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Abstract

Fossay, F., Erkinaro, J., Orell, P., Pohjola, J.-P., Brandsegg, H., Andersskog, |.P.&. & Siverts-
gard, R. 2022. Monitoring the pink salmon invasion in Tana using eDNA. Assessment of pink
salmon, Atlantic salmon and European bullhead. NINA Report 2213. Norwegian Institute for Na-
ture Research.

Human introduction of non-native species is a major threat to biodiversity, and early detection is
crucial for implementing conservation mitigations. The pink salmon (Oncorhynchus gorbuscha)
is originally native to rivers draining to the Pacific ocean, but reports on occurrence of pink
salmon in Norway have increased sharply in recent years. Pink salmon is an anadromous spe-
cies with a two-year life cycle where both males and females die after spawning. In Norway, the
odd-year spawners are dominating with large numbers of fish recorded in 2017, 2019 and 2021.
Monitoring presence and abundance of pink salmon is crucial for implementing possible mitiga-
tion efforts. Analyses of environmental DNA (eDNA) is a new cost-efficient method for detecting
rare and invasive species. Here we report the results from eDNA analyses of the river Tana,
including 19 localities in 2019 and 24 localities in 2021. The Tana watercourse constitutes the
border between northern Finland and Norway and is supporting the largest Atlantic salmon pop-
ulation in Norway. The eDNA analyses detected Atlantic salmon (Salmo salar) in almost all trib-
utaries in both years, with a pronounced higher DNA-concentration in the middle of the water-
course. In 2019, we detected pink salmon in four different tributaries, representing more or less
all parts of the watercourse. In 2021, we detected pink salmon in 15 localities, with somewhat
higher DNA-concentrations than in 2019, reflecting the observed increase in pink salmon num-
bers. The eDNA analyses also included another alien species in the Tana system, the European
bullhead (Cofttus gobio), where detections were constrained to the lower parts of Tana. We con-
clude that analysis of eDNA water samples is a cost-efficient method for monitoring the invasion
of pink salmon at many localities, with the potential of including analyses of multiple species. We
recommend that future monitoring implements a standard design with resampling of the same
localities at the same time each year to enable inference on long-term trends in eDNA-concen-
trations.
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Foreword

This report is based on two projects commissioned by the County Governor of Troms and Finn-
mark for investigating pink salmon presence and distribution using eDNA in the Tana water-
course in 2019 and 2021. The Tana watercourse includes the longest anadromous river in Nor-
way, and numerous tributaries feed into the main river. Whereas conventional monitoring is lim-
ited to some specific localities, this study implements eDNA for large-scale sampling of many
tributaries covering 19 localities in 2019 and 24 localities in 2021. The results suggest that eDNA
is a cost-effective method for mapping the geographical distribution of both pink and Atlantic
salmon in the Tana watercourse and that it can be used for tracking changes for both species in
the years to come. We are grateful to Eirik Frgiland, representing the County Governor of Troms
and Finnmark, for supporting this project and fruitful discussion along the way.

29. November 2022
Frode Fossay
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1 Introduction

Human introduction of non-native species is a major threat to biodiversity globally, and early
detection and response can be crucial for mitigating their effects (Duefas et al. 2021). One such
example is the spread of pink salmon (Oncorhynchus gorbuscha) in the Atlantic ocean, after
human introduction to the Kola Peninsula in several stages since the late 1950s (Mo et al. 2018,
Sandlund et al. 2019, VKM et al. 2020). The pink salmon is originally native to rivers draining to
the Pacific ocean. Reports on occurrence of pink salmon in Norway have increased sharply in
recent years, and in particular in northern Norway being close to the Kola peninsula (Berntsen
et al. 2018, Berntsen et al. 2020). The reason for the sudden increase is still poorly understood,
but rising sea temperatures could play an important role.

Pink salmon is an anadromous species with a two-year life cycle where both males and females
die after spawning. The pink salmon young migrate to the ocean in the spring and spend one
year feeding in the marine environment before returning to the rivers for spawning in August the
following year. This creates two different populations, with even-year and odd-year spawners. In
Norway, the odd-year spawners are dominating, with only a few even-year spawners in compar-
ison (Berntsen et al. 2018, Mo et al. 2018, Berntsen et al. 2020).

Monitoring the presence and abundance of pink salmon in different rivers is crucial for imple-
menting proper mitigations. Analyses of environmental DNA (eDNA) is a cost-efficient method
for detecting single species and monitoring complex ecosystem using simple water samples col-
lected in rivers and lakes (Taberlet et al. 2018). eDNA is the remains of genetic material shed by
living organisms through saliva, faeces, scales, hair, etc. suspended in water or soil or adhered
to particles. By filtering water, we can collect the eDNA and identify species living in the environ-
ment using genetic markers. Comparisons with conventional methods show that analyses of
eDNA often are more sensitive in detecting rare species, and can return longer lists of species
and biodiversity information across diverse taxa (Valentini et al. 2016). This method has also
proven very effective in monitoring invasive species (Fossgy et al. 2019a, Sepulveda et al. 2020,
Taugbgl et al. 2021). NINA has during the last few years developed both sampling equipment
and genetic tools for analysing eDNA and implemented standard protocols for many aquatic
organisms (Fossgy et al. 2017, Taugbal et al. 2017, Fossgy et al. 2018, Taugbal et al. 2018,
Fossay et al. 2019b, Wacker et al. 2019), and has recently developed a new genetic marker for
detecting pink salmon (Gargan et al. 2021).

The large river Tana forms the border between northernmost Finland and Norway and is sup-
porting the largest Atlantic salmon (Salmo salar) population complex and the highest salmon
catches among Norwegian salmon rivers (VRL. 2022). Recently the Tana salmon stocks have
declined (Anon. 2021) and salmon fishing have been ceased at least for the 2021 and 2022
seasons. At the same time numbers of non-native pink salmon have increased explosively. At
the same time, numbers of non-native pink salmon has increased explosively. Occasional pink
salmon have been caught in the Tana fisheries already since early 1960s, and catches have
varied since, being higher in some odd years following large releases of pink salmon juveniles
in Russia, but rather low in most years (Sandlund et al. 2019). The estimated numbers of pink
salmon entering the river system in the 2000s have been some tens or hundreds. In 2017, close
to 5000 pink salmon were estimated entering the river, and approximately the same amount was
detected by a sonar in 2019. In 2021, estimated pink salmon run exceeded 50 000 individuals
(Anon. 2021). Based on the Atlantic salmon monitoring programme extending to multiple tribu-
taries of the large Tana system, expansion of pink salmon into the tributaries has been observed
by video arrays, snorkelling and sonars. Until 2021, the monitoring programmes have revealed
pink salmon only in large headwater branches and some other large or mid-size tributaries of the
Tana system, in addition to the main stem of the river.

Here, we report the first results from eDNA analyses carried out in 2019 and 2021, where sam-
ples were collected in multiple tributaries of the Tana watercourse. The objective of this study
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was to analyse the spatial distribution of pink salmon in different tributaries. In addition to pink
salmon, a secondary focus was put on another introduced species in the Tana system, the Eu-
ropean bullhead (Cofttus gobio) which was accidentally introduced to the system in late 1970s
and has expanded its spatial distribution since (Pihlaja et al. 1998, Pohjola et al. 2021).
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2 Material and methods

2.1 Collection of samples

eDNA samples were collected by the Natural Resources Institute Finland (LUKE) in August 2019
and 2021 (Figure 1, Appendix Table 1). Water was filtrated in duplicates per station on a 2.0
pm glassfiber filter (Merck Millipore) in 2019 and on a 0.8 pym capsule filter (NatureMetrics) in
2021 by the help of a peristaltic pump (Blrkle Vampire). DNA was conserved by adding ATL-
buffer (Qiagen) and the filters were stored at room temperature until further analyses at the Cen-
tre for Genetic Biodiversity (NINAGEN) in Trondheim. Positive field controls were sampled in the
river Komag in 2019 and in the river Utsjoki in 2021. Negative field controls included filtering of
bottled drinking water.
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Figure 1. Map showing sampling localities for eDNA in Tana for both 2019 and 2021.
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2.2 Laboratory analyses

The glass fiber filters were stored in 5 mL tubes containing 4.05 mL ATL-buffer and DNA-
extraction was initiated by adding 450 uL proteinase-K before incubation at 56°C overnight. The
NatureMetrics capsule filters contained approx. 1.5 mL ATL-buffer and 130 yL proteinase-K (di-
luted 1:10) was added to the filters before incubation at 56°C overnight. DNA was extracted from
both types of water filters using a combination of NucleoSpin Plant Il (Machery-Nagel) spin col-
umns, and Blood & Tissue buffers (Qiagen) for both filter types. DNA was eluted in 200 uL pre-
heated AE-buffer and thereafter re-eluted for maximising the DNA-output.

Species-specific genetic markers for pink salmon (Gargan et al. 2021) and Atlantic salmon
(Fossgy et al. 2019a) were analysed using digital droplet PCR (ddPCR). The ddPCRs consisted
of 0.9 uM forward and reverse primers, 0.25 yM of the probes, ddPCR™ Supermix for Probes
(No dUTP) (Bio-Rad Laboratories), dH20, and 5 ul template-DNA. To generate droplets, an Au-
toDG™ Instrument (Bio-Rad Laboratories) was used, with subsequent PCR amplification in a
Veriti™ 96-Well Thermal Cycler (Applied Biosystems). The following thermal cycling conditions
were used: an initial denaturation step at 95°C for 10 min, 40 cycles of denaturation at 95°C for
30 s, annealing and extension at 60°C for 1 min, a final step of denaturation at 98°C for 10 min,
and a final hold at 4°C. PCR plates were transferred to a QX200™ Droplet Reader (Bio-Rad
Laboratories) to automatically detect the fluorescent signal in the droplets. QuantaSoft software
v.1.7.4 (Bio-Rad Laboratories) was used to separate positive from negative droplets, according
to manufacturer's instructions. To prevent presence of false positives, we conservatively set a
limit of minimum three positive droplets for assessing a sample as positive (Dobnik et al. 2015).

For European Bullhead, we developed a new genus-specific assay based on a part of the mito-
chondrial 16S gene. We used Primer Express 3.0.1 (Applied Biosystems) to design primers and
TagMan MGB probes (NINAcottus, Table 1). The new primer combination was tested for cross-
species amplification of several related and un-related species, including the closely related Al-
pine bullhead (Cottus poecilupus) that was as expected amplified by the genus-specific assay.
There was however no sign of cross-amplification when analysing Eurasian minnow (Phoxonus
phoxinus), perch (Perca fluviatilis), pike (Esox lucius), burbot (Lota lota), sea lamprey
(Petromyzon marinus), Arctic char (Salvelinus alpinus), trout (Salmo trutta), Atlantic salmon or
pink salmon (data not shown). A standard curve of known DNA-concentrations revealed a high
efficiency of the new assay (Appendix Figure 1). We also analysed the presence of pink salmon
using quantitative PCR (qPCR) in both years. Each qPCR-reaction for both species had a total
volume of 30 pL which included 15 yL TagMan Fast Advanced Master Mix (ThermoFisher Sci-
entific), 0.9 uyM of forward, reverse primer and probe, 4.5 dH20 and 5 yL DNA-template. PCR-
conditions started with an onset of 50°C for 2 min and 95°C for 10 min, followed by 45 cycles of
95°C for 15 sec and 60°C for 90 sec, and were finalized with 72°C for 10 min. All samples were
analysed using a QuantStudio 5 qPCR-machine (ThermoFisher Scientific), and all samples were
analysed in triplicates, where only samples showing at least 2 out of 3 positive results were
considered positive for the target species. A standard curve for the pink salmon assay showed
a high efficiency (Appendix Figure 2).

Table 1. Details on the new genus-specific 16S qPCR-assay (NINAcottus) designed as part of
this study for detecting European Bullhead (Cottus gobio) and other Cottus spp.

Primer name Primer sequence
CottuslF_318 CCACGTGGAATGGGAACACT
Cottus1R_397 GCCGGATCTTGTTGGTCAGA
Cottus1P_340 TCCTACAACTAAGAGCTACAGC
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3 Results and discussion

In total, we analysed 38 filters from 19 localities in 2019, and 48 filters from 24 localities in 2021,
from the Tana watercourse. The results from both gPCR and ddPCR analyses showed that the
positive field controls were positive, and that the negative field controls were negative. All ex-
traction controls and PCR controls in the lab were also negative.

The eDNA analyses detected Atlantic salmon at almost all tributaries in both years, with a pro-
nounced higher DNA-concentration in the middle of the watercourse (Figure 2). Because we
switched filter types among years, we cannot directly compare changes in water concentration,
but the results were relatively similar with ca. 3000 DNA-copies per litre water estimated in the
ddPCR-analyses in the middle of the watercourse in both years.

Pink salmon was only detected in three localities in 2019 using ddPCR: in Maskejohka, in the
lower part of Karasjohka and in the lower part of Inarijoki (Figure 2). Reanalysing the samples
using qPCR confirmed these results, and moreover also revealed presence of pink salmon in
the upper parts of both Karasjohka and Inarijoki (Appendix Table 2). The upper part of Inarijoki
represents the most upstream detection of pink salmon recorded in Tana so far. In addition, the
gPCR analyses detected pink salmon in the Leavvajohka tributary, in the middle of the Tana
watercourse. Several samples showed amplification in 1 of 3 replicates, and we cannot exclude
that these are undetectable concentrations of pink salmon. However, we treat these as negative
results by definition.

In 2021, we detected pink salmon in 15 localities, with somewhat higher DNA water concentra-
tions than in 2019 (Figure 3). Again, we cannot directly compare the two years since we switched
filter types. However, whereas ca. 5000 pink salmon were estimated to enter the river in 2019,
the pink salmon run in 2021 likely exceeded 50 000 individuals, i.e. a ten-fold increase (Anon.
2021). An increase in the number of detections as well as DNA-concentration is therefore ex-
pected. The detections were distributed across all parts of the Tana watercourse and shows the
large-scale geographical span of the alien species in this river. The negative results were all
accompanied by other samples showing positive detections in all tributaries, and most tributaries
showed positive detection in the most upstream region (Figure 3, Appendix Table 3). The up-
most sample in lesjohka was however negative, and only sampled in 2021. Hence, we can only
document pink salmon as far up as Karasjohka in this part of the watercourse.

The DNA-quantities of Atlantic salmon appeared to be higher than for pink salmon. There is likely
species-specific differences in shedding and excretion of DNA that could affect these estimates.
However, although the pink salmon run was ca. twice of that for Atlantic salmon (Anon. 2021),
there is only one age class of fish. For Atlantic salmon, there are up to six different age classes
of juveniles, plus adult spawners returning from the sea. This fact also makes it hard to assess
the relative abundance of pink vs. Atlantic salmon using eDNA, as we cannot classify either
number of individuals or age. However, an increasing or decreasing eDNA-concentration be-
tween years would suggest an increase or decrease in biomass for each species. Finally, the
picture we see is only a snapshot in time, and represents the distribution of fish the day, or
perhaps a couple of days before sampling. Hence time of sampling becomes very important for
the result and needs to be standardized among years.

Detections of European bullhead were constrained to the lower parts of Tana (Figure 4), mainly
below the River Utsjoki system where its spreading started in 1970s (Pihlaja et al. 1998). There
was however positive detection in the river Valjohka, which is quite far up in the main Tana river.
The new genetic marker designed in this study seems to give reliable results but still needs to
be confirmed in future studies.

False positives can occur in eDNA analyses, but we try to avoid such results by including strict

criteria. However, we cannot completely exclude the presence of false positives in our analyses.
The confidence of a negative result is not known. The failure to detect a species can be caused

10
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by many factors, such as water quality, temperature, sample volume and the number of individ-
uals of the target species as well as lab protocols and procedures. A negative eDNA results
should therefore not be considered as final evidence for the target species not occurring in the
sample location.

11
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Figure 2. Water DNA-concentrations from analyses digital droplet PCR (ddPCR) for Atlantic and
pink salmon in 2019 (upper panel) and 2021 (lower panel). Localities are sorted by longitude
with downstream localities to the left and upstream to the right.
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2021 - Cottus spp.
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Figure 4. eDNA-quantity as measured by qPCR for Cottus spp., likely reflecting only European
bullhead in Tana, at different localities, sorted by longitude with downstream localities to the left
and upstream to the right.

14




NINA Report 2213

4 References

Anon. 2021. Status of the Tana/Teno River salmon populations in 2021. Report from the Tana
Monitoring and Research Group nr 1/2021.

Berntsen, H. H., O. T. Sandlund, E. Thorstad, and P. Fiske. 2020. Pukkellaks i Norge, 2019. NINA
Rapport 1821. Norsk institutt for naturforskning.

Berntsen, H. H., O. T. Sandlund, O. Ugedal, E. Thorstad, P. Fiske, K. Urdal, &. Skaala, P. T. Fjeld-
heim, H. Skoglund, B. Florg-Larsen, R. Muladal, and I. Uglem. 2018. Pukkellaks i Norge,
2017. NINA Rapport 1571. Norsk institutt for naturforskning.

Dobnik, D., B. Spilsberg, A. Bogozalec Kosir, A. Holst-Jensen, and J. Zel. 2015. Multiplex
quantification of 12 European Union authorized genetically modified maize lines with droplet
digital polymerase chain reaction. Analytical Chemistry 87:8218-8226.

Duefias, M.-A., D. J. Hemming, A. Roberts, and H. Diaz-Soltero. 2021. The threat of invasive
species to IUCN-listed critically endangered species: A systematic review. Global Ecology
and Conservation 26:€01476.

Fosswy, F., H. Brandsegg, R. Sivertsgard, O. Pettersen, B. K. Sandercock, @. Solem, K. Hindar,
and T. A. Mo. 2019a. Monitoring presence and abundance of two gyrodactylid
ectoparasites and their salmonid hosts using environmental DNA. Environmental DNA 2:53-
62.

Fossay, F., H. Brandsegg, R. Sivertsgard, O. Pettersen, B. K. Sandercock, &. Solem, K. Hindar,
and T. A. Mo. 2019b. Monitoring presence and abundance of two gyrodactylid
ectoparasites and their salmonid hosts using environmental DNA. Environmental DNA in
press.

Fossay, F., S. Dahle, L. B. Eriksen, M. H. Spets, S. Karlsson, and T. Hesthagen. 2017. Bruk av
miljg-DNA for overvaking av fremmede fiskearter - utvikling av artsspesifikke markarer for
gjedde, mort og @rekyt. NINA Rapport 1299. Norsk institutt for naturforskning.

Fossay, F., J. Thaulow, M. Anglés d'Auriac, H. Brandsegg, R. Sivertsgard, T. A. Mo, O. T.
Sandlund, and H. T. 2018. Bruk av miljg-DNA som supplerende verktgy for overvakning og
kartlegging av fremmed ferskvannsfisk. NINA Rapport 1586. Norsk institutt for
naturforskning.

Gargan, L. M., T. A. Mo, J. E. L. Carlsson, B. Ball, F. Fossgy, and J. Carlsson. 2021. Development
of an environmental DNA assay and field validation for the detection of invasive pink
salmon

Oncorhynchus gorbuscha. Environmental DNA 4:284-290.

Mo, T. A, E. B. Thorstad, O. T. Sandlund, H. H. Berntsen, P. Fiske, and I. Uglem. 2018. The pink
salmon invasion: a Norwegian perspective. Journal of Fish Biology 93:5-7.

Pihlaja, O., E. Nielmela, and J. Erkinaro. 1998. Introduction and dispersion of the bullhead, Cottus
gobio L., in a sub-Arctic salmon river in northern Finland. Fisheries Management and
Ecology 5:139-146.

Pohjola, J.-P., A. Vuontela, M. Kylmaaho, P. Orell, and J. Erkinaro. 2021. Kivisimppu Tenojoen
vesistdssa, esiintyminen ja levittdytyminen v. 1979-2020 The bullhead (Cottus gobio) in the
River Teno system : Occurrence and expansion in 1979-2020.

Sandlund, O. T., H. H. Berntsen, P. Fiske, J. Kuusela, R. Muladal, E. Niemel3, I. Uglem, T. Forseth,
T. A. Mo, E. B. Thorstad, A. E. Veselov, K. W. Vollset, and A. V. Zubchenko. 2019. Pink
salmon in Norway: the reluctant invader. Biological Invasions 21:1033-1054.

Sepulveda, A. J., N. M. Nelson, C. L. Jerde, and G. Luikart. 2020. Are environmental DNA methods
ready for aquatic invasive species management? Trends in Ecology & Evolution 35:668-
678.

Taberlet, P., A. Bonin, L. Zinger, and E. Coissac. 2018. Environmental DNA: for biodiversity
research and monitoring. Oxford University Press, Oxford.

Taugbgl, A., K. M. Baerum, B. K. Dervo, and F. Fossgy. 2021. The first detection of the fungal
pathogen Batrachochytrium dendrobatidis in Norway with no evidence of population
declines for great crested and smooth newts based on modeling on traditional trapping
data. Environmental DNA 10.1002/edn3.180.

Taugbagl, A., B. K. Dervo, K. M. Baerum, H. Brandsegg, R. Sivertsgard, B. Ytrehus, A. Miller, and F.
Fossay. 2017. Farste pavisning av den patogene soppen Batrachochytrium dendrobatidis
(Bd) i Norge. Bruk av miljg-DNA for pavisning av fremmede arter. NINA Rapport 1399.
Norsk institutt for naturforskning:25.

15




NINA Report 2213

Taugbgl, A., B. K. Dervo, R. Sivertsgard, H. Brandsegg, and F. Fossay. 2018. Bruk av miljg-DNA til
overvakning av sma- og storsalamander. Norsk institutt for naturforskning NINA-Rapport
1476.

Valentini, A., P. Taberlet, C. Miaud, R. Civade, J. Herder, P. F. Thomsen, E. Bellemain, A. Besnard,
E. Coissac, F. Boyer, C. Gaboriaud, P. Jean, N. Poulet, N. Roset, G. H. Copp, P. Geniez,
D. Pont, C. Argillier, J.-M. Baudoin, T. Peroux, A. J. Crivelli, A. Olivier, M. Acqueberge, M.
Le Brun, P. R. Mgller, E. Willerslev, and T. Dejean. 2016. Next-generation monitoring of
aquatic biodiversity using environmental DNA metabarcoding. Molecular Ecology 25:929-
942.

VKM, K. Hindar, L. R. Hole, K. Kausrud, M. Malmstregm, E. Rimstad, L. Robertson, O. T. Sandlund,
E. B. Thorstad, K. W. Vollset, H. d. Boer, K. Eldegard, J. Jarnegren, L. Kirkendall, . Maren,
A. Nielsen, E. B. Nilsen, E. Rueness, and G. Velle. 2020. Assessment of the risk to
Norwegian biodiversity and aquaculture from pink salmon (Oncorhynchus gorbuscha).
Scientific Opinion of the Panel on Alien Organisms and Trade in Endangered Species
(CITES). Norwegian Scientific Committee for Food and Environment (VKM), Oslo, Norway.
VKM report 2020:01, ISBN: 978-82-8259-334-2.

VRL. 2022. Status for norske laksebestander i 2022. Rapport fra Vitenskapelig rad for
lakseforvaltning nr 17, 125 s.

Wacker, S., F. Fossgy, B. M. Larsen, H. Brandsegg, R. Sivertsgard, and S. Karlsson. 2019.
Downstream transport and seasonal variation in freshwater pearl mussel (Margatritifera
margaritifera) eDNA concentration. Environmental DNA 10.1002/edn3.10.

16




NINA Report 2213

5 Appendix

Appendix Table 1. List of samples collected in 2019 and 2021 showing localities, dates and
GPS-coordinates in UTM35 format. For each locality, two samples were collected.

2021 2019
() ()

z 3 2 B E

s 2 2 ® g 2 ®

S a 3 S a 3 S
Akujoki 09.08.2021 = 7719993 459594 | 14.08.2019 7720052 459591
Baisjohka 12.08.2021 7739779 468002 | 14.08.2019 7739753 467980
Buolbmatjohka-lower 10.08.2021 7773539 540221

Buolbmatjohka-upper 12.08.2019 7758193 539723
Galddasjohka 10.08.2021 7764503 537239 | 12.08.2019 7764465 537247
Golggotjohka 13.08.2019 7806403 544066
Gossjohka 11.08.2021 7672134 449047

Harrejohka 10.08.2021 7810098 545782

lesjohka-lower 12.08.2021 7703322 425915 | 13.08.2019 7703388 425848
lesjohka-upper 12.08.2021 7698177 397270

Inarijoki-middle 11.08.2021 7661056 450118 | 14.08.2019 7649191 447534
Inarijoki-lower 11.08.2021 7697386 453990 | 13.08.2019 7697416 454006
Karasjohka-lower 13.08.2019 7707458 441508
Karasjohka-upper 11.08.2021 7699783 427122 | 13.08.2019 7699824 427160
Karigasjohka 11.08.2021 7697339 @ 454081

Kevojohka 12.08.2021 7738194 499378

Kuoppilasjoki 09.08.2021 = 7759587 489209 | 13.08.2019 7759592 489182
Laksjohka 10.08.2021 7773194 521021 | 13.08.2019 7773196 521020
Leavvajohka 13.08.2021 @ 7759075 479153 | 14.08.2019 @ 7759040 479177
Luovtejohka 10.08.2021 7793790 545258 | 13.08.2019 7793787 545272
Maskejohka 10.08.2021 7796940 542983 | 13.08.2019 7796940 542983
Nilijoki 09.08.2021 7739506 468860 | 13.08.2019 7739471 469322
Utsjoki-lower 23.07.2021 @ 7755708 501789 | 12.08.2019 7755708 501789
Utsjoki-upper 13.08.2021 7735183 502137

Tsarsjohka 12.08.2021 7738804 499302

Valjohka 12.08.2021 7732083 458531 | 14.08.2019 7732154 458611
Veahcajohka 09.08.2021 = 7761705 511547 | 12.08.2019 @ 7761579 512038
Komag 16.08.2019
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Appendix Table 2. Results from qPCR analyses of samples collected in 2019. All samples were
analysed in triplicates where only samples showing at least 2 out of 3 positive replicates were
considered positive for pink salmon. The number of temperature cycles in the PCR before a
positive signal was recorded (Ct Mean) indicates the concentration of target DNA in the sample,
where a lower Ct indicates higher concentrations.

)
e o 3
2 2 2 _5 £2 §
< £ c5 2 5% 8% § 2
: 3 P2 E5 5% s ¢ 8 %
& S =g 28 2¢ 282 & 5 S
1 Utsjoki 121 5 3 0 NEG
2 | Utsjoki 121 5 3 1 38.96 NEG
3 Veahcajohka 11.0 5 3 0 NEG
4  Veahcajohka 11.0 5 3 1 38.34 NEG
5 Galddasjohka 10.7 5 3 1 40.10 NEG
6 Galddasjohka 10.7 5 3 0 NEG
7 Buolbmatjohka-upper 11.2 4 3 0 NEG
8 | Buolbmatjohka-upper 11.2 5 3 0 NEG
9 Luovtejohka 9.3 5 3 1 40.02 NEG
10 | Luovtejohka 9.3 5 3 0 NEG
11 | Golggotjohka 13.8 3.5 3 0 NEG
12 Golggotjohka 13.8 35 3 0 NEG
13  Maskejohka 10.1 5 3 3 31.16 0.19 POS
14 Maskejohka 10.1 5 3 3 31.65 0.16  POS
15 Laksejohka 10.3 5 3 0 NEG
16 Laksejohka 10.3 5 3 0 NEG
17 Kuoppilasjoki 10.0 5 3 0 NEG
18 | Kuoppilasjoki 10.0 5 3 0 NEG
19 Nilijoki 10.7 5 3 0 NEG
20 | Nilijoki 10.7 5 3 0 NEG
21  Inarijoki-lower 12.2 5 3 3 36.95 0.67 POS
22 | Inarijoki-lower 12.2 5 3 3 34.58 0.58 POS
23 | Karasjohka-upper 12.3 4 3 1 39.03 NEG
24 | Karasjohka-upper 12.3 5 3 3 37.38 0.64 POS
25 | lesjohka-lower 12.5 5 3 0 NEG
26 | lesjohka-lower 12.5 3 0 NEG
27 @ Karasjohka-lower 12.8 5 3 3 36.94 0.74 POS
28  Karasjohka-lower 12.8 5 3 3 38.16 1.18 POS
29 Leavvajohka 8.6 5 3 2 39.43 0.74 POS
30  Leavvajohka 8.6 5 3 0 NEG
31 Baisjohka 10.0 5 3 0 NEG
32 | Baisjohka 10.0 5 3 0 NEG
33 | Valjohka 12.0 5 3 1 39.67 NEG
34 | Valjohka 12.0 5 3 0 NEG
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Appendix Table 3. Results from qPCR analyses of samples collected in 2021. All samples were
analysed in triplicates where only samples showing at least 2 out of 3 positive replicates were
considered positive for pink salmon. The number of temperature cycles in the PCR before a
positive signal was recorded (Ct Mean) indicates the concentration of target DNA in the sample,
where a lower Ct indicates higher concentrations.

g 8

. g v 8

g g g = 3 g2 g
2 = > .5 2 S% 8% 8 2
e £ $8 %5 5% S5 2 9 ¢
§ 33 =g 28 2¢ 28 8 5 S
1 Harrejohka 115 5 3 3 30.15 0.17 POS
2 Harrejohka 11.5 5 3 3 29.19 0.00 POS
3 Maskejohka 15.7 5 3 3 26.72 0.18 POS
4 Maskejohka 15.7 5 3 3 26.76 0.11  POS
5 Luovtejohka 12.3 5 3 3 33.20 0.23 | POS
6 Luovtejohka 12.3 5 3 3  33.46 0.31 POS
7 Buolbmatjohka-lower 14.5 5 3 0 NEG
8 Buolbmatjohka-lower 14.5 5 3 0 NEG
9 Galddasjohka 15.4 5 3 3 35.99 0.93 | POS
10 Galddasjohka 15.4 5 3 0 NEG
11  Laksjohka 15 5 3 3 30.88 0.12 | POS
12 | Laksjohka 15 5 3 3 3554 1.43 | POS
13 Veahcajohka 15.6 5 3 3 29.09 0.20 POS
14 Veahcajohka 15.6 5 3 3 29.69 0.10 POS
15 Utsjoki-upper 14.8 5 3 0 NEG
16  Utsjoki-upper 14.8 5 3 0 NEG
17 Kevojohka 15.5 5 3 3 33.86 0.35 POS
18 Kevojohka 15.5 5 3 3 3344 0.46 POS
19 Tsarsjohka 15.5 5 3 3 3452 0.44 POS
20 Tsarsjohka 15.5 5 3 3 34.60 0.79 POS
21 Kuoppilasjoki 15.1 5 3 3 3292 0.07 POS
22 | Kuoppilasjoki 15.1 5 3 3 33.06 0.34 POS
23  Leavvajohka 13.4 5 3 3 3111 0.28 POS
24 | Leavvajohka 13.4 5 3 3  30.50 0.09 POS
25 Baisjohka 15.5 5 3 0 NEG
26 Baisjohka 15.5 5 3 0 NEG
27  Nilijoki 15.4 5 3 0 NEG
28  Nilijoki 154 5 3 1 41.30 NEG
29 Valjohka 15.9 5 3 2 38.72 1.57 | POS
30 Valjohka 15.9 5 3 1 37.09 NEG
31 Akujoki 14.8 5 3 1 37.32 NEG
32 | Akujoki 14.8 5 3 1 37.47 NEG
33 Karasjohka-upper 17.1 5 3 3 36.23 0.40  POS
34  Karasjohka-upper 171 5 3 3 35.49 0.37 | POS
35 lesjohka-lower 15.7 5 3 3 39.10 2.52 | POS
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Appendix Figure 1. Standard curve for the qPCR analyses of the genus specific Cottus spp.
genetic marker used in this study showing the relationship between DNA-quantity in a dilution
series on the x-axis and the resulting Ct on the y-axis.
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Appendix Figure 2. Standard curve for the qPCR analyses of the pink salmon genetic marker
used in this study showing the relationship between DNA-quantity in a dilution series on the x-
axis and the resulting Ct on the y-axis.
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