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Abstract Pacific pink salmon (Oncorhynchus gor-
buscha) invasions, thought to originate from popula-
tions introduced and established in Russia, occurred
along the Norwegian coast in 2017 and 2019. Despite
several thousand pink salmon entering and establish-
ing in northern Norwegian rivers, current understand-
ing of the ecological effect of the species in northern
Europe is limited. Scavengers feeding on pacific
salmon carcasses are important vectors for the trans-
port of marine derived energy and nutrients to
terrestrial ecosystems in the Pacific Northwest, North
America, where the salmon naturally occur. However
the role of terrestrial and aquatic scavengers in the
consumption and removal of pink salmon beyond the
salmon’s native range is unknown. This study has
identified terrestrial and sub-aquatic vertebrate scav-
engers on pink salmon carcasses in a sub-arctic river in
northern Norway. Avian scavengers filmed by a
camera placed near sites baited with pink salmon
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carcasses included the Eurasian magpie (Pica pica),
hooded crow (Corvus cornix), common raven (Corvus
corax), the European herring gull (Larus argentatus),
redwing (Turdus iliacus) and goosander (Mergus
merganser). However, the largest carcass weight was
removed by red foxes (Vulpes vulpes). Carcasses
entering Vesterelv River in 2019 were estimated to
provide energy and nutrients to the river ecosystem an
order of magnitude lower than in the Pacific North-
west. This study provides some of the first information
in northern Europe on the mechanisms and quantifi-
cation of energy and nutrient transfer from the ocean to
riparian environments via introduced Pacific pink
salmon. Results help to begin to determine the
ecological effect of pink salmon and the development
of appropriate management strategies.

Keywords Scavengers - Oncorhynchus gorbuscha -
Sub-arctic riparian ecosystem - Introduced species

Introduction

Pacific salmon (genus; Oncorhynchus) are an ecolog-
ical, economic and subsistence resource for countries
of the North Pacific Rim (Schoen et al. 2017). Because
of their attractiveness as a food and sport fish, they
have been introduced far beyond their native geo-
graphical range (Groot and Margolis 1991). High
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cold-water tolerance and minimal use of the freshwa-
ter habitat has allowed Pacific pink salmon, herein
referred to as pink salmon, populations to be success-
fully introduced and established in coastal northwest
Russia. Pink salmon catches have been recorded in
Norway since the 1960s, but in 2017 and 2019 major
pink salmon invasions thought to originate from
Russian populations and to be linked to favorable
climatic conditions for pink salmon reproduction and
survival, have occurred along the Norwegian coast. It
is likely that several tens of thousands of adult
spawners have entered the rivers (Mo et al. 2018;
Sandlund et al. 2018). However, the ecological effect
or role of pink salmon in Norwegian and European
riverine ecosystems is currently relatively unknown
(Jonsson and Jonsson 2018).

Pink salmon are an anadromous and semelparous
species, that spend most of their lives feeding and
maturing in the ocean, where they gain 95% of their
mass before returning to rivers to spawn and die
(Groot and Margolis 1991). The consumption of
salmon carcasses by terrestrial and aquatic vertebrates
in and alongside rivers is well known as a major
pathway by which marine derived energy and nutri-
ents (MDN) enter terrestrial and freshwater food webs
(Ben-David et al. 1998; Cederholm et al. 1999; Wipfli
et al. 2003). Salmon carcasses provide a valuable food
source to terrestrial vertebrates (Reimchen 1994). As a
result, linkages have been made between the occur-
rence of Pacific salmon runs and the diversity,
abundance (Field and Reynolds 2013; Wilson and
Halupka 1995), movement, feeding and reproductive
patterns of vertebrates (Ben-David et al. 1997).
Terrestrial vertebrates known to commonly scavenge
on Pacific salmon carcasses in rivers in the Pacific
Northwest of North America include bears (genus
Ursus) (Quinn et al. 2009), wolves (Canis lupus), otter
(Enhydra sp.), mink (Neovison vison), marten (Martes
sp.) (Cederholm et al. 1989; Ben-David et al. 1997),
eagles (Haliaeetus leucocephalus), vultures (Cath-
artes aura) and gulls (genus Larus) (Christie and
Reimchen 2005; Shardlow and Hyatt 2013). In many
of these studies, baited cameras have been used to
identify and observe vertebrate scavengers and preda-
tors on Pacific salmon (Shardlow and Hyatt 2013; Levi
et al. 2015). The method offers the ability to detect
diurnal and nocturnal activities with reduced costs and
human intervention.
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The objective of this study was to identify terres-
trial and sub-aquatic animal vectors that transport
MDN via adult pink salmon carcasses in streams to
riparian zones in a sub-arctic river system in northern
Norway. An additional objective was to provide an
initial quantification of the MDN transported by pink
salmon carcasses to the river ecosystem and to the
terrestrial environment by scavengers in northern
Norway.

Methods

The study was conducted in the river Vesterelv,
Eastern Finnmark, northern Norway. Vesterelv is over
19.6 km long and stretches from Lake Vesterelv to the
bottom of the Varangerfjord and has an average width
of 7 m (approximate area of 13,720 m?) and an annual
mean flow of 2.5 ms > (Norwegian Watercourses and
Energy Directorate 2017). Some of the largest num-
bers of pink salmon in Norway, entered and spawned
in Vesterelv in 2017 (Sandlund et al. 2018).

Four motion-activated infrared stills imaging cam-
eras (Browning Strike Force Pro XD with dual lens)
were set on the riverbank to monitor wildlife scav-
enging activity on pink salmon carcasses. The cameras
were set to capture five images rapidly when move-
ment was detected. The long-range night exposure
settings of the cameras allowed images of scavengers
to be detected in all light levels. The identity and
number of scavenger taxa was monitored before and
during pink salmon spawning (16th July to 20th
August 2019) to provide a relative comparison of
wildlife activity prior to and after the introduction of
pink salmon carcasses. Two unbaited cameras were
placed on both side of the bank in the lower river reach
(70° 7' 12", 28° 29’ 56.4") where pink salmon were
spawning. Two further unbaited cameras were placed
on both sides of the riverbank in a control location
farther upstream where pink salmon were prevented
from reaching by a waterfall (70° 6’ 57.6", 28° 31’
55.2"). Cameras were placed approximately two
meters from the riverbank and surveyed an area of
approximately 4 m% The monitoring of scavenging
activities started on the 20th August 2019 and ended
on the 5th September 2019 when all carcasses had
been removed. The study was conducted during a
period when the majority of pink salmon had
completed spawning. The two cameras in the lower
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reaches were each baited with 25 pink salmon
carcasses (10 females and 15 males), with a total
weight of ~30 kg. Carcasses were spread evenly
within the camera field of view on the riverbank. No
carcasses were placed in front of the cameras in the
upstream location to act as a control site. In addition, at
the impacted site, a single time-lapse camera in an
underwater housing was placed in the river at a depth
of ~0.5 m and baited with 10 pink salmon carcasses.
The scavenging activity on underwater carcasses was
monitored for 48 h. Images from all four cameras were
viewed in Adobe Photoshop CC 2019. Mammals or
birds observed feeding on the carcasses were consid-
ered as scavengers, or scavengers of carcass-feeding
insects, and were identified to species level. The
maximum number of scavengers observed at the bait
at one time (Maxy), the time between the placement of
the carcasses and the arrival of the first scavenger
(tamivar) and the time taken to reach Maxy (tpaxn) are
all recognized proxies of scavenger abundance (Lan-
glois et al. 2018). These parameters were calculated
for each camera set of images before and after the time
of carcass placement.

The energy transported to the river by pink salmon
carcasses was calculated by multiplying the energy
(3.31 KJ g ") and the nitrogen (2.4% carcass weight)
and phosphorous percentage content (0.4% carcass
weight) averaged for chum and pink salmon carcasses
from Gende et al. (2003) by the estimated biomass of
pink salmon in Vesterlev. Biomass was estimated
from the recorded weights of male and female
carcasses (n = 10) and the estimated number of pink
salmon that entered the river in 2019. The number of
pink salmon entering Vesterelv during the study
period was estimated from anadromous fish counts
recorded in 2017 and 2019 (Berntsen et al. 2020; R.
Muladal, unpublished data). Counts were conducted
by snorkeling studies in 2017 that followed the
Norwegian standard for the “visual registration of
anadromous salmonids in watercourses” and local
catches of pink salmon recorded in 2017 and 2019.
The energy and nutrient budgets in the carcasses were
quantified over the river area (13,720 m?). The rate of
removal of the carcasses (kg day ') was calculated by
dividing the weight of the carcasses (30 kg) by the
days elapsed before the carcasses were completely
removed. The percentage of carcasses removed each
day was used to calculate the rate of MDN transfer to

the surrounding terrestrial environment
(KJ day_1 m_z).
Results

Five bird species, that included the Eurasian magpie
(Pica pica), hooded crow (Corvus cornix), common
raven (Corvus corax), the European herring gull
(Larus argentatus) and the redwing (Turdus iliacus),
attended and fed on the pink salmon carcasses (Fig. 1).
Redwing were however, most likely to be feeding on
the adult or larval insects on the carcasses. Magpies
were the first scavenger species to arrive at the bait at
camera one with a t, . of 15 h 2 min. At camera
two, the first arrival was a European red fox (Vulpes
vulpes) at 2 h 12 min after the bait was placed in front
of the cameras. Ravens were the most common
scavenger at both carcass sites and reached a Maxy
of five individuals at a tmaxy of 43 h and at 57 h.
Magpies and hooded crows generally attended the bait
in pairs (Maxy = 2). All three of these bird species fed
during daylight hours whereas it was common to see
an individual redwing and/or herring gull continue to
feed on the bait some hours after sunset or early in the
morning (Fig. 2). The red fox was the only mammal
observed to scavenge on the pink salmon carcasses.
Several foxes, that could be identified as different
individuals by their coat markings, visited the car-
casses during the day and night and removed whole
carcasses into the riparian vegetation. At both carcass
sites the maximum number of scavengers observed at
the bait at one time was 5.

A goosander (Mergus merganser) was captured
feeding on the pink salmon carcasses in the river
(Fig. 1). In the period before and during spawning
when cameras were unbaited, an individual redwing
and two common mergansers were observed passing
the camera at the soon-to-be carcass site. At the
control site a red fox, a hooded crow and a Eurasian
otter (Lutra lutra) passed the camera, pre-treatment. In
the control site after spawning, a single common
merganser passed the camera.

In Vesterelv in 2017, >1500 pink salmon were
caught and >600 were observed in snorkeling studies.
In 2019, the local catch was 1681 pink salmon leading
to an estimated of, 2000-2500 pink salmon entered the
river annually in both 2017 and 2019. This makes the
spawning population of pink salmon five times larger
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Fig. 1 Images of terrestrial and sub-aquatic scavenging fauna feeding on pink salmon (Oncorhynchus gorbuscha) carcasses in

Vesterelva, Finnmark

than that of the native mature anadromous resident
salmonid populations of Atlantic salmon (Salmo
salar) and brown trout (Salmo trutta) (Muladal,
pers.obs.). Therefore, the biomass of carcasses enter-
ing Vesterelv in 2019 was estimated between 2.2 and
2.7 tons, which provides between 533.4 and
666.7 kJ energy m ™~ to river biota. In addition, car-
casses can provide between 3.9 and 4.8 g m ™~ nitro-
gen and 0.7-0.8 g m~2 phosphorus to the river
ecosystem. During the study period terrestrial birds
and mammals removed 5.9% of the carcass biomass
each day. If this rate of removal is extrapolated to the
whole biomass of carcasses entering the river then
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each day terrestrial megafauna can transfer between
32 and 40 kJ of energy m?, 0.23-0.29 g m ™~ nitrogen
and 0.04-0.05 g m~ 2 phosphorus to the riparian
environment surrounding Vesterelv.

Discussion

This study showed that invasive adult Pacific pink
salmon carcasses can serve as a food source for
terrestrial and sub-aquatic avian and mammalian
wildlife in northern Norway. Birds and foxes were a
dispersal pathway for the transport of marine-derived
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Fig.2 Mean maximum number of scavenger species observed per day feeding on pink salmon (Oncorhynchus gorbuscha) carcasses in

Vesterelva, Finnmark. Each graph represents the scavengers observed in a single camera

nutrients (carbon, nitrogen and phosphorous) and
energy from pink salmon carcasses to the terrestrial
ecosystem as is commonly observed in northwest USA
and Canada where pink salmon occur naturally
(Gende et al. 2003). The foxes at river Vesterelv were
presumed to cache carcasses and thus in combination
with the droppings of other scavengers, transfer
marine-derived nutrients and energy into the riparian
environment. Once these nutrients and energy enter
the riparian ecosystem they can result in an increase in
terrestrial invertebrates and vertebrates that feed on
salmon biomass (Field and Reynolds 2013) and
increased growth of terrestrial vegetation (Ben-David
et al. 1998; Bilby et al. 2003). The bird fauna
scavenging on the pink salmon carcasses in Vesterelv
included species that are known salmon scavengers in
the Pacific Northwest (Christie and Reimchen 2005).
The goosander feeds on live salmonids in northern
Norway (Kalas et al. 1993) but this work observed
them feeding as scavengers which has previously been
unrecorded. It is possible that the ten carcasses in the
river were removed by goosanders. Red foxes also
scavenge on salmon carcasses in Alaska (Gard 1971).
Other terrestrial and sub-aquatic wildlife common in
northern Norway that were not observed as scavengers
in this study but are still likely to scavenge on pink

salmon carcasses include the Eurasian otter (Lutra
lutra) and white-tailed eagle (Haliaeetus albicilla).
The MDN transferred by pink salmon carcasses to
Vesterelv and into the terrestrial environment by
scavengers is an order of magnitude lower than often
recorded in their natural environments, although that
ranges widely depends upon the nature of the streams,
size of the salmon runs, and densities of vertebrate
scavengers and predators (M. Wipfli, pers. obs.). For
example, Gende et al. (2003) estimated that
5455 kI m~2 energy, 37 g of nitrogen, 5.3 g of
phosphrous was transported to each m? of stream area
in Bear Creek, southeastern Alaska, via chum and pink
salmon adults, where these salmon species, and
vertebrate predators and scavengers, are abundant.
This does not take into account the MDN provided by
energy rich pink salmon eggs. However, the energy
transferred to Vesterelv by pink salmon is significantly
greater than the energy and nutrients supplied to the
River Imsa in Norway by the carcasses of the native
Atlantic salmon (38 x 10° kJ energy per year) and
117 and 23 kg of nitrogen and phosphorous per year
(Jonsson and Jonsson 2002). Therefore, the MDN
from current pink salmon runs in northern Norway
will not impact riverine and aquatic ecosystems to the
same extent they do in northeast Pacific. However,
pink salmon carcasses do represent a new and larger
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source of MDN than native salmonids and has the
potential to influence the structure and distribution of
local wildlife communities.

Pink salmon carcasses have the potential to become
an important seasonal food resource in rivers to these
scavenger species where large numbers of pink salmon
continue to return. The consumption of pink salmon
carcasses could have an adaptive value to terrestrial
and sub-aquatic fauna in northern Norway, as has been
predicted for terrestrial wildlife predating on salmon
in Alaska (Ben-David et al. 1997; Darimont et al.
2008). If the input of this new resource continues it
will have the potential to impact local ecological
processes such as competition and predation (Gende
and Quinn 2004). For example, carcasses can serve to
enhance the survival of scavenging fauna and as a
result increase population numbers, which in turn can
impact the populations of prey or competitors.

In summary, this study provides some of the first
information in northern Europe on the mechanisms
and quantification of energy and nutrient transfer from
the ocean to riparian environments via Pacific pink
salmon. Further studies should identify which species
benefit, which do not, and which might suffer negative
consequences from invasive pink salmon in Norway.
We can anticipate there will be both ‘winners’ and
‘losers’ from adult pink salmon runs in the future, in
both terrestrial and freshwater ecosystems.
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