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Abstract 

The white clawed crayfish (Austropotamobius pallipes) is a freshwater crustacean at imminent risk 

of extinction, largely due to the introduction of American signal crayfish (Pacifastacus leniusculus) 

to Britain. With the purpose of determining how white clawed crayfish respond to habitat and 

spatial variables, this study correlated white clawed crayfish distribution over a 35 km length of 

the River Wansbeck, Northumberland, to physical variables at three-spatial scales. White clawed 

crayfish were present throughout the study area at an average density of 5.3 individuals per 

square metre. The realised niche of white clawed crayfish was very broad; the only available areas 

crayfish could not make use of were those with microhabitat scale D50 smaller than 8 mm. Within 

their wide realised niche, crayfish showed significant responses to habitat. The strongest response 

was to grain size, with crayfish preferentially selecting cobbles as refuges. Distance downstream 

and lateral distance did not influence distribution or density of white clawed crayfish but crayfish 

were more abundant in the upstream half of the study area, reflecting the higher availability of 

favourable habitat in low order streams. Patchiness in distribution was only evident at the sub-

metre scale, suggesting crayfish are only directly responding to microhabitat scale heterogeneity. 

Habitat based conservation actions should be conducted at this scale. However, habitat variables 

operating at the kilometre section and site scale (100 m) influenced the suitability of 

microhabitats. The abundant, dense population of white clawed crayfish on the River Wansbeck 

makes it a site of international importance. It is therefore recommended for designation as a 

Special Area of Conservation.  
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valuable freshwater species. Thus, conservation and management of freshwater biodiversity is a 

priority, in both the U.K. and worldwide (Dudgeon et al. 2005). Rivers, streams and standing 

waters are all recognised as priority habitats for conservation in the U.K. (U.K. Biodiversity Action 

Plan [BAP], 2007). Over forty species of recognised conservation importance in the U.K. are reliant 

on these habitats, including birds, fish, amphibians, crustaceans, molluscs, mammals and 

cnidarians (U.K. Biodiversity Action Plan, 2007). Many of these species are internationally 

threatened and rapidly declining in the U.K.  

 

In order to maximise the effectiveness of conservation efforts with limited resources, 

conservationists must have a thorough understanding of the habitat requirements and 

preferences of a species (Simberloff, 1988).  This understanding is necessary for assessing habitat 

quality, predicting distribution, maintaining and creating suitable habitat and identifying potential 

reintroduction sites (Smith et al. 1996). Habitat requirements and preferences can be determined 

by studying the distribution of populations in relation to the distribution of physical variables 

(Hirzel, 2002).  

 

Previous studies have shown that the likelihood of riverine species being present in a given 

location changes with longitudinal and lateral position within the channel (e.g. Richardson and 

Mackay, 1991; Torgersen and Close, 2004). Thus, acknowledging spatial position as an 

explanatory variable is likely to improve predictions of a species distribution from physical 

variables (Thorp et al. 2006). Further, the hierarchically structured nature of river systems (Frissell 

et al. 1986) makes generally applicable habitat models difficult to obtain. This structure means 

that the observed patterns of environmental heterogeneity and conclusions on species-habitat 

relationships depend on the scale at which the system is viewed (Torgersen and Close, 2004). 

Previous studies have shown that different taxonomic groups respond to their environment at 

different scales (e.g. Townsend et al. 2003; Torgersen and Close, 2004). Habitat studies and 

management efforts should view river systems at the scale over which the focal species responds 

to environmental heterogeneity.  

 

The white clawed crayfish (Austropotamobius pallipes) is an example of a freshwater species that 

is ecologically and economically valuable but is threatened both internationally and in the U.K.  

The white clawed crayfish (WCC) is a decapod crustacean (Groves, 1985) and the only crayfish 

species native to the U.K. (Holdich and Lowery, 1988). Crayfish, as omnivorous foragers and 

detrital feeders, are polytrophic and therefore play an important role in freshwater ecosystem 

functioning (Goddard and Hogger, 1986). This influence makes native crayfish key species in 



http://eur-lex.europa.eu/smartapi/cgi/sga_doc?smartapi%21celexplus%21prod%21DocNumber&lg=en&type_doc=Directive&an_doc=2000&nu_doc=60




Page | 5  
 

1.2  Aims and Objectives 

The main aims of this research are three-fold:  

1. To determine the day-time response to habitat variables by WCC on the River Wansbeck 

2. To determine whether distribution of WCC is influenced by position in the channel 

3. To determine the spatial scale at which WCC are responding to their habitat  

 

In order to achieve these aims, the following questions need to be addressed:  

1a) How are WCC distributed on the River Wansbeck? 

1b) What range of habitat variables are WCC making use of in daylight hours? 

1c) Which habitat types are WCC selecting and avoiding in daylight hours? 

 

2a) Does the likelihood of WCC being present change with longitudinal and lateral position? 

2b) What is the explanatory power of river position on probability of finding WCC,        

       independent of habitat quality and availability? 

2c) Are there predictable trends in occurrence of favourable habitat with distance downstream? 

 

3a) Over what scale do WCC respond to heterogeneity in habitat variables? 

3b) What scales of habitat heterogeneity influence distribution of WCC? 

 

 

1.3  Thesis outline 

The following chapters present the context, methodology, results and discussion of the research 

outlined above. Chapter 2 reviews concepts and ideas in conservation and spatial ecology 

applicable to this study. Chapter 3 reviews current knowledge on the threats and conservation 

status of WCC and considers their ecology and habitat preferences in the wider framework of 

riverine spatial ecology, as discussed in chapter 2.  An overview of the physical environment of the 

River Wansbeck and the field methodology used to obtain results are described in chapter 4. The 

statistical analyses undertaken are also outlined. In chapter 5 the data obtained from the field 

survey is presented and analysed. Chapter 6 discusses the results in the context of previous work 

and conservation management. The main conclusions of the work are presented in chapter 7. 
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population (Johnson, 2007). The use of multiple indicators of habitat selection is recommended 

because conditions affecting survival, population density and reproduction may not be the same 

(Johnson, 2007). Obtaining consistent results from multiple approaches to defining habitat quality 

strengthens conclusions and reduces the effect of the weaknesses of each approach.  

 

2.2.3  Predictive modelling 

The findings from correlative approaches to habitat modelling can be used to produce empirical 

predictive models of habitat suitability. Using predictive models, rapid assessments of habitat 

suitability in unsurveyed areas can be made, allowing production of maps of potential habitat or 

predicted species distribution (Guisan and Zimmermann, 2000). Predictive models are increasingly 

being used as a conservation tool and have a number of useful applications. Firstly, predictive 

maps can be used to identify areas that require further survey resulting in optimal allocation of 

the limited resources conservation agencies have for field survey (Rodríguez et al. 2007). In areas 

where sampling is difficult or expensive, predicted habitat suitability may be the best substitute 

for field sampling (Rodríguez et al. 2007). The understanding of factors influencing a species 

distribution inherent in predictive models means they are capable of predicting impacts of land-

use change or engineering. For endangered species, this understanding may aid in efforts to 

mitigate decline (Rushton et al. 2004).  Perhaps the most useful application of predictive models 

to conservation efforts is identification of potential reintroduction sites and identification of areas 

of good habitat that should be conserved for future use (Engler et al. 2004; Angermeier et al. 

2002).  Predictive models can also be used to identify barriers to movement or areas that are 

unlikely to be colonised and predict the carrying capacity of an area. This permits a thorough 

evaluation of potential reintroductions (Rodríguez et al. 2007).  Because empirical models do not 

describe cause and effect but only statistical correlates, the ecological relevance of model 

parameters of habitat models must be assessed before they are used to guide conservation 

measures (Guisan et al. 2000).  

 

In order to be useful for the applications outlined above, a predictive model must perform well in 

areas other than that in which it was created. In creating a model, a trade-off is needed between 

the model being accurate and informative and being generally applicable across a range of 

locations (Guisan and Zimmerman, 2000). Overfitting the model to the data used to create it 

reduces the transferability of models between locations (Strauss and Biedermann, 2007). This is 

particularly problematic when the data set is small, and when conditions are present in new 

locations that were not present in the data set used to create the model (Vaughan and Ormerod, 

2005). The species may have the potential to live in a wider range of habitats than those that 

were present in the test data. Therefore, models created in areas with a wide range of 

environmental conditions are likely to have the highest transferability (Angermeier et al. 2002). 
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Transferability of species-habitat models is likely to be higher for specialist species than for 

generalists and models will perform better in new areas that have similar landscapes and climatic 

regions to the area used to create the model (Angermeier et al. 2002). 

 

The influence of biotic interactions on the distribution of a species varies spatially and therefore 

biotic interactions can reduce the generality of predictive habitat models (e.g. Vanreusel et al. 

2007). These include differences in both intra and interspecific competitive interactions, 

differences in availability and types of food, differences in dispersal constraints, allee effects and 

differences in predation pressures. Anthropogenic effects and historical factors also vary spatially 

and may threaten the transferability of predictive habitat suitability models (Jiménez-Valverde et 

al. 2008). Few authors test the validity of their models in new locations. Generally applicable 

models have been created for fish species (e.g. Belaud et al. 1989) but most attempts do not 

transfer well between catchments (Leftwich and Angermeier, 1997).  

 

2.3  Spatial ecology 

Correlating spatial patterns of species distributions to environmental parameters in order to 

produce predictive models, as discussed above, is the premise of spatial ecology (Perry et al. 

2002). Spatial ecology is a sub-discipline of ecology directly concerned with observed spatial 

patterns of ecological parameters and species (Perry et al. 2002). In spatial ecology, it is 

recognised that heterogeneity in physical variables is evident at multiple scales (Fortin et al. 2002) 

and therefore the pattern of distribution of a species and the observed response to physical 

variables is specific to a given scale (Bellier et al. 2007).  Further, physical parameters may vary in 

consistent, identifiable patterns such as gradients or patches (Fortin et al. 2002) meaning the 

distribution of a species in an area may change in a predictable way with relative location in that 

area. Acknowledging the influence of location and scale in patterns of ecological variables is 

essential for gaining accurate understanding of species-habitat relationships and creating 

generally applicable habitat suitability models (Thorp et al. 2006).  

 

2.4  Spatial ecology in river systems 

River systems provide immense benefits to human communities and have potential to cause 

considerable damage to human developments. Therefore, river systems worldwide have been 

heavily exploited and altered, resulting in them experiencing rapid declines in biodiversity (Sala et 

al. 2000). Riverine species are therefore a global priority for conservation action.  River systems 

possess certain key spatial characteristics that make concepts developed in spatially ecology 

particularly relevant to conservation efforts in these systems (Fausch et al. 2002). Firstly, river 

systems are hierarchically structured, meaning heterogeneity in physical variables occurs at 

multiple spatially nested scales. The pattern evident at each spatial scale is composed of 
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2.4.3  Downstream trends 

Rivers are unique linear systems with unidirectional flow. At broad scales, there are consistent 

trends in many hydrological and geomorphological features with distance downstream (Vannote 

et al. 1980). Altitude and slope decrease from source to mouth, discharge increases with the 

addition of water from more of the catchment and width and depth increase to accommodate 

increased discharge (Vannote et al. 1980). Traditionally, a downstream fining of grain size has also 

been asserted (e.g. Leopold, 1953) with a trend from boulders and large cobbles in headwaters to 

gravel and sands in lowland channels, because of selective transport and abrasion during 

transport. Recently, Petts et al. (2000), confirmed particle size decreased and heterogeneity of 

grain sizes increased with distance downstream although the scientific community now 

acknowledge that downstream fining is an oversimplified model (e.g. Rice and Church, 1996; Rice, 

1998).  Many authors have suggested predictable downstream trends in biological processes and 

community structure, as a response to these linear trends in physical variables. The River 

Continuum Concept (RCC) (Vannote et al. 1980) was the first model to explicitly detail a 

continuous downstream gradient of physical variables (depth, width, slope, velocity, discharge, 

temperature and entropy gain) and postulate the influence these gradients had on biological 

processes. The RCC recognises that the significance of autochthonous production varies with 

distance downstream. Photosynthesis is low in heavily shaded uplands, increases in the middle 

reaches of a river, because width increases more rapidly than depth with longitudinal distance 

resulting in greater light penetration, and decreases in large lowland channels due to depth and 

turbidity (Rice, 2001). The RCC proposes that in response to this, macro-invertebrate community 

structure, trait representation and biodiversity vary in a continuous gradient downstream such 

that stream order (c.f. Horton, 1945) is an accurate predictor of system characteristics.  Work on 

the Salmon River, Idaho by Minshall et al. (1982) and Bruns et al. (1984) supported the claims of 

the RCC for macro-invertebrate functional feeding groups. Similarly, Culp and Davies (1982) 

showed a longitudinal zonation of macro-invertebrate communities in the Saskatchewan River, 

Canada with downstream changes in dominance of functional feeding guilds in agreement with 

the RCC.  

 

Differences in physical variables in a longitudinal gradient may result in the probability of 

occurrence of a species changing with position within the channel due to changes in availability of 

habitat (Thorp et al., 2006). For example, distribution and diversity of a variety of riverine fish 

species has been shown to vary with depth (Sheldon, 1968). Deeper areas become more common 

with distance downstream producing a longitudinal trend in species assemblage of fish (Sheldon, 

1968; and Hocutt and Stauffer, 1975). Similarly, river channels exhibit largely predictable lateral 

gradations with channel margins generally having higher shade coverage, more backwaters, 

higher vegetation coverage and increased riparian debris than mid channel areas (Ward, 1989). 
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more abundant and refuges are more angular and thus more stable in high flows. The influence of 

the sedimentary link structure on grain size in the St. Marguerite River, Canada, was strong 

enough to result in a predictable spatial pattern in presence of grains suitable for salmon 

spawning. Hence, Davey and Lapointe (2007) were able to predict the distribution of Atlantic 

salmon (Salmo salar) spawning sites from the position of tributaries in this low gradient gravel-

bed river. 

 

 
Figure 2.7- Stylised trend in grain size with distance downstream. An overall fining trend is 

punctuated by inputs of coarser material where significant tributaries enter the channel.  Fining 

occurs between adjacent confluences forming sedimentary link.  Redrawn from Rice et al. (2001) 

 

Most habitat variables, including depth, substrate size, flow velocity and food availability are 

heterogeneous at multiple scales (Frissell et al. 1986). The continuous downstream trends 

discussed above are often evident at the catchment scale. At intermediate scales discontinuities 

such as lakes, land-use modifications and tributaries result in inconsistent downstream patterns. 

When the system is viewed at this segment scale, predictable longitudinal gradients may be 

evident but discontinuities cause these to be zonal rather than clinal (Ward, 1992). At the 

microhabitat scale parameters vary as seemingly stochastic patchiness (Rice, 2001) (fig 2.8). 

Duncan and Kubecka (1996) demonstrated, using acoustic echo integration, that the longitudinal 

density of fish in the River Thames is patchy at multiple scales. If organisms respond to habitat at 

the microhabitat scale there is unlikely to be predictable downstream trends (Wiens, 1989). 

Naiman et al. (1987) found no pattern in benthic macro-invertebrate richness or diversity with 

distance downstream and concluded the community was influenced by microhabitat and local-

scale factors that were highly heterogeneous. Differences in the scale of response and the scale at 

which lateral and longitudinal gradients are evident is also likely to account for the lack of 

influence of spatial position on distribution of Atlantic salmon parr in a study by Bouchard and 

Bosclair (2008). The explanatory power of eighteen variables accounting for spatial position, both 

as an absolute measure within the system and as a relative distance to other habitat types such as 
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that locational variables are a seemingly independent predictor of distribution (Torgersen and 

Close, 2004). Variability in community composition, predators and competitors are examples of 

these factors and are likely to be system specific. Historic distribution and dispersal ability will also 

determine the area over which a species is currently located. Barriers to connectivity of 

movement may preclude use of otherwise favourable areas (Fahrig and Merriam, 1985). Analysis 

of locational variables is necessary to highlight system complexities.  

 

It is important for managers to understand whether likelihood of a species being present, or the 

habitat types selected by that species, vary with position within the channel in order to target 

conservation efforts with limited resources (Torgersen and Close, 2004). It is therefore useful to 

study the influence of spatial factors on distribution of species of conservation priority to inform 

future conservation efforts.  

 

2.4.4  Sampling techniques to account for hierarchical, longitudinal systems 

Traditionally, studies of species-habitat relationships have been conducted over short lengths of 

river at a single scale, generally that which is most easily conceptualised and most convenient for 

the surveyor, rather than that which is relevant to the organism (Wu and Qi, 2000; Fausch et al. 

2002). Wheatley and Johnson (2009) reviewed 79 peer-reviewed papers which considered 

species-habitat relationships at multiple scales. Seventy percent of these papers made 

observations at arbitrary scales with no biological relevance. The hierarchical nature of river 

systems is rarely acknowledged when presenting results; surveyors fail to recognise that presence 

within the sample site already indicates a passive or active selection of physical variables that 

show variation at the site scale (Wu and Loucks, 1995). Single scale studies over short reaches are 

therefore likely to miss key influences on species distribution patterns because species 

distribution may be a response to habitat heterogeneity at scales of the hierarchy that are not 

perceived by the surveyor (Orians and Wittenberger, 1991). The potential to miss influences on 

distribution with traditional sampling designs was demonstrated by a multi-scale study of Bull 

charr (Salvelinus confluentus) distribution in a Montana mountain river. Bull charr were found to 

be preferentially constructing redds in low-gradient bounded alluvial valley segments (BAVS) 

where thermal conditions for egg incubation were favourable due to upwelling groundwater.  

BAVS occurred at intervals of 5-10km down the channel and thus this association between Bull 

char distribution and physical conditions would not have been detected by traditional sampling 

over short reaches (Baxter and Hauer, 2000).  

 

Another problem with single scale studies is that the scale chosen for study determines the 

conclusions drawn on the distribution of species and availability of habitat (Kotliar and Wiens, 

1990). In a survey performed over a 55 km section of the Middle Fork John Day River, Oregon 
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Both RHS and HABSCORE record the average conditions over a 500 m stretch of river.  This single-

scale data is unlikely to correspond to the scale at which riverine species are responding to habitat 

variables and is subject to missing variables that influence species distribution. Failure to consider 

all spatial scales relevant to the focal species is likely to weaken the predictive power and 

transferability of habitat suitability models based on RHS data (Guisan and Thuiller, 2005). Broad 

scale RHS cannot be extrapolated to finer scales because different processes are prevail at finer 

scales (Thrush et al. 1997a; Guisan and Thuiller, 2005). Thus, to improve predictive power of 

habitat suitability modelling from RHS data observations from all scales relevant to the focal 

species need to be incorporated (Leftwich and Angermeier, 1997). RHS criteria could be adapted 

into a nested sampling design to produce findings on species-habitat relationships that are not 

scale specific.  
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spreading north. Introduction of signal crayfish has invariably led to local extinction of WCC, with 

no record of coexistence for more than nine years (Holdich, 2003). The ability of signal crayfish to 

colonise new areas has resulted in them becoming more abundant in Britain than native crayfish 

(Sibley et al. 2002). Five other species of non-native crayfish are also present in the U.K. (Holdich 

et al. 2009). These are the noble crayfish (Astacus astacus), the Turkish or narrow-clawed crayfish 

(Astacus leptodactylusi), the red swamp crayfish (Procambarus clarkii), the virile crayfish 

(Orconectes virilise) and the calico crayfish (Orconectes immunis). The number of 10 km grid 

squares in Britain occupied by invasive crayfish increased by 43 % between 1997 and 2001 (Sibley 

et al.  2002). Correspondingly, WCC declined by 20 % over the same period. In 2001, only 13 river 

catchments containing native crayfish remained free of invasive crayfish species (Sibley et al. 

2002). Since then, it is estimated that the number of WCC in the U.K. has declined by 60 % 

(Holdich et al. 2009).  

 

Signal crayfish also have a negative influence on the broader river ecosystem. They are less 

susceptible to predation than WCC and thus contribute less to the transfer of energy across 

trophic levels and to the diet of other species of conservation importance (Lodge et al. 2000). 

Signal crayfish have been shown to cause a reduction in abundance and diversity of macrophytes 

(Nyström and Strand, 1996), macro-invertebrates (Stenroth  and Nyström, 2003) and fish (Guan 

and Wiles, 1997). In addition to this, the negative impacts of signal crayfish are economically 

costly. Their presence is a nuisance to anglers and a threat to fisheries productivity as they 

consume fish eggs and small fish (Guan and Wiles, 1997) and outcompete Atlantic salmon (Salmo 

salar) and benthic fish for food and refuges (Griffiths et al. 2004; Bubb et al. 2009). Further, signal 

crayfish can burrow into soft riverbanks exacerbating bank erosion (Guan, 1994; Stancliffe-

Vaughan, 2009) which has deleterious effects on fish and is costly for landowners. Eliminating 

signal crayfish populations is essential not only for conservation of native crayfish but also for 

maintaining healthy, productive river systems as a whole.  

 

A further threat to WCC is crayfish plague, a lethal oomycete fungus (Aphanomyces astaci), which 

causes behavioural abnormalities, impairs mobility and results in 100 % mortality in an infected 

population (Oidtmann, 2000). Once infected WCC usually survive for less than two weeks (Smith 

and Söderhall, 1986). The fungus is carried by signal crayfish, red swamp crayfish and spiny 

cheeked crayfish, which are resistant the disease. Crayfish plague can also be transferred on damp 

surfaces, such as boats or fishing tackle (Holdich, 1991; Palmer, 1994; Holdich et al. 2004). 

Consequently, crayfish plague has spread rapidly throughout the U.K. (Alderman, 1993). Most 

outbreaks of the disease have occurred in Southern England and Wales but the plague is 

spreading north. Disinfection and thorough drying of equipment can prevent spread of the plague 
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(Peay, 2000) but increased public awareness is necessary to ensure river users take these 

precautions (Reynolds, 1997).  

 

 Even in catchments free from invasive crayfish and crayfish plague, WCC are at threat from 

human modification to river systems (Reynolds, 1998). Due to slow movement rates (Bubb et al. 

2008) and dependence on refugia, WCC are highly sensitive to changes in their physical habitat 

(Westman, 1985). Human alteration of river systems destroys and fragments habitat. Dredging, 

bank stabilisation and canalisation result in loss of refuges leading to increased mortality from 

disturbance and predation (Schulz and Schulz, 2004). Construction of flood prevention schemes, 

such as culverts and weirs, may introduce barriers to upstream movement of WCC. This causes 

fragmentation of populations leading to reduced genetic diversity and a higher probability of 

stochastic extinction (Peay, 2002). Construction activities may increase sedimentation, as does 

removal of riparian vegetation and bank poaching by livestock (Brusconi et al. 2008). 

Sedimentation degrades refuges and reduces oxygen content in the substrate interstices WCC use 

as refuges (Slater and House, 2001). These non-lethal habitat modifications may increase stress 

on individuals resulting in increased susceptibility to disease. White clawed crayfish are affected 

by porcelain disease caused by the protozoan Thelohaniasis conjeaniI. When highly prevalent, 

porcelain disease can cause significant crashes of WCC populations (Souty-Grosset et al. 2006).  

 

Crayfish have specific water chemistry requirements and are therefore sensitive to chemical 

pollution (Laurent, 1988). Many pollutants, including pesticides and fertilisers, permethrin-type 

sheep dip, alkalis leached from concrete construction and industrial chemical effluent have been 

found to have significant detrimental effects on WCC (Schulz and Schulz, 2004). When subjected 

to ammonia concentrations typical of farm effluent (5-7mg/L of ammonium chloride) mortality 

rates of WCC significantly increased above areas with no added ammonia within 24 hours (Foster 

and Turner, 1993). Nutrient enrichment leading to enhanced macrophyte growth, high turbidity 

and night-time oxygen deficit is particularly threatening to WCC (Reynolds, 1998).  

 

As for many species, climate change poses an additional threat to WCC. The predicted changes in 

precipitation patterns may result in more frequent and severe flood events (IPCC, 2007). Flood 

events can cause substantial mortality of WCC, either directly through the impact of high velocity 

flows, or indirectly by increasing sedimentation and by depositing individuals onto floodplains 

who become stranded and are unable to move back to the channel when floodwaters recede 

(Lewis and Morris, 2008). Further, as the need for flood prevention increases, detrimental river 

engineering works are becoming more widespread.  

 

 







Page | 36  
 

Ireland (Schulz et al. 2002). Identifying suitable introduction sites and evaluating the suitability of 

natural areas requires predictive habitat suitability models based a thorough understanding of 

WCC habitat requirements.  

 

Preventing the spread of non-native crayfish into currently unaffected systems and reintroduction 

sites is vital for the continued existence of this species in the wild. Increased public involvement is 

necessary in order to; raise awareness of the detrimental impact of signal crayfish, encourage 

disinfection in order to reduce spread of crayfish plague and foster community ownership of local 

rivers. Although legislation implemented over the last two decades has slowed the decline of WCC 

(Holdich and Pockl, 2005), the species is still vulnerable.   

 

At a regional scale, the Northumberland Biodiversity Action Plan aims to maintain the range of 

WCC in the region at the eleven 10 km squares that were occupied in 2000 (Jaggs, 2009). The plan 

of action between 2008 and 2012 contains a wide range of conservation approaches to both 

maintain and increase populations in the wild and create safe-haven ark sites. Attempts to 

safeguard existing populations have included campaigns with farmers to address diffuse pollution 

issues; raising awareness among anglers in order to reduce inadvertent spread of crayfish plague; 

and habitat improvement projects. Identifying reintroduction sites and potential ark sites are the 

key aims over the next two years. Ongoing monitoring of both WCC and signals is recognised as 

key (Jaggs, 2009).   

 

3.4  Habitat use by white clawed crayfish  

The effort dedicated to conservation of WCC has led to a large number of studies being conducted 

on their habitat requirements and physiological tolerance. Many different techniques have been 

used to study tolerances and preferences including laboratory based analyses (e.g. Gheradi et al. 

2004), correlation of habitat to distribution and population density (e.g. Smith et al. 1996; 

Armitage, 2001), radio-tracking (Bubb et al. 2006) and correlation of WCC distribution to RHS 

criteria (Naura and Robinson, 1998). From this work, a good level of understanding has emerged 

but disagreements and gaps in knowledge are evident. These are reviewed in the following 

sections. 

  

3.4.1  Physiological tolerances of white clawed crayfish 

The most widely cited requirement of white clawed crayfish is that for dissolved calcium to 

replace their exoskeleton after moulting. The minimum concentration of calcium in which WCC 

can survive is widely cited as 5 mg l-1 (e.g. Jay and Holdich, 1981) but other authors have found 

presence of WCC in water with just 1 mg l-1 of calcium (Trouilhe et al. 2007). Magnesium ions are 

also required for exoskeleton development (Trouilhe et al. 2007). These requirements mean that 
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WCC generally inhabit slightly alkali waters but experimental evidence has revealed WCC can 

inhabit areas with pH between 6.8 and 8.2 (Jay and Holdich, 1976). Evidence suggests WCC can 

survive for several weeks in a salinity of 21g l-1 (Holdich et al. 1997) but salinities exceeding 7 g l -1 

disrupt growth and reproduction (Nyström, 2002). Failure in body salt regulation causes death in 

unsuitable salinities or pH (Jay and Holdich, 1976). Specifically, potassium and sodium are 

required for body salt regulation (Trouilhe et al. 2007). For most ions, the threshold concentration 

required is not agreed upon in the literature but the study of Smith et al. (1996), which compares 

the range of concentrations available in the study area with the range of concentrations over 

which WCC were found,  gives a good indication of the concentrations required for survival. These 

findings suggest minimum tolerated concentrations are 0.8 mg l-1 potassium, 3 mg l-1 magnesium 

and 5.7 mg l-1 sodium. Conversely, crayfish are unable to tolerate concentrations of some ions 

above a critical threshold (Trouilhe et al. 2007). The maximum tolerated concentrations found by 

Smith et al. (1996) and Trouhile et al. (2007) are shown below (table 3.1) but the full range of 

concentrations over which WCC can survive has not been clearly defined (Lyons and Kelly-Quinn, 

2003). 
 

Table 3.1- Estimated chemical tolerance limits for white clawed crayfish, 

 from Smith et al. (1996)and Trouilhe et al. (2007) 

Chemical Max. tolerated 

concentration (mg l-1) 

Nitrate 4.2 

Sulphate 23.6 

Phosphate 0.22 

Ammonia 0.148 

Chloride 23 

 

It has been extensively documented that WCC require very high water quality, making them 

bioindicators of river health (e.g. Jay and Holdich, 1981). However, crayfish have been found to 

inhabit streams with a wider range of water chemistry and quality than previously thought (e.g. 

Trouilhe et al. 2007), persisting in moderately polluted waters and tolerating short term acute 

pollution (Demers and Reynolds, 2002). Within the wide variety of water parameters that are 

suitable for survival, exact mineral concentrations have not been found to influence distribution 

or abundance (Foster and Turner, 1993). Concentration of organic matter, however, has been 

shown to discriminate presence and absence of WCC (Trouilhe et al. 2003; Trouilhe et al. 2007). 

Areas with high organic matter concentrations tend to have low dissolved oxygen and are 

therefore usually unsuitable for WCC.  WCC experience oxygen stress when oxygen concentration 

falls below 5 mg l-1 (Westman, 1985) and BOD levels exceed 18 mg l-1 O2 (Lyons and Kelly-Quinn, 
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present. Turbulent areas increase dissolved oxygen concentrations and are therefore likely to be 

favourable where the impact of the high flow velocity is not detrimental. Benvenuto et al. (2008) 

found WCC to avoid areas with flow velocity exceeding 0.1ms-1. Peay (2000) claims, without 

reference to field data, that WCC prefer areas with flow velocity less than 0.1 m s-1 and avoid 

areas with flow velocity exceeding 0.2 ms-1. The flow velocity WCC preferentially use will depend 

on the size of the individual (Ream, 2010) and the size and stability of available refuges. As WCC 

increase in size, they are able to maintain their position in the water column against higher flow 

velocities (Ream, 2010). Gallagher et al. (2006) found flow type in isolation had no effect on the 

distribution of crayfish.  

 

Consistently studies of crayfish habitat use have found preferences for areas with in-channel 

vegetation.  Laboratory based preference tests showed moss to be the preferred food source due 

to the fungi, microbes and metazoan hosted on moss plants (Gherardi et al. 2004). This 

preference has been reflected in field-based habitat studies. For example, Gallagher et al. (2006) 

found presence of crayfish could be predicted from distribution of moss and bedrock with 100 % 

accuracy and Ream (2010) found moss to increase likelihood of crayfish presence, particularly of 

larger individuals (greater than 16.5 mm CL). Conversely, liverworts and blanketweed have been 

shown to have a negative association with WCC presence (Naura and Robinson, 1998). Areas with 

submerged macrophytes, such as water crowfoot (Ranunculus spp.) and watercress (Rorippa 

nasturtium-aquaticum) are selected by WCC due to the shelter and food they provide (Demers et 

al. 2003; Holdich et al. 2006).  Submerged macrophytes can support high densities of crayfish in 

the absence of substrate refuges (Reynolds et al. 2002). However, macrophytes can be 

unfavourable to WCC where they are so dense they impede movement (Peay et al. 2006).  

 

Responses to riparian vegetation by WCC have also been demonstrated. Many studies have found 

areas with overhanging bank-side vegetation and overhanging boughs to be preferentially used by 

WCC (Foster, 1995; Smith, 1996; Naura and Robinson, 1998; Armitage, 2001; Ream, 2010). 

Riparian vegetation and canopy cover increase habitat favourability by providing food in the form 

of leaf detritus and insects and by shading the river, preventing high water temperatures 

(Brusconi et al. 2008). Further, canopy cover can reduce predation pressures from terrestrial 

predators (Ream, 2010). However, too much shading from trees may decrease the growth of 

photosynthetic macrophytes and actually reduce food sources for WCC (Peay et al. 2006). An 

intermediate extent of canopy cover is likely to be optimal.  

 

Roots of riparian trees protruding into the channel have been cited as an important refuge for 

crayfish and also trap leaf litter, a primary food source (Smith et al., 1996; Nyström, 2002). The 

structural complexity provided by exposed tree roots is important as protection for juveniles 
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4.2 Creating a frame of reference for the channel  

The aim of this study is to investigate spatial patterns in WCC distribution and habitat use over 

several tens of kilometres of the River Wansbeck. To extract spatially explicit information from 

river systems, it is necessary to have a frame of reference relevant to the channel, such that 

distance downstream is measured as perceived by aquatic organisms (Legleiter and Kyriakidis, 

2006). A curvilinear river coordinate system has been developed which transforms [x,y] Cartesian 

coordinates into [s,n] river coordinates with s being distance downstream on the streamwise axis 

and n being distance from the centre line (Smith and McLean, 1984) (figure 4.2). Dugdale and 

Carbonneau (in review) have developed a Fluvial Information System (FIS) as a tool for riverine 

scientists and managers with need for spatially explicit, high resolution data over large scales. The 

FIS is a Matlab-based tool which is capable of automatic mapping of riverine habitats from high 

resolution aerial imagery of rivers (Dugdale and Carbonneau, in review). The FIS is capable of 

delimiting the river channel in images by classifying images into a predefined number of groups 

using statistical clustering of pixels groups with similar attributes (Dugdale and Carbonneau, in 

review). Algorithms implemented the FIS can then transform the [x,y] Cartesian coordinates of 

the river centreline into [s,n] river coordinates to produce  a river coordinate system which can be 

used to accurately measure longitudinal and lateral distances. The FIS promises to be a vital tool 

in developing spatially explicit understanding of species-habitat relationships and was employed 

in this study to create a river coordinate system for the River Wansbeck so that longitudinal 

trends and spatial patterns in WCC and their habitat could be analysed.  

 

Twenty-five centimetre resolution, fully geo-referenced, aerial imagery of the river corridor was 

purchased from the Infoterra Geostore. These images were cropped in Erdas, an image analysis 

software, into areas of equal pixel number and entered into the Fluvial Information System (FIS). 

Because the FIS is not designed for 25 cm resolution imagery, the river could not be accurately 

classified straight from the Infoterra images. To overcome this problem, the river channel on each 

image was accurately traced in bright red in Adobe Photoshop. The FIS classification could then 

easily and accurately distinguish between the channel and surrounding land, allowing production 

of a digitised vector centreline and a river coordinate system. This was used to determine distance 

downstream for all analyses and allowed Cartesian coordinates and measurements obtained in 

the field to be transformed to accurate distances downstream. 
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Figure 4.4- Layout of tertiary sampling units within each site 

 

4.4  Crayfish sampling  

Crayfish surveys were carried out between 15th June and 18th August 2010.  To prevent 

transference of disease between river systems all equipment was disinfected using a weak bleach 

solution and left to dry in sunlight before and after sampling. Sampling was only conducted on dry 

days with low wind when the river was at a low stage and substrate was visible at a depth of 50 

cm. Data on crayfish was obtained as an abundance per tertiary sampling area. A surber was used 

for each sample in order to increase efficiency.  The surber used for each sample was 0.7 x 0.7 m, 

and therefore enclosed an area of 0.49 m2, with a height of 0.5 m. Three-millimetre netting was 

used for the side netting and skirt. In each tertiary sampling location, the surber was carefully 

placed on the riverbed and pushed into the substrate to prevent crayfish escaping. Where areas 

were too deep or too turbid for accurate crayfish sampling, or substrate was too large to be lifted, 

the surber was moved to the nearest suitable location, which was accurately measured and 

recorded. 

 

The most downstream surber areas were sampled first and sampling proceeded in an upstream 

direction to avoid disturbance of subsequent sampling areas. All substrate that could be lifted was 

systematically removed from within the surber. Each refuge was overturned in a downstream 

direction so that disturbed sediment flowed away from the site. Once sediment had settled 

crayfish were picked up or captured in a hand-net. A wetted, Perspex viewing chamber was used 

to improve sampling efficiency. Small, loose substrate was then disturbed by a glove-protected 

hand to dislodge remaining crayfish (Armitage, 2001). Individuals trapped in the surber netting 

were retrieved at the end of sampling.  Root systems and vegetation were also sampled. There 

was no time limit on this but average search time was approximately 25 minutes per surber. 

Stones were replaced as near as possible to the position in which they had been found to 

minimise disruption to the habitat. 

 

22.5 m 5 m 

100 m 



Page | 54  
 

All captured crayfish were immediately placed in a bucket containing water and a few cobbles or 

some vegetative matter until sampling of the surber pair was complete. Each crayfish was 

measured to the nearest millimetre using vernier callipers from the tip of the rostum to the 

posterior tip of the telson, the hind-most extension of the tail fan, with the tail fully extended on a 

flat surface (c.f. Smith et al. 1996). For a subsample of individuals, measures of carapace length, 

from the tip of the rostum to the posterior median edge of the cephalothorax, were also obtained 

in order to derive a conversion between total length and carapace length. Individuals were also 

sexed.  For individuals less than 20 mm total length sex was not distinguishable in the field.  

 

4.5  Measurement of habitat variables 

A broad range of habitat variables were recorded in this study. Each variable was recorded at the 

scale of the nested sampling design at which it showed variation (table 4.1). The definitions used 

to classify features were largely based on those used in the RHS (c.f. Environment Agency, RHS 

manual 2003). Largely, it was felt the recording format and definitions used the RHS was sufficient 

to obtain data relevant to crayfish and had the advantage of been tested and reproducible. For a 

few variables it was felt that more detail was required to be relevant to crayfish and additional 

detail was recorded.  Conversely, for other variables the level of detail in the RHS was deemed 

unnecessary after an extensive literature review on crayfish ecology and habitat preference. For 

these variables, which included bank features, flow type, bank side land-use, bank profile and 

vegetation types, the level of detail recorded was reduced. Some variables included in RHS, for 

example artificial features, were not present at any of the sites and therefore were not 

considered in analysis. 
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