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Abstract

Austropotamobius torrentium (Schrank, 1803) lives in two watercourses,
namely Subotica (Sana) and Toplik (Tilava). The influence of the ecological conditions
of these rivers on individuals of this species is analyzed based on 22 morphometric
parameters. The assessment of abiotic conditions was done through the
measurement of physical and chemical water parameters and the analysis of the
composition of phytobenthos and macrozoobenthos. Sampling was carried out in
June, September, and October 2021. Water quality at the investigated localities
(on the basis of abiotic and biotic parameters) is oligo to betamesosaprobic. A
total of 37 crayfish were analyzed (20 from Subotica and 17 from Toplik). Female
crayfish have shown significant differences in the head width (HEW) and abdominal
thickness (ABH). Males differed significantly in a number of parameters, including
the weight (W), head shape (HEL and HEW), rostrum length (ROL), carapace width
(CPW), and abdominal shape (ABH and ABL). Higher values of the indicated
parameters have been found in the males from the Subotica River. The obtained
results are influenced by different ecological conditions of their habitats. The
Subotica River is a larger watercourse in the lowland belt with a large number of
microhabitats, and the Toplik is a small river in the mountain belt, with uniform
sediment and a small number of ecological niches of the analyzed species. The
general ecological conditions in the water of both watercourses are also affected by
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aquaculture facilities, where wastewater has a direct influence on the distribution
of Austropotamobius torrentium individuals in the watercourses of the Subotica
and Toplik Rivers. For more detailed and complete data, it is necessary to analyze
a larger number of individuals in both populations, and to include additional
morphometric-meristic parameters and molecular-genetic analyses.

Key words: stone crayfish, water quality, fish farm, morphometric
characteristics.

Introduction

Austropotamobius torrentium (Schrank, 1803) is a species of freshwater
crayfish in the Astacidae family. It dominates the Black Sea basin in central and
south-eastern Europe (Holdich, 2002; Kouba et al., 2014), and also inhabits parts
of the Adriatic basin. According to previous research (Streissl and Hodl, 2002),
this species prefers lower water temperatures, sediment large stones, and
watercourses at higher altitudes (hilly to mountainous). Due to the increasing
degradation of watercourses, the threat to its habitat has been emphasized for
many years (Fureder et al., 2010; Maguire et al., 2017). Consequently, it is
considered an endangered species and is listed in Appendix Il of the Berne
Convention, in Appendix Il and V of the Habitats Directive (92/43 / EEC), it is
listed as a data deficient species (DD) on the IUCN Red List of Threatened
Species (Fureder et al., 2010). It is registered throughout the entire Balkan
peninsula, i.e., in Bosnia and Herzegovina (Karaman, 1963; Trozi¢-Borovac,
2011; Rolji¢ et al. 2022), Croatia (Maguire et al., 2017), Slovenia (Bedjanic,
2004), Serbia (Simi¢ et al., 2008), Republic of Macedonia (Slavevska-
Stamenkovi¢ et al., 2017), Montenegro (Simi¢ et al., 2008; Rajkovi¢, 2012),
Albania (Mrugala et al., 2017), Greece (Vlach, & Valdmanova, 2015), Bulgaria
(Hubenova et al., 2010), and Turkey (Harhdglu & Guner, 2006). In Bosnia and
Herzegovina and Croatia, this is the most widespread species of crayfish from
the Astacidae family. Morphometric characteristics vary depending on changes
in environmental conditions (Sint et al., 2007). Considering its global status, it is
of great importance to review and determine the parameters which will contribute
to a deeper understanding of biology of this species.

Material and methods

The Subotica River is a right tributary of the Gomjenica River (the Sana
River). The spring is located in the locality Strmec at an altitude of 520 m. GPS
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coordinates of the studied area are 44.783092°N, 16.960986°E elevation 195 m
(Fig. 1). The Toplik stream is a right tributary of the Tilava River. The sampling
location is in the town of Toplik and starts from the spring downstream and the
Toplik pond. GPS coordinates of the part of the stream where the crayfish were
found are 43.83622° N and 18.231966° E, elevation 551 m (Fig. 1). There is a
fish farm upstream on the Subotica River, and a smaller fish farm on Toplik is
located at the research level.

@ Subotica
Toplik

Fig. 1. Location of the investigated localities

Physico-chemical water parameters as well as the phytobenthos and
macrozoobenthos composition were analyzed. The physical and chemical
parameters were measured in the field with an oximeter (Oxi 3205 Set 3 2BA103
WTW) and in the laboratory at the Faculty of Science and Mathematics in Banja Luka.
The following parameters were analyzed: water temperature, oxygen concentration,
saturation, nitrogen, phosphorus, BOD5, and electrical conductivity. Sampling
of phytobenthos was carried out in the Subotica River using standard
methodology, and further treatment of samples and determination was carried out in
the laboratory of the Faculty of Science and Mathematics in Banja Luka. Sampling
of macrozoobenthos was carried out using a net with a 0.5 mm diameter mesh.
For the purposes of water quality evaluation, the Pantle-Buck saprobic index was
applied (SI=), (h-s)/h). Sampling was done during September and October 2021
(the Subotica River) and from June to September 2021 in the Toplik River. Based
on the obtained abiotic and biotic data, in order to determine the degree of
similarity/ difference between sites, the Bray-Curtis index of similarity was
applied (software Primer 5). Twenty one morphological characteristics were
recorded for each crayfish (Sint et al. 2005). After the measurements, the
individuals were returned to the watercourse. All data were normalized for size
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by dividing them with the corresponding postorbital length (POL) and only
normalized values were used in the analysis. The Fulton's condition factor was
checked according to the formula: FCF= W/TL3 and the decapods constant
according to the formula: CC=W/(TLx CPLx CPW). A calliper with a precision
of 0.02 mm was used to measure all morphometric characteristics. Technical
scales (Kern PFB Version 2.2) with a precision of 0.01 g was used to measure
the body weight. The values obtained for morphometric parameters were
analyzed by using the IBM SPSS Statistics 25 software and Primer 5.

Results and discussion

A high concentration of oxygen was determined in the Subotica (9.83 mg/l)
and Toplik Rivers (9.80 mg/l). All analyzed parameters (TP, TN, nitrates,
nitrites) were within the limits for clean waters with a small inflow of
allochthonous organic matter (Table 1.).

Tab. 1. Presentation of the values of the physical/ chemical parameters of water at the
investigated localities of the Subotica and Toplik Rivers

Parameter Unit Toplik  Subotica Quality category
Electrical conductivity uS/cm 280 488 land 1l
Dissolved O, concentration mg/l 9.80 9.83 |
Saturation O; % 90.2 95.1 |

BOD5 mg/I 1.25 1.89 |

pH 8.01 8.36 |

Total phosphorus TP (g/mP) - <0.01 I

Nitrite (9/m3N) - 0.004 I

Nitrate (g/m®N) - 0.9 I

The phytobenthos composition analysis showed the dominance of
Bacillaryophicea with 10 taxa which indicates a good ecological condition, based
on the value of the saprobic index (SI). The presence of Cyanobacteria and
Chlorophyta in the Subotica River is the result of pollution and influx of
allochthonous organic matter. These species are a food source for herbivores in
the water. The composition of the macrozoobenthos of the Subotica and Toplik
Rivers is dominated by the preimaginal stages of the Ephemeroptera and
Trichoptera (ET group). The dominance of the amphipod Gammarus balcanicus
(Schéaferna, 1922) was registered in the samples of the

Toplik stream. According to the saprobic index values (S=1.8 and 1.72),
parts of the watercourse in the investigated sections are in the oligo to
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betamesosaprobic category (11 quality category) based on the Regulation on the
classification and categorization of watercourses (SI. Glasnik RS 41/01). By
applying the Bray-Curtis index of similarity, a high degree of similarity (82.44%)
between the research sites was determined.

For the purposes of morphometric analysis, 20 individuals from the
Subotica River were used (14 & and 6 Q), while seventeen individuals were
analyzed from the Toplik River, ten males (58.22%) and seven females (41.78%).
Due to the gender dimorphism being significant (p<0.01) for most parameters
(Grandjean et al., 1997), the first step of the analysis was to compare the
measured morphometric parameters between the sexes. Based on the comparison
of all females (13 individuals) and all males (24 individuals) from both
watercourses, a strong statistically significant difference (p<0.01) was found in
the total body weight (TL), cheliped length (CLL), cheliped shape (CPL, CFL,
CLW, CLH), abdominal width (ABW), rostrum length (ROL), rostrum width
(ROW), and telson shape (TEL and TEW), and in value of the condition index.
According to the T-test results, the females from two sites/ river have shown a
statistically significant difference in the head width (HEW) and abdominal height
(ABH) (Table 2.). The average body length (TL) in the females from the Subotica
River was 78.44 £7.60 mm and the maximum length was 90 mm. The female
individuals from the Toplik River had a slightly shorter body length (65.60+6.17
mm), while the maximum value was 75.21 mm. Higher weight values were
measured in the individuals from Subotica. The fitness index values do not differ
statistically (slightly higher values in the females from Toplik), which indicates
similar ecological conditions in the examined watercourses.

Tab. 2. Descriptive statistics of morphometric parameters of female Austropotamobius
torrentium from the Subotica and Toplik Rivers for which a significant difference
and fitness index was determined

Subotica Toplik

Par. - - Sig
Mean Min Max SD Mean Min Max SD

TL 78.44 68 90 7.6 65.61 60.21 75.21 6.17 >0.05
W 16.51 11.44 22.09 35 9.41 6.25 12.78 251 >0.05
HEW 12.59 10.23 139 1.24 8.87 6 13.53 3.48 <0.01
ABH 18.37 9.3 34.06 115 7.71 7.1 9.01 0.72 <0.01
FCF 0.000033  0.000024 0.000037  0.000005 0.00003  0.00003 0.00004 0.000003 >0.05
cc 0.0003 0.00024 0.00036  0.000048 0.0003 0.0002 0.0003  0.000033 >0.05

Abbreviations used are measured morphometric parameters (Par.); total length (TL); weight (W); head width (HEW), and
abdominal height (ABH).

A significant correlation in the female crayfish was found for the body
length and weight, TL: W r=0.985 p<0.01 as well as for TL:ROLr=0.828**
p<0.01 (Graph 1.).
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Graph 1. Correlation of morphometric parameters (TL:W and TL:ROL) of the female
crayfish from the Subotica and Toplik Rivers

The males from the Subotica River had a larger average body length
(75.79£13.06 mm), compared to those from the Toplik River (68.40+8.05 mm).
The difference in the body length is not statistically significant. However, the male
individuals from the two studied watercourses have shown a statistically significant
difference (p<0.01) in the weight, head width (HEW), abdominal height (ABH),
and telson length (Table 3). Additionally, the males from Toplik have had a
higher fitness index value, while all other parameters have higher values in the
males from the Subotica River. The fitness index values, though, have not shown
a statistically significant difference. The individuals differed significantly in the
length of the rostrum (ROL), head length (HEL), areolar length (ARL), width of
the carapace at the hind edges (CEW), and abdomen length (ABL).

Tab. 3. Descriptive statistics of morphometric parameters of male Austropotamobius
torrentium from the Subotica and Toplik Rivers for which a significant difference
and fitness index was determined

Subotica Toplik .
Par. - - Sig
Mean Min Max SD Mean Min Max sD

TL 75.79 53 102 13.06 68.4 54.9 76.2 8.05 >0.05
w 21.49 5.1 39.1 10.56 16 9.81 21.85 4.45 <0.01
ROL 8.77 6.8 10.9 1.46 8.26 5.59 10 1.16 <0.05
HEL 16.71 10.8 233 3.22 15.25 12 18.61 2.49 <0.05
HEW 12.21 8.6 15.7 1.87 11.79 6.15 15.37 3.45 <0.01
ARL 13.67 79 16.7 2.42 12.05 8.99 14.17 2.1 <0.05
CEW 14.09 9.7 17.6 224 12.28 9.01 15.11 2.15 <0.05
ABH 13.71 7.4 34.13 7.84 7.41 5.38 11.02 191 <0.01
ABL 30.69 21 49 6.65 23.16 19.97 25 2.08 <0.05
TEL 10.64 79 13.3 1.56 9.66 5.2 12.02 1.85 <0.01
FCF 0.0003 0.00017 0.00037  0.000049  0.00036 0.0004 0.00005 0.000003 >0.05
CcC 0.0005 0.000031  0.000055 0.000008 0.000049 0.00005 0.000008 0.000033 >0.05

Abbreviations used are measured morphometric parameters (Par.); total length (TL), weight (W), rostrum length (ROL),
head length (HEL), head width (HEW), areolar length (ARL), width of the carapace at the hind edges (CEW), abdominal
height (ABH), abdomen length (ABL), and telson shape (TEL).
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A high correlation in the male crayfish has been found between the total
body length and weight (TL:W, r=0.911, p<0.01) and for the claw length CLL
and claw width CLW r=0.972 p<0.01 (Graph 2.).
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Graph 2. Correlation of morphometric parameters (TL:W and CLL:CLW) of the male
crayfish from the Subotica and Toplik Rivers

Morphometric  characteristics are an important parameter for
understanding the biology and ecology of this species. Comparison in different
habitats is important for determining the parameters that condition/ limit the
growth of populations of this species (Lovrencic¢ et al., 2020). In this study, the
males were longer than the females and had larger chelipeds, and the abdomen
was wider and longer in females, which was also found in the crayfish
populations from other watercourses (Grandjean and Souty-Grosset, 2000;
Streissl and Hodl, 2002; Parvulescu, 2010). At the research sites, the presence of
fish farms was found, which affects the spread of crayfish populations. Fish pools
limit the movement and distribution of individuals along the stream. According
to previous data, the species is distributed in streams with stable stony sediment,
at higher altitudes, and low water temperature (Machino & Fireder, 2005;
Fureder et al., 2006; Vlach et al., 2015; Kouba et al., 2014; Maguire et al., 2017),
which was also confirmed by these studies. In Europe, it has been emphasized
that the lotic habitats of this species are threatened by anthropogenic influences,
and by the introduction of invasive species of crustaceans (Maguire et al., 2017).

Conclusion

Ecological conditions (sediment, water quality, anthropogenic influence,
etc.) have a direct impact on the existence and phenotypic characteristics of the
crayfish in the Subotica and Toplik River. High oxygen concentrations, low
temperature, sediment, and good water quality in the studied watercourses
resulted in relatively high fitness indexes in the individuals. The negative impact
of fish farms on the investigated localities is visible through the development of

Agro-knowledge Journal, vol. 23, no. 4, 2022, 237-247 243



cyanobacteria and the presence of fish food residues and feces, which will
eventually result in changes in water quality and the survival of the crayfish
population. The morphometric parameters as well as the fitness index are good
tools in determining the condition of the crayfish populations. However, extensive
molecular phylogenetics and phylogeographic research will provide a more complete
and objective overview of this species in the researched area and beyond.
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Exooniku ycnoBu 1 (peHOTHUIICKE KapakTeprcTrke Austropotamobius
torrentium (Schrank, 1803) y Bogororuma Cy6otuna u Torumk

Can6epa Tposxuh-Boposarr’, Pajko Possuh?, Panocnas Jlexuh? Maja Manojnosuh?,
Bepa Huxonuh?, Ceetnana Jlonuh?, Canga Muynh-Kypraruh?, Cenan lllibyka'

YVnusepsumem y Capajesy, lpupoono-wamemamuuxu gaxyimem, Bocna u Xepyezosuna
2Vuueepsumem y Bawoj Jyyu, Ipupoono-wamemamuuxu paxyrmem, Penybauxa Cpncka,
bocna u Xepyezosuna
3Vuueepsumem y Beozpady, Buorowxu gaxyaimem, Cpbuja
* Vuueepsumem y Capajeey, Mawuncku gaxynmem, Bocna u Xepyezoeuna

Caxerak

Austropotamobius torrentium (Schrank, 1803) »uBwu y a8a Bogotoka Cy6oTHIa
(Cana) u Tornuk (Tunasa). YTHIIA] €KOJOIIKUX YCJIOBA aHATIM3UPAH j€ KPO3 Mjepere
22 mopdomerpujcka mapameTpa Ko 37 jeMHKH MOTOYHOT paka. [IpoljeHa eKomomKx
yCJIOBa M3BPIIIEHA je MjepermheM (QU3MYKHX M XEMH|CKHX Iapamerapa BoJie, Te aHaITU3y
cacraBa pUTOOEHTOCA M MaKPO300OEHTOCA. Y30pKOBaE j& M3BPIIICHO Y jyHY, CENTeMOPY
1 okTo0py 2021 rogune. YTBpheHu KBauTeT Bojie (Ha OCHOBY a0MOTUYKUX M OMOTUYKUX
napamerapa) Ha MCTPOXMBAHUM JIOKATUTETHMA je OJUro A0 Oerame3ocamnpoOaH.
Mopdometpujcka ananu3za u3BpiueHa je Ha 37 jenunku (20 u3 pujeke Cyborune u 17
u3 Tormmmka). JKeHke MOTOYHOT paka M3 IBa BOJOTOKA, [TOKA3yjy 3HaYajHE PA3ITHKE
y mupuan rinase (HEW) u ne6spunn abmomena (ABH). Myxjanu ce 3HadajHO
pasKKyjy 1o 6pojHUM mapamerpuMma, yKbydyjyhu texuny (W), o6uk riase (HEL
i HEW), nyxuny pocrpyma (ROL), mmpuny oxmona (CPW) u o6auk abmomeHa
(ABH i ABL). Behe BpujeiHOCTH HaBeICHUX MapaMeTapa yTBpheHe cy Ko MysKjaka
u3 pujexe Cy6orune. Ha nobuBene pesynTare yTjedy pasInuuTH €KOJIOMIKU YBjE€TH
BUXOBUX cTaHumTa. Pujeka CyGoruna je Behn BOJOTOK y HU3HjCKOM Iojacy ca
BEJIMKUM OpojeM MUKPOCTaHMIITa, a TOIUIMK je pjeuriia y IIaHMHCKOM TI0jacy, ¢
yjeHaueHUM CeTMMEHTOM M MaJlMM OpOjeM eKOJIOMIKKUX Hula. Ha omhe exosnomike
ycioBe y Boau 00a BOJOTOKA YTHUY M O0jEeKTH aKBaKyJIType, YHMje OTIaAHE BOJE
UMajy JUpPEKTaH YyTHIa] Ha aucrep3ujy jenunkd Austropotamobius torrentium y
BojgoTounma Cybotuiia u Tortuk. 3a qeTaJbHUj€ U HOTIYHH]E MOAaTKE IOTPEOHO je
aHanu3upatu Behm Opoj jeanHku y oOje momynanuje, T€ YKJBYYUTH JOAAaTHE
MOP(OMETPHjCKO-MEPUCTHUYUKE TTapaMeTpe U MOJIEKYJIapHO-TEHETHYKE aHATTU3E.

Kmyune pujeuu. xaMeHW pak, KBaJIHTET BOJle, pUOMmaK, MOpHoMeTpHjcKe
KapaKTEePHUCTHKE
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