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Introduction 

Signal crayfish (Pacifastacus leniusculus) have existed in the upper 
reaches of Broadmead Brook in Wiltshire (Fig. 1) since 200 individuals 
were introduced at West Kington in 1981 (Holdich & Reeve 1987, 1989; 
Reeve, 1990). The population has expanded upstream and downstream 
since this introduction, however, giving rise to concerns that it may 
potentially threaten the native crayfish population further downstream. 

Signal crayfish can act as a vector of crayfish plague – a disease caused 
by the fungus Aphanomyces astaci Schikora which results in almost 
complete mortality to the native, white-clawed crayfish Austropotamobius 
pallipes (Alderman & Polglase 1988; Alderman et al. 1990). The native 
crayfish in Broadmead Brook have not yet succumbed to crayfish plague 
and are currently free of the disease. However, as signal crayfish appear to 
out-compete the native species (Holdich & Domaniewski 1995), the native 
population could still be under threat. 

In this article, we highlight the findings of previous crayfish surveys on 
Broadmead Brook and describe work undertaken in summer 2001 to map 
the current distribution of native and signal crayfish. Finally, options for 
controlling the spread of signal crayfish are discussed. 
 
Previous crayfish surveys 

A thriving population of signal crayfish developed at West Kington from 
1981 to 1987. During this period, no native crayfish were present in this 
part of the Brook. By 1987 there was strong evidence that the population 
had begun to expand upstream and downstream, and by 1989 the total 
distance covered by the signal population was 1,900 m: 700 m downstream 
and 1,200 m upstream from the centre of the original introduction 
(Holdich, Reeve & Rogers 1995). 
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In 1998, a survey along Broadmead Brook showed that the downstream 
expansion of signal crayfish and the upstream expansion of native crayfish 
was resulting in an area in-between where the distribution of the two 
populations was merging (Lang & Wylde 2000). This interface was located 
near to the Fosse Way (Fig. 1). From the Fosse Way downstream and into 
By Brook only native crayfish were recorded. 

Since 1998 signal crayfish have been trapped at Nettleton, 1 km 
downstream of the Fosse Way, suggesting that the population is continuing 
to advance downstream (M. Frayling personal communication). To 
confirm such reports the Environment Agency, in consultation with 
English Nature and Wiltshire Wildlife Trust, decided to carry out a survey 
to map the current distribution of the two species and establish the extent 
of this advance. 
 
Mapping the distribution of native and signal crayfish 

Mapping surveys were carried out in July and August 2001.  The principal 
aim of mapping was to locate the “leading edge” of the advancing signal 
crayfish population. Once the leading edge was located, it was envisaged 
that a programme of trapping and removal of signal crayfish could then 
take place, targeted at a stretch of the Brook just beyond the leading edge 
of the population, to create a barrier to downstream movement (Harris & 
Young 1996). However, the necessity of a removal programme would 
depend on the extent to which the signal crayfish had migrated and 
whether they had extended beyond critical river points such as the 
confluence of Broadmead Brook and By Brook. 

Two survey methods were used to map the distribution of crayfish: 
stone-turning and trapping. 
 
Stone-turning 

Stone-turning took place at sites between Fosse Way and the confluence 
with By Brook (Fig. 1), after the methods of Spink & Frayling (2000). The 
sampling sites were located approximately every 200 m, where the river 
was shallow enough to wade, and the survey was completed before 
undertaking the trapping survey. Native crayfish were recorded between 
Site 2, upstream of Fosse Way, and Site 20, downstream of the confluence 
with By Brook (Fig. 2). Signal crayfish were recorded between Site 1 and 
Site 6. Between Sites 7 and 20, no signal crayfish were found using this 
method. 
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FIG. 1. Schematic map of crayfish survey sites on Broadmead Brook and By Brook, 
Wiltshire. Above: stone-turning survey. Below: trapping survey. 
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FIG. 2. Crayfish recorded at sites on Broadmead Brook and By Brook in 2001, for 
native white-clawed crayfish Austropotamobius pallipes (open bars) and signal 
crayfish Pacifastacus leniusculus (closed bars). Above: stone-turning survey. Below: 
trapping survey (x-axis labelled for alternate traps only). 
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Trapping 

Following the stone-turning survey, traps were set at sites that failed to 
reveal crayfish by stone-turning or where the water depth was too deep to 
wade (Fig. 1). Swedish “Trappy” traps were used, each measuring 20 cm 
in diameter and 50 cm long with a mesh size of 2 cm × 2 cm. The trapping 
methodology was as described by Spink & Frayling (2000). 

Twenty traps were laid from 150 m to 350 m downstream from the 
Fosse Way (Traps A–T, Fig. 1): a stretch of the river that was too deep for 
stone-turning. A very large number of signal crayfish were recorded 
(Fig. 2), indicating that the population had migrated further downstream 
than in 1998. Native crayfish were recorded in two of these 20 traps. 

Traps were also laid to sample the river further downstream at Nettleton 
Mill and at the By Brook confluence, to pinpoint the advancing population 
front. Five traps were set at Nettleton Mill (Traps U–Y) and both signal 
and native crayfish were found. Five traps were then laid upstream of the 
By Brook confluence (alongside the golf course; Traps Z–D1), these also 
revealing the presence of signal and native crayfish. 

Finally, 10 traps were placed downstream of the By Brook confluence 
(Traps E1–N1). Only native crayfish were found in these traps. 
 
Survey conclusions: current distribution of signal and native crayfish 

Populations of signal and native crayfish in Broadmead Brook were 
reported by Holdich (1990) to be separated by approximately 1 km of 
river. By 1998, the distributions of the two species overlapped (Lang & 
Wylde 2000) and our 2001 survey shows that the two populations are 
continuing to co-exist. However, the low numbers of native crayfish 
recorded suggests that they are increasingly under threat. Furthermore, the 
2001 survey reveals that signal crayfish now inhabit the whole length of 
Broadmead Brook, representing a downstream colonisation of 1.7 km from 
the Fosse Way since 1998. This rate of downstream colonisation of 
approximately 1 km per year is comparable with rates observed by other 
authors (Harris & Young 1996; Peay & Rogers 1999; Sibley 2000). 

Although stone-turning failed to reveal the presence of signal crayfish 
between sites 7 and 18, trapping revealed signal crayfish downstream of 
the Fosse Way, at Nettleton Mill and upstream of the confluence with By 
Brook. Firm conclusions cannot be drawn due to the limited number of 
sites where both sampling methods were carried out, but this apparent 
disparity between methods may reflect differences in the distribution of the 
two species within different habitats in the river.  Spink & Frayling (2000) 
found that, in general, traps caught larger native crayfish than when 
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sampling by turning stones, and suggested that this may occur because the 
older, trappable crayfish tend to shelter either in deep pools and/or in 
burrows and in tree-root systems where the traps were laid, whereas the 
juveniles may prefer the shallower areas of the river sampled by stone-
turning. Similarly, in the 2001 survey on Broadmead Brook, traps were set 
up against the river bank rather than in the open riverbed.  It is possible 
that signal crayfish have out-competed the native species between sites 7 
and 18 and driven them out of riverbank shelters.  

In conclusion, the 2001 survey demonstrates the speed at which signal 
crayfish have colonised Broadmead Brook in the three years since the 1998 
survey and indicates that they continue to threaten the native species. In 
other cases of mixed populations of native crayfish and plague-free signal 
crayfish, A. pallipes has substantially declined in numbers or has been 
eliminated over a number of years (Holdich & Domaiewski 1995). With 
this in mind, options to control further spread of signal crayfish in 
Broadmead Brook are currently being explored. 
 
Controlling the spread of signal crayfish 

Options to control the spread of signal crayfish have been researched 
nationally by the Environment Agency (Peay 1999), with one of the 
options considered being the complete removal of signal crayfish from a 
watercourse. However, a number of difficulties have been demonstrated in 
field trials of trapping to remove signal crayfish, these including: 
• very young crayfish escaping through the trap mesh due to their small 

size; 
• female crayfish have been shown to be “trap shy” when carrying eggs 

(Woodland 1967); 
• removal of large adult male crayfish can actually encourage the growth 

of the population, as habitat niches become available for younger 
crayfish to occupy (Ibbotson et al. 1996). 

In the context of Broadmead Brook, removal of signal crayfish from the 
leading edge only is an option that may slow the advance of the population 
and prevent colonisation of By Brook. However, even though no signal 
crayfish were recorded in By Brook during the 2001 survey, it is likely that 
given their close proximity upstream of the confluence, populations may 
have already settled in By Brook due to downstream migration of 
hatchlings under spate conditions. Given the time and cost implications of 
confirming presence or absence of signal crayfish in By Brook, neither a 
survey of this nor subsequent removal have been attempted. 
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A second option is therefore being considered: relocation of native 
crayfish from Broadmead Brook to another waterbody where signal 
crayfish are absent, to mitigate for the reduction in population on 
Broadmead Brook. Although most rivers in Wiltshire are at risk from 
colonisation by signal crayfish, there are streams within neighbouring 
Somerset that are currently free from signal crayfish and which might be 
suitable for introducing the native species. Experience in relocating native 
crayfish to still waters such as disused quarries in Somerset (M. Frayling 
personal communication) indicates that this might be a viable option. 
Careful studies of the receiving watercourses would be required to confirm 
their suitability and relevant organisations would need to be consulted, but 
we recommend that the feasibility of such relocation is explored further. 
 
Acknowledgements 

We would like to thank Jim Flory for much help and support in all stages 
of the production of this article. Thanks are also due to Martin Frayling for 
his guidance and support, and to Ian Nesbitt for his assistance in the field. 
The Environment Agency, North Wessex Area, gave permission for the 
work to be published, but the views expressed in the article are those of the 
authors and do not necessarily reflect the views of the Agency. 
 
References 

Alderman D. J. & Polglase, J. L. (1988). Pathogens, parasites and 
commensals. In Freshwater crayfish – biology, management and 
exploitation (eds D. M. Holdich & R. S. Lowery), pp. 167-212. Timber 
Press, Portland, Oregon. 

Alderman, D. J., Holdich D.M, & Reeve I. (1990). Signal crayfish as 
vectors in crayfish plague in Britain. Aquaculture 86, 3-6. 

Harris, R. H. & Young, H. J. (1996). Distribution, densities and population 
characteristics of signal crayfish, Pacifastacus leniusculus (Dana), in the 
Gaddesby Brook, Leicestershire. Unpublished report for the National 
Rivers Authority. 

Holdich, D. M. (1990). A preliminary impact assessment of an invading 
signal crayfish population upon both the native population and general 
stream ecology of Broadmead Brook, Wiltshire. Unpublished report, 
Nottingham University to the Environment Agency. 

Holdich, D. M. & Domaniewski J. C. J. (1995). Studies on a mixed 
population of the crayfish Austropotamobius pallipes and Pacifastacus 
leniusculus in England. Freshwater Crayfish 10, 37-45. 



 JOANNA SPINK AND JOANNA ROWE 

 

10

Holdich, D. M. & Reeve I. D. (1987) Status of native crayfish with 
particular reference to crayfish plague, alien introductions and pollution. 
Final Report. Sept. 1987. Nature Conservancy Council Contract No. 
HF3-03-208 (11). 

Holdich, D. M. & Reeve I. D. (1989). Status of native crayfish with 
particular reference to crayfish plague, alien introductions and pollution. 
Updated Report. Sept. 1989. Nature Conservancy Council Contract No. 
HF3-03-432 (14). 

Holdich, D. M., Reeve I. D. & Rogers W. D. (1995) Introduction and 
spread of alien crayfish in British Waters-implications for native 
crayfish populations, Freshwater Crayfish, 8, 99-112. 

Ibbotson, A. T., Tapia, G., Furse, M. T., Winder, J. M., Blackburn, J., 
Scarlett, P. & Smith, J. (1996). Impact of signal crayfish Pacifastacus 
leniusculus and its associated crayfishery on the River Thame. 
Unpublished report for the Environment Agency. 

Lang, M. & Wylde, A. (2000) Some observations on surveying native and 
signal crayfish. British Wildlife 11 (6), 398-400 

Peay, S. (1999). Eradication of alien crayfish populations Phase 2. Progress 
Report No. 2. Environment Agency R&D Project W1-037. Scott Wilson 
(unpublished). 

Peay, S. & Rogers, W. D. (1999). The peristaltic spread of signal crayfish 
(Pacifastacus leniusculus) in the River Wharfe, Yorkshire, England. 
Freshwater Crayfish 12, 665-676. 

Reeve, I.D. 1990. Aspects of the biology of an introduced and a native 
species of freshwater crayfish. Unpublished PhD thesis. University of 
Nottingham. 

Sibley, P. (2000). Signal crayfish management in the River Wreake 
Catchment. Unpublished report to the Environment Agency, Midlands 
Region.  

Spink, J. & Frayling, M. (2000). An assessment of post plague re-
introduced native white clawed crayfish, Austropotamobius pallipes, on 
the Sherston Avon and Tetbury Avon, Wiltshire. Freshwater Forum 14, 
59-69. 

Woodland, D. J. (1967). Population study of freshwater crayfish Cherax 
albidus Clark. Unpublished Ph.D. thesis. The University of New 
England, Armidale, New South Wales. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


