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Abstract. Huchen, Hucho hucho (L.), also known as Danube
salmon, is an iconic, endemic species inhabiting the Danube
basin of Central Europe. Historically, the Danube huchen
inhabited a significant portion of the Danube drainage basin
stretching to the Iron Gate and the majority of large and
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medium-sized tributaries. Larger populations in the natural
zoogeographical distribution of Danube huchen were once
found in Austria, Bavaria, the former Yugoslavia, Slovakia,
and western Ukraine. Currently, the species is severely
fragmented within the Danube drainage, where most
populations exclusively depend on stocking and natural
reproduction is very limited due to habitat alterations and
flow regime changes. In the Czech Republic and Poland,
Danube huchen occurrence is the result of introducing the
species to several rivers in the Baltic Sea and North Sea
drainage basins. Danube huchen is a threatened species
throughout is range of occurrence, and, according to TUCN
criteria, it is classified as endangered (EN). Habitat
degradation is the most serious negative factor impacting
huchen populations. Dam construction, pollution, and river
regulation have led to loss and degradation of spawning sites.
Detailed research on population abundance and structure is
greatly needed to help identify the populations which are most
threatened and to help to develop the best protection systems.

Keywords: conservation, distribution, habitat loss, Hucho,
population status, salmonids

Introduction

Over the past century, human activities in the Dan-
ube River basin and its tributaries have led to sub-
stantial environmental changes, including in this
region’s fauna and flora. The river continuum has
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become fragmented, and the biodiversity in discrete
sections of modified streams has changed. Fishes are
among the animals most affected (Hol¢ik et al. 2006).
Huchen, Hucho hucho (L.), also known as Danube
salmon, is an iconic, endemic species inhabiting the
Danube basin of Central Europe (Geist et al. 2009,
Witkowski et al. 2013). As Danube huchen is such
a valuable species, it is difficult to obtain enough
specimens to investigate its biology and ecology. Re-
cent papers on this subject are few, the official data is
fragmentary, and some information is obtained di-
rectly from anglers. Danube huchen is one of the
world’s largest salmonid species attaining sizes of up
to 1.8 min length and 70 kg in weight (Hol¢ik 1990).
This species is long lived with many data indicating
that it can reach ages of thirty years or more
(Prawochensky and Kolder 1968, Kottelat and
Freychof 2007, Andreji and Stranai 2013). Danube
huchen grows quickly, which is the result of the di-
etary shift to a predatory life strategy. Huchen hatch-
ling and fry food includes aquatic invertebrates,
primarily insect larvae (Witkowski et al. 1994,
Augustyn et al. 1998). By the time it attains lengths of
50-98 mm, it begins to feed on fish (Holcik et al.
1988). Adult huchen are selective predators which,
above all else, consume the most readily available
prey (Witkowski and Kowalewski 1984, Holc¢ik
1990, Subjak 2013).

Danube huchen has long been of great interest to
recreational fishers, fish farmers, and scientists
(Holcik et al. 1988, Witkowski et al. 2003). However,
interest in huchen has never paralleled that of other
salmonid species. This species occurs rather rarely,
so it has never been targeted by commercial fisheries,
has been caught primarily by anglers (Hol¢ik 1990),
and has been cultured at low intensity (Andreji and
Stranai 2013, Witkowski et al. 2013). The first infor-
mation regarding huchen culture dates to 1876
(Stranai 2012). Significant culture success was not
achieved until the implementation of artificial repro-
duction procedures and juvenile rearing techniques
based on replacing natural feeds (Grudniewska et al.

2013) with commercial starters (Kowalewska-Hryc
et al. 2005).

The aim of this paper is to present data on the
distribution and trends of several huchen popula-
tions from different areas in its range of distribution.
Specifically, historical and contemporary data re-
garding huchen distribution are compared, the fac-
tors that have been most instrumental in its declining
abundance and range are discussed, and measures
that could help to conserve this species are pre-
sented.

Distribution and population structure

Historically, the Danube huchen inhabited a signifi-
cant portion of the Danube drainage basin stretching
to the Iron Gate and the majority of large and me-
dium-sized tributaries. Larger populations in the
natural zoogeographical distribution of huchen were
once found in Austria, German Bavaria, the former
Yugoslavia, Slovakia, and western Ukraine (Hol¢ik et
al. 1988). The shrinking range of this species was ob-
served as early as in the late nineteenth and early
twentieth centuries, and the rate at which it disap-
peared from subsequent rivers increased following
the Second World War. Hol¢ik (1990) estimates the
huchen inhabits just 33% of its original distribution
range. Currently, the range of huchen is subject to
discussion; isolated populations occur in areas of
Austria, Germany, Slovenia, Croatia, Bosnia and
Herzegovina, Serbia, Montenegro, Romania, Hun-
gary, Ukraine, Slovakia, the Czech Republic, and Po-
land (Fig. 1; Freyhof and Kottelat 2008). In the last
two countries, Danube huchen occurrence is the re-
sult of introducing the species to several rivers in the
Baltic Sea and North Sea drainage basins (Hanel et
al. 2013, Witkowski et al. 2013). Danube huchen
has also been introduced to waters in France, Bel-
gium, Germany (North Sea drainage basin), Sweden,
Spain, Morocco, and North America. However, no-
where other than in the Danube River and the Poprad
River in Poland have self-sustaining populations es-
tablished themselves (Prawochensky and Kolder
1968, Holc¢ik 1984, Elvira and Almodévar 2001,
Freyhof and Kottelat 2008). Knowledge regarding
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huchen distribution varies among countries (Hol¢ik
1990, Schmutz et al. 2002, Muhamedagi¢ and
Habibovi¢ 2013, Witkowski et al. 2013).

Changes in huchen range of occurrence in Aus-
tria are well documented. Historically, Austria was at
the center of the range of this species, and huchen oc-
curred in 16 primary rivers and their tributaries in-
habiting grayling and barbel zones totaling over
2,500 km in length (Schmutz et al. 2002). In various
areas of Austria, the river segments that huchen in-
habited historically are described as being from five
to 10 m in width with waters of flow rates ranging
from 0.5 to 2 m° 57! (Ratschan 2012). The largest
huchen population occurred in the Danube River,
but declines in its abundance were noted as early as
in the nineteenth century. Currently, self-sustaining
populations of Danube huchen inhabit only approxi-
mately 10% of its former range, and in many smaller
rivers huchen occurs only thanks to stocking pro-
grams (Ratschan and Zauner 2012). The largest pop-
ulation numbering about 2,000 adult individuals
inhabits a 110 km segment of the River Mur between
the towns of Murau and Leoben (Schmutz et al.

Figure 1. Recent distribution of Danube huchen (H. hucho) in Europe (from Freyhof and Kottelat 2008,

2002). The most reproductively viable population is
in the River Pielach, and smaller populations still ex-
ist in the upper River Drau and the lower River Gail.
The density of huchen in other Austrian rivers is very
low and is dependent on stocking programs. Rela-
tively high huchen density has been re-established in
the Danube River through continuous stocking, but
access to former spawning areas in the tributaries is
almost completely blocked (Schmutz et al. 2002).
The size structure of Danube huchen populations is
largely dependent on river size, and, in rivers with
higher water flow rates, this species attains a greater
maximum body size (Ratschan 2012).

Until about thirty years ago, excellent habitat
conditions for Danube huchen still existed in many
rivers in Romania. The historical range of this species
included the majority of the Carpathian river systems
(Banarescu 1964), but hydropower development,
river pollution, and overfishing and poaching led to
drastic declines in the area inhabited by huchen
(Banaduc 2008, Virban and Ionescu 2011), and the
species is now extinct in the Mures, Times, Cerna,
Olt, Arges, and lalomita river systems. Data on the
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current area of huchen occurrence in Romania are
fragmentary, and the species only occurs in a few
rivers, including, among others, the Tisa River and its
tributaries of the Viseu, Ruscova, Crasna, Bistra,
Vaser Somesul, and Crisul rivers and in the Siret
River.

In Ukraine before the Second World War, Dan-
ube huchen occurred in the Tisa River from the con-
fluence of the White Tisa and the Black Tisa in nearly
all tributaries and in the the Prut and Cheremosh
rivers (Staff 1950). In this period, huchen occurrence
in the Prut River had become rare, but the primary,
permanent site of huchen occurrence was the
Cheremosh along with its tributaries (Kulmatycki
1931). In the late 1920s and early 1930s, pioneering
in the
Cheremosh and data regarding population structure,

studies of huchen were undertaken
biology, and ecology were collected (Kulmatycki
1930). These historic data indicate that the Danube
huchen occurred abundantly in the Cheremosh, and
that this population was, at the time, a attractive fish
to anglers. The current distribution and abundance
of huchen in the Cheremosh and Prut are not known
(A. Didenko, personal communication), but, accord-
ing to reports from anglers, several Danube huchen
were caught by poachers in the White Cheremosh in
spring 2013, and several fish are usually caught an-
nually in this river during the spawning migration.
Two huchen, a female of 5 kg and a male of 3 kg,
were caught in the Prut River in the winter of 2007
near Chernovtsy. Currently, this species probably
only occurs in the Tisa River catchment area in
Ukraine (Velykopolskyy 2012); nevertheless, huchen
occurrence in the Prut basin is likely (Mateleshko
and Potish 2011). Huchen occurs in the Tisa River
along a segment approximately 170 km long, and it
also inhabits several tributaries including the
Teresva, Rika, and Terebla. Huchen spawning
grounds are found in the Tisa, Black Tisa, and
Shopurka rivers, but the primary spawning grounds
are located in the Teresva River and its tributaries the
Luzhanka, Krasna, Mokryanka, and Brusturynka
rivers (Velykopolskiy and Mruk 2012). Some of the
huchen spawning grounds have been designated as
special conservation areas. Unfortunately, despite

long-term conservation efforts, both the abundance
and area of occurrence of huchen in Ukraine is signif-
icantly lower than the historical data indicate. Not
until the most recent measures were implemented
were the first positive results noted. For example, the
number of Danube huchen spawning nests in the
Teresva River increased from 14 to 25 in the
2010-2012 period (Velykopolskiy and Mruk 2012).
Information on the structure and abundance of
huchen populations inhabiting rivers flowing
through Ukraine remain scant and fragmentary; nev-
ertheless, recent signals indicate that interest in this
species is growing (Krazhan et al. 2012, Mruk and
Velykopolskiy 2012).

The distribution of huchen in Slovenia has de-
clined drastically in the Mura-Drava river basin
(Ivanc 2012). In the past, huchen inhabited the Mura
River, but it had disappeared there by the 1960s.
Huchen only occurs in some of the rivers of the Sava
River drainage basin, which is the most important
river system in Slovenia (Ivanc 2012). It is estimated
that huchen currently inhabits 39% of the length of
rivers in which it previously inhabited (Zabric et al.
2003 in Bertok 2010), and, currently, the Danube
inhabits the Bohinjka,
Ljubljanica, Sora, Mirna, Drava, Krka, and Kolpa

huchen Sava Sava,
rivers and their tributaries.

The main Serbian river inhabited by huchen is
the Drina and its tributaries. This river is 346 km
long, 220 km of it flows through Serbia, and the aver-
age discharge is 395 m® s (Mijovié-Magdi¢ 2007).
The section that flows through Serbia is the border
with Bosnia and Herzegovina, and it can be divided
in two segments. The first is between the Peru¢ac and
Zvornik dams, which is the salmonid section of the
river, while the second stretches from the Zvornik
Dam to the Sava River mouth and is dominated by
cyprinids. The River Lim, at a length of 220 km, is
one of the largest tributaries of the Drina River, and
110 km of it flows through Serbia at an average dis-
charge at the mouth of 113 m? s The Uvac River is
a 119-km-long tributary of the River Lim that has an
average discharge of 13.2 m® 5!, The Vapa River is
the most significant tributary of the River Uvac, while
Pobla¢nica River is one of smallest tributaries of the
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Lim, and it flows partially through Bosnia and
Herzegovina and Montenegro, but it is also a signifi-
cant huchen breeding area. All of these rivers lie in
the Drina River drainage basin. Huchen also inhabit
some rivers in the Velika Morava drainage basin. The
Moravica and Detinja form the Zapadna Morava
River, and they are 87 and 75 km long, respectively,
and Danube huchen from the Drina River has been
reintroduced to these two rivers (Hegedis et al.
2005). Ibar, at 272 km in length, is the largest
Zapadna Morava tributary and has an average dis-
charge of 65.7 s, While few data exist concerning
the historical distribution of huchen, it is generally
agreed that it probably did not far exceed its present
range. This species is considered to be common in
the Drina River between the Perucac and Zvornik
dams, while it is rarely reported downstream from
Zvornik Dam. In the Lim River and its tributaries,
Danube huchen is considered common, while in the
Detinja, Moravica, and Ibar rivers it is reported only
in their upper courses (Fig. 2).

Danube huchen inhabits direct or indirect tribu-
taries of the Danube River in northwestern Croatia,
namely, the Drava and Sava rivers in their upper
courses, as well as the Kupa, Mreznica, Dobra, and
Una rivers (Mrakov¢i¢ et al. 2006). Although huchen
inhabited these rivers in the past, in some of them, the

Drava and Dobra in particular, abundance has
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Figure 2. Map of the recent distribution of Danube huchen (H.
hucho) in Serbia.

declined dramatically primarily because of habitat
degradation. Data from the 2004-2010 period indi-
cates catches of only one to three specimens annually
from the Kupa River and only two from the Drava
River. However, the accuracy of
these data is not reliable since
there have been reports of unregis-
tered catches. The most compre-
hensive data on huchen catches
comes from the Kupa, Dobra, and
Unarivers in the 1970s and 1980s
(Sabioncello et al. 1970, Pazur et
al. 1982), and these permit calcu-
lating growth in length (Fig. 3). It
was not possible to perform calcu-
lations with the von Bertalanffy
growth curve because of the simi-

1 2 3 4 5 6 7 8
Age (years)

Figure 3. Danube huchen (H. hucho) growth (cm TL) in the Dobra, Kupa, and Una rivers

(Sabioncello et al. 1970, Pazur et al. 1982).

9

1w un 12 Jarly high growth patterns in all
three rivers that was noted even for

older specimens. However, the
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cubic regression between age and length was good,
and according to these data huchen from these rivers
attained average total lengths of 33.76 cm in the first
year, 67.01 cm in the fifth year, and 113.45 cm in the
tenth year of life. The most recent data regarding the
population from the Kupa River indicate that the
huchen length-weight growth relationship and maxi-
mum specimen size is unique in comparison to other
species as it depends on the size of the river the fish in-
habit (Treer et al. 2014).

Although data on the structure of Serbian
huchen populations are scant and incomplete, indi-
cations are strong that population size has decreased
significantly and population structure has been dis-
rupted (Mari¢ et al. 2009). However, it was possible
to set a minimum landing size for adult Danube
huchen from the Drina River based on its growth
characteristics (Simonovi¢ et al. 2000, 2011).

The huchen area of occurrence in Slovakia has
changed significantly (Hol¢ik 1990, Kosco 2012).
Huchen naturally inhabited the Vah and Hron rivers
and their tributaries, and it was introduced through
stocking to several dam reservoirs, the Hornad and
Nitra rivers in the Danube basin, and the Poprad and
Dunajec rivers (Vistula basin, Baltic Sea; Kosco
2012, Andreji and Stranai 2013). Although the pop-
ulation of this species inhabiting Slovakian rivers is

1204

Dunajec

1004 Turiec

——
-
——  Cheremosh
—e-

Drava

80 +

40 +

20

relatively well understood (Ivaska 1951, Bastl et al.
1975, Nagy 1976, Hol¢ik 1990, Andreji and Stranai
2013, gubjak 2013), it appears that Danube huchen
has recently fallen slightly out of favor with local re-
searchers. The average quantities of this fish caught
by recreational fishers in recent years has been about
100 individuals annually (Krajc¢ et al. 2012), which is
a figure that is slightly higher than that in the
1979-1989 period (Hol¢ik 1990). This suggests that
there has been a slight increase in the population or
that abundance has remained at the same level.

In Poland, the Danube huchen’s natural area of
occurrence includes the Czadeczka River, a tributary
of the Kysuca River, and the Czarna Orawa and its
tributaries (Witkowski et al. 2013). Widespread
poaching in the Czarna Orawa drainage basin and in-
dustrial pollution in the Kysucy system led to progres-
sively lower numbers of huchen in subsequent years.
The long-term impact of these factors was the disap-
pearance of autochthonous populations in the early
1950s (Witkowski et al. 2003, Witkowski et al. 2013).
Current environmental conditions, constructions on
rivers, and water pollution do not permit assuming
that huchen inhabits the waters of the Czadeczka or
Czarna Orawa rivers (Kotusz et al. 2010). Before
huchen disappeared from these rivers, it was decided
to translocate this species outside of its natural area of

occurrence and to introduce it into
rivers of the Baltic Sea drainage basin
(Witkowski et al. 2013). In the 1950s,
huchen was introduced to the Vistula
basin beginning with stocking the
Poprad and Dunajec rivers followed
by the San, Raba, Skawa, and Sota
rivers. Huchen was also introduced to
the Nysa Klodzka, Bébr, and Gwda
rivers in the Oder basin. The results of
these
self-sustaining populations in the

measures are numerous

Poprad, Dunajec, and San rivers.

Populations of Danube huchen

1 2 3 4 5 6 7 8 9
Age (years)

Figure 4. Example of growth (cm TL) of Danube huchen (H. hucho) in its natural range of
distribution (Turiec, Cheremosh, and Drava rivers) and outside of it (Dunajec River)
(data from Kulmatycki 1931, Witkowski et al. 1984, Hol¢ik et al. 1988).

012 oecurring outside of its natural range

have been the subject of many stud-
ies. The fastest growth rates were
noted in the Dunajec River in the first



Past and present of and perspectives for the Danube huchen, Hucho hucho (L.), in the Danube basin

135

year of life (Witkowski et al. 1984), which was simi-
lar to that of populations inhabiting this species’s
natural range of occurrence (Fig. 4). Increases in
body length were similar for both males and females
in subsequent years, but were slightly larger among
females. The sex ratio of Danube huchen spawning
in Niedziczanka Stream, which is where the largest
spawning stock from the Dunajec was noted annu-
ally, was not proportional (Witkowski 1988). Fe-
males usually dominated catches at a ratio of
1.4-2.3:1, and only in one year was the same number
of fish from both sexes noted. The age of the fish at
the spawning grounds ranged from four to 12 years.
The youngest spawning males were aged four, while
the females matured one year later (Witkowski
1988).

Conservation

Danube huchen is a threatened species throughout is
range of occurrence, and, according to [UCN criteria,

itis classified as endangered (EN). In most countries,
huchen has been assigned the same status
(Mrakov¢ic et al. 2006, Wolfram and Mikschi 2007),
but in the Czech Republic and Poland this species is
categorized as extinct in the wild (EW; Witkowski et
al. 2009, Lusk et al. 2011). The northern border of
the huchen’s natural distribution range is in these
two countries, and, currently, the species only occurs
in them because of introductions into rivers in the
Baltic Sea (Witkowski et al. 2013) and North Sea
(Hanel et al. 2013) catchment basins. In the
Carpathians, this species is categorized as critically
endangered (CR) (Witkowski et al. 2003), while ac-
Red Book of the
Carpathians, the Danube huchen is classified as near
threatened (NT) (Mateleshko and Potish 2011).

Danube huchen is protected by limits on the

cording to the Ukrainian

number of fish that anglers can catch in given peri-
ods, minimum size limits, and closed fishing sea-
sons, during which fishing for this species is banned
(Table 1). The smallest minimum size is in the Czech
Republic (65 cm), and the largest is in Serbia (100

Table 1
Huchen (H. hucho) fishing regulations in some European countries
Fishing Minimum legal  Fishing Barbel Night
regulations Closed season size (cm TL) regulations hooks  fishing Others
trict rules i
Austria 1 Feb/1Mar - 15 May/30 Jun 75-85 none Yes Yes very strct rules m
some beats
Bavaria (Germany) 15 Feb - 31 May 70
Bosnia & three huchen limit ly artificial bait
osnia ‘ 1 Jan - 31 May 70 ree huchen limit per Ves only ' cial bai
Herzegovina season permitted
huchen limit ly artificial bait
Croatia 16 Feb - 30 Sep 80 one fruchen fumit per Yes No ony ] clat bat
day* permitted
Czech Republic 1 Jan - 30 Sep 65
huchen limit ly artificial bait
Poland 1 Mar - 31 May 70 one WACIMEPE  ves Mo AT
week permitted
Serbia 1 Mar - 31 Aug 100 to caudal fin  three huchen limit per Yes No only :?rtiﬁcial bait
base season permitted
special license purchase,
Slovakia 1 Jan - 31 Oct 70 one huchen limit per Yes No
year
Slovenia 15 Feb - 30 Sep 70 Yes No

*catches are unlimited for angling club members who pay a daily license fee
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cm). The most common minimum size is 70 cm, but
this can be increased at different fishing grounds. For
example in Austria each province where Danube
huchen actually occurs has its own regional rules for
season and minimum catch size of all fish species.
The provincial rules differ from 75 to 85 cm size limit
and closed season beginning between earliest 1st
February and latest 1st March and ending between
15th May earliest and 30th June latest. (C. Ratschan
personal communication). Additionally, each fishing
club or river owner limits the number of specimens
that can be caught per angler during a given season.
Additionally, the catch and release system is quite
widespread among huchen anglers.

Active protection measures for Danube huchen
in most countries are limited to stocking programs or
placing the fish under protection during spawning.
Measures such as restoring key habitats and render-
ing rivers passable (Schmutz et al. 2002, Zitek et al.
2008) are rarely undertaken. The number of hatcher-
ies artificially reproducing huchen is small, which
makes it difficult to maintain the genetic diversity of
the various populations (Geist et al. 2009, Weiss et
al. 2011). In many countries, most frequently one en-
terprise (Romania) cultures Danube huchen, and in-
terest in producing this species is declining; for
example, in Poland the number of hatchery facilities
producing huchen has shrunk from nine to just one
currently (Witkowski et al. 2013). Danube huchen
stocking is usually performed by local angling associ-
ations or NGOs. Huchen hatcheries are in operation
in the Kupa (Slovenia) and Una (in Bosnia and
Herzegovina) rivers. Since these are both border
rivers, stocking has been done successfully in
co-operation with Croatian fishing clubs. These types
of hatcheries could also assist with population
translocation. Habitat protection is crucial, and there
are many conscientious people who are willing to
help. Naturally, dam removal would help the huchen
cause considerably, but the likelihood of this hap-
pening anywhere is unrealistic.

In an effort to develop adequate huchen manage-
ment, two action plans have been realized: “Action
Plan for the Fisheries Management of Huchen Stocks
in Republic of Serbia Catchments” (Hegedi$ et al.

2005) and “Research of the Life History and Popula-
tion Traits of Huchen in Serbia” (Mari¢ et al. 2009).
Two successful artificial reproduction projects have
also been conducted in the past twenty years: the first
was implemented in 2000 with the release of approx-
imately 10,000 fish in the Drina, Vapa, Uvac, Lim,
Moravica and Ibar rivers, and the second project,
which began in 2011, is known as the “Artificial re-
production of huchen to supplement the natural pop-
ulation in the Drina River” and is currently ongoing.
In the past two years, under the auspices of this pro-
gram, 33300 0+ and 7200 1+ Danube huchen were
released into the Drina River. Further plans focus on
building a broodstock of a known genetic profile, and
increasing the numbers of fish released annually. In
addition to the Drina population, more attention
should be focused on other segments of the Serbian
huchen population, the most vulnerable of which
could be supplemented by stocking with material
from fish farms. Protecting breeding grounds is cru-
cial, and water flow fluctuation and gravel exploita-
tion should be adjusted according to breeding
seasons and grounds. Hydropower plant manage-
ment should be required to act with increased aware-
ness of the

environment, especially during

maintenance work.

Threats

Danube huchen is faced with many threats through-
out its distribution range, and these were identified
by many authors as early as at the beginning of twen-
tieth century (Hol¢ik 1990). River regulation, over-
fishing, and water pollution are the most important
factors impacting huchen. The degree of threat and
intensity differs in the various areas of huchen occur-
rence.

Habitat changes

Habitat degradation is the most serious negative factor
impacting huchen populations. River waters in Europe
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Figure 5. Dams on the Drava River in Croatia (existing — solid triangles, planned - hollow triangles), (from Boli¢ 1991).

are susceptible to a variety of anthropogenic factors that
usually manifest as changes in water quality, hydrologi-
cal phenomena, and river morphology and continuity
(Schinegger et al. 2012). River valley industrialization
includes dam construction, riverbed regulation, and
changes in the structure of land exploitation. Dams of-
ten divide rivers up into segments, which limits huchen
areas of occurrence and blocks access to historical
spawning grounds. Hydropower dams are the most se-
rious causes of habitat degradation, and examples of
their negative impact as reflected in decreased abun-
dance or the disappearance of Danube huchen are
many throughout its range of occurrence (Hol¢ik 1990,
Kotusz et al. 2010). One such series of dams is located
on the Drava River (Fig. 5), and it has led to the near ex-
tinction of huchen in the Croatian part of this river.
Prior to the Second World War, huchen exceeding 30
to 40 kg were common catch, whereas, today even
catches of small fish are rare (Mate$§ 2005).

Many Danube huchen habitats in Serbia have
been irrevocably altered by dam construction. For
example, the three dams constructed on the Drina
River changed the ecosystem drastically by creating
deep lakes with habitats that are unsuitable for
huchen. The high water fluctuations that occur sev-
eral times daily because of the dams have rendered
the main riverbed of the Drina River almost entirely
unsuitable for huchen spawning. A dam on the Lim
River has led to the formation of a lake about 20 km
in length, and the last of the three dams on the Uvac
River leaves the riverbed completely dry for a length

of 10 km. Both the Ibar and Petinja rivers have dams.
Only the Zvornik Dam was constructed with a fish
ladder, but this is only in operation for a few months
annually. The result is that the huchen population in
Serbia is heavily fragmented by these impassable
barriers.

Dams also cause many other ecological changes
that impact river ecosystems, and this can affect Dan-
ube huchen either directly or indirectly. These in-
clude blocked migration routes, changes in
ichthyological assemblages, micro-evolution of iso-
lated populations, changes in water thermal regimes
in upper river courses and in segments downstream
from dams, blocked transport of organic and inor-
ganic materials, and sediment accumulation. Hydro-
electric power plants cause fish mortality directly and
can also radically alter water flow rates. The scale of
environmental changes caused by dam and weir con-
struction varies by country. River channelization and
the construction of hydroelectric facilities on rivers
was done much earlier in Austria and German Ba-
varia than in Romania and Ukraine. Currently, in
Austria alone more than 300 dams and weirs limit or
block fish movements. In recent years, however,
some positive changes have been observed with re-
gard to this issue (Schmutz et al. 2002). In Austria
and Germany much activity has been noted in the de-
sign and construction of fish passes over the last
twenty years, and fish pass design tends to take into
consideration many potamodromous
(Parasiewicz et al. 1998).

species
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Overfishing

Opverfishing is one of the main causes of the declining
abundance of Danube huchen (Hol¢ik 1990), al-
though currently it seems that this factor is not as sig-
nificant as it once was, and is much less significant in
the case of taimen, Hucho taimen (Pall.) (Jensen et al.
2009, Rand 2013). This species has always been at-
tractive to recreational fishers because of its size.
However, increasing levels of consciousness among
anglers has led to the increasing popularity of catch
and release (C&R) fishing, and this permits conclud-
ing that the impact anglers have on declining Danube
huchen abundance is much smaller than it has been
in the past. Huchen draws anglers from the world
over to Slovenia, Montenegro, and Slovakia, and
businesses have been established to cater to the
needs of these fishers by offering guided fishing
tours.

Poaching has a terribly negative impact on
huchen, and that these fish are often caught during
spawning compounds the consequences of this ille-
gal activity. The overall scale of poaching is difficult
to estimate since the scale of it and the variety of tech-
niques employed in it vary widely by region; how-
ever, Danube huchen is usually not the main target of
poaching (Didenko et al. 2011). Poaching in Croatia
was very widespread in the past, and Kigpati¢ (1893)
reported in his book that it was easy to catch huchen
with harpoons during spawning. Catch regulations
have not always been strict, and in the past it was per-
mitted to catch many fish at once (Fig. 6). Poaching

Figure 6. One-day catch from the Kupa River in 1940 (from
Mates, 2005).

has been a great problem over the last twenty years in
Serbia, and while the distribution range of huchen
has not been drastically reduced, the size of its popu-
lations has been. Currently, even in its typical habi-
tats huchen is a rare species, and its range of
occurrence has been limited to small stream and
rivers where it spawns. Poaching in Romania poses
a serious threat to Danube huchen, and many spots
where illegal catches are made have been known for
generations (Virban and Ionescu 2011). Poachers
use various techniques, including potentially danger-

ous poisons and explosives.

Pollution

Pollution is one of the most frequent anthropogenic
factors impacting river ecosystems (Schinegger et al.
2012), and Danube huchen is not resistant to river
pollution. The raw or partially processed sewage re-
leased into many river systems was the reason
huchen disappeared; for example, industrial pollu-
tion caused the disappearance of this species from
the upper course of the Kysuca (Kotusz et al. 2010,
Witkowski et al. 2013). Many small streams and
brooks which were previously spawning grounds are
now abandoned because of pollution, which is
caused mainly by fish farms and surrounding agri-
cultural lands. In the past two decades, Drina River
has suffered two massive pollution crises caused by
the Perucac hydropower plant - one in 1993 and the
second in 2010.

The development of sewage systems and the
modernization of sewage treatment facilities has
meant that this factor has a much lesser impact on
huchen abundance and distribution; however, the
impact of river valley industrialization and industrial
development on huchen is still notable
(Muhamedagi¢ and Habibovi¢ 2013). The situation
differs in various huchen ranges of occurrence, and
except in the vicinity of large cities, pollution in the
Drava and Sava rivers is no longer a significant issue.
However, in certain regions of Romania and Ukraine,
Danube huchen is threatened significantly by
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pollution from metal mining (Virban and Ionescu
2011, Velykopolskyy 2012).

Other threats

While no in-depth analyses of the impact climate
change has on Danube huchen were performed, it is
likely that the huchen, just like other cryophilic spe-
cies (Heino et al. 2009, Woodward et al. 2010), is
threatened by it. Climate warming can lead to hydro-
logical changes that affect water flow rates and ther-
mal regimes in rivers (Markovic et al. 2013), and
these could effect phenological changes exhibited as
spawning earlier and larval fish leaving nests earlier
(Hari et al. 2006). Riverine fish are adapted to contin-
ual changes in temperature and water flow rates, but
in contrast to eurythermal species that spawn in
spring and can benefit from increased water temper-
atures in this period (Wolter 2007), stenothermal,
cryophilic species are threatened by even the slight-
est changes in water temperature. The consequences
of accelerated spawning in huchen are not known,
but disturbances of ecological rhythms can disturb
relationships within and among species in different
stages of development. Extremely high water temper-
atures persisting over longer periods of time pose
deadly consequences for cryophilic fish species
(Markovic et al. 2013).

Final remarks and recommendations

Since data on huchen are scarce and the species is
endangered, conducting further research on its dis-
tribution, abundance, growth, condition, conserva-
tion, and other parameters is of critical importance.
Detailed research on population abundance and
structure is greatly needed to help identify the popu-
lations which are most threatened and to help to de-
Detailed
distribution mapping, especially of breeding areas, is

velop the best protection systems.
necessary to protect the species during this most crit-

ical period of its life cycle. Preliminary information

on the genetic structure of Danube huchen popula-
tions in Serbia indicate that the populations analyzed
require conservation measures (Mari¢ et al. 2009,
2012). However, to acquire a more comprehensive
picture of the genetic structure of populations, exten-
sive research must be conducted in the near future
that analyzes a large number of individuals using
a broad set of genetic markers. Genetic structure re-
search should also determine whether the physical
fragmentation of this population has caused genetic
fragmentation, and such data will permit reducing or
even preventing possible inbreeding depression.
Lastly, special attention must be paid to preventing
the translocation of individuals among different bas-
ins, and genotyping brood stock individuals must be
obligatory (Weiss et al. 2011).
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