observed (Carlton et al., 1999; Roberts et al., 1999; 

Raso and Manjon-Cabeza, 2002). Therefore, the 

speci¿c environmental conditions that a species needs 
for its habitat can determine how well it can tolerate 

disturbances in the environment, even if it is a species 

that is found in many di൵erent locations.

Numerous ¿sheries encounter signi¿cant 
challenges in maintaining sustainable resource 

exploitation, including issues such as overexploitation 
of stocks, the bycatch of juvenile specimens, and 

shifts in species assemblages (Duarte et al., 2020). 

To address these concerns, ¿sheries management has 
adopted strategic interventions, including periodic 

stock assessments, harvest quotas, regulations on 

¿shing gear speci¿cations (Melnychuk et al., 2021; 

Kennelly and Broadhurst, 2021), and the ecosystem 

(Clovis and Simon, 2024). Furthermore, the growing 

necessity for high-resolution ¿sheries data has 
driven the expansion of monitoring and surveillance 
initiatives (Silva et al., 2020). This management posi-

tion highlights the urgent need for conservation strate-

gies to maintain the sustainability of essential benthic 

habitats.

Madura Strait is the ¿shing area of ± 92,480 
¿shermen with more than 9000 ¿shing boats. The 
potential of Madura Strait ¿sheries reached 214,097 
tons, and the production has reached 227,427 tons in 

2008, indicating that the region has been experiencing 
over¿shing (East Java Fisheries and Marine Service, 

2010), even mentioned that over-¿shing was detected 
since 1997 (Hidayah et al., 2020). 

K. karumba is commonly found in the intertidal 

zone of the Madura Strait with varying depths, 
utilized by ¿shing communities for consumption or 
for sale, and thus is feared to endanger the K. karumba 

population. Information on the early development 

of ghost shrimp in the intertidal zone of the Madura 
Strait is still lacking. K. karumba has considerable 

ecological and economic signi¿cance, playing an 
important role in nutrient cycling and mineralization 
of matter. Among benthos, shrimp have signi¿cant 
environmental and economic importance, playing a 

fundamental role in marine ecosystems as part of food 

webs and being prey for a variety of species (Mora-

Lara, 1973; Willems et al., 2016). 

Research has been conducted on morphological 

identi¿cation of K. karumba (Poore and Gri൶n, 
1979; Dworschak, 2008; Poore et al., 2019; Sakai, 

1999), molecular phylogeny (Robles et al., 2020), 

and hepatopancreas organ damage caused by heavy 

metals (Kristiani, 2016). However, no study has 

comprehensively observed the entire life history of 

K. karumba population from recruitment to cohort 

disappearance in the intertidal zone of the Madura 
Strait. This study aims to assess the growth, mortality 

and exploitation of K. karumba to serve as a baseline 

for the formulation and implementation of future 

management measures and plans for the stock.

2. Materials and Methods
2.1 Materials 

2.1.1 The equipment

Small hoe; Marina cooler box 18s (capacity 
16ltr ) Brand : Lion Star size: 37 x 25 x 34,5 cm; ana-

lytical scales 50 g ± 0.001 g; Ta൵ware 150 mm Stain-

less Steel Digital Sigmat Caliper Scales, Brand; Cam-

era Digital Pocket Kyou 44 MP.

2.1.2 The materials 

The research location was in the Madura Strait 

intertidal zone with latitude coordinates at 7°09′34″S, 
112°47′32″E (Figure 1). The sampling locations were 

determined based on the ¿shing community's habits  
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in catching ghost shrimp. Sampling was conducted at 

low tide to assess ghost shrimp burrows, as the species 

inhabits muddy intertidal zones. 

A total of 902 specimens were collected from 

July 2023 to June 2024. Ghost shrimp were collected 

monthly from an area of approximately 5.19 ha. 
Samples were collected and selected based on frequent 

¿shing activity and known ghost shrimp presence, and 
the patchy spatial distribution of ghost shrimp burrows 

in the intertidal habitat. 

Sampling was conducted at low tide by 

locating shrimp burrows, identi¿ed by light sediment 
on the surface (Figure 2a). Each burrow was excavated 
using a traditional digging method to a depth of 

approximately 10–15 cm, with each burrow typically 
containing a single shrimp (Figure 2), and one burrow 

contained a single individual.

2.1.3 Ethical approval

This study does not require ethical approval 

because it does not use experimental animals.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.2 Methods 
Ghost shrimp samples that have been taken 

are stored in a coolbox and then weighed and mea-

sured based on male and female.

2.2.1 Growth parameters 

According to E൵endie (1997), length-weight 

relationship analysis is calculated using the equation: 

W = a L b..................................................................(i)  

Where: 

W = weight (g), 

L = carapace length (mm), 

a = intercept, 

b = constant value a and b is the constant obtained 
from the regression analysis of length and weight.

Growth parameters following the von Berta 
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Figure 1. Research location.



 

 

 

 
lan൵y Growth Function (VBGF) including growth rate 
(K), asymptotic length (L∞) and growth performance 
index (ϕ’) were estimated using the option Simulated 
annealing (SA) with and without seasonal from Elec-
tronic Length Frequency Analysis (ELEFAN) (Taylor 

and Mildenberger, 2017). 

Estimation of the maximum lifespan (Tmax) of species 

is performed using this method: 

Tmax = 3 / K  (Anato, 1999)

The growth performance index was calculated using 
the formula:

ϕ› = 2*logL∞ + log K (Pauly and Munro, 1984)

The theoretical age at length zero (t
0
) followed the 

equation:

Log 10 (-t0) = -0.3922 – 0.2752 log 10 L∞ - 1.038log 
10 K (Pauly, 1979)

Mortality parameters:

	 Total mortality (Z) was computed using the 
Linearized length converted catch curve (Pauly and 

David, 1981; Spare and Venema, 1992). The natural 

mortality rate (M) was calculated using the procedure:

M = 4.118K0.73L∞−0.333 (Then et al., 2015)

Fishing mortality (F) was calculated as:

Z – M (Qamar et al., 2016)

The exploitation rate (E) was computed using the 
equation:

F/Z (Pauly, 1984) 

2.2.2 Length at first capture (Lc50)

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

	  

	 The chance of capture was determined by ex-
trapolating backwards along the falling portion of the 
length-converted catch curve. A selectivity curve was 
created by applying linear regression to the ascend-
ing data points obtained from a plot of the probability 
of capture against length. This curve was then used 
to determine the lengths at which the probabilities of 

capture were 50%, 75%, and 95% (Pauly, 1987).

2.2.3 Recruitment

	 The recruitment pattern was estimated using 
the subprogram of FiSAT, with the asymptotic carapace 
length (CL), growth constant (K), and age at zero size 
(t0) being used as input parameters (Gayalino et al., 

2005).

2.2.4 Yield per recruit

The Thompson and Bell model was utilized 
to establish biological reference values, which are 
essential for determining input control strategies, 
such as reducing ¿shing e൵ort. The study obtained the 
¿shing mortality required to determine the yield and 
biomass trajectories by manipulating the parameter F 

in the Thompson and Bell model.

2.3 Analysis Data 
The TropFishR package in R programming 

was used to assess the population parameters of K. 

karumba specimens in the intertidal zone of the Mad-
ura Strait encountered during the study period (Taylor 
and Mildenberger, 2017). The script used in analyzing 
the data is the result of the development of scripts/

modules that have been used. 

3. Results and Discussion
3.1 Results

Figure 2. The process of sampling ghost shrimp in the Madura Strait intertidal zone.

Jailani et al. / JIPK, 17(3):643-655
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3.1.1 Lenght weight relationship

The length-weight relationship (Table 1) 

analysis of K. karumba indicates that growth in length 

occurs more rapidly than in weight. According to 

E൵endi (1979) a value greater or smaller than 3 ¿sh 
growth is said to be allometric. The length-weight re-

lationship (Figure 3) equation in male K. karumba is 

0.5204 L 1.121, female W = 0.4421 L 1.1731 and pooled 

W = 0.4828 L 1.145. The relationship between carapace 

length and total weight showed that as total length 

increased, males weighed more than females. Re-

gression analysis on the transformed data showed a 

strong and moderately strong relationship between the 

two sexes (male = 0.72 and female = 0.61).  Pooled 
R2 value of 0.66, which is predicted because the 
male sample has di൵erences in the size and shape of 
the cheliped major, which are larger and wider than 

those of the female sample. In addition, the males 

attained a greater size, indicating a size dimorphism.  
 

 

Parameter Male Female Pooled

n 412 490 902

W = aLb 0.5204 L 1.121 0.4421 L 1.1731 0.4828 L 1.145

R2 0.7212 0.6117 0.6698
Growth pattern Allometric (-) Allometric (-) Allometric (-)

Condition factor 1.02 1.02 1.02

 

 

 

 

 

 

 

 

3.1.2 Length-frequency distribution 

	 The length-frequency distribution of male K. 

karumba (Figure 4a) ranged from 5.95 to 41.95 mm 

in carapace length range. Females (Figure 4b) ranged 

from 9.95 to 37.95 mm. For the pooled data (Figure 

4c), the carapace length range was 5.95 to 41.95 mm.

	 The smallest male (4.6 mm) and the smallest fe-

male (7.5 mm) were collected in July. The largest male 

(40.9 mm) and largest female (35.4 mm) were record-

ed in August. Shrimp were more abundant and showed 

a wider size range in July and August, suggesting a 

peak recruitment or activity period. 

	 Based on length-frequency distribution data from 

902 K. karumba samples, 412 were male and 490 were 

female. The data show that males generally reach larger 

sizes than females. According to Saputra et al. (2009), 

a population is considered demographically balanced 

when males and females occur in approximately equal  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Table of length weight relationship K. karumba

Males and females have the same value condition factor as 1.02. The males had a b value 

of 1.121, the females had a b value of 1.173, and the pooled value was 1.145. The t test was 

conducted on males and females, and combined results showed that b ≠ 3 can be concluded to 
belong in the negative allometric category. 

Figure 3. Relationship between carapace length (mm) and W (g) of K. karumba 

in the intertidal zone of the Madura Strait.
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numbers or when females are more abundant, which 

supports population sustainability. The results of this 

overall frequency show that the size of shrimp that is 
often caught in the intertidal zone of the Madura Strait 
is 20-30 mm, or adult size. This may be due to smaller 

individuals inhabiting narrower burrows, which 

are less detectable or accessible using the manual 

sampling technique employed.

The restructured length-frequency for K. 

karumba with superimposed growth curves is shown in 

Figure 5. The asymptotic length (L∞) for K. karumba 

male: 44.21, female: 42.8, and pooled: 44, respectively, 
with a corresponding growth rate (K) of 0.58 yr-1, 0.67 
yr-1 and 0.9 yr-1. The growth performance index (Φ′), 
respectively, for males, females, and pooled data, 

was 3.05, 3.08, and 3.24, while the age at zero-length 
(t

0
) was -0.249 years, -0.215 years and -0.158 years. 

Furthermore, the Rn value, respectively, for males, 

females, and pooled data, were 0.77, 0.71, and 0.52. 

The longevity (Tmax) was calculated as approximately 
6, 5, and 4 years.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1.3 Growth parameters

	 The restructured length-frequency for K. 

karumba with superimposed growth curves is shown in 

Figure 5. The asymptotic length (L∞) for K. karumba 

male: 44.21, female: 42.8 and pooled: 44 respectively, 
with a corresponding growth rate (K) of 0.58 yr-1, 0.67 
yr-1 and 0.9 yr-1. The growth performance index (Φ′) 
was 3.05, 3.08, and 3.24 while the age at zero-length 
(t

0
) was -0.249 years, -0.215 years, and -0.158 years. 

Furthermore, the Rn value were 0.77, 0.71, and 0.52 

for males, females, and pooled data, respectively. The 

longevity (Tmax) was calculated as approximately 6, 5, 
and 4 years.

The growth parameters for K. karumba (Table 

2) have never been reported before. The growth coef-

¿cient (K) of K. karumba is considered quite slow, be-

tween 0.5 and 0.9 per year. This growth value is simi-

lar to Mud Shrimp (e.g., Upogebia spp. or Callianassa 

spp.): The (K) value generally ranges from 0.3 to 1.0 
per year (Kim et al., 2023). The growth of male and 

female K. karumba has a similar pattern, the factors  

b. female

c. pooled

Figure 4. Karumballichirus karumba (Pooroe and Gri൶n, 1979). Monthly length-frequency distributions for males, 
females, and pooled specimens.

a. male

Jailani et al. / JIPK, 17(3):643-655
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that a൵ect the growth of K. karumba are temperature 

and food supply, the water temperature in the Madu-

ra Strait has an average value of 28ºC and the results 
of the analysis of food habbit in the form of organic 

materials directly consume deposits in their burrowing 

habbit. Therefore, Àuctuating elements like suspend-

ed particles, organic content, and chlorophyll can all 

be indicators of possible food since satellite remote 

sensing data on chlorophyll an is frequently utilized as 
one of the parameters for ¿lter feeder bivalves growth 
modeling (Radiarta, et al., 2008; Thomas, et al., 2011; 

Newell et al., 2017). Temperature and the availability 

of food are the two most signi¿cant external factors 
a൵ecting the growth of marine crustaceans (Hartnoll, 

2001). In addition, shrimp growth is inÀuenced by 
latitudinal distribution. The population growth rate of 

mud shrimp in East Asia is positively correlated with 

latitude, as seen by the latitude-speci¿c CL distribu-

tion of +1-year-old shrimp following settlement from 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Russia, Seonjaedo, Jugyo, Tokyo Bay, and Namhae 
(Kim et al., 2023).

	 The theoretical maximum lifespan (Tmax) is the 
maximum age limit that is theoretically possible for 
a species to reach, Tmax of individual K. karumba, 
estimated using the VBGF, was 4 to 6 years (Figure 
6). The lifespan of Upogebia shrimp is reported to be 
three to ¿ve years in other studies (Kinoshita, 2009). 
It is challenging to think of the estimated longevity 
as the average lifespan of the shrimp cohort, even 
while it can represent an individual's theoretical 
maximum lifespan. The duration between a cohort's 
initial identi¿cation and eventual disappearance 
from the samples is commonly used to de¿ne the 
lifespan (Baldwin and Bauer, 2003). The growth of K. 
karumba slows down with age (Figure 4 and 5), some 
samples were found of varying sizes and individuals 
that were often found all year had a carapace length 
of 25 mm or adult size, this is thought to be because  

a. male

c. pooled

Figure 5. Restructured length-frequency distribution (MA = 5) histograms with the growth curves (dashed lines) 
obtained through the bootstrapped ELEFAN SA with seasonal analysis for K. karumba. The purple shading empha-

sizes the peaks (black boxes), while the pink shading emphasizes the troughs (white boxes) of the restricted length 
frequency distribution.

b. female
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Parameters Male Female Pooled

Lmax (mm) 40.9 37.9 40.9

L∞ (mm) 44.21 42.8 44

K (/years) 0.58 0.67 0.9

t₀ (/years) -0.24924 -0.21577 -0.15840
ϕ’ 3.05 3.08 3.24

Tmax(/years) 6 5 4

Rnmax 0.77 0.71 0.52

Lt Lt=44.21(1-e-0.58(t+0.24924)) Lt=42.8(1-e-0.67(t+0.21577)) Lt=44(1-e-0.9(t+0.1584))

Z (/years) 2.27 3.69 4.12

M (/years) 0.7 0.8 1

F (/years) 1.57 2.89 3.12

E 0.69 0.78 0.75

E05 0.69 1.03 0.48
Emax 2.19 1.28 1.21

F01 (/years) 1.35 1.69 1.8
F05 (/years) 1.57 3.8 1.99

Fmax (/years) 5 4.79 5

t50 (years) 1.14 1.34 0.75

t75 (years) 1.36 1.55 0.86
t95 (years) 1.72 1.92 1.06
L50 (mm) 24.63 27.87 24.65
L75 (mm) 26.97 29.94 26.62
L95 (mm) 30.28 32.79 29.49

t_anchor 0.44 0.25 0.49

c 0.99 0.79 0.99

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

the characteristics of the K. karumba population grow 

quickly to mature, spawn, and live several years with 

slow growth. The study results by Kinoshita et al., 

2003 obtained similar results related to the growth 

of mud shrimp Upogebia Major. Because there are 

di൶culties in applying age determination based on 
length-frequency data in digger shrimp species, 

length-frequency-based models require additional 

data to obtain more precise results (Hartnoll, 2001). 

Sustainability potential attributes, growth patterns, 

condition factors, and growth coe൶cients are the main 
standards for assessing the suitability and existence of 
individuals or species (Asrial et al., 2020).

3.1.4 Length at capture and mortalitty parameters

	 The results of the analysis with the length con-

Table 2. Population parameters of the Karumballichirus karumba (Pooroe and Gri൶n, 1979). Von Bertalan൵y growth 
parameter estimation by the ELEFAN analysis of length frequency data for females, males and pooled data

Jailani et al. / JIPK, 17(3):643-655
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Figure 6. K. karumba  (Pooroe and Gri൶n, 1979). 
Growth curves for male, female, and pooled data based 

on the length-frequency distributions during the sam-

pling period.



verted catch curve method of K. karumba showed the 

total mortality rate (Z) male = 2.27, female = 3.69, and 
pooled = 4.12 yr-1, natural mortality (M) male = 0.7, 
female = 0.8, and pooled = 1 yr-1 and mortality due to 

capture (F) male = 1.57, female = 2.89 and pooled = 
3.12 yr-1. The exploitation rate (E) male = 0.69, female 
= 0.78, and pooled = 0.75 yr-1  (Table 2). 

	 The size of the length at capture (L
50

) obtained 

in the intertidal zone of the Madura Strait for males = 
24. 63 mm, female = 27.87 mm and pooled = 24.65 
mm, length at capture values are greater than half of 

the L∞ values obtained, which are males = 22.1 mm, 
females = 21.4 mm, and combined = 22 mm.	 T h e 

capture mortality of K. karumba is higher than the nat-

ural mortality, indicating that the exploitation rate is 
higher than that suggested by Gulland, 1971, namely, 

the exploitation rate is said to be optimal if natural 
mortality and ¿shing mortality are balanced E

opt
 = 0.5. 

The exploitation value of K. karumba is considered 

vulnerable at this time, so there is a need for man-

agement in terms of capture. Basically, K. karumba 

has a low economic value compared to other types 

of shrimp, but still must be preserved for ecological 

bene¿ts. K. karumba caught in the Madura Strait is 

included in the large size. From this situation, it can be 
concluded that in terms of reproductive opportunities, 

K. karumba is secured, and in terms of its utilization, 
it is included in the category of sustainable ¿shing.

3.2 Discussion
3.2.1 Recruitment

Fish growth is an important indicator for as-

sessing the recruitment potential and biomass recov-

ery of ¿sh populations (Yonvitner et al., 2021). The 

recruitment pattern is obtained by entering the values 

of L∞, K, and t
0
, and these parameters were entered 

into the TropFishR recruitment estimation function 

in RStudio to model monthly recruitment. The re-

sults of the percentage is obtained in January with a 

value above 10%. The second and third percentages 

are in November and April, with a percentage value 

above 9% and 8%, respectively. The results show 

that recruitment occurs almost every month. Estimat-

ed peak recruitment was concentrated in January and 

November. Research on the seasonal reproduction of 

the ghost shrimp L. bocourti showed that recruitment, 

indicated by gonadosomatic index (GSI) and ovigerous 
females (OF), occurred from March to August and is 

a൵ected by temperature (Hernaez et al., 2012).

Recruitment patterns of K. karumba in the 

Madura Strait estimated from restructured length-fre-

quency data on a 1 year time scale. The decrease in the 

percentage of K. karumba recruitment value in May 

was caused by the e൵ects of tides, which reduced the 
sampling area. 

In addition, external factors such as the pres-

ence of parasitic infections in the living environment 

can inhibit or reduce the recruitment of burrowing 

shrimp, especially female shrimp, another assumption 

is due to the presence of adult shrimp, and water qual-

ity at the study site. another factor is due to the high 

mortality rate at the benthic juvenile stage due to pre-

dation and environmental changes where in May is a 

transitional season. 

The assumption needs to be con¿rmed by con-

ducting a multi-year study to calculate the recruitment 

pattern of K. karumba. The recruitment pattern shows 

that K. karumba spawns during the year, as seen in 

the catch of ovigerous females (stage IV) found ev-

ery month. In K. karumba samples, 2 types of para-

sites from the genus copepoda and from the phylum 

cestoda were detected. Factors a൵ecting mud shrimp 
recruitment, including the number of females capable 

of spawning, are parasitic infections. While most co-

pepods are free-living, there are also many parasitic 

species (Calbet, 2024). Various factors inÀuence the 
recruitment of mud shrimp, including a decrease in the 

number of female shrimp capable of spawning due to 

parasite diseases (Dumbauld et al., 2011; Repetto and 

Gri൵en, 2011; Asson et al., 2017), the transport of sur-

face waters (Sarah et al., 2009).

3.2.2 Relative yield per recruitment (YPR)

The length at ¿rst capture is an important input 
in the computation of relative yield-per-recruit and 

relative biomass-per-recruit. F
cur

 (3.12 yr-1) in the esti-

mated population is lower than Fmax (5 yr-1) and above 

F
05

: (1.99 yr-1) and F
01

 (1.8 yr-1). The observed YPR 

(7.65 g/r) was lower than the YPR at Fmax (8.04 g/r). 
at-age-capture t

c
 curr (0.74 yr-1) and ¿rst time caught 

size Lc curr (24.65 mm). 

The data provide information that the stock 

condition of K. karumba ghost shrimp in the intertidal 

zone of the Madura Strait is exploited. K. karumba 

¿shing activities at the location are not only carried 
out by ¿shing communities around the location but 
also from outside the area. Regulate ¿shing by reduc-

ing intensity to target F01 or F05 and increasing length 

capture (Lc), as well as providing information to ¿sh-

ing communities about the importance of sustainable 

¿sheries, and empowering ¿shing communities by 
involving them in raising awareness about ¿shery re-

sources, especially the ghost shrimp K. karumba. Con-

sidering that research on ghost shrimp in the Madura 

Strait and Indonesia is still very limited, the ¿ndings 
of this study can serve as a suitable benchmark for the 
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formulation of resource management strategies for the 

¿shing resources in this region.

4. Conclusion 
K. karumba from the intertidal zone of the 

Madura Strait had negative allometric growth. K. 

karumba showed signs of slow growth at a rate of 0.5 

to 0.9 yr-1. K. karumba being “sustainable” despite 

over¿shing (E = 0.75). The size of the length at capture 
(L

50
) of K. karumba is greater than 1/2 L∞, but the 

current exploitation level still exceeds optimal levels 
(Eopt = 0.5). Recruitment occurred throughout the 
year, with monthly percentages ranging from 8–10%.
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