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1. Introduction  
 

Freshwater aquatic environments only represent a tiny part of the earth's surface, but they 
are nevertheless home to a considerable biodiversity with over 100,000 species (DUDGEON 
et al, 2005). However, they have suffered from serious aggressions for many centuries, 
which have intensified particularly since the 1950s (BRAVARD et al, 1998, GODREAU et al, 
1999). 

 
Consequently, a certain number of relatively sensitive aquatic species have been subjected 

to this damage head on. This is especially the case of a species listed in Annex II of the 
European Directive on the Natural habitats of Wild Fauna and Flora 92/43/EEC, namely the 
white-clawed crayfish, Austropotamobius pallipes, considered as vulnerable by the UICN 
(MNHN, 2002). 

The implementation of policies of protective and restoration action has thus become 
indispensable to the safeguarding of this species (LERAT et al, 2006). 

These protective actions must be based on a precise knowledge of the species concerned 
in order to propose appropriate and achievable actions. 

 
Thus, it appears that the understanding of the occupation of the space and the nature of 

the movements of an animal population is of the utmost first importance in understanding the 
needs in terms of habitat, the use des resources, and the intraspecific interactions of this 
population (SUTHERLAND, 1996 in ROBINSON, 2000). It is therefore important to 
characterise precisely the conditions of movement of the species to be protected and, among 
other things, in the water courses, crayfish.  

Indeed, there is a certain heterogeneity in the information relating to the movements of the 
species. The existing bibliography on the subject tends to present it as not very mobile (in 
particular in comparison with other crayfish present in France) and relatively reluctant to 
venture out ("stay-at-home" tendency). Nevertheless, there is a certain lack of precision, in 
particular on the process of recolonisation. 

 
Apart from the aspects mentioned above, the knowledge of the movement capacities of this 

species will constitute a precious set of data for the adaptation of structures limiting their 
circulation in headwaters to allow the crossing of aquatic species. Effectively, 
Austropotamobius pallipes is not deemed to be an aquatic species of great mobility. Thus, if 
use as the basis for our calculations species with a low capacity for movement when 
configuring these crossing structures, it is highly likely that these passages will also be able 
to be used by more mobile species. As a result, such adaptations will allow the passage of all 
aquatic fauna and therefore free circulation in the headwaters. 

 
This work is part of a global programme of actions in favour of the streams in Burgundy and 

Franche Comté: the LIFE Nature programme "Headwater Streams and Faunistic Heritage 
associated" (Site 1). 

In order to make the ecological restoration work on the environments more effective and to 
encourage the rehabilitation of the white-clawed crayfish populations, it was necessary to 
better understand the capacities and conditions of movement of this species. 

Thus, this work aims to understand the movements of the white-clawed crayfish on a 
recently restored water course and to define what type of habitat the species uses and is 
liable to recolonise.  

 
After a presentation of the study site and the method used to meet the objectives, the 

main results will be then highlighted before being analysed, discussed and linked to a 
concrete use in the field. 
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2. Methodology 

2.1. Study site  
 

The place of the experiment corresponds to the Val des Choues stream (21). The 
catchment basin of this water course, covering a surface area of 17.5 Km², is situated 
entirely in the state forest of Châtillon-on-Seine. Only the Abbey of Val des Choues and its 
grounds offer an intra-forest open space around the spring, the rest of the basin being totally 
wooded (Fig 1).  

From a geological point of view, the substrate is dominated by dolomitic limestones (J1 
and J2). As for the valley floor, it consists of river deposits (Fz). Also worthy of note the 
presence of a few scattered spots of eolian loam (LP). This context will give the water a high 
concentration in calcium ions, which in some places will precipitate and form tuffaceous  
zones. 

The total length of the stream is 5.8 km (6.9 km with the left bank tributary which 
constitutes the Tézenas stream). It is included in the Natura 2000 site "Forest environments 
in the Châtillonais with tuffaceous marsh and Lady's slipper orchid sites" (no. FR2600959). 
This water course has recently (2006) undergone work to eliminate ponds as part of the 
"Headwater streams and faunistic heritage associated" LIFE programme. Two populations of 
white-clawed crayfish populate the apical parts of the Val des Choues pond stream 
(corresponding to habitat H3140 "Hard oligo-mesotrophic waters with benthic vegetation of 
Chara spp." and similar length) as well as the Tézenas stream over a total length of 
approximately 2 km and seem to be tending to recolonise the former pond areas (SINOT, 
2007). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Map of the Val des Choues stream, showing its geographical context and the populations of 
white-clawed crayfish present in 2007 

The study of the longitudinal section allows us to divide the stream into 3 parts (Fig 3-9). 
The first, of approximately 500 metres, has a steep slope and is mainly situated in the Abbey 
of Val des Choues grounds. The stream is canalised underground immediately after the 
spring over approximately 350 metres. 

N 

Key: 
 

Catchment basin 
 

Water course 
 

Populations  ofAPP  
present in 2007 



 - 7 - 

A second part, with an average slope of 7.5‰, marked by the presence of the Val des 
Choues pond and of the old Narlins complex of ponds (eliminated). It is in this zone that the 
core populations of white-clawed crayfish are situated. 

Finally, the third section is characterised by an even gentler gradient. 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Longitudinal profile of the Val des Choues stream 

 
The evolution of the typological characteristics of the stream is presented in table 3-2. It 

shows the modifications made by the removal of the ponds. 
 
 

Station  Upstream Val des 
Choues pond 

Downstream Val des 
Choues pond 

Downstream Narlin 
complex of ponds  

Before work (According to PAUL and PARMENTIER, 2005 )  
Theoretical typological 

levels. 
B3 B4 B4 

Illiès and Botosaneanu 
zonation 

Epirhithron Metarhithron Metarhithron 

Huet zonation Upper trout section Medium trout section Medium trout section 
After work (acc. to ECOGEA, 2008) 

Theoretical typological 
levels. 

B2 B2 B2 

Illiès and Botosaneanu 
zonation 

Epirhithron Epirhithron Epirhithron 

Huet zonation Upper trout section Upper trout section Upper trout section 

Table 1: Evolution of the typological characteristics of the Val des Choues stream before and after the 
elimination of the ponds 

 
In order to set up a relevant monitoring system, 3 stations were defined in order to equip 

crayfish (Fig 3). 
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Figure 3: Location of the stations chosen for marking crayfish. 

 
 

2.2. Capture and marking  

2.2.1. Capture of individuals  
Twenty seven white-clawed crayfish were marked for this study. 

The minimum weight of the individuals to equipped must be from 9 to 10 grammes so that 
the tagging device plus the fastening device fixation do not represent more than 10% of the 
total weight of the animal. Thus, according to REICHEN (1999), it would seem that these 
orders of weight values correspond to individuals of a size of approximately 70mm. 

However, if we work only on the basis of a minimum value terms of weight, it is possible to 
cause bias in the experiment. Thus, the tagging devices will represent 10% of the total 
weight of the smallest individuals, but only 4.5% of the weight for crayfish measuring 8 cm 
(approximately 20 grammes). We can therefore imagine that the interference caused will be 
different, which will probably have an effect on the movements. To overcome this problem, it 
was decided to mark crayfish between 8 and 8.5 cm (20 to 25 grammes) inclusive. However, 
the reality of the situation in the field led us to select a much wider range of sizes. 
 
The individuals were captured using three complementary methods: 
 

- Electric fishing by successive two-passage capture was done on 16 and 17 July on 
the Val des Choues and the Tézenas stream as part of the scientific monitoring of the 
work of the LIFE programme. On this occasion, about fifteen crayfish were captured. 

- Captures using hoop-nets. The latter were placed at strategic spots at the predefined 
stations. A piece of fish was used as bait. The hoop-nets were placed on 17 July at 
the end of the day and emptied on the 18th in the morning. 7 crayfish of the size 
required were collected in this way. 

Nord 



 - 9 - 

- A night-time prospection using a lamp was carried out in order to complete the 
sample of individuals marked. 5 crayfish were captured by this method. 

 

2.2.2. Marking of the individuals  
 
�  Characteristics of the tagging devices: The tagging devices (model R1645 crayfish 
Glue On tagging device) fixed onto the crayfish weigh 0.9 grammes. Each tagging device 
has a maximum width of 7mm, a length of 15mm (without the antenna which measures 30 
mm) and a maximum thickness of 4mm. The lifespan for 40 ppm transmission is 55 days. 
 
�  Fixing the tagging devices: There are different techniques for fixing tagging devices in 
the scientific literature. Thus, ROBINSON et al (2000) equipped white-clawed crayfish (N=18) 
with tagging devices by fixing them on the chela of each individual using a quick-setting 
resin. BUBB et al (2002) use a combination of cyanoacrylate adhesive and dental acrylic in 
order to equip signal crayfish Pacifastacus leniusculus. The tagging device is also fixed by 
this author on the chela. It therefore appears important not to fix the device on the top of the 
cephalothorax, as this would limit the refuge possibilities for the individuals marked. 

The fixing of the tagging devices on the different individuals therefore constitutes an 
essential stage conditioning the success of the operation. It is important to determine the 
precise place on the body, where the tagging device will be fixed, so that it interferes as little 
as possible with the movement of the individual. 

To do this, as well as a bibliographic study it was decided to do a manipulation on signal 
crayfish (Pacifastacus leniusculus) in an aquarium. Eighteen individuals between 8 and 8.5 
cm inclusive were captured in the Saint Marc stream (58) during a capture intended to 
destroy the species on 26 June 2008. 

Following the observations made, it was decided that the preferred solution was a location 
on the side of the cephalothorax. In fact, the tagging devices fixed on this part of body fell off 
less often than from the chela. Moreover, the individuals equipped in this way did not seem 
to be too perturbed. A field constraint was also behind the choice of this location, namely the 
small size of the claws of the female individuals of A. pallipes did not allow fitting on this part 
of the body. 

A first marking campaign in the field did not enable us to achieve the solid fixing of this 
device (climatic conditions affecting the resin, difficulty of drying the carapace,…). It was 
decided, following new tests to prefer the fixing of the tagging devices with Araldite (WEBB 
and RICHARDSON, 2004). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4: White-clawed crayfish equipped with tagging devices. 

�  Equipment of individuals: The different scientific work carried out on the tracking of 
crayfish movements has not revealed any significant differences between male and female 

Spring: P. DURLET 
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individuals (ROBINSON et al, 2000; BUBB et al, 2002 and 2006; GUAN and WILES, 1997). 
However, only ROBINSON has worked on the white-clawed crayfish (N=18). Consequently, 
we cannot exclude a possible influence of sex on the movements of these crustaceans. The 
equipping  of a balanced sex ratio therefore seems more prudent. However, during the field 
phase, it was found to be more difficult to collect females. In the end, 12 females and 15 
males were equipped (Fig 3). 

As far as size classes are concerned, certain authors have shown the influence of size on 
the movements of white-clawed crayfish, and in particular the fact that large individuals have 
a preference for downstream movements (ROBINSON et al, 2000). The objective of the  
work being to see if there are a recolonisation of the upstream cores of white-clawed crayfish 
towards the recently restored downstream part, it seems logical to give priority to the 
equipment of larger sized individuals but, as it was stipulated beforehand, the individuals 
must ideally belong to the same size class (8-8.5 cm).  

Each crayfish equipped with a tagging device was first sexed, weighed, measured and a 
description of any particularities of the individuals was also recorded. The characteristics of 
the crayfish equipped are presented in table 2. 

 
 
 

APP N° Sex Size Weight 
Date of 
capture 

Duration of tracking 
(weeks) 

1 f 91 30 16-July 6 
2 f 81 26 16-July 6 
3 m 100 44 16-July 6 
4 m 91 26 16-July 6 
5 f 85 18 16-July 6 
6 f 82 18 16-July 6 
7 m 102 52 16-July 5 
8 m 99 46 16-July 6 
9 m 90 30 17-July 6 
10 f 80 20 17-July 6 
11 m 101  16-July 4 
12 f 90 27 17-July 4 
13 m 95 44 17-July 4 
14 m 96 / 31-July 3 
15 f 94 / 31-July 3 
16 m 99 / 06-August 2 
17 f 81 / 06-August 2 
21 m 104 54 16-July 6 
22 m 81 22 16-July 6 
23 m 83 51 16-July 6 
24 m 81 44 16-July 6 
25 m 103 40 16-July 6 
26 m 91 / 17-July 6 
27 f 94 / 18-July 6 
28 f 81 / 18-July 6 
29 f 76 / 18-July 3 
30 f 77 / 25-July 4 

Table 2: Characteristics of the sample equipped. 
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Figure 5: Breakdown of the numbers of the sample within the different size classes. 

 
 

2.3. Field monitoring  

2.3.1. Telemetry equipment  
 

Four receiving antennas were installed on the bottom of the stream. Initially, this enabled 
us to determine which crayfish were present in the vicinity of the antenna and enabled the 
movements of the individuals equipped to be recorded. Afterwards, two aerial antennas 
completed the receiving system in order to define precisely the position of each individual, 
during the day as at night. Each fixed antenna was supplied by a slow discharge boat 
battery. This device had an autonomy of approximately 15 days. Two conventional car 
batteries, operating by rotation, guaranteed the operation of system whilst the main batteries 
were recharging. 
 

2.3.2. Marking period and tracking  
 

The system was set up on 8 July 2008. The majority of the individuals were equipped on 
16, 17 and 18 July 2008. The tracking was set up from the evening of 17 July and continued 
until 18 August 2008. 
 

2.3.3. Methodological approach to tracking  
 

�  Positioning of the fixed aerial antenna: An important aspect conditioning the success 
of the manipulation resided in the implantation des receiving antennas. It was necessary to 
place them judiciously in order to pick up theoretically the largest number of individuals. 
Thus, on the portion of the length studied, it was decided to place the 4 antennas as shown 
in figure 5. 
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Figure 6: Location of the fixed antennas. 

 
In order to complete the data obtained using the telemetric tracking, a more conventional 

coloured marking was placed on the populations of the different stations in order to 
determine any movements of the individuals from these core populations. The marking 
consisted on the writing of a number on the cephalothorax of each individual using red nail 
varnish. Individuals that were too small would simply be marked with a red dot. To do this, all 
the individuals collected in the catches were first marked and sexed, weighed, measured and 
described. 
 
�  Field tracking: At the beginning of each night during tracking, and for each station, a 
first sweep was made using a mobile aerial antenna covering a wide radius of action. Then, a 
mobile underwater antenna mobile enabled us to seek precisely the location of the crayfish 
equipped. Once located, the location of each crayfish would be mapped precisely. One or 
two nights per week were necessary in order to locate the 27 crayfish equipped. As a result, 
each week gave rise to a complete reading of the nocturnal movements of the individuals 
equipped. As well as the nocturnal tracking, diurnal telemetric tracking was carried out using 
the same operating procedure in order to determine the zones and the precise type of 
refuges used by the white-clawed crayfish during the daytime. 

2.4. Characterisation of the recolonised habitats  
 
The habitats recolonised by the species are described according to chemical, physical and 
biological parameters: 
 

2.4.1. Chemical characteristics  
 

A study must be done of the chemical quality of the environment occupied by the crayfish. 
Indeed, the quality of the water in the stream may have an impact on the populations of 
white-clawed crayfish, a species sensitive to disruptions. This type of disruption in particular 
has been suspected as possibly being the cause of a particular biological responses in the 
aquatic populations of the Val des Choues (BARAN and MILLEY, 2005). The chemical 
quality of the water is evaluated using CHEM test kits. These  allow the evaluation using 
colorimetric tests of the concentrations of nitrates, nitrites, ammoniac and phosphates. The 
measurements were done on 2 September 2008. A sample was taken from each of the three 

Nord 
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stations. However, a technical malfunction prevented measurements bring done for the 
Tézenas stream station. 
 

2.4.2. Physical characteristics:   
 

The description of the physical quality of the habitats used by the crayfish is based on the 
"Morphodynamic Attractiveness Index" (IAM) method (CSP DR 5, 1997 and TELEOS, 2003). 
This method has the advantage of working at water course station scale and arriving at an 
accurate description of the mosaic of habitats, which is particularly interesting for this study.  

First of all, on the stations used or not by the crayfish and determined by telemetry, a map 
of the aquatic habitats is made by the so-called "poles of attraction" method (CSP DR 5 
protocol/ Téléos). This gives an image of the heterogeneity and the attractiveness of a water 
course at stational scale.  

In the field, the speeds and the water depths are measured along transects, using a 
current metre, of a tape measure, 20 cm ruler and a Topofil. At the same time, the different 
substrates making up the station were recorded on a topographic base drawn to scale. 
Afterwards, using GIS software (Mapinfo in the case in point), the data collected enable us   
to draw lines isovelocity and isodepths lines by intrapolation between the different transects. 
The superposition of the three mappings obtained (substrates, depths, velocities) allows us 
to obtain a mapping of the poles of attraction. 

The poles are described in it by the name of the substrate followed by the depth class and 
the velocity class. The water depth and velocity classes, the substrates and their related 
attractiveness are reported in the protocol drawn up by Teleos.  
 

A series of indices enables us to synthetically reconstruct the results obtained for each 
station:  
 
· Var = variety: 

This corresponds to the number of categories (of substrates/supports) or classes (of 
velocity and depth) for each of the components of the quality of the mosaics of habitats. 
 
· Div = diversity: 

Measurement of the complexity and of the quantitative heterogeneity of the distribution of 
the surfaces between the categories of each component of habitational quality: 
 
 
Where: 
n = number of categories (n = var) 
If = proportion on surface of each pole of attraction 
 

The diversity index corresponds to a Shannon index. To be able to interpret it, it is 
necessary to calculate its maximum  value (H’max), which is the value that this index would 
have under the equidistribution hypothesis. The evenness (E), ratio between H’ and H’max, 
is then calculated. 

It provides an indication of the complexity of the mosaic of poles. It increases all the more 
the higher the number of poles and the closer their surface to equidistribution. 
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· IAM:  Morphodynamic Attractiveness Index  
This index sanctions the variety of the classes of water depths, velocities and 

substrates/supports as well as the attractiveness of the substrates/supports for the 
ichtyofauna. 
 
 
Where: 
v = speed 
h.e = water depth 
subs. = Substrate/support 
Attract. = Attractiveness of substrates/supports 
If = proportion on surface of each substrate present 
 

Although this work is not focused on the ichtyofauna, it is interesting to calculate the IAM 
in our case for it allows a comparison later on with other water courses. In fact, this index is  
calculated much more often than the ISCA. 
 
· ISCA: Specific Crayfish Capacity Index  

This index is similar to the previous one but, as its name indicates, specifically concerns 
the crayfish. 
 
 
 

The difference with the IAM lies in a different value for scoring the different support 
substrates taking into account the habitational requirements of the crayfish. 
 

2.4.3. Biological characteristics:   
 

The analysis of the biocenoses of each station allows us, if it is combined with a habitat 
study, to determine precisely the type of environment attractive to the white-clawed crayfish. 
To do this, it is interesting to use methods of accurately studying the macrobenthos. Thus, 
the MAG 20 method (Macrobenthos Analysis Generic 20 quadrats) (DECOURCIERE and 
DEGIORGI, 2000) allows a detailed and semi-quantitative analysis of the populations of 
macroinvertebrates. Effectively, the sampling effort is therefore greater than for the IBGN as 
20 quadrats corresponding to as many different habitats are prospected using a Surber net 
of 1/20th m². The water depth is also taken into account to characterise the habitat, as well 
as the velocities and substrates. In practice, a sample is taken for each substrate-velocity 
pair in the dominant water depth class. When the variety of substrate-velocity pairs is less 
than 20, replicates are done for the dominant substrate-velocity pairs in a different water 
depth class. Furthermore, the analysis at generic level allows us, by basing our judgments 
afterwards on the bioindicator character of the different invertebrates, to be more 
discriminating in the analysis. 

However, the implementation of such as protocol is relatively costly time-consuming. It 
was therefore decided to do the sampling according to the MAG 20 protocol. The 
determination concerned as a priority the 8 quadrats corresponding to the IBGN method, but 
retaining a determination at generic level. Although this method includes some bias (8 
samples are not enough to sample all the genera present on a station properly), it is no less 
informative and allows us to calculate the common biocenotic indices such as the Cb2 
(Biogenous aptitude coefficient, VERNEAUX, 1982) and the IBGN (Standardised General 
Biological Index, AFNOR.1992). Two stations, Tête Vaillant (with a large population of 
crayfish) and the Anciens Etangs (Old Ponds) (little frequented by the species) were thus 
sampled. 
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2.5. Statistical methodology:   
 

The influence of size on the movements of the individuals equipped was tested statistically 
using a Spearman correlation test. The effects induced by the sex of the individuals were 
tested using Wilcoxon Mann and Whitney test. 
 

Furthermore, it is possible to highlight a possible preference of Austropotamobius pallipes 
for each component of the aquatic habitat. Indeed, if the crayfish does not have any  
preference, it should in theory use each substrate, each velocity class and each depth class 
proportionally to the surface covered by each of them on the station. A Chi-square test allows 
us to compare the actual proportion of use of each component by the crayfish on a station to 
the real coverage of each habitat on this same station. The groups of substrates as well as 
the velocity and depth classes in the IAM protocol will be used. Furthermore, only the 
crayfish present on the sections mapped will be taken into consideration for this calculation. 

To do this, a mapping will be done of each station according to the IAM protocol, but over a 
longer length that one station recommended by the latter in order to cover more widely the 
movements of the various crayfish equipped. 
 

All these tests were done using the R software. The significativity threshold was set at 5%. 
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3. Results 
 

3.1. Fastness of tagging devices and moulting.  
 

Five crayfish lost their loss of tagging device during the tracking period (crayfish nos. 7, 11, 
12, 13 and 29). The tagging device corresponding to crayfish 29 was found on a fresh 
moulting. On the other hand, the four other tagging devices were recovered on their own in 
the branches and litter. It is therefore difficult to deduce if they were lost during moulting or if 
they came off accidentally. 

3.2. Movements  
 

�  Periods:   
The tracking by diurnal and nocturnal telemetry revealed certain trends regarding the 

periods of activity and movement of white-clawed crayfish. 
 

It appears that the crayfish move about virtually not at all during the daytime. Except for 
after marking when some of them were contacted in movement, the white-clawed crayfish 
were always located in refuges, relatively well hidden.  
 

As far as the nocturnal phase is concerned, it seems that the crayfish are particularly 
active from nightfall (approximately 22 hours over the tracking period) until around midnight, 
or a period of activity of approximately 2 hours. Indeed, the stations monitored outside this 
period (between 23.45 and 0.30-1.00) presented most of the essential crayfish equipped 
hidden in the refuges corresponding the place where they spend their days.  
 

�  Sex:  
 

There is no significant difference in the distance covered according to the sex of the 
individuals in the sample monitored (P-value=0.3663) (Fig 4-16). 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 7: Box and whisker plots of the distance covered (in metres) by A. pallipes according to sex 
(f=female, m=male) 

However, the study of the box and whisker plots hints at the possibility that certain males 
cover more distance that the females. Indeed, the last quartile of the males is considerably 
higher than that of the females. Moreover, we can see the presence of two points outside the 
box for the males corresponding to two individuals that covered total distances considerably 
higher than the other individuals. 
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�  Size:  
 

It seems that the size of the individuals does not significantly influence the distance 
covered (P-value=0.7582) in the sample studied (or individuals of large size) (Fig 4-17).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8: Linear correlation between the total distance covered (in metres) and the size of the individuals 

The study of the linear regression shows a weak positive correlation (slope = 0.1892). We 
note, if we observe the scatter plot, that there are three points which are far off centre in 
relation to the others, which correspond to individuals which have covered greater total 
distances. We also see that these three individuals all have sizes around 90 mm. 
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3.3. Trends and ranges of movements  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3: Table grouping the crayfish by movement trend according to the distances covered. 
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In view of the tracking different done, it is possible to subdivide the sample of crayfish into 
4 groups of trends in terms of movement. These results concern only the crayfish which were 
tacked over the whole period of work, or a total of 22 individuals (Tab 3). 
 
·  Group 1 : this consists of most of the crayfish tracked (13/22 or 59%) and presents a 

"stay-at-home" trend. Thus, each of the crayfish belonging to this group shows a similar 
pattern of movement, which consists of always occupying the same refuge during the 
daytime and, at twilight, of making more or less long movements (between 1 and 27 
metres inclusive) in order to feed. Thus, these crayfish have an area of prospection 
around their refuge. 

It is interesting to note that this trend is observed on the Tête Vaillant and Tézenas 
stations, but that the average prospection distances differ between the two. Thus, the 
white-clawed crayfish at Tête Vaillant will on average make movements up to 2.4 times 
greater than the crayfish at Tézenas during the night (Fig 4-18). 

Figure 9: Comparative histogram of the average distances covered (in metres) by the crayfish  

"stay-at-home" crayfish at the Tête Vaillant (TV) and Tézenas (TZ) stations. 
 

·  Group 2 : this consists of two crayfish which made considerable movements (total 
distances of 503m and 296m over the 6 weeks of tracking). It is interesting to note that 
these two individuals are of the same sex (male) and the same size (90 and 91mm). On 
the other hand, each of them belongs to a different sub-population and presents opposite 
movements. Thus, the crayfish Tête Vaillant made, following a few weeks of movements 
upstream and downstream on the station, its way upstream in the stream as far as the 
sluice of the Val des Choues pond, which seems to constitute an uncrossable obstacle 
for the species. Afterwards, the individual began to move slightly (32 metres) 
downstream. It should be noted that during this trip, the individual crossed a facility 
allowing the passage of a pipe. 
As for the individual from the Tézenas stream, it made mainly downstream movements. It 
a thus raced down the downstream length of the tributary in order to reach the Val des 
Choues stream in which it began moving back upstream as far as a large pit (60 cm in 
depth) situated at the location of a former pond dyke. 

 

·  Group 3 : this group consists of two crayfish showing mixed movement trends, including 
those of group 1 and group 2. It is interesting to note that the individuals each belong to a 
different station (Tête Vaillant and Tézenas) and that they are of different sex and size 
(an  81mm female and a 91mm male). 
However, although the overall trend was mixed between a "stay-at-home" and a travelling 
behaviour, the two individuals had different patterns of movement. 
Thus, the Tête Vaillant male initially showed a "stay-at-home" type of behaviour over the 
first 4 weeks of tracking. It always occupied the same refuge in the daytime and 
prospected at night within a radius of about twenty metres around the latter. During the 
last two weeks, it showed a totally different behaviour quite close to that of the individuals 
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in group 2. It would go up all the station (117 metres) then cross a pipe and continue to 
move upwards over 42 metres upstream of the latter towards the spring. 
On the other hand, the Tézenas female would present movements alternatively oriented 
upstream and downstream before stabilising and showing a "stay-at-home" type of  
behaviour with very small movements around its refuge during the night. During its first 
"nomadic" phase, the individual changed refuge regularly. 

 

·  Group 4 : this consists of five individuals with the characteristic of having moulted or lost 
their tagging devices during the tracking period. We can see that depending on the 
individual, the behaviour prior to the loss of the device as well as the distance covered 
will be different. Thus, most of them will make very short movements (1.5 to 25 metres) 
before moulting, whereas others will cover up to 84 metres.  

 

3.4. Use of the habitat  
 

It is important to characterise the environments used and not used by the white-clawed 
crayfish. Indeed, if we know the attractiveness of the different environments, it is possible to 
establish priorities for actions in terms of the provision of structures for crossing purposes.  
 

3.4.1. Inter-station comparison  
 

·  Chemical quality  
 

The results of the measurements of the chemical quality of the environment are presented in 
Table 4. 

 Tête Vaillant Anciens Etangs 
Nitrates (mg/l) 0.5 1 
Nitrites (mg/l) 0.025 0.025 

Ammoniac (mg/l) 0.05 0.05 
Phosphates (mg/l) Non detected Non detected 

Table 4: Results of the measurements of certain chemical parameters of the Val des Choues stream at the 
Tête Vaillant and Anciens Etangs stations 

We note that there is no difference in quality between the two stations. Only the nitrates 
showed a concentration twice as high at Anciens Etangs as at Tête Vaillant. The other 
parameters are of equal values. 
 

·  Physical quality of the habitat  
 

The main indices of the quality of the habitat are presented in Table 5. 
Stations Tête Vaillant (TV) Anciens Etangs (ETG)  Tézenas (TZ) 

IAM 2462 4727 1307 
ISCA 3221 7159 1636 

No. of substrates 7 7 6 
No. of water depth 

classes 
3 3 2 

No. of velocity classes 3 4 2 
Diversity 1.22 1.25 1.01 

Regularity 0.82 0.78 0.79 

Table 5: Summary of the habitat characteristics for the three monitoring stations 

The IAM and ISCA values are quite high, which represents a good habitational quality for 
the different stations. 
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It appears, initially, that the ISCA values are for all three stations higher than the IAM 
values, which denotes a marked potentiality for a presence of crayfish in this water course. 
The substrates mainly present, such as branches, litter,… are clearly favourable to the 
different phases of the biological cycle of crayfish. 

As far as the diversity index is concerned, we see similar values for the Tête Vaillant and  
Anciens Etangs stations, whereas this index is considerably lower for the station situated on 
the Tézenas stream. 

Regarding the regularity index, we see similar, relatively good values for the three stations, 
representing substrates that relatively well balanced in terms of surface. 
 

Surprisingly, the Anciens Etangs station appears as the one with the best habitat potential 
for crayfish, whereas it is populated by very few of them (2 individuals on 18/08/08 over a 
length of 60m). The Specific Crayfish Capacity Index (ISCA) is very high (7159) and can be 
explained in particular by good surface proportions of certain substrates that are very 
attractive for the species (branches=19.3%, mixed riverstones and gravel=42.4%, 
hydropytes=12.4%, embankments=7.9%).  

Furthermore, the number of velocity and depth classes is quite satisfactory and also helps 
explain the high value of this index. 
 

As for the Tête Vaillant station, it has a lower ISCA value (3221), but one which 
nevertheless represents a good quality of environment for the crayfish. A high percentage in 
terms of surface area covered by branches (23.3%) and riverstones-gravel (21.3%) as well 
as a decent number of water depth and velocity classes can explain this good index value. 
On the other hand, the absence of sub-embankments and hydrophytes could explain the 
lower ISCA value of this station compared to Anciens Etangs. We find, however, on this 
station a non-negligible population of white-clawed crayfish (61 individuals over 300m² on 
18/08/08, abundance class 1).  
 

As for the Tézenas station, it has the lowest ISCA value of the three stations (1636). Thus, 
in spite of a very high surface at the station being occupied by branches (49.1%) as well as a 
non-negligible surface of litter (17%) the ISCA value remains low. This is mainly due to the 
low quantity of velocity and depth classes, but also to the absence of a tributary at the station 
and the low presence of sub-embankments. Moreover, we see a considerably lower diversity 
index (1.01) for this station, which represents a lower number of substrates and a less good 
surface distribution within the latter. 

However, the station has the greatest density of white-clawed crayfish (152 individuals over 
274m²  on 18/08/08, abundance class 2) whereas the ISCA value is the lowest.  
 

·  Biological quality  
 

The study of the macrobenthic populations allows us to refine the analysis of the 
mesological quality of the two stations. The main biocenotic characteristics of the station are 
presented in Table 6. 

 
 
 
 
 
 

Stations Tête Vaillant (TV) Anciens Etangs (ETG) 
Generic Taxonomic 

Variety  
33 39 

Family Taxonomic 
Variety  

28 33 

Indicator Faunistic Philopotamidae, 8 Leuctridae, 7 
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Group  
IBGN 15 16 

Robustness 14 16 
Iv 6.2 7.3 
In 9.4 8.1 

Cb2 15.6 15.4 

Table 6: Summary of the biocenotic characteristics of the Tête Vaillant and Anciens Etangs stations 

The synthetic indices do not allow us to differentiate in any clear way between the two 
stations as they have comparable IBGN (15 and 16) and Cb2 (15.6 and 15.4) scores. These 
values correspond to stations with good biological quality (standard AFNOR T 95 F N270 
14/12/04). It is important all the same to note that they are 4 to 5 points below what would be 
optimum quality.  

However, an analysis of the components used for the calculation of these scores already 
allows us to highlight certain differences. 

Thus, for the Tête Vaillant station, the indicator faunistic group is relatively good (8/9) whilst 
the taxonomic variety is, for its part, more mediocre (8/14). Thus, it seems that the score is 
pulled down due to the lack of taxonomic variety.  

For the Anciens Etangs station, the indicator faunistic group drops slightly (7/9) and, 
conversely the taxonomic variety appears to be better (10/14). The IBGN score is higher by 
one point than the Tête Vaillant station, but does not correspond to optimum quality. This is 
due, in this case, to the combination of an indicator group and a non-optimum taxonomic 
variety.  

As far as Cb2 values are concerned, it appears that the variety index is lower than the 
nature index in both cases, with a greater difference between these two indices for the Tête 
Vaillant station. It would seem therefore that it is rather the variety of fauna that is the limiting 
factor in the scoring. The sensitivity of the fauna is, however, rather good. 
 

This first level of analysis therefore enables us to emphasise the fact that the non-optimum 
value of the synthetic indicators is due rather to a lack of variety, which reflects rather a non-
optimum habitat. The sensitivity of the fauna is relatively good, which seems to reflect a good 
water quality. 

There is a slight difference between the two stations with bigger difference at Tête Vaillant 
between the quality of the fauna and its variety whilst the variety is more satisfactory at  
Anciens Etangs. On the other hand, the quality is slightly lower. 
 

The detailed analysis of the different taxons making up the macrobenthic fauna enables 
us to carry out a second, more searching level of analysis and to bring out other 
differences. 

 

At the Tête Vaillant station, the population is dominated by Gammarus (25%), 
Chironomidae (15.5%), Leuctra (11.5%), Limnius (10.6%) essentially in the larva stage and 
Simulidae(10.7%) (Fig 4-19) (Annex 17). These taxons are essentially shredders 
(Gammarus, Chironomidae, Leuctra), filterers (Simulidae) and grazer-scrapers (Limnius) 
(TACHET et al, 2003). Plant debris constitutes the main food source for most of these taxons 
(TACHET et al, 2003). This appears logical in view of the station's characteristics, under 
forest cover and with plenty of areas of branches and litter.  
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Figure 10: Histogram of the numbers of different taxons at the Tête Vaillant station 

 
Nine taxons are represented by only one individuals with in particular one individual of 

Heptagenia (a taxon which is rather rehophile) and taxons with a preference for plant 
substrates of the algal or macrophytic type (Ceratopogonidae, Stratiomyidae, Radix). These 
taxons, which probably originate from a drift phenomenon, will not find favourable habitat 
conditions on the station and are therefore very scarce. 

Most of the taxons encountered are rather limnophilous. 
 

As for the station situated in the area covered by the old ponds, it is dominated mainly by 
two taxons Leuctra (21.4%) and Chironomidae (27.3%). It is interesting to note that apart 
from these two taxons, we see a relatively balanced distribution of individuals within the 
different taxons (Fig 4-20) (Annex 18). 

Reduction of Gammarus, Simulidae, Hydropsyche, Oligochaetae (filterers and shredders 
of plant debris) and of Limnius (grazer-scraper with a preference for sands and gravel). 

Seven taxons appear on this station. Odonatas, which constitute a predator taxon more 
characteristic of slow to medium currents. Among these, Calopteryx is the most abundant 
taxon. It has a preference for macrophytes and the algae. Cordulegaster and Gomphidae 
are, for their part, dependent on loose sediments (TACHET et al, 2003). We also note the 
appearance of: 
- Seratella which is a shredder of macrophytes with an affinity for macrophytic and algal 

substrates (TACHET et al, 2003). 
- Nemoura which also has a habitat preference for macropohytes and algae (TACHET et 

al, 2003). 
- Limnephilinae, a taxon that is a shredder of plant debris with a preference for habitats in 

sand and loam (TACHET et al, 2003). 
- Lepidostoma which is a genus of trichoptera populating the macropohytes and algae in 

slow current locations (TACHET et al, 2003). 
One trichoptera is, however, missing from this station. This is the Wormaldia, a filterer-

scraper that feeds on debris and microphytes (TACHET et al, 2003). 
Most of the taxons present on this station are rather limnophilous, which is characteristic 

of calm water flows. 
We note that the overall density of individuals is far lower (1592 individuals) than for the 
Tête Vaillant station (3207). 
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Figure 11: Histogram of the numbers of the different taxons at the Anciens Etangs station 

 

 

3.4.2. Intra-station comparison   
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Figure 12: Histograms showing the  proportion of the different types of substrates, velocities and depths 
(station) at the Tête Vaillant (TV) and  Tézenas (TZ) stations and compared with the frequency of contact 

with crayfish at these same stations in diurnal (day) and nocturnal (night) conditions 

 
At the Tête Vaillant station, it appears that the crayfish use significantly more substrates of 

the branches type as diurnal refuges (Chi-square test, P-value=2.2.10-16) (Fig 4-21). On the 
other hand, during the night, the crayfish go and prospect in other substrates (litter, sand, 
gravel, riverstones and fines). We see, however, that branches remain the type of substrate 
most used for nocturnal prospection. Indeed, the frequency of presence of crayfish in this 
type of substrate is considerably higher than the surface covered by it at the station (Fig 4-
21). 

As far as the velocity classes are concerned, we see a trend for crayfish to be in slower 
currents during their nocturnal prospections than during the diurnal period (Fig 4-21) (class 1: 
0 to 10 cm/s, class 2: 11 to 40 cm/s). 

 

Regarding the depth, we see a difference between diurnal use and the proportion of depth 
classes on the station. Thus, it seems that water depth class 2 (6 to 20 cm) is used more 
during the daytime that water depth class 1 (0 to 5 cm). On the other hand, during the night, 
the use of the different classes is virtually in line with the theoretical (station) distribution, 
which seems to suggest that the crayfish do not have any preference regarding water depths 
during their nocturnal movements. 

 
As far as the Tézenas station is concerned, branches seem to also be used significantly 

more than others substrates as a refuge (Chi-square test, P-value=2.2.10-16) (Fig 4-21). We 
see, however, that sub-embankments and planks constitute shelters appreciated by the 
white-clawed crayfish, given that as a proportion, they seem to use them more than their 
surface distribution on the station. The nocturnal use of the substrates, however, shows a e 
preference for branches and fines (Fig 4-21). It should be noted that sands and litter are also 
prospected. 

In terms of velocity, the crayfish frequents class 1 (0 to 10 cm/s) slightly more and there is 
no clear difference between the day and the night time. 

The same trend is observed as at the Tête Vaillant station, as far as water depth classes 
are concerned. Class 2 seems to be used more during the daytime, whereas during the 
night, the use is close to the station distribution of the different classes. 
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4. Discussion 
 

4.1. Movements  
 

The lack of diurnal movement confirms the trends observed by the majority of authors and 
clearly marks the nocturnal behaviour of the species. 

 
The peak of crayfish's activity at the beginning of the night suggests that they have 

managed to find food during this period of time and that they have then returned to their 
refuges in order to limit their exposure to any predators. A similar trend concerning the 
temporal characteristics of the movements was shown by ROBINSON et al (2000). In this 
study, it transpires that the main period of activity takes place from 21.00 to 0.00, which 
seems to confirm the observations made at the Val des Choues. It should be noted, 
however, that no tracking was done between 4.00 and 6.00, which may correspond to a 
second phase of activity of the species in certain streams (DURLET, comm. pers.). 

It is possible to imagine that the duration of nocturnal movement is a function of trophic 
potentialities of the environment and that consequently, in an environment with fewer 
nutritional resources, the periods of movement will be longer. Effectively, the work done by 
ROBINSON et al (2000), as well as the present study, was done on calcareous streams with 
mesological similarities. It is therefore difficult to be able to generalise this movement trend to 
granitic water courses, for example. 

The influence of the moon, and therefore nocturnal illumination, could also have an 
influence on the nocturnal movement of crayfish. Over the period of study, all the lunar 
phases were contacted (from full moon to new moon). No notable differences were seen in 
the movements according to illumination. 
 

The absence of any significant influence of size on the movements can probably be 
explained by the fact that the whole sample corresponds to individuals of similar size (large 
individuals) due to the requirements of the tracking method used. ROBINSON et al (2000) 
note a positive relationship between the distance covered by day by the white-clawed 
crayfish and the size of the individuals in the case of movements downstream. This trend 
does not seem to occur for the Val des Choues population. 
 

4.2. Trends and ranges of movements  
The difference in terms of prospection distance between stations for the crayfish in group 

1 can be explained by the difference between the environments occupied by the crayfish 
within the two stations. Thus, at Tête Vaillant, the "stay-at-home" white-clawed crayfish 
occupy an environment consisting essentially of piles of branches and litter separated from 
each other by expanses of sand or gravel. This certainly forces them to prospect more widely 
in order to find the plant items that make up the essential part of their food. 

On the other hand, the Tézenas crayfish belonging to this group, are, for the most part, 
present in a relatively big area of helophytes, consisting of a main patch of vegetation and 
some satellite patches, separated from each other by areas of fines. These areas of 
helophytes seem to constitute at once the bed and cover as their movements are restricted 
to this plant surface and its annexes. 

It is also interesting to note that these crayfish have reached this area of helophytes 
situated at level of the ecotone between the forest and the area covered by the old pond. 
They use the vegetated zone still covered by a few trees, but were never contacted in the 
open zone at the old pond area. 

On the other hand, this difference in terms of movement on the two stations is inversely 
proportional to the density of individuals. Indeed, the Tête Vaillant station has a density of 0.6 
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individuals/linear metre (0.2ind/m²) whereas Tézenas contains 1.7 individuals/linear metre 
(0.55ind/m²). However, the width of stream is greater at Tête Vaillant (3m on average) that at 
Tézenas (1.80 m), or respectively an average surface used of 30m² and 7.2m². 
 

Furthermore, it is possible that the 90 mm males characteristic of group 2 are searching for 
territory. Indeed, GOUIN et al, (2002) put forward, using genetic studies, the hypothesis that 
a high gene flow, and therefore high movements of individuals, could exist within a 
population. We can therefore suppose that the males in this size class correspond to 
individuals that are seeking "a territory" and that consequently they  have a greater tendency 
to be mobile. 

 
It is interesting to note that the male in group 3 has in the same range of size as the two 

individuals in group 2 (about 90mm). This enables us to reinforce the hypothesis of a 
tendency for expansion in the individuals of this size class and of this sex. 

However, the low number of individuals with these characteristics in the sample equipped 
(3 individuals) does not allow us to confirm this tendency. The hypothesis nevertheless 
needs to be examined in more depth, given that 100% of the individuals with these 
characteristics show at certain times a tendency for large movements. 
 

The difference existing between the crayfish which lost their tagging device can certainly be 
explained by the proximity of good refuges allowing them to moult in total safety. Indeed, the 
crayfish that covered 84 metres was at Tête Vaillant station, which had a high density of  
Austropotamobius pallipes. As a result, it is possible to think that the individuals getting ready 
to moult would preferentially seek out a refuge free of any other crayfish in order to limit the 
risk of predation during this sensitive phase. Thus, the individual went right to the edge of the 
Tête Vaillant station, at the back of the pond, to a willow logjam where very few individuals 
were observed during the different prospections. 

On the other hand, among the others individuals, three were present in sectors with very 
low densities of crayfish (Anciens Etangs) and only had to go to the nearest refuge (a very 
large logjam) in order to moult. 

However, this hypothesis is only valid if the crayfish lost their tagging device during 
moulting. An accidental loss cannot be interpreted in the same way. 
 

4.3. Validity of the tracking: comparison with the set of 
crayfish marked with varnish:  

 
The study of the crayfish marked with red nail varnish enables us to study a reference set 

as regards the movement. Of the 59 crayfish marked at the beginning of July, nine were 
recontacted during an intensive nocturnal prospection on 18 August 2008. 

Among the latter, five had a number enabling them to be identified. These five individuals 
had remained faithful to their place of capture and release as they were recontacted on the 
same stations.  

In view of these results, it appears that the crayfish seem do not seem to move from one 
station to the other. Consequently, it appears plausible that the sample of individuals 
equipped by the tagging devices was not limited in its movements by the weight of the 
device. 

However, the very low proportion of individuals marked with varnish recaptured (15%) 
does not allow us to be categorical in this type of affirmation. 
 

4.4. Use of the habitat  
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4.4.1. Inter-station comparison   
 

·  Chemical quality  
 

Generally, it appears that the quality of the water in the Val des Choues stream is very 
good. The low nitrate content and the absence of phosphates can be explained by the 
catchment basin being covered virtually exclusively by forest. The fertiliser input is therefore 
nil. However, the method used, based on colorimetric tests does not give precise 
concentration values. It is therefore necessary to consider these results as indicative. 
 

·  Physical quality of the habitat  
 

The very low density of crayfish in the Anciens Etangs sector does not seem to be 
explained by the habitational quality of the station. Indeed, the latter has a high ISCA value. 

A possible explanation that could account for the low numbers resides in the fact that the 
station has relatively little shade. Thus, BROQUET et al (2002) showed that there is a link 
between the colonisation of a station by white-clawed crayfish and the rate of shading of the 
latter. The Anciens Etangs station is recent (2006) and therefore does not currently have 
very dense riparian vegetation, but only a developing low willow plantation. Consequently, 
the shade is virtually non-existent and the rate of sunlight very high, which will very certainly 
limit the colonisation of this sector by A. pallipes.  
 

The absence of hydrophytes and of sub-embankments at Tête Vaillant can be explained on 
the one hand by the aspect of the water course at this point in its length. The stream cut a 
deep bed at the station, very certainly due to the canalisation of the latter in the 1960s. As a 
result, the embankments are very high (1.50 m and more) and consequently, no sub-
embankment has been able to form. 

On the other hand, the dense forest cover at this level prevents hydrophytes establishing 
themselves by preventing the light from reaching the stream bed. 

The forest context of the Tête Vaillant station will allow high shading of the stream and will 
certainly have a favourable effect on the crayfish population (BROQUET et al, 2002). This 
constitutes a part of the explanation as far as the interesting densities of crayfish found in this 
portion of the steam are concerned. Moreover, the good habitational quality of the station will 
allow the presence of an interesting number of white-clawed crayfish. 

Furthermore, the antagonism between density of population and quality of the habitat at  
Tézenas can be explained by a coupled effect of high shading (forest station) and by the 
absence of nuisances. Thus, on the Val des Choues stream, it is possible that there is 
organic pollution due to the hunting dog kennels at the Abbey (kennels which currently do not 
have a system of water sanitation). This phenomenon may have a limiting effect on the 
crayfish population densities. As a result, the Tézenas tributary, free of this type of nuisance 
will be able to show higher populations. 

However, the results obtained by different studies (ECOGEA, 2007) as well as the 
chemical measurements done do not prove this pollution. On the other hand, the presence of 
the Val des Choues pond may have an influence (heating up of the water, immobilisation of 
the sediment,…) on the crayfish populations in the stream, unlike the Tézenas populations, 
which are free of this type of aggression. 

 
·  Biological quality  

 
The study of the macrobenthic populations does not show a very clear difference between 

the two stations. However, the presence of shredder taxons with a marked affinity for litter 
seems to be an interesting indicator. Indeed, the high density of the latter will reflect a high 
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presence of litter and branches, which count among the habitats particularly appreciated by 
A. pallipes (HOLDISH, 2003). 

The taxons with a preference for the plant substrates (macrophytes, algae,…) are more 
numerous at the station least colonised by white-clawed crayfish. 

It seems that the macrobenthic fauna are evidence rather of a different station 
"atmosphere" between the two stations. Thus, Tête Vaillant has a forest atmosphere with a 
lot of litter due to leaves falling from trees and branches, which constitute microhabitats that 
are very attractive for certain taxons (Gammarus in particular). As for the old ponds, they 
offer an atmosphere closer to an open environment with developments of macrophytes and 
hydrophytes due to the absence of plant cover, abundant sand and gravel, resulting from the 
dynamic nature of the water course, which will favour a different taxonomic community 
(Seratella, Odonatas, Nemoura). 

The study of the macrobenthic populations therefore seems to confirm the effect related to  
shading on the densities of A.pallipes mentioned in the section on the physical quality of the 
habitat.  
 

4.4.2. Intra-station comparison   
 

In terms of use of the habitat at station scale, it seems that branches constitute a very 
attractive substrate for crayfish. Indeed, the significantly higher frequentation of the latter 
compared to the mosaic of habitats of the station reflects the species' preference for this 
element. We can suppose that branches constitute effective refuges since, on both stations, 
87% and 82% of the crayfish contacted in diurnal tracking were hiding in this type of 
substrate. It would seem also that piles of branches constitute preferential feeding zones 
(49% and 52% of the crayfish contacted at night). This seems quite logical if we work from 
the score of this substrate in the ISCA calculation (TELEOS, 2003). Thus, it has the highest 
score in terms of attractiveness. Moreover, HOLDISH (2003) mentions a habitat made up of 
branches and an accumulation of dead leaves as being particularly attractive for the species, 
as do SOUTY-GROSSET et al (2006), mentioning plant debris as an important habitat. It is 
also possible to suppose that given the low presence of large stones on the stations, 
constituting another type of particularly favourable habitat (HOLDISH, 2003; SOUTY-
GROSSET et al, 2006), the crayfish have fallen back on habitats consisting of branches. 

An interesting element in the study lies in the use of planks by crayfish, constituting 
interesting refuges. Indeed, it is known that white-clawed crayfish use, in certain cases, items 
of anthropic origin as their habitat (SOUTY-GROSSET et al, 2006). However, in view of 
these results, it could be conceivable to use this type of substrate to increase the capacity of 
accommodation of certain sectors liable to be colonised by the white-clawed crayfish. 

During the night, it appears that the crayfish go an prospect certain organic substrates 
(litter, fines) in a marked way. This can be explained by the fact that this type of support 
constitutes a source of food. Indeed, the food spectrum of adult white-clawed crayfish 
contains a high portion of plant items (HOLDISH, 2003). As a result, substrates made up of 
litter and fine elements from the Forest of Châtillon will contain a high portion of elements 
that can be used by the crayfish to feed. 

Mineral substrates (sand and gravel) are also frequented during the nocturnal phases. It is 
also possible that the latter have a certain attractiveness in terms of food, in particular as a 
source of proteins. Indeed, these substrates contain high densities of Gammarus and  
Elmidae larvae that might constitute potential prey. However, it is possible that these 
substrates are frequented only during movements. The frequency of their use is therefore 
inherent to the structure of the mosaic of habitats. 

As for current velocities, in the nocturnal phase, the crayfish seem to use velocity classes 1 
slightly more. Indeed, the species is not really adapted to currents and it is therefore logical 
that they seek to move mostly in lentic areas. Moreover, these zones of slow currents 
generally correspond to areas with deposits of fine sediments (litter, fines) which, as 
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indicated above, are substrates which are prospected by the white-clawed crayfish during the 
night. 

In terms of depth, the crayfish do not seem to have a preference during their phases of 
nocturnal movement. On the other hand, class 2 water depths are preferred during the 
diurnal hiding phases. This can be explained by the fact that such depths will constitute extra 
protection, in particular against surface predators. 
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5. Tracking of the populations reintroduced in the Lac de 
Remoray national nature reserve   

 
Following the good results obtained in the Val des Choues, the method of tracking by radio 

telemetry was re-used to track the crayfish reintroduced into the tributaries of the Lac de 
Remoray. This reintroduction was carried out as part of the LIFE programme. The following 
section aims to report the results obtained during this tracking experiment.  
 

5.1. Study site  
Two water courses situated in the Doubs (25) were the subject of a reintroduction of white-

clawed crayfish: 
- The Lhaut, situated partly in the Lac de Remoray nature reserve. In the reintroduction 

area, it is a relatively wide river (6-7m). Its river bottom consists essentially of riverstones 
and large stones.  

- The Vurpillères, which is entirely within the perimeter of the reserve. This water course 
runs through an area of peat bog, in a topographical context of a gentle slope. Its has a 
loose bottom and banks. The bed is occupied by numerous very dense areas of carex. 

 
Figure 13: Location of the reintroduction sites (Source: www.maisondelareserve.fr). 

5.2. Capture of the individuals  
 

The individuals reintroduced were captured during the night of 18-19 September 2008 on 
two sites in the Departement of Jura: 
 
- The Lizon: The captures were done between 21.30 and 23.00, by two teams, upstream 

and downstream of the confluence with the Les Gorges stream. The breakdown of 
the181 individuals captured by sex and by size class is presented in Table 7. 

 

Vurpillères 

Lhaut 
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Table 7: Breakdown of the individuals captured on the Lizon by sex and 29size class. 

 
- The Noëltant: The capture was done between 21.30 and midnight, by all the team, but 

divided over two periods. The first part took place on the downstream core of population 
(34 individuals picked up), the second on the upstream core (67 individuals picked up). 
The breakdown of the 101 individuals captured by sex and size class is presented in 
Table 8. 

 

 
Table 8: Breakdown of the individuals captured on the Noëltant by sex and size class. 

 
 
 

5.3. Marking of the individuals, Marking period  
 

The individuals were marked according to the same protocol as for the Val des Choues. 
The characteristics of the individuals constituting the sample are presented in Table 9. 
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APP No. Sex Size 
Place of 

reintroduction 

Duration of 
tracking 
(weeks) 

49183 f 87 Lhaut 9 
49085 f 84 Lhaut 5 
48730 m 99 Lhaut 1 days 
49163 m 85 Lhaut 9 
48910 m 97 Lhaut 3 
49123 m 94 Vurpillères 10 
49104 m 94 Vurpillères 9 
48710 f 91 Vurpillères 6 
48970 m 84 Vurpillères 4 days 
48851 m 89 Vurpillères 10 
49064 m 84 Vurpillères 6 
49143 m 82 Vurpillères 9 
48690 f 76 Vurpillères 6 
48830 m 80 Vurpillères 10 
48871 m 90 Vurpillères 10 

Table 9: Characteristics of the sample of crayfish equipped on reintroduction. 

 

 
Figure 14: Individuals equipped with tagging device released into the Lhaut. 

 

5.4. Reintroduction of the individuals  
 

The Lizon crayfish were released at the Lhaut station at about 01.20, the Noëltant crayfish 
at the Vurpillières stream station at about 03.00. They were released by wardens of the 
Morvan nature reserve, of the Lac de Remoray nature reserve and staff of the 
ADAPEMONT, by placing the crayfish on the bank and letting them return into the water 
themselves. 
 

5.5. Field tracking  
 

Tracking analogous to that carried out in the Val des Choues was done. However, the great 
majority of the tracking was done in diurnal conditions. One tracking operation was done  
nocturnal conditions. Furthermore, given that the objective was simply to locate the crayfish 
reintroduced, no measurements were taken of the habitat parameters. 
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Figure 15: Tracking on the Vurpillères. 

 

5.6. Results  
 

5.6.1. Sex 
 

There is no significant difference in terms of distance covered between males and females 
(Wilcoxon Mann and Whitney test, P-value=0.8313). 
However, the study of the box and whisker plots shows that, unlike what was observed in the 
Val des Choues, the females tended to cover more distance that the males (Fig 16).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 16: Box and whisker plots of the distance covered (in metres) by A. pallipes according to sex 
(F=female, M=male) 

 
We also see that one male individual covered a total distance of almost 200m, namely 
approximately 50m more than all the other crayfish. 
The low numbers constituting the sample as well as the lack of homogeneity in the duration 
of tracking of each crayfish equipped leads us to approach these results with a great deal of 
caution. 
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y=-0.13x+62.32 
R²=-0.08 

5.6.2. Size 
 
There is no significant relationship between the size of each individual and the distance 
covered by the latter (Spearman correlation test P-value=0.4837). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 17: Linear correlation between the total distance covered (in metres) and the size of the individuals 

 

5.6.3. Movements trends  
 

�  The Vurpillères  
 
The tracking proved that that most of the individuals remain in the Vurpillières stream. 
Indeed, out of the 10 individuals marked, only one was recovered in the net placed at the  
confluence with the Drésine during the few days after the crayfish were returned to the water. 
We can see that on this site, most of the movements were made within the 3 days following 
their release. We then see a more or less balanced distribution of the individuals on either 
side of the introduction site (40 % upstream, 30 % downstream and 30 % in the release 
zone). 
Afterwards, the individuals limit themselves to a territory and barely move more than 1 or 2 
metres (often from one bank to the other). 
On this stream, the crayfish seem to find enough diurnal refuges in the clumps of carex and 
the sub-embankments. 
 

�  The Lhaut  
 
The successive locations of individuals by telemetry confirm a trend in the movements that is 
considerably more marked on the Lhaut than on the Vurpillières. Moreover, unlike the 
individuals released in the latter, we do not see a tendency to move about followed by a 
period of staying in one place by the individuals. On the contrary, it seems that the crayfish 
did not move much in the first few days, and then they moved about later on. 
Certain individuals moved only in one direction (here from downstream to upstream) and 
crossed some small waterfalls. 
Others moved first upstream or downstream and then came back in the opposite direction. 
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5.7. Discussion  
 
Radio telemetry tracking enabled us that the crayfish stay in the reintroduction zones.  
Thus, it is interesting to note all Vurpillères individuals were recontacted thanks to the 
telemetry system whereas during a nocturnal prospection, on 25 September 2008, none of 
the individuals could be detected by the conventional method of observation. This therefore 
confirms the extreme difficulty of prospection in the Vurpillières stream. 
 
In the Lhaut, it is possible to discern a certain concordance between the movement phases 
of the individuals and periods of rain.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18: Rainfall at Malbuisson (B. TISSOT, com. pers.) 

 
Indeed, 2 of the 4 individuals tracked began their movements between 2 and 6 October, a 
period when there was an episode of 25 mm rainfall. 
The second phase of movement was observed between 6 and 11 October for 2 of the 3 
individuals still being tracked, when there was 18 mm of rain. 
Finally, 1 of the 3 individuals made long movements once again between 11 and 18 October. 
An episode of 20 mm of rainfall was recorded on 16 October. 
 
However, given the small size of the sample, these relationships cannot be confirmed and 
must be viewed with caution. 
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6. Technical recommendations  
 

This section aims to provide some information that may be useful when looking at 
management issues concerning the species. Aspects relating to the tracking method, the 
effect of the restoration of the environment and the free circulation of crayfish will be dealt 
with. 

 

6.1. Radio telemetry and crayfish tracking:  
Radio telemetry constitutes a tacking technique that is relatively little used in the study of 

crayfish. It does constitute, however, an alternative and/or complementary method to the 
conventional of tracking by coloured marking. 

 

Advantages Disadvantages 

Easy tracking not requiring a lot of human 
resources once the equipment has been fitted. 

Cost. 

Precision of the measurements. Placing of tagging devices can be complex. 

Detection of individuals at different scales 
depending on the type of antennas. 

Limited timeframe, dependent on cost. 

Possibility of locating individuals without 
establishing visual contact �  less disturbance. 

The size of the tagging devices requires the tracking 
of large individuals. 

Diurnal tracking possible, unlike with tracking using 
coloured marking. 

 

Table 10: Advantages and disadvantages of radio telemetry in tracking crayfish. 

 

This technique has, like coloured marking, the disadvantage of being lost when the 
individuals moult. To overcome this, the method based on passive integrated transponders 
(PITs) was tried and discussed by Bubb et al (2002) and seems to constitute an interesting  
method for tracking the species over longer periods.  

 

6.2. Effect of the elimination of ponds on a popula tion of 
white-clawed crayfish:  

 

The presence of a string of ponds on the Val des Choues stream, containing crayfish in the 
upstream part, leads to a fragmentation of the population, incompatible with its extension. 

The objective of eliminating the ponds is to increase the sector that can be colonised by the 
crayfish, and in particular to connect up all the subpopulation in the upstream part. 

It seems, following this study, that this objective has been partially achieved. Indeed, one of 
the crayfish tracked crossed the old Tézenas pond and part of the old dyke pond. Moreover, 
a few individuals were captured in the zones corresponding to the old lower Narlin pond. The 
connectivity between sub-population cores therefore seems to have been re-established.  
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However, these old pond sectors are not currently colonised, probably due to the absence 
of sufficiently dense riparian vegetation.  

Such work is not therefore instantly followed by a return of the populations. A certain period 
of time seems to be necessary to the reintroduction of white-clawed crayfish. 

 

6.3. Capacity for crossing and recolonisation of th e species:  
 

The observations made during this study show that crayfish seem to be capable of crossing 
small waterfalls with large stones (Fig 19). 

 

 

 

 

 

 

 

 

 

Figure 19: Tête Vaillant pipe, a structure that can be crossed by Austropotamobius pallipes. 

 

This phenomenon has already been observed elsewhere. Thus, GROTE (1981) reports the 
ability of crayfish to climb rough substrates. Numerous observations by ONEMA staff also 
suggest the same. 

In order to guarantee the free circulation of the crayfish with a hydrosystem, it seems that 
structures with a good level of roughness (large stones,…) are suited to the species. 

It is, however, necessary to take into account current velocities in the structure. Thus, the 
Tête Vaillant pipe does not feature high current velocities (over the tracking period, +/- 40 
cm/s) (Fig 20). 

However, tests done in a fluviarium, during an experiment on Planer's lamprey, on 
Californian crayfish (Pacifastacus leniusculus) have shown that velocities between 55 and 70 
cm/s inclusive do not allow signal crayfish to cross. The experiment also confirmed that 
velocities of the order of 40 to 45 cm/s seemed to be crossable by crayfish. 

 

These characteristics are therefore important to take into account when designing   
crossing structures on aquatic systems occupied by the species. 
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Figure 20: Diagram of the Tête Vaillant pipe, a structure that can be crossed by Austropotamobius 

pallipes. 

 

+ falls crossed on the Lhaut 
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7. Conclusion 
 

The work done provides new knowledge on the use of space by A. pallipes in a water 
course that has undergone recent work as well as on a tracking method little used for this 
species. 

It also allows us to define, in a lesser measure, the biological bases to be taken into 
account when considering the provision of structures the species will be able to cross.  
 

The white-clawed crayfish shows a low tendency to move over long distances. However, it 
seems that certain individuals (90 mm males) show greater mobility. It is therefore important 
to enable the free circulation of the species over the whole length of the stream in order to 
allow exchanges between subpopulations. The observations made show that white-clawed 
crayfish are inclined to cross pipes by climbing large stones. It appears therefore that a 
certain roughness is necessary to enable the effective crossing of the species. However, the 
environment seems to constitute an important parameter in the movement of the species 
with a predilection for shady spots with many refuges. It is therefore imperative to keep the 
importance of this parameter in mind when thinking about modifications to the stream. 

 
It appears necessary, before any modification, to carry out a prior diagnosis of the 

populations and the quality of the habitat of the upstream and downstream sectors 
concerned by it. Thus, as this work has been able to show, it seems that on the Val de 
Choues stream the crayfish seek sectors that are rather shady under forest cover. The areas 
where the old ponds were located are currently little colonised (they are crossed, however), 
but it is highly likely that once a dense, tall riparian vegetation been established, the crayfish 
will settle here due to the quality of the habitat (high ISCA). A temporal logic must therefore 
also be integrated into the thinking prior to designing a crossing system. 
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