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Summary

Agonistic behaviour of crayfish has been studied extensively in laboratory settings where
pairs or groups of individuals are allowed to interact within an experimental arena. Crayfish
agonistic behaviour within its natural context, however, has received little attention to date.
The present, non-manipulative field study explored activity patterns, behavioural repertoires,
and agonistic encounters of rusty crayfish (Orconectes rusticus) during the summer months
using continuous, 24-hour, underwater video recording at a series of representative field sites.
Following the filming, crayfish within the vicinity of the camera site were captured and mea-
sured. Individual densities were high, reaching a maximum of 68 individuals/m2 at some
sites. Large crayfish predominantly inhabited deeper sections of the river and were mostly
active at night, whereas small crayfish generally utilized the shallows and were active outside
their burrows during day and dusk. Time outside their shelter was mainly used for feeding.
Individuals frequently returned to the same shelter they had emerged from. Agonistic en-
counters were common events and generally occurred in the context of shelter acquisition
or defense. Dyadic fighting progressed with escalating sequences of stereotyped aggressive
acts. Furthermore, high intensities with unrestrained use of claws were seen in encounters
between size-matched opponents. The results of this study allow us to root laboratory find-
ings of crayfish aggression within a comprehensive, ethological framework and to consider
ultimate consequences for individual fighting decisions and strategies.
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Introduction

Decapod crustaceans are the prevalent scavengers of temperate, aquatic en-
vironments. Crayfish and many of their phylogenetic kin occur in high num-
bers, dominate invertebrate biomass, and play an integral role in the structur-
ing of many aquatic communities (Cooper & Uzmann, 1980; Miller, 1985;
Momot, 1995). Populations of crayfish in Lake Ontario, for instance, reach
densities of up to 20 individuals/m2, and their presence profoundly impacts
local ecology and food webs (Stewart & Haynes, 1994). Despite their eco-
logical importance, little is known about the natural behaviour of this group
in the field. Behavioural observations are complicated by largely nocturnal
habits, frequent use of shelters, and their alertness towards the presence of
observers or potential predators. The present knowledge of crayfish behav-
iour has thus emerged largely from studies conducted under controlled lab-
oratory settings. Such work has addressed defensive responses to predator
cues (Stein & Magnuson, 1976; Bouwma & Hazlett, 2001; Herberholz et al.,
2004), the influence of shelter and season on diel activity patterns (Westin &
Gydemo, 1988; Barbaresi & Gherardi, 2001), and individual behaviours in
social contexts including mating (Mason, 1970; Berrill & Arsenault, 1982,
1984; Barki & Karplus, 1999), maternal behaviour (Hazlett, 1983; Figler et
al., 1997, 2001; Levi et al., 1999), and aggressive interactions (Rubenstein
& Hazlet, 1974; Huber et al., 2001a).

With highly-stereotyped behaviours (Rubenstein & Hazlett, 1974; Hu-
ber et al., 2001a) and a uniquely accessible nervous system (Mulloney &
Hall, 1991; Tierney, 2003) crayfish have long been a favorite model for un-
derstanding basic neural orchestration of behaviour (Edwards et al., 1999;
Huber et al., 2001b; Panksepp et al., 2003; Mulloney et al., 2006). Ago-
nistic behavioural encounters in a lab setting progress in a stepwise fashion
from threat displays to unrestrained combat, eventually ending with the with-
drawal of one of the combatants (Rubenstein & Hazlett, 1974; Huber et al.,
2001a). Physical superiority determines most fight outcomes closely match-
ing predictions from game theory models (Maynard Smith & Parker, 1976;
Maynard Smith, 1982; Leimar et al., 1991), where fights are resolved quickly
in the presence of prominent asymmetries of body and claw size, sex, or re-
productive form (Rutherford et al., 1995; Pavey & Fielder, 1996; Guiasu &
Dunham, 1998). Furthermore, fight strategies and success appear to be influ-
enced by factors such as availability of food and shelter (Capelli & Hamilton,
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1984), hunger states (Hazlett et al., 1975; Stocker & Huber, 2001), body and
claw size (Rutherford et al., 1995; Schroeder & Huber, 2001), prior residence
(Ranta & Lindström, 1992, 1993; Peeke et al., 1995; Figler et al., 2005),
aggressive state (Huber & Delago, 1998), and social experience (Bovbjerg,
1953, 1956; Issa et al.,1999; Goessmann et al., 2000). Much of this work has
been conducted in the lab, and little is known about the social interactions in
the field.

Field studies, in contrast, have focused predominantly on ecological as-
pects of crayfish biology, including life history strategies (Momot, 1967;
Hamr & Berrill, 1984; Flinders & Magoulick, 2006), population distribu-
tions (Berrill, 1978; Guiasu et al., 1996; Usio & Townsend, 2000), habitat
use (Englund & Kupa, 2000; Renz & Breithaupt, 2000), and the impact of
crayfish on benthic communities (Momot et al., 1978; Creed, 1994; Parkyn
et al., 2001). Initial behavioural work has characterized movement patterns
(Hazlett et al., 1974; Gherardi et al., 1998, 2000), diel activity (Hazlett et al.,
1979; Gherardi & Barbaresi, 2000; Gherardi et al., 2000), and mating be-
haviour of crayfish (Berrill & Arsenault, 1982, 1984; Kawai & Saito, 2001).
Accounts of crayfish agonistic behaviour in the field are limited to largely
anecdotal reports (Bovbjerg, 1953; Hazlett et al., 1979, Bergman & Moore,
2003).

In addition to engaging readily in agonistic interactions with conspecifics,
crayfish are cannibalistic (Alcorlo et al., 2004; Pérez-Bote, 2005), and there-
fore can be considered predators to other crayfish, especially smaller con-
specifics. Crayfish are also subject to predation from terrestrial predators,
such as mammals and birds (Correia, 2001), as well as fish and turtles (En-
glund & Krupa, 2000). Different sized crayfish are rendered differentially
susceptible to capture by the various predators, which will thus likely struc-
ture the prey’s distribution, habitat use, and activity patterns.

The present non-manipulative field study utilized underwater video sta-
tions in a river to provide a series of continuous, 24-h windows onto the
behaviour of crayfish near it. The population of crayfish present at each site
was assessed subsequently with respect to distributions of size and sex. This
study specifically aimed to examine differences in (1) diel activity patterns,
(2) time budgets, (3) behavioural repertoires, and (4) the presence and char-
acteristics of social interactions for individuals of different sex and sizes
classes.
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Materials and methods

Study sites

This study examined the behaviour of crayfish, Orconectes rusticus, at 17
field sites on the south, middle and north branches of the Portage River
(Wood County, OH, USA) between June and August 2001. The three
branches of the Portage River meet in Pemberville, OH, USA and subse-
quently drain into Lake Erie at Port Clinton, OH, USA. This study was con-
ducted during the summer months as a lack of visibility during spring and fall
greatly limited our ability to observe crayfish in the field. The inclusion of
the spring and fall mating season would presumably have shown additional
reproductive components in behavioural repertoires and time budgets. The
river at these sites was moderately eutrophic, tree-lined, mostly shaded, and
offered abundant shelter in rocks and detritus over mud, sand or clay. Sites
were selected a minimum of 200 m apart featuring a range of characteris-
tics with respect to substrate type, shelter availability, and water depth. They
offered a range of river widths (2.8-19.2 m), water depths (0.17-0.49 m),
current speeds (0.05-0.37 m/s), flow volumes (0.126-0.613 m3/s), and water
temperatures (21-28.5◦C).

Study design

At each site an under-water video camera (YCC-350 LWW-6S, CCTV Sys-
tem, South Korea) was mounted on a height adjustable, horizontal arm ex-
tending 1.27 m from a concrete base assembly at least 24 hours before the
start of filming (Figure 1). The camera height was set to just below the wa-
ter surface with the lens facing directly downward toward the river bottom.
Red-light diodes, attached to the arm by adjustable extenders, were used to
illuminate the site throughout dusk and night. The size of the view area var-
ied with water turbidity but on average was greater during the day (mean
0.04 m2) than at night (mean 0.02 m2). Car batteries (12VDC) were used
to power video camera and lighting equipment. At each site the video sig-
nal was recorded for 24 hours (4×6 h tapes) with a video recorder (VHS,
VR602BM623, Magnavox, China) powered by a car battery and 110 V in-
verter (PW-50, Statpower, Canada). 408 hrs of video were obtained, how-
ever, due to brief periods of increased turbidity resulting in poor visibility,
the usable video was limited to a total of 325 h.
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Figure 1. Setup for field recording. An underwater video camera with integrated infrared-
light diodes and additional red lights for illumination at night was installed on a height-
adjustable arm providing an image of the river bottom. Continuous 24-hour recording was
followed by the collection of all individuals present within the immediate vicinity of the
camera. Towards this goal a 5 m2 area surrounding the camera was enclosed with a seine and

all crayfish contained within it were collected and measured.

Sampling of crayfish populations at each site

Following the video recording, a circular 5 m2 area around the camera was
enclosed with a seine, and crayfish contained within it were collected using
six sequential sweeps following a standard removal protocol (White et al.,
1982; Brower et al., 1990). We characterized each individual with respect
to sex, carapace length (CL), weight, claw size, evidence of past injuries in-
cluding claw loss, and any other distinguishing characteristics which might
serve in the identification of individuals on the video. For each sweep in-
dividuals were grouped according to sex and three size categories (small:
CL < 20 mm; medium: 20 mm � CL < 30 mm; large: CL � 30 mm). A lin-
ear function, fitted to the decrease in number among consecutive sweeps,
closely matched the data, thus validating the population sampling technique
used in this study. The area under the function was used to estimate the total
number of crayfish present at each site, which added 124 mostly small indi-
viduals to those actually captured (i.e., 1404 animals), for a total estimate of
1528 individuals across all 17 sites. After morphological measures had been
obtained, all crayfish were returned to their respective capture site within
24 h.



234 Davis & Huber

Behavioural observations

In each hour of recording, a 15-min segment was selected at random and
subjected to detailed analysis for behavioural data for a total of 80 h of
video. Activity patterns were examined in a subset of 42 h restricted to
those times in which turbidity was low. Each crayfish visible on screen was
characterized as to its size class (small, medium, large), sex (via abdomen
width and claw size), and any unique characteristics that could help in the
repeated identification of individuals. Recorded were also the times at which
an individual entered and exited the viewing area along with the behaviours
the animal engaged in while on screen (see ethogram: Table 1). To reduce
observer error all data collected from video were analyzed by the same
investigator using consistent protocols. Additional observations included the
following of focal individuals on its forays along the river bottom to compare
their behavior with that of the crayfish recorded on tape.

All agonistic interactions visible during the full 325 h of viewable tape
were obtained and used for a detailed analysis of fighting characteristics
(see Huber et al., 2001a). Agonistic interactions began when two animals
approached to within one body length and visibly reacted to each other’s
presence, and ended when one opponent retreated to a distance of >1 body
length. For each interaction we recorded the identities of initiating and re-

Table 1. An ethogram of Orconectes rusticus behaviour was developed based
on 80 hours of under-water video recording at 17 field sites.

Behaviour Definition

Feeding stationary or walks slowly while probing the substrate or grabbing algal mats
or detritus with legs and/or mouth parts

Forward moves across the screen in forward direction
Resting stationary, no apparent movement aside from antennae and mouth parts
Backward walks backwards across the screen
Escape rapidly folds tail under abdomen propelling the individual up or backwards
Agonistic directly interacts with another individual nearby
Digging chelae move substrate at the base of rocks forming a cavity or depression
Meral Spread displays claws, by holding claws up and out at an angle in front of head with

claws open, without visible opponent present
Copulation male seizes, pins down and copulates or attempts to copulate with another

crayfish
Grooming walking legs repeatedly pick over carapace, antennae, antennules, abdomen,

or eyes
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treating animals, each animal’s size, any size or claw asymmetries between
them, and the duration and maximum intensities of resulting fight. Consecu-
tive interactions were considered separate instances when a pause in fighting
exceeded 5 s with a distance of >1 body length between them (Huber et al.,
2001a).

Agonistic interactions between crayfish were analyzed from video se-
quences to examine similarities and differences to behaviour patterns exhib-
ited and described previously from the laboratory (Huber et al., 2001a). The
maximum intensity of agonistic interactions was coded on an ordinal scale:
(0) no contest: one animal retreated from the advances of the other; (1) threat
postures: both individuals contested the interaction and at least one individ-
ual used threat displays or ritualized fighting without physical contact; (2)
restrained physical contact: both individuals contested the interaction and at
least one individual initiated physical contact with open claws; (3) claw lock:
both individuals contested the interaction and at least one individual used its
claws to grab the opponent; (4) strike and rip: both individuals contested the
interaction and at least one individual made unrestrained use of claws with
grasping and tearing at the opponent’s body and appendages.

Results

Crayfish densities and activity patterns

Crayfish populations at the 17 field sites were at high densities ranging from
6 to 68 individuals/m2 (mean = 18). Size distributions (Figure 2) varied
significantly across sites (Chi-square test: χ2

32 = 514.26, p < 0.001), with
small individuals mostly occupying the shallow edges of the river and large
crayfish predominantly inhabiting the deeper areas. No sex-specific spatial
segregation was apparent (Chi-square test: χ2

16 = 21.67, p = 0.15).
Detailed knowledge of the group’s density and composition present at

each site was used to identify the particular subset of individuals that was
actually active outside their burrows at any given time. Large and medium-
sized crayfish were more frequently observed on screen (Figure 3) than pre-
dicted based on their numbers, while small individuals were captured on
screen less frequently than expected (G-test: G12 = 28640.31, p � 0.001).
Moreover, this study identified a significant, size-specific temporal segrega-
tion in these activity patterns. Large and medium sized crayfish were ob-
served away from shelter during dusk and night (2000-0400 h), whereas
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Figure 2. Summary of population characteristics. (a) The number of individuals of different
size and sex classes are graphed for each site. Large (CL � 30 mm), medium (20 � CL <

30 mm), and small (CL < 20 mm) males are represented by shaded bars below the zero line,
females of these size class are plotted above the line. White bars at the center represent small
individuals of undetermined sex. (b) Densities were highest at sites which predominantly
featured small individuals. (c) The sex ratio was skewed toward females across all sites. The
line at each site represents the number of males to females. Each site is labeled as shallow

(S � 0.28 m), mid-depth (0.28 m < M < 0.32 m), deep (D � 0.32 m) along the x axis.

small individuals appeared mostly active at all other times, with a main peak
between afternoon and dusk (1200-2000 h) (Figure 3).

Crayfish behaviour

A quantitative behavioural analysis was conducted on an 80-hour subset of
videotape containing 989 observations of individuals (Figure 4). Crayfish
largely traveled singly through the field of view, grazing on algal mats and
detritus, and capturing invertebrate prey (Figure 4). Some recognized in-
dividual crayfish with distinctive morphological characteristics crossed the
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Figure 3. Activity patterns differ with size. Shaded backgrounds represent the relative pro-
portion of individuals of small (78.5%), medium (11.3%), and large (10.2%) size classes
present at seven recording sites (the overall percentages are draw from the overall distrib-
ution of crayfish that were collected at each site). The bars indicate the relative number of
individuals observed outside their shelters during different time periods (these percentages
are scaled to 100% from the activity pattern video for each time period). This graph repre-
sents a mapping of the activity pattern data over the population data, both of which have been

separately scaled to percentages as a standard unit for comparison.

field of view repeatedly over the duration of several hours, however, many
others were seen only once. Entrances to shelters were included in the view
area at most sites, and never appeared to be occupied by more than a sin-
gle crayfish at a time. Individual residents, present in 11 of the 17 sites, re-
peatedly emerged from, returned to, and defended a specific shelter. Crayfish



238 Davis & Huber

Figure 4. Behavioral repertoires of visible crayfish. The graph summarizes the proportion
of time when crayfish were engaged in different behavioural activities (see Ethogram, Table
1). The numbers above the bars represent total counts for each behaviour during 80 hrs of

video recording.

frequently entered the viewing area, or exited the viewing area via escape be-
haviour (tail-flips) in reaction to unidentified threats. On several occasions,
however, strong escape responses occurred immediately before potential het-
erospecific predators crossed the area of view. A snapping turtle (Chelyda
serpentina) was directly observed lunging and snapping at a few large cray-
fish and a number of different species of fish appeared to be passing the field
of view hunting for crayfish. At these times most residents retreated to their
shelters and small crayfish hid from view, while several larger crayfish re-
mained on screen and oriented towards the predator with a display of meral
spread (Table 1).

Opportunities for documenting social interactions only existed in in-
stances where multiple individuals concurrently were captured on screen.
Based on the probability of viewing an animal on screen (p = 0.35), ex-
pected probabilities for viewing multiple crayfish at a time could be ob-
tained. Without interference of each others movements, conditions for social
interactions should be present at a probability of 0.129 (i.e., the combined
probabilities for two (p = 0.123), three (p = 0.004), and more individuals
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(p = 0.002) on screen at a time). The video records, however, contained
significantly fewer instances of multiple animals on screen than predicted by
chance alone (One-tailed paired t-test: t17 = −3.307; p < 0.002) suggest-
ing the presence of social agonism towards conspecifics within the frame of
view (0.03 m2). This is further evidenced by the presence of 95 dyadic, ago-
nistic encounters in 325 h of video. 95 dyadic agonistic encounters in 325 h
indicate a high level of agonism between crayfish in the field. Eleven fights
were directly within the context of shelter acquisition and defense. More-
over, four encounters between males and females progressed to copulatory
behaviour demonstrating the presence of this behaviour in Orconectes rusti-
cus outside of traditional fall and spring breeding seasons. Since the mating
behaviour occurred outside the traditional breeding season, gonopodia trans-
mission may not have occurred.

Dyadic encounters in the field utilized a series of stereotyped behaviour
patterns closely resembling those reported from laboratory studies, and lev-
els of fighting intensity were recorded. Fight duration, lasting an average
of 23.7 s, proved a powerful predictor of a fight’s maximum intensity and
thus supported fight escalation with step-wise increases in intensity lev-
els over time (log-transformed duration; Logistic regression: χ2

1 = 45.09;
p < 0.001; r2 = 0.19; N = 91; Figure 5). Fight progress and its out-
come were strongly contingent on the extent of size asymmetries, where
fighting was resolved quickly in pairs with a large mismatch and, in its ab-
sence, progressed to higher levels of intensity, including unrestrained com-
bat (Figure 6). Specifically, the presence of size differences determined both
fight duration (log-transformed duration; ANOVA: F1,2 = 25.76, p < 0.05)
and maximum intensity reached (Chi-square test: χ2

8 = 25.63, p < 0.01).
The longest, most intense fights occurred during the acquisition and defense
of shelters. Throughout the study period, the incidence of crayfish interac-
tions increased with crayfish site density (Pearson’s correlation: p < 0.001,
ρ = 0.78, N = 95). Consistent with the results of video recordings, inde-
pendent observations of focal crayfish confirmed that individuals frequently
engaged and displaced smaller conspecifics.

Discussion

In his classic paper, Herrick (1909) described lobsters, close kin to crayfish,
as “a solitary, aggressive animal in its natural habitat”. The present study
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Figure 5. Fight duration vs. maximum intensity. The left y-axis represents probability, and
the proportions shown on the right y-axis represents the relative sizes of each fight intensity
category (0-4) in the total sample. Duration of fights on the x-axis is represented in seconds.
At each duration value, the probability scale in the y-direction is divided into probabilities
for each fight intensity category. The probabilities are measured as the vertical distance
between the curves, and the total across all Y category probabilities sum to 1. The bottom
curve shows the probability attributed to fight intensity 0 (illustrated by the marked data for
intensity 0) as duration varies. The distance between the bottom curve and the curve above
it is the probability for fight intensity 1. Thus, the distance between each consecutive curve
corresponds to the probability for fight intensities 0-4 as duration varies, with fight intensity
4 represented by the top curve and above. The model indicates that probabilities for higher

fight intensities increase with duration.

finds that this characterization holds also true for crayfish, and further adds
that agonistic interactions indeed represent common events in the behav-
ioural biology of Orconectes rusticus. On many occasions, intraspecific ag-
onistic interactions were observed along the shallow edges of the river at
many of the field sites. In light of the high population densities found in
the present study it should be expected to see frequent incidences in which
individual crayfish happen upon each other. Moreover, such estimates corre-
spond closely to similarly high densities reported elsewhere (Momot et al.,
1978; Stewart & Haynes, 1994), suggesting that crowded conditions with
frequent agonistic encounters may well be a common feature of crayfish be-
havioural biology, rather than an extreme and isolated case.
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Figure 6. Fight intensity and size asymmetry of opponents. Asymmetries of body size are
represented in three categories, none (within approx. 10%), small (30% > difference >

10%), and large (difference > 30%). The y-axis on the left indicates the proportion of fights
that ended at each intensity. Fight intensities 0-4 (defined in the methods) are indicated by

shading.

Many aggressive interactions occurred within the context of shelter ac-
quisition or defense. Burrows were always occupied singly and owners re-
peatedly returned to the same site throughout the observation period. As
a common source of conflict they appear to represent valuable resources.
Moreover, the availability of shelters provides a strong predictor for crayfish
densities (Miller, 1985; Hill & Lodge, 1994; Davis & Huber, unpubl.). Such
residents also spend significant amounts of time each day away from shel-
ter in search of food. During such periods they roam the immediate vicinity,
graze on algal mats, and frequently enter agonistic interactions with conspe-
cific along the way. Surrounding shelters are explored and smaller individ-
uals are often evicted. In one telling example, a resident animal repeatedly
displaced others nearby.

Crayfish encounters in the field closely match predictions from simple
game theory models (Maynard Smith & Parker, 1976; Maynard Smith, 1982)
to more complex sequential assessment models for stepwise fighting (Leimar
et al., 1991). The characteristics of crayfish field encounters reported here
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closely resemble those described from laboratory settings (Huber et al.,
2001a). Fights feature a set of stereotyped behaviour patterns (Bruski & Dun-
ham, 1987), and intensity escalates as fighting progresses (Huber & Kravitz,
1995; Huber et al., 2001a). Prior residence (Peeke et al., 1995; Ranta & Lind-
stöm, 1992, 1993), greater size (Ranta & Lindström, 1993; Rutherford et
al., 1995; Pavey & Fielder, 1996), and previous fighting success (Issa et al.,
1999; Goessmann et al., 2000) all serve as important predictors for an indi-
vidual’s willingness to enter and escalate a fight.

Crayfish are traditionally viewed as a predominantly nocturnal animal
(Hazlett et al., 1979; Gherardi et al., 1998, 2000; Barbaresi & Gherardi,
2001) and fish predation is believed to be a driving force in this context
(Nyström, 2002). The present study supports laboratory findings that cray-
fish activity level and behavioural responses to predators vary with cray-
fish size due to differential susceptibility to predators (Stein & Magnuson,
1976; Stein, 1977). The present study found important differences in distrib-
ution and activity patterns as a function of size. Large crayfish inhabiting the
deeper sections of the river were exposed to several predatory fish species,
however, they were large enough to mostly exceed their gape constraints.
Terrestrial predators such as birds and mammals preferentially feed on large
crayfish (Correia, 2001), but predation risk by terrestrial predators is lower
in deeper water (Englund & Krupa, 2000). Large crayfish therefore appear to
reduce their predation risk by being nocturnal and inhabiting deeper water.
In contrast, smaller individuals were found predominantly along the shallow
edges of the river, where they experienced reduced risks from capture by
fish and cannibalistic conspecifics (Alcorlo et al., 2004; Pérez-Bote, 2005),
but at an increased risk of predation by a variety of avian and mammalian
predators (Englund & Krupa, 2000). At present there is no evidence that
different-sized crayfish vary in their ability to detect infrared light. An appar-
ent under-representation of small crayfish active at night could alternatively
be due to higher sensitive to the infrared lighting at the observation area,
although there is presently no evidence that this is indeed the case.

This non-manipulative field study provides an ethological context for the
occurrence of aggression in this species. It points to the need to consider
crayfish fighting behaviour within a framework of high population densities,
the importance of shelters for protection from predators or conspecific can-
nibals, and the expression of an inherent tendency of agonism towards con-
specifics. Ethological studies such as these allow us to gain a better under-
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standing of the natural behaviour of decapods and to root laboratory findings
within a comprehensive behavioural and ecological framework.
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