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Abstract

Regarded as a protected species on the IUCN list of endangered species, and
classified as data deficient species, the stone crayfish (Austropotamobius
torrentium) is one of the five European species from the Astacidae family that lives
in freshwater ecosystems across Bosnia and Herzegovina. The aim of this study
was to investigate the variability of selected morphometric characteristics of male
and female crayfish of the A. torrentium species from the upper reaches of the
Mlinska River. The crayfish were sampled in June 2021 when 62 individuals (22
males and 40 females) were caught. They were analyzed fresh in the field and in the
laboratory. The treatment included the measurement of 12 morphometric
features: total body length (TBL), weight (W), claw length (CLL), claw width
(CLW), carapace length (CPL), carapace width (CPW), rostrum length (ROL),
rostrum width (ROW), abdominal length and width (ABL, ABW) and telson
length and width (TEL, TEW). The mean body length + SD was 79.05 + 7.35
in males and 60.54 = 10.03 mm in females. The mean recorded body weight +
SD was 17.51 + 8.3 g in males and 7.02 + 4.41 g in females. Using the linear
regression method, a positive correlation was found between body length and
weight (3 R?=0.7644; Q@ R?*=0.8222), body weight and claws length (&
R?=0.876; @ R?=0.9661), as well as carapace width and body length (&
R?=0.7216; @ R?=0.8411). Using the T-test, a statistically significant difference
of the analyzed morphometric parameters was found between the sexes, which
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is explained by the pronounced sexual dimorphism of stone crayfish. The
calculated values for Condition factor and the Crayfish constant indicate that
the males are of better fitness, which is in line with the results of previous
research in Europe. Data presented in this paper can serve as a basis for further
research of A. torrentium in this area.
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Introduction

A large number of authors dedicated their studies to morphometric
characteristics of certain species of crayfish from the Astacidae family. Thus,
Trozi¢-Borovac et al. (2007) provide data on morphometric characteristics of
juvenile, subadult, and adult crayfish of Austropotamobius torrentium. Maguire
(2010) emphasises the significance of applying traditional (linear) morphometry
and meristic methods to differentiate crayfish from the Astacus and
Austropotamobius genera. Daki¢ and Maguire (2016) investigated morphometry in
relation to sexual dimorphism of adults belonging to the A. torrentium species,
whereas Trozi¢-Borovac (2012) define morphometric and meristic
characteristics significant to determination of Austropotamobius pallipes genus.

Study of freshwater crayfish goes beyond, by starting the application of
molecular-phylogenetic methods with the aim to determine phylogenetic
relationship of freshwater crayfish. Research in the field of phylogenetics of
freshwater crayfish showed that genus Austropotamobius is older than genus
Astacus, and species A. pallipes is the oldest species which spread throughout
the whole Europe in Tertiary (Miocene), when barriers such as the Alps or the
Pyrenees did not exist. Species A. torrentium started to spread in the Ponto-
Caspian region later (Souty-Grosset et al., 2006; Trozi¢-Borovac, 2012).

Data on both the values of morphometric characters and the ecology of
stone crayfish A. torrentium from many areas within their range are scarce. It is
a widespread European species (Holdrich, 2002), which shows a tendency to
reduce the surface area due to the presence of allochthonous species and loss
and degradation of habitats (Holdrich et al., 2009). The stone crayfish occurs
only in the source and upper parts of streams with stone bottoms (Kappus et al.,
1999), although they sometimes can be found in clean rivers and lakes (Renz and
Breithaupt, 2000). The above-mentioned species of crayfish is present and
dominant in Bosnia and Herzegovina (Trozi¢-Borovac, 2011; Rolji¢, 2020), as
well as in the neighboring countries, Serbia (Simi¢ et al., 2008), Croatia
(Maguire and Gottstein-Matocec, 2004), Montenegro (Rajkovié¢, 2012). The
existing populations are the remnants of a wider historical population that was
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ravaged by duck plague by the end of the 19" and during the 20" century
(Budihna, 1991). Also, water pollution, regulation of watercourses, and removal of
vegetation along the bank, as well as the consequences of extreme droughts,
strongly affect the diversity and distribution of A. torrentium populations.
Comparing historical and recent data, Maguire et al. (2011) found obvious decline in
the number of stone crayfish populations.

The importance of ecological and morphometric research of this crayfish,
species A. torrentium, is justified by the fact that it belongs to an autochthonous
European species, which is on the IUCN list of endangered species, classified
as Data Deficient, a category of species that are not sufficiently studied and are
threatened to be extinct due to changed life conditions caused by anthropogenic
influence.

As preliminary studies determined the presence of this species in Mlinska
River (Rolji¢, 2020), our intention was to describe its morphometric characteristics.
This research aims to determine whether there are differences between the
morphometric characteristics of males and females and to observe the condition
status of the captured individuals in order to estimate the possible pressure on
the population of stone crayfish.

Material and Methods

Description of the research location

Between JoSavka Donja and Dubrava Stara, northern of Dubrava Nova
location, in a rolling-upland country area, there is a relatively dense spring
catchment area of the Mlinska River. It consists of two source branches: left,
from Matino brdo at 275 m height above sea level, and right, from Crna stijena
at 340 m altitude. A permanent watercourse is formed on 275 m above sea
level, while the mouth into Josavka is on up to 240 m altitude, so considering
the total length of watercourse, the river does not have a large absolute, nor an
average drop (Rajcevi¢ and Crnogorac, 2011). A riverbed is originally
preserved and is sometimes used for irrigation in the upper watercourse of the
Mlinska River. It belongs to watercourses that need to be ecologically
evaluated. GPS coordinates of the studied area: 44.742492° N 17.45392° E,
elevation 252 m.

Methodology

Collection of crayfish samples was performed during June, 2021.
Crayfish samples were collected manually, using LiNi traps with baits and nets
(Westman et al., 1978). All crayfish were caught during the night, in the period
between 8.00 p.m. until 8.00 a.m. To identify freshwater crayfish from the
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Astacidae family, the illustrated key was used (Maguire, 2010). In order to
learn about the fundamental biological characteristics of crayfish, the following
measurements were made: total body length (TBL), claw length (CLL), claw width
(CLW), carapace length (CPL), carapace width (CPW), rostrum length (ROL),
rostrum width (ROW), abdominal length (ABL), first abdominal pleural width
(ABW), telson length (TEL) and telson width (TEW), and apart from these parameters,
values of body weight (W) were measured.

Apart from these parameters, values of two condition indices are to be
checked: Condition factor (Ricker, 1975) according to the formula:

w

F =
¢ TBL3

where we have: CF - Condition factor (g/mm?), W - crayfish weight (g) and TBL -
total length of the individual (mm), and decapods constant (Adegboye, 1981)
according to the formula:

w

CC = 7B x CPLx CPW

where we have: CC — decapods constant (g/mm?), W — total weight, TBL -total
length, CPL - carapace length and CPW - carapace width.

A caliper (brand: Stainless Hardened) with a precision of 0,02 mm was
used to determine the morphometric characteristics, and a technical scale of "Kern"
type (Kern PFB Version 2,2) with max. weighing of 1,200 g with and precision of
0,01 g was used to measure the body weight. The measured values of
morphometric characteristics were statistically processed by using the statistical
program Statistica 6 (minimum, maximum, mean values, standard deviation and
coefficient of variation), interpreted and compared with available data from the
literature.

Results and Discussion

Of 62 analyzed specimen it was found that 22 (or 35.48%) were male,
and 40 (or 64.52%) were female (sex ration close to 1:1.82; y* = 5.23, p <
0.022). This value significantly differs from the theoretical 1:1 value (Aydin et
al., 2015).

Having the information on the sex ratio in population is significant because it
tells us about the health and stability of the population (Jurkovi¢, 2016).
Unbalanced sex ratio may be caused by biased sampling (Deniz et al., 2010),

36 Rolji¢ et al.



but also several biological factors, such as: unequal sex ratio after hatching,
differentiation of immigration, and emigration of individuals of different sex.
Uneven sex ratio can be a consequence of differences in the activity between
different sex (Daki¢ & Maguire, 2016), differences in the age of reaching
sexual maturity, but also different life expectancy of individuals of different
sexes.

The population of stone crayfish at the locality of research has relatively
stable age structure. At the research location in the Mlinska River, the most
common was the group whose length varied between 60-80 mm by 50%. The
longest male was 88.16 mm long, and the longest female was 86.45 mm long,
which is in accordance with the range of 70-80 mm for stone crayfish,
mentioned in the literature (Obradovi¢, 1988), as well as with the values
recorded by Trozi¢-Borovac et al. (2007) and Rajkovi¢ (2012). The heaviest
male weighed 32.41 g and the heaviest female weighed 16.94 g. Higher average
weight of males can be ascribed to the fact that males have larger claws, which
contributes to their body weight in comparison to females (Rajkovié¢, 2012).

Tab. 1. Descriptive statistics - mean value, standard deviation, ranges of measured
morphometric characteristics for all specimens of species A. torrentium
from the Mlinska River

Male (n=22) Female (n=40)
Mean  Min Max  SD Ccv Mean Min Max  SD Ccv
TBL  79.05 62 88.16 7.35 9.30 60.54 3952 86.45 10.03 16.57 p<0.00
w 1751 56 3241 830 4740 7.02 1.6 1694 441 62.82 p<0.00
CLL 2836 1652 3778 591 2084 2187 1247 3602 6.89 3150 p<0.00
CLW 1258 805 1757 293 2329 1023 55 1997 376 3675 p<0.01
CPL 3234 2078 3741 544 1682 2775 181 5108 6.49 2339 p<0.01
CPW  18.80 15 2300 26 1383 1512 923 262 3.68 2423 p<0.00
ROL 7.86 6.9 947 088 1120 7.07 426 1011 157 2210 p<0.03
ROW  6.05 5 799 086 1421 5.01 3.1 7.73 119 2375 p<0.00
ABL 3033 2242 4201 414 1365 1727 876 2852 6.13 3550 p<0.00
ABW 1842 1434 2199 252 1368 13.01 7.36 2392 3.39 26.06 p<0.00
TEL 1169 99 1384 118 1009 9.12 633 1179 146 16.01 p<0.00
TEW 996 846 1146 076 763 734 481 1063 144 19.62 p<0.00

T-test

Using the T-test, a statistically significant difference of the analyzed
morphometric parameters has been found between the sexes (Table 2), which is
explained by the pronounced sexual dimorphism of this type of stone crayfish.
Sexual dimorphism was found, with higher mean values for most males (Table
1), due to allometric growth of adult individuals (Jeli¢, 2014), recorded in previous
morphological studies of crayfish (Grandjean et al., 1997; Grandjean & Souty-
Grosset, 2000; Sint et al., 2005, 2006, 2007; Trozi¢-Borovac et al., 2007; Maguire
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& Daki¢, 2011; Rajkovi¢, 2012; Duretanovi¢, 2019). Maguire's (2002)
statements support our data in which statistically significant differences were
established between males and females concerning body weight, width of the first
abdominal pleura, length and width of the right claws and that represents the
main sex-dimorphic character.

The results obtained for the length-weight (TBL/W, W/CLL) and width-
length (CPW/TBL) relationships, along with some descriptive statistics, are
given in Table 2. Correlation tests have shown that there are significant positive
correlations between the measured parameters for both males and females.

Tab. 2. Descriptive statistics and estimated parameters of weight-length and
biometric relationships for both sexes of A. torrentium from the Mlinska
River. (TBL, total length (mm); W, weight (g); CLL, chela length (mm);
CPW, carapace width (mm)

. . Sex
Drainage area Relation v =
y 0.9881x ~60602  (,3989x —17-131
TBL/W R? 0.7644 0.8222
Correl. 76.44 82.22
. . y 0.6666x * 16683 1 5352 +11.101
M"”;‘;;S"’er WI/CLL R2 0.8760 0.9661
Correl. 87.60 96.61
y O_3X—4.9167 0_337)(—5.2799
CPW/TBL R? 0.7216 0.8411
Correl. 72.16 84.11

According to the values of the calculated indices, it is obvious that the males
are in better condition, which corresponds to findings of the research by Lindquist &
Lahti (1983) and Streissl & Ho6dl (2002). Furthermore, according to the
proposal of Streissl & Hodl (2002), it is possible that this difference is caused by
larger claws in males in comparison to females. Research conducted by Streissl &
Hodl (2002) reveals a relationship between the condition of the stone crayfish body and
characteristics of their habitat. These statements coincide with our results, if we take
into account the characteristics of the above-mentioned location. The sampling
locality is situated in the natural part of the stream, separated from the inhabited
area, without any anthropogenic impact. Indisputably, the life of stone crayfish A.
torrentium is directly dependent on the specific characteristics of the aquatic
ecosystem. Heterogeneity of habitat conditions, quality of the waterbody
substrate as well as the absence of contaminants are prerequisites for the existence and
survival of the species (Troschel, 1997).
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Tab. 3. Values for the condition factor for stone crayfish specimen

Statistical parameters CF

Sex Mean Min Max SD Cv
M 0.033 0.021 0.050 0.009 27.27
F 0.028 0.017 0.045 0.007 25
Statistical parameters CcC

Sex Mean Min Max SD Cv
M 0.367 0.158 0.786 0.149 40.60
F 0.258 0.087 0.487 0.1 38.76

Conclusion

Morphometric features of the Stone crayfish in the Mlinska River were
monitored. Twelve morphometric features and two fit factors were analyzed on 62
specimens (22 males and 40 females). The values obtained for morphometric
features of the stone crayfish in the area of Celinac partially match the known
scope of variability and represent the first data for the investigated area.
Presence of statistically significant difference among adult male specimens
compared to females is justified by emphasized sex dimorphism in the stone
crayfish. Data presented in this paper can serve as a basis for further research of
stone crayfish in this area.
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Mopdomerprjcke KapaKTepUCTUKE U KOHIAUITMOHN UHIEKCH TTIOTOYHOT
paka Austropotamobius torrentium (Shrank, 1803) u3 MiuHCke prjeke

Pajko Possuh?!, Pamocnas Jlexuh!, Exsupa Xaymaxmerosuh Jypuna?, Apmayn
Anposuh?, Bepa Hukomnuh'?

YWausepsumem y Barwoj Jiyyu, Ipupoono-mamemanuraxu gpaxynimem, baroa Jhxa, Penybmuxa Cpnexa
2Vuusepsumem y Tyznu, Ilpupoono-mamemamuuxu gaxyimem, Tyzna, bocua u Xepyezcosuna
3Vuusepsumem y Beozpady, Buonowku gaxynmem,Beozpad, Penybnuxa Cpbuja

Caxerak

3amruhena Bpcra, motodnu pak (Austropotamobius torrentium) mamasu ce
Ha IUCN nmctu yrposkeHHMX BpcTa, Kiacu(pWKoBaHA Kao HEIOBOJFHO ITO3HATA
BpPCTa, jeflHA je OO TeT EeBPOICKHX BpcTa W3 mopomuie Astacidae koje xuBe y
CJIATKOBOJHUM ekocucTteMuma bocHe u Xeprerosuse. [lub oBor pama Ouo je
UCIIMTATH BapujabHIHOCT 0Jja0paHuX MOPGOMETPHjCKIX KapaKTEPUCTHKA MYKjaKa
¥ JKEHKH NOTOYHOr paka Bpcte A. torrentium us ropmer Toka MIHMHCKE pujeke.
PakoBu cy y3opkoBanu TokoM jyHa 2021. rogune u Taaa cy yxsahene 62 jenunke (22
MyxXjaka U 40 >keHKH). PakoBH Cy WCIHUTHBAaHM y CBje)KEM CTamby Ha TEpeHy W Y
nmabopatopuju. OOpana je obyxBatuma mjepeme 12 MopdomeTpujckux KapakTepa:
ykynHa nyxuHa tjena (TBL), texuna (W), nyxuna kngjemra (CLL), mumpuna
knmjemra (CLW), myxuna kapanakca (CPL), mupuna kapamakca (CPW), myxuHa
poctpyma (ROL), mmpuna poctpyma (ROW), nyxuna u mupuna tpdyxa (ABL,
ABW) u nyxuna n mmpuna tenszona (TEL, TEW). IIpocjedna nyxxuna tujena +
SD wu3Hocuna je 79,05 £ 7,35 mm koa Myxjaka u 60,54 = 10,03 mm ko1 >KEHKH.
[Mpoceuna 3abuibexena TexxuHa tujena £ SD Ouna je 17,51 = 8,3 g kon Myxjaka u
7,02 + 4,41 g xox xenku. [IpumjeHOM MeTone TMHEapHE perpecHje yTBpheHa je
MO3UTHBHA Kopenanuja usmel)y nysuHe Thjena u Texune thjena (3 R2=0,7644; Q
R2=0,8222), Texxune tujena u ayxune kmmjemra (3 R2=0,876; @ R2=0,9661),
Ka0 W INMPUHE Kapamakca u ayxuHe Tujena (4 P2=0,7216;9 R2=0,8411).
[Ipumenom T-tecta yTBp)eHa je CTAaTUCTHUKM 3HAYajHA pa3/iMKa aHAJIM3HPAHHX
MOpP(OMETPHjCKUX KapakTepa u3Mel)y MojoBa, IITO ce OO0jalllbaBa HU3PaKEHUM
MIOJTHUM TUMOPQHU3MOM KOJI TIOTOYHOT paka. M3pauyHaTte BpemHocTH 3a DynToHOB
KOHAWIIMOHH (akTop 1 KOHCTaHTY AeKarnoJHOT paka yKasyjy a cy MyKjalu y 60Jb0j
KOHJIMIMjH, TITO je y CKIQJy ca pe3yliTaTuMa JOoCalalllibuX HCTPAKUBAA Y
EBporu. ITomanu mpejcTaB/beHH y OBOM pajly MOTY TOCIYXKHTH Ka0 OCHOBA 3a
JlaJba UCTpaXKMBama BpcTe A. torrentium ua oBoM moapydjy.
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