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Rusty crayfish (Orconectes rusticus) movement within and between 
habitats in Trout Lake, Vilas County, Wisconsin 
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Abstract. The exotic rusty crayfish, Orconectes rusticus, has invaded northern Wisconsin watersheds 
and is causing severe ecological alterations. We investigated the processes of rusty crayfish dispersal 
and movement within Trout Lake, Vilas County, Wisconsin, using a mark and recapture technique. 
We examined the effects of crayfish size, gender, and original location on distance traveled. Some O. 
rusticus moved up to 221 m in 2 d, but most crayfish remained in their original habitat (distances 
ranged from 0-58 m). Distances traveled were similar for both male and female crayfish. Crayfish 
size did not affect the patterns of movement. Crayfish did not travel greater distances over time, 
which may be an artifact of 2 groups of crayfish: those that stayed in their local habitat and those 
that moved far distances. Comparisons with published dispersal and movement data suggest that 
large movements are observed occasionally in both lotic and lentic habitats. For rusty crayfish, these 
movements have important implications for invasion rates. 
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In many northern Wisconsin lakes, the exotic 
crayfish Orconectes rusticus has replaced the na- 
tive 0. virilis and another invader O. propinquus 
(Capelli 1982, Lodge et al. 1986, Lodge and Hill 
1994). Orconectes rusticus is a successful invader 
because it is larger and more aggressive than its 
congeners, and is a -better competitor for food 
and habitat (Capelli and Munjal 1982, Lodge et 
al. 1994, Hill and Lodge 1999). It can limit the 
growth of macrophytes (Lodge and Lorman 
1987, Lodge et al. 1994), thereby affecting fish 
habitat and nutrient cycling in the littoral zone 
of lakes (Carpenter and Lodge 1986). 

Orconectes rusticus were first brought to north- 
ern Wisconsin y ago by anglers from In- 
diana and Illinois (Capelli and Magnuson 1983, 
Hobbs et al. 1989) and have continued to dis- 
perse between and within lakes. They were 
detected in Trout Lake in 1981 (Lodge et al. 
1986), but took >16 y to completely disperse 
around Trout Lake’s 30 km of shoreline (Mag- 
nuson and Kratz 1999). In this study, we look at 
short-term O. rusticus movement in the context 
of the influence of daily movements on invasion 
rates. 

Several factors influence the dispersal and site 
affinity of crayfish within a lake. For instance, 
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cobble and macrophyte habitats may represent 
different levels of food resources for crayfish. 
Macrophytes typically have more invertebrates 
than cobble (Resh and Rosenberg 1984); inver- 
tebrates are a favored food source for crayfish 
because they are high in protein (Momot 1995). 
However, if invertebrates are scarce, crayfish de- 
pend on detritus (Chambers et al. 1990, Momot 
1995, Nystrom and Strand 1996), which does 
not facilitate rapid growth but does allow mod- 
erate to high survival (Hill et al. 1993, Lodge 
and Hill 1994). If a stretch of shoreline receives 
equivalent amounts of terrestrial detritus, then 
a nearby offshore macrophyte habitat would be 
expected to collect more detritus than an equi- 
distant cobble habitat because of the additional 
inputs of macrophyte-derived detritus. Thus, 
we might expect to see short-term foraging 
movements from cobble to macrophyte habitats. 

Predation risk may also be a factor that affects 
habitat preference of crayfish. Crayfish prefer 
refuge-providing substrates (Hill and Lodge 
1994, Lodge and Hill 1994) and are most abun- 
dant in cobble substrates (Lorman 1980, Capelli 
and Magnuson 1983). Large crayfish are pro- 
tected by size from gape-limited predators, 
whereas small crayfish experience high preda- 
tion risk (Stein 1977, DiDonato and Lodge 1993, 
Garvey et al. 1994, Kershner and Lodge 1995). 
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Because small crayfish experience high preda- 
tion risk, they congregate in cobble substrate 
where they are better concealed from predators 
(Kershner and Lodge 1995, CJB and KAW, un- 
published observations). Conversely, larger cray- 
fish can be found in less protected areas of sand 
or macrophytes in addition to cobble (Kershner 
and Lodge 1995). 

Sex may also influence crayfish movement. 
Male crayfish tend to be more aggressive than 
female crayfish (Lodge and Hill 1994, Hill and 
Lodge 1999), which suggests increased move- 
ment among males to reduce encounter rates 
with each other (Bovbjerg 1959). However, Hill 
and Lodge (1994) found O. rusticus females to 
be equally aggressive in one-on-one competition 
experiments for limited food. In addition, fe- 
male crayfish are sedentary when they are car- 
rying extruded eggs or young, usually in the 
months of May and June (Thorp and Covich 
1991). Adult male O. rusticus also molt twice 
during the summer months, during which time 
they are inactive. As such, we expected sex to 
be of minimal importance in explaining dis- 
tances traveled by individual crayfish. 

We evaluated distances traveled by marked 
crayfish within and between cobble and mac- 
rophyte habitats. We predicted that habitat, in 
conjunction with size and sex, may affect the 
distance O. rusticus travels. We hypothesized 
that: 1) crayfish would travel towards macro- 
phyte-dominated areas, 2) larger crayfish would 
be more likely to travel greater distances than 
smaller crayfish, 3) crayfish would travel farther 
over time, and 4) there would be no difference 
in distance traveled between female and male 
crayfish of similar size. 

Methods 

Study site 

Our experiment was conducted along the 
shoreline of an undeveloped island in Trout 
Lake, Vilas County, Wisconsin, USA, where ter- 
restrial vegetation consisted of small shrubs and 
2nd-growth deciduous forest. Habitats consisted 
of both a macrophyte and a cobble patch on firm 
sand substrate. The patches were 120 m apart, 
separated by a slightly raised sandy underwater 
bar. Only O. rusticus are present in this area 
(Magnuson and Kratz 1999). At the time of the 
study, adult male O. rusticus had completed 

their final molt of the summer to Form 1. The 
water was calm with a temperature around 20°C 
during the study period. 

Experimental design 

Crayfish were captured in macrophyte and 
cobble habitats using modified minnow traps 
(hole diameter cm) arranged in a grid. We 
placed traps 10 to 20 m apart (depending on the 
recapture effort, Fig. 1) to ensure that the effec- 
tive trapping area of traps (12 m, Capelli 1975) 
did not overlap. 

For the 1st recapture effort (48-h recapture ef- 
fort, Fig. 1), the trap configuration was elongat- 
ed to sample a larger spatial extent along the 
shoreline and to determine whether crayfish 
were traveling outside of the original grid areas. 
This trap configuration may have under-sam- 
pled crayfishes that moved <10 m (e.g., they 
would have been recaught in the same place that 
they were originally marked) because the traps 
were farther apart than in the original configu- 
ration (although 4 traps in each habitat were in 
their original position, Fig. 1). We saw no obvi- 
ous pattern of movement away from the original 
grids, so for the 2nd recapture effort (96-h re- 
capture effort, Fig. 1), trap configuration was re- 
turned to a pattern resembling the original con- 
figuration and trapping effort to make the 96-h 
recapture and original marking efforts more 
comparable. 

Each trap was baited with 120 g of beef liver 
for the initial capture and 60 g of beef liver for 
each subsequent recapture effort and set for 

h in 1 to 1.5 m of water. Bait was reduced 
on subsequent recapture efforts because of cost 
and because there was excess liver in the traps 
after the initial trapping effort. 

Trapping with bait is biased because traps se- 
lect for larger, more aggressive individuals (Ca- 
pelli 1975, Olsen et al. 1991). Bait also can attract 
crayfish, potentially biasing movement distanc- 
es. However, we removed our traps for 24 h be- 
tween trapping efforts to allow crayfish to re- 
distribute without the influence of bait, and our 
low recapture rate suggested that crayfish were 
not remaining in the same place. Furthermore, 
because weather was calm and strong under- 
water currents generally occur only with strong 
wind events, we assumed that the effective trap- 
ping area of each trap was roughly circular, and 
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48-h recapture 

96-h recapture 

FIG. 1. Trap placement in the cobble and macrophyte grids for each trapping effort. Dark circles indicate 
traps that were placed in the same location for all 3 trapping efforts. Light circles indicate traps that were 
moved in each subsequent trapping effort. Dimensions of grids (in meters) given with double-headed arrows. 

that the smell of bait did not travel differentially 
in any direction. 

Crayfish were marked by poking a series of 
small holes in their uropods with a safety pin 
(Guan 1997). This method of marking lasts for 
up to a year and does not harm or inhibit cray- 
fish movement (Guan 1997). Two of 105 recap- 
tured crayfish were discarded from the data set 
because markings were unclear. All crayfish 
from an individual trap had the same unique 
uropod marking so that we could identify the 
initial location of each crayfish. We measured 
and sexed all crayfish (marked or unmarked) 
caught in the 1st recapture effort, but only sexed 
and counted the unmarked crayfish caught in 
the 2nd recapture effort. Crayfish were released 
at the same location where they were trapped. 
To minimize fright responses (Robinson et al. 
2000) and escape swimming, crayfish were re- 
leased by gently flooding and then overturning 

their holding pan into the water. Most crayfish 
sank straight to the bottom without swimming. 

Datu analysis 

We were concerned that the distribution of the 
observed distances traveled was an artifact of 
the trap configuration. Thus, we calculated all 
possible Euclidean distances a marked crayfish 
could travel between all pairwise combinations 
of original and recapture traps given the layout 
of the 3 different trapping grids. We then com- 
pared the expected distribution of distance trav- 
eled with the distribution of observed distances 
traveled by the marked crayfish using a Kol- 
mogorov-Smirnov 2-sample test, which is a 
nonparametric test that measures the discrep- 
ancy between 2 distributions (in this case, the 
expected and observed distances traveled) with 
the null hypothesis that the 2 distributions are 
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TABLE 1. Mean size (mm carapace length) of crayfish caught initially and in each successive recapture. There 
was no significant difference in the size of all marked crayfish recaptured in 48 h or 96 h (t = -0.008, p = 
0.994). 

Mean (SE) size 

Initial captures 48-h recaDtures 96-h recaptures 

Males 39.1 (0.16) 
Females 38.5 (0.33) 
All crayfish 39.0 (0.14) 

39.2 (0.51) 
41.7 (1.66) 
39.8 (0.60) 

39.5 (0.66) 
41.1 (1.01) 
39.8 (0.56) 

identical (Sokal and Rohlf 1995). The D statistic 
represents the maximum unsigned difference 
between the relative cumulative frequencies of 
expected and observed distances. 

The grids were not perfectly square to each 
other because the shoreline curved slightly and 
we wished to keep all traps along the 1 to 2 m 
contour. However, we calculated Euclidean dis- 
tances between traps as if the grids were exactly 
square to each other to simplify calculations. 
Note that the calculation of distances between 
traps accounts for the relative placements of 
traps in the original marking effort as compared 
to the 2 successive recapture attempts. 

Results 

Original marking effort 

A total of 1127 crayfish were originally 
caught, of which 852 were males, 250 were fe- 
males, and 25 were unknown because we failed 
to note their sex. There was no significant dif- 
ference in mean size between crayfish originally 
marked in the macrophyte grid (mean ± SE: 40 
± 0.19 mm carapace length [CL], range = 27- 
53) and in the cobble grid (38 ± 0.21 mm CL, 
range = 15-53) (t = 1.98, p = 0.157). Males and 
females did not differ in mean size (male = 39 
± 0.16 mm CL, range = 15-53, female = 38 ± 
0.33 mm CL, range = 25-53) ( t  = 1.666, p = 
0.097). 

Recaptured crayfish 

A total of 643 crayfish (434 male, 209 female) 
were caught during the 48-h recapture effort, 
and 905 crayfish were caught during the 96-h 
recapture effort. The reduction in bait seemed 
to have little significant effect on the number of 
crayfish caught per trap in the 2 later trapping 
efforts; we found no significant reduction in the 

mean number of crayfish caught per trap be- 
tween the original capture (mean ? SE: 27.5 ± 
1.49 crayfish/trap) and the 48-h recapture effort 
(23.3 ± 1.65 crayfish/trap) (t  = 1.843, p = 0.07) 
or between the 48-h recapture and the 96-h re- 
capture effort (21.5 ± 1.25 crayfish/trap) (t = 
0.857, p = 0.394), However, there was a signifi- 
cant difference in the mean number of crayfish 
caught between the original capture and the 96- 
h recapture (t  = 3.062, p = 0.003). Mean sizes 
of marked crayfish for all 3 trapping efforts 
were similar (Table 1). 

In total, we recaptured 9.2% of all marked 
crayfish. No crayfish were recaptured twice be- 
cause, when compared to our original marking 
records, the recaptured crayfish had unique 
combinations of uropod markings, sex, and size 

Distances moved 

Mean distances traveled between release and 
recapture did not differ significantly between 
the 48-h recapture (mean ± SE: 58 ± 8.87 m) 
and the 96-h recapture (54 ± 7.73 m) ( t  = 0.918, 
p = 0.362). Mean distance traveled was similar 
for male, female, or both genders combined for 
either 48 h or 96 h after release (Table 2). Size 
did not affect the distance crayfish moved (R² = 
0.027, p = 0.204). 

We categorized distances traveled as near 
(<100 m) and far (>100 m), which roughly cor- 
responded to within- and between-habitat 
movements, depending on the trapping config- 
uration (Fig. 2). Distances traveled within the 
same habitat over the 48-h period were signifi- 
cantly different from the possible distances that 
could have been traveled (D = 0.340, p = 0.001), 
and appeared to be skewed towards smaller 
distances = 32.4, 
45.5). All other comparisons were not signifi- 
cantly different: 48-h period between habitats 
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TABLE 2. Mean distance traveled (m) by crayfish in 48- and 96-h periods. None of the distances traveled 
were significantly different from each other. 

Distance traveled 

48 h 96 h 

No. of No. of 
Mean crayfish Mean crayfish 

distance (SE) caught distance (SE) caught t-statistic p-value 

Males 60.44 (11.41) 32 47.96 (8.11) 45 0.918 0.362 
Females 52.08 (12.01) 12 72.29 (19.35) 14 -0.852 0.403 
All crayfish 58.16 (8.87) 44 53.73 (7.73) 59 0.376 0.708 

(D = 0.273, p = 0.506), 96-h period within hab- 
itats (D = 0.095, p = 0.811), and 96-h period 
between habitats (D = 0.213, p = 0.682). 

In general, crayfish were more likely to stay 
within their original habitat than to travel into 
neighboring habitat. Directional movement was 
apparent in the crayfish that moved the farthest 
distances. Of the 20 marked crayfish that moved 
from one habitat to the other during the study, 
all but 4 moved from macrophytes to cobble. 
More recaptured crayfish than expected were 
originally marked in the macrophyte habitat 
= 4.28, 0.025 < p < 0.05, Table 3). Also, more 
crayfish stayed in their original habitat rather 
than moved to a different habitat = 38.5, p 
< 0.001, TabIe 3). Average distances traveled 
within macrophyte habitat (27 ± 2.4 m) did not 
differ from distances traveled within cobble 
habitat (34 ± 4.2 m) (t  = -1.485; p = 0.143). 

Discussion 

Limitations of baited traps 

The efficacy of baited traps has been long de- 
bated (Capelli 1975, Collins et al. 1983, Somers 
and Stechey 1986, Olsen et al. 1991), but most 
crayfish studies in lentic habitats have used bait- 
ed traps for mostly practical reasons. Rusty 
crayfish orient accurately and rapidly to carrion 
odors in slow currents (Moore and Grills 1999), 
so it is possible that odors from the beef liver 
dispersed by currents could have attracted cray- 
fish to the study. This attraction might increase 
the recruitment of crayfish to the site, resulting 
in an overestimate of the number of crayfish 
present in the area and distances traveled. How- 
ever, our recapture rates were within the vari- 
ability (7.1-21.4%) found by Camougis and Hi- 
char (1959) in a small (180 x 45 m) pond over 

a 36-h period. In contrast, Flint (1977) had a re- 
capture rate of 0.02% over a 2- to 4-wk period 
in a much larger area in Lake Tahoe. Previous 
studies showed that the use of baited traps ac- 
curately estimated local crayfish density (Lor- 
man 1980) but, in lakes with O. rusticus, crayfish 
densities were accurately estimated only if O. 
rusticus was the dominant crayfish species (Ol- 
sen et al. 1991). Current-based odors may in- 
crease the directional movement to the study 
site, but we did not detect patterns in trap catch- 
es that would suggest that crayfish originated 
down-current from the traps. In addition, 
strong directional currents should have been at 
a minimum because of calm weather during the 
trapping period. We accounted for possible trap 
affinity by removing the traps and bait from the 
water for a 24-h period between each successive 
recapture to allow crayfish to move uninflu- 
enced by the odor of the bait. We assumed that 
our traps captured individuals closest to each 
trap when the traps were set. Several altema- 
tives to baited traps exist, but all have their own 
associated biases. Unbaited traps catch fewer 
crayfish. More active techniques such as hand 
netting by SCUBA divers tends to frighten 
neighboring crayfish away while an individual 
is netted. Radiotelemetry may be the most ideal 
method in lentic habitats because one individ- 
ual’s location can be mapped over time and re- 
capture points are not fixed. Radiotelemetry, 
however, is costly and, consequently, sample siz- 
es are low. 

Movement rates and distances 

Average movement rates by marked crayfish 
over 48 h (1.2 m/h) and 96 h (0.56 m/h) were 
within the range of movement studies conduct- 
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FIG. 2. Distributions of observed and possible distances traveled for the 48- and 96-h time periods. Possible 
distances (i.e., those distances crayfish could have traveled between the original trapping point and recapture) 
depended on trap placement. In general, near distances (<100 m) correspond to within-habitat travel and far 
distances correspond to between-habitat travel. Only mar movements in the first 48 h suggested movement 
patterns that differed significantly from expected based on the trapping configurations (see text). 

ed in small ponds (0.625-0.83 m/h, Camougis 
and Hichar 1959; 2.58 m/h, Momot and Gowing 
1972), but these studies, like ours, were limited 
in their sampling extent. Our longest distance 
traveled was not unusual. Flint (1977) found 
that most crayfish released from a single point 
dispersed m from the release point in 2 to 
4 wk, but that many individuals went consid- 
erably further. Another published account (Fürst 

1977) suggested that crayfish can travel up to 
600 m in 24 h. These movement rates are gen- 
erally higher than those observed in stream 
crayfishes, where daily movements are often 
within 10 m of the last recapture, but individ- 
uals occasionally move >50 m. 

Studies by Camougis and Hichar (1959), 
Momot and Cowing (1972), and ours represent 
potentially large underestimates of crayfish 

TABLE 3. Recaptured crayfish within and between the macrophyte and cobble grids over a 48-h and a 96-h 
period. A total of 543 crayfish were initially marked in the macrophyte habitat and 577 crayfish were marked 
in the cobble habitat. 

% Recaptured (no. recaptured) 

(marked) (recaptured) 48 h 96 h 
Original habitat Final habitat 

Macrophyte Macrophyte 3.68 (20) 4.79 (26) 
Cobble 1.29 (7) 1.66 (9) 
Total 4.97 (27) 6.45 (35) 

Cobble Cobble 2.60 (15) 3.81 (22) 
Macrophyte 0.35 (2) 0.35 (2) 
Total 2.95 (17) 4.16 (24) 
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movement in lentic environments because the 
spatial extent of crayfish movement was, in all 
3 cases, greater than the spatial extent of sam- 
pling points. In our study, the distribution of 
observed distances traveled within habitats dur- 
ing the first 48 h was skewed toward shorter 
distances relative to the expected distances. We 
thus concluded that crayfish were generally 
moving within the area sampled by our traps. 
However, for the 96-h recapture effort, we con- 
cluded that our sample area was too small to 
adequately measure the net distance traveled in 
96 h because the observed distribution of dis- 
tances traveled was the same as the expected 
distances traveled. In this case, the movements 
measured may have simply been a function of 
where individual crayfish were located when 
the traps were dropped into the water. Conse- 
quently, even our maximum estimate of dis- 
persal rate (221 m/48 h) is likely an underesti- 
mate of crayfish movement. To fully assess the 
gradual dispersal of marked crayfish, we would 
have required a sample area of hundreds of me- 
ters and a longer time period. 

It is possible that we measured movements by 
2 groups of crayfish: one that stayed (at least for 
the period of our study) in the same area, and 
one that moved long distances (>100 m). This 
interpretation agrees with many studies of cray- 
fish movement in lotic and lentic habitats, in 
which most individual crayfishes appear to oc- 
cupy a general area for some time (days or 
weeks) before moving, sometimes relatively 
long distances, to another site. For instance, 
Robinson et al. (2000) used radiotelemetry in a 
small creek to identify "home sites" at which 
Austropotamobius pallipes would remain for up to 
a week, but then leave for another site; experi- 
mentally displaced crayfish showed no affinity 
for their former haunts. Similar home sites in a 
stream system were observed by Hazlett et al. 
(1974), who found that most recaptures oc- 
curred from 0 to 5 m from the last capture, but 
infrequent large movements as great as 308 m 
suggested that O. virilis remained stationary for 
some time and then moved long distances. Flint 
(1977) found most crayfish stayed within 50 m 
of their release point in Lake Tahoe in a 2 to 4 
wk period, but that a few individuals traveled 
much further. These occasional far movements 
could very well represent the leading edge of 
rusty crayfish invasion fronts. 

Implications for invasions 

Rusty crayfish are clearly capable of moving 
long distances, with critical implications for es- 
timates of invasion rates. Unlike streams, cray- 
fish in lakes are much less restricted in the di- 
rection of travel. However, our (minimum) 
movement estimates are the cumulative dis- 
tance traveled by an individual crayfish under 
realistic conditions of predation risk and food 
availability, and so should give a reasonable es- 
timate of possible invasion rates around the 
shoreline of Trout Lake. Assuming that O. rus- 
ticus is active only during the months of June, 
July, and August (Lorman 1980) and using our 
most conservative dispersal estimate of 0.56 m/ 
h, our results suggest a potential invasion rate 
of 1.2 km/y, much faster than the observed rate 
of 0.68 km/y (Magnuson and Kratz 1999). Large 
single movements by some individuals could 
greatly increase dispersal by the population as 
a whole, especially movements by the large fe- 
males observed in our study. These females 
mate in late summer and carry a spermatophore 
(sperm plug) until they extrude their fertilized 
eggs in early spring (Thorp and Covich 1991) 
and therefore might act as epicenters fot dis- 

There are many possible mechanisms for the 
observed slower-than-expected invasion of 
Trout Lake: predation pressure by fishes (Gar- 
vey et al. 1994), density-dependent processes 
(Bovbjerg 1959), habitat availability (e.g., cobble 
for shelter, especially during molting periods) 
and connectivity (Kershner 1992), the width or 
area of colonizable littoral zone, and interactions 
with congeners (Hill and Lodge 1994). The rel- 
ative importance of these processes in determin- 
ing invasion rate (versus invasion success) is 
largely unknown. 
In conclusion, we did not see any effect of 

size, sex, or time on distances traveled by rusty 
crayfish Among crayfish moving long distanc- 
es, more moved towards cobble substrate than 
towards macrophytes. The observed distances 
traveled most likely represent minimum dis- 
tances traveled by these crayfishes, both the ma- 
jority that remained in the same general loca- 
tion, and the few individuals that traveled >100 
m. We suggest that future work on rusty cray- 
fish dispersal in lentic environments would ben- 
efit from careful tracking of individually 
marked crayfish without baited traps, over ex- 

persal. 
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tents >250 m. Our work suggests that rusty 
crayfish are quite mobile and invasions of water 
bodies could be rapid. However, the invasion of 
Trout Lake by rusty crayfish was slower than 
expected given our measured distances. We ex- 
pect that this discrepancy was caused not by 
dispersal ability, but by multiple interactions be- 
tween crayfish, predators, and habitat. Correla- 
tions between local movement rates and inter- 
actions with environmental factors may help ex- 
plain and predict local invasion rates. 
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