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Description and summary: 

The signal crayfish is our largest freshwater invertebrate in BC, is long-lived, and 
primarily uses pools within streams as habitat (it is also found in some lakes).  The need 
for pools to provide refuge from predators, and their long life, makes them vulnerable to 
changes in streams much the same as those changes that are associated with deterioration 
of salmonid habitats.  Thus, the crayfish provides a potential indicator of change that 
would be reasonably easy to sample (large size), sensitive to change, and integrate long-
term effects of land-use changes through its relatively long life.  In addition there is 
concern over the status of this species.  Extensive searching for suitable streams in the 
lower mainland during the summer of 2005 turned up exceedingly few occupied sites, 
and most streams visited did not have habitat features conducive to this species.  A total 
of 17 apparently suitable streams were sampled in detail, with only 5 of those supporting 
crayfish.  In the end there were insufficient sites where crayfish occurred to test the 
original question related to the potential impacts of forest harvesting.  The signal crayfish 
typically needs relatively lower gradient streams (<2 to 4 %) with riffle-pool 
morphology.  A number of anecdotal reports obtained during the year suggest many 
formerly occupied sites in the lower mainland do not any longer support the species.  The 
current distribution in the lower mainland appears very fragmented, probably more as a 
result of development than from forest practices.  
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Biogeography of signal crayfish (Pacifastacus leniusculus) in southwestern 
British Columbia and the significance of the physical environment in 
crayfish ecology 
 

Teresa Chung and John S. Richardson 
 

Abstract 
The health of the physical freshwater habitat is fundamental to the myriad 

of organisms that requires its unique attributes for their survival and persistence.   
Potential keystone invertebrate species such as crayfish are closely linked to both 
the biotic and abiotic components within the freshwater ecosystem, thus proper and 
careful management of the riparian and forest habitat is needed.  This report 
provides a review of the role and significance of the physical environment on 
crayfish ecology and the importance of the role of crayfish within the freshwater 
ecosystem.  The biogeography and population ecology of the native signal crayfish 
(Pacifastacus leniusculus) in southwestern British Columbia was investigated 
through field stream surveys and mark-recapture methods.  Through the use of 
discriminant analysis, physical site attributes including stream gradient, average 
bankfull and wetted widths, watershed area and forest/clearcut conditions were 
found to be ineffective at predicting the occurrence of crayfish within the sampled 
sites.   
 
Keywords:  signal crayfish, Pacifastacus leniusculus, habitat, distribution, riparian 

 
 
 
1.  Introduction  
 

The native signal crayfish, Pacifastacus leniusculus (Dana 1852) is one of the 
largest freshwater invertebrates found in north-western North America and is the only 
crayfish species found within British Columbia (Bondar et al. 2005b).  Crayfish are an 
important food source for many fish species (Momot 1978) and other predators such as 
otter and mink. Because of their occasional large population abundance and multitrophic 
interactions, crayfish significantly contribute to the stable functioning of the lotic and 
lentic freshwater environments (Nytrom 2002, Stenroth and Nystrom 2003).  As an 
economically viable species, signal crayfish was both commercially and recreationally 
harvested in B.C. (Bondar et al. 2005b).   

  
The global distribution of signal crayfish is far-reaching, as it has been introduced 

to extensive areas throughout Europe, New Zealand, and parts of Asia as an introduced 
species (Bubb et al. 2004, Light et al. 1995)  The introduction of exotic crayfish is 
commonplace and is often done deliberately for commercial farming purposes (Bubb et 
al. 2004).  The consequences of these non-native species have been shown to be severe 
(economically and ecologically) in many of these introduced locations by having 
profound effects on the local freshwater ecosystems and fisheries, prompting the loss of 
many endemic crayfish species (Vitousek et al. 1996).  Besides often physically out-
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competing native crayfish species, Pacifastacus leniusculus carries the crayfish plague, a 
fungal disease (Aphanomyces astaci) to which itself is resistant, but is lethal to the 
unadapted European species (Bubb et al. 2004).  Invasive crayfish species continue to 
affect native species and Taylor (2002) estimates that up to one-half of the crayfish 
species world-wide are at risk of population decline, extirpation, or extinction.   
  
 Locally in their native North American habitat, signal crayfish distribution spans 
from the southern tip of British Columbia (Hamr 1998) to northern California (Elser 
1994), and eastward from the west coast shores to the Rocky Mountains in Utah and 
Montana (Johnson 1986, Sheldon 1989) (Figure 1).  In B.C., Pacifastacus leniusculus has 
a known range from Vancouver Island eastward to the Kootenays (118°W) and as far 
north as Okanagan Lake (51°N) (Bondar et al. 2005b).  Bondar et al. (2005b) compiled a 
map of known reported sightings within B.C., accounting for 76 locations along the 
southern B.C. border, however, the author states more accounts are needed to be 
comprehensive (Figure 2).  Currently very little information is known about the ecology 
of signal crayfish in B.C. and as a result, there is high uncertainty regarding the species’ 
status (Bondar et al. 2005b).  Furthermore, Hamr (1998) suggests Canadian signal 
crayfish populations may be in danger of extirpation, thus additional investigation into 
this species’ local ecology is much needed for their management and conservation.  The 
impacts of land-use on crayfish populations in B.C. are also unknown and Bondar et al. 
(2005b) proposes that urban sprawl, forestry operations, and agriculture may affect B.C. 
crayfish populations, thus more local research will need to be conducted to see the 
significance of these possible factors.   
 
 The primary purpose of this report is to help describe the ecology of signal 
crayfish in British Columbia and has main three objectives:   
 

1) To study the biogeography of Pacifastacus leniusculus in the Greater Vancouver, 
Sunshine Coast and Fraser Valley Regional Districts in southern British 
Columbia - 

As large urban growth rates and high demand continues to encourage the 
conversion of forest and riparian land in these regional districts, 
information regarding the locations of crayfish occurrence in streams will 
be important in making effective wildlife management decisions. 

 
2) To use discriminant analysis to determine which physical stream attributes are 

effective at predicting the occurrence of Pacifastacus leniusculus - 
By investigating and comparing the predictive ability of various physical 
stream attributes on crayfish presence, results could potentially aid in the 
classification of crayfish-bearing streams remotely, rather than performing 
labor-intensive and costly field stream surveys.   

 
3) To provide a comprehensive review of the role and importance of physical stream 

attributes on crayfish population ecology - 
This brief literature review will summarise evidence that the physical 
habitat has profound impacts on crayfish ecology - and thus the entire 
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freshwater ecosystem through cascading effects - and explore the need for 
careful management of riparian and stream environments to ensure 
crayfish survival and future persistence.   

 
 
2.  Methods 
2.1. Study sites 

This study was carried out from May through July 2005 at various locations within 
the Sunshine Coast, Greater Vancouver and Fraser Valley Regional Districts in the 
southwestern part of British Columbia, Canada.  Suitable streams were selected based on 
a strict criteria of desired physical stream features including <20m maximum bankfull 
width, relatively low gradient, low to moderate water flows, location in a forested or 
clearcut lanscape (non-urban and non-agricultural) and provide for safe and easy access 
for field crew to conduct physical benthic surveys.  Based on these criteria, 17 streams 
were chosen and sampled (see Figure 3 and Table 1).  Many sites visited fell outside the 
criteria we established for site selection based on the literature and past experience with 
this species (Appendix 1).  Most sites that were not sampled upon visit were excluded on 
the basis of gradients greater than those considered appropriate for the signal crayfish. 
Collectively, these sites are encompassed in the Lower Mainland and Georgia Basin 
ecoregions and also lie within the Coastal Western Hemlock biogeoclimatic zone.   
 
2.2. Field methods 

Benthic sampling was conducted in the selected streams to account for crayfish 
presence or absence in that locality.  At each site, a 100 m transect was laid out and 
divided into ten consecutive 10 m sections.  To ensure a constant level of effort was 
applied at each site, each 10 m section was carefully surveyed by two experienced field 
crew members for 10 minutes, summing to a total of 20 minutes effort, per 10 m length.  
Sampling was implemented from downstream towards upstream to avoid sampling in the 
disturbed downstream habitats. Physical surveys for crayfish included searching in 
potential crayfish-sized hiding places and catching crayfish with a small, finely meshed 
aquarium net.  In riffles and along the wetted banks, cobbles and small boulders were 
overturned and patches of sand were searched.  In shallow or medium pools, potential 
cover locations such as underneath large woody debris, submerged snags, root wads, log 
jams and bank undercuts were checked.  Site sketches of each 10 m section were made 
and bankfull and wetted widths of the stream channels were recorded.  Using topographic 
maps and a planimeter, the gradient and watershed area for each site was approximated.    

 
In addition to the presence/absence survey, a consecutive 3 day mark-recapture study 

was conducted for the streams in the Malcolm Knapp Research Forest (MKRF) – Spring 
Creek North and South, East Creek, C-Creek, A-Creek, G-Creek – and in Kanaka Creek.  
The crayfish orbital carapace length (OCL) (mm), sex, wet weight (g) and cheliped 
lengths were recorded.  To ensure no previously observed crayfish were counted as a new 
individual in subsequent searches, all captured crayfish were marked with elastomer in 
their abdomen region for individual-level identification.  
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2.3. Data analysis 
Presence/Absence Survey 

Multivariate analysis of variance (MANOVA), and discriminant functions analysis 
were conducted to investigate the effects of stream variables – gradient, average bankfull 
width, average wetted width, approximate watershed area and forest / clearcut conditions 
– on the predictability of actual crayfish presence or absence in the sampled stream 
locations.    
 
Mark-recapture Study 

Before any of the mark-recapture data were statistically analysed, observations were 
first categorised according to sex-specific age classes.  To do this, the known relationship 
between signal crayfish length and age class from a study conducted by Mason (1975) in 
Berry Creek in western Oregon, was used as a standard of reference.  Since Mason 
(1975) used total length (TL) as the measure of crayfish size, the standard was then 
converted to orbital carapace length (OCL) thus making it compatible to be used in this 
study.  Following this, one-way analysis of variance (ANOVA) was used to test the 
effects of sex on crayfish variables OCL and weight in each age class.  Two-way 
ANOVA was later employed to discern the effects of sex, site and potential interactions.  
Due to the very few observations in the other mark-recaptured streams, contingency 
analysis of sex by creek, and age class by creek was analysed only for the Spring Creek 
North and South, East Creek and Kanaka Creek data.   

  
All statistical procedures were carried out using JMP IN version 4 (SAS Institute Inc. 

2000). 
 
  
3.  Results 
3.1 Presence/Absence Survey 

From all the 17 sampled sites within the Sunshine Coast, Greater Vancouver and 
Fraser Valley Regional Districts, crayfish presence was only observed in streams residing 
in the Greater Vancouver Regional District (GVRD) (Table 1).  Discriminant results 
indicate site characteristics of gradient, average bankfull width, average wetted width, 
watershed area and forest/clearcut conditions all do not effectively predict the occurrence 
of crayfish in the sampled streams (Table 2).  Amongst all the analysed site variables, 
watershed area was the best predictor (p = 0.0775) and gradient was the worst indicator 
(p = 0.6470). 
 
3.2 Mark-Recapture Study 

Catch data showed that within all age classes observed (0 to 4 years), male crayfish 
on average are larger than females based on OCL measurements (Figure 5).  This trend 
also gets increasingly more pronounced as the age increases.  Female crayfish abundance 
was higher than the males by more than 13% and has a population-age structure 
significantly skewed towards the 3 year-old adults while the male population primarily 
consists of 2 year-old juveniles and young adults (Figures 7 and 8, Tables 3 and 4).  
Correlation statistics are shown in Figures 9 and 10 where age class categories are 
generally identifiable in clusters however overlaps do occur to some extent and can be 
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misleading if not considered cautiously.  One-way analysis of variance (Table 5) 
indicated males and females were significantly different with respect to size at age 2 (p 
<0.0001) and both size and weight differs significantly by age 3 (both p <0.0001), thus 
consistent with results in Figure 5.  Crayfish size significantly varies amongst the 
different mark-recaptured sites whereas sex and sex*site interaction effects appear to be 
absent (Table 6); crayfish weight is not affected by these variables substantially.  Mosaic 
plots in Figures 11 and 12 report the general trend of all sampled streams (South Creek 
North and South, East Creek and Kanaka Creek) possessing a higher female to male ratio 
and also shows East Creek containing a disproportionately large amount of juveniles and 
young adults of age 2 whereas the other streams are have roughly equal abundance of 2 
and 3 year old crayfish.   
 
 
4.  Discussion 

The integrity of the freshwater ecosystem is fundamental to a variety of organisms 
that rely on this unique habitat for its survival and persistence.   Invertebrates such as 
crayfish depend on the many abiotic and biotic components associated with the 
freshwater habitat to complete its life cycle, and thus proper and careful management of 
the watershed and fluvial system is paramount.  This discussion reviews two key 
components of crayfish ecology:  the importance of the physical stream on crayfish 
populations and the significance of the niche-space in which these detritivores occupy 
within the freshwater ecosystem.   
  
 
The significance of physical stream attributes for crayfish ecology 
 
Physical stream characteristics determines suitable structural habitat for crayfish: 
 
  Signal crayfish are found in lake systems, rivers, streams and estuarine habitats 
(Bondar et al. 2005b).  To these organisms, suitable stream characteristics are an 
important factor contributing to their life history success.  Crayfish requires a large 
amount of physical cover and prefers a habitat that is more heterogeneous, especially 
when population density is high (Bondar et al. 2005a).  Typically, crayfish prefer streams 
with low gradients and low water discharge, accompanied by a high amount of 
allochthonous detritus as food resource (Guan and Wiles 1998).   
 
 The presence of suitable high-quality substrates in the freshwater environment 
plays an important role in determining crayfish abundance (Kirjavainen and Westman 
1999).  Typically, crayfish prefer a benthic habitat with abundant rocky substrates and 
submerged logs or large woody debris under which they can take refuge (Lewis and 
Horton 1997, Kirjavainen and Westman 1999).  Bondar et al. (2005b) also adds that 
habitat preferences are sometimes variable and can be specific to the population level and 
to ontogenetic stage.  For example, Mason (1975) observed that in the Berry Creek 
Pacifastacus leniusculus population,  juveniles mostly resided in the shallower habitats in 
riffles, glides and small pools, and were virtually absent from the deeper pools where the 
adults aggregated.   
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Physical site variables are important in predicting the presence or absence of 

crayfish in a particular fluvial habitat and thus can be utilized in creating predictive 
models to aid crayfish conservation efforts.  An example of such study in determining the 
importance of habitat variables on crayfish occurrence was conducted by Naura and 
Robinson (1998).  In their study on the native white-clawed crayfish (Austropotamobius 
pallipes) in UK, several key site variables were found to be of significant importance to 
predicting crayfish occurrence.  Several aspects of the ecology of A. pallipes are similar 
to those of signal crayfish. The factors having a positive impact on presence include: 1) 
overhanging branches and tree cover, 2) boulders and 3) riffles.  Naura and Robinson 
(1998) showed riparian canopy had the highest positive association and suggest leaves 
hanging above provide food both directly and indirectly to the crayfish population 
through falling into the stream or providing an opportunity for terrestrial insects resting 
on the leaf surface to fall into the stream.  Boulders and boulders in riffles are also very 
important because crevasses large enough to shelter the crayfish are preferred and riffle 
habitats are typically stocked with their primary prey invertebrates (Naura and Robinson 
1998).  On the flip side, the factors having a significant negative impact include:  1) 
erosion, 2) reinforced banks and 3) cobble channel substrates.  Erosion processes, 
through indirect means will affect crayfish by exposing their habitat to increased amounts 
of suspended solids thus effectively reducing the availability of the crayfish’s usable 
refuges (Naura and Robinson 1998).  Suitable habitat is also limited by the construction 
of reinforced banks due to the non habitat-providing material that is commonly used such 
as concrete (Naura and Robinson 1998).  According to Naura and Robinson (1998), 
cobbles are actually not that beneficial to crayfish.  Where cobble exists, there usually are 
boulders thus this locale most likely can support the habitat requirement for crayfish, 
however, in cobble-abundant reaches, these habitats are most likely to have an abundance 
of small rocks which are too small for crayfish (Naura and Robinson 1998).  From their 
discriminant analysis, map-based physical stream data including altitude, slope and 
distance from crayfish source were also found to be good predictors for crayfish 
presence.  Naura and Robinson’s (1998) slope results contradicted with our data as we 
have concluded from our discriminant analysis study that slope did not significantly 
predict the occurrence of Pacifastcus leniusculus in southwestern BC.   
 

Macroinvertebrates are also sensitive to many stream water-associated variables.  
Crayfish can tolerate high temperature ranges (Bondar et al. 2005b) but generally prefer 
water temperatures lower than 25°C (Hogger 1988).  It has also been suggested by Mason 
(1975) that water temperature changes act as physiological cues for the onset of 
copulation and egg-laying in signal crayfish, as observed with a drop in water 
temperatures in the temperate fall during his study.  Experiments by Lodge and Hill 
(1994), Kirjavainen and Westman (1999) and Nystrom (2002) show that crayfish 
populations are also sensitive to levels of dissolved oxygen, pH and calcium (Calcium is 
required for exoskeleton reforming after the moulting process).  Anthropogenic 
acidification of the freshwater system is also a serious environmental concern as the 
industrial era is well developed and thriving.  In the remote Plastic Lake in Ontario, far 
from any chance of point source pollution, Orconecetes virillis crayfish was recently 
extirpated due to long-range anthropogenic acidification, particularly caused by acidic 
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runoff from the melting of the snowpacks on the mountain ranges (France 1993).  Over a 
span of 6 years, the lake’s pH was observed to have dropped from 5.8 to 5.6 thereby 
affecting the entire ecosystem, and it appears this is the third extirpation of a benthic 
species in Plastic Lake.  In other cases of acidification, crayfish population size had 
actually increased due to the reduction of predation pressure from predatory fish, despite 
the acidification’s strong effects on limiting the growth of the individual crayfish (Seiler 
2004).   
 

Habitat heterogeneity has also been described as an important factor in the 
crayfish habitat (Bondar et al. 2005a, Corkum and Cronin 2004).  In an experiment by 
Corkum and Cronin (2004), when a supply of food was unlimited, trout eggs consumed 
per crayfish and habitat complexity were positively correlated, and the authors suggest 
that obstruction from refuges decreases the level of intraspecific competition.  In an 
environment with simple habitat, however, crayfish consumed less eggs due to the more 
time spent on conspecific interference rather than foraging (Corkum and Cronin 2004).  
Because of this habitat complexity requirement for crayfish, forestry operations may 
affect crayfish populations through the in-filling of available refuges with fine sediments, 
thus limiting the number of usable shelters and may promote intraspecific interference.       
  
 Every component of the physical stream contributes to the multidimensional 
structure on which crayfish moves, forages and takes refuge in.  Stream water attributes, 
substrate composition and heterogeneity are just some of the myriad of things that 
influence whether or not a crayfish population can be established and persist in a 
particular area, thus, proper stream and riparian management is a crucial aspect in 
crayfish conservation. 
 
 
Physical stream characteristics control crayfish movements and dispersal ability: 
 
 Stream morphology can have direct effects on crayfish movements and dispersal.  
Large boulders, submerged logs other structures that can span the width of a stream 
channel can pose as a barrier to crayfish, thus limiting their geographical distribution and 
colonization ability.  Like many aspects of crayfish ecology, ranges of movement by 
crayfish can vary from population to population or even amongst individuals within the 
same population.  For example, seasonal long-range movements of up to 1.5 km per year 
have been reported by Bubb et al. (2004) in the Wharfe River signal crayfish population 
whereas others like the Berry Creek population studied by Mason (1975) have appeared 
to remain resident in pools on an annual basis.    
 
 Crayfish are generally capable of substantial active movements against water flow 
(Bubb et al. 2004).  Radio tracking records suggest that during periods of high level of 
discharge, adult crayfish safely secures themselves in available refuges to protect them 
from being washed downstream (Bubb et al. 2004). There was significant bias towards 
downstream movements in that particular study and the author states they were in fact 
active movements, and not passive movements prompted by the force of the water (Bubb 
et al. 2004).  This indicates that stream gradient might influence the directionality of 
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crayfish movement.  The movements observed were seasonal and maximum distance 
traveled occurred in mid-summer, suggesting that water temperatures controls the timing 
of migrations (Bubb et al. 2004).  Interestingly, observations show that once refuges were 
vacated by an individual, that refuge was not later occupied by the same individual again 
(Bubb et al. 2004).  This behaviour was, however, very population specific and may not 
apply to every crayfish population.   
 
 Crayfish movements have been primarily studied in an effort to examine their 
invasion success and failures to help manage invasive species in foreign habitats. To do 
this, Light (2003) studied 33 tributaries from the Truckee River, California.  As with 
Bubb et al. (2004), Light (2003) found that crayfish occurs only in streams with low 
gradients and are absent from streams greater than 3% gradient (Light 2003).  They also 
found that crayfish presence was positively associated with proximity to reservoirs, are 
likely to be found in regulated sites and are seldom found upstream of physical barriers 
like culverts (Light 2003).  Negative associations were also observed between crayfish 
abundance and both peak discharge and length of bankfull flows (Light 2003).   
 

All in all, from the crayfish dispersal studies described above, crayfish 
distribution and movement appears to be closely linked to stream attributes like gradient 
and water temperature or by physical stream structures such as in-stream refuges and 
culverts.  By taking into consideration how forestry operations may affect stream 
characteristics, and thus the dispersal potential of the mobile crayfish, population-level 
problems such as decreased genetic variability due to fragmentation will ultimately be 
avoided.   

 
 
Stream habitat (and riparian zone) directly or indirectly affects primary food resources for 
crayfish: 
 
 Streams and its riparian environment not only provide crayfish with a stable 
habitat to live but also provide crayfish with food resources, directly or indirectly.  
Crayfish are functional omnivores, meaning they act as a predator to a host of aquatic 
benthos as well as a detrivore and help break down dead decaying matter, thus aid in 
nutrient recycling (e.g. Guan and Wiles 1998, Bondar et al. 2005a).  In forest stream 
habitats, riparian trees and shrubs continually contribute to the supply of detrital matter 
therefore directly help sustain crayfish populations and other detritivorous insects, some 
of which crayfish prey upon.  Crayfish are nocturnal feeders, meaning they generally hide 
in refuges during the day and come out to forage at night (Guan and Wiles 1998).   
 

Through gut content analysis on signal crayfish in eastern England, researchers 
have found that crayfish diet consists of vascular detritus, green algae (Cladophora), 
Chironomidae, Ephemeroptera, and crayfish and fish tissue, with detritus and algae 
ingested most readily by all age-classes year-round (Guan and Wiles 1998).  Crayfish 
food consumption is significant and can make up approximately 6% of their own weight 
(Guan and Wiles 1998).  Complex seasonal feeding habits were also observed in this 
crayfish population:  fish were consumed mostly by adult individuals in the summer and 
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autumn seasons and the timing of algae exploitation varied by size, with larger adults 
consuming the most during the winter season (Guan and Wiles 1998).  
 
 Ontogenetic shifts in crayfish feeding are commonly reported in crayfish life 
history (Guan and Wiles 1998, Mason 1975 and Momot et al. 1978).  In the study by 
Mason (1975), juveniles consumed more benthic insects while later shifted to a more 
detrital diet by adulthood.  However, other evidence has shown that this behavior may not 
apply to all crayfish populations.  Through gut and isotope analysis, Bondar et al. (2005a) 
found little difference exists between juvenile and adult diets.  Also surprisingly, despite 
the availability of nutrient-rich chironomids, signal crayfish alternatively preferred and 
consumed mostly allochthonous detritus (Bondar et al. 2005a).  Leaves and wood were 
also shown to contribute equally to crayfish growth rates (Bondar et al. 2005a).        
  
 The riparian habitat makes a large contribution to the survival of crayfish 
populations and other detrivore assemblages because of its abundant detrital input.  As 
seen in Bondar et al. (2005a), allochthonous detritus was consumed in greater amounts 
than the nutrient-rich chironomids, thus further highlighting their importance. 
Furthermore, carbon signatures of crayfish tissue closely matched those of wood material 
and wood biofilm, suggesting these resources are required in the growth and maintenance 
of crayfish (Bondar et al. 2005a).  If forest and riparian canopy were reduced through 
processes like forest operations, detritivores would be significantly cut short of a major 
food supply and in-stream autochthonous food sources may be depleted rapidly, or 
simply be not enough to sustain crayfish populations at the present levels.   
 
 
The role of crayfish within the freshwater ecosystem  
 
 Crayfish are a key component in many freshwater ecosystems because of their 
large size, population abundance and most importantly, their multitrophic status (Nytrom 
2002, Stenroth and Nystrom 2003).  As Momot (1978) describes, crayfish do not fit well 
in the simple trophic level concept because they uniquely function within and contribute 
to several trophic levels, acting as a detritivore, predator and prey simultaneously.  By 
performing all these roles, crayfish contribute to the stability of the aquatic ecosystem 
through regulating algal, benthos and fish communities while at the same time providing 
ecosystem services such as leaf litter breakdown and sediment regulation.   
 
 In many lake systems, crayfish production can amount to a large percentage of the 
total benthic biomass and have been observed to reach densities of up to 15 crayfish per 
m2 (Momot 1978).  Through the consumption of dead and decaying matter, crayfish 
effectively convert these materials into a readily usable form to be later exploited by the 
higher trophic organisms such as fish, mammals and birds (Momot et al. 1978).    
 
 Evidence from a study by Creed (1994) shows clearly the profound effects that 
crayfish can have on one particular aquatic ecosystem. Creed (1994) describes that 
through grazing on the alga Cladophora glomerata in the deeper pool habitats, crayfish 
was successful at limiting Cladophora’s vertical distribution and thus indirectly 

 10



facilitating epilithic diatoms and other grazing insect assemblages.  Furthermore, the 
reduction of algae abundance can also cause a cascade of effects throughout the trophic 
levels (Hart 1992) in a different ecosystem.  Cladophora can be a vital part of the benthic 
ecosystem as it provides structural habitat for benthic species like stoneflies 
(Taeniopteryx) and mayflies (Stenonema) or it can act as a competitor for space and limit 
the distribution of sessile species like caddisfly larva (Leucotrichia) (Hart 1992).  If 
crayfish is capable of limiting algal distribution, all these organisms will also be affected 
and these cascaded influences may be either positive or negative, depending on the 
perspective.  Results from Creed (1994) effectively show that crayfish have the potential 
to be a keystone species within the community.     
 
 The role of crayfish as a bioengineer is also another important aspect of their 
significance in the aquatic ecosystem.  Statzner and Fievet (2000) showed that 
Orconectes limosus crayfish movements can have profound effects on the benthic floor 
and on sediment transport.  Specifically, in experimental streams, crayfish contributed to 
sand and gravel erosion, increased roughness in riffle areas, reduced sand dune heights, 
affected biofilm in pools, reduced the amount of sand in gravel interstices in riffles and 
limited algae growth in riffles (Statzner and Fievet 2000).   
 

All in all, crayfish invertebrates are significant in the freshwater ecosystem 
because they are polytrophic in nature (Momot 1978), can potentially be a keystone 
species (Creed 1994) and can cause bioturbation, thus affecting habitat structure and 
stability for many stream inhabitants and at the same time promoting habitat 
heterogeneity (Statzner et al. 2003).  In saying so, proper and well-planned forest and 
riparian management strategies will ultimately help avoid the reduction and or extirpation 
of crayfish populations in the local environment and help promote a healthy and stable 
freshwater ecosystem.   

 
 

Literature Cited 
 
Bondar, C.S., Bottriell, K., Zeron, K., and Richardson, J.S. (2005a)  Does trophic position of the 

omnivorous signal crayfish (Pacifastacus leniusculus) in a stream food web vary with life 
history stage or density?  Canadian Journal of Fisheries and Aquatic Sciences, 62, 2632-
2639. 

 
Bondar, C.A., Zhang, Y., Richardson, J.S., and Jesson, D. (2005b)  The conservation status of the 

freshwater crayfish, Pacifastacus leniusculus, in British Columbia.  British Columbia 
Ministry of Water, Land and Air Protection.  Fisheries Management Report No. 117. 

 
Bubb, D.H., Thom, T.J., and Lucas, M.C. (2004)  Movement and dispersal of the invasive signal 

crayfish Pacifastacus leniusculus in upland rivers.  Freshwater Biology, 49, 357-368.   
 
Corkum, L.D., and Cronin, D.J. (2004)  Habitat complexity reduces aggression and enhances 

consumption in crayfish.  J Ethol, 22, 23-27. 
 
Creed, R.P. Jr. (1994)  Direct and indirect effects of crayfish grazing in a stream community.  

Ecology, 75(7), 2091-2103.  

 11



 
Elser, J.J., Junge, C., and Goldman, C.R. (1994)  Population structure and ecological effect of the 

crayfish Pacifastacus leniusculus in Castle Lake, California.  Great Basin Naturalist, 54, 
162-169.  

 
France, R.L. (1993)  Extirpation of crayfish in a lake affected by long-range anthropogenic 

acidification.  Conservation Biology, 7(1), 184-188.    
 
Guan, R., and Wiles, P.R. (1998)  Feeding ecology of the signal crayfish in a British lowland 

river.  Aquaculture, 169, 177-193. 
 
Hamr, P. (1998)  Conservation status of Canadian freshwater crayfishes.  World Wildlife Fund 

Canada and the Canadian Nature Federation, March 1998, p87. 
 
Hart, D.D. (1992)  Community organization in streams: the importance of species interactions, 

physical factors, and chance.  Oecologia, 91, 220-228. 
 
Hogger, J.B. (1988)  Ecology, population biology and behavior.  In: Freshwater Crayfish: 

Biology, Management and Exploitation (eds D.M. Holdich and R.S. Lowery), pp.114-144.  
Croom Helm, London. 

 
Johnson, J.E. (1986)  Inventory of Utah crayfish with notes on current distribution.  Great Basin 

Naturalist, 46, 625-631. 
 
Kirjavainen, J. and K. Westman. (1999)  Natural history and development of the introduced 

signal crayfish, Pacifastacus leniusculus, in a small isolated Finnish Lake, from 1968 to 
1993.  Aquatic Living Resources, 12, 387-401. 

 
Lewis, S.D., and Horton, H.F. (1997)  Life history and population dynamics of signal crayfish, 

Pacifastacus leniusculus, in Lake Billy Chinook, Oregon.  Freshwater Crayfish, 11, 34-53. 
 
Light, T. (2003)  Success and failure in a lotic crayfish invasion: the roles of hydrolic variability 

and habitat alteration.  Freshwater Biology, 48, 1886-1897. 
 
Lodge, D.M. and Hill, A.M. (1994)  Factors governing species composition, population size, and 

productivity of cool-water crayfishes.  Nordic Journal of Freshwater Research, 69, 111-136. 
 
Mason, J.C. (1975)  Crayfish production in a small wooland stream.  Freshwater Crayfish, 2, 

449-479.   
 
Momot, W.T., Gowing, H., and Jones, P.D. (1978)  The dynamics of crayfish and their role in 

ecosystems.  American Midland Naturalist, 99, 10-35.   
 
Naura, M. and Robinson, M. (1998)  Principles of using River Habitat Survey to predict the 

distribution of aquatic species: an exaple applied to the native white-clawed crayfish 
Austropotamobius pallipes.  Aquatic Conservation: Marine and Freshwater Ecosystems, 8, 
515-527. 

 
Nystrom, P. (2002)  Ecology.  In: (D.M. Holdich ed)  Biology of Freshwater Crayfish.  Blackwell 

Science, London, p.192-235. 
 

 12



Seiler, S.M., and Turner, A.M. (2004)  Growth and population size of crayfish in headwater 
streams:  individual- and higher-level consequences of acidification.  Freshwater Biology, 49, 
870-881. 

 
Sheldon, A.L. (1989)  Reconnaissance of crayfish populations in western Montana.  Montana 

Department of Fish, Wildlife and Parks.   
 
Statzner, B., Peltret, O., and Tomanova, S. (2003)  Crayfish as geomorphic agents and ecosystem 

engineers: effect of a biomass gradient on baseflow and flood-induced transport of gravel and 
sand in experimental streams.  Freshwater Biology, 48, 147-163.  

 
Statzner, B. and Fievet, E. (2000)  Crayfish as geomorphic agents and ecosystem engineers: 

Biological behavior affects sand and gravel erosion in experimental stream.  Limnol. 
Oceanogr., 4(5), 1030-1040.  

 
Stenroth, P. and Nystrom, P. (2003)  Exotic crayfish in a brown water stream: effects on juvenile 

trout, invertebrates and algae.  Freshwater Biology, 48, 466-475. 
 
Taylor, C.A. (2002) Taxonomy and conservation of native crayfish stocks.  In: (D.M. Holdich ed)  

Biology of Freshwater Crayfish.  Blackwell Scientific, Oxford, p.236-256.  
 
Vitousek, P.M., D’Antonio, C.M., Loope, L.L., and Westbrooks, R. (1996)  Biological invasions 

as global environmental change.  American Scientist, 84, 468-478. 
 
 
 
 
 
 

 13



 
 

 
Figure 1:  Native North American distribution of Pacifastacus leniusculus.   

[Adapted from Hobbs Jr. 1988] 
 
 

 
Figure 2:  Geographic distribution of Pacifastacus leniusculus in freshwaters of British 

Columbia.  Symbols indicate the locations where crayfish presence was recorded.   
[Adapted from Bondar et al. 2005b] 
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Figure 3:  Sampled sites within the Sunshine Coast, Greater Vancouver and  
Fraser Valley Regional Districts, British Columbia.  For site details, refer to Table 1. 
 
 
 
 
Table 1:  Physical characteristics of sampled streams in the Sunshine Coast, Greater 
Vancouver and Fraser Valley Regional Districts, British Columbia.  Stream widths were 
measured during mid-summer of 2005.  Gradient and watershed area measurements are 
based on 1:50,000 scale topographic maps. 

Site # Stream Name Regional District
Forested / 
Clearcut

Crayfish 
Presence 

(Y/N)
Gradient 
(m/100m)

Watershed 
Area (km^2)

Avg 
bankfull 

width (m)

Avg 
wetted 

width (m)
1 Halfmoon Creek Sunshine Coast Forested N 5.4 11.2 6.7 3.4
2 Gough Creek Sunshine Coast Forested N 9.5 3.2 3.7 2.2
3 Stephens Creek Sunshine Coast Forested N 9.8 2.3 4.3 3.1
4 Twin Creek Sunshine Coast Forested N 18.2 4.9 13.0 5.0
5 Spring Creek North Greater Vancouver Forested Y 11.4 2.2 3.9 3.7
6 Spring Creek South Greater Vancouver Forested Y 11.4 2.2 6.1 4.2
7 East Creek Greater Vancouver Forested Y 7.7 0.4 5.5 4.6
8 G-Creek Greater Vancouver Forested N 11.8 0.8 4.8 2.5
9 C-Creek Greater Vancouver Clearcut Y 6.7 0.8 2.7 1.4
10 A-Creek Greater Vancouver Clearcut Y 9.5 0.6 3.1 1.9
11 Kanaka Creek Greater Vancouver Forested Y 5.0 11.9 6.9 4.3
12 Seventynine Creek Fraser Valley Forested N 14.5 11.2 6.6 2.6
13 Kearsley Creek Fraser Valley Forested N 4.0 9.2 20.8 13.0
14 Salsbury Creek Fraser Valley Forested N 11.4 6.0 3.9 2.3
15 Lost Creek Fraser Valley Clearcut N 5.9 18.5 2.6 1.7
16 Weaver Creek Fraser Valley Forested N 6.2 31.8 18.8 8.6
17 Cartmell Creek Fraser Valley Forested N 8.0 19.0 6.7 4.2  
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Table 2:  Discriminant analysis on crayfish occurrence according to stream gradient, 
watershed area, average bankfull width, average wetted width and presence of cover.  

Site Variable Test Value Exact F NumDF DenDF Prob>F
Gradient (m/100m) F Test 0.0146 0.2184 1 15 0.6470
Watershed Area (km^2) F Test 0.2394 3.5916 1 15 0.0775
Avg Bankfull Width (m) F Test 0.1257 1.8857 1 15 0.1899
Avg Wetted Width (m) F Test 0.0348 0.522 1 15 0.4811
Forested / Clearcut (1/0) F Test 0.1017 1.5262 1 15 0.2357  

 
Figure 4:  Log10 Weight versus Log10 OCL relationships.  Female linear fit is presented 
as a dotted line and male linear fit is presented as a solid line.  Fit details and ANOVA 
results are also stated. 
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Figure 5:  Estimated age-class associated OCL (mm), based on Mason (1975)  
summer season observations. 
 
 
 
Figure 6:  Crayfish sex frequency. 
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Figure 7:  Female crayfish distributions:  estimated ageclass, OCL (mm) and  
wet weight (g). 

 
 
 
 

Table 3:  Female age-class specific crayfish statistics. 

Ageclass N Probability
Mean OCL 

(mm)
Std Error 
OCL (mm)

Mean Weight 
(g)

Std Error 
Weight (g)

1 1 0.02 9.9 - 0.8 -
2 21 0.33 14.5 0.5 4.3 1.2
3 36 0.56 21.6 0.4 6.9 0.4
4 6 0.09 29.6 0.7 16.9 1.6  

 
 

 18



 
Figure 8:  Male crayfish distributions:  estimated age class, OCL (mm) and  
wet weight (g). 

 
 
 
 

Table 4:  Male age-class specific crayfish statistics. 

Ageclass N Probability
Mean OCL 

(mm)
Std Error 
OCL (mm)

Mean Weight 
(g)

Std Error 
Weight (g)

1 10 0.20 12.9 0.4 1.6 0.2
2 33 0.67 20.3 0.5 6.5 0.5
3 6 0.12 28.7 1.9 16.1 4.0
4 0 - - - - -  
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Figure 9:  Female observations separated by age-class categories. Correlation statistics 
are given. 
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Figure 10:  Male observations separated by age-class categories. Correlation statistics are 
given. 
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Table 5:  Summary of one-way ANOVA results to test the effects of sex on crayfish 
variales, OCL and weight at each age class. 

Ageclass Variable Effects df MS F P
1 OCL Sex 1 7.91 4.66 0.0592

Error 9 1.70
1 Weight Sex 1 0.56 1.58 0.2408

Error 9 0.36
2 OCL Sex 1 423.31 56.48 <0.0001

Error 52 7.50
2 Weight Sex 1 62.34 3.79 0.0571

Error 52 16.46
3 OCL Sex 1 262.92 30.55 <0.0001

Error 40 8.61
3 Weight Sex 1 440.19 25.51 <0.0001

Error 40 17.25  
 
 
 

Table 6:  Summary of two-way ANOVA results to test the effects of sex, site and their 
interactions on crayfish variables, OCL and weight. 

Variable Effects df SS F P

OCL Sex 1 21.03 0.79 0.3753
Site 3 262.16 3.30 0.0235
Sex*Site 3 95.24 1.20 0.3148

Weight Sex 1 45.20 1.56 0.2150
Site 3 68.73 0.79 0.5027
Sex*Site 3 148.54 1.71 0.1707  
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Figure 11:  Mosaic plot of sex by creek. (Spring North and South, East and Kanaka 
Creek) 
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Figure 12: Mosaic plot of age class by creek. (Spring North and South, East and Kanaka 
Creek) 
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Appendix 1:  Numbers of sites by watersheds that were examined for potential sampling. 
Those deemed not suitable fell outside of the parameters we set for appropriate sites 
based on the literature and past experience.  
 

Watershed Region Regional District 
# Streams 
Suitable 

# Streams 
Not Suitable 

Harrison Lake West Fraser Valley 2 9 

Stave Lake West Fraser Valley 2 5 

Stave Lake East Fraser Valley 2 13 

Chehalis Lake West Fraser Valley 0 9 

Pitt Lake East (Malcolm 
Knapp Research Forest) 

Greater 
Vancouver 6 8 

Alouette Lake South 
(Kanaka Creek) 

Greater 
Vancouver 1 2 

Sechelt Inlet West Sunshine Coast 1 6 

Sechelt Inlet East Sunshine Coast 3 26 
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