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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, Vøllestad 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 (Mjærum et al. 2026). 
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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.

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, Vøllestad 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, Vøllestad 
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, Bøhn 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 (Vøllestad 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 et al. 2013). Of 
449 individuals contacted across 197 municipalities, 71 agreed to 

https://www.nina.no/pukkellaks
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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 
primary motivation for the translocation (Table 2). In 60 (20.9%) 
events the reason for the translocation was assumed to be the release 
of fish used as live bait, or the intentional releases of fish species 
intended to be prey for highly valued predatory fish such as brown 
trout and pike. There are also reports of aquarium fish being released 
(e.g. pumpkinseed) and illegal hatchery production of fish for release 
(e.g. rainbow trout).

Of the 287 recorded events, about half (n=146, 50.9%) had resulted 
in self-sustaining populations. In addition, 25 translocations were 
considered likely to have resulted in self-sustaining populations. 

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 5
Smelt Osmerus eperlanus (L., 1758) 1 0
Vendace Coregonus albula (L., 1758) 0 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 7
Sunbleak Leucaspius delineates (Heckel, 1843) 0 0
Tench Tinca tinca (L., 1758) 29 19
Gudgeon Gobio gobio (L. 1758) 0 0
Brown bullhead Ameiurus nebulosus (Le Sueur, 1819) 0 0
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 0
Splake Salvelinus namaycush * Salvelinus fontinalis hybrid 1 0
Other taxa
Redtailed catfish Phractocephalus hemioliopterus  (Bloch & Schneider 1801) 2 0
Cichlidae Unknown species 1 0

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

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

Vector Number Percent
Trophy 169 58.9
Bait-fish 60 20.9
Legal stockings 25 8.7
Dumping 22 7.7
Physical intervention 6 2.1
Escapement 3 1.0
Unknown 2 0.7

https://lister.artsdatabanken.no/fremmedartslista/2023
https://lister.artsdatabanken.no/fremmedartslista/2023
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Figure 1. The geographic location of new incidents of translocated non-
native and regionally alien freshwater fish species in Norwegian waters 
during the period 2013–2021.

Figure 2. The geographic location of new incidents of translocated pike in 
Norwegian waters during the period 2013–2021.

Figure 3. The geographic location of new incidents of translocated Eurasian 
minnow in Norwegian waters during the period 2013–2021. 

Figure 4. The geographic location of new incidents of translocated carp in 
Norwegian waters during the period 2013–2021. 
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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 

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 Østfold 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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with 35 new events. A decline in gillnet catches of brown trout 
of approximately 35% following minnow establishment has been 
documented (Museth et 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 
(Borgstrøm 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 et 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 Trøndelag (cf. Berger et 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 et al. 1996). 
Nevertheless, only a few self-reproducing populations are now 
present (Sægrov 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 

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 et 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 Krøderen 
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 



Hesthagen and Vøllestad: Alien freshwater fish species in Norwegian watercourses Fauna norvegica 45: 21–29. 2026

27

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 (Fossøy et al. 2017, 2018, 
Taugbøl and Fossøy 2019). This should be combined with further 
modelling and projecting the dispersal patterns (Bærum 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!
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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 Jørgensen 
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. Bærum et al. 2021). 

Vectors
The principal vector for the spread of freshwater fish is humans, 

whether intentional or accidental (Bærum 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. Bærum et al. (2021) analysed multiple 
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