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Abstract Strategies of resource acquisition are sub-

ject to change due to introduced pressures placed upon

individual animals. The pressures of food deprivation

and competition can lead to a drastic change in

previously established strategies of resource acquisi-

tion. We conducted a series of trials in which red

swamp crayfish (Procambarus clarkii) were either

deprived of food or satiated and competition was

introduced via a plastic model to necessitate the

abandonment of established resource acquisition

strategies in favor of risk-insensitive strategies. Cray-

fish exhibited no difference in behavior when exposed

to a singular pressure; however, an interaction

between food deprivation and competition was

detected and indicates that crayfish responded to food

sources more quickly and with more risk-insensitive

behavior when a model competitor was present. This

combination of factors indicates a complex relation-

ship between resource acquisition strategies and the

pressures of acquiring food.

Keywords Hunger � Model � Exploitation �
Interference

Introduction

Resource acquisition is the most fundamental neces-

sity for the survival of an individual, the intense

pressure of which ultimately leads to the formation of

highly evolved and specialized strategies (Baird 1991;

Milinski 1982). These strategies can be employed in

foraging and agonistic behaviors and are subject to the

influence of multiple factors. One of the most studied

interactions is the association between food depriva-

tion and both risk-prone behavior and agonistic

encounters (Adlerstein and Fehrer 1955; Barnard and

Brown 1985; Bateson 2002; Hazlett et al. 1975;

Stocker and Huber 2001). Previous studies have

demonstrated how the survival pressure introduced

by food deprivation results in more risk-insensitive

and aggressive behaviors when faced with the payout

of potential food. In this case, the introduced factor of

food deprivation necessitates a trade-off in strategies,

in which animals sacrifice risk-aversion for the sake of

obtaining limited resources.

One of the most common occurrences in which

animals must sacrifice risk-aversion is in the face of

competition. There are multiple variables that deter-

mine how organisms react when faced with compe-

tition. For example, there are extrinsic factors, such as

resource availability and shelter presence, that affect

the severity and type of competition that an organism

will display (Bergman and Moore 2003). The severity

of competition is especially heightened when the

Handling Editor: Télesphore Sime-Ngando.

C. J. Mergler � A. N. Ludwig � B. G. Gall (&)

Department of Biology, Hanover College, 517 Ball Drive,

Hanover, IN 47243, USA

e-mail: gall@hanover.edu

123

Aquat Ecol (2020) 54:889–894

https://doi.org/10.1007/s10452-020-09775-9(0123456789().,-volV)( 0123456789().,-volV)

http://orcid.org/0000-0002-0106-6840
http://crossmark.crossref.org/dialog/?doi=10.1007/s10452-020-09775-9&amp;domain=pdf
https://doi.org/10.1007/s10452-020-09775-9


resource is of limited supply (Bovbjerg 1953; Bruski

and Dunham 1987; Hazlett et al. 1975; Pintor et al.

2008). A resource that is limited to patches, for

instance, may force individuals to congregate together

and instigate interference competition including phys-

ical fighting and intimidation (Schoener 1983; Pintor

2007; Bergman and Moore 2003). There are also

intrinsic factors, such as body size, sex and hunger

state, that affect the behavior of individuals (Bergman

and Moore 2003). For example, organisms that have

been food-deprived have been shown to increase

locomotion and foraging behavior (Capelli and Mun-

jal 1982; Stocker and Huber 2001; Hazlett et al. 1975).

In this scenario, individuals employing exploitative

competition deprive others of the resource by getting

to the resource more quickly (Schoener 1983). How-

ever, deviations from this expected outcome are likely

to occur in the field where both competition and food

deprivation combine to govern animal behavior.

North American crayfish have been extensively

used in studies on the effects of food deprivation on

risk and agonistic behaviors. These crustaceans are

ideal candidates for such study as they are known for

having a highly predictable and regimented hierarchi-

cal rank under standard laboratory conditions (Bovb-

jerg 1953; Capelli and Munjal 1982; Goessmann et al.

2000; Stocker and Huber 2001). Crayfish dominance

is generally correlated with body size whereby larger

crayfish are more likely to exhibit dominant and

aggressive behavior in comparison with those that are

smaller (Bovbjerg 1953, 1956; Capelli and Munjal

1982; Goessmann et al. 2000; Pavey and Fielder

1996). Likewise, crayfish are reliably and predictably

more aggressive after periods of food deprivation

(Hazlett et al. 1975; Hazlett 2003; Stocker and Huber

2001). The confluence of these two factors—an

established hierarchy dictating agonistic encounters

and the heightened aggression in response to depriva-

tion—creates a scenario in which typically reliable

responses to food acquisition may become unpre-

dictable. For example, when animals are faced with

the risks of starvation vs. the risks of heightened

competition, they may be willing to sacrifice risk-

aversion in order to obtain some benefit (Barnard and

Brown 1985; Milinski 1982; Svanback and Bolnick

2005).

Given the potential trade-off organisms face

between food acquisition and competition in the wild,

we conducted a study to evaluate the combination of

these factors in red swamp crayfish (Procambarus

clarkii). Specifically, crayfish were reared under food-

deprived or satiated conditions. These individuals

were then fed in the presence or absence of a model

competitor exhibiting an agonistic posture. We

hypothesized that hunger state would shift the risk-

averse behavior of crayfish when in the presence of an

agonistic model.

Methods

Animal maintenance

Red swamp crayfish (Procambarus clarkii) were

purchased from a commercial supplier (Carolina

Biological Supply Company) in November 2019.

Crayfish ranged in size from approximately 4–8 cm

and were left unsexed. Crayfish were housed individ-

ually in plastic containers of varying size (approxi-

mately 3 L). Containers were filled with dechlorinated

water to a depth of approximately 15 cm. Water

changes within the tanks were performed every

2–3 days. Each crayfish was provided a shelter

consisting of ceramic tile and plastic tubing. Contain-

ers were housed in an environmental chamber where

they were maintained at 20 �C on a 12-h-day/night

light cycle. All crayfish were fed a daily mixture of

chicken liver (Gallus gallus) and crayfish food pellets

(Carolina Biological Supply Company) for 6 days;

enough food was provided to satiate crayfish and

excess food or waste was removed 3–5 h post-feeding.

One week prior to experimentation, half of the crayfish

(n = 37) were randomly selected and were deprived of

food. The remaining crayfish (n = 31) were held on

the normal feeding schedule as described above to

ensure satiation.

Experimental design

Experimental trials were conducted within each cray-

fish’s home container. For each trial, a crayfish that

was satiated or food-deprived was selected and was

randomly assigned to either the control treatment or

the experimental treatment. The container lid and

shelter were removed. A five-minute acclimation

period was then initiated. In the control treatment, a

piece of chicken (Gallus gallus) liver (* 2 cm) was

deposited into the container approximately 8 cm away
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from the crayfish. Care was taken to deposit the liver

with as little disturbance to the water as possible, so as

to minimize disruption to the test animal. Experimen-

tal treatments likewise received a piece of liver;

however, in this treatment, a model crayfish was

placed in the tank immediately after liver was

introduced. The model crayfish were 6.35-cm soft

plastic fishing lures (Yum CrawBug) glued to a glass

rod. The model was structurally fortified by embed-

ding thin wire through the body and chelae. The

model’s chelae were positioned so that they were

extended upwards and laterally away from the body in

a meral spread, the crayfish’s defensive and offensive

posture (Bovbjerg 1953, 1970; Bruski and Dunham

1987). The model was positioned next to the liver with

one claw in contact with the food. Following the

introduction of either food or food and a model, a

60-min observation period then commenced. During

this observation period, the latency to eat and any

displays of aggression or retreat were recorded. Eating

behavior was recorded only once the crayfish manip-

ulated the liver and began to consume it. Aggressive

behaviors were determined by either passive displays

such as a meral spread of the chelae or by active

manipulation of the model, including any sort of

pinching or striking. Retreat behaviors were recorded

when the crayfish orientated toward the model and

then fled from the model, most often through the use of

a tail flip or slowly walking backwards. Once the

crayfish began to consume the liver, the trial was

concluded; if the crayfish did not respond to food

within an hour, their latency was recorded as 3600 s.

The model crayfish were rinsed with tap water

between each use.

Statistical analysis

We compared the latency to eat between crayfish using

a two-way ANOVA with food treatment (satiated vs.

deprived) and model presence (present vs. absent) as

the two main effect factors. When a significant

interaction term was identified, Tukey’s post-hoc

comparisons were conducted. Sigmaplot v. 12.5 was

used for all analyses. Assumptions of normality and

homoscedasticity were met by these data.

Results

Out of 68 total trials, 35 crayfish consumed the food.

Of these, the majority (n = 27) belonged to the group

that had been deprived of food. Of the crayfish which

had been satiated prior to experimentation, only 23%

consumed food; crayfish from the deprived treatment

had a consumption percentage of 73%. A two-way

ANOVA indicated that there was no significant effect

of the model presence on the latency to eat

(F[1, 64] = 1.1, P = 0.3). However, we found a signif-

icant main effect of hunger level on the latency to eat

(F[1, 64] = 23.3, P\ 0.001) and a significant interac-

tion between food level (satiation vs. deprivation) and

model presence (absent vs. present) on the latency to

eat (F[1, 64] = 5.552, P = 0.022, Fig. 1). In this case,

satiated crayfish responded with a similar latency to

eat regardless of the presence or absence of the model

(P = 0.374, Fig. 1). However, the crayfish which had

been deprived of food prior to trials demonstrated a

significantly lower latency to eat in response to the

presence of a model (P = 0.015, Fig. 1). Post-hoc

comparisons indicated that when the model was

present, deprived crayfish showed a significantly

lower latency to eat in comparison with satiated

crayfish (P\ 0.001, Fig. 1). However, satiated and

Fig. 1 Mean (± SE) latency for satiated and food-deprived

crayfish (Procambarus clarkii) to eat with a model crayfish

either present or absent. A significant interaction between

satiation level and model presence indicates that crayfish

deprived of food responded to the model differently than

satiated crayfish (F[1, 64] = 5.552, P = 0.022). Deprived crayfish

reduced their latency to eat in response to the model being

present, whereas satiated crayfish responded the same regardless

of the model’s presence or absence. Different letters indicate a

significant difference between treatments (P\ 0.05)
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food-deprived crayfish did not respond differently to

the presence of food without a model (P = 0.093,

Fig. 1).

Discussion

Previous studies have demonstrated how food depri-

vation leads to an increase in foraging, exploratory and

agonistic behaviors (Adlerstein and Fehrer 1955; Day

et al. 1995; Hazlett et al. 1975; Stocker and Huber

2001). Several previous studies have been conducted

on crayfish to investigate the influence of satiation

level and food presence on aggression. However, these

studies have not included the presence of a competi-

tor, and as such could not compare how the presence or

absence of competition affects responses to provided

food (Hazlett et al. 1975; Stocker and Huber 2001).

The results of this study indicate a more complex

relationship between food deprivation, competition

and subsequent foraging behavior. In trials where no

model was present, both satiated and deprived crayfish

responded similarly to the provided food. Regardless

of satiation or deprivation, these animals were equally

slow to respond to the food and over half (56%) did not

consume anything during the observational period,

including those that had been deprived of food. Only

when the model crayfish was placed in the experi-

mental chamber did a significant shift in behavior

within the food-deprived group occur. In this case, the

inclusion of the model spurred the live crayfish to

consume the provided food more quickly in compar-

ison with the crayfish who were not exposed to a

model. Since food is a limited resource that is valuable

and defendable, it should act to increase interference

competition when in short supply (Dingle 1983; Barki

et al. 1997; Hazlett et al. 1975). This increase in

competition would take time from foraging and

ultimately lead to a delay in the acquisition of food

(Martin and Corkum 1994). By combining the influ-

ences of food supply and competition, we predicted

that deprived crayfish would take more time to directly

compete with a model over food and thus be delayed in

acquiring resources as compared to other deprived

crayfish with no competing model. However, our

results indicated that food-deprived crayfish presented

with a model took less time to eat than food-deprived

crayfish without a model. The model crayfish likely

acted as a source of artificial competition for the

limited resource, thus introducing a secondary moti-

vation for risk-indifferent food acquisition, which

animals are known to face more willingly after periods

of food deprivation (Bateson 2002; Cabanac and

Johnson 1983; Charnov 1976).

These results can likely be explained by the

crayfish’s well-documented tendency toward

increased aggression in response to food deprivation.

Previous trials have examined levels of aggression and

the potential for agonistic interactions between cray-

fish following periods of food deprivation. All such

studies have demonstrated an increase in agonistic

behaviors, especially when provided with an extra

incentive of food acquisition (Capelli and Munjal

1982; Hazlett et al. 1975; Hazlett 2003; Stocker and

Huber 2001). Our results also indicate a similar trend

in which crayfish which were deprived of food

demonstrate a higher likelihood of actively manipu-

lating and interacting with the model (47% within the

deprived group vs. 25% within the satiated group).

Within the satiated group, the only crayfish to

consume food were the individuals which interacted

with the model; the remaining satiated crayfish did not

interact with the model or food.

Size and sex are important in determining whether

crayfish will display aggressive behavior and win

potential contests. For example, multiple size classes

of crayfish may be present in a population at one time,

and older and larger individuals generally outcompete

younger age-classes (Bovbjerg 1953). Similarly,

males generally outcompete females within the same

age class, and individuals of the same age and sex even

form distinct dominance hierarchies (Bovbjerg

1953, 1956; Goessmann et al. 2000). With the

difference in dominance according to size, the

expected response would be for the crayfish larger

than the model to exhibit a stronger inclination toward

aggression and those smaller than the model should

hesitate to interact. Body size of the crayfish was not

recorded in this study, yet anecdotal observations

during experimental trials suggest that this is not the

case. Crayfish which were smaller than the model

appeared to interact with and manipulate the model

just as readily as larger crayfish. Because our exper-

iment used models that were immobile instead of live

crayfish, and thus made no aggressive advances, our

crayfish may have implemented exploitative compe-

tition according to the passive behavior of the

competitor (Pintor and Sih 2009). Regardless, further
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studies that evaluate this interaction while also

factoring in crayfish size, sex and developmental age

(e.g., juvenile vs adult) are necessary to fully elucidate

how food deprivation and competition interact to

influence crayfish behavior. In addition, the use of an

inert model eliminated the role of chemical informa-

tion in these trials. Chemical information is critical to

the assessment of predator–prey interactions, mating

and competition in aquatic settings (Bronmark and

Hansson 2000) and is used extensively by crayfish

(Moore and Bergman 2005; Breithaupt 2010). Future

work incorporating the role of chemical cues to

understand the relationship between the variables

assessed in this study is warranted.

Previous studies have indicated that crayfish

respond to periods of food deprivation with an

increase in aggression levels.While our study supports

this notion, our results indicate a more complex

interaction between factors leading to crayfish aggres-

sion and risk-prone food acquisition. Food deprivation

alone did not lead to any indication of increased

agonistic behavior or decreased latency to eat. Only

with the confluence of food deprivation and the

additional influence of introduced competition do

crayfish exhibit a distinct difference in their strategies

toward food acquisition and potential competitors.

Further testing that combines additional measures,

such as the body size of the crayfish compared to the

competitor, number of competitive behaviors and total

time spent consuming the food, would increase the

durability of these results.
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