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Abstract 

 

The fiddler crabs are considered key organisms of estuarine environments due to 

their bioturbation activities in the sediment and contribution on trophic webs. males have a 

hypertrophied cheliped that is commonly used to attract females through waving and also 

in combat with other males. the fiddler crabs have been used as a model organism in 

several experimental studies, mainly those related to sexual selection and ecosystem 

engineering. in their natural environment, social interaction with other fiddler crabs 

(conspecific or heterospecific) is recurrent, but many studies involving this animal as 

model have been carried out with isolated individuals. however, the isolation of an animal 

can be an interfering factor in behaviors used as experimental variables. many animals can 

present activities dependent of the social facilitation, i.e. behavior that are stimulated by 

the presence of other individuals. Thus, the aim of this study was to assess whether social 

facilitation is a relevant factor for carrying out behaviors related to sexual selection and 

bioturbation in fiddler crabs Leptuca uruguayensis. In the field, we tested whether i) sexual 

diversity increases the activity of males fiddler crabs. we used as response variables: The 

number of scoops that the animal performs while feeding, the number of cheliped waves 

and the time out of the burrow. We found that social facilitation is a mechanism that 

increased the performance of waves in males of L. uruguayensis, but it was not exclusively 

dependent on visual stimuli. Physical interaction with other conspecific individuals may 

condition the crab to perform a specific behavior more frequently. Thus, it is important that 

future approaches with this animal model consider the effect of social facilitation as an 

interfering variable in its behavior. 

 

 
 

Keywords: Social facilitation, Leptuca uruguayensis, Experimental design, Sexual selection, 

Bioturbation. 
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1. Introduction 

 
 

Experimental approaches using animals have been known since the 19th century 

(Oparin, 1957; Barré-sinoussi & Montagutelli, 2015; Andersen & Winter, 2019). the 

importance of using animals in experiments is mainly due to the possibility of understanding 

specific biological phenomena, which includes behavioral, physiological and genetic 

processes (Krebs, 1975; Owens, 2006; Ankeny & Leonelli, 2011; Dietrich et al., 2014). 

Krebs, 1975 cites in his article that “for many problems, there is an animal in which it can be 

more conveniently studied” that we can understand as the use of simple adaptive models, 

being a starting point for the understanding of other organisms (Owens, 2006). thus, such 

findings would be useful and/or applicable to other animals with different levels of 

complexity (Ankeny & Leonelli, 2011; Dietrich et al., 2014). that is, by starting from a 

common point, which presents mechanisms shared by many species, we improve the 

understanding of the functioning of organisms that can present more complex systems than 

the study model (Ankeny & Leonelli, 2011; Dietrich et al., 2014). some well-known models 

are mice, a fish called zebra-fish and also the flie such as drosophila (Hoffmann, 2003; 

Feitsma & Cuppen, 2008; Brown et al., 2015; Steimer, 2022). in addition to being abundant 

and easy to reproduce, these models have behavioral characteristics that can be used as 

discrete quantitative variables, which makes their use in experimental approaches viable, as 

they are behaviors that are easy to detect. crustaceans are also widely used as animal models, 

in some approaches and the present study chose one of its specimens to be your model. 

 

Fiddler crabs are commonly used as animal model in studies of ecology, taxonomy, 

biogeography, morphology, physiology, animal behavior and sexual selection (Rosenberg, 

2002; Daleo et al., 2003; Kristensen, 2008; Thurman et al., 2013; Shih et al., 2016; Masunari 

et al., 2017; Natálio et al., 2017; Takeshita et al., 2018; Darnell, 2019; Arakaki et al., 2020; 

De Grande et al. 2021; Silva et al 2022). fiddler crabs representing 106 species in the world, 
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belonging to 11 genera and they are widely known for their marked sexual dimorphism in 

which males have a hypertrophied claw. (Rosenberg, 2014; Shih et al., 2016). These crabs are 

part of the fauna associated to the estuarine environment, inhabiting vegetated areas, such as 

mangroves and saltmarshes, or non-vegetated areas, such as sandbars and mudflats (Thurman 

et al., 2013; Checon & Costa, 2018). Their distribution can be influenced by biotic factors, 

such as larval settlement and predation (Daleo et al., 2003; Thurman et al., 2013), and abiotic 

factors such as salinity, temperature, tidal variation and sediment granulometry (Sanford et 

al., 2006; Checon & Costa, 2017; de Grande et al., 2021). The fiddler crabs are consumers of 

deposited matter and use their maxillipeds for mechanical separation of bacteria, microalgae 

and nematodes from the sediment. (Crane, 1975; Ribeiro et al., 2005; Citadin et al., 2016). 

they are preyed on birds, mammals and fish, being an important trophic link between the 

production of the intertidal zone and adjacent environments (Rozas & Lasalle, 1990; Koga et 

al., 2001; Krumme et al., 2007). Fiddler crabs are considered ecosystem engineers, as their 

activities in the environment during feeding and burrow digging contribute to the distribution 

and cycling of nutrients in the system (Skov et al., 2002; Nielsen et al., 2003; Kristensen & 

Alongi, 2006).  

The expressive use of the fiddler crabs in several approaches in the literature may 

explain by the fact that they are animals with characteristics that favor experimental studies 

(Nabout et al., 2010). They are easily found due their extensive abundance, with some species 

reaching a density of 70-100 ind/m² (Skov et al., 2002; De Grande et al., 2018; Arakaki et al., 

2020), and due their wide distribution around the world occurring in all tropical and 

subtropical coastal areas. (Crane, 1975; Spivak et al., 1991; Thurman et al., 2013). They live 

in intertidal zone, where they are easily accessible by humans without the need for specific 

equipment to access them (e.g., diving gear). Their sampling is also facilitated by the fact that 

they are benthic and territorial organisms, and it can be done with simple tools and methods 

(e.g., shovels, sampling square or transects) (Costa & Negreiros, 2002; Thurman et al., 2013; 

De Grande et al., 2018a). In addition, they are animals that tolerate human presence, quickly 
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getting used to observers (Arakaki et al., 2020; De Grande et al., 2021; Silva et al 2022). Its 

maintenance in laboratory is quite simple, requiring only aquariums with a reduced amount of 

water, since they are crabs that have bimodal breathing (Paoli et al., 2015). Their feeding in 

captivity also does not demand much complexity, since they are animals with low-cost 

generalist food, and can be fed with ornamental fish feed (Allen et al., 2012; Darnell et al., 

2015; de Grande et al 2021). The main activities of these crabs can be categorized as discrete 

behaviors witch often used as response variables in experimental designs (Sanches, et al. 

2017; De Grande et al. 2018a; Roberts, 2021). Some authors have suggested that these 

animals are good models for understanding contemporary global issues, such as monitoring 

climate change (Colpo et al, 2017; De Grande et al., 2021b). In addition, these animals can be 

indicators of physiological stress, since they inhabit areas that already present drastic 

variations in temperature, salinity and ph (Reinsel et al, 2004; Marochi et al, 2022). 

 

Fiddler crabs have been even categorize as “climate sentinels”, which could be a key 

species to understand how organisms will react to climatic stressors over the decades 

(Capparelli et al., 2018, 2022; Truchet et al., 2022). Fiddler crabs are used as animal models 

in studies that assess animal communication, especially within the context of sexual selection 

(Backwell et al., 2000; Nabout et al., 2010; Perez et al., 2016; Sanches et al., 2017; Milner et 

al., 2010; Takeshita et al., 2018). Their marked sexual dimorphism fits the classical pattern of 

sexual selection described by Darwin. The wave pattern and speed can vary among species, 

but for all them it is important visual signals for females to identify and choose a partner 

(Ryan & Cummings, 2005; Mowles & Ord, 2012; Sanches, et al. 2017). Male waves are also 

performed aggressively in combat with other rival males and for other functions less obvious, 

such as thermoregulation (Perez et al., 2016; De Grande et al., 2021b). The communication of 

fiddler crabs is not restricted to displays of hypertrophied chelipeds, it can also take place in a 

tactile, chemical, coloring and also through vibrations carried out in the sediment where these 

animals usually forage (Hill, 2001; Popper et al. al., 2001; Detto et al., 2006; Hill, 2009; 

Mowles et al., 2017; Takeshita et al., 2018; Roberts & Laidre, 2019; Roberts, 2021). Fiddler 
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crabs can even communicate through extracorporeal structures built at the entrance to their 

burrows, such as pillars, domes, chimneys and trenches, which are used in visual 

communication to attract females (Saher et al., 2017; Kim et al., 2017; Pardo et al., 2020). 

 

Fiddler crabs can live in highly dense mono-or heterospecific populations (De Grande et 

al., 2018b; Arakaki et al., 2020), which can increase the pressure for intraspecific competition, 

but also favor reproductive success (Chuang & Peterson, 2016; Sanches et al., 2018). Fiddler 

crabs, in an attempt to safeguard their own territory, may team up with a neighbor to expel an 

invading crab from its burrow (Detto et al., 2010; Sanches et al., 2018; Fogo et al., 2019). The 

complex social context in which fiddler crabs live favors a well-developed ability to 

communicate. the displays perform by the fiddler crabs are easily perceived by a potential 

receptor, as fertile females or monospecific or heterospecific neighboring males (Murai & 

Backwell, 2006; Milner et al., 2012). The receivers, in turn, can emit stimuli in response, 

which can influence the behavior of the sender when performing their presentation (Murai & 

Backwell; Milner et., 2012). When the presence of conspecifics is able to increase a pattern of 

behavior, both in rhythm and frequency, we say that there has been social facilitation (Galef 

& Laland, 2005; Milner et al., 2012; Herman, 2015). For example, the presence of 

individuals of the same species stimulates the foraging behavior of crustaceans (Kurta, 1982), 

as well as an increase in food intake in humans (Herman, 2015). Depending on density and 

sexual diversity, it is possible to observe variations in the effects that social facilitation can 

condition. in the violinist crab, for example, males use the waving mainly when they want to 

attract females to mate (Sanches et al, 2017; Takeshita et al., 2018). Thus, social facilitation 

can further stimulate this behavior linked to sexual selection in the presence of conspecifics. 

as an example, one study found through experimentation that male fiddler crabs adjust the 

wave rate according to the presence of other males (Milner et al. 2012). 

 

The most commons behaviors of the fiddler crab are used as response variables, such as 
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the number of waves, the number of scooping and the time the animal remains out of the 

burrow (Botto & Iribarne, 2000; Reinsel, 2004; Takeshita, 2018; De Grande et al., 

2018b). However, these behaviors observed in the natural environment may differ when 

compared to the same experiments performed in the laboratory (see, for example, Botto & 

Iribarne, 2000 in comparison to De Grande et al., 2018b). One hypothesis that could explain 

this is that in the laboratory, in most studies (Posey, 1987; Botto & Iribarne, 2000; Reinsel, 

2004; De Grande et al., 2018b), animals are isolated without the opportunity of interaction 

with conspecifics. In order to investigate this issue, in this study we evaluated whether the 

presence of other individuals is an important variable in experiments with fiddler crabs that 

use as response variables: waves, time spent outside the burrow and the number of scoops in 

the sediment during feeding. We evaluated whether the social facilitation increase in the 

activity of individuals by testing the hypothese: i) the physical stimulus caused by the 

presence of other individuals increases the activity of fiddler crabs males, depending on the 

sex of the individuals present. 

 

2. Materials and methods 

 

2.1 Study area and model organism 

 

The study was carried out in the mangrove of the Piaçabuçu municipal park, located in 

Praia Grande, São Paulo State, Southeastern Coast of Brazil (23°59'17.4"s - 46°24'23.6"w). 

the study area is characterized by mangrove forests and semidiurnal tidal systems; the climate 

is humid subtropical without a dry season (Alvares et al., 2014) and the average air 

temperature varies between 17° and 24° c, with average annual rainfall between 2000-2500 

mm (Municipal City hall of Praia Grande/Sp). We tested whether social facilitation can 

influence the performance of fiddler crabs’ activities. for this, we used as experimental model 

the species Leptuca uruguayensis, which occurs from the south of Rio de Janeiro to the mar 

Chiquita in Argentina (Spivak et al., 1991; Thurman et al., 2013; Colpo & López Greco, 

2017). This species of  fiddler crab inhabits mixed banks with another species (Leptuca 

leptodactyla, Leptuca cumulanta, Minuca rapax, Leptuca thayeri) (Checon & costa, 2017; 
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Arakaki et al., 2020, but can also inhabit monospecific banks (Checon & Costa, 2017, 2018). 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 1. (a) Experimental area in the mangrove located in Praia Grande, sp. the marker 

in red indicates the area where the experiment was carried out. (b) Exemplary male of 

Leptuca uruguayensis. 

2.2 Experimental design and procedures 

2.2.1 The activity of males of l. uruguayensis as a function of the presence of 

conspecifics of different sexes 

We tested the increased activity of males of l. uruguayensis as a function of the 

presence of other conspecifics males, females and both sexes simultaneously. For this, the 

territory of a focal male of l. uruguayensis was isolated, which presented in its borders the 

territory of two other neighboring conspecifics (males or females) through an opaque arena, 

12 cm of diameter, which presents an area enough for the territory of up to three neighboring 

crabs (De Grande et al., 2018). The treatments (fixed factor, with 4 levels) were divided into: 

control, where a focal male was isolated without the presence of other neighboring crabs (n = 

18); a focal male with the presence of two other neighboring males (n = 22); a focal male with 

the presence of two females (n = 17); a focal male with the presence of neighbors of both 

sexes (i.e. one male and one female; n= 17; figure 2). After the arenas were installed, we 

waited 5 minutes for the animals to acclimate to the experimental condition and return to their 

activities outside the burrow. the focal animal was observed for 10 minutes by an observer, at 

a distance of 50 cm, and the following was recorded: the time the crab was out of the burrow; 
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the number of consecutive scoops on the sediment during feeding; the number of waves 

performed. at the end of the experiment the burrows were excavated, all crabs were captured 

and measured (maximum carapace width in mm). 

 

 

 

Figure 2. 1- Control treatment with a focal male of leptuca uruguayensis in isolation. 

2- Treatment with a focal male l. uruguayensis and two conspecific females. 3- Treatment of a 

focal male with two conspecific males. 4- Treatment of a focal male with a conspecific male 

and female. 

3. Statistical analysis 

 

We used the generalized linear model (glm) to compare whether the activities of the 

fiddler crab Leptuca uruguayensis differed between the treatment with opaque arena, without 

possibility of visualization and transparent with possibility of visualization of other 

individuals. the response variables were compared between treatments of sexual diversity. we 

used the generalized linear model (glm) to compare the activities of treatments (fixed factor, 

with 4 levels) where each focal crab was exposed to different groups of neighboring crabs. 

when necessary, the data were transformed and in both cases we adopted a minimum 

significance level of 0.05. 
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4. Results 

 

4.1 Activity of males of l. uruguayensis as a function of the presence and sex of 

conspecifics 

 

 

 

 

Figure 3. (a) mean (± standard deviation) of the number of waves per minute, 

performed by l.uruguayensis males in treatments with three males (mmm), one male and 

two females (mff), two males and one female (mmf) and control with a focal male, p < 

0.05. 

 

 

 

 

Figure 4. (b) mean (± standard deviation) of the percentage that males of l. 

uruguayensis were out of the burrow in treatments with three males (mmm), one male 

and two females (mff), two males and one female (mmf) and control with a focal male. 
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Figure 5. (c) mean (± standard deviation) of the number of scoops per minute, 

performed by l. uruguayensis males in the treatments: control (one male), with three 

males (mmm), one male and two females (mff), two males and one female (mmf). 

the number of waves showed a significant difference between treatments (glm, pr 

(>chi) = 0.03) (figure 4 - a). in treatments with the presence/sex of other individuals, the 

crabs waved an average of 2.7 ± 10.9 (± sd) times per minute while feeding. in the control 

treatment, none of the crabs waved while doing their activities. time out of the burrow 

was similar in all treatments, regardless of the presence or sex of other individuals 

(anova, f1.71 = 2.3, ms = 1114, p = 0.70) (figure 5). the average percentage that crabs 

were out of the burrow in the four treatments was 64.8% ± 28.6% (± sd) of the total 

observation time. the number of scoops in the treatments that presented conspecifics were 

similar to the control treatment, regardless of the sex of the individuals present in the 

arenas (glm, pr(>chi) = 0.3), (figure 6). crabs scooped the sediment on average (±sd) 

146.5 ± 113.1 times per minute while feeding independently of treatment. 

 

5. Discussion 

 

Our results indicate that social facilitation is a mechanism that may stimuli the 

performance of waves in males of L. uruguayensis when physical interaction with other 

conspecific individuals is possible. however, the social facilitation did not produce any 



 

 

perceptible effect on other behaviors evaluated, i.e., time spent outside the burrow and the 

number of sediment scoops during feeding. This finding makes us hypothesize that 

social facilitation in males of L. uruguayensis may not be exclusively dependent on visual 

stimuli, but may involve other stimuli resulting from physical interaction between 

neighboring crabs, such as touch between individuals and cues propagated by sediment 

vibration. consequently, the use of L. uruguayensis as an experimental model must 

consider the social facilitation resulting from the interaction between individuals as an 

interfering variable in the behavior of the animal model in future designs. 

As demonstrated in the present study with L. uruguayenisis, males of Uca tangeri 

isolated from the visual stimulus and from contact with other individuals also wave less 

than non-isolated males, but increase the time they spend feeding (Oliveira et al., 1998). 

social facilitation also influences the congener activity fiddler crab L. pugilator (Horst, 

1995; Pope, 2000). In a field experiment it was shown that males of L. pugilator wave 

less when isolated than when in the presence of females (Pope, 2000a). On the other 

hand, in contrast to L. uruguayensis, the L. pugilator did not wave in treatments whose 

individuals were only males (Pope, 2000a). Leptuca pugilator can even respond to visual 

stimuli emitted by playing videos (Pope, 2000b). Two other species that can respond to 

visual stimuli emitted by video playback are Uca tangeri and Austruca lactea (Ler 

burford et al., 2000; Murai et al., 2022). In addition, males of A. lactea increase the 

frequency of waves when they identify wandering reproductive females at a distance of 

50 cm through transparent fences and without the need, therefore, of direct physical 

contact (Murai et al., 2022). 

 

Although visual signaling is recognized as important for fiddler crab 

communication (Zeil & hemmi, 2005; Hemmi et al., 2006; Murai & backwell, 2006; 

Sanches et al., 2017; Smithers, et al., 2019; Silva et al., 2022) other stimuli may be 

involved in this process (Crane, 1966; Pratt et al., 2005; Mowles, 2017; Takeshita et al., 

2018). Many species of fiddler crabs also communicate through acoustic signals, i.e., 



 

vibrations transmitted through the sediment, produced by the drumming of chelipeds 

(Crane, 1966; Salmon, 1968; Takeshita & Murai, 2016; Mowles, 2017; Takeshita et al., 

2018). It was observed, for example, that neighboring males of L. pugilator synchronized 

the exit of their burrows to the surface, suggesting that individuals in separate burrows 

can communicate without seeing each other through sound communication (Pratt et al., 

2005). In addition, it was observed that males of L. pugilaror and a. Lactea drum the 

chelipeds inside their burrows, attracting females that are on the surface of the sediment 

(Salmon & Atsaides, 1968; Akeshita & Murai, 2016). The courtship of females in A. 

lactea and a. mjoebergi on the surface of the sediment involves multimodal signals, 

including visual signals emitted by the waving of chelipeds, the construction of 

sedimentary structures at the entrance of the burrow and sound signals emitted by the 

drumming of the chelipeds of the males (Mowles, 2017; Takeshita et al., 2018). Tactile 

signals produced during direct contact between individuals, using both chelipeds and/or 

ambulacral legs, may also be important for fiddler crab communication (Crane, 1966). 

touching and pushing, using a larger cheliped, are common threat signals among male 

fiddler crabs (Fogo et al., 2019; Arakaki, et al., 2019). During the night, when visual 

communication is limited, males of L. pugilator attract females by drumming the 

chelipeds, but when they are touched by them, they increase the frequency of this sound 

display (Salmon & Atsaides, 1968). 

 

The use of multimodal signals may represent an adaptive strategy that allows L. 

uruguayesis males not to spend energy unnecessarily. Some species of fiddler crabs wave 

even when they are not viewing other individuals (De Grande et al., 2018; Murai et al. 

2022). Males of A. lactea perform “Broadcast Waves” waving even when they are not 

directly viewing a mate, with the intention of attracting the attention of distant females 

before their rival competitors (Murai et al., 2022). In males of L. uruguayensis, the wave 

rate may be associated with heat dissipation, aiding in the thermoregulation of individuals 

(De Grande et al., 2021). Despite this, waving is an energetically costly process, implying 

a continuous oxygen debt and increasing lactic acid accumulation (Matsumasa & Murai, 



 

2005; Mowles, 2017). Prolonged waving can reduce individuals' running speed 

performance, which consequently puts them in a situation of vulnerability to predation 

(Mowles, 2017). Furthermore, the waving movement increases the conspicuity of males 

increasing the risk of predation (Ribeiro et al. 2003). Therefore, male fiddler crabs must 

adjust their display of waves in a way that increases the chance of attracting females, 

minimizing the costs involved in producing the signal (Tina, 2020). When the cost of 

wave outweighs the potential benefits, some species may reduce wave rates depending on 

the level of competition and distance from reproductive females (Tina, 2020). For 

example, males tend not to expend energy signaling to females that are too far from being 

detected or decrease energy expenditure signaling at very low rates to any potential 

female (Tina et al 2018, Tina, 2020). In a context of high competition with rival males, A. 

annulipes and A. perplexa increase the waving speed in order to draw female attention to 

themselves, but they reduce the waving rate when competition is removed (Milner et al., 

2011; Tina, 2020). 

The presence of other individuals did not affect the time that L. uruguayensis 

spent outside the burrow. O ther factors may be more important in determining the 

time L .uruguayensis spends outside the burrow. Burrows are used by fiddler crabs as 

shelter during high tide, and as a form of refuge from high temperatures and predators 

(Crane, 1975; Rossi & Chapman, 2003). For example, the time spent outside the burrow 

in L. uruguayensis may decrease according to the increase in ambient temperature and the 

moisture content of the sediment surface (Darnell, 2019; De Grande et al. 2021). Males of 

L. uruguayensis also decrease the time spent outside the burrow according to the risk of 

predation by the predatory crab Chasmagnathus granulatus (Daleo, 2003).  



 

 According to Reinsel & Rittschof (1995) the organic content, as well as the 

amount of water in the sediment, are determining factors for the crab to perform its 

activities outside the burrow. This happens because crabs are able to detect ideal 

environmental conditions through chemoreceptors present in the dactyl of their 

pereiopods (Reinsel & Rittschof, 1995). however, for L. uruguayensis, the organic matter 

of the environment does not influence its distribution in the mangrove, and there may be 

other biotic and abiotic factors influencing the time that the crab spends performing its 

activities in its habitat (De Grande et al., 2018). Some abiotic variables, such as 

physiological stressors, are able to modulate the activities that the crab performs when it 

is out of the burrow independently of sympatric interactions (Nobbs & Blamires, 2017). 

Thus, the difference between the time out of the burrow, in both experiments, may be 

related to the fact that the presence of individuals did not affect the number of scoops in 

the sediment, which means that the animal remains out of the den in most of his time 

eating (personal observation) and at times he takes the opportunity to wave. 

In a laboratory experiment was observed that the feeding activity of L. pugilator, 

differently from the case of L. uruguayensis in the present study, was influenced by the 

presence of other individuals both by physical stimuli (i.e., physical interactions between 

conspecifics) as well as by visual stimuli (i.e. isolated individuals, but with the possibility 

of visualizing other conspecifics) (Horst, 1995). Perhaps this difference between species 

can be explained by the difference in their eating habits. Some species of fiddler crabs, 

such as L. pugilator, leave their burrows in the supratidal region, which is poor in food, to 

form foraging herbs in the infratidal region, which is rich in food (Ens et al., 1993; 

Viscido & Wethey, 2002). Thus, for this species, the visual stimulus caused by 

individuals feeding could help in the formation of foraging herds and indicate feeding 

patches. On the other hand, L. uruguayenis is a sedentary species, which forages in a 

radius of a few centimeters around its burrow from where it is able to extract all its food 

(De grande et al., 2018; Arakaki et al. 2020). Since L. uruguayensis defend the borders of 

the territory around its burrow (Fogo, 2019; Arakaki et al. 2020), the presence of an 

individual feeding would not bring a direct benefit to another individual whose area of 



 

food is limited to its own territory. Probably, the decision of when to feed on L. 

uruguayensis involves other mechanisms, such as the chemical perception of substances 

in the sediment that indicate the presence of food. 

Our findings bring practical consequences for the elaboration of studies that use L. 

uruguayensis as an experimental model. Since the presence of individuals can affect the 

activity of an animal, it is necessary to consider it as a source of variation to be controlled 

in experimental designs that use this organism as a model for the study. In this sense, 

studies that want to test the relationship of a certain predictor variable on a behavioral 

response variable of the fiddler crabs should consider whether the behavioral variable is 

influenced or not by the presence of other individuals. For example, in De Grande et al., 

2021, it was tested whether temperature is associated with the wave rate of L. 

uruguayensis males in a field experiment. to test this hypothesis, the authors isolated L. 

uruguayensis males in arenas that prevented physical and visual contact with other 

neighboring crabs. Such a procedure, according to the present work, may have been really 

important to control the interference of the presence of other crabs on the tested variable 

of interest. In other situations, visual isolation of animals would not be so necessary. For 

example, studies that used the number of scoops on the sediment as a response variable as 

a function of abiotic predictor variables (i.e., sediment organic matter content, 

temperature, and humidity) took care to isolate focal animals from visual contact with 

others. Individuals, including studies with L. uruguayensis (e.g. De grande et al 2018a,b; 

Dyson et al., 2020; De grande et al., 2021). 

However, since we demonstrated that L. uruguayensis does not change its feeding 

activity due to the presence of other individuals, this procedure could not have been 

performed, which could have saved time and resources during the research. on the other 

hand, in some situations, only the exposure of the visual stimulus may not be enough for 

the operationalization of the response variable. for example, it is common in choice 

experiments involving communication signals, such as the experiment on choosing a 

female or a rival for a certain morphological or behavioral trait, to provide only visual 

stimuli to the focal animal, typically individuals behind a transparent barrier, or video 



 

playback (Pope, 2000b; Ler burford et al., 2000; De Grande et al., 2018; Murai et al., 

2022). However, visual communication alone may be insufficient for communication 

between fiddler crabs and information mediated by physical contact may be necessary 

variables, as demonstrated in the present study. In these cases, it is preferable that the 

focal animal has the possibility of interacting with the tested individuals (For an example, 

see: Arakaki et al., 2020). Despite these considerations regarding experimentation, the 

responses of fiddler crabs to the presence of other individuals, conditioning their main 

activities, may be species-specific. Expanding the knowledge about which stimuli and 

mechanisms are involved in the behavioral responses of different species of fiddler crabs 

is crucial for the use of these crustaceans as experimental models. 

 

6. Conclusion 

 

Understanding how the activity of the fiddler crab can be modulated by abiotic 

and biotic factors contributes to filling important gaps in animal experimentation, such as, 

for example, whether this organism is capable of carrying out its activities even when 

isolated from other animals, or whether it can adapt well to a controlled laboratory 

environment or an experimental approach carried out in the field. Through the analysis of 

our results, we concluded that the fiddler crab L. uruguayensis should be used in a non- 

isolated way in experimental approaches that use behavioral predictor variables, 

especially in communication studies. Thus, when using multimodal stimuli in 

experiments, such as the interaction of conspecifics, will avoid problems during the 

performance and quantification of the activities of the animal model. in the case of 

studies that assess non-behavioral abiotic variables, it would be desirable to isolate the 

effects that the presence of conspecifics can bring to the study model through the 

mechanism of social facilitation. 
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