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ORIGINAL ARTICLE

Evidence of salmon lice-induced mortality of anadromous brown trout
(Salmo trutta) in the Hardangerfjord, Norway

ØYSTEIN SKAALA1*, STEINAR KÅLÅS2 & REIDAR BORGSTRØM3

1Institute of Marine Research, Bergen, Norway, 2Rådgivende biologer, Bredsgården, Bergen, Norway, and 3Department of

Ecology and Natural Resource Management, Norwegian University of Life Sciences, Ås, Norway

Abstract
The Hardangerfjord, western Norway, is an area with a high concentration of salmon farms, high levels of infection of
salmon lice in anadromous brown trout, and declining trout populations. This study assessed the marine survival rate of
anadromous trout from the River Guddalselva, in the central part of the fjord, and tested the hypothesis that trout
populations in this area are depressed by salmon lice infection. From 2001 to 2011, all descending smolts and trout
returning from the fjord were captured in the traps at the field station of the Institute of Marine Research. In 2004 and
2005, parts of the smolt cohorts were treated with the Substance EX to prevent sea lice infection. From 2007 to 2010, all
smolts (n�3557) were also tagged with individual tags. The results show a survival rate in the sea of only 0.58�3.41% for
tagged smolts, which is extremely low. The highest survival rates appeared in the years with the lowest recordings of salmon
lice in spring. The survival rate of Substance EX-treated smolts and controls was 3.41% and 1.76%, respectively. These
findings suggest that salmon lice infection is an important contributor to the high mortality of anadromous trout
populations in the Hardangerfjord.

Key words: Anadromous brown trout, salmon louse, marine survival, Hardangerfjord

Introduction

Severe infections by salmon lice Lepeophtheirus

salmonis (Krøyer, 1837) on anadromous trout Sal-

mo trutta Linnaeus, 1758 and Atlantic salmon Salmo

salar Linnaeus, 1758 have been paid considerable

attention over the past 20 years in Ireland, Scotland

and Norway (Jakobsen et al. 1992; Tully et al. 1993,

1999; Birkeland 1996; Grimnes & Jakobsen 1996;

Bjørn & Finstad 1997; Revie et al. 2009). The

Hardangerfjord is one of the areas along the Norwe-

gian west coast with particularly high infection levels

in anadromous trout (Bjørn et al. 2011a). In Nor-

way, a national monitoring programme for recording

lice infection levels in fish farms and on wild Atlantic

salmon, anadromous brown trout and Arctic charr

Salvelinus alpinus (Linnaeus, 1758) has been devel-

oped (Bjørn et al. 2008, 2011b), and a comprehen-

sive literature on the biology of the parasite and how

it affects the migration, growth, physiology, repro-

duction and survival of its hosts has been publi-

shed (Birkeland 1996; Birkeland & Jakobsen 1997;

Finstad et al. 2000; Heuch et al. 2005; Bjørn et al.

2011a). However, although there is considerable

documentation of infection levels of wild fish and

of how the parasite affects individual fish, the direct

relationship between infection level and mortality at

the population level in anadromous brown trout is

still poorly documented (Heuch et al. 2005; Anon.

2011). Such studies require accurate information

about return rates of smolt cohorts, and preferably

also about regional infection levels. In Atlantic

salmon, comparisons of return rates of smolt groups

protected against salmon lice by various chemicals

with untreated controls have shown that treated

groups often have higher survival rates, suggesting

a population-regulating effect of salmon lice
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(Skilbrei & Wennevik 2006; Jackson et al. 2011;

Gargan et al. 2012). For anadromous brown trout,

however, this is less well documented. In contrast to

Atlantic salmon, which migrate relatively quickly out

of the fjords and coastal areas where the highest

concentrations of fish farms and hosts for L. salmonis

are located, the anadromous brown trout undertakes

only shorter migrations, rarely over 40�100 km from

its home river (Klemetsen et al. 2003), and may

therefore be vulnerable to high salmon louse infec-

tion and reinfection throughout the whole marine

phase. Accordingly, salmon lice may affect the two

species differently, and to different degrees from one

year to another, depending on annual variations in

temperature, freshwater influence, infection pressure

and the timing of smolt migration. The Hardanger-

fjord has one of the highest densities of salmon farms

in Norway, with an increase in production from about

17,000 tonnes in 1997 to approximately 80,000

tonnes in 2011 (Otterå et al. 2004; www.fiskeridir.

no) and a corresponding increase in hosts for salmon

lice. During the 1990s, anglers claimed that the

abundance of anadromous brown trout in the Hard-

angerfjord was declining, particularly in the middle

section of the fjord, as was also revealed by a falling

trend in the catch statistics during the last 10�15

years. This trend was strongly expressed in some

rivers such as the Etneelva and Kinso, but more

weakly in others (Statistics Norway 2012). The

biomass of salmon lice hosts is at present at least

10,000 times as high as in the prefarming situation.

For this reason, infection levels are monitored both in

salmon farms and on wild anadromous fish (Bjørn

et al. 2011b). With high infection levels being

observed particularly in wild anadromous trout, it

has been speculated whether there might be a causal

link between the decline in anadromous brown trout

populations and the salmon lice produced in fish

farms (Heuch et al. 2005). However, as anadromous

brown trout migrate between rivers and the marine

environment, changes in abundance of ascending fish

may be caused by a number of factors such as changes

in smolt production and changes in abundance of

predators, prey species, parasites and other disease

organisms in the marine environment. The aim of

the present study was first to assess the marine sur-

vival rate of anadromous trout in parts of the

Hardangerfjord by detailed monitoring of down-

stream and upstream migrations and second, to test

the hypothesis that salmon lice have contributed to

the depression of anadromous trout populations in

the Hardangerfjord.

Figure 1. The study site, River Guddalselva, in the central part of the Hardangerfjord.
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Material and methods

Study area

The River Guddalselva, is located in the middle

section of the Hardangerfjord, among a number of

rivers in which anadromous brown trout and Atlan-

tic salmon (Figure 1) occur. The river’s origin is the

Folgefonna glacier, resulting in relatively low sum-

mer temperatures, with the average in July�August

ranging between 11.0 and 11.98C for the years

2009�2011. The total length of the river is about

13.5 km, of which the lowermost 2 km, up to the

waterfall at Liarefossen, is accessible to anadromous

salmonids. The total catchment area is 35.8 km2,

and the mean water discharge is 3.94 m3 s�1. Both

Atlantic salmon and anadromous brown trout in-

habit the river, and there used to be a recreational

fishery for both species. Since 2001, however, fishing

has been strongly regulated, due to the low number

of ascending fish. The catch statistics from the river

are incomplete, but during the period 1978�1982

the average number of reported anadromous brown

trout taken in the river was 156.

Capture of smolts and returning anadromous brown trout

In order to capture all descending smolts, a Wolf trap

was constructed in the lower part of the river, about

100 m from the tidal zone. Every year since 2000, the

trap has been mounted in March, well before the start

of the smolt run, and it is dismantled some weeks after

the smolt run is over. A separate trap to capture

ascending fish has been installed downstream of the

smolt trap, just below the Seimsfossen waterfall. All

captured smolts and ascending fish were anaestetized

with benzocaine before length and weight measure-

ments, markings and inspection. From 2002 on-

wards, dorsal fin damage related to salmon lice

infections was recorded systematically in ascending

fish by using a scale from 0 (no damage) to 3 (massive

damage). Every year, the smolts were marked by

cutting the adipose fin. After recovery, the smolts were

released in the pool below the waterfall, while

ascending fish were released about 100 m above the

smolt trap. Most of the remaining fish not captured in

the trap were captured by angling in the pool below

the waterfall. These were first held in a tank at the river

bank for data recording and then released upstream.

During the spawning season, divers checked the

remaining anadromous trout in the pool below the

trap for adipose fin clips.

Growth and survival

The smolt year-class of each ascending, adipose

clipped fish was determined from length data of

previously recorded, adipose-clipped fish and length

frequency distribution data of ascending fish instead

of age determination by scale reading, in order to

minimize stress and damage to ascending fish.

From 2007 to 2010, all trout smolts (n�3557)

were tagged with individual passive implant trans-

ponders, or PIT tags (12�2 mm), in order to obtain

individual data on growth and age during sea

migration. The PIT tags were implanted in the

posterior part of the body cavity by a single-shot

injector (TRAC ID systems, Stavanger, Norway),

and all returning, adipose-clipped individuals were

checked for PIT tags.

In 2004 and 2005, the descending smolts, cap-

tured by the Wolf trap, were divided into two groups

of which one (n�704) was dip-treated for 30 min

with Substance EX (Alpharma, Oslo, Norway) to

prevent sea lice infection. The prophylactic Sub-

stance EX inhibits chitin synthesis in salmon lice and

is expected to protect the fish for up to 3�4 months

in the sea (Hvidsten et al. 2007). This group was

marked by cutting the adipose and left pelvic fins,

while the untreated fish (control group, n�1306)

were marked by cutting the adipose and right pelvic

fins. Data on release and recapture for the two years

were combined due to the generally low return rates

and therefore small sample size of recaptured trout.

Smolts descended from 17 April to 10 June in 2004

and from 3 May to 4 July in 2005. Recaptures were

recorded in 2005 and 2006 by inspections of trout

captured by fishermen, in addition to monitoring the

fish ascending the fish trap.

Salmon lice infection of anadromous brown trout

As part of the national salmon louse monitoring

programme (Bjørn et al. 2011b), prematurely re-

turning anadromous brown trout are sampled an-

nually during spring and summer by an electric

shocker in freshwater pools, just above the tidal

zone, in 40 rivers along the west coast of Norway.

Data from four sites in the rivers Daleelva (UTM

WGS84 32 V 321995 6657048), Mundheimselva

(32 V 328473 6673817), Bondhuselva (32 V 348163

6667668) and Folkedalselva (32 V 370846

6708001), located in the middle part of the Hard-

angerfjord, were used to assess infection levels of

salmon louse. In each sampling, 15 anadromous

brown trout from each river were collected, total fish

length measured, and the numbers and develop-

mental stage (copepodites, chalimus larvae, pre-

adults and adults) of lice were recorded while the

fish were sedated with benzocaine. The time of first

infection in each year was estimated on the basis of

the stages of lice on the sampled fish, sea tempera-

tures measured by the Institute of Marine Research

Salmon lice induced mortality in anadromous brown trout 281
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(Sætre et al. 2003), and a correlation table that

showed the developmental time of salmon lice at

different temperatures.

Results

The smolt run

The annual smolt migration started in mid April and

lasted until about mid June (Figure 2). In all years,

the 50% cumulative number of descending smolts

was reached between 10 and 22 May (Figure 2). A

total of 11,388 smolts were recorded from 2001 to

2011, with annual numbers ranging between 633

and 1615. The annual numbers during 2001�2004

were significantly higher than during 2005�2011

(t-test, t�3.25, P�0.01; Figure 3). Mean smolt

length ranged between 14.2 and 15.4 cm across

years. There was no change in smolt length during

the migration season, and no significant relationship

between numbers of smolt and the smolt lengths

(linear regression, F�1.41, P�0.27).

Number and size of ascending anadromous brown trout

The ascending fish consisted of both adipose clipped

and untagged individuals. The untagged individuals

may be strays from neighbouring rivers or smolts

from River Guddalselva which have passed the smolt

trap undetected or originating from the pool below

the smolt trap. The total numbers of ascending trout

displayed a declining, although not significantly so,

trend from 2000 to 2011 (linear regression, F�4.68,

P�0.056; Figure 4). The highest numbers of

ascending fish were observed in 2000, 2002 and

2005. The total number of ascending trout fell to a

minimum in 2010, with only 28 individuals captured

in the trap, while 147 fish were captured in 2000

(Figure 4). The length of the trout at first return to
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the river ranged from 20 to 35 cm, and most of the

fish in this size range were immature.

Most of the ascending fish were in the length-class

30�50 cm (Figure 5), and the majority had spent two

feeding seasons in the fjord. A few trout with lengths

of between 60 and 75 cm also ascended. Based on

recaptured, PIT-marked individuals, the growth

during the first two summers in the fjord ranged

from a mean of 18.8 cm for the 2007 cohort to 22.6

cm for the 2010 cohort, while after three summers at

sea the growth in length ranged from a mean of 31.1

in 2007 to 36.6 cm in 2009 (Figure 6).

Survival during sea migration

According to the recorded numbers and length at

ascent, the return rates of adipose-clipped trout

ranged from about 0.51% to 2.51%, with the highest

returns represented by the 2004 and 2007 cohorts.

Concurrently, the median salmon louse infections of

anadromous trout in estuaries in the Hardangerfjord

were at a minimum in 2004 and 2007 (Figure 7).

The length distribution of the ascending fish in

2000, with a high frequency of fish with two summer

stays in the sea, suggests that the 1998 cohort had a

high survival, although this cannot be calculated

precisely due to lack of data on smolt numbers

before the Wolf trap was installed.

The survival of PIT-marked smolts from the smolt

cohorts in 2007�2010 ranged from 0.58% to 1.51%,

with an overall recapture rate of 1.0%, which is within

the range for adipose fin-clipped trout in the study.

The survival rate of the PIT-marked smolts increased

with smolt length, but the relationship was not

significant (Linear regression, R2�0.80, P�0.104).

Survival of Substance EX-treated smolts and control

groups

The mean lengths of smolts in the treated and

control group were 14.891.4 cm and 14.791.2

cm in 2004, and 14.891.6 cm and 14.891.2 cm in

2005, respectively, with no significant differences in

lengths between treated and untreated fish (Mann�
Whitney U-test, P�0.75 in 2004, and P�0.63 in

2005). A total of 24 of the 704 smolts treated with

Substance EX in 2004 and 2005 were recaptured in

2005 and 2006, while 23 of the 1306 smolts in the

control group were recaptured, giving a significantly

higher recapture rate of smolts treated with Sub-

stance EX than of the untreated group (Chi-square �
4.49, df �1, P�0.034). According to the number of

recaptures, which were 3.41% for treated smolt and

1.76% for the controls, the survival was nearly

doubled for smolts treated with Substance EX.

Dorsal fin damage in ascending fish

Between 2002 and 2011, more than 80�90% of the

anadromous trout that ascended to the River Gud-

dalselva had damaged dorsal fins (Figure 8),

although there were differences between years. In

2004, nearly 40% of the ascending fish had no

damage, while in 2009 and 2010, fewer than 5%

lacked damage (Figures 8 and 9).

Discussion

The return rates of both adipose fin-clipped and

PIT-tagged smolts from the River Guddalselva were

very low compared to previous reports from Ireland

and Norway. In the River Burrishoole, on the west

coast of Ireland, where there was full control of

descending and ascending trout by means of traps,

the marine survival from the smolt stage to the first

return to fresh water ranged from 11.4% to 32.4%,

with a mean survival value of 20% during the period

1971�1987, while survival dropped dramatically to a

level ranging from 1.5% to 10% after 1989 (Poole et

al. 1996). Similar findings on historically high return

rates are reported from the River Vardnes on Senja,

where the recapture of first-time migrants was 37%

R2 = 0.32
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Figure 4. Number of ascending anadromous brown trout captured in the trap in the River Guddalselva in the years 2000�2011.
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(Berg & Jonsson 1990). With a sea survival rate of

only 0.58�3.41% for marked or tagged smolts from

Guddalselva, the sea survival of trout from this river

is extremely low compared with what is recognized

as normal marine survival of anadromous brown

trout, even when tagging-induced mortality is taken

into account (Jonsson & Jonsson 2009). Since the

highest return rates for the smolt cohorts from

Guddalselva during 2002�2010 are concurrent

with years in which the lowest infection levels of
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premature, returning trout were recorded in the

same area, this suggests a connection between

salmon louse infection and marine survival of trout,

as has also been reported from the west coast of

Scotland (Middlemas et al. 2010). However, assess-

ing the infection pressure of salmon lice by monitor-

ing the number of lice on prematurely returning

trout suffers from several shortcomings, which may

conceal a connection between infection level and

marine survival. For example, the fraction of the

trout population and the absolute number of trout

which returns to delouse in a river outlet is not

known, and in addition to salmon lice, other factors

as for example temperature and salinity may influ-

ence this to a different extent from year to year.

Other methods which allow for a more precise

calculation of infection pressure were not available

in this region until towards the last part of our

observation period.

As Substance EX has a prophylactic function in

preventing salmon louse infection for up to 16 weeks

after treatment (Hvidsten et al. 2007), and because

the survival rate of smolts from the River Guddal-

selva treated with Substance EX was twice as high as

that of untreated smolts, this is a strong indication

that the presence of salmon lice is an important

direct or indirect mortality factor during the first

marine period of the post-smolts. However, the

efficacy of Substance EX has not been documented

in detail and is probably less than 100%, with a

diminishing effect as the fish grows and the con-

centration of the substance drops. Therefore, the

observed differences in survival between treated and

non-treated groups are probably minimal estimates
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Figure 6. Mean length of recaptured PIT-tagged smolts of anadromous brown trout from the River Guddalselva after two to four summers

in the fjord. Vertical lines indicate standard deviation of the means.
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of lice-induced mortality in trout. To the best of our

knowledge, this is the first study to present evidence

of induced mortality due to salmon lice infection at

the population level in anadromous brown trout.

Several studies have quantified mortality in Atlantic

salmon caused by salmon lice by comparing the

growth and survival of groups with prophylactic

chemical treatment with untreated controls

(Skilbrei & Wennevik 2006; Hvidsten et al. 2007;

Gargan et al. 2012). Gargan et al. (2012) compared

treated and untreated groups of salmon in eight

experimental releases from three locations in wes-

tern Ireland and found that treated groups were 1.8

times as likely to return as controls. The authors

concluded that salmon louse-induced mortality can

significantly affect populations. These studies de-

monstrate that in some cases treated groups have

significantly higher survival rates, as well as more

rapid growth, than controls, while in other cases no

differences were found, indicating that the impact

of salmon lice on wild Atlantic salmon populations

depends on a number of factors. In anadromous

trout, however, less effort has been put into investi-

gating the potential link between infection level and

mortality at population level.

Several experiments have demonstrated that in-

dividual fish are negatively affected and stressed

when infection levels exceed 0.1 lice per gram fish,

especially when the lice become mobile (Finstad

et al. 2000; Heuch et al. 2005). This suggests that 10

lice might be the limit for a post-smolt less than 100 g

in weight, while 70�100 lice could be the limit for a

trout weighing 700�1000 g (Bjørn & Finstad 1997;

Finstad et al. 2000; Wagner et al. 2003, 2004; Wells

et al. 2006; 2007; Tveiten et al. 2009). In late May

2011, the prevalence in the middle part of the

Hardangerfjord was 100%, with an average intensity

of about 50 lice per fish and with 46% of individuals

having more than 0.1 lice per gram body weight. In

late June, several individuals had over 100 lice and

maximum infection was 328 lice. Prevalence was still

100%, with 77% of the individuals having more than

0.1 lice per gram fish weight, and 50% of the

sampled individuals had more than 0.5 lice per

gram fish weight. Although infection levels were

lower during the previous years compared to the

infection in 2011 (Bjørn et al. 2011b), salmon lice

infection levels still seem to have caused a significant

reduction in the survival rate of trout from the River

Guddal in the years 2002�2010.

With only a few per cent of trout surviving to

maturity in the River Guddalselva, compared to

much higher survival rates in areas with little or no

sea pen salmonid farming, the high mortality

appears to be directly linked to salmon farming

and production of salmon lice on farmed fish. The

positive relationship between length and survival rate

of the PIT-marked smolts may be attributed to the

higher tolerance of larger smolts to treatment.

However, it may also be a result of higher predation

pressure on smaller smolts, which may be substan-

tially amplified when smolts are infected by salmon

lice, making them more easily captured by fish

predators (Krkošek et al. 2011). The same study

also concluded that predation of smolts is an

important component of salmon louse dynamics.
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Figure 9. Dorsal fin of anadromous brown trout injured by

salmon lice (photo: Ø. Skaala).
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The large increase in sea pen production of

Atlantic salmon is considered to be a serious threat

to wild Atlantic salmon, due both to genetic changes

in wild populations as a result of hybridization

with escapees and to increased infections with

salmon lice produced in sea pens (Hutchinson

1997; Krkošek et al. 2007; Ford & Myers 2008).

Likewise, the marked declining trend in trout

populations may be explicable in terms of the

increased burden imposed by salmon lice, especially

in regions with high densities of sea pen salmon

farms such as the Hardangerfjord, as indicated by

the observations on return rates and on skin and fin

damage due to sea lice infections of anadromous

brown trout from Guddalselva. According to the

fisheries management regulations, aquaculture must

be conducted in an environmentally friendly man-

ner, i.e. diseases and parasites from the fish farms

should not have negative effects on wild populations

(www.fkd.dep.no). Removal or relocation of salmon

farms may significantly reduce the production of

salmon lice copepodites at the vacated site, but in a

study by Penston et al. (2011), the infection pressure

at the farm site was still not reduced, probably

because the infectious planktonic stages of salmon

lice can be transported over large distances. Simi-

larly, in modelling infections of salmon lice on

Atlantic salmon in 44 farms in the Hardangerfjord,

Gettingby et al. (2011) obtained a better fit when the

mobility of lice was included. Salmon farms over a

large area therefore need to be removed or relocated,

or effective methods to remove salmon lice from the

farmed fish have to be implemented, such as

extensive fallowing of salmon farms during the

anadromous brown trout smolt run, in order to

achieve environmentally friendly fish farming, i.e.

forms of production that will enable anadromous

trout populations to be restored and maintained.
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