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Abstract: Agonistic behavior is a common behavior among agonistic Chinese mitten crabs (Eriocheir
sinensis). Such behavior often leads to limb loss or physical impairment, and significantly affects
the survival, growth, and quality of the crabs, and even the yield and economic value for E. sinensis.
Agonistic behavior often occurs in agonistic crabs, which is closely related to personality traits
and interactive behavior of animals. E. sinensis has personality traits such as boldness, aggression,
and exploration as evidenced by the partition-crossing experiment, mirror experiment, and shelter
experiment. Agonistic crabs were identified as individuals with boldness, high aggression, and
high exploration. The interactive behavior spectrum of E. sinensis was first obtained, consisting
of 15 behaviors. This spectrum described and summarized all interactive behaviors of E. sinensis
during fights. The interactive behavior characteristics of agonistic crabs were identified as darting,
intimidating, grabbing, pushing, stretching, and visitation. These results lay a theoretical basis for
in-depth behavioral research on E. sinensis in the future. The technique of identifying agonistic crabs
by personality traits and interactive behaviors not only allows for the elimination of agonistic crabs
from the aquaculture process and the reduction in negative impacts caused by aggressive crabs, but
also allows for the breeding of non-agonistic crabs and the further reduction in the economic losses
caused by fighting behaviors.

Keywords: Eriocheir sinensis; personality traits; interactive behavior; agonistic crab

Key Contribution: E. sinensis has personality traits that include boldness, aggression, and explo-
ration; there is a significant correlation between personality traits. Personality traits can be used to
distinguish agonistic crabs. Agonistic crabs are individuals with bold, strong aggressiveness, and
strong exploration. The interactive behavior spectrum of E. sinensis has been established for the first
time. Interactive behavioral characteristics can be used to distinguish agonistic crabs.

1. Introduction

The Chinese mitten crab (Eriocheir sinensis) is an important freshwater aquaculture
species in China. Valued for its culinary appeal within Chinese cultural and dietary tradi-
tions, it is a favored delicacy among many consumers. The interactive behavior of E. sinensis
becomes increasingly intense in the context of high-density pond culture. Agonistic interac-
tions often result in high energy expenditure and missing limbs [1]. An increase in agonistic
crabs correlates with higher economic losses. Notably, agonistic behavior is closely linked
to personality traits. Research has shown that personality traits can affect an individual’s
health, growth, reproduction, metabolism, survival, and evolution [2–6]. Although many
studies have identified personality traits in other crustaceans, such as Portunus tritubercula-
tus, Procambarus clarkii, and members of the Paguridae family, information on personality
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traits in E. sinensis is still limited due to the large variation in personality among aquatic
species [7–9].

Animal personality traits include boldness, aggression, and exploration, which have
been studied extensively in recent years [10–15]. Boldness refers to an individual’s propen-
sity to take risks [16]. Aggression plays a crucial role in both intra- and inter-species
competition; it may be crucial to obtain resources such as spouses, food, and territory, and
to establish a dominance hierarchy in social populations [16–18]. Exploration describes the
tendency to seek information in new environments [19]. Due to the complexity of animal
personality traits, researchers have designed various personality trait tests to assess the
personality traits of different species. For example, boldness, aggression, and exploration
have been assessed using obstacle, mirror, and shelter experiments [8,18,20]. Furthermore,
in order to explore animal personality traits, it is necessary to study the correlation and
repeatability of personality traits [21]. Some animals, such as green sea turtles (Chelonia my-
das) and wasps (Vespidae), exhibit the correlation of personality traits [22,23]. Repeatability
of personality traits refers to the fact that personality traits will remain the same through
time and environment [24].

Interactive behavior is common in animals and there is a wide range of interactive
behaviors in social interactions, predator–prey relationships, and interactions with the
environment [3,25,26]. The interactive behavior of animals can be influenced by personality
traits, leading to varied interactive behaviors among individuals. For example, the bold
and active Eurasian perch (Dicentrarchus labrax) tended to hunt active prey [27]. Bold
swallow-tailed gulls (Creagrus) tended to hunt unfamiliar prey in nature [28]. Boldness and
exploration affected biological invasions of peacockfish (Poecilia reticulata) and spinyback
fish (Notacanthus abbotti) [29]. In crustaceans, bolder swimming crabs exhibited more fre-
quent fighting behavior [30]. Crabs exhibited significant variations in interactive behavior
during fights, notably between agonistic and non-agonistic individuals [30]. However, it
was difficult to accurately describe the interactive behavior of the agonistic crabs due to the
limited research on the interactive behavior of E. sinensis.

Certain morphological characteristics of animals can help to differentiate individuals
with different personality traits. For example, guppy (Poecilia reticulata) coloration and head
patch size in hazel dormice (Fukomys anselli) were associated with personality traits [24,31].
In crustaceans, chelipeds and pereiopods possess highly heritable morphological character-
istics and play crucial roles in interactive behavior [32]. These morphological characteristics
can be used to differentiate between individuals with different personality traits. For exam-
ple, larger cheliped size in crayfish is correlated with higher levels of aggression [20]. As a
result, differences in morphological characteristics between agonistic and non-agonistic
E. sinensis may exist, potentially facilitating the identification of agonistic crabs.

The primary objective of this research was to assess the personality traits and interac-
tive behaviors of E. sinensis and to explore strategies for identifying agonistic individuals.
A Principal Component Analysis (PCA) was used to study the interaction behavior of ago-
nistic and non-agonistic crabs with a view for finding the characteristics of the interaction
behavior of both. The findings from this study are poised to enhance our understanding of
personality traits in E. sinensis, and refine approaches to behavioral studies in crabs. Two
methods are provided to differentiate between agonistic crabs, and effectively reduce the
adverse effects of agonistic crabs in the aquaculture process and improve the production
and quality of E. sinensis.

2. Materials and Methods

The E. sinensis crabs used in this study were obtained from Shanghai, Daohong
Aquaculture Technology Co., Ltd. (Shanghai, China). The experimental protocols were
thoroughly reviewed and approved by the Animal Bioethics Committee of Shanghai Ocean
University, China. A total of 120 crabs were temporarily housed in a glass tank. Male crabs
(33.90 ± 4.00 g) with intact appendages were selected for this study. The crabs were placed
in an opaque circular tank 30 cm in diameter and kept individually for 7 days to avoid
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contact with each other’s physical, chemical, and biological information. The water depth
was maintained at 10 cm and provided with independent aeration. Half of the water in the
tank was changed regularly. The water temperature was maintained at a constant 20 ± 1 ◦C
and the light/dark ratio was set at 12:12; we used a dissolved oxygen (DO) concentration
≥ 7.8 mg/L. The crabs were fed 5% of their body weight daily at 17:00 hrs. The crabs were
fed using a commercial pellet feed between 17:00 and 18:00. Experiments began in October
2022 and ended in June 2023.

2.1. The Personality Traits and the Agonistic Crabs

In order to accurately obtain the personality traits of E. sinensis, several personality
traits were tested to observe significant individual differences. The three most effective
methods were identified as the partition-crossing experiment, mirror experiment, and
shelter experiment. All crabs were individually tested for boldness, aggression, and
exploration by these methods. There was a two-day interval between each method. A K-
mean cluster analysis was tested to distinguish between agonistic and non-agonistic crabs.

2.1.1. The Personality Traits

(1) boldness
The boldness of the crabs was evaluated by the partition-crossing experiment [20].

The experimental setup consisted of a rectangular tank (23 × 18 × 28 cm) with a water
depth of 10 cm and a partition (18 × 10 cm) placed in the middle of the bottom (Figure 1A).
A camera was positioned directly above the tank to capture the behavior of the crabs.
Each crab was placed on one side of the partition in the tank and observed for 30 min.
Boldness was evaluated by recording the number of times the crab crossed the partition.
For E. sinensis, climbing over the partition carried a risk. Therefore, the more times the
crab climbed over the partition, the higher the boldness. More detailed information can be
found in the Supplementary Videos.
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(2) aggression
Mirror experiments are widely used in animal aggression studies [18,33]. Crab ag-

gression was assessed by recording the number of their interactions with mirrors [34]. The
experimental setup consisted of a rectangular tank (23 × 18 × 28 cm) with a water depth of
10 cm and a flat mirror (20 × 20 cm) placed on one side of the tank and a camera placed
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directly above the tank (Figure 1B). A partition was used to cover the plane mirror before
the start of the experiment to avoid premature contact between the individual crab and the
mirror image. The partition was slowly removed after 10 min of adaptation, and then the
number of aggressive interactions such as movement towards the mirror, cheliped displays,
and physical contact between the crab and the mirror was recorded for 30 min using the
camera. Previous studies have validated this test, demonstrating that these interactions
mirror those against a ‘real’ opponent [35]. More detailed information can be found in the
Supplementary Videos.

(3) exploration
Crab exploration was assessed by measuring their movement time in the exploration

area during the shelter experiment [18]. The exploration area referred to the space outside
the shelter, and the time the animals spent moving in this area was recorded to estimate
their exploration. The experimental setup consisted of a tank (60 × 40 × 40 cm) with a
shelter with a trap door. A camera was placed directly above the tank (Figure 1C). The
crab was placed in shelters individually. After 10 min of adaptation, the trap door was
opened, and the crab movement time in the exploration area was recorded. Longer time of
movement indicated higher exploration.

2.1.2. Repeatability of Personality Traits

To ensure repeatability in the personality traits of E. sinensis, tests for boldness, ag-
gression, and exploration were conducted on each crab twice, with a two-week interval
between sessions [24]. Repeatability of E. sinensis boldness, aggression, and exploration
was obtained from behavioral consistency between two tests.

2.1.3. Correlation Analysis between Personality Traits

The personality traits of crabs, including boldness, aggression, and exploration, were
assessed using the partition-crossing experiment, mirror experiment, and shelter experi-
ment, respectively. Pearson correlation tests were then employed to examine the relation-
ships between these personality traits [24].

2.1.4. The Agonistic Crab Identification

The boldness, aggression, and exploration of E. sinensis were obtained through three
personality trait tests, on the basis of which all individuals were differentiated into agonistic,
non-agonistic, and ordinary crabs by the K-mean cluster analysis [18]. Ordinary crabs
are individuals other than agonistic and non-agonistic crabs. Subsequently, differences in
personality traits between agonistic and non-agonistic crabs were analyzed.

2.2. Validation of Agonistic Crabs by Fighting Experiment

Based on the results of the cluster analysis, all individuals were divided into three
groups: the (1) agonistic crab group; (2) non-agonistic crab group; (3) ordinary crab group.
Separate fighting experiments were conducted for each group. The setup involved a
cylindrical tank, divided by a partition, and equipped with a video recording system. A
camera was positioned directly above the tank to capture the activity (Figure 2) [1]. Two
crabs from the same group, with a weight difference of 1–4%, were paired and placed
on opposite sides of the tank, separated by the partition. After 10 min of adaptation,
the partition was removed and the high-definition camera recorded the crabs’ interactive
behavior for 1 h. The recorded videos were analyzed in the laboratory and data were
collected for a further analysis. In the fighting experiment, data such as fighting behavior,
movement, contact behavior, and fighting time could be obtained to verify the agonistic
crab [36].
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2.3. The Interactive Behavior and the Agonistic Crab

To enhance the analysis of interactive behavior in E. sinensis, this study incorporated
insights from descriptions of interactive behavior observed in underground naked mole
rats (Heterocephalus glaber) [10]. The fighting experiments documented all interactive
behaviors exhibited by agonistic crabs, non-agonistic crabs, and ordinary crabs. A Principal
Component Analysis (PCA) was applied to these behaviors, facilitating the identification
of distinct interactive behavior characteristics unique to agonistic crabs [10].

2.4. Morphological Characteristics and the Agonistic Crab

The morphological distinctions between agonistic and non-agonistic crabs were quan-
tified using vernier calipers with a precision of 0.02 mm. This included measurements of
carapace width (AB) and length (CD), cheliped width (EF), second pereiopod merus length
(GH), and second pereiopod dactylus length (IJ). To enable comparison across individuals,
the values for CD, EF, GH, and IJ for each crab were normalized by dividing them by the
crab’s AB measurement (Figure 3) [37].

2.5. Statistical Analysis

SPSS Statistics 26.0 was used for all analyses. A Bivariate Correlation analysis was
used to determine the correlation between the three personality traits. A cluster analysis
was used to differentiate agonistic crabs. A single-factor analysis of variance was used to
compare the movement towards the mirror, fighting time, contact behaviors, and fighting
behaviors of fighting between different groups in each experiment. The Levene test was
used to test the homogeneity of variance. Significant differences prompted the use of the
Tukey test for multiple comparisons. A Principal Component Analysis on behaviors during
the fighting process was performed using SPSS to examine attack and activity behaviors.
For all analyses, a p-value < 0.05 was considered statistically significant.
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3. Results
3.1. The Personality Traits

E. sinensis exhibited personality traits of boldness, aggression, and exploration, as
assessed through the partition-crossing experiment, mirror experiment, and shelter experi-
ment. Consistency in interactive behavior across the three personality tests for E. sinensis
further suggested the boldness, aggression, and exploration of E. sinensis (Table 1). The
only exception was the number of times the animal made contact with the mirror.

Table 1. Recorded behaviors for n = 80 individuals in three tests, consistency over time (correlation
between trial 1 and trial 2, Spearman: rho).

Test Recorded Behaviors Consistency over
Time (Rho, p)

Boldness Number of times the animal climbs over the partition Rho = 0.655
p < 0.001

Aggression
Number of times the animal moves to mirror
Number of times the chelipeds are displayed

Number of times the animal was in contact with the mirror

Rho = 0.396
p < 0.01

Rho = 0.625
p < 0.001

Rho = 0.012
p = 0.925

Exploration Movement time in the exploration area (sec) Rho = 0.512
p < 0.01

The correlation analysis revealed a significant positive correlation between bold-
ness and aggression in E. sinensis (correlation coefficient = 0.639, p < 0.01, Figure 4).
There was a significant positive correlation between boldness and exploration (corre-
lation coefficient = 0.455, p < 0.01, Figure 4). Additionally, a positive correlation was noted
between aggression and exploration (correlation coefficient = 0.622, p < 0.01, Figure 4).
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3.2. Identification and Validation of Agonistic Crabs Based on Personality Traits

The cluster analysis showed that out of a total of 120 individuals, 42 were classified as
agonistic crabs, while 38 were identified as non-agonistic crabs. Agonistic crabs made up
approximately 35% of the total population. These agonistic crabs displayed boldness, high
aggression, and high exploration (p < 0.01, Figure 5). The agonistic crab group showed
significantly more fighting behaviors (p < 0.01, Figure 6A), contact behaviors (p < 0.01,
Figure 6B), movement (p < 0.05, Figure 6C), and fighting time (p < 0.01, Figure 6D) compared
to the non-agonistic crab group.
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“**” indicates a significant difference observed between agonistic and non-agonistic crabs (p < 0.05,
p < 0.01).

3.3. The Interactive Behavior and the Agonistic Crab

During the observation of fighting experiments, a total of 15 interactive behaviors
were recorded and described as the interactive behavior spectrum for E. sinensis (Table 2).

Table 2. The interactive behavior spectrum of E. sinensis.

Title Description

Darting Raising chelipeds to approach another crab
Intimidating Raising chelipeds to drive away the other crab without grabbing or pushing

Grabbing Using a cheliped to grip the other crab’s chelipeds or trunk (record every 5 s)
Pushing The chelipeds push out from the inside out, keeping the other crab away from itself (record every 5 s)

Victory posture Climbing onto the other back and remaining stationary
Stretching Double chelipeds extended forward, trunk relaxed
Grooming Using mouthparts or chelipeds to clean the fluff on the chelipeds
Visitation Moving in or towards the center of the arena

Provocation Approaching laterally, using limb contact with the other side
Crawling along the wall Facing the outer wall of the arena and crawling closely against it

Freezing Holding still in the same position (record every 30 s)

Curling up Placing the chelipeds in front of the chest, keeping back tightly against the outer walls of the arena
and remaining stationary

Fleeing Staying away from the other party when facing contact or attack
Ignoring Not acting or fleeing when facing an attack from another party

Counterattack in
self-defense

When the disadvantaged party is attacked, they will use their chelipeds to restrict the attacker’s
behavior and maintain a curl-up state

Note: Bold = interactive behaviors for PCA analysis.

Victory posture, grooming, and counterattack in self-defense were found to be statisti-
cally insignificant from the interactive behavior spectrum. Consequently, the remaining 12
behaviors were utilized as variables in the Principal Component Analysis (PCA) (Table 3).
These three components accounted for 74.7% of the total variance, with PC1 explaining
45.74% of the total variance. We noticed that PC1 was an agonistic type that included two
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opposing variables in the load plot (Figure 7A). Behaviors such as darting, intimidating,
grabbing, pushing, stretching, and visitation were positively loaded on PC1, while freezing
and curling up were negatively loaded on PC1. On the other hand, PC2 explained a total
variance of 19.26% and scored the highest on provocation, crawling along the wall, and
ignoring (Table 3). Of the 12 interactive behaviors, we found that there was a significant
positive correlation between darting, intimidating, grabbing, pushing, stretching, and
visitation (p < 0.05, Figure 7B). Meanwhile, we observed a significant positive correlation
between freezing and curling up. However, these behaviors were negatively correlated
with the first six behaviors (p < 0.05, Figure 7B). The other four behaviors showed no
significant correlation.

Table 3. PCA loadings for the first three principal components (PCs) of recorded behaviors.

Recorded Behavior PC1 PC2 PC3

Darting 0.880 −0.233 0.267
Intimidating 0.661 −0.213 0.287

Grabbing 0.854 −0.349 0.320
Pushing 0.832 −0.240 0.089

Stretching 0.815 −0.189 0.265
Visitation 0.693 0.282 0.135

Provocation 0.404 0.681 −0.358
Crawling along the wall 0.464 0.514 −0.448

Freezing −0.808 −0.155 0.249
Curling up −0.705 −0.261 0.477

Fleeing −0.305 −0.130 0.314
Ignoring −0.305 0.661 0.314

Eigenvalue 5.489 2.311 1.168
Cumulative% of explained variance 45.74% 19.26% 9.74%

Note: Values in bold indicate those loadings that contributed the most to the respective PC and had absolute
values > 0.4.
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Table 2. The interactive behavior spectrum of E. sinensis. 

Title Description 
Darting Raising chelipeds to approach another crab 

Intimidating Raising chelipeds to drive away the other crab without grabbing or pushing 
Grabbing Using a cheliped to grip the other crab’s chelipeds or trunk (record every 5 s) 

Pushing 
The chelipeds push out from the inside out, keeping the other crab away from itself (record 

every 5 s) 
Victory posture Climbing onto the other back and remaining stationary 

Stretching Double chelipeds extended forward, trunk relaxed 
Grooming Using mouthparts or chelipeds to clean the fluff on the chelipeds 
Visitation Moving in or towards the center of the arena 

Figure 7. Principal Component Analysis charts. (A). Load graph for Principal Component Analysis
of interactive behavior. (B). Correlation heatmap of 12 interactive behaviors. (C). PCA scores of
agonistic, non-agonistic, and ordinary crabs. Note: “*” indicates significant difference observed
between interactive behaviors (p < 0.05). Each dot represents a crab in (C).

The PCA score plot revealed distinct differences in the interactive behaviors among
agonistic, non-agonistic, and ordinary crabs during the fighting experiments. Agonistic
crabs predominantly exhibited behaviors such as darting, intimidating, grabbing, pushing,
stretching, and visitation. In contrast, non-agonistic crabs primarily engaged in freezing
and curling up, while ordinary crabs showed tendencies towards fleeing, crawling along
the wall, and provocation (Figure 7C).
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3.4. Morphological Characteristics of Agonistic Crabs

No significant difference in morphological characteristics including carapace length,
cheliped width, second pereiopod merus length, and second pereiopod dactylus length
were observed between agonistic and non-agonistic crabs (p > 0.05, Figure 8).
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4. Discussion
4.1. The Personality Traits

Boldness, aggression, and exploration are common personality traits in animals [10].
In order to accurately assess the personality traits of different animals, researchers have
developed a variety of experiments to test personality traits. Among them, the obstacle
experiment, mirror experiment, and shelter experiment have been widely used to study
personality traits in crustaceans [34,38,39]. Therefore, in this study, the personality traits of
E. sinensis were assessed by the above experiments.

Personality traits can influence the interaction behavior of mammals [40]. This study
found that E. sinensis exhibiting boldness, high aggression, and high exploration demon-
strated more fighting and contact behaviors. Similarly, in crayfish and swimming crabs,
personality traits influenced interactive behaviors. Exploration has been linked to increased
dispersal rates in invasive crayfish [8], and boldness to more frequent fighting behaviors
in swimming crabs [30]. This suggests that the personality traits of crustaceans likewise
have an impact on their interactive behavior. The correlation between different behavioral
traits, also known as personality traits or behavioral syndromes, constitutes an important
aspect of personality trait research [41]. Correlations among personality traits have been ob-
served in numerous animals, such as the Iberian earthworm lizard (Blaus cinereus) and the
warty-tailed lizard (Hemidactylus frenatus), with bold individuals being more exploratory
than shy ones [42,43]. Similar results were found in this study: E. sinensis had a correlation
between boldness, aggression, and exploration. The study of the correlations of personality
traits can provide insights into the relationships between different interactive behaviors
of animals and the response to predators, food resources, habitats, and social interactions
with other individuals.

Personality traits have stability and plasticity [44,45]. Stability refers to the constancy of
certain personality traits under the influence of environmental, physiological, and temporal
factors [46]. This stability can help predict the behavior of target animals. For example,
early personality traits in sows and piglets could predict their behavioral responses during
pregnancy [47]. Based on the stability of personality traits, agonistic crabs may be predicted
at early developmental stages. Identifying agonistic crabs as soon as possible may reduce
the economic losses caused by their agonistic behaviors. Plasticity refers to the ability
of certain personality traits to change under environmental, physiological, and temporal
influences [45]. For example, light can influence animal personality traits [48]. Further
research is needed to explore these relevant elements.
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4.2. Interactive Behavior of E. sinensis

Limited research has been conducted on the interactive behavior of E. sinensis, par-
ticularly regarding its fighting intensity and behaviors. This study aims to fill this gap
by focusing on the species’ interaction behaviors. Using a Principal Component Analysis
(PCA) and correlation analysis, we constructed an interactive behavior spectrum describing
15 interactive behaviors observed during crab fights. The interactive behavior spectrum
could more accurately estimate the intensity of fighting, desire to fight, and activity of
E. sinensis [10]. In addition, several interesting behaviors have been found in the interac-
tive behavior spectrum in this study, such as counterattack in self-defense and grooming.
These behaviors were not characteristic of either agonistic or non-agonistic crabs, but were
frequently observed during fights. However, the role of these behaviors in fights is not
yet clear.

4.3. The Agonistic Crab Identification

Agonistic behavior in farm animals not only affects their economic value but also
poses health risks to farmers [49–52]. For farm animals, non-agonistic individuals may be
ideal. In this study, agonistic crabs constituted approximately 35% of the total population.
Meanwhile, limb loss was only observed in agonistic crabs during fights. Therefore, it is
important to differentiate agonistic E. sinensis.

Personality traits can influence the interactive behavior of individuals during fights.
In this study, boldness, high-aggression, and high-exploration individuals demonstrated
increased pushing and grabbing behaviors. This finding aligns with observations in swim-
ming crabs, where bolder individuals displayed more frequent cheliped displays [30].
Researchers have attempted to identify agonistic individuals through aggression tests; how-
ever, these efforts lacked experimental validation via fighting scenarios [18]. In addition,
it is inaccurate to differentiate agonistic crabs by just one personality trait. In this study,
agonistic crabs were differentiated by three personality traits, and then verified by fighting
experiments. The results indicated that the identified agonistic crabs exhibited boldness,
high aggression, and high exploration. Thus, personality traits serve as effective markers
for identifying agonistic crabs.

Agonistic crabs affect the economic value of crabs [53]. Fighting experiments were used
to validate agonistic crabs. Researchers have found that agonistic crabs had more fighting
behaviors than non-agonistic crabs [54]. There was no accurate way to differentiate agonistic
from non-agonistic crabs. The interactive behavior spectrum may solve this problem.
The interactive behavior spectrum of E. sinensis could be used to differentiate agonistic
crabs, where darting, intimidating, grabbing, pushing, stretching, and visitation were
identified as interactive behavior characteristics of agonistic crabs. Similarly, in the study
of mammalian interactive behavior, researchers typically created the interactive behavior
spectrum, which in turn accurately described mammalian interactive behaviors [10]. In
addition, research on the interactive behavior of E. sinensis may help reduce limb loss and
improve economic efficiency.

Morphological traits are highly heritable, while some morphological traits are linked
to personality traits [32]. It is not clear whether agonistic E. sinensis has specific mor-
phological characteristics. Although the morphological traits examined in this study did
not differentiate agonistic crabs, individual carapace colors were observed to gradually
lighten upon exposure to light. Furthermore, light-colored crabs displayed more intense
agonistic behavior. Research has shown that crustacean carapace colors can change due to
environmental influences [55]. The relationship between the color of carapace and agonistic
behavior has yet to be explored.

5. Conclusions

This study represented the first evaluation of personality traits in E. sinensis, demon-
strating their potential in differentiating agonistic crabs. For the first time, the interactive
behaviors of E. sinensis were organized and described, and the interactive behavior charac-
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teristics of agonistic crabs and non-agonistic crabs were proposed. Morphological charac-
teristics of E. sinensis, including carapace length, major cheliped width, second pereiopod
merus length, and second pereiopod dactylus length, do not serve as reliable indicators
for identifying agonistic crabs. These findings contribute new insights into the study of
crab personality traits and offer practical methods for identifying agonistic crabs, which
are valuable for the aquaculture and production of E. sinensis.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/fishes9100408/s1. Video S1: Bold and Shy Crab. Video S2:
Aggressive crab.
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