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COMPARATIVE BIOMETRIC STUDY OF CRAYFISH
POPULATIONS IN THE ANINA MOUNTAINS (SW ROMANIA)
HYDROGRAPHIC BASINS

LUCIAN PARVULESCU *

SUMMARY. The paper presents data concerning the biomepiectss of
two crayfish species from the rivers of the AninégsMhe stone crayfish
(Austropotamobius torrentiuand the noble crayfishAétacus astacls
The populations of the two species are not everdtriduted within the
three hydrographic basins of the investigated @éezava, Caga and Nera.
Thus, through the discriminant analysis of the miestsparameters we were
able to identify several parameters that provetdetchighly related to the
differentiation of the studied specimens into hgdaphic basins; these
specimens have been afterwards the subject of M@V type analysis.
The study revealed that, whereasAhdorrentiumpopulations from th€ara
basin present high significantly differences in panison to the populations
analysed in the Nera basin, theastacugpopulations from the Cardbasin
differ significantly from those of the Barzava lmagis far as the morphometric
differences between the two sexes are concernedmtst powerful and
visible distinctions that have been registeredfith species can be found at
the level of chela, propodus length, dactylus leragtd width of chela. The
maximum dimension of thA. torrentiummales, as well as the average of
these values, is very close to the female one,ewhil theA. astacushe
differences between the sexes are much more simifi
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Introduction

Freshwater crayfish residing in the Romanian aquetosystems belong to
the Decapoda orders; they are represented by thdigenous species and an
invasive one (Parvulescu, 2009c). Among these,indigenous species are present
in the Anina MountainsAustropotamobius torrentiufschrank 1803) andstacus
astacug(Linnaeus 1758) (Parvulescu 2009a). The main pa@d the comparative
study regarding the biometry of different populasiés to point out the morphological

T West University of Timisoara, Faculty of ChemjsBiplogy, Geography, Dept. of Biology, 16A Pegizlo
St., 300115, Timisoara; e-mail: parvulescubio@clbtro




L. PARVULESCU

similarities and dissimilarities between populasiothat are geographically
separated into different hydrographic basins, assalt of diverse environmental
influences Duris et al, 2006; Burbaet al, 1999; Papadopol and Diaconu, 1987;
Gutiérrez-Yurritaet al, 1996; Streissl and Hodl, 2002). Studies regarttiegthree
indigenous species of crayfish in Romania have laésn published by Papadopol
and Diaconu, in 1987.

The investigated area, i.e. the Anina Mountain$pdated in southwestern
Romania; it has a surface of 770 2k(ﬁencu, 1978) most of which is included in
two National Parks: Semenic-Cheile Galai (Semenic — Caras Gorges) National
Park and Cheile Nerei-Bgnita (Nera Gorges - Beusnita) National Park. The area
of these mountains gathers three hydrographic ®a8iarzava, Cagaand Nera,
basins that collect both surface water and grouatew The Caraand the Nera
rivers are the direct tributaries of the DanubeeRinand the Barzava River flows
into the Danube River, after the confluence wite Wimis River (Ujvari, 1972).
The A. astacusspecies lives almost exclusively in the Galmsin, with the
exception of the Buhui stream and the Candeni RiV&e Nera basin shows
exclusively the presence of the spechestorrentium while the Béarzava basin
displays a mixture of populations from both spec¢ied can be found in different
streams. (Parvulescu, 2009a).

Taking into consideration the quality of the agodtabitats, the Barzava
basin is affected by a powerful anthropic impactijts upper stream there are three
artificial dams and various villages which cleadffect the water quality and,
implicitly, the quality of the aquatic fauna. Theper stream of the Car&iver
presents a very low anthropic impact and registefsry high water quality, with few
punctiform exceptiondn the Nera Basin the anthropic impact is scattetedg the
small villages situated on the stream of the rankidutaries and that alter the
water quality, like in the case of the Candeni kree@here almost an entire
popuation was destroyed as a result of the usageodiern detergents within a
traditional wash house. (Parvulescu, 2009b).

Materials and Methods

The biologic samples were collected in August 2808 June - July 2009,
in a total of 52 sampling stations, on all the pament waters in the upper sector of
the Barzava, Cagaand Nera rivers. Each sampling station comprigddast 200
m of the river under investigation, with similartatg@ng effort. The crayfish were
collected using active methods, i.e. direct hanspdimg from the waterbed, by
checking the galleries within banks and the sphetseen roots or rocks.
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Fig. 1. The biometric parameters measured during the bigrrstrdies
for the crayfish from the Anina Mountains
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The crayfish were identifieth situ according to their morphological features,
sexed and measured. Subsequently, the specimeasseteiree exactly in the same
location where they had been captured. We havedethbas population all the
specimens belonging to one species within eacheoftiree hydrographic basins. For
the biometric measurements we have used an eliecBtatk and Decker caliper with
the maximum width of 150 mm and an accuracy of Ofxh. The measured
parametergsee figure 1) are only those distances which atlesvfirm grip of the
measuring tool. The morphological characteristiesasnred were: TL — total body
length, CTL - cephalothorax (shell) length, mTW aximum thoracic (shell) width,
RL - rostrum length (for the value that indicatas length of the rostrum we subtracted
from the value of the cephalothorax length (CTL$ thalue of the post-orbital
cephalothorax length), 2AW — second abdominal segmédth, TW — width of
telson, PL — propodus length, DL — dactylus leragth CW — width of chela. We have
measured only the specimens that did not presgrgign that both chelae have been
regenerated. All specimens have been measurecelsathe person. The specimens
that were smaller than 50 mm total body length hmtdoeen measured.

In order to show which of the measured parametersreevant for the
morphological differences, we have processed thea dath the help of the
discriminant analysis, a technique used to classifies into categorical-dependent
values that helps us obtain pairs of parametetsatieasignificantly different within
the lot of the measured data. The means, the sthdéaiations, the minimum and
the maximum as well as the ANOVA tests have alsnbmaeasured. In order to do
this statistical analysis and to create the diagrame used the Statistica StatSoft
Inc. software (version 7.00 for Windows).

Results

During the investigations performed in the sumn@rg2008 and 2009 in
the rivers of the Anina Mountains, 115 specimewsnfitheA. torrentiumspecies
and 73 specimens from tlde astacuspecies have been measured. The species are
not evenly distributed in all the thrégdrographic basins, according to the already
published data (Parvulescu, 2009a). Thus, forAh&rrentiumspecies the most
representative streams have been the streams dfateebasin. The species was
also found in the Cagaand Barzava basins. As far as theastacusspecies is
concerned, the most representative have been ba&rst from the Cagabasin.
The species was also found in the Barzava baspecedly in the reservoirshe
biometric data have been summarized in Tables Rand

According to the data from Tables 1 and 2, we aatice that the clearest
differences between the sexes are represented ebydithensions of the chelae.
However, we cannot use this difference alone ifaweeto correctly make a distinction
between the sexes. Many and diverse situationsappgar in nature when the chela
may be abnormally well-developed: regenerationr diteakage, malformations etc
(Parvulesctet al, 2009).
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Table 1.

Biometric data (mm) for the A. torrentium species, measured during the summer
campaign of 2008-2009, in the Anina Mts. (N = numbef specimens).

Austropotamobius torrentium

Male (N=57) Female (N=58)
Parameter | Min"-Max Mean + SD Min"-Max Mean + SD
TL 50.0-94.0 69.07+ 10.862 50.53-93.34 | 67.16+ 10.403
CTL 23.7-48.9 34.5+6.01 24.6-44.37 | 31.46+£5.512
RL 4.8-9.1 6.78+1.072 4.78-9.6 6.66+ 1.057
mTW 11.78-27.9 18.72+ 3.76 12.3-24.02 | 17.04+ 2.907
2AW 6.17-20.9 15.33+ 2.737 11.5-25.43 | 16.97+ 3.486
TW 5.9-13.7 9.42+1.789 5.93-14.1 9.37+1.884
PL 16.6-49.9 29.95+ 8.021 15.79-33.56 | 22.59+ 4.578
DL 10.08-28.5 17.23+4.75 8.91-20.45 | 13.21+2.757
CW 7.8-19.6 13.05+ 3.235 6.75-13.2 10.05+ 2.036
Sex ratio 1:1.017

" Specimens smaller than 50 mm in total length metéeen measured

Table 2.

Biometric data for the (mm) A. astacus species, measured during the summer
campaign 2008-2009, in the Anina Mts. (N = numberf@pecimens).

Astacus astacus

Male (N=39) Female (N=34)

Parameter | Min -Max Mean + SD Min"-Max Mean + SD
TL 61.34-127.34 | 99.73+17.978 55.85-108.8 | 86.8+ 14.543
CTL 27.06-68.46 | 51.46+ 10.878 27.82-54.07 | 42.98+ 8.022
RL 5.21-18.8 12.1+ 2.671 6.45-12.6 10.49+ 1.779
mTW 15.45-49.97 | 28.82+ 7.621 14.42-29.31 | 23.24+ 4.63
2AW 13.17-31.09 | 22.93+4.31 12.34-28.26 | 21.97+ 4.655
TW 7.34-18.14 13.23+2.414 6.83-14.7 11.38+ 2.278
PL 20.65-85.5 47.79+ 16.925 18.92-42.7 | 32.22+8.13
DL 11.69-48.36 | 28.08+ 10.181 10.99-25.6 | 19.2+4.778
CW 9.13-32.67 20.53+ 6.555 8.19-20.5 14.43+ 3.708
Sex ratio 1.0.871

" Specimens smaller than 50 mm in total length metéeen measured

In order to compare the populations we have rabddethe discriminant
analysis that allows to find the most powerful etated sets of values that could
differentiate the specimens from different hydrpgia basins. Thus, the correlation
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matrix for theA. torrentium(Table 3) shows that the most powerful discriniat
character is represented by the groups of valgmgus length — dactylus length (PL-
DL), propodus length — width of chela (PL-CW) aratiylus length — width of chela

Table 3.

Correlation matrix between the measured parametergor the
A. torrentium specimens in the Anina Mts. in 2008-2009.

(DL-CW).
correl. TL
TL 1.00
CTL 0.91
RL 0.82
mTW  0.95
2AW  0.84
TW 0.75
PL 0.83
DL 0.82
CW 0.82

CTL

1.00
0.81
0.94
0.73
0.70
0.89
0.88
0.87

RL mTW 2AW TW PL DL CW

1.00
0.81
0.71
0.82
0.73
0.76
0.72

1.00
0.76
0.73
0.92
0.90
0.90

1.00
0.68
0.55
0.56
0.56

1.00

0.62 1.00
0.650.98 1.00
0.620.97 0.95 1.00

The correlation matrix for thé. astacus(Table 4) shows that the most
powerful discriminative character is representedh® same groups of values that
are relevant for the previous species and by tta length — cephalothorax length

(TL-CTL).

Table 4.

Correlation matrix between the parameters measuredor the A. astacus
specimens in the Anina Mts. in 2008-2009.

correl.  TL
TL 1.00
CTL 0.97
RL 0.89
mTW 0.92
2AW  0.92
TW 0.80
PL 0.92
DL 0.91
Ccw 0.90

CTL

1.00
0.89
0.93
0.86
0.76
0.92
0.92
0.90

RL mTW 2AW TW PL DL CW

1.00
0.84
0.78
0.76
0.83
0.83
0.80

1.00
0.82
0.72
0.88
0.86
0.85

1.00
0.73
0.77
0.76
0.77

1.00

0.72 1.00
0.73.98 1.00
0.69.97 0.96 1.00
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In our studies, for the comparison of these pojmriat we have used ratio
among these parameters. Therefore, for both speeiémve measured the proportion
between propodus and dactylus length, propodusHesngd chela width, dactylus
length and chela width and also total length armghakthorax length (table 5).

Table 5.

Rapports that show a discriminative character for he crayfish specimens measured
in the Anina Mts.

Austropotamobius torrentium Astacus astacus
Ratio between Abbreviation | Ratio between Abbreviation
parameters: parameters:
- - TL and CTL TL/CTL
PL and DL PL/DL PL and DL PL/DL
PL and CW PL/CW PL and CW PL/CW
DL and CW DL/CW DL and CW DL/CW

For our comparison between different populations ae used the
ANOVA test, in order to underline the differencextvieeen specimens of the same
sex, from different hydrographic basins. The indiidls ofA. torrentiumspecies,
that inhabit mainly the Nera basin, have also Heend well represented in high
number of individuals in two streams of the Gdpasin and in five streams of the
Barzava basin. According to the analysis of thgies from Figures 2 A, B and
C the female populations of crayfish within theetrinvestigated basins are not
significantly different. However, we may notice @eagter resemblance between the
populations of the Nera and of the Barzava basins.

For A. torrentiumspecies the males have been captured in a rattadl s
number of specimens in the Barzava basin; thahig vor the data analysis only the
specimens captured in the Nera and Chesins have been taken into account. They
display statistically significant differences iretbase of the ratio PL/CW (p=0.01971)
(Fig. 3).

TheA. astacuspecies was found in the Anina Mountains onlyhim €aras
and Barzava basins; in the upper part of the BarZRiver the species was
discovered especially in reservoiisfter analyzing the distinct diagrams for the
two sexes, we can state that the female populafimm the two investigated
basins are significantly different concerning théa between propodus length and
chela width, as well as between dactylus lengthclreda width (Figs 4 A and B).



L. PARVULESCU
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Fig. 2. ANOVA tests for the female specimensfftorrentiumfrom Nera, Barzava and
Carag hydrographic basing\ —for the ratio PL/DL;B —for the ratio DL/CW;
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Fig. 3 (continued).ANOVA tests for the female specimensfoftorrentiumfrom Nera,

Béarzava and Cagdhydrographic basin€- for the ratio PL/CW
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Fig. 4. ANOVA tests for the male specimens ofAletorrentiumfrom Nera and Casa
hydrographic, for the ratio PL/ICW
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Fig. 5. ANOVA tests for the female specimensffastacugrom the Barzava and Cara
hydrographic basings —for the ratio PL/ICWB —for the ratio DL/ICW
TheA. astacugnales analyzed in the Barzava basin have beenreaipin

a much smaller number, impossible to analyze sitally.

Discussions

Taking into account the obtained results, we camitate several
sentences regarding the biometric aspects obsérveélde measured specimens
during the summer campaigns of 2008 and 2009 iAttiea Mts.
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>For Austropotamobius torrentium

1. The maximum dimension of the specimens regartbteg length (TL)
varies between similar limits for males and femalbe largest male specimen has
a total body length of 94.00 mm, while the largieshale has a total length of
93.34 mm. In comparison with the results existinghe literature the size of the
biggest male is with 11.9% larger, while the siZethtee female is with 16.75%
larger the than those measured by Papadopol ambridia1987), on a population
from the Nera hydrographic basin (on theara river).

2. The body characteristics that have registeredgiteatest differences
between the sexes proved to be the parameter® afhiblas: the propodus length
(PL) being 24.57% smaller for the females thantl@ males, the dactylus length
(DL) being 23.33% smaller for females than for rsaded the chela width (CW)
being 22.98% smaller for the female population tlearthe male population

3. The average values that have turned out to gbehifor the male
population are the total length (TL), the cephabodix length (CTL), the rostrum
length (RL), the maximum thoracic width (mTW) arm ttelson width (TW). For
the second abdominal segment width (2AW), the geevalue of the measured results
favors the female population.

>For Astacus astacus

1. The maximum dimension of the total length (Tlgvdrs the male
population, the largest specimen measuring 127134 whereas the largest female
measured 108.80 mm. In comparison with the resxitsting in the literature, the
size of the larger male is with 2.79%, more redyeddle the size of the female is
with 2.85% more reduced than those measured bydBpphand Diaconu (1987)
on a population from the north-eastern part of Rum&rom the Bicazu Lake).

2. The body characteristics that have registered greatest differences
between sexes turned out to be the cephalothongtHdCTL) which was 16.47%
smaller for the females than for the males, theimam thoracic width (mTW)
being 19.36% smaller for the females than for tlaes) as well as the parameters
of the chelas, namely the propodus length (PL) kvhigc35.58% smaller for the
females than for the males, the dactylus length) (@hich is 31.62% smaller for
the female population than for the male populatiord the chela width (CW)
which proved to be 29.71% smaller for females toammales.

3. All the average values measured are largerhierntale population in
comparison to the female population even for tlvosd abdominal segment width
where, due to the eggs, the females should berlarge

Conclusions

Concerning the difference between the populatigndied in the Anina
Mountains, thé\. torrentiumpopulations present high significantly biometrifettences
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between Cagaand Nera hydrographic basins. A possible explandor the current
situation can be represented by the geographigataten. Is known thah. torrentium
occupies entirely the Nera hydrographic basin aopufates only two creeks of
Cara basin.

The difference between the astacuspopulations, we can ascertain that
the populations are significantly different in t@arg basin as opposed to the ones
measured in the Barzava basin. In the case of #ineaBa hydrographic basin, and
due to the heterogeneity of the populations, weasmume that a restocking in the
area of the barrier lakes can be accomplished,apoop documents still have not
yet been found.
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