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Introduction
As a kind of large economic crabs, the blue swimming crab, Portunus 

trituberculatus, widely distributed in the Yellow Sea, Bohai Sea and the 
west coast of the Pacific, is an important capture target in China, the 
North Korea, the South Korea, Japan, the Philippines and Vietnam, etc. 
[1-3]. It is also the most important species for marine culture in China 
[4]. Over the past several decades, the number of P. trituberculatus, 
living in the natural sea area, has dramatically dropped as a result 
of overfishing and the change in natural ecological environment. In 
order to make up for the shortage of natural fishing resources, the 
Chinese and Japanese governments have begun to implement the stock 
enhancement plan for P. trituberculatus since 1985. The development 
of enhancing and releasing activities significantly increases the wild-
caught catches of P. trituberculatus. For example, only 349,000 tons 
of P. trituberculatus were caught in 2010 off the coast of China [5], 
compared with 540,000 tons in 2017, an increase of 54.7% [6].  

In spite of the remarkable economic benefits from enhancing 
and releasing, there has been no evaluation method for the effect all 
the time. In order to evaluate the effect of enhancing and releasing, 
the marking releasing must be carried out in the estimation of 
the recapture rate and multiplication effect in natural population 
(proportions) [7]. As a kind of crustaceans, the conventional physical 
and chemical marker techniques cannot be applied to the enhancing 
and releasing marking of P. trituberculatus, since on the one hand, this 
kind of species has to experience multiple shelling to grow [8] and on 
the other hand, the larvae are vulnerable to enhancing and releasing 
and any marker technique that damages the body can result in a high 
mortality rate, which further leads to the inaccurate recapture rate. In 
this regard, molecular marker technique, which does not cause any 
damage to the released individuals, is an ideal means for evaluating 
the stock enhancement effect of P. trituberculatus. However, few 

studies about the evaluation model of enhancement and release effect 
based on molecular marker technique have been conducted yet. In 
view of the current development of SNP in mitochondrial genome of 
P. trituberculatus, the present paper attempts to propose a model for 
evaluating the enhancing and releasing effect based on this marker 
technique, with an aim to provide theoretical guidance for future 
researches.

The establishment of mathematical model

As the survey of germplasm resources indicate, the blue swimming 
crab does not take long-distance migration, with the maximum of 25 
km [9]. On this basis, assumptions can be made that after artificial 
release, the P. trituberculatus will distribute in the water area of 25 
km around the releasing point, that is, the total area S=πr2≈1962.5 
km2. In an attempt to investigate the recapture rate of enhancing and 
releasing individuals, samples are required within the area. Suppose 
ten points are randomly selected with the total area of S1. The number 
of P. trituberculatus collected in S1 is N1 and the individuals selected 
by SNP marker identification technology is '

1N . In addition, assuming 
that the probability of “actual identification rate of molecular marker 
technique” is Pm, then the actual N1 sample should contain the releasing 
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vitality are selected from each family and put into the aquaculture 
pond. Altogether 1,800 crabs with marks are put into ponds.

The detection and recognition of marked individuals: After 
72 hours of artificial marking, the P. trituberculatus in the pond are 
randomly sampled and examined. In the aquaculture pond above, 10 
sampling points are evenly selected and one crab traps are placed at each 
sampling point. After one night, the number and ratio of artificially 
marked individuals can be statistically and calculated and collected. 
Furthermore, 18 mtSNPs markers can be used for the identification of 
the captured individuals [11]. The results show that the recognition rate 
of molecular markers is 95.5%. On this basis, Pm value of the molecular 
marker recognition rate in the above model can be set to 0.955. 

The number of marked individuals (enhancing and releasing 
individuals) obtained from the 10 sampling are 9, 11, 6, 8, 9, 11, 8, 9, 13, 
7, respectively. The average value is 9.1 and the sampling area is about 
0.122 m2. According to the model above, it is estimated that the number 
of marked individuals in the pond is 1776. Chi- square test shows that 
there is no significant difference from the actual marked individuals 
(1800). The results indicate the high reliability of this model. 
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individuals, '
12 mPNN = × . On this basis, it can be concluded that the 

total number of released individuals '
2N in the total area S (1962.5 km2) 

is ' '
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Based on the mitochondrial genomic SNP markers, it can be 
found that different from the previous physical markers [10], this 
method can be used to label all the releasing individuals, not only 
part of them. Therefore, the number of released individuals and their 
corresponding ratios can be obtained directly from the total number 
of catches in any batch. Moreover, the probability distribution law of 
individuals released with molecular markers can be regarded as normal 
distribution, compared with Poisson distribution, the distribution 
pattern only for marking thousands to tens of thousands of individuals 
[10]. Therefore, we further propose the following mathematical models 
for the total number of enhancing and releasing individuals from the 
population. 

Assuming that the P. trituberculatus collected at a certain time is N1 
with the released individuals of N2, then the probability (ri) of released 
individuals at any time is presented as follows:

'
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= =                                   (1)

Where '
1N  is the released individuals identified by molecular 

marker technique and Pm is the molecular marker recognition rate. 

  According to the probability of normal distribution, the average 
expected value (μ) of individuals released at a certain time point in the 
sea area is:
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Where the x refers to the number of released individuals from 
a single sampling and σ is the overall standard deviation. Therefore, 
supposing that the released individuals per sampling is µi, the surface 
sea area is S1 and 

1 1

1962.5Sk
s s

= =

Where S refers to the total distribution of released individuals, 
then the total number of enhancing and releasing individuals can be 

estimated by the following formula, which is '
k

i
i

N µ=∑ , where 

i=1,2,3…k. 

The Verification of Mathematical Model

Sample marking: In order to verify the applicability of the above 
model, the present study employs a circular aquaculture pond with 
a radius of 65 m (the total area is about 13,266.5 m2 with 140,000 
P. trituberculatus in total), and takes the offspring of 60 parent P. 
trituberculatus as the research objects. 50 juvenile crabs in the second 
phase are selected from each family. The physical marks of individuals 
are obtained by injecting different colors of fluorescent markers 
(Visible Implant Fluorescent tag, North West Marine Technology 
Inc.) into the fourth foot base. After 24-36 hours of short-term feeding 
observation, 30 crabs with the best preserved markers and the strongest 
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