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ABSTRACT
The white-clawed crayfish (Austropotamobius pallipes) is a native species in the Friuli
Venezia Giulia region of North-Eastern Italy. This species is under threat because of habitat
modifications and water pollution. Conservation policies are needed and the present study
is the first step of a restocking programme. Vitellogenin and glucose concentrations in
hemolymph of wild animals and after a period of acclimation were examined. Preliminary
results showed no significant differences in high-density lipoprotein subunits in females
after acclimation. Glucose hemolymph values are also close to normal levels and similar
between males and females. Three types of blood cells were identified in the hemolymph:
hyaline cells and small and large granule hemocytes. We conclude that glucose and
vitellogenin concentrations in the hemolymph of crayfish were not modified under artificial
rearing. Metabolic variables are suitable indicators of crayfish ovarian maturation and
environmental and physiological stress.
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CONCENTRATION DE VITELLOGÉNINE ET DE GLUCOSE DANS L’HÉMOLYMPHE
D’ÉCREVISSE AUSTROPOTAMOBIUS PALLIPES LEREBOULLET 1858
SAUVAGES ET EN CAPTIVITÉ
RÉSUMÉ
L’écrevisse à pattes blanches Austropotamobius pallipes est native de la région de
Friuli Venezia Giulia dans le Nord-Est de l’Italie. La modification de l’habitat et la pollution
mettent en péril cette espèce et des directives pour sa préservation sont désormais
nécessaires. Cette étude représente la première étape d’un programme de repeuplement.
Les concentrations de vitellogénine et de glucose dans l’hémolymphe des écrevisses ont
été déterminées avant et après une période d’acclimatation. Les résultats préliminaires
ne démontrent aucune différence significative concernant les sous-unités LHD chez les
femelles après acclimatation. Les niveaux de glucose dans l’hémolymphe sont également
proches des valeurs normales et sont similaires entre mâles et femelles. Trois types de
cellules sanguines ont été identifiés : les cellules hyalines et les hémocytes à petites ou à
grandes granules. Les concentrations de glucose et de vitellogénine dans l’hémolymphe
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des écrevisses n’ont pas changé dans les conditions d’élevage artificiel. Les variations
métaboliques peuvent être considérées comme des indicateurs de la maturité des ovaires
et du stress physiologique ou environnemental.
Mots-clés : Austropotamobius pallipes, vitellogénine, glucose, hémocyte,
reproduction.
INTRODUCTION
The white-clawed crayfish (Austropotamobius pallipes) occurs in several countries in
Europe (Ireland, France, Spain, England and Italy). According to GRANDJEAN et al. (2002),
the species present in the Friuli Venezia Giulia region should be classified as A. italicus
carsicus. There is a growing interest in the ecology and biology of this species because
of a serious risk of extinction. Nevertheless, there is a paucity of scientific information
concerning culture and reproduction of this species and of the effects of environmental
factors which occur in captivity and during ovarian maturation. These findings are very
important in order to set up breeding techniques and restocking programmes.
The identification of immunological and/or physiological parameters to be used for
monitoring the health status and the reproduction phase in cultivated animals is crucial
to ensure the success of these programmes. So far, only limited information is available
on the physiological and immunological changes induced by captivity, management and
environmental stress conditions in crayfish. The circulating hemocytes of crustaceans
play an important role in immune responses and they have been proposed as an indicator
of stress (JOHANSSON et al., 2000). The number of free hemocytes in the hemolymph
can vary in relation to environmental stress and decrease suddenly during an infection
(JOHANSSON et al., 2000). Crustaceans have three morphologically different hemocyte
types: hyaline, semi granular and granular cells (BAUCHAU, 1980).
In native European crustacean species, the reproduction cycle is very long (69 months) compared to the tropical crayfish species and it occurs only once a year.
Crustacean reproduction is regulated by a complex neurohormonal mechanism during
the process of oogenesis, previtellogenesis, vitellogenesis and maturation (DE KLEIJN
and VAN HERP, 1998). The main objectives of the present study were firstly to check on
vitellogenin and glucose concentrations in crayfish if stress induced by captivity could
possibly impair reproduction and secondly to identify the types of haemocytes in the
white-clawed crayfish for a possible use as a biomarker.
MATERIAL AND METHODS
The initial stock was made of 15 crayfish (Austropotamobius pallipes) (8 males,
average live weight 14.7 ± 9.93g and 7 females, average live weight 13.6 ± 8.46g). Animals
were collected in late autumn by hand catch in wild populations located in the Friuli
Venezia Giulia region and transported to the indoor experimental facilities.
Crayfish were held in 200-liter glass tanks in a closed recirculating and aerated
system. During the experiment, temperature and photoperiod were kept as much as
possible similar to the wild environment (9 ˚C; L: D 10:14 h). Feed, consisting of a pelleted
diet (crude protein, 29% dry matter and crude fat 8.3% dry matter), was distributed 6 times
per day, by means of automatic feeders at the feeding rate of 1% of body weight per
day. Mortality, moulting, eggs laid and water quality parameters were measured weekly.
Hemolymph samples of 100-150 µl were withdrawn from the pericardial sinus of each
animal using a 1-ml syringe at the beginning of the experiment and after one month. Each
sample was centrifuged for 40s at 10 000rpm and 50µl of the supernatant was transferred
into a tube containing 20µl of anti-protease mixture (Roche diagnostics) and kept on ice.
A sub-sample was used for glucose analysis.
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Glucose content was measured using “one touch  II Meter” (Lifescan) and
commercial kit test strips. Separation of HDL from hemolymph was performed on minipolyacrylamide 7.5% SDS-PAGE (Amersham biosciences). For the SDS-PAGE separation
the molecular weight standards of 200, 116, 97, 66, 55, 36, 31, 21 and 14 kDa (RPN 5800,
Amersham biosciences) were used. After electrophoresis, gel was silver stained (Amersham
biosciences).
The hemocytes were pelleted by 10 000 rpm centrifugation for 1min and fixed with
2% glutaraldehyde in 0.1 M cacodylate buffer pH 7.4. The pellets were then post-fixed in
1% osmium tetroxide in the same buffer, serially dehydrated in ethanol and embedded, via
propylene oxide, in Embed812/Araldite (Electron Microscopy Sciences, Fort Washington,
PA). Sections 1µm thick were collected on slides, baked for 5min at 80 ˚C and stained with
0.5% toluidine blue in 0.1% carbonate solution at pH 11.1 at the same temperature.
For light microscopy, sections 2µm thick were collected on slides and baked for 5min
at 80 ˚C and stained with 0.5% toluidine blue in 0.1% carbonate solution at pH 11.1 at the
same temperature. For the transmission electron microscopy (TEM), silver/gold-coloured
sections were collected on 200-mesh nickel grids and stained with uranyl acetate and lead
citrate for 5min each. Sections were observed with a TEM Philips EM 208.
RESULTS
Animals were all collected in brooks located in the eastern part of the region.
The substrate of the brooks was dominated by stones. Brooks were unpolluted and
characterized by good water quality. In captivity, all crayfish exhibited apparently normal
feeding and good health.
The glucose hemolymph concentrations of A. pallipes males and females during
the experiment are shown in Figure 1. After capture and one month of confinement, mean
glucose levels in the hemolymph of crayfish were close to the normal values and similar
between males and females.

Months
Figure 1
Concentrations de glucose dans l’hémolymphe de A. pallipes mâles et femelles
au début et à la fin de l’expérience (moyennes de trois mesures).
Figure 1
Glucose concentrations in A. pallipes males and females during the experiment
(means of three records).
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The 7.5% SDS-PAGE separation of HDL from hemolymph of A. pallipes females
(N˚: 1, 2, 3, 4) at their arrival and after one month of rearing are shown in Figure 2. The
7.5% SDS-PAGE separation of HDL from hemolymph showed four subunits with the
approximate molecular masses of 143, 180, 190 and 196 kDa. Comparing the HDL
subunits at the beginning and after one month, no relevant differences were found in any
females.

Figure 2
Séparation 7.5% SDS-PAGE des LHD de l’hémolymphe de femelles A. pallipes
(N˚ 1, 2, 3, 4) pendant l’expérimentation. (C : contrôle, A : après acclimatation).
Figure 2
7.5% SDS-PAGE separation of HDL from hemolymph of A. pallipes females (N˚: 1,
2, 3, 4) during the experiment (C: control; A: after acclimatation).
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Three types of blood cells were found in the hemolymph of A. pallipes. They were
identified as hyaline cells, small granule hemocytes and large granule hemocytes (Figures 3
and 4). These hemocytes are characterized by three different types of cytoplasmic granules
that could be identified in toluidine blue stained transverse sections of hemolymph pellets
(Figure 3). At the ultrastructural level (Figure 4) the granules types show a maximum
diameter of: 1.9 ± 0.27µm (n = 20), 0.74 ± 0.13µm (n = 20), 0.53 ± 0.21µm (n = 20) in large
granule cells, small granule cells and hyaline cells respectively.

Figure 3
Sections semi-fines d’un culot d’hémocytes de A. pallipes. H : hémocyte hyaline ;
L : hémocyte à grande granule ; S : hémocyte à petite granule. Échelle : la ligne
équivaut à 20 µm.
Figure 3
Semithin sections of a pellet of hemocytes of A. pallipes. H: Hyaline hemocyte; L:
Large granule hemocyte; S: Small granule hemocyte. Scale bar: 20µm.

DISCUSSION
The crayfish A. pallipes italicus is a native species in the Friuli Venezia Giulia region.
Natural stocks of A. pallipes italicus are still abundant and widely distributed in this area.
However, several populations show a reduced number and are under threat of extinction
mainly because of water pollution and environmental stress. Drought, for instance, which
occurred during the summer (2003), was highly detrimental for crayfish causing high
mortalities in several rivers. Environmental variations have been shown to induce variations
in crayfish metabolism which are often stressful, resulting in a reduction of immune vigour
as measured by hemocyte counts (LE MOULLAC and HAFFNER, 2000) or an increase
in glucose and total reducing substances (TELFORD, 1968). In the present study, after
one month in captivity, glucose concentrations in hemolymph of males and females were
not influenced by the environmental change caused by captivity. Hyperglycemia as a
secondary stress response has been reported for several species (KUO and YANG, 1999;
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Figure 4
Ultrastructure des trois types d’hémocytes de A. pallipes. A : hémocyte à grande
granule, B : hémocyte à petite granule, C : hémocyte hyaline. Échelle : la ligne
équivaut à 10 µm.
Figure 4
Ultrastructure of the three hemocytes of A. pallipes. A: Large granule hemocyte.
B: Small granule hemocyte. C: Hyaline hemocyte. Scale bar: 10 µm.

LORENZON et al., 1997). Glucose hemolymph levels were in line with concentrations
observed in other crayfish species (LANARI et al., 2003).
The isolation, separation and classification of different hemocyte types are based
mainly on the presence of cytoplasmatic granules. In the hemolymph of A. pallipes were
found three different types of hemocytes: hyaline cells, semigranular cells and granular cells.
The circulating hemocytes of crustaceans are essential in immunity, performing functions
such as phagocytosis and lysis of foreign cells (JOHANSSON et al., 2000). SANCHEZ et al.
(2001) used several metabolic variables in Litopenaeus setiferus as indicators of captivity
stress. They observed in acclimated shrimp after 7 days in the laboratory a reduction of
triacylglycerol, total protein, cholesterol concentrations and total hemocytes in comparison
with the base-line shrimp. Similarly, PERAZZOLO et al. (2002) reported in Farfantepenaeus
paulensis a reduction of approximately 50% of the total hemocyte number and total serum
protein concentration after exposure to stressful conditions.
Several neuropeptides regulate physiological processes in decapod crustaceans.
Among them, cHH is primarily involved in carbohydrate metabolism (GIULIANINI et
al., 2002). Reproductive process in crayfish may be influenced by many environmental
variables. Among these, the main biotic factors may be listed temperature, nutrient levels
and water quality. Preparation for mating involves not only external morphological changes
but also a period of ovary conditioning, during which yolk accumulation (vitellogenesis)
takes place within the oocytes (SAGI et al., 1996). The major lipoprotein in the yolk is
the vitellin. Vitellogenin is the precursor of egg yolk protein and its concentration is
correlated to yolk accumulation in the oocyte. The 7.5% SDS-PAGE separation of HDL
from hemolymph showed four subunits with the approximate molecular masses of 143,
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180, 190 and 196 kDa. ADBU et al. (2001) found in Cherax quadricarinatus six major highdensity lipoprotein subunits (177, 155, 106, 95, 86 and 75 kDa) appearing at different
times in the secondary-vitellogenic ovaries. HDL concentrations in hemolymph of females
were not influenced after one month in captivity compared to the initial values. Time of
appearance and disappearance of the high-density lipoprotein subunits is influenced by
environmental factors and the phase of the vitellogenic process.

CONCLUSION
The pattern observed in the present experiment provides confirmation that the
captivity does not physiologically change crayfish. HDL concentrations in hemolymph of
females and glucose levels in males and females were not influenced after one month
in captivity compared to the initial values. Metabolic variables are suitable indicators of
crayfish ovarian maturation and environmental and physiological stress.
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