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ABSTRACT 
 

An empirical model is developed from literature and new data which indicates that trap catches of crayfish 
from low nutrient and low predation lakes in North America, provided that they are stratified for size and sex 
biases, can be used to predict areal densities: LOG (DENSITY total m-2 + 1) = 0.02 + 0.26 LOG (TRAP 
CATCH adult males trap-1 + 1); r = 0.78, p = 0.01, n = 41. This empirical relationship is preferable to previous 
conversions of trap to areal abundance which have relied upon imprecise guesses of the "effective trapping 
radius". Although suitable for survey or management oriented studies, the extent of variability in the 
relationship probably precludes use of trapping data for detailed studies of population dynamics in which a high 
degree of precision is required for hypothesis testing. 
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Introduction 

 
Crayfish are a highly diverse group of freshwater decapods (640 species) with, excluding Antarctica and 

India, a worldwide distribution (Crandall, 2008). In North America (and also Scandinavia), crayfish, through 
their polytrophic life habits, are important regulators of system energetics in the general ecology of oligotrophic 
lakes (Rickett, 1974; Momot, 1978; Momot, 1984). As well as supporting a commercial fishery in North 
America lakes in their own right (Threinen, 1958; Nolfi, 1981; Crocker, 1968), crayfish also function as both an 
important food source to many sport fishes (Reid, 1972; Taub, 1972; Gowing, 1979; Emery, 1975), and as a 
controlling agent of nuisance vegetation (Dean, 1969; Lodge, 1987; France, 1992; France, et al. 1991). 
Decisions concerning management of lakes may therefore be imprecise unless crayfish species composition and 
abundance are taken into consideration (Lorman, 1978).  

Malley and Reynolds (Malley, 1979) emphasized the importance of choosing a sampling methodology that 
accommodates the full life history of the organism being studied. Collection of crayfish with SCUBA has 
customarily been used as the measure by which to test the sampling efficiency of other methods such as minnow 
traps (Capelli, 1975; Flint, 1975; France, 1991). Direct diver estimations of population size, although 
certainly not themselves free of sampling problems (Davies, 1989; Somers, 1987), are often considered 
preferable to trapping techniques in many situations (Malley, 1979; France, 1991), unless the trap catches are 
are part of mark and recapture studies (Price, 1984). This is because trap catches of crayfish are known to be 
notoriously biased against female and immature animals (Capelli, 1975; France, 1991). Although some of this 
bias can be eliminated through comparing only the numbers of adult males caught per trap (Capelli, 1983; 
France,  1985; Holdrich, 1988; Gowing, 1979), problems still arise with dynamic trapability in relation to water 
temperature, water clarity and bait type (Capelli, 1975; Abrahamsson, 1981; Morrissy, 1981; Rach, 1987; 
Somers, 1985), behavioral shifts due to influences of predatory fishes or previous capture histories (Morrissy, 
1973; Brown, 1978; Collins, et al. 1983), trap density (Morrissy, 1975; Romaire, 1983; Momot, 1991) and 
somatic growth rate and substrate type (Gowing, 1979). Nevertheless, due to their great logistic convenience, 
traps are still used extensively in synoptic surveys, as for example: "Trap catches therefore provided a more 
realistic index to relative densities than direct counts/m2 which because of their time-consuming nature were 
much more limited" (Capelli, 1975). 

Despite the aforementioned shortcomings, traps have been considered to be effective in estimating crayfish 
densities under some circumstances: "The catch per unit effort (CPUE) data [from trapping] ... might serve as an 
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index of biomass in certain waters lacking serious fish predators" (Momot, 1986); "For most lakes the number 
of crayfish found by divers predicted trap catches fairly well" (Collins, et al. 1983) and "In the four lakes ... in 
which direct estimates of total population biomass were made, results correlated strongly with trap catches of 
adult males (r = +0.97, p < 0.05), indicating that trap catches are also a reliable estimate of relative abundance" 
(Capelli, 1983). Alternatively, other researchers have suggested that minnow trap and diver collected abundance 
estimates may not be strongly related (Allison, 1981). The present analysis was designed, through synthesis of 
published and unpublished data, to determine whether trap catches can be used for prediction of the much more 
labour intensive SCUBA assessments of crayfish abundance. 

 
Methods: 

 
The data used for the present analysis originate from three separate geographic regions: (1) the 

Experimental Lakes Area and the Centre for Northern Ecosystem Research lakes, northwestern Ontario 
(Zawadski, 1977; Rosenberg, 1987; Malley, 1979; France, 1991; France, 1985; Davies, 1989; Davies, et al. 
1977). (2) central Ontario, including regions of Haliburton, Muskoka, Parry Sound, North Bay, Algonquin Park 
and Sudbury (Allison, 1981; Collins, et al. 1983; Somers, 1987; France, et al. 1991; France, et al.1993; France, 
1992; France, 1993), and (3) northern Wisconsin (Capelli, 1975; Capelli, 1983). Samples sizes (i.e. same lake, 
same year) for these three regions were 18, 19 and 4, respectively. Crayfish species in the data sets included 
Orconectes virilis, O. propinqus, O. rusticus, O. immunis, Cambarus bartoni, and C. robustus. No information 
exists on whether trapability is species selective. 

Two important criteria were used for a priori data screening. First, because crayfish demographics and 
abundances in oligotrophic, north-temperate lakes are distinct from those of populations inhabiting more benign 
(in terms of both temperature and food resources) environments (France, 1985; Momot, 1984), the non-
Canadian Shield lakes from Collins et al. (1983) (i.e. those in the "O" and "K" series, see Paloheimo and 
Zimmerman (1983)), as well as productive Trout Lake, Wisconsin (Capelli, 1975) which has a very dense 
crayfish (Lodge, et al. 1986), were excluded. In this respect, only those data from populations thought to exist 
under "A" (Adversity)-selection (sensu Greenslade, (1983)) were used (France, 1985), as opposed to more r-
selected populations (Price, 1984) with high densities. In lakes where crayfish reach high densities, male 
trapping CPUE is probably not appropriate for measuring either absolute or relative abundances (W. Momot, 
pers. comm.). In such situations intraspecific behavioral interactions (Morrissy, 1973) and population feedbacks 
(Momot, 1977) greatly influence trapability (Momot, 1991). The present analysis is therefore restricted to lakes 
with crayfish densities less than 2 m-2 which were sampled at very low levels of trapping intensity to avoid such 
problems. This was the most important screening restriction. Secondly, because predatory fishes appear to 
restrict crayfish movement (Stein, 1977) and thereby may reduce trapability (Collins, et al. 1983), lakes with 
high bass abundances were also excluded; i.e. those with indices > 0.5 log (bass + 1) in Figure 1 from Collins 
et al. (1983), both Annie Bay and Three Mile lakes from Somers (1987), and Trout Lake (Momot, 1991) from 
Capelli (1975). 

All research endeavors involve certain implicit tradeoffs between precision and generality. By design, 
approaches of empirical ecology compensate for recognized sacrifices in descriptive precision and detail by 
greatly expanding the frame of reference from which general inferences can be drawn (Peters, 1986; Peters, 
1991). For laterally based studies in which results are combined from a variety of disparate sources, 
standardization of original data is frequently required. For the present example, the CPUE dive data (x) from 
Collins et al. (1983) and France (1985) were converted to transect densities (y) based on the relationship y = -
0.5 + 1.1 x, r = 0.80, n = 13, developed from data in Somers (1987), Davies (1989) and R. France (unpubl. data, 
1977-1981; 1987-1988). Trap catch data expressed as total numbers of crayfish captured (Zawadski, 1977; 
Davies, et al. 1977; Collins, et al. 1983; Rosenberg, 1987; France, 1993) were converted to number of adult 
males based on an average proportional representation of 73% (+ 12% SD, n=28) for the latter in trap catches 
for all species (Capelli, 1975; France, 1985; France, et al. 1991; Somers, 1987). More widely ranging sex ratios 
as for example found by D. Lodge (pers. comm.) from 40 to 95% probably reflect behavioral interactions which 
develop at higher densities (Momot, 1991) in lakes which were excluded from the present analysis. With the 
exception of Capelli (1975), all diver determined densities were obtained from transect sweeps or random 
searches. Capelli (1975), in contrast, collected all crayfish within a series of randomly located meter squared 
sampling rings. These data were therefore converted to transect counts using a conversion of 11.4% (+ 4.9% SD, 
n=13) developed from Appelberg and Odelstrom (1986). All data were log transformed as in Collins et al. 
(1983) and Somers (1987).  

 
Results and discussion 

 
Trap catches, provided that they are stratified for sex and size biases, were found to be correlated with diver 

determined densities: LOG (DENSITY total m-2 + 1) = 0.02 + 0.26 LOG (TRAP CATCH adult males trap-1 + 
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1); r = 0.78, p = 0.01, n = 41. A t-test shows that the intercept (0.02) is, as expected, not significantly different 
from zero (t = 5.94, p = 0.39). 

Any estimate of crayfish density, even one approximated from trap data, has the potential to contribute as a 
first step in management decisions concerning stocking levels of crayfish required, for example (based on 
knowledge of consumption rates), to sustain a viable bass fishery (Emery, 1975) or to effectively crop nuisance 
filamentous metaphyton (France, et al. 1991; France, 1992) or macrophytes (Magnuson, et al. 1975). Use of the 
present empirical relationship for converting trap to areal abundance is preferable to previous attempts which 
were designed to areally calibrate traps (Flint, 1975; Capelli, 1975; Abrahamsson, 1970) for management 
purposes (Lodge, 1987), because no assumptions need be made about the elusively quantifiable "effective 
trapping radius". The utility of such empirical relationships between trap catches and diver determined 
abundances has been proven in other studies, as for example, understanding the role of amphibians in boreal 
lakes (France, 1991). Nevertheless, the variability shown in the empirical relationship in the present case with 
crayfish probably precludes use of minnow traps for detailed studies of population dynamics in which a high 
degree of precision is required for hypothesis testing. In such cases, there is probably no substitute for "getting 
one's feet wet" via diver surveys (Allison, 1981; Rosenberg, 1987; Davies, 1989; France, 1991). On the other 
hand, as a first approximation of crayfish density in more synoptic or management oriented studies (Holdrich, 
1988; France, 1992; France, 1993), empirically derived estimates from trap data may be adequate. In the present 
example, three-quarters of the differences between predicted and observed densities were within 0.2 m-2 and half 
differed by only 0.1 m-2. These differences correspond to errors about the mean density in north-temperate 
North American lakes of 34% and 17%, respectively. Predictability of crayfish density could be increased with 
development of multivariate catchability equations as in Morrissy and Caputi (1981). It is important to note, 
however, that diver transects quantify "active abundances" of crayfish generally older than one summer, and 
may therefore underestimate the true densities determined through more labour intensive quadrat counts 
(Appelberg, 1986). 

Two caveats are important in consideration of the present relationship between diver and trap determined 
abundance. First, the present analysis is restricted to oligotrophic lakes with complex substrates, low crayfish 
densities, low bass abundances, and which were sampled ath low trapping intensities. Too many uncertainties 
presently exist underlying crayfish trapability (Momot, 1991) to extend the relationship to include a wider range 
of lake trophy and fish abundance which ultimately would increase the utility of the equation. Second, because 
of combining literature data arising from different sampling methods, conversions were needed to achieve inter-
study compatibility. This is an acknowledged limitation to this study but it is one that is also germane to much 
of empirical ecology where such conversions are the standard procedure but which, however, needn’t limit the 
widespread utility of such endeavors (Peters, 1986; Peters, 1991). Nevertheless, an explicit study exploring the 
association between trap and diver determined abundances would be a profitable direction worth pursuing.  
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