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Abstract. The karstic Una River is one of the larger tributaries of the Sava River. Although being a
part of Balkan biodiversity hot-spot, aquatic macroinvertebrates of the Una are rarely studied. The
aquatic macroinvertebrates sampling was performed in the summer of 2015 throughout the upper
river stretch covering the Una and its tributaries situated in the Una National Park (Una NP). A rich
community  consisting  of  130  macroinvertebrate  taxa,  with  dominance  of  Trichoptera  and
Ephemeroptera,  was  detected.  A  snail  Sadleriana sp.  and  endemic  gammarid  Echinogammarus
acarinatus were found to be dominant taxa in terms of percentage participation and frequency of
occurrence.  Mollusca  and Crustacea  were  found to  be the  most  abundant  groups,  with higher
abundance in the Una River than its tributaries. Although a higher overall taxa richness was found
in tributaries, calculated biotic indices and evenness pointed to greater diversity in the Una River.
Additionally,  BMWP and ASPT scores  were  also  higher  in  the  Una  River  than its  tributaries.
Calculated  Jaccard  index  value  pointed  to  moderate  faunistic  similarity  between  investigated
communities. Obtained results suggest that investigated upper stretch of the Una River harbours a
high diversity and rather homogenous macroinvertebrate community.
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Introduction
On  global  scale  aquatic

macroinvertebrates  are  well  studied
component  of  aquatic  animal  diversity.
Fairly  diverse  freshwater  habitats  in  rivers

allow  the  existence  of  high  variety  of
endemic,  relict  or  rare  macroinvertebrate
species.  In Europe, the Balkan Peninsula is
recognized  as  one  of  the  main  hot-spot  of
animal diversity (Griffiths et al, 2004; Savic,
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2008). It is particularly true in the case of its
karstic  parts,  such  as  Dinaric  region
(Western  Balkan),  which  harbours  rich
communities  of  aquatic  macroinvertebrates
(Previsic  et  al,  2009;  Klobucar  et  al,  2013).
The  most  recognizable  macroinvertebrates
representatives in Dinaric karstic rivers  are
aquatic  insects  (i.e.  Matonickin  &  Pavletic,
1960b;  Habdija  et  al,  1997;  Radja  & Puljas,
2008; Płóciennik et al, 2016; Savic et al, 2017;
Vilenica et al, 2017).

Una is  karstic  river,  one of  the largest
tributaries of the Sava River. Although a part
of  biodiversity  hot-spot,  aquatic
macroinvertebrates compositions of the Una,
particularly its upper part are rarely studied.
To  date,  apart  from  study  of  complete
macroinvertebrates  communities  at  few
waterfalls  (Matonickin  &  Pavletic,  1960b)
researches were conducted with amphipods
(Zganec  et  al,  2010;  2016),  water  quality
assessment  (Trozic-Borovac  and  Skrijelj,
2000; Kerovec et al, 2005; Nogic et al, 2016)
and fish-diet (Trozic-Borovac. 2002).

Being  aware  of  the  gaps  in  published
data we focused our research on the upper
river stretch in the area which nowadays is
part  of  the  Una  national  park  (located  in
Bosnia  and  Herzegovina),  aiming  to
contribute  to  the  knowledge  of  its  aquatic
macroinvertebrates  fauna  and  to  raise
awareness of importance of preserving this
Dinaric hot spot. Furthermore,  we intend to
assess  overall  aquatic  macroinvertebrates
diversity  (based  on  biotic  indices)  and
habitat quality (based on BMWP and ASPT
scores)  between  the  Una  and  its  studied
tributaries.

Material and methods
Study area

The  upper  Una  stretch  is  situated  in  the
south-western  part  of  Bosnia  and
Herzegovina  (Fig.  1).  From  the  2008,  this
area is under protection as a national park.
Investigated  area  belongs  to  inland  water
ecoregion  Dinaric  Western  Balkan  (Illies,
1978).

Fig. 1. Investigated localities at the upper Una stretch (the Una NP): 1- Una (Strbacki Buk)
N44°39'21.72" E 16° 0'39.53"; 2- Una-(Bjelila) N44°40'11.46" E15°58'49.48"; 3- Una (Loskun) N

Una (Loskun) N44°41'39.60" E15°57'29.05"; 4- Una (Martin Brod) N44°29'47.23" E16° 8'0.63"; 5.
Djukanov potok N44°42'54.81" E15°56'3.38"; 6. Ostrovica N44°33'32.51" E16° 5'19.71"; 7.

Toplica (Klisa) N44°35'45.25" E16° 3'59.78"; 8. Krka (Radjenovici) N44°25'21.34" E16° 8'38.72";
9. Unac (Bastasi) N 44°23'41.69" E 16°19'39.08".
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Situated in Dinarids, a karst mountain
range, the Una River water is characterized
by  high  alkality  and  carbonate  solidity,
harboring  favorable  conditions  for
formation  of  calcareous  sinter,  although
due  to  lower  water  temperature  this
process  is  slower,  excluding  parts  with
better  aeration  (such  as  bigger  (tectonic)
slaps  –  Martin  Brod  and  Strbacki  buk)
(Matonickin  &  Pavletic,  1960a;  Bognar
2005).

The investigated upper part of the Una
(Una national park - NP) is situated in not
so  inhabited  area.  Bottom  sediments  at
sampling  localities  were  characterized  by
dominance  of  lithal,  mesolithal  and
psammal. Primary producers consisting of
aquatic  macrophytes  mosses  (Bryophyta)
and  epiphytic  algae  were  common  in
localities  along the  Una,  and also  present
in the Ostrovica Stream.

In total samples from 9 localities were
taken, of which four were situated on the
Una,  while  five  were  situated  on  various
Una tributaries (Fig. 1).

Among  five  tributaries  investigated,
two were larger  (the Unac and the Krka),
and three were  smaller  streams,  of  which
two  (Ostrovica  and  Toplica)  in  Kulen
Vakuf  were  with  partially  captivated
springs (Dzankic et al., 2006).

Sampling and data analysis
The  sampling  was  performed  by  the

standard  benthological  hand-net  (25x25
cm,  500 μm mesh size)  in the  Summer of
2015.  One  cumulative  sample  per  locality
was  taken  and  multi-habitat  procedure
was  applied  (Hering,  2004).  All  samples
were  preserved  with  60-80%  ethanol
solution  and  further  processed  in  the
laboratory.  Identification  of
macroinvertebrates  was  done  by  using
appropriate taxonomic keys.

The  main  physical  and  chemical
parameters  (temperature,  dissolved
oxygen,  conductivity,  pH) were measured
by WTW Multiline IDS field set, while for
an  additional  physical  and  chemical
parameters  (nitrates,  nitrites,  chlorides,

fluorides, total N, total P, Chemical oxygen
demand  (COD),  total  dissolved  solids
(TDS)),  a  1L  of  water  was  taken  at  each
site,  preserved  in  cold  chamber  and
transported  in  the  laboratory  of
Biotechnical  Faculty, Bihac,  were  further
processing  and  measurements  were  done
by  applying  standardized  chemical
protocoles.

To better describe diversity in the Una
River and its tributaries a following biotic
indices were used: Shannon Wienner index
(SWI;  Shannon & Weaver, 1949), Evenness
(Pielou,  1969;  Hill,  1973)  and  Jaccard
similarity coefficient (SJ; Jaccard, 1908). The
first  two  were  calculated  by  ASTERICS
software (version 3.1; AQEM, 2002), while
Jaccard index was calculated manually by
using formula SJ = a/(a + b + c), where „a“
is  number  of  species  common  to  entire
community,  „b“  is  number  of  species
unique to the first community (Una River)
and „c“ is number of species unique to the
second community (tributaries). In order to
assess  water  quality  a  BMWP  and  ASPT
scores (Chester, 1980; Armitage et al, 1983)
were  calculated  by  ASTERICS  (AQEM,
2002).  Kruskal-Wallis  nonparametric  test
(Kruskal  &  Wallis,  1952)  was  used  to
compare  differences  between  calculated
indices  of  the  Una  and  tributaries.  This
analysis  was  performed  in  STATISTICA
software ver. 7 (Statsoft, 2006).

Results
On  Table  1  are  presented  values  of

some  water  parameters  measured  at
localities  of  Una  River  and  its  tributaries
(Table 1).

A  rich  community  consisting  of  total
of 130 macroinvertebrate taxa, with insects
being the most diverse group (Trichoptera
and Ephemeroptera with 27 taxa each; Fig.
2a) was recorded. 

A  higher  taxa  richness  was  found  in
tributaries  compared  to  the  Una  River
itself (108 vs 82 taxa), mainly due to higher
number  of  taxa  from  groups  Trichoptera,
Ephemeroptera,  Diptera  and Odonata.  On
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the other hand, in the Una River a higher
diversity of Mollusca was recorded, while
regarding  Oligochaeta  and  Crustacea,  no
notable  difference  in  number  of  taxa
between the Una River and the tributaries
was found. 

Regarding calculated biotic indices (H
and  Evenness)  a  somewhat  different
situation  occurred,  with  higher  values  of
these indices  in the Una River  than in  its
tributaries  (Fig.  3a,b).  However,  the
performed  nonparametric  test  (Kruskal-
Wallis)  showed  that  found  differences
were not statistically significant (at the p=
0.05  level).  The  obtained  value  of  the
Jaccard  index  (SJ=0.41)  pointed  to
moderate  similarity  between  tested
communities (Samples from the Una River
and samples from its tributaries. Values of

BMWP and ASPT indices (Fig.  3c,d)  were
higher and more variable in the Una River
than  its  tributaries.  In  respect  to
abundances/relative  percentage  of
community,  somewhat  different  picture
arises  (Fig.  2b). Mollusca  and  Crustacea
were  found  to  be  the  most  abundant
groups  overall.  Diptera,  the  third  group
regarding  abundances  overall,  was  the
most  abundant  group  in  the  tributaries,
followed by the Mollusca and Crustacea.

A snail Sadleriana sp. was the dominant
component of recorded macroinvertebrates
community  overall.  It  was  omnipresent
(found in all samples) and occupied 28% of
the overall community recorded during our
investigation.  The  highest  abundance  was
recorded  in  samples  1  (78%  of  total
community) and 4 (52%).

Table 1. Main values of selected physico-chemical parameters.

UNA MU Minimum Maximum Median Mean SD (n-1)
SE of
the

mean

Median
AD

Temperature
oC 10.9000 11.7000 11.1500 11.2250 0.3403 0.1702 0.1500

pH 7.7500 8.0400 7.8200 7.8575 0.1271 0.0636 0.0450
Conductivity μS 328.0000 412.0000 392.0000 381.0000 36.7967 18.3984 12.5000
COD mgO2/l 3.2000 7.2000 6.4500 5.8250 1.8410 0.9205 0.6500
Total P mg/l 0.1400 0.4800 0.2200 0.2650 0.1484 0.0742 0.0450
Sulphates mg/l 26.1530 35.1160 30.9055 30.7700 4.3230 2.1610 3.5120
Nitrates mg/l 0.8410 2.0360 1.0300 1.2343 0.5419 0.2709 0.0975
Chlorides mg/l 4.1270 5.2740 4.8835 4.7920 0.5605 0.2803 0.3725
Fluorides mg/l 0.2570 0.4280 0.3265 0.3345 0.0792 0.0396 0.0570

TRIBUTARIES MU Minimum Maximum Median Mean SD (n-1)
SE of
the

mean

Median
AD

Temperature oC 9.4000 11.3000 11.2000 10.6000 0.8860 0.3962 0.1000
pH 7.2500 7.9600 7.6400 7.5980 0.2769 0.1238 0.2300
Conductivity μS 324.0000 386.0000 354.0000 354.4000 21.9727 9.8265 2.0000
COD mgO2/l 2.9000 6.2000 3.3000 3.8000 1.3601 0.6083 0.2000
Total P mg/l 0.0100 0.3600 0.0310 0.1302 0.1609 0.0720 0.0210
Sulphates mg/l 21.3050 36.3490 22.7830 26.5270 6.4210 2.8710 1.4780
Nitrates mg/l 0.1260 1.7640 0.7620 0.687 0.941 0.420 0.6360
Chlorides mg/l 5.0430 8.0920 6.0340 6.2734 1.1776 0.5266 0.6160
Fluorides mg/l 0.2130 0.3150 0.2310 0.2408 0.0424 0.0190 0.0170
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Fig. 2. (a) Taxa richness and (b) percentage participation of main taxonomic groups recorded
at the upper Una stretch; x axis - main taxonomic groups, y axis - number of taxa (a) and

percentage participation of taxa in the sample (b).
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Fig. 3. A comparison of values of calculated indices of diversity (SWI), evenness, BMWP and
ASPT between the Una River (code a) and its tributaries (code b).

 On the other hand, in samples 2 and 6,
this gastropod was represent with only 4%
and  2%  in  the  community,  where  in,  the
highest  abundance  of  the  Echinogammarus
acarinatus  (17% of  overall  community,  with
frequency  of  occurence  (F)  of  0.89)  was
observed.  Both  of  these  dominant  taxa
overall  were  more  abundant  in  the  Una
(than in tributaries)  where were comprised
35% and 20% of the community (versus 21%
and 13% in tributaries), respectively.

Among  the  Diptera  fauna  the  most
dominant  was  the  group  Chironomidae
(17% of overall community). These dipteres
were  more  abundant  in  tributaries,
particularly in samples 7 and 4, where they
consist 58% and 29% of the total community.

The  found  Niphargus  spp.  group  probably
consisted of two taxa, one of which could be
a hypogean,  while  the  other  one based on
morphological  characters  could  belongs  to
one of a few epigean niphargids, apart from
Niphargus  hrabei,  S.  Karaman,  1932 and
Niphargus  valachicus,  Dobreanu  and
Manolache,  1933.  It  should  be  mentioned
that  in  the  same  samples  with  these
Niphargus specimens,  an  abundant
gammarid  population  (dominated  by  E.
accarinatus and  G. balcanicus) was recorded.
In our research E. accarinatus was dominant
amphipod  and  one  of  the  most  frequent
species.  Especially  abundant  it  was  in  the
sample  8  (the  Una  downstream  Martin
Brod).  Among  coleopterans,  Limnius
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volckmari  (both  adults  and  larvae)  was  the
most  numerous/abundant  taxon.  In  the
main stream/Una it was much more present
and  numerous  than  in  tributaries.  Other
numerous  and  common  beetle  found  was
Elmis sp. (posibly E. bosnica, but due to lack
of taxonomic keys for larvae it could not be
identified  to  species  level)  and  E.  latreillei
were  evenly  numerous  in  Una/tributaries.
Finally  Esolus  angustatus,  one  of  common
coleopterans  recorded  in  this  investigation
was  more  abundant  in  tributaries.  Among
Ologochaetas naidids  Nais sp./N. bretscheri
were  more  abundant  in  tributaries  than in
the  main  course  of  the  Una.  Regarding
molluscs,  Sadleriana sp.  was  found  to  be
dominant  taxon  in  this  investigation,  as
mentioned before. Other molluscs were less
numerous,  and  except  Bythinella sp.  and
Pseudosuccinea columella were more common
in the  Una River  itself.  In  case  of  succinid
this could be explained by the fact that they
are  mostly  semiaquatic  and  commonly
found  in  waters  with  dense  riparian
vegetation,  as  in  case  of  a  smaller  Una
tributaries  here.  Although  mayflies  were
more abundant in the Una, in tributaries  a
greater diversity was recorded. Among more
common (abundant and frequent) taxa here
only  B.  rhodani was  evenly  numerous  and
frequent  in  Una  and  tributaries.  A  more
common presence of Ephemerella ignita in the
Una (than in tributaries) was recorded.

Discussion
High  macroinvertebrates  taxa  richness

found (130 taxa) and the dominance of insect
could be expected for mountainous rivers in
the  region  (Habdija  et  al,  1997;  Radja  &
Puljas,  2008).  Diversity in  karstic
rivers/streams is influenced by specificity of
habitats and geological (limestone) substrate
(Radja  &  Puljas,  2010).  A  higher  taxa
richness  found  in  tributaries  was  due  to
higher  number  of  taxa  from  groups
Trichoptera,  Ephemeroptera,  Diptera  and
Odonata.  Higher  abundances  of  mollusks
and crustaceans recorded in the Una, could
be  expected  due  to  more  stable

environmental conditions, which favor these
fully  aquatic  groups.  An  explanation,
mentioned in case of the diversity of groups
(regarding  its  presence  in  the  Una  vs
tributaries)  could  be  implemented  here,  as
well – Diptera, as insects distinguish shorter
aquatic  life-phase  and thus  they should be
more  adapted  to  less  stable  habitat
conditions,  especially  in  case  of  streams
running  dry  (which  is  common  in  case  of
karstic, especially smaller watercourses). An
occasionally  running  dry  is  common
characteristic  of  some  smaller  carstic
watercourses (Matonickin et al, 1972). In our
investigation intermittent watercourses were
present (localities 4, 5 and 6), though during
our  investigiation  those  were  not  dry,  yet
with  a  fairly  low  water  levels  (personal
communication).  Unstable  conditions
inevitable  cause  adaptation  of  its  biota
(macroinvertebrates  included),  leading  to
higher presence of more adapted taxa, such
as insects with semiaquatic shorter life cycles
and faster colonization abilities (Williams &
Feltmate,  1992).  Additionally,  more
pronounced  differences  in  physical  and
chemical  water  conditions  present  in
tributaries  could  influence  found
macroinvertebrates species, as well (Dzankic
et  al,  2006).  Although,  higher  diversity
(reflecting as taxa richness and H index) was
present in tributaries, a higher values of the
evennes, along with higher values of BMWP
and ASPT indices, pointed to importance of
more  stable  water  conditions,  which  allow
more  persistent  habitat  variety  and
simultaneously more suitable environmental
condition  for  aquatic  macroinvertebrates
communities in such karstic environment. 

In  respect  to  abundances/relative
percentage  of  investigated  community,  a
different  picture  arised,  with Mollusca and
Crustacea  found  to  be  the  most  abundant
macroinvertebrates.  However in tributaries,
Diptera  (the  third  most  abundant  group
overall)  was  the  most  abundant  group,
followed by Mollusca and Crustacea. Higher
abundances  of  mollusks  and  crustaceans
recorded in the Una/mainstream, could be
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expected due to more stable environmental
conditions,  which  should  favor  these  fully
aquatic  groups (for example Mollusca).  An
explanation,  mentioned  in  case  of  the
diversity of groups (regarding its presence in
the  Una  vs  tributaries)  could  be
implemented here, as well – Diptera, as not
entirely  aquatic  insects  and  usually  with
relatively  short  aquatic  phase  should  be
more  adapted  to  more  variable  habitat
conditions  (Williams  &  Feltmate,  1992),
especially in a case of streams running dry,
which  is  common  in  case  of  karstic,
especially smaller,  watercourses (Bonacci et
al, 2013).

A snail  Sadleriana sp.  was omnipresent
and  dominant  component  of  recorded
macroinvertebrates community, followed by
an  endemic  gammarid  Echinogammarus
acarinatus. E. accarinatus is a rather small (up
to 10.5 mm max length)  endemic amphipod
of  western  karstic  Balkan  (Karaman,  1970;
Pinkster  1993;  Zganec  et  al,  2010;  2016).
Although  it  is  considered  as  mesohaline
species (Stock, 1968) it apparently could well
adapt to oligohaline conditions. The species
Gammarus balcanicus is dominant gammarid
in  colder  Croatian  waters  (bellow  20  °C;
Zganec, 2009; 2010), but in our investigation
although it was present and frequent it was
not  abundant  as  previously  mentioned  E.
accarinatus.

The finding of Niphargus spp. coexisting
with  rich  and  abundant  gammarid
population is particularly interesting. Fisher
et al. (2007) analyzed the coexistence of two
species (one niphargyd and one gammarid)
in  Slovenia  and  recorded  dominance  of
gammarids  in  the  mainstream/permanent
stream and the presence of niphargids in the
fissure  system  where  niphargid  species
could  survive  desiccations  and  gammarid
competition.  A  one  endemic  gammarid
present  in  the  investigated  region
(Fontogammarus dalmatinus)  could  not  be
confirmed  in  our  investigation.  A  recent
investigation (Zganec,  2016) states presence
of  this  endemic  gammarid species,  only  in
the  most  upper  Una  part  (spring  and

upstream  Martin  Brod),  along  with
Echinogammarus accarinatus which  was  the
most  common  gammarid  in  this
investigation, so our findings could indicate
somewhat  wider  distribution  and  more
abundant  presence  of  E.  accarinatus in  this
region. 

The  taxa which were  not  identified to
lower/species  level,  particularly  among
Diptera  and  Gastropoda,  could  hide  some
interesting and endemic taxa as well. 

The investigated upper part of the Una
River  (Una  NP)  harbours  high  aquatic
macroinvertebrates diversity,  with few rare
taxa. A pronounced difference in community
structure  between  tributaries  and  the  Una
itself  could  not  be  confirmed,  although
tributaries were more taxa rich, mainly due
to  the  greater  diversity  of  smaller  insects
such  as  caddisflies  and  mayflies.  A
continued research should shed more light
on  aquatic  macroinvertebrates  and  its
community  structure  in  this  protected part
of the Una River. 
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Société  vaudoise  des  sciences  naturelles,
44, 223-270.

Karaman,  G.S.  (1965).  Über  die  Gattung
Fontogammarus  S.  Karaman  in
Jugoslawien.  Fragmenta  Balcanica,  13,
81-89.

Karaman,  G.S.  (1970).  Prilog  poznavanju
Amphipoda.  Kritička  zapažanja  o
vrstama  Echinogammarusacarinatus  (S.
Kar.  1931)  i  Echinogammarus  stocki  n.
sp.  Poljoprivreda i Šumarstvo,  16, 45–66.
(In Serbian).

Kerovec, M., Alibabic, V., Gottstein Matocec, S.,
Popijac, A., Budimilic, A., Mihaljevic, Z.,
Lajtner,  J.,  Zganec,  K.,  Ivkovic,  M.,
Jelencic,  M.  &  Stankovic,  I.  (2005).
Biomonitoring  sliva  rijeke  Une  –  ocjena
kakvoće  vode  temeljem  analize
makrozoobentosa. Prirodoslovno-
matematički  fakultet,  Biološki  odsjek,
Zagreb, Univerzitet u Bihaću, Biotehnički
fakultet, Bihać, pp. 1–24. (In Bosnian).

Klobucar,  G.I.,  Podnar,  M.,  Jelic,  M.,
Franjevic, D., Faller, M., Stambuk, A. &
Maguire I.  (2013).  Role of the Dinaric
Karst (western Balkans) in shaping the
phylogeographic  structure  of  the
threatened  crayfish  Austropotamobius
torrentium.  Freshwater  Biology,  58(6),
1089-1105. doi: 10.1111/fwb.12110.

Kruskal, W.H. & Wallis, W.A. (1952). Use of
ranks  in  one-criterion  variance
analysis.  Journal  of  the  American
statistical  Association,  47(260),  583-621.
doi: 10.1080/01621459.1952.10483441.

Matonickin,  I.  &  Pavletic,  Z.  (1960a),
Biološke  karakteristike  sedrenih
slapova  u  našim  krškim  rijekama,
Hrvatski geografski glasnik,  22(1),  43-55.
(In Croatian).

Matonickin,  I.  &  Pavletic,  Z.  (1960b).
Sudelovanje  pojedinih  životinjskih  i
biljnih  skupina  u  izgradnji  životnih

139

https://doi.org/10.1080/01621459.1952.10483441
https://doi.org/10.1111/fwb.12110
https://doi.org/10.2307/1934352
https://doi.org/10.1023/b:hydr.0000025255.70009.a5
https://doi.org/10.1127/archiv-hydrobiol/139/1997/527
https://doi.org/10.1127/archiv-hydrobiol/139/1997/527
https://doi.org/10.1007/978-1-4020-2854-0
https://doi.org/10.1080/00222930701661225
https://doi.org/10.1007/s12665-012-2187-9
https://doi.org/10.21861/hgg.2005.67.02.02


Aquatic Macroinvertebrates Diversity in the Upper Stretch of Una River...

zajednica  na  sedrenim  i  erozijskim
slapovima  Bosne  i  Hercegovine.
Godišnjak  Biološkog  Instituta
Univerziteta  u  Sarajevu.  Sarajevo,  1 2.‒
(In Bosnian).

Matonickin, I., Pavletic, Z. & Sidak, J. (1972).
Život  naših  rijeka.  Školska  knjiga,
Zagreb, 198 p. (In Croatian).

Nogic, M., Laketic, T., Mitrovic, P., Nikolic,
M.,  Savic,  M.  &  Zaric,  I.  (2016).
Ecological  status  of  Una  River  Basin
through  the  Republic  of  Srpska.
”Water  protection  2016“,  Conference
Proceedings, (pp. 229-236).

Pielou,  E.C.  (1969).  An  introduction  to
mathematical  ecology. Wiley-
Interscience, New York, 286 p.

Pinkster,  S.  (1993).  A revision of the genus
Echinogammarus Stebbing,  1899,  with
some  notes  on  related  genera
(Crustacea,  Amphipoda).  Memorie  del
Museo Civ. Stor. nat.(IIa ser.), 10, 1-185.

Płóciennik,  M.,  Dmitrovic,  D.,  Pesic,  V.  &
Gadawski,  P.  (2016).  Ecological
patterns of Chironomidae assemblages
in  Dynaric  karst  springs.  Knowledge
and Management of  Aquatic  Ecosystems,
417, 11. doi: 10.1051/kmae/2015044.

Previsic,  A.,  Walton,  C.,  Kucinic,  M.,
Mitrikeski, P.T. & Kerovec, M. (2009).
Pleistocene  divergence  of  Dinaric
Drusus endemics  (Trichoptera,
Limnephilidae)  in  multiple
microrefugia  within  the  Balkan
Peninsula. Molecular ecology, 18(4), 634-
647.  doi:  10.1111/j.1365-
294X.2008.04046.x.

Radja,  B.  &  Puljas,  S.  (2008).
Macroinvertebrate  diversity  in  the
karst Jadro river (Croatia).  Archives of
Biological  Sciences,  60(3),  437-448.  doi:
10.2298/abs0803437r.

Radja, B. & Puljas, S. (2010). Do Karst Rivers
“deserve”  their  own  biotic  index?  A
ten years study on macrozoobenthos in
Croatia.  International  Journal  of
Speleology,  39(2),  7.  doi: 10.5038/1827-
806x.39.2.7.

Savic,  I.R.  (2008).  Diversification  of  the
Balkan  fauna:  its  origin,  historical
development  and  present  status.
Advances  in  Arachnology  and
Developmental Biology, 12, 57-78.

Savic,  A.,  Dmitrovic,  D.  &  Pesic  V.  (2017).
Ephemeroptera,  Plecoptera,  and
Trichoptera  assemblages  of  karst
springs  in  relation  to  some
environmental factors: a case study in
central  Bosnia  and  Herzegovina.
Turkish  Journal  of  Zoology,  41(1), 119-
129. doi: 10.3906/zoo-1512-31.

Shannon,  C.E.  &  Weaver,  W.  (1949).  The
mathematical  theory  of  communication.
The  University  of  Illinois  Press,
Urbana, 117 p.

Statsoft Inc. (2006). STATISTICA, version 7.1.
Retrieved fromstatsofty.com

Stock, J.H. (1968). A revision of the European
species of the Echinogammarus pungens-
group  (Crustacea,  Amphipoda).
Beaufortia, 16(211), 13-78.

Trozic-Borovac,  S.  &  Skrijelj,  R.  (2000)
Quality of water in the upper stream of
the  Una  River  evaluated  on
macroinvertebrata.  Veterinaria
(Sarajevo), 49(3/4), 321-332.

Trozic-Borovac,  S.  (2002)  Prehrana  potočne
pastrve,  Salmo  trutta  morfo  fario  L.,  u
rijeci  Uni.  Ribarstvo,  60(3), 83-104.  (In
Bosnian).

Vilenica,  M.,  Stankovic,  V.  M.,  Sartori,  M.,
Kucinic,  M.  &  Mihaljevic,  Z.  (2017).
Environmental factors affecting mayfly
assemblages  in  tufa-depositing
habitats  of  the  Dinaric  Karst.
Knowledge  &  Management  of  Aquatic
Ecosystems,  418,  14.  doi:
10.1051/kmae/2017005.

Williams,  D.D.  &  Feltmate,  B.W.  (1992).
Aquatic  insects.  Cab  International.
Oxford University Press,  Wallingford,
384 p.

Zganec, K., Gottstein, S. & Hudina, S. (2009).
Ponto-Caspian amphipods in Croatian
large rivers. Aquatic Invasions, 4(2), 327-
335. doi: 10.3391/ai.2009.4.2.4.

140

https://doi.org/10.3391/ai.2009.4.2.4
https://doi.org/10.1051/kmae/2017005
https://www.statsofty.com/
https://doi.org/10.3906/zoo-1512-31
https://doi.org/10.5038/1827-806x.39.2.7
https://doi.org/10.5038/1827-806x.39.2.7
https://doi.org/10.2298/abs0803437r
https://doi.org/10.1111/j.1365-294X.2008.04046.x
https://doi.org/10.1111/j.1365-294X.2008.04046.x
https://doi.org/10.1051/kmae/2015044


Bakrac et al.

Zganec, K., Djuric, P. & Gottstein, S. (2010).
Distribution  of  native  and  alien
gammarids  (Crustacea:  Amphipoda)
along  the  course  of  the  Una  River.
Natura Croatica, 19(1), 141-150.

Zganec, K., Lunko, P., Stroj, A., Mamos, T. &
Grabowski,  M.  (2016).  Distribution,
ecology and conservation status of two
endemic  amphipods,  Echinogammarus
acarinatus and  Fontogammarus
dalmatinus,  from  the  Dinaric  karst
rivers,  Balkan  Peninsula.  Annales  de
Limnologie-International  Journal  of
Limnology,  52, 13-26.  doi:
10.1051/limn/2015036.

Received: 13.04.2021
Accepted: 28.05.2021

141

https://doi.org/10.1051/limn/2015036

	3 - University of Veterinary and Pharmaceutical Sciences Brno, Palackého tř. 1946, 612 00 Brno-Královo Pole, CZECH REPUBLIC

