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ABSTRACT

British native white-clawed crayfish, Austropotamobius pallipes, thrive in calcium
rich freshwaters, but have declined dramatically in the last few decades due to
competition with invasive species, disease, loss of habitat and pollution. This thesis
examines the current status of Welsh 4. pallipes populations, causes of decline, fine
scale genetic structuring and rearing of A. pallipes in captivity for conservation

purposes. A conservation action plan was also devised.

Distribution and abundance have continued to decline on tributaries from the 1990s
into the 21" century. In remaining populations, numbers of females and juveniles
were low, indicating further declines are likely. A. pallipes were no longer found on
the main Wye River, were present in low numbers at only two sites on the main Usk
River, while just a single individual was found on the main River Banwy of the Upper
Severn Catchment. However, populations in the River Edw, a Wye tributary. had
recovered somewhat by 2004.

Declines were attributed to siltation, from intensive livestock poaching and sheep dip
pollution from the synthetic pyrethroid, cypermethrin. Both causes are exacerbated by
steep landscape and heavy rains. The threat of crayfish plague and signal crayfish

invasion remains in the Wye Catchment.

Genetic structuring of populations was found at three levels. Genetic structuring
within a stream was observed in the River Edw, due to isolation by distance and
human interference. Genetic variability ditfered between streams of the upper half of
the Wye Catchment, where individuals were divided into two genetically dissimilar
groups, those from the Upper Wye and those from the Lower Wye, possibly as a
result of differing habitat characteristics. At the third level, genetic variability differed
between catchments. For example, individuals of the Itchen Catchment in Hampshire,
southern England, were genetically dissimilar from others surveyed such as those of
the Wye catchment in Wales and those from the River Aire in West Yorkshire. This
genetic  structuring is important and should be considered when carrying out

restocking programs.

Rearing A. pallipes in captivity was relatively successful due to a high protein, fresh

diet of diatoms and zooplankton.

vi
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CHAPTER 1

General Introduction



1.0 INTRODUCTION

Crayfish play an important role in the world ecosystem as many other animals rely on
them, particularly as converters of plant material (in the form of detritus) into meat, a
high energy source. Native crayfish species are unfortunately declining across the world
and as a direct consequence, other species which depend upon them will suffer. In
Europe, the native white-clawed crayfish, Austropotamobius pallipes which provides a
major food source for other animals, appear to be facing a similar fate (Gouin ef al.,
2003).

This thesis aims to investigate the causes of problems facing Austropotamobius pallipes

(Lereboullet) in the rivers of mid-Wales and methods of overcoming them.

The general introduction places the animal in its taxonomic, biological and ecological
context, reviews its habitat requirements, describes its current and former distribution in
Britain and Europe and briefly outlines the main evidence for and causes of decline.
These factors are then discussed in relation to crayfish species in other parts of the world.
Finally there is a brief introduction to legislation surrounding 4. pallipes and molecular
techniques to assess its population genetics with the view to conserving this species.

These subjects are described in more detail in the introductions to specific chapters.
1.1 Crayfish Taxonomy and Distribution

Crayfish (Astacida) belong to the Order Decapoda, the largest group within the Phylum
Crustacea (class Malacostraca). They are the only freshwater decapods to be classed as
Reptantia Macrochelata (crawlers with large chela) (Holdich, 2002).

Crayfish can be split into two groups (super families), Astacoidea and Parastacoidea.
Astacoidea can be further subdivided into two families, Astacidae and Cambaridae (both
of which are found only in the Northern Hemisphere). Parastacoidea consists of only one
family, Parastacidae, found in the Southern Hemisphere (Hobbs, 1988; Holdich, 2002)

The distributions of these families are shown in Figure 1.1.



< $/
%

T

E



Wales in recent years and being excellent escapists moved from one watercourse to

another with relative ease and high survival rates.

Figure 1.2 Diagram depicting the distribution of Austropotamobius pallipes in the British Isles and Europe
(adapted from Holdich, 2002).

1.2  Anatomy and Identification

Crayfish are the “largest mobile freshwater invertebrates” (Holdich, 2002). Adult crayfish
range in size from the very large such as Astacopsis gouldi from Tasmania which have
been known to reach as much as 6 kg in weight (T. Walsh pers. comm.) to the very small,
Gramastacus from the Grampian Mountains, Victoria, Australia (Holdich, 2002) which
may be no larger than a fingemnail. A generalised diagram of a crayfish is shown in

Figure 1.3.

In general, A. pallipes tend to be smaller (12 cm maximum length) and paler than P.
leniusculus (30 cm maximum length). P. leniusculus is usually black/brown with bright
cream patches the junctions of the chelae, while their chelae are redder on the underside

and large and broad, in relation to their body size. In comparison, A. pallipes is paler

green/brown in colour and has a paler underside to the chelae although colour does vary

somewhat with water chemistry (Figure 1.4). The rostrum of A. pallipes has smooth sides
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Figure 1.6. Generalised life cycle of a crayfish in Britain adapted from Coley (2000).

young leave their mother in the summer, and the winter, they moult seven or eight times

and gradually grow, feeding on increasingly larger food particles (Lowery, 1988).

At 2 months of age, average crayfish length is 1.5 — 2 cm, while the average weight is
0.26 g. At 12 months of age, the average crayfish length is 4.5 — 5 cm and 2.7 g in weight
(Cuellar & Coll, 1978). A. pallipes can live for a number of years, usually six or seven,
with an average mature adult carapace length of 37 mm (Lowery, 1988).

A. pallipes is known to be particularly active during the night, preferring to take refuge
during the day under boulders, tree roots, crevices or in burrows sometimes up to a depth
of 8 ft (2.44 m) but usually around 3 ft (0.9 m) (Duffield, 1933; Lilley, 1977). This may
be a way of avoiding predators that are active during the day (Lilley, 1977). Stone turning
is the best day time method of searching for them, while torching enables them to be

caught by night.
14  Ecology

The ecology of the white-clawed crayfish was described by Holdich (2003a) and is

summarized in this section.



1.4.1 Habitat characteristics
A. pallipes tend to prefer fast flowing, highly oxygenated, shallow streams or rivers,

although large populations of 4. pallipes have also been found in reservoirs, lakes, ponds
and canals (Lilley, 1977).

Steep channel banks, overhanging shrubbery, a tree canopy and roots extending from
banks into the water are all habitat characteristics that positively influence crayfish
population size, as these features provide “nursery” regions (Smith et al., 1996). All of
the above provide crayfish with food and shelter from predators and strong currents.
Aquatic vegetation also provides refuge shelter and food by harbouring prey items such
as invertebrates (Smith et al., 1996). Overhanging boughs, boulders, tree shade and the
number of riffles were also found to positively influence crayfish presence, while
exposed tree roots, eroding cliffs, poached or reinforced banks, gravel/pebble/sand banks
and cobble substrate have a negative effect on crayfish presence (Naura & Robinson,
1998). Bank “structure richness” in the form of sufficient bank shelter, i.e. burrows or
hollows, overhanging roots and depth to the stream, has a positive association with
crayfish density (Bohl, 1989; Kappus et al., 1999). Alternating flat and steep banks are
also a positive crayfish habitat feature (Kappus ef al., 1999), as this suggests habitat

structure and diversity and consequently more crayfish refuges.

Preferred habitat characteristics vary diurnally, as during the day crayfish are found in
crevices, among tree roots and under pebbles or boulders, while during the night they are

mostly found moving around pebbles and boulders (Reyjol & Roquelpo, 2002).
1.4.2 Water Chemistry

Components of optimum water chemistry are described below:

1.4.2.1 Calcium concentration

Calcium, in the form of carbonates or bicarbonates, is vital to the formation and
maintenance of the exoskeleton of the crayfish (Holdich, 2002) and is critical for crayfish

presence. Crayfish are therefore often found in chalk or limestone areas.



1422 pH

Some crayfish species can survive in environments of a more extreme pH than others, but
water below pH 5.5 is detrimental to most (Nystrom, 2002). Cambarus robustus are
found in lakes within a pH range of 4.7 — 5.6 (Berill et al., 1985) while Astacus astacus is
usually found in lakes above pH 6 (Svardson, 1974). Neutral or alkaline pH is preferred
by most crayfish including A. pallipes, as this is likely to be richer in calcium ions (Ca*")
(Foster, 1990).

1.4.2.3 Nitrogen and phosphorous levels

Increased nitrogen and phosphorous in the water cause increased vegetation growth and
therefore increased oxygen. These can improve crayfish survival. If aquatic nutrient
levels become too high, however, changes in biotic or abiotic factors can have a
detrimental effect. For example, invertebrate diversity may decrease as a result of
increasing organic matter mineralization, and toxic algal blooms may occur (Bronmark &
Hansson, 1998), all of which could damage crayfish or their habitats.

1.4.2.4 Oxygen levels

The average optimum oxygen concentration in water for most species of crayfish is
6 mgl' (Nystrom, 2002). Cambarus is one of few crayfish species tolerant of oxygen

concentrations below than 1.6 mg 1.

Some crayfish that are intolerant of low aquatic oxygen concentrations such as
Procambarus clarkii, climb to the water’s surface to get sufficient air. 4. pallipes

however, generally prefers highly oxygenated waters (Lilley, 1977).
1.4.3 Temperature

Although some crayfish species can survive large temperature ranges, there is a minimum
water temperature below which they cannot grow. Each species has an optimum growth
temperature, below which, activity and feeding decrease and growth rate is slowed
(Holdich, 2002). Slower growth rates are reflected by a lower frequency of moults. For
example, time between moults of Paranephrops sp. in New Zealand was shorter in
pasture streams (16-23 °C) and longer in forest covered streams (12-15 °C) (Holdich,
2002).



1.5 Diet

A. pallipes are usually nocturnal feeders and use both mechanoreceptors and
chemoreceptors to detect food, predators and conspecifics (Nystrom, 2002). They are
able to detect substances produced by animals and plants (amino acids and carbohydrates
respectively) and “hydrodynamic disturbances” caused by moving prey or predators
(Breithaupt et al., 1995). Once they have caught prey, crayfish hold it in their walking
legs while feeding upon them with their mouthparts (Thomas, 1970; Nystrom, 2002).

Crayfish have been described as generalist feeders (Lorman & Magnuson, 1978; Smith ez
al., 1996) and omnivores (Hill & Lodge, 1994, Foster, 1996). Foods include plant debris
such as leaf litter from overhanging trees, aquatic and terrestrial macrophytes such as
Rannunculus spp. Animals make up a large proportion of their diet and include
invertebrates such as insect larvae, tadpoles and gastropods (Lilley, 1977). Different
authors suggest a number of foods which young crayfish prefer: detritus (Parkyn ez al.,
1997); plants (Momot et al., 1978) and crushed gastropod shells (Nystrom & Perez,
1998). By feeding on detritus, periphyton and macrophytes, crayfish play an important
role in converting them into meat (Smith ez al., 1996). A crayfish may sometimes eat its
own shed exoskeleton in order to retain calcium (Huxley, 1880) and may even resort to
cannibalism, but only when other food is scarce (Lilley, 1977).

Diet is also important for crayfish growth. For example, Paranephrops sp. increased in
size and moulted more frequently when feeding on invertebrates rather than detritus in

both open (warmer) and shaded (colder) streams (Parkyn et al., 1997).

1.6 A. pallipes decline and its causes.

1.6.1 Decline

A. pallipes distribution across Britain has altered dramatically over the past 30 years with
a large decline in numbers and distribution in some regions (Holdich, 1993; Rogers &
Holdich, 1995; Slater, 1998; Wilkins, 1999; Coley, 2000, Slater & House, 2001; Holdich,
2002; Sibley, 2003; Holdich et al., 2004) (Figures 1.7 and 1.8).
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1.6.2 A Global Perspective

Similar declines have also occurred in other countries with other native species such as
the Tasmanian Giant Freshwater Lobster (crayfish), Astacopsis gouldii, (Richardson et
al., 1999; T. Walsh pers. comm.); Paranephrops planifrons, in New Zealand (Parkyn et
al., 1997); the noble crayfish, Astacus astacus in Norway (Edsman, 2004; Taugbol, 2004)
and the stone crayfish, Austropotamobius torrentium in Germany (Huber & Schubart,
2004).

In February 2002, funded by the National Assembly of Wales, a visit was made to fellow
crayfish researchers in New Zealand, Australia and Tasmania to discuss declines in
Southern Hemisphere crayfish. Paranephrops planifrons is a freshwater crayfish of New
Zealand (Holdich, 2002) and require a structurally varied, shaded habitat of native
scrubland in fast-flowing, highly oxygenated streams, as do 4. pallipes in Britain. Both
species, together with Australian freshwater crayfish, are in decline, apparently for
similar reasons — agricultural, domestic and industrial pollution, structural habitat damage
and loss and introduced alien species competition (S. Parkyn, pers. comm.; J. Merrick,

pers. comm.)

In Tasmania, the Giant Freshwater Lobster, Astacopsis gouldi, actually a crayfish, can
reach 6 kg in weight (T. Walsh, pers. comm). Unfortunately however, their size has made
them a sought after trophy and food, and are consequently now severely declining. Other
familiar reasons such as loss of habitat (due in this case to intensive logging practices)

and pollution are also responsible for their decline (Richardson ef al., 1999)

New Zealand and Tasmania, together with parts of New South Wales in Australia are
very similar to Wales, one of the last remaining strong holds of 4. pallipes in Britain, in
that the main land use is agriculture and the land is sparsely populated. Research suggests
that toxicants such as sheep dip, in particular synthetic pyrethroids (SPs), are largely
responsible for recent declines of their native crayfish (S. Parkyn, pers. comm; D. Jerry
pers. comm.). It is therefore a reasonable suggestion that the 4. pallipes decline in Wales
is due largely to land use (agriculture) and toxicants (sheep dip), in areas where plague

has been ruled out.
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Crayfish decline in recent years is therefore clearly not just a national problem, but one of
global importance. This was emphasised during the European CRAYNET Meeting in
Halden, Norway in 2004. At a roundtable discussion, information on the importance of
threats to native crayfish species across Europe was collated. No English representatives
were present at the discussion hence the lack of results for this region. Schultz & Schultz
(2004) summarised and discussed the findings, discovering that alien species, land use
and toxicants were the first, second and third most important threats to native crayfish
species in Europe. Fragmentation was also considered an important threat to native

crayfish species of Europe (Table 1.1).

) Atlantic Central Eastern|Mediterranean Scandi-
Threat Alpine France |Ireland | Wales GermanylPolland IEStl oln}a italy| Portugal | navia
Crayfish Plague| 3 3 1 2 2 1 2 1 3 3
Other diseases ? ? 1 1 ? 1 ? ? ? ?
Non indigenous
species 3 3 1 2 3 3 3 3 3
Predators 1 1 1 2 2 2 2 1 2 1
Exploitation 1 1 1 1 2 3 2 2
Habitat
alterations 2 3 1 2 3 2 2 2 1 1
Water level
reductions 1 2 1 1 2 2 2 1 3 1
Eutrophication 2 1 1 1 2 3 2 1 1 2
Acidification 1 1 1 1 1 1 1 1 1 2
Toxicants 3 3 1 3 ? 3 3 3 2 1
Land use 3 3 2 3 3 2 2 2 3 2
Fragmentation 3 3 1 1 3 1 2 2 1 2
Considered AUT, | AUP | AUP | AUP ASA ASA | ASA |AUP| AUP ASA
species ASA,
AUP

Table 1.1 Table displaying importance of various threats to indigenous crayfish species among different
regions of Europe (where 1 = low importance. 2 = medium importance, 3 = high importance and ? = no
information). The Considered species are those for which the information is most relevant (where AUP =
Austropotamobius pallipes, AUT = Austropotamobius torrentium and ASA = Astacus astacus). Adapted
from Schultz & Schultz, 2004).
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1.6.3 Local Distribution

This study focuses on rivers in Wales. Up until the early 1990s, eastern Welsh river
systems in Wales supported substantial A. pallipes populations (Holdich, 1993; Rogers &
Holdich, 1995; Foster, 1996; Coley, 2000). In the early 1980s, the River Wye was known
to support one of the largest populations in Powys and Herefordshire (Jay & Holdich,
1981).

In the late 1980s, a detailed survey of A. pallipes distribution was carried out in the River
Wye. Although A. pallipes was still abundant and widespread, some decline in numbers
had occurred (Foster, 1996).

Rivers of the Wye and/or the Usk, surveyed for 4. pallipes in 1977, 1988, 1993, 1995 and
1998, were re-surveyed by Coley in 2000. A. pallipes were absent from 71 % of sites in
the Wye catchment where they were previously present, and far fewer individuals were
found where they remained. A similar trend occurred in the Usk Catchment, where 73 %

of sites previously containing A. pallipes no longer supported any (Coley, 2000).

In 2001, a crayfish survey was carried out on the Edw, a tributary of the Wye. Although
previously abundant on the Edw, of the 25 sites searched, only seven individuals were
found, two of which were dead (Slater & House, 2001).

The results of these and other surveys provided much alarm for conservationists.
1.6.4 Why the decline?

A number of factors, listed by Smith ez al. (1996), are thought to influence crayfish
abundance and distribution. These include pollution, habitat loss or damage, disease,

competition and predation.
1.6.4.1 Pollution

Pollution comes in many forms, through land and water and via the surrounding
atmosphere. Most forms of pollution are the result of human activities for example
mining, sewage and industrial effluents, fertilizers, sheep dips, biocides (Walker ef al.,
1996). Each of the above affects crayfish directly, or indirectly by damaging habitat or
food sources (Nystrom, 2002). In the Welsh uplands and borderlands, sheep dip has been

one of the main sources of river pollution (Environment Agency, 1999) and is suspected
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to have played a large part in reducing A. pallipes abundance.

There are two main types of insecticidal sheep dip: organophosphates (OPs) and synthetic
pyrethroids (SPs). SP dips were licensed for use in 1999. They are thought to be 100
times more toxic to particular aquatic organisms than OPs (Coley, 2000), even though
they are claimed to be safer for humans. One teaspoon of cypermethrin has been shown
to kill the entire crayfish population of a 0.5 ha pond of the Western Yabby (Cherax
destructor), Australia (D. Jerry, pers. comm.).

Chemical analysis of water and substrate is one method of detecting cypermethrin
presence. However, SPs break down and get washed away very quickly making detection
very difficult beyond 12 days after the pollution incident (Pesticide Action Network UK,
2000). Biological monitoring, for example measuring the Biological Monitoring Working
Party (BMWP) Score (Mason, 1996), allows the severity of the effects of the pollution to
be measured in terms of the abundance and diversity of aquatic and substrate dwelling
organisms in that region. More recently, however, cypermethrin has been detected at
reportable levels in moss samples, several months after sheep dipping occurred. A
combination of moss analysis and biological monitoring is therefore recommended in

assessing cypermethrin pollution in watercourses (Rutt, 2004).

The quantities of sheep dipping chemicals and their effects on aquatic organisms have
been monitored in Wales since 1997 by the Environment Agency and results published in
the Sheep Dip Reports of 1998, 1999, 2000 and 2001. The 1998 report showed sheep dip
compounds to be present in almost half of all sampling sites, and at concentrations over

those specified as acceptable by environmental quality standards (EQS).

In 1999, more sample sites were shown to be polluted by sheep dip, as three quarters of
the sites tested positive, but only 29 % of all sites contained quantities of chemicals
classed as “environmentally significant” i.e. above the EQS; while 9 % (1200 km) of the
tested rivers were affected biologically i.e. aquatic life had suffered (Environment
Agency, 1999). The survey also confirmed that since the OP ban in 1999, amounts of
OPs being used by farmers were decreasing while SP usage was increasing. This increase
continued to occur in 2000 and 2001 (Environment Agency, 2000 & 2001).
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Slater & House (2001) pointed out that in 1997, BMWP (Biological Monitoring Working
Party) scores dropped from 68 and 80 in the summer, to 30 and 46, respectively in one
month in the autumn. It was thought that these declines might be attributed to sheep dip
pollution. Closer investigation showed that a dead sheep was the immediate cause of the
problem. Initially it was suggested that decomposition was causing organic pollution. The
state of decay, however, was not sufficiently advanced for this to be the case. An
alternative and more viable explanation was therefore that sheep dip had washed off the
fleece of the sheep and into the water, thus affecting the invertebrate life for some

distance down stream (Environment Agency, 1998).

In 2001, the arable form of the SP, cypermethrin, was found in a tributary of the Tywi in
South West Wales (Environment Agency, 2000 & 2001). This chemical had been
designed specifically for use on arable crops and it is illegal to use it as a sheep dip as it
fails to bind properly to the wool (Rutt, 2004). Despite this its use as a sheep dip still
occurs and therefore often results in pollution of nearby watercourses such as happened

in the Tywi.

Despite the Groundwater Regulations introduced by the Environment Agency at the turn
of the century, which enforce the safe use and disposal of sheep dip, more positive
detections than ever of dip chemicals were found in rivers in 2000 and 2001 (92 % of 49
sites monitored) (Environment Agency 2000 & 2001) indicating that sheep dip pollution

remained a serious problem which should be addressed.

The foot and mouth epidemic of 2001 restricted visits to farms for enforcement and
pollution prevention. Also, more farmers had to dip their own animals as professional
dippers’ visits were also restricted, which probably resulted in more poorly applied dip
entering rivers and causing more pollution incidents (Environment Agency, 2000 &
2001).

In an effort to reduce sheep dip pollution, other forms of sheep treatment are currenlty

being considered such as injections, pour-ons and showers.
1.6.4.2 Habitat loss or damage

Physical habitat damage is a known cause of A. pallipes loss from an area (Nystrom,
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2002). Habitat damage or loss can occur as a result of many situations, but these are

usually through human interference.

Sediment movement can be the result of natural processes which depend upon river
history and management (Naden ez al., 2002). Most rivers have some siltation, but excess
siltation as a result of modern farming practices is a problem thought to cause a decline in
crayfish numbers (Rogers & Holdich, 1995; Slater & House, 2001). It is caused mainly
by overstocking of cattle and sheep in land adjacent to the rivers or streams. The banks
are poached by stock each time they enter the watercourses, until vegetation is destroyed
leaving banks exposed to erosion. The river bed becomes increasingly coated in silt, and
in extreme cases becomes completely covered. Spaces under or between stones that are
vital refuges for aquatic life become filled in, thus destroying the habitat for the
dependent organisms such as 4. pallipes.

Structural changes to rivers can also cause habitat degradation, for example, flood
alleviation schemes, such as the one on the River Dulas of the Monnow Catchment of the
Wye. At this site, the bed has been excavated and vertical, concrete flood defence walls
have been built to replace the banks. All suitable crayfish habitat was destroyed as a
result. Unsuitable management can also result in habitat degradation for example stream

diversion or water extraction.
1.6.4.3 Disease

The two lethal crayfish diseases most important to British 4. pallipes are crayfish plague,
caused by the fungus Aphanomyces astaci (Oidtmann, 2000), and Thelohaniasis or
Porcelain Disease caused by microsporidians of the genus 7helohania (Lowery, 1988).

Crayfish plague is carried by the North American signal crayfish, P. leniusculus.
Although signals themselves are able to survive infection, they can easily transmit the
disease to A. pallipes, which mostly die as a result (Lowery, 1988). Plague has already
wiped out many populations of A. pallipes. Signal crayfish, however, usually only a
vector of crayfish plague, can possibly die from this disease if stressed or suffering from
some other sub-lethal infection although this is rare (Soderhall & Cerenius, 1999).
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Restocking of the Sherston Avon and the Tetbury Avon in Wiltshire from an uninfected
population proved successful after 4. pallipes were originally wiped out from plague
infection (Spink & Frayling, 2000).

Porcelain disease gets its name from the china white appearance of the muscle tissue on
the underside of the abdomen of an infected crayfish (Hazard & Oldacre, 1975). Little is
know about the exact method of transmission of this protozoa, possibly through ingestion
(Skurdal & Taugbol, 2002), although its life cycle is suspected to follow that of a typical
microsporidian. No cure has yet been found and although the disease has been found to
exist in many populations (Skurdal & Taugbol, 2002), it has not devastated A. pallipes

populations so vigorously as crayfish plague.
1.6.4.4 Competition

One of the most important causes of A. pallipes decline is the influx of non-native
crayfish (Scott, 2000). Even plague free signal crayfish, once established, quickly
become the dominant species as their aggressive behaviour allows them to easily out-

compete their more docile native counterparts
1.6.4.5 Predation

Young crayfish are a good food source for salmonids such as trout, Salmo trutta and
Chub, Leuciscus cephalus (Stein, 1977, Smith et al., 1996) while larger crayfish are an
important food source for otters, Lutra lutra (McFadden, & Fairley, 1984; Chanin, 1985;
Slater & Rayner, 1993 and Smith et al., 1996).

A number of animals such as herons, kingfishers, otters and fish (e.g. pike, perch, and
bullheads) rely on A. pallipes as an important food source. If present in sufficient
numbers, crayfish can be main food source of otters. In recent years, otter numbers have
increased dramatically after their decline in the 70s (Foster & Slater, 1995). It is therefore
possible that the current increase in otter numbers may be a contributory factor to the
current A. pallipes decline. However, this is unlikely as otters are opportunistic feeders
and eat whatever and whenever they can. They are therefore not considered a threat to 4.

pallipes in general (Slater & Rayner, 1993).
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1.7 Legislation

A. pallipes in Britain has been given legal protection under Schedule S of the Wildlife
and Countryside Act in 1988. This makes taking the native crayfish from the wild or
selling it illegal, unless a license is obtained from the appropriate nature conservation
agency, (Environment Agency, 1998). 4. pallipes has also been listed under Appendix III
of the Bern Convention and Annexes II and V of the European Union Habitats and
Species Directive therefore requiring designation of protected areas such as Special Areas
of Conservation (SACs) and regulation of exploitation (Rogers & Holdich, 1995). It is
also classed as being globally threatened. Under the Habitats Directive, the UK
Biodiversity Steering Group has established a Biodiversity Action Plan for the species
described in the UK Biodiversity Steering Group report Volume 11, 1995.

Also, a number of “no go” areas have been established across England and Wales (Figure
1.9), making farming, movement or unlicensed keeping of introduced species in these
regions illegal (Holdich ez al., 1995). Currently, the Severn Catchment remains the only
area in Wales not designated as such due to the presence of P. leniusculus, however,
recommendations have been made to include the Severn Catchment as a “no-go” area
(Holdich, 1993).

1.8 Molecular Ecology

In order to tackle the problem of declining A. pallipes populations, it is initially important
to assess the current extent of their distribution and abundance. Simply assessing
abundance of crayfish, however, provides insufficient information with which to
conserve the species as it tells us nothing of their genetic status and uniqueness or
consequent capacity to survive. We must therefore thoroughly assess the genetic diversity
of individuals from the populations in question, both on a large scale (between
catchments) and on a small scale (within catchments). These results will subsequently
allow the compilation of management plans based on the genetic resource. Information so
gathered will enable breeding or restocking processes to take place knowing that the
genetic integrity of populations will not be damaged.
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genetic diversity in freshwater crayfish and so was noted to be a potentially useful

technique (Grandjean & Souty-Grosset, 1997).

Before 1997, no genetic data had been published for English or Welsh A. pallipes
populations (Grandjean et al., 1997). A study on four British 4. pallipes populations (one
Welsh, three English) using mt DNA RFLPs found three haplotypes in total, indicating
low levels of vanation within and between populations (Grandjean et al., 1997).
Although some variation was present, a high degree of similarity was shared between
these English and Welsh populations, and the French populations of a previous study
(Grandjean & Souty-Grosset, 1996) indicating a common origin, possibly in France.
They suggested, however, that despite these initial findings, further investigations were
required, at a nuclear DNA level in order to thoroughly study the genetic diversity of A.
pallipes.

A paper published in 1999 summarising molecular techniques of crayfish genetics
described amplified fragment length polymorphisms (AFLPs), which had been used to
study genetic variation within and between populations of Orconectes luteus (Souty-
Grosset et al., 1999). RAPD (Random Amplified Polymorphic DNA) was known to be
another powerful molecular marker (Fritsch & Rieseberg, 1996) and was used to study
genetic variability within and between populations of A. pallipes (Gouin et al., 2001).
The results of this study supported that of Grandjean ef al. (1997) that no genetic
differentiation was found between the British and French populations, indicating a
common origin. Higher resolution markers such as microsatellites were therefore
required. Microsatellites were thought to be the most suitable type of marker to
investigate the “genetic and demographic structure of native crayfish populations” down
to individual level (Souty-Grosset ef al., 1999).

Microsatellites or simple sequence repeats (SSRs) (Yu et al., 1999) are “polymorphic
tandem repeats of sequences which are two to five nucleotide pairs long.” They are a
subset of the satellite sequences present in highly repetitive eukaryotic DNA and so have
been named “microsatellites” (Griffiths ef al., 1999). A microsatellite has also been
described as a region within the genome where a single base pair or less than six base

pairs is repeated multiple times (Rongwen e al., 1995; Yu et al., 1999). Microsatellites
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can be three repeat types: perfect tandem repeats, imperfect (interrupted by several non-
repeat nucleotides) or compound repeats (Herne ef al., 1992). The number of repeats can
vary dramatically (Yu er al, 1999) between individuals even of the same species
(Griffiths ef al., 1999) and are known to be one of the most variable types of tandem
repetitive DNA in both animals an plants (Edwards et al., 1991), thus enabling scientists
to distinguish between individuals.

Microsatellites are therefore one of the most useful types of nuclear genetic markers
(Bruford & Wayne, 1993; Queller et al., 1993). There are a number of advantages to
using them, which aid in the study of many animal and plant species (Valsecchi & Amos,
1996). The main advantages are described below, taken from Yu et al, (1999) and
Valsecchi & Amos (1996).

1. Microsatellites are co-dominant and are therefore “more informative for linkage

analysis than dominant markers.”

2. They are PCR based enabling the process for their generation and analysis to be
automated.

3. Identification of any genetic variability is easier as they are multiallelic and

hypervariable.

4. Microsatellites are randomly and uniformly dispersed throughout eukaryotic

genomes (Hamada et al., 1982) and so can be relatively easily located.

5. The primer sequences are published making them easily available for use (Saghai-
Maroof et al., 1994).

6. Individual organisms can be identified using microsatellite markers. This is
important in some species where natural phenotypic differences are difficult to

spot or may change e.g. as with cetaceans.

7. Behaviour in some animals e.g cetaceans can be difficult to observe.

Microsatellite markers can therefore be used to recognise close relatives.

8. Even samples in poor condition due to damage or decomposition can be

genetically typed using microsatellite markers.
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9. Microsatellite markers can be used to match up a sample with its source. This
technique is particularly useful for example, where commercial whaling is
concerned (Conrad & Bjorndal, 1993; Valsecchi & Amos, 1996).

Numerous studies have shown that microsatellites are able to detect diversity in
organisms, at a higher level of resolution than most other markers. Gouin ef al. (2000)
agrees, saying that microsatellite markers are more useful than allozymes or mtDNA in
studying diversity of A. pallipes. This is also the case in other organisms. For example, in
a study of brown trout (Salmo trutta), a higher level of polymorphism was found when
using microsatellites than allozymes (Estoup ef al., 1998). Microsatellite and RAPD-
PCR techniques were again found to be more sensitive than other markers in detecting

genetic variability in crayfish (Grandjean et al., 2001).

In order to further investigate the genetics of the declining A. pallipes, six microsatellite
primers were specifically designed in France using DNA extracted from A. pallipes
abdominal muscles (Gouin et al., 2000). These primers, once developed, used genomic
DNA as a substrate to amplify DNA. Primer pairs would amplify their “own repetitive
tract and any size variants” of them in DNA from other individuals (Griffiths e al.,
1999). PCR primers would then show up marker alleles of different sized amplification
products. Allelic diversity was found to be relatively low in A. pallipes in comparison
with the other crayfish species, 4. italicus (Gouin et al., 2000). However, before we can
begin to conserve A. pallipes through processes such as restocking, we must first
undertake more detailed, small scale molecular investigations on remaining A. pallipes
populations in order to establish whether localised variation is present which could
dictate the success of future crayfish conservation programmes. We consequently decided
that more microsatellite studies should be carried out using larger numbers of crayfish
from a greater number of British sites enabling the genetics of each site to be studied in

more detail.

It is believed that small-scale differences may be present and are therefore important in

developing management plans specific to each unique group of crayfish.

Crayfish loss and decline in Britain does not simply represent the loss of yet another

species in an isolated area, only detrimental to local biodiversity, but instead, illustrates
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the loss of important indicator and keystone species from many countries of the world
and a vital link in the global food chain.

The fragmentation and decline of native crayfish populations such as A. pallipes as a
result of habitat loss and pollution is a situation replicated in many other species such as
the red squirrel, Sciurus vulgaris in western Europe (Verboom & van Apeldoorn, 1990).
If the problems of A. pallipes are studied in detail, there is a greater likelihood of survival
of this species which could hopefully in turn be applied to other threatened species.
The aims of this thesis were therefore to:
o establish the current status of A. pallipes in Wales,
e investigate the suspected causes of their decline such as siltation and sheep dip
pollution,
e study methods of overcoming them by searching for any fine scale genetic
structuring and rearing hatchlings from eggs with a view to forming a

conservation action plan for A. pallipes in Wales.
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CHAPTER 2

Current status of A. pallipes in the
mid-Wales uplands.
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SUMMARY

The aim of this chapter was to establish the current status of the native white-clawed

crayfish, Austropatamabius pallipes (Lereboullet) in Wales and the Marches.

In Wales, 4. pallipes distribution was originally mainly restricted to the eastern Wye,
Usk and Upper Severn Catchments, these catchments supporting thriving populations.
Despite the declines of English populations in the 1980s, surveys carried out in 1977
(Lilley, 1977) and 1988 (Foster, 1990) showed that populations in Wales were still
thriving. However, by 1990, crayfish plague reached Welsh River catchments and
surveys carmied out in the late 90s revealed that A. pallipes populations had
plummeted. A survey in 2000 revealed that in 72 % of sites previously holding
crayfish in the Usk and Wye Catchments, A. pallipes could no longer be found. They
were instead found to be restricted to remnant tributary stream populations with the
exception of a few individuals in the main River Usk. Similar declines were noted in

the Upper Severn Catchment.

In order to create management plans to conserve and increase remnant 4. pallipes
populations, the current status of A. pallipes in Wales was re-assessed in the present
study using stone turning and trapping. Main rivers, tributary streams, canals and
lakes in the Wye, Usk and Upper Severn Catchments were searched. For each site
surveyed, total number of crayfish caught and catch per unit effort (CPUE) were
established. Carapace length, sex and health status of each captured individual were

measured on site before they were returned.

Further declines were found to have occurred in recent years in all three catchments,
resulting in the extinction of some populations and an increased threat to the survival
of this species in these catchments. A population recovery was noted in only one Wye

tributary.

Habitat characteristics that positively influenced the presence of A. pallipes were
boulder and cobble substrate, exposed boulders, bank structure diversity, overhanging
boughs and vertical banks. Restoration of A4. pallipes habitat should include the

addition or enhancement of these characteristics.
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21 AIMS
The aims of this chapter were:

» to establish current abundance and distribution of 4. pallipes in the Wye, Usk
and Upper Severn Catchments,

to find out if the structure of 4. pallipes populations in the Wye, Usk and

v

Upper Severn Catchments are suffering,

» to determine which habitat characteristics, if any, influence the presence or

absence of A. pallipes using river habitat surveys,

\4

to recommend habitat characteristics suitable for A. pallipes reintroduction.

2.2 INTRODUCTION

The native white-clawed crayfish, Austropotamobius pallipes is present in many
watercourses throughout England and Wales (Lilley et al., 1979; Alderman et al.,
1990; Holdich, 1993; Rogers & Holdich, 1995; Coley, 2000). A. pallipes distribution
in Wales are mainly limited to the main eastern river catchments, the Wye, the Usk
and the Severn (Foster, 1990) with the exception of some introduction sites in the
Brecon Beacons and Pembrokeshire (Holdich, 1993; Howells, 2003; D. M. Holdich
pers. comm.). The Wye, Usk and the Upper Severn Catchments once supported some
of the best 4. pallipes populations in Britain (Ratcliffe, 1977; Smith ez a/., 1996).

The spread of the alien North American signal crayfish, Pacifastacus leniusculus, and
crayfish plague caused by the fungus Aphanomyces astaci, for which signal crayfish
are carriers, became an increasing problem by the 1980s and has been well
documented (Holdich & Lowery, 1988; Holdich & Reeve, 1987; 1989; 1991; Foster,
1990; Alderman et al., 1990; Alderman, 1993). Many A. pallipes populations across
England were destroyed as a result and by 1990, crayfish plague had reached the
Severn, Wye and Usk Catchments bordering into Wales (Alderman, 1993).

Despite this spread, however, it appears that the signal crayfish and plague outbreaks

remained relatively contained and did not destroy all A. pallipes populations across
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Wales (Holdich, 1993; Rogers & Holdich, 1995; Smith er al., 1996, Wilkins, 1999;
Coley, 2000; Slater & Howells, 2003c).

In the late 1980s, Foster surveyed the Wye and Upper Severn Catchments and found
that 4. pallipes were widespread (Foster, 1995). The distribution of 4. pallipes was
described as being present at altitudes of between 75 and 238 m by Foster (1995). At
sites above 238 m he suggested that A. pallipes were absent for one or more of the

following reasons:

1) ionic content of the water decreases above this altitude to levels which are

detrimental to the osmoregulation and moulting success of crayfish,
1) habitat and food supply deteriorate above this altitude

1)  Austropotamobius pallipes have never migrated to such altitudes probably

due to physical and chemical barriers.

1v) growth is insufficient to maintain healthy populations above this altitude as
a result of low temperatures. This has been disputed since A. pallipes have
existed above this altitude at similar latitudes in Eire and on the Franco-
Swiss border (Laurent, 1988).

Austropotamobius pallipes were absent from sites in Wales at altitudes below 75 m at
this time due to pollution, channelisation, arable farming or habitat loss through

urbanization (Foster, 1995).

Within the altitude range of 75 to 238 m, A. pallipes distribution also importantly
depended upon the chemical characteristics of the water (Holdich, 1993), in particular
calcium concentrations. A. pallipes are usually found in hard waters and are rarely
found in Britain in water with calcium concentrations below 5 mgl”' (Sourie &
Chaisemartin, 1961; Jay & Holdich, 1981 as cited in Foster, 1995), which explains
why they were present in base rich waters flowing over Ludlow strata and Old Red
Sandstone e.g. in the Wye and Usk Catchments but absent from base poor waters
flowing over Llandovery and Ashgill-Cardoc strata such as in West Wales (Foster,
1990; 1995). A. pallipes also require a pH of more than 6.8 (Jay & Holdich, 1977).

Within the Wye Catchment, 4. pallipes were absent from tributaries upstream of the
Dulas Brook at Builth Wells, the Ithon and Irfon Subcatchments, and the headwaters
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upstream in the Wye (Lilley, 1977; Foster, 1990) although anecdotal evidence
suggests they inhabited the former.

During 1990, signal crayfish and plague reached the Wye Catchment (Alderman,
1993). Concern was raised over the threat to the Welsh A. pallipes populations
(Holdich, 1993; Slater, 1998; Wilkins, 1999; Coley, 2000). A number of surveys were
consequently carried out in order to find out if declines had occurred (Moreley, 1997,

Wilkins, 1999; Coley, 2000).

In 1988, 24 out of 26 sites surveyed in the Wye catchment contained 4. pallipes, with
a mean catch per man hour (CPUE) of 16.9 (Foster, 1990). Less than a decade later in
1997, A. pallipes were found in only five of these 24 sites and with a mean CPUE of
0.8 (Moreley, 1997).

It was suspected that these declines were mainly a result of sheep dip pollution
incidents, particularly with the increase in use of cypermethrin, a synthetic pyrethroid
100 times more toxic to aquatic life than organophosphates, rather than plague or

signal invasion (Wilkins, 1999; Coley, 2000, Slater & House, 2001).

Further surveys, for example by Coley (2000), established that between 1990 and
2000, A. pallipes had disappeared from 73 % of sites in the Usk Catchment and 71%
of sites in the Wye Catchment while in 2001 a survey of the River Edw, a Wye
tributary, once containing thriving A. pallipes populations, found only seven

individuals, two of which were dead (Slater & House, 2001).

These findings suggested a general decline in numbers (measured by CPUE) and
consequent distribution of A. pallipes in Wales and the Marches over the years. The
suspected decline in A. pallipes numbers and distribution was therefore assessed
within this chapter, by testing Hypothesis 1 that abundances and distribution of A.
pallipes in Wales and the Marches have declined over the years, 1988, 1997, 1999 and
2002.

Also, by assessing the population structure such as female : male and adult : juvenile
ratios of these potentially declining populations, it was hoped that the reasons for the

decline may become clearer.

Previous studies have found female biased sex ratios in healthy crayfish populations
(Svardson, 1949, Thomas & Ingle, 1971 and Lilley, 1977). It is therefore suspected

that if a male biased sex ratio is present in a declining 4. pallipes population, a lack of
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females and consequently mature females with eggs may be occurring, which could
be causing the decline as reduced numbers of young are being produced. Sex ratios
were therefore assessed in this chapter by testing Hypothesis 2 that the sex ratios of

surveyed A. pallipes populations are male biased.

A lack of females in a population could also be linked with a lack of juveniles as
reduced numbers of juveniles are being recruited into the population. Also, reduced
numbers of juveniles could be a sign of pollution as younger crayfish are known to be
more susceptible to pollution than adult crayfish. Early American crayfish instars
were found to be three times more sensitive to pollutants than juveniles, while
juveniles were four times more sensitive than adults (Eversole & Seller, 1996). Adult :
juvenile ratios were therefore also assessed in this chapter by testing Hypothesis 3 that

adult : juvenile ratios of surveyed 4. pallipes populations are adult biased.

A lack of juveniles in particular rivers could also be linked with differences in mean
carapace lengths of crayfish between rivers, which could also indicate a problem in
particular populations. For example, if the mean carapace length is particularly large
in a rniver, this could indicate that the younger generations of crayfish had been
destroyed for example due to pollution. A comparison of mean carapace lengths
between rivers was therefore carried out in this chapter and tested Hypothesis 4 that

mean carapace lengths of surveyed crayfish differed between rivers.

In the literature, crayfish were reported to be more common where particular habitat
characteristics were present (Smith et al., 1996). It is therefore likely that crayfish
presence or absence in Welsh rivers is associated with certain habitat characteristics
(Hypothesis 5). In order to investigate this, habitats of current crayfish populations
and of regions where they were once present but are now thought to be absent were
compared using a standard technique in order that features which positively and
negatively influence crayfish presence or absence might be identified. It was thought

that by identifying such features, suitable restocking sites could be found.

River Habitat Survey (RHS), the technique used to assess the habitat, is UK based and
designed to assess the quality and structural variability of river habitats and adjacent
land (Raven et al., 1997, 1998) through examining their physical structure and noting

the extent of any features present (Jeffers, 1998).
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The 2003 RHS form was used to survey 53 sites across three catchments, the Wye, the
Usk and the Upper Severn in Wales and the Marches. A PCA (principal components
analysis) was used to reduce the number of environmental variables. The Scores
produced were then subjected to an ordinal logistic regression to identify which, if
any variables were significantly associated with the presence or absence of A.

pallipes.
Hypotheses for this chapter are:

Hypothesis 1

Abundances and distribution of A. pallipes in Wales and the Marches have declined
over the years, 1988, 1997, 1999 and 2002.

Hypothesis 2

Sex ratios of surveyed A. pallipes populations are male biased.

Hypothesis 3

Adult : juvenile ratios of surveyed 4. pallipes populations are adult biased

Hypothesis 4

Mean carapace lengths of surveyed crayfish differed between rivers.

Hypothesis 5

Crayfish presence or absence in Welsh rivers is associated with certain habitat

characteristics
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2.3.3 Equipment

Table 2.1 presents equipment required to carry out field work safely and efficiently.

Item(s)

First aid kit

Appropriate crayfish licence and identification

Plastic holding tank (20cm x 10cm x 10cm)

Standard frame sampling net (250 mm x 250 mm)

Thigh waders / wellington boots

OS map (1 :2500 or 1 : 10000

Digital callipers

Recording book (preferably waterproof paper) & pencil

Meter to measure temperature (°C), pH, conductivity and total dissolved solids (TDS)
25m tape measure

lodoform based disinfectant for equipment to prevent plague transmission
Rubber / neoprene gloves to protect hands from cut infection / cold
Warm / waterproof clothing

Hand wipes

Table 2.1 List of field work equipment.
2.3.4 Crayfish survey site selection

Permission from relevant landowners was sought to enter and sample watercourses on
their land. A standard crayfish survey, as used by Thomas & Ingle, (1971) and Foster
(1996), was carried out at regular intervals of 500 m in each fine tributary stream and
the main river of the entire Edw Catchment and other rivers, canals, lakes and ponds
of the Upper Severn, Wye and Usk Catchments. Any decreases or increases in

abundance or distribution of 4. pallipes populations were noted.
2.3.5 Crayfish search procedure

Crayfish searches were carried out using two methods: i) stone-turning (Thomas &
Ingle, 1971) in shallow rivers and streams and ii) trapping as described by Foster
(1996) in deeper or larger water bodies such as lakes, ponds or canals. These methods
were used instead of the 4. pallipes Monitoring Protocol designed by Peay (2003a),
which enabled results to be comparable with those collected previously by Lilley
(1977), Foster (1990), Holdich (1993), Rogers & Holdich (1995), Wilkins (1998),
Coley, (2000) and Slater & House (2001). A detailed survey of crayfish in
watercourses of Torfaen, in the lower Usk Catchment was conducted using the
monitoring protocol of Peay (2002) as a contract for Torfaen County Council. For the
purposes of the present study, however, catch per man-hour was also measured at

these sites in order for results of this survey to be comparable with the present study.
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2.3.5.1 Stone turning

In each stream, searches were carried out in an upstream direction. If a hand or fingers
could fit underneath a stone, it was selected as being suitable for possible crayfish
presence. The stone was turned after a standard kick sampling net (1 mm mesh size)
was placed immediately downstream. Any mobile crayfish were captured in the net,
while any sedentary crayfish were picked up and placed in a container with river

water. The crayfish were then examined and the following data recorded:
1. date of capture
2. location
3. sex

4. carapace length (mm) (length from the posterior median edge of the thorax to
the tip of the rostrum (Thomas & Ingle, 1971)

5. weight
6. number of missing appendages

7. disease status e.g. plague (by observation of lethargy and limb loss) or
porcelain disease (by the white, china-like appearance of the underside of the

abdomen)

Once measured, each individual was replaced in the exact location where it was

captured in order to prevent migratory movements.

Catch Per Unit Effort (CPUE)

Stone turning was carried out at each site for one man-hour 1.€. one person searched a
site for 1 hour, two people for 30 minutes or three people for 20 minutes. This enabled
the “number of crayfish caught per man hour’ to be calculated for each site, which
was expressed as “catch per unit effort (CPUE)” or “catch per man-hour.” This
standard value was comparable with previous crayfish surveys. In order to ensure
sufficient uniformity in survey efficiency during my surveys, each surveyor was

trained and had attained a relatively efficient survey technique.
2.3.5.2 Trapping
There are several types of commercially available crayfish traps. Two types were used

in this study, both of which were described by Holdich (2002). “Trappy” traps are 50
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cm long and 20 cm in diameter with a mesh size of 2.5 cm x 2.5 cm and are suitable
for capturing larger crayfish. The second trap type, supplied by EFE & GB Nets Ltd.,
has a smaller mesh size of 3 mm x 3 mm and is suitable for catching both juvenile and
adult crayfish. Both trap types consist of a mesh cylinder with an inverted funnel at

each end which allows crayfish to enter but not escape.

Traps were labelled as Cardiff University Property and were baited with tinned cat
food and fish, replicating previous studies (Rogers & Holdich, 1995). Traps were
completely submerged and secured tightly by strong cord to a sturdy object or the
bank, left in place over a few consecutive nights and checked daily. Any captured

crayfish were examined and measured then released in the same spot.

2.3.5.3 Crayfish sampling for DNA analysis

For genetic analysis in another part of the study (described in Chapter 4), one of the
fourth pereopods (walking legs) was removed from each crayfish caught, providing
the carapace length was over 20 mm. This method was thought to be the least invasive

way of collecting samples.
2.3.6 River Habitat Surveys (RHS)

The 2003 version of the RHS form (Appendix II) was used to survey 53 sites across
the Wye, Usk and Upper Severn Catchments of Wales and the Marches. Surveys were
carried out between June and August of 2004. For replication, two or more sites were

surveyed on each river.

Each RHS consisted of collecting data along a 500 m length of stream or river, and
recording features of channel, banks and land use up to 50 m from the waterway at ten
“spot checks” located every 50 m and a “sweep up” checklist which measured
variables continuously between these spot checks along the 500 m stretch. Other
features such as the shape of the valley and numbers of riffles were recorded (Jeffers,
1998).

Prior to commencing the surveys, an RHS accreditation course was completed.
Ensuring surveyors across Britain have attended this course has enabled surveying
errors to be minimised thus allowing compilation of a national RHS database by the

Environment Agency (Fox ef al., 1998; Jefters, 1998).
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2.3.7 Data Analysis

Two-sample t-tests and one-way ANOVAs were used to compare past and present

results of crayfish surveys.

River Habitat Survey (RHS) data was stored in an EXCEL spreadsheet. Data were
split into three sections as they appeared on the survey form, “spot check,” “sweep
up” and “other variables.” Data from left and right banks were summed. A Principal
Components Analysis (PCA) was carried out to select the variables that account for
the majority of data variation. This was followed by an Ordinal Logistic Regression
(Vaughan & Ormerod, 2005) to identify the importance of these variables in

accounting for the vanation in crayfish presence/absence and abundance.

All statistical analyses were carried out using MINITAB 13.
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24 RESULTS
2.4.1 Past and present A. pallipes abundance in terms of CPUE
2.4.1.1 Comparison of CPUE results between years in the Wye Catchment

Data were non-parametric even after transformation. A Kruskal-Wallis Test used to
compare CPUEs of A4. pallipes in the Wye Catchment between years showed that
median CPUE values dropped significantly between 1988 (mean CPUE = 16.9) and
1997 (mean CPUE = 0.8) (p = 0.000, df = 3, H = 45.98). CPUE decreased again to 0.2
in 1999 but not significantly. However, CPUE marginally increased to 0.5 in 2002,
although this recovery in no way reached pre-1990 levels (Figure 2.3 and Table 2.2).

In 1988, Foster surveyed 26 sites throughout the Wye Catchment and found 24 were
occupied by 4. pallipes. Nine years later, these sites were resurveyed and A. pallipes
were only found in 5 of the 26 sites (Moreley, 1997). Their distribution had been
dramatically reduced during this time. Two years later, 4. pallipes were only found to
be present in 4 of the 26 sites, 2 of which were sites where 4. pallipes were not found
2 years earlier, an indication that these two sites were possibly recovering. In 2002,
the present study found A. pallipes in only 4 of the original 26 sites. Also, they were
not found in sites where they were present in 1999 (i.e. Sites 1, 3, 12 and 14 from
Table 2.2). Instead, populations of four other sites (8, 9, 10 and 13 from Table 2.2)
appeared to have made a slight recovery since 1999 as A. pallipes were found to be

present here in 2002,

See Figure 2.4 for the mean abundance and distribution of A. pallipes across a river

map of the Wye Catchment.
2.4.1.2 Comparison of CPUE results between years in the Edw Subcatchment

Data were non-parametric even after transformation. A Kruskal-Wallis Test was
therefore used to compare CPUESs of A. pallipes in the River Edw between years. A
marked decrease in CPUE was found between 1988 and 1995 (Figure 2.5).

There was no significant difference in the median CPUE values between 1988 and
2002 (H = 6.22, df = 5, p = 0.286). However, the mean CPUE was relat