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Recent human-mediated translocations of non-native and regionally alien
freshwater fish species in Norwegian watercourses
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We assessed the translocation of freshwater fish in Norway during the period 2013-2021. These introductions
include both regionally alien species and non-native species, excluding the pink salmon Oncorhynchus gorbuscha.
A network of 12 agencies, organizations and persons was established to obtain information and report on new
introductions. Totally, 287 incidents were reported, mainly from lakes. Altogether, this included 21 translocated
species, comprising 12 regionally alien species and nine non-native species. The most frequently translocated among
the regionally alien species was pike Esox lucius (36 incidents), Eurasian minnow Phoxinus phoxinus (35), rudd
Scardinius eryhrophthalmus (31) and roach Rutilus rutilus (14). Non-native species mainly involved carp Cyprinus
carpio (38), tench Tinca tinca (28), brook trout Salvelinus fontinalis (20), pumpkinseed Lepomis gibbosus (15) and
goldfish Carassius auratus (10). The highest number of introductions were reported from counties in southern and
middle parts of Norway. At least 146 incidents, or about 50% of the introductions, have led to the establishment
of viable populations. The primary vectors leading to these introductions were intentional release to establish
populations for angling (= 60%). The species most often introduced for this purpose was pike, tench, brook trout, lake
trout Salvelinus namaycush, rainbow trout Oncorhynchus mykiss and carp. Roach and perch Perca fluviatilis may
be stocked as forage fish for pike, but probably also other species. Further, introduction of baitfish such as Eurasian
minnow and rudd accounted for about 20% of all cases. The extensive unplanned movement of species may disrupt
local biodiversity.
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INTRODUCTION

The development and distribution of freshwater fish communities in
Fennoscandia are the result of long-term and large-scale geological
processes (Huitfeldt-Kaas 1918). When Norway became deglaciated
approximately 10 000 years ago, anadromous freshwater fish species
such as brown trout Salmo trutta, Atlantic salmon Salmo salar and
Arctic charr Salvelinus alpinus could invade and become established
in freshwater systems along the Norwegian coast. How far inland they
could migrate depended on the steepness of the landscape and their
swimming ability. Later, due to isostatic uplift rivers became steeper,
hindering immigration by less cold-tolerant species.

Invasion by freshwater fish into lakes and rivers situated high

above the marine limit is difficult and depends on the steepness of the
landscape and the swimming ability of the species. Thus, many inland
waters were probably fishless for long periods after deglaciation.
The freshwater fish fauna is still depauperated, particularly along
the western and northern coast. In contrast, lowland areas of eastern
Norway and eastern parts of northern Norway have a richer fish fauna
due to immigration from glacial refugia in the east or south through
the Baltic Sea (Huitfeldt-Kaas 1918; Tammi et al. 2003). In total,
32 native freshwater fish species occur in Norway (Hesthagen and
Sandlund 1996, Vollestad 2023a). Freshwaters at higher elevations
were probably fishless for a long time. However, hunter-fisher-
gatherers began transporting and releasing fish, mainly brown trout,
into mountain lakes at least 7 000 years ago (Mjerum et al. 2026).
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Brown trout in particular were progressively introduced as humans
established themselves in new areas, were the species served as
an important food resource (Huitfeldt-Kaas 1918, Vellestad and
Hesthagen 2001, Hesthagen and Sandlund 2004). By the early 1900s,
there was documentation of translocations of several different species
such as pike Esox lucius, Arctic charr Salvelinus alpinus and Eurasian
minnow Phoxinus phoxinus (Huitfeldt-Kaas 1918). During the 20th
century, the number of translocations of these and several other
species has increased (Hesthagen and Sandlund 1995, 1997, Tammi
et al. 2003).

In addition to the native fishes at least 12 non-native freshwater
fish species have been introduced to Norway, and at least 11 of those
have established self-sustaining populations (Huitfeldt-Kaas 1918,
Hesthagen and Sandlund 2007, Jonsson and Jonsson 2016, Vellestad
2023a). Human-mediated introductions of these non-native species
likely began as early as the 15th century with the introduction of carp
Cyprinus carpio (Kleiven 2001). Tench Tinca tinca was introduced in
the 1850s, whereas several other species were established in the early
1900s (Huitfeldt-Kaas 1918, Hesthagen and Sandlund 2007).

Human-mediated introduction and translocation of freshwater fish
are considered one of the most serious threats to native fish species
and biodiversity (Gozlan et al. 2010, Cucherousset and Olden 2011).
The introduction of new fish species into lakes can have particularly
severe consequences, as lakes function as biological islands. Native
species confronted with introduced predators or competitors in such
isolated systems have no opportunity to escape, which may lead
to reductions and even extinctions of local populations of endemic
species (Amundsen et al. 1999, Behn et al. 2008, Genovesi et al.
2015, Hesthagen et al. 2015). The Norwegian biota is now strongly
affected by alien species (Sandvik et al. 2020). This poses a challenge
for biodiversity management. A particular challenge is that there is
limited knowledge about the biology of the introduced species and
how they may impact native biota (Vellestad 2023a, b).

In this paper we present records of recent translocations of
freshwater fish species into Norwegian waters, mainly lakes, covering
the period 2013-2021. We focus both on non-native species and
native species translocated to new regions outside their natural
distribution ranges. In addition, we identify the most affected regions
and the primary vectors facilitating their dispersal. Because effective
management of biological invasions relies on early detection, there
is a clear need for robust early-warning systems and improved
understanding of the reasons for the human-mediated translocations
of the different species.

METHODS

A network of 12 agencies, organizations or persons was contacted to
obtain records of new introductions during 2013-2021. These sources
included:

+ Public reports, solicited annually through media coverage and
announcements about the project on the NINA website. This was
intended to raise public awareness and encourage reporting of
new fish introductions.

« The Norwegian Association of Hunters and Anglers (NJFF),
which disseminated relevant information through its website and
electronic newsletters to its members.

* A network of local contacts, established in nine counties in 2013,
based on NJFF’s membership database (Sandlund ef al. 2013). Of
449 individuals contacted across 197 municipalities, 71 agreed to
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report introduction events.

* The various County Governor’s Offices and the Division of
Environment.

+  The Norwegian Nature Inspectorate (SNO).

+  The Norwegian Association of Mountain Boards which circulated
the request to local mountain boards.

+ Norwegian State Forests, via its regional administration.

+  The Norwegian Commons Association, representing 40 member
enterprises.

+  Colleagues and staff at other research institutions, municipalities
and agencies.

+  The authors’ own professional networks, developed through long-
term work on freshwater fish distribution and status.

* Media monitoring of online newspapers, websites, and other
digital media sources.

+ Data from different NINA projects monitoring fish populations in
lakes (e.g., Gjelland et al. 2018, Schartau et al. 2018).

All participants were asked to forward the request for information
to relevant contacts within their organization or agency. All primary
responses, including locations and geographic coordinates, are
published and fully available in a technical report (Hesthagen and
Sandlund 2022). This report also contains numerous references to
details about regional translocations. Regional alien species includes
also cases where a species has been translocated to a new catchment
within a county or catchment. When presenting information on
regional geography we refer to the county structure at the time of
the main reporting (as county boundaries may later have changed).
The respondents also reported on the probable reason and vectors
for the translocations, but this must often be inferred since many
translocations are done by unknown people or organizations for
unknown and potentially illegal reasons. The respondents also
commented on the status of the populations (whether populations
were established or not). It is necessary to understand that even if we
refer to translocations observed during 2013-2021, the actual timing
of the translocation is usually unknown. Our focus is therefore on
populations that with some degree of certainty are viable, as indicated
by observed reproduction and the presence of multiple age classes.
When a translocation is very recent, it is difficult to determine if a
population has become permanently established or not.

In this report we do not include the invasive pink salmon
Oncorhynchus gorbuscha, as this species has been the target of a
detailed monitoring program during the last decade (https:/www.
nina.no/pukkellaks) (Berntsen and Havn 2024, Staveley et al. 2025).

RESULTS

A total of 287 translocations of non-native or regionally alien
freshwater fish species were reported during the 2013-2021 period
(Table 1). The translocations included many species and covered a
large part of the country (Figure 1). Most observations were from the
southern part of the country, mainly from along the coast. Telemark
County accounted for the highest number of incidents (47), followed
by Agder County (Aust-Agder and Vest-Agder before 2020) with 35
and 29 events, respectively. Generally, most observations were from
areas with high human population and relatively high numbers of
naturally occurring freshwater fish species. No translocation in the
two northernmost counties (Troms and Finnmark) was reported.
However, if we had included pink salmon in our analysis the numbers
would have been very high.
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Table 1. Overview of non-native and regionally alien species of freshwater fish in Norway. The list is mainly based on https:/lister.artsdatabanken.
no/fremmedartslista/2023, in addition to some new observations during 2013-2021. The number of observations of new translocations and probable
establishments are indicated.

Common name Scientific name Observations  Established

Regionally alien

Crucian carp Carassius carassius (L., 1758) 7 7
Eurasian minnow Phoxinus phoxinus (L., 1758) 35 35
Rudd Scardinius erythrophthalmus (L., 1758) 31 27
Roach Rutilus rutilus (L., 1758) 14 7
Ide Leuciscus idus (L., 1758) 8

Smelt Osmerus eperlanus (L., 1758) 1

Vendace Coregonus albula (L., 1758) 0

Arctic char Salvelinus alpinus (L., 1758) 3 0?
Grayling Thymallus thymallus (L., 1758) 2 0
Pike Esox lucius L., 1758 36 11
Perch Perca fluviatilis L., 1758 5 3
Burbot Lota lota (L., 1758) 6 0
Bullhead Cottus gobio (L., 1758) 1 1
Non-native

Common carp § Cyprinus carpio L., 1758 42 10
Goldfish Carassius auratus (L., 1758) 10

Sunbleak Leucaspius delineates (Heckel, 1843) 0 0
Tench Tinca tinca (L., 1758) 29 19
Gudgeon Gobio gobio (L. 1758)

Brown bullhead Ameiurus nebulosus (Le Sueur, 1819)

Lake trout Salvelinus namaycush (Walbaum, 1792) 7 3
Brook trout Salvelinus fontinalis (Mitchill, 1814) 20 17
Rainbow trout Oncorhynchus mykiss (Walbaum, 1792) 7 1
Pink salmon Oncorhynchus gorbuscha (Walbaum, 1792)

Chum salmon $ Oncorhynchus keta (Walbaum, 1792) $

Pumpkinseed $ Lepomis gibbosus (L., 1758) 15 15
Non-native hybrids

Tiger trout Salvelinus fontinalis * Salmo trutta hybrid 5

Splake Salvelinus namaycush * Salvelinus fontinalis hybrid 1

Other taxa

Redtailed catfish Phractocephalus hemioliopterus (Bloch & Schneider 1801) 2

Cichlidae Unknown species 1

§ including koi carp. $ These species were not included in the questions sent to the responders.

Most translocations seem to have been made to establish new
fishing opportunities (Table 1). For 169 (58.9%) of the events,
establishment of new fishing opportunities was reported to be the

Table 2 Principal vectors for the spread of freshwater fish obtained for
regionally alien and non-native fish during 2013 to 2021.

primary motivation for the translocation (Table 2). In 60 (20.9%)  Vector Number Percent
eveqts the reason.for th.e translocattion was assumed to be ‘the relea}se Trophy 169 580
of fish used as live bait, or the intentional releases of fish species Bait.fish 60 209
intended to be prey for highly valued predatory fish such as brown ar-s . '
trout and pike. There are also reports of aquarium fish being released ~ Legal stockings 25 87
(e.g. pumpkinseed) and illegal hatchery production of fish for release ~ Dumping 22 11
(e.g. rainbow trout). Physical intervention 6 2.1

Of the 287 recorded events, about half (n=146, 50.9%) had resulted
. .. . » . Escapement 3 1.0
in self-sustaining populations. In addition, 25 translocations were

Unknown 2 0.7

considered likely to have resulted in self-sustaining populations.
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figre I. The geographic location of new incidents of translocated non-  figure 2. The geographic location of new incidents of translocated pike in
native and regionally alien freshwater fish species in Norwegian waters ~ Norwegian waters during the period 2013-2021.
during the period 2013-2021.
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figure 3. The geographic location of new incidents of translocated Eurasian ~ Figure 4. The geographic location of new incidents of translocated carp in
minnow in Norwegian waters during the period 2013-2021. Norwegian waters during the period 2013-2021.
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However, 38 introductions had occurred so recently that an evaluation
of establishment success was not possible. For another 37 cases, we
lacked sufficient information. Only 13 introductions were confirmed
not to have resulted in permanent establishment so far.

Regional alien species

A total of 12 regionally alien fish species were recorded, accounting
for 149 translocation events during the period. Of these events, 96
(64.4%) were reported to have resulted in the establishment of viable
populations with reasonable certainty.

Pike was the most frequently translocated species (36 events)
(Figure 2), and all translocations led to permanent establishment. Pike
has been introduced throughout large parts of southern Norway. All
newly established populations seem to have been introduced with the
aim of establishing new fishing opportunities. Some newly reported
populations are probably also the result of secondary dispersal events
following an earlier primary translocation.

Eurasian minnow also showed extensive spread, with 35 new
events reported from 14 counties (Figure 3). Most events were from
relatively high-altitude areas, and several of the new locations with
minnow are probably due to secondary dispersal events from earlier
upstream translocations. Most translocations of minnow are probably
primarily due to its use as live bait. The distribution of these minnow
populations contrasts starkly with the distribution of the 31 new
dispersal events for the rudd Scardinius erythrophthalmus. Almost
all the new rudd locations are found close to the Skagerrak coast. The
rudd seems to be introduced either to create fishing opportunities
or due to it being used as live bait. Fish that are intended to be used
as live bait, but remain in the bucket when fishing is finished may
subsequently be released alive.

Many of the other species on the list of regionally alien
freshwater fish species by the Norwegian Biodiversity Information
Centre  (Artsdatabanken  https:/lister.artsdatabanken.no/
fremmedartslista/2023) were only rarely recorded (Table 1). One
species on the list was not recorded at all (vendace Coregonus albula).
Of the species on the regionally alien list species such as roach Rutilus
rutilus and ide Leuciscus idus had established seven and five new
populations, respectively.

Non-native species
A total of nine nationally non-native species were recorded with a total
of 137 (47.7%) translocation events (Table 1). The events also included
two sterile hybrids: splake, a hybrid between a lake trout female and
male brook trout (Salvelinus namaycush * Salvelinus fontinalis; n=1)
and tiger trout, a hybrid between brook trout male and brown trout
female (Salvelinus fontinalis * Salmo trutta, n=5) (Table 1). Three
species listed as non-native alien species were not observed at new
locations during the investigated period. These included the sunbleak
Leucaspius delineatus, gudgeon Gobio gobio and brown bullhead
Ameiurus nebulosus.

Carp Cyprinus carpio has been translocated extensively, with
38 reported events in eight different counties (Figure 4). A large
fraction has been introduced in the Grenland area, Telemark (n=20).
In @stfold and Oslo counties, the koi, an ornamental and domesticated
variety of carp, has also been reported (n=4). In many cases the carp
has established viable populations, and all stocking events have been
performed to establish fishing opportunities. The same is the case
for the tench Tinca tinca, which has been reported in 28 cases (all
viable). This may be different for the ten new localities with goldfish
Carassius auratus that were recorded. At least seven of these locations
have viable populations. All the lakes and ponds with goldfish are
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small, and the motivation for their introduction appears to be highly
variable.

Pumpkinseed Lepomis gibbosus, a North American sunfish,
was recorded in a total of 15 localities. Most of these localities are
small ponds located within the same geographic area. However,
pumpkinseed was also reported from a small lake far from this area.
It is assumed that the species was introduced by local recreational
fishers.

Brook trout Salvelinus fontinalis was documented at 20 sites in
seven different counties. The brook trout have probably been stocked
in several of these sites some time ago, but the presence of the
species has not been detected or reported before. Also, the lake trout
Salvelinus namaycush observations may be new detections of earlier
translocations. Lake trout was reported from seven locations. Many
observations are uncertain with regard to whether the populations
are viable. For rainbow trout Oncorhynchus mykiss, seven locations
were also reported. The rainbow trout in these locations may be the
result of earlier stocking activity or accidental releases for aquaculture
facilities.

Close to a zoological garden, one individual of redtailed catfish
Phractocephalus hemioliopterus was reported. An individual fish
probably belonging to family Cichlidae was also reported from one
lake. These observations are probably due to releases from private
aquaria and there is no indication that viable populations have been
established.

DISCUSSION

A total of 287 translocations of regionally alien and non-native fish
species into Norwegian waterbodies, mainly lakes, were recorded
during the period from 2013 to 2021. The number of events was
distributed relatively evenly between regionally alien species and non-
native species. However, the number of undetected cases is likely to be
high. When only a few individuals are introduced, for small-sized and
cryptic species it may take years before a population is detected. This
is especially the case in remote water bodies that are rarely visited. In
addition, some species such as goldfish are likely to occur in small
ponds on private land. That can also be the case for pumpkinseed and
carp. In most cases, the exact year of introduction is hard to obtain.
Consequently, many of these events may have occurred prior to 2013.
However, we can conclude that freshwater fish are still being moved
and introduced into new lakes throughout most of Norway, even
though this practice has long been illegal.

The introduction and spread of non-native fish species
in Norwegian freshwater ecosystems are regulated through a
hierarchical legal framework. The Salmon and Inland Fisheries Act
(Act of 15 May 1992 No. 47) have since the 2012 update introduced
a general prohibition against the transport and stocking, transfer and
introduction of fish and fish eggs to rivers and lakes without prior
authorization from the competent authority. Thus, fishing using fish
as live bait is also illegal. Subsequent regulations adopted in 1993
extended this prohibition to encompass all freshwater organisms,
thereby broadening the regulatory scope beyond fish alone. The legal
framework was further consolidated by the Nature Diversity Act (Act
of 19 June 2009 No. 100), which provides overarching principles for
biodiversity management. This Act explicitly addresses the risks
associated with non-native species and introduces legally binding
requirements for risk assessment, the application of the precautionary
principle, and an ecosystem-based approach to management. Building
on these principles, the Regulation on Alien Organisms (Regulation
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of 19 June 2015 No. 716) entered into force in 2015. This regulation
constitutes the primary legal instrument governing the import,
release, and spread of alien species in Norway.

Our study showed the importance of having a broad network of
sources willing to report translocations. In one way or another, most
information came originally from the public although most reports
were passes on from the County Governor’s Office. The public also
reported directly to NINA during the study period. This includes not
only members of the Norwegian Association of Hunters & Anglers,
but also private persons in general. Involving the public will also
increase their awareness and attention to the damage that such
introductions may cause.

The probability that a species will become established in a
new locality depends on (i) the ability to withstand competition
and predation, (ii) adaptation to abiotic factors enabling successful
spawning, such as substrate and water temperature, (iii) the number
and quality of the introduced species, and (iv) the species’ reproductive
capacity (Hesthagen and Sandlund 2019). A recent study also tried to
forecast the probability of future establishments of many invasive
and alien freshwater fish species in Norway (Perrin et al. 2021). For
the species and localities reported on here, we do not have specific
information on the probability of establishment, and will not be able
to discuss why or why not the different species are being established
in different locations. However, we make some comments on the
ecological risks associated with introduction of these species into
new areas.

Ecological risks caused by introduction of regionally alien or non-
native species

Norwegian lakes typically support species-poor fish communities,
often with only one or two species (Tammi ef al. 2003). Introducing
native but regionally alien species into new regions will lead to
ecosystems becoming more similar - the fish communities are
homogenised. This process reduces biodiversity and threatens the
ecological integrity of native fish populations. This is a process that
has been recognized at the global scale (Rahel 2002).

A classification system for alien species is now available in
Norway, where the ecological risk is classified into six classes: no risk,
low risk, relatively high risk, high risk, and very high risk (Sandvik
et al. 2017). In 2018, The Norwegian Biodiversity Information Centre
implemented this system in their evaluation of the ecological risk of
such translocations. The evaluation, called The Alien Species List of
Norway (Fremmedartslista), included four regionally alien freshwater
fish species: pike, minnow, rudd and roach (Forsgren et al. 2018).
These species were considered to impose a particularly high risk to
biodiversity due to their substantial human-assisted dispersal potential
and major ecological impacts. These species are likely better adapted
to Norwegian climatic and environmental conditions than most of the
non-native species (Hesthagen and Sandlund 2019).

Pike as an apex predator (Skov and Nilsson 2018) is expected
to have a very strong effect on other fish species. In small systems
brown trout populations have virtually been extirpated (Hesthagen
et al. 2015). Pike can also impose dramatic effects on fish stocks
in larger lakes (Hesthagen and Sandlund 2012). In Lake Krederen
the brown trout catches declined by approximately 90% after pike
was introduced in the 1990s (Brabrand 2007, 2009). Predation on
juvenile brown trout in the lower reaches of the spawning rivers was
particularly high (Brabrand et al. 2014).

Eurasian minnow has also for long time been considered a
serious threat to native fish populations (cf. Hesthagen and Sandlund
1997). The present study shows that their dispersal continues rapidly
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with 35 new events. A decline in gillnet catches of brown trout
of approximately 35% following minnow establishment has been
documented (Museth ef al. 2007). Eurasian minnow may be a strong
competitor with juvenile brown trout for space and food both in the
littoral zones of shallow lakes and in spawning and nursery streams
(Borgstrem et al. 2010).

Rudd has a natural distribution limited to a small area in the
southeasternmost parts of Norway (Huitfeldt-Kaas 1918). However,
rudd has for a long time expanded its distribution in southernmost
Norway where it currently is found in nearly 200 locations (cf.
Kleiven and Hesthagen 2012). The species has also been introduced to
numerous lakes in Eastern Norway. In some lakes rudd has attained
high densities despite dense populations of perch (Walseng et al.
2020).

Roach has become established in several new areas and is now
a serious threat to native fish species in many Norwegian lakes
(Sandlund and Hesthagen 2021). Studies in several European lakes
show that roach can become the dominant fish species within a few
years after introduction (Volta and Jepsen 2008, Winfield et al. 2011),
leading to large ecosystem effects.

Several of the non-native species are also considered to be
invasive in that they might have negative impacts on the native fish
species. The carp has been spread to at least 38 locations during our
study period. In one county alone, Telemark, 20 new carp localities
were detected. The remaining occurrences are distributed across six
other counties. In Telemark, the spread of carp largely occurs in the
Grenland area, and more locations are reported with carp occurrence
after this time (Brabrand ez al. 2025).

Brook trout is now well established in many Norwegian
catchments, as a recent survey identified about 200 extant populations
(Hesthagen and Kleiven 2013, Hesthagen et al. 2018). During our
study, 20 new brook trout locations was recorded. Prior to 2005 it was
allowed to stock brook trout in Norwegian watercourses, which was
largely done in acidified areas in southernmost regions (Hesthagen
and Sandlund 2007). This was due to their highly resistance to acidic
aluminium-rich waters (Rosseland et al. 1986, Gjedrem and Rosseland
2012). However, some brook trout populations have declined in recent
years, partly due to competition from brown trout that have been
re-established in previously acidified areas (Hesthagen et al. 2016).

Lake trout is uncommon in Norwegian lakes, but seven new
translocations events were reported. Currently the species is present
in 15-20 localities, most of them in Trondelag (cf. Berger ef al. 2004).
In addition, there are two locations in the Oslo area, one in Hedmark,
probably one in Telemark and one in Nordland. For lake trout, we lack
knowledge regarding if these populations are self-sustaining.

Rainbow trout was registered with seven events. During the
1900’ century, rainbow trout were stocked intentionally or escaped
from aquaculture facilities, mainly sea-based (Hindar e al. 1996).
Nevertheless, only a few self-reproducing populations are now
present (Sagrov et al. 1996). Why so few populations have become
established after this extensive propagule pressure over time is
unknown. It has been a matter of concern that the rainbow trout can be
a host for the parasite Gyrodactylus salaris (Hansen et al. 2003), and
thus facilitate spread to the Atlantic salmon that is highly susceptible
to gyrodactylosis.

The spreading of tench is also of concern with 28 new events in
seven counties, both in eastern and southernmost Norway (Kleiven
and Hesthagen 2012, Hesthagen and Sandlund 2012, 2016). If these
events are due to new introductions or a secondary dispersal from
earlier introductions is unknown.

The goldfish, which is a well-known aquarium species was
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released in Norwegian lakes already in the early 1900 (Huitfeldt-Kaas
1918). However, in the 1960s, no locality with goldfish was known
in Norway (Jensen 1968). Later, goldfish were released into a small
lake (Mo 1996), where a relatively dense population persisted for a
period. However, that population is now considered extinct. However,
goldfish is still translocated and, in this study, ten new events across
five counties are reported. Most of them are in coastal areas, from
Oslo and Akershus to several localities in Rogaland.

For pumpkinseed, 15 new events are reported in the study period.
This species was first recorded in 2004 (Sterud and Jergensen
2006). Over the last decades, pumpkinseed was released into several
small localities at a limited regional scale (Holmen and Flydal 2013,
Lindholm and Myhre 2012). This indicates that these are to some
extent, secondary dispersal events. Their continuous occurrences
during the past some 20 years are probably limited to just a few lakes
(cf. Berum et al. 2021).

Vectors

The principal vector for the spread of freshwater fish is humans,
whether intentional or accidental (Berum et al. 2021). Introductions
occur because actors seek perceived benefits. Seven categories of
translocated species can be distinguished: “bait-fish”, “coarse-angling
species”, “large piscivores species for trophy”, “legal stocking of
salmonids”, “exotic species”, “accidental releases!”, and “technical
installation failure”. However, some species fall into multiple
categories. The most important vector, accounting for nearly 60%
of dispersal events, is stocking to establish fisheries. However, these
interpretations are often based on assumptions made by observers,
and more detailed studies would be valuable to better understand the
motivations behind such introductions. Pike is the largest contributor
among the “large piscivores”. That is also the case for lake trout.
Coarse-angling species are typically carp, rudd and tench.

Use of fish as bait is an important reason for spread of certain
species, contributing more than 30% of events. This is the case for
Eurasian minnow and rudd. The “exotic fishes” category includes
goldfish and pumpkinseed. Goldfish are primarily kept as ornamental
pond fish, but releases into natural water bodies also occur. These two
species are likely released by aquarium owners wishing to dispose
their fish. In some locations they are also targeted by coarse anglers.

Brook trout was typically associated with legal stocking in acidified
lakes until 2005 (Hesthagen and Sandlund 2007). Hybridisation with
native brown trout has occurred. Such hybridization is uncommon
as brown trout is an autumn spawner whereas the brook trout is a
spring spawner. Stocking of rainbow trout also still occur, although
aquaculture-related dispersal now is most common. Spread may also
result from physical interventions, which is the case for burbot in a
watercourse in Narvik municipality, Nordland. Here, it was transferred
via a tunnel system connected to hydropower development.

Forecasting new introductions

Intentional spread of freshwater fish is ongoing and may cause
irreversible damage to biodiversity. Based on our data it is difficult
to draw firm conclusions about temporal trends in the number of
dispersal events. Nevertheless, there appears to have been some
decline in the number of dispersal events over the project period.

The reason for the spread of alien freshwater fish species in
Norway is humans, directly or indirectly. As all these species usually
are deliberately introduced there is also distinct patterns and trends
in variables that describe these locations. By understanding and
projecting these trends it can be possible to forecast where to expect
new introduction events. Baerum et al. (2021) analysed multiple

Fauna norvegica 45: 21-19. 2026

introduction events for five groups of invasive fish species, based
on assumed motivations for the introductions: They parameterized
statistical models showing the likelihood of introduction events, as
well as the spread from these across Norway. Such exercises may help
management authorities in investigating measures to avoid further
translocations, as avoiding new introductions are more efficient that
trying to reduce effects once introductions have occurred.

The Norwegian freshwater fish fauna has for several decades
been under increasing pressure from regionally alien and non-native
species. The present study demonstrates that a substantial spread of
such species is still ongoing. The most effective way of avoiding such
spreading is a strong set of legal measures, where there is a risk of
sanctioning if illegal actions are discovered. Effective post-invasion
mitigation requires the earliest possible detection of new introductions.
Our findings highlight the importance of obtaining information from
multiple sources, particularly from the public, who contributes both
by reporting observations and by raising awareness about the need to
protect native biodiversity. Thus, increasing public awareness is likely
to help reduce the future dispersal of non-native fish.

Following a translocation or secondary dispersal, there is a high
risk of one or more tertiary dispersal events. This is particularly
the case when it takes place in the upper reaches of a river system.
Future mapping to identify alien species should continue, especially
with focus on “hot spot” areas. Examples include the spread of
Eurasian minnow to the Hardangervidda mountain plateau, pike in
the Telemark Canal, carp in the Grenland area, and roach and rudd in
parts of Southern Norway. In such cases environmental DNA (eDNA)
may be an important tool for early detection (Fossoy et al. 2017, 2018,
Taugbel and Fossey 2019). This should be combined with further
modelling and projecting the dispersal patterns (Baerum et al. 2021).
It is also important to make the costs of management actions visible
and to value the environmental damages associated with the spread of
freshwater fish (Magnussen et al. 2018).

CONCLUDING REMARKS

Already in 1912, the renowned fish biologist Hartvig Huitfeldt-Kaas
warned about the dangers of substantial introductions of different fish
species. He mentioned especially Arctic charr, whitefish, perch, roach
and Eurasian minnow. He pointed out that recreational fishing had
been increasingly important in recent years. Thus, he urged legislators
to put an end to the unplanned mass introductions of fish species of
little or no value. He was especially concerned about allopatric brown
trout populations. If such practices were not halted soon, he wrote,
recreational fisheries in these localities would be severely degraded.
In retrospect, harsh criticism could be directed at our negligence.
Today, the situation is probably hundred times worse!

ACKNOWLEDGMENT

The study was conducted on behalf of the Norwegian Environment
Agency. We also thank our colleague Odd Terje Sandlund for
contributing to this project. He passed away in 2022. Thanks to Eva
Ulvan at the Norwegian Institute for Nature Research for producing
the maps showing the geographic location of different fish species that
have been introduced during the project period.

1



Hesthagen and Vallestad: Alien freshwater fish species in Norwegian watercourses

REFERENCES

Amundsen PA, Staldvik FJ, Reshetnikov YS, Kashulin N, Lukin A, Behn
T, Sandlund OT, Popova OA. 1999. Invasion of vendace Coregonus
albula in a subarctic watercourse. Biological Conservation 88: 405—
413. https://doi.org/10.1016/S0006-3207(98)00110-4

Berger HM, Hesthagen T, Floystad L, Jensas JG, Hamstad A. 2004.
Fiskebestander i Ausetvatnet, Buan-Almovatnet og Liavatnet i
Graelvvassdraget i Nord-Trondelag, med vekt pd introduksjon av
kanadareye (Salvelinus namaycush). NINA Oppdragsmelding 828.
Norsk institutt for naturforskning. Available at www.nina.no (in
Norwegian).

Berntsen, HH, Havn TB. 2024. Pukkellaks i Norge 2023. NINA Rapport
2493. Norsk institutt for naturforskning. Avaiable at www.nina.no (in
Norwegian).

Borgstrom R, Museth J, Brittain JE. 2010. The brown trout (Salmo trutta)
in the lake, @vre Heimdalsvatn: long-term changes in population
dynamics due to exploitation and the invasive species, European
minnow (Phoxinus phoxinus). Hydrobiologia 642: 81-91. https:/doi.
org/10.1007/s10750-010-0161-7

Brabrand A. 2007. Fiskebiologiske undersokelser i Kroderen.
Laboratorium for Ferskvannsekologi og Innlandsfiske, Naturhistorisk
Museum Universitetet i Oslo, Rapport nr. 250-2007. https://www.
nhm.uio.no/forskning/ressurser/publikasjoner/Ifi-rapporter/250.pdf (in
Norwegian).

Brabrand A. 2009. Tetthet av erretunger i tillopselver til Krederen
og i Hallingdalselva. Laboratorium for Ferskvannsekologi og
Innlandsfiske, Naturhistorisk Museum Universitetet i Oslo, Rapport nr.
267-2009. https://www.nhm.uio.no/forskning/ressurser/publikasjoner/
Ifi-rapporter/267.pdf (in Norwegian).

Brabrand A, Heggenes J, Vollestad LA. 2025. Reetablering av laks
og toveis vandring for anadrom fisk og al i Kragerevassdraget.
Kunnskapsgrunnlag og anbefalinger til supplerende undersekelser.
Skriftserien fra Universitetet i Serost-Norge nr. 166. https:/nva.sikt.no/
registration/019913cacb64-2735a470-23a3-484f-a3fb-1eb430ce02f7
(in Norwegian).

Brabrand A, Pavels H, Saltveit SJ. 2014. Del 1: Tetthet av orretunger
i tillopselver til Krederen. Naturhistorisk museum, Universitetet
i Oslo, Rapport 39. https://www.nhm.uio.no/forskning/ressurser/
publikasjoner/nhm-rapporter/nhm-rapport-039-2014.pdf  (in
Norwegian).

Berum KM, Blumentrath S, Hesthagen T, Magnussen K, Navrud S.
2021. Risikovurdering for spredning av fremmede ferskvannsfisk
til vannregioner i Norge. NINA Rapport 2066. Norsk institutt for
naturforskning. Available at www.nina.no (in Norwegian).

Behn T, Amundsen P.-A, Sparrow A. 2008. Competitive exclusion after
invasion? Biological Invasions 10: 359-368. https:/doi.org/10.1007/
$10530-007-9135-8

CucheroussetJ, OldenJD. 2011. Ecological impacts of nonnative freshwater
fishes. Fisheries 36: 215-230. doi: 10.1080/03632415.2011.574578.
https://doi.org/10.1080/03632415.2011.574578

Forsgren E, Hesthagen T, Finstad AG, Wienerroither R, Nedreaas K,
Bjelland O. 2018. Artsgruppe fisker, vurdering av ekologisk risiko.
Fremmedartlista 2018. Artsdatabanken. Trondheim. (in Norwegian).

Fossay F, Dahle S, Eriksen LE, Spets MH, Karlsson S, Hesthagen T. 2017.
Bruk av milje-DNA for overvaking av fremmede fiskearter — utvikling
av artsspesifikke markerer for gjedde, mort og erekyt. NINA Rapport
1299. Norsk institutt for naturforskning. Available at www.nina.no (in
Norwegian).

Fossey F, Thaulow J, d’Auriac MA, Brandsegg H, Sivertsgard R, Mo TA,
Sandlund OT, Hesthagen T. 2018. Bruk av miljg-DNA som supplerende
verktoy for overvakning og kartlegging av fremmed ferskvannsfisk.
NINA Rapport 1586. Norsk institutt for naturforskning. Available at
www.nina.no (in Norwegian).

Genovesi P, Carnevali L, Scalera R. 2015. The impact of invasive alien
species on native threatened species in Europe. ISPRA-ISSG, Rome.

Fauna norvegica 45: 21-19. 2026

Technical report for the European Commission.

Gjedrem T, Rosseland B O 2012. Genetic variation for tolerance to acidic
water in salmonids. Journal of Fish Biology, 80(1): 1-14. https:/doi.
org/10.1111/5.1095-8649.2011.03159.x

Gjelland K@, Sandlund OT, Postler C, Bakkelie KA, Eloranta A,
Pettersen O, Solberg I, Saksgard R. 2018. Overvaking av fisk i store
innsjoer (FIST) i 2017. NINA Rapport 1644. Norsk institutt for
naturforskning. Available at www.nina.no (in Norwegian).

Gozlan RE, Brittion JR, Cowx IG, Copp GH. 2010. Current knowledge
on non-native freshwater fish introductions. Journal of Fish Biology 76
751-786. https://doi.org/10.1111/1.1095-8649.2010.02566.x

Hansen H, Bachman J, Bakke T. 2003. Mitochondrial DNA variation of
Gyrodactylus spp. (Monogenea, Gyrodactylidae) populations infecting
Atlantic salmon, grayling, and rainbow trout in Norway and Sweden.
International Journal for Parasitology 33: 1471-1478. https:/doi.
org/10.1016/S0020-7519(03)00200-5

Hesthagen T, Kleiven E. 2013. Forekomst av reproduserende bestander
av bekkeraye (Salvelinus fontinalis) 1 Norge pr. 2013. NINA Rapport
900. Norsk institutt for naturforskning. Available at www.nina.no (in
Norwegian).

Hesthagen T, Sandlund OT. 1995. Current status and distribution of Arctic
char Salvelinus alpinus (L.) in Norway: The effects of acidification and
introductions. Nordic Journal of Freshwater Research 71: 275-295.
http://hdl.handle.net/2077/48950

Hesthagen T, Sandlund OT. 1996. Osteichthyes & Agnatha. Beinfisk
og kjevelose fisk. In: Aagaard K and Dolmen D (eds). Limnofauna
Norvegica. Katalog over norsk ferskvannsfauna Tapir Forlag,
Trondheim. Pp 282-292 (in Norwegian).

Hesthagen T, Sandlund OT. 1997. Endringer i utbredelsen av erekyte i
Norge: arsaker og effekter. NINA Fagrapport 13. Norsk institutt for
naturforskning. Available at www.nina.no (in Norwegian).

Hesthagen T, Sandlund OT. 2004. Fish distribution in a mountain
area in south-eastern Norway: human introductions overrule natural
immigration. Hydrobiologia 521: 49-59. https://doi.org/10.1023/
B:HYDR.0000026350.93171.ba

Hesthagen T, Sandlund OT. 2007. Non-native freshwater fishes in
Norway: history, consequences and prospects. Journal of Fish
Biology 71 (Supplement D): 173-183. https:/doi.org/10.1111/j.1095-
8649.2007.01676.x

Hesthagen T, Sandlund OT. 2012. Gjedde, serv og suter: status, vektorer
og tiltak mot uensket spredning. NINA Rapport 669. Norsk institutt for
naturforskning. Available at www.nina.no (in Norwegian).

Hesthagen T, Sandlund OT, Finstad A, Johnsen B.O. 2015. The impact
of introduced pike (Esox lucius L.) on allopatric brown trout (Salmo
trutta L.) in a small stream. Hydrobiologia 744: 223-233. https:/doi.
org/10.1007/510750-014-2078-z

Hesthagen T, Sandlund OT. 2016. Spredning av ferskvannsfisk i Norge.
En fylkesvis oversikt og nye registeringer i 2015. NINA Rapport
1205. Norsk institutt for naturforskning. Available at www.nina.no (in
Norwegian).

Hesthagen T, Fiske P, Saksgdrd R. 2016. Recovery of young brown trout
(Salmo trutta) in acidified streams: what are the critical values for acid-
neutralizing capacity? Atmospheric Environment 146: 226-244. http:/
dx.doi.org/10.1016/j.atmosenv.2016.07.010

Hesthagen T, Bolstad GH, Kleiven, E. 2018. Distribution of brook trout
(Salvelinus fontinalis) across Norwegian watersheds — is it an invasive
species? Fauna norvegica 38: 1-8. https:/doi.org/10.5324/fn.v38i0.2255

Hesthagen T, Sandlund OT. 2019. Spredning av nasjonalt og regionalt
fremmede fiskearter i norske vassdrag. Naturen nr. 4-2019: 272-279
(in Norwegian). https:/doi.org/10.18261/issn.1504-3118-2019-06-05

Hesthagen T, Sandlund OT. 2022. Spredning av nasjonalt og regionalt
fremmed ferskvannsfisk i perioden 2013-2021. NINA Rapport 2099.
Norsk institutt for naturforskning. Avaialable at www.nina.no (in
Norwegian).

Hindar K, Fleming IA, Jonsson N, Breistein J, Seegrov H, Karlsbakk E,
Gammelsater M, Dennum BO. 1996. Regnbueaure i Norge: forekomst,

pLi


https://doi.org/10.1111/j.1095-8649.2011.03159.x
https://doi.org/10.1111/j.1095-8649.2011.03159.x
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1111/j.1095-8649.2010.02566.x
https://doi.org/10.1016/S0020-7519(03)00200-5
https://doi.org/10.1016/S0020-7519(03)00200-5
https://www.nina.no/english/About-NINA/Publications/NINA-Report
http://hdl.handle.net/2077/48950
https://www.nina.no/archive/nina/pppbasepdf/fagrapport/013.pdf
https://doi.org/10.1023/B:HYDR.0000026350.93171.ba
https://doi.org/10.1023/B:HYDR.0000026350.93171.ba
https://doi.org/10.1111/j.1095-8649.2007.01676.x
https://doi.org/10.1111/j.1095-8649.2007.01676.x
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1007/s10750-014-2078-z
https://doi.org/10.1007/s10750-014-2078-z
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1016/j.atmosenv.2016.07.010
https://doi.org/10.1016/j.atmosenv.2016.07.010
https://doi.org/10.5324/fn.v38i0.2255
https://doi.org/10.18261/issn.1504-3118-2019-06-05
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1016/S0006-3207(98)00110-4
https://www.nina.no/archive/nina/PppBasePdf/oppdragsmelding/828.pdf
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1007/s10750-010-0161-7
https://doi.org/10.1007/s10750-010-0161-7
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/lfi-rapporter/250.pdf
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/lfi-rapporter/250.pdf
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/lfi-rapporter/267.pdf
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/lfi-rapporter/267.pdf
https://nva.sikt.no/registration/019913cacb64-2735a470-23a3-484f-a3fb-1eb430ce02f7
https://nva.sikt.no/registration/019913cacb64-2735a470-23a3-484f-a3fb-1eb430ce02f7
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/nhm-rapporter/nhm-rapport-039-2014.pdf
https://www.nhm.uio.no/forskning/ressurser/publikasjoner/nhm-rapporter/nhm-rapport-039-2014.pdf
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1007/s10530-007-9135-8
https://doi.org/10.1007/s10530-007-9135-8
https://doi.org/10.1080/03632415.2011.574578
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://www.nina.no/english/About-NINA/Publications/NINA-Report

Hesthagen and Vallestad: Alien freshwater fish species in Norwegian watercourses

reproduksjon og etablering. NINA Oppdragsmelding 454. Norsk
institutt for naturforskning. Available at www.nina.no (in Norwegian).

Holmen J, Flydal K 2013. Redgjellet solabbor i Asker og Reyken
kommuner. Fylkesmannen i Oslo og Akershus, Miljovernavdelingen,
Rapport nr. 6/2013 (in Norwegian).

Huitfeldt-Kaas H. 1912. Om fiskerihusholdning i sportsfiskevande. Norsk
Jeeger- og Fiskerforenings Tidsskrift 41: 297-320 (in Norwegian).

Huitfeldt-Kaas H. 1918. Ferskvannsfiskenes utbredelse og indvandring i
Norge med et tilleg om krebsen. Centraltrykkeriet. Cristiania.l77pp.
https:/www.nb.no/items/259088192ed16acfd94f632f3d9c1612  (in
Norwegian).

Jensen KW. 1968. Gullfisk. In: Jensen KW (ed). Sportsfiskerens leksikon.
Gyldendal Norsk Forlag. p 564. https://www.nb.no/maken/item/
URN:NBN:no-nb_digibok 2011071220008/open (in Norwegian).

Kleiven E. 2001. Supplerande opplysningar til spersmalet om karuss
Carassius carassius er ein innfert fiskeart, og noko om karpe Cyprinus
carpio. Fauna 54: 48-57 (in Norwegian).

Kleiven E, Hesthagen T. 2012. Fremmede fiskearter i ferskvann i Aust-
Agder — Historikk, status og konsekvenser. NINA Rapport 665. Norsk
institutt for naturforskning. Available at www.nina.no (in Norwegian).

Lindholm M, Myhre LC. 2012. Redgjellet solabbor (Lepomis gibbosus)
1 Asker — status og mulige tiltak. Fylkesmannen i Oslo og Akershus,
Miljevernavdelingen, Rapport nr. 52012 (in Norwegian).

Magnussen K, Skjeflo SW, Dombu SV, Gierlof CW, Hesthagen T,
Sandlund OT, Aronsen E, Chen X. 2018. Verdsetting av miljoulempene
ved fremmed ferskvannsfisk — et pilotprosjekt. Menon-Publikasjon Nr.
13/2018 (in Norwegian).

Mjerum A, Friis EK, Hesthagen T, Kirchhefer AJ. 2026. The introduction
of fish to the Scandinavian Mountains by hunter-fisher-gatherers 5000
BC. Antiquity. Accepted.

Mo TA. 1996. Stamnetjernet - en ny lokalitet for gullfisk og bendelmarken
Dilepis unilateralis. Fauna 49: 70-74 (in Norwegian).

Museth J, Hesthagen T, Sandlund OT, Thorstad E, Ugedal O. 2007. The
history of the European minnow in Norway: from harmless species to
pest. Journal of Fish Biology 71 (Supplement D): 184-195. https:/doi.
org/10.1111/5.1095-8649.2007.01673.x

Perrin S W, Berum KM, Helland IP, Finstad AG. 2021. Forecasting the
future establishment of invasive alien freshwater fish species. Journal
of Applied Ecology 58(11): 2404-2414. https://doi.org/https:/doi.
org/10.1111/1365-2664.13993

Rahel J. 2002. Homogenization of freshwater faunas. Annual Review of
Ecology and Systematics 33: 291-315. https://doi.org/10.1146/annurev.
ecolsys.33.010802.150429

Rosseland BO, Skogheim OK, Kroglund F, Hoell E. 1986. Mortality
and physiological stress of year-classes of landlocked and migratory
Atlantic salmon, brown trout and brook trout in acidic aluminum-
rich soft water. Water, Air, and Soil Pollution 30: 751-756. https:/doi.
org/10.1007/BF00303341

Sandlund OT, Hesthagen T, Saksgard L. 2013. Tiltaksrettet overvaking
av spredning og introduksjon av ferskvannsfisk. NINA Rapport 908.
Norsk institutt for naturforskning. Available at www.nina.no (in
Norwegian).

Sandlund OT, Hesthagen T. 2021. Pdgaende spredning av mort med store
okologiske konsekvenser. Fauna 74(3-4): 112-121 (in Norwegian).

Sandvik H, Gederaas L, Hilmo O. 2017. Retningslinjer for ekologisk
risikovurdering av fremmede arter, versjon 3.5. Artsdatabanken.
Trondheim (in Norwegian).

Sandvik H, Hilmo O, Henriksen S, Elven R. et al. 2020. Alien species
in Norway: Results from quantitative ecological impact assessments.
Biological Invasions 21: 2997-3012. https:/doi.org/10.1007/s10530-
019-02033-6

Sagrov H, Hindar K, Urdal K. 1996. Natural reproduction of anadromous
rainbow trout in Norway. Journal of Fish Biology 48: 292-294. https://
doi.org/10.1111/1.1095-8649.1996.tb01120.x

Fauna norvegica 45: 21-19. 2026

Schartau AK, Velle G, Mjelde M, Edvardsen H, Halvorsen GA, Hesthagen
T, Hobzk A, Jensen TC, Jenssen MS, Saksgard R, Sandlund OT,
Skjelbred B, Walseng B. 2018. @KOFERSK - delprogram @st.
Basisovervaking av utvalgte innsjeer 2017. Overvaking og klassifisering
av ekologisk tilstand. Miljedirektoratet, Overvakingsrapport M-1057,
https:/www.miljodirektoratet.no/globalassets/publikasjoner/m1057/
m1057.pdf (in Norwegian).

Skov C, Nilsson P A. (Editors). 2018. Biology and ecology of pike. CRC
Press. https://doi.org/10.1201/9781315119076

Staveley T AB, Bergendahl IA, Bardarson H, Berntsen HH, Eliasen
K, Erkinaro J, Nygaard R, Sivebzk F, Thorstad EB. 2025. Status
and future perspectives of pink salmon in the Nordic region. Boreal
Environment Research 30: 149-162. https://doi.org/10.60910/ber2025.
wt02-y377

Sterud E, Jorgensen A. 2006. Pumpkinseed Lepomis gibbosus (Linnaeus,
1758) (Centrarchidae) and associated parasites introduced to Norway.
Aquatic Invasions 1: 278-280. https://doi.org/10.3391/ai.2006.1.4.10

Tammi J, Appelberg M, Hesthagen T, Beier U, Lappalainen A, Rask
M. 2003. Fish status survey in Nordic lakes: effects of acidification,
eutrophication and stocking activities on present fish species
composition. AMBIO 32: 98-105. https:/doi.org/10.1579/0044-7447-
32298

Taugbel A, Fossey F. 2019 Miljg-DNA som overvakningsverktay av
fremmede ferskvannsfisker. VANN 03/2019: 213-220 (in Norwegian).

Volta P, Jepsen N. 2008. The recent invasion of Rutilus rutilus (L.) (Pisces:
Cyprinidae) in a large South-Alpine lake: Lago Maggiore. Journal of
Limnology 67: 163—170. https:/doi.org/10.4081/jlimnol.2008.163

Vollestad LA, Hesthagen T. 2001. Stocking of freshwater fish in Norway:
management goals and effects. Nordic Journal of Freshwater Research
75: 143-152.

Vollestad LA. 2023a. A paradoxical bias in knowledge about Norwegian
freshwater fishes: research efforts during 1980-2020. Fauna norvegica
42: 6-30. https:/doi.org/10.5324/fn.v42i0.4965

Vollestad, LA. 2023b. Kunnskapen om norske ferskvannsfisk er
mangelfull. Betyr det noe? Vann, 2023 (1): 47-55 (in Norwegian).

Walseng B, Hesthagen T, Skjelbred B. 2020. Introduksjon av serv
(Scardinius erythrophthalmus), en katastrofe eller kun til irritasjon?
En undersekelse av 10 vann i Arendal kommune — Aust-Agder. NINA
Rapport 1764. Norsk institutt for naturforskning. Avaialble at www.
nina.no (in Norwegian).

Winfield 1J, Fletcher JM, James JB. 2011. Invasive fish species in the
largest lakes of Scotland, Northern Ireland, Wales and England: the
collective UK experience. Hydrobiologia 660: 93-103. https:/doi.
0rg/10.1007/s10750-010-0397-2

Editorial responsibility: Jan Grimsrud Davidsen.

This article is open-access and distributed under the terms of the Creative
Commons Attribution 4.0 International license. This permits all non-
commercial use, distribution, and reproduction in any medium, provided
the original work is properly cited.
(http://creativecommons.org/licenses/by/4.0/).

I}


https://www.miljodirektoratet.no/globalassets/publikasjoner/m1057/m1057.pdf
https://www.miljodirektoratet.no/globalassets/publikasjoner/m1057/m1057.pdf
https://doi.org/10.1201/9781315119076
https://doi.org/10.60910/ber2025.wt02-y377
https://doi.org/10.60910/ber2025.wt02-y377
https://doi.org/10.3391/ai.2006.1.4.10
https://doi.org/10.1579/0044-7447-32.2.98
https://doi.org/10.1579/0044-7447-32.2.98
https://doi.org/10.4081/jlimnol.2008.163
https://doi.org/10.5324/fn.v42i0.4965
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=1282
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?spid=2729
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1007/s10750-010-0397-2
https://doi.org/10.1007/s10750-010-0397-2
http://creativecommons.org/licenses/by/4.0/
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://www.nb.no/items/259088192ed16acfd94f632f3d9c1612
https://www.nb.no/maken/item/URN:NBN:no-nb_digibok_2011071220008/open
https://www.nb.no/maken/item/URN:NBN:no-nb_digibok_2011071220008/open
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1111/j.1095-8649.2007.01673.x
https://doi.org/10.1111/j.1095-8649.2007.01673.x
https://doi.org/https://doi.org/10.1111/1365-2664.13993
https://doi.org/https://doi.org/10.1111/1365-2664.13993
https://doi.org/10.1146/annurev.ecolsys.33.010802.150429
https://doi.org/10.1146/annurev.ecolsys.33.010802.150429
https://doi.org/10.1007/BF00303341
https://doi.org/10.1007/BF00303341
https://www.nina.no/english/About-NINA/Publications/NINA-Report
https://doi.org/10.1007/s10530-019-02033-6
https://doi.org/10.1007/s10530-019-02033-6
https://doi.org/10.1111/j.1095-8649.1996.tb01120.x
https://doi.org/10.1111/j.1095-8649.1996.tb01120.x

