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Summary

The sea trout is popular anadromous fish that
has long traditions as game for recreational and
sports fishing. However, the habitat utilization
of the sea trout in fjord systems is poorly stu-
died. It may be influenced by internal factors
like size, sex and early life- history in freshwater,
as well as external factors like season and wea-
ther conditions. The objectives of this study
were to quantify full-year space use of the sea
trout in Tvedestrandsfiorden, and how space
use is affected by early life-history in freshwater
and environmental agents. I used acoustic tele-
metry to monitor 56 tagged sea trout from April
2013 to September 2014 in Tvedestrandsfjorden.
By triangulating the receiver data, habitat use
metrics like utilization distribution and volume,
total daily distance, turboness and mean depth
utilization could be estimated. The results revea-
led that length at tagging, probability of using
the no-take zone and smolt length influenced
the behavior and final fates of the tagged indivi-
duals.

Sammendrag

Bruk av marine omrdder for sjporret i Tvedes-
trandsfjorden - et akustisk telemetristudie. Sjo-
orret er en ettertraktet anadrom fisk med lange
tradisjoner til rekreasjons- og sportsfiske. Like-
vel er habitatutnyttelsen til sjoorret i fjord-
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systemer dérlig studert. Habitatbruken kan tro-
lig pavirkes av interne faktorer som sterrelse,
kjonn og tidlig livshistorie i ferskvann, samt
eksterne faktorer som sesong og verforhold.
Mailet med denne studien var & kvantifisere
habitatbruken til sjoorret i Tvedestrandsfjorden
gjennom et ar, og se hvordan arealbruk ble
pavirket av tidlig livshistorie i ferskvanns- og
andre miljoparametere. Studien brukte akustisk
telemetri til & overvike 56 tagget sjoorret fra
april 2013 til september 2014 i Tvedestrands-
fjorden. Ved a triangulere posisjonsdata, kunne
habitatbruk i plan og volum, total daglig av-
stand, «turboness» og gjennomsnittlig dybde-
utnyttelse estimeres. Resultatene viste at lengden
ved merking og smoltlengden pavirket marin
atferd i stor grad.

Introduction

The brown trout (Samlo trutta L. 1758) has a
wide natural distribution and is therefore subject
to a great variety of ecological, physiological and
morphological variation within the species
(Elliott 1989). A variety of local adaptations are
thus abundant and this results in different colors
and size (Frost & Brown 1967), life-history traits
and habitat use (Jonsson 1985). The habitat use
is vital to the brown trout, and may highly influ-
ence individual survival, reproduction and their
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ability to exploit available resources (Kramer et
al. 1997). In the freshwater nursery areas, young
parr of brown trout utilize the slow-flowing
shallow banks in the riverbed, while older indi-
viduals tend to dwell in the faster and deeper
stream habitats (Keeley & Grant 1995). As the
individuals grow, their requirements for food
will change and their preference of habitat
change to larger rivers, lakes, estuaries and even
the marine environment if it is available (Jons-
son & Jonsson 2011).

Brown trout with an anadromous life style
that includes migration to the marine environ-
ment, are known as sea trout. This seaward
migration pattern is probably influenced by a
complex interplay between genetics and environ-
mental agents like temperature, river discharge,
interspecific competition, metabolism and juve-
nile growth rate (Abée-Lund et al. 1989; Jons-
son et al. 2001; Cucherousset et al. 2005; Pulido
2011). The seaward migration of sea trout occurs
every spring and is an adaption in order to in-
crease nutrient intake and maximize individual
growth (Pemberton 1976a; Klemetsen et al.
2003; Jonsson & Jonsson 2011; Boel et al. 2014).
Increased individual growth will reduce morta-
lity and increase reproductive success and thus
fitness (Jonsson 1985; Klemetsen et al. 2003;
Jonsson & Jonsson 2011). Before migrating to
sea, the juvenile sea trout grow up in freshwater
habitats and experience a smoltification prior to
the migration. This is a physiological change
where the individuals are adapted to a life in the
marine environment with higher salinity and
osmotic stress (Gordon 1959; Prunet et al.
1989). However, little is known about the fjord
residency and behavior of the sea trout beyond
the so-called post-smolt period. Since timing of
smoltification is influenced by early-life growth
and possibly behavior (Boel et al. 2014), both
survival and habitat use in the fjord may be affe-
cted by earlier stages in freshwater and the size
at which the individual smoltify.

Acoustic telemetry has become a useful tool
to study home range and spatiotemporal habitat
utilization (Heupel & Webber 2012). The method
can present high resolution results in the moni-
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toring of long-term utilization pattern (Lucas &
Baras 2000) and may give a better understand-
ing of individuals behavior and their mortality
sources (Hightower et al. 2001). Home range
studies of painted comber (Serranus scriba)
(March et al. 2010), shark-like batoids (families
Rhynchobatidae and Rhinobatidae) (White et al.
2014) and several shark species in different
habitats (Voegeli et al. 2001; Heupel et al. 2004;
Andrews et al. 2010) shows the variety and usage
of the method. The latter years, acoustic tele-
metry have been used to find species usage of
marine protected areas and the efficiency of the
reserves (Friedlander & Monaco 2007; Marshell
etal. 2011; Knip et al. 2012; March et al. 2014

In the present study, acoustic telemetry was
used to investigate how sea trout utilize the ma-
rine habitat throughout the year in Tvedes-
trandsfjorden. In particular, the study aimed at
quantifying the influence of environmental and
individual factors, including early-life growth in
freshwater on various aspects of the fjord habi-
tat use.

Materials and methods
Study species
In Scandinavia, smolt and overwintering
anadromous brown trout migrate from their
spawning stream to seawater from February
(Jonsson & Jonsson 2002), but mainly from
April to June (Pemberton 1976a; Klemetsen et
al. 2003; Jonsson & Jonsson 2011; Boel et al.
2014). The onset of this migration is likely influ-
enced by both genetics and environmental
agents such as water and air temperature, river
discharge, interspecific competition and juvenile
growth rate (Jonsson et al. 2001; Cucherousset
et al. 2005; Pulido 2011). The migration is likely
an adaption to increase nutrient uptake, where-
as increased growth may increase reproductive
success and reduce mortality (Jonsson 1985;
Jonsson & Jonsson 2011). The disadvantages of
migration are increased mortality while migra-
ting in the marine environment and increased
energy cost of the journey (Bohlin et al. 2001).
Sea trout are individuals that mature sexually
at sea, while residents mature in the river or
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stream of origin without migrating (Jonsson
1985). Mature and older individuals migrate
earlier than first time migrants to the sea (Jons-
son & Gravem 1985; Jonsson & Jonsson 2002),
where they can migrate great distances into
coastal areas. Studies have shown migration up
to 100 km from the outlet of their spawning
river (Jensen 1968; Nordeng 1977; Jonsson
1985). This pattern suggests a continuum of mi-
gration patterns from freshwater areas to the
outer coastal areas and the sea (Boel et al. 2014;
del Villar-Guerra et al. 2014). However, some
sea trout rarely dwell more than 10-15 km from
the spawning river outlet (Frost & Brown 1967;
Jensen 1968; Jonsson 1985). These individuals
have a partial migration within the fjord with
brackish water, and thus a fjord residency than
rather a migration continuum to the sea (Boel et
al. 2014; Davidsen et al. 2014c; del Villar-Guerra
et al. 2014). The migratory tendency is often
negatively correlated with distance and cost of
migration (Kristoffersen et al. 1994; Jonsson &
Jonsson 2006). The migratory distance may thus
be subject of the physical conditions of the
brown trout before leaving the stream, whereas
individuals with the lowest energy levels migrate
a shorter distance than individuals with higher
levels of lipid deposition (Sheridan et al. 1983;
Sheridan 1989; Boel et al. 2014). Studies also
show that the migration distance is shortened
when encountering suitable habitats that satisfy
the metabolic needs (Cucherousset et al. 2005).

Study area
The current study used of acoustic telemetry
data from Tvedestrandsfjorden (Figure 1), in
Southern Norway, at the 58° 36’ 23”N and 08°
56’ 56”E. The study area is about 4.5 km long
(from Tvedestrand to Saltneset in a straight line)
and 3.9 km2, with a maximum depth of 85 m
(Ciannelli et al. 2010), and a catchment area of
38 km?2 (Helland et al. 2003). The complete fjord
system is about 8 km from Tvedestrand to the
Skagerak sea (Knutsen et al. 2010).
Tvedestrandsfjorden is narrow and sheltered
in the inner coastal areas of the Skagerrak Sea.
Two islands, Furegya and Hestoya situated in the
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center of the fjord, divide the fjord and create
areas with shallow water. The shallow areas hold
dense meadows of eel grass (Zostera marina)
(Miljedirektoratet 2015), considered as a locally
important nature type and suitable habitat for
smolts of sea trout (Pemberton 1976b). These
shallows also create a 15 m deep threshold in the
fjord inlet, which creates the inner and outer
basins in Tvedestrandsfjorden (Helland et al.
2003). Several small freshwater streams have
their outlets into the fjord, giving freshwater
discharge to the top layers nearby the outlets.
The stream @sterabekken is the largest and
main spawning stream of the sea trout in the
fjord (pers. comm Even Moland).

Tagging

The fish handling and tagging procedure (Figu-
re 2) in the present study where conducted by
my co-supervisors from the Institute of Marine

Tvedestrandsfjorden
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Figure 1: Tvedestrandsfjorden with the three fishing
zones. Red zone indicate no fishing, turquoise
indicate hook-and-line permit.
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Research (IMR) in Flodevigen: the scientists
Even Moland and Esben Moland Olsen.
During four periods (April, May, September
and November) in 2013, 59 wild sea trout where
caught and selected for tagging. In order to sam-
ple a study population without selecting for
active or more “catchable” individuals (Allen-
dorf & Hard 2009), active gear were used and
targeted naive fish near habitat likely used for
feeding or resting (between Furgya og Hestoya).
The sea trout were caught using a beach seine
(60 x 3 m), with 30 m hauling ropes at each end,
deployed from a rowing boat. Deployment was
carried out by positioning a person on shore
holding one of the ropes. The seine was de-
ployed in a U-shape with the rower bringing the
second hauling rope to shore. As the seine was
hauled, the two ends where brought together at
a suitable landing site. Great care was taken
when beaching the seine and hauling the outer-
most seine wall in to form a pocket in shallow
water. Any trout caught in the pocket were lifted
over in 40 - 80 1 basins on shore with a hand
net/ scoop net. Clove oil was used as anesthetic
(Munday & Wilson 1997; Bridger & Booth
2003) in situ, and was administered in a bath.

Figure 2: Fish handling and tagging by Even Moland and Esben Moland Olsen. The middle picture on the upper

Surgery was conducted in a U-shaped half-tube
when fish showed signs of complete anesthesia
(belly up, gentle ventilation). Following the im-
plantation protocol of Mulcahy (2003), each
candidate got surgically implanted an acoustic
tag (Vemco V9P-2L). The tag was inserted into
the abdominal cavity (Bridger & Booth 2003;
Boe 2013) through a small wound that was
closed using two absorbable sutures (Olsen et al.
2012). After surgery, width and height (in mm)
of the caudal peduncle using vernier calipers,
and body weight (g) of each individual were
measured as fork length to nearest millimeter
(Olsen et al. 2012). Length varied from 230 mm
to 635 mm with a mean length of 338 + 161 mm
( SD). Scales were sampled from the peduncle
for aging, and a tissue sample were removed
from the anal fin for latter genetic analysis. The
whole procedure lasted less than five minutes.
Trout were then transferred to a container with
well oxygenated sea water for recovery. After
full recovery, the individuals were observed for
10-20 minutes before being released at the loca-
tion of capture.

S e

row shows a VOP-2L transmitter that was used for tagging (Photo credit: Even Moland and Carla Freitas).
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Scales readings

I used the scales samples to determine the age of
the fish, back-calculate the smolt length and re-
gister life-history events (e.g., spawning events).
From the scales the age is estimated by reading
the among-circuli density pattern in each scale
(Jonsson 1976). During winter the circuli are
formed tighter as the growth is reduced (Jons-
son & Jonsson 2011), and when spring and
summer comes, the distance between two cir-
culi is much broader. Often, clear winter and
summer zones can be read. In anadromous in-
dividuals, the fish experience increased growth
as post smolt, up to 20-25 cm during the first
year at sea (de Leeuw et al. 2007), illustrated in
Figure 3. Scales comprise handy tools for
estimating age when dealing with fast-growing
individuals (Jonsson & Jonsson 2011), like the

Figure 3: The scale from fish ID 1158183. The crossing
red lines indicate end of winter zones. This individual
spent two years in freshwater and then migrated to
the sea, as indicated by a substantial increase in
growth during the third yea.
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Figure 4: The back calculated smolt lengths (mm) of
the 56 individuals studied in Tvedestrandsfjorden.

individuals in my study. I also estimated the
smolt length of each individual (Figure 4), by
back-calculating the fish length from the scales
(Francis 1990), assuming a proportional growth
of scales and body.

Tracking and monitoring

The 59 sea trout individuals were equipped with
V9P-2L transmitter tags (Figure 2) (Vemco
Division, Amirix System Inc., Halifax, Canada)
implanted for acoustic monitoring. These cy-
lindrical transmitters were 29 mm in length,
with diameter 9 mm, weighing 4.7g in air.
Hence, tag weight-to-fish ratio was < 3.8%. Each
transmitter had a unique identity code that was
transmitted as ultrasonic signals or “pings”
every 100-250 second. The random interval of
the signals reduced the chance of code collisions
(Olsen & Moland 2011). In addition, the tags
have a pressure sensor that provides vertical
positions as well (accuracy + 2.5 m when de-
ployed at max. 50 m depth). The acoustic trans-
mitter’s battery life lasted for approximately 660
days. When the battery is empty, it simply stops
sending signals (Olsen et al. 2012), but the tags
remains within the fish until death.

A network constituting 51 passive stationary
VR2Ws receivers (Figure 5) (Vemco Dicision,
Amirix Systems Inc.) were constantly logging
transducer signals received via omnidirectional
hydrophones. These receivers where moored to
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the sea floor and deployed at around three meters
depth (Olsen et al. 2012). The receivers were
placed to give maximum coverage of the fjord
(Figure 7), and secure a large enough minimum
convex polygon (MCP) for the mean-position
estimates (Simpfendorfer et al. 2002). Sentinel
receivers where placed at Hantosundet, Salt-
neset and the outlet of @sterabekken (Figure 1)
to ensure recordings of roaming sea trout (Olsen
& Moland 2011). The receiver at @sterdbekken
and Hantosundet were used to register move-
ment to the spawning streams, and the receiver
at Saltneset to register movement in and out of
the study area. The narrow little strait called
Reskilen, was not covered with hydrophones.
The receivers collected data from 30.04.2013 to
12.09.2014 and the data were downloaded
during several periods: 17-27. June and 3-17.
December 2013, and 7-14, April and 9-12. Sep-
tember 2014. Downloaded data where stored in
a VUE database (Vemco Division, Amirix System
Inc.) (Olsen et al. 2012; Simpfendorfer et al.
2012) and later exported to R (R- Core Team
2012).

Fate assignment

To determine if the fish was dead by anthropo-
genic or natural causes, a careful inspection of
all individual depth- and position time traje-
ctories were undertaken by Thomas Ruud,
Thrond Haugen and Even Moland. If the tag
suddenly disappeared from the study area, we
decided that the fish where caught by a fisher-
man. If the tag, after long periods of normal be-
havior, abruptly was fixed at a position and

Figure 5: A VR2w receiver
for passive monitoring of
tagged sea trout (Photo
credit: www.Vemco.com)
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depth for a long period, we concluded that the
fish was caught and gutted on the same place at
typical fishing sites. The tag was assumed
thrown into the water after gutting or just follo-
wed unobserved with the gutting into the water.
If the dataset showed a tag at nearly the same
position during a long period, but with some
differences in depth, we concluded that the fish
was dead by natural or elusive causes. The depth
variance where probably caused by the tidal
water or currents. Lee and Bergersen (1996) did
some of the same assumptions in their study.
When a tagged fish was still at the same location
for more than 48 hours, it was assigned dead. A
candidate was assumed emigrated when the
movement steered straight out to sea, and the
last detection was at the furthest receiver in the
system with no further detections during the
study period (Olsen et al. 2012). Concluding the
fate assessment, a total of three sea trout indivi-
duals were removed from the dataset due death
following shortly after release. These candidates
gave insufficient data to the study. The total
number of sea trout retained for further analy-
ses were 56 specimens. Following the fate assess-
ment, the study specimens where categorized as
“Dead’, “Alive”, “Caught” or “Emigrated”.

Position averaging

To estimate the sea trout positions, I used the
mean-position-algorithm, available from Simp-
fendorfer et al. (2002) This was done at 15 mi-
nutes intervals per individual. The method uses
the presence or absence of signals from the
transmitters to the hydrophones at a given time,
and estimates mean positions weighted by the
number of signals received at each hydrophone.
These signals are omni-directional pressure wa-
ves that travel through water and are received at
omni-directional submerged hydrophones
(VR2W) (Thorstad et al. 2013). The receivers
partly overlap, so one unique signal can be dete-
cted by multiple hydrophones and subsequently
estimate a mean position between the hy-
drophones for each fish over a given period. In
my study, 15 min time slots were used. These
signals are then summed and weighted by the
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number of detections at each receiver to give a
mean position (Olsen et al. 2012). The accuracy
of the positioning increases with the number of
received signals within the time slot. This method
is also called “the weighted-mean method”
(Hedger et al. 2008). In a triangulation situation,
if a receiver has more signals than other neigh-
boring and overlapping receivers, this indicate
that a fish has been proximal to this receiver
(Simpfendorfer et al. 2002). The method will not
give an exact position of the fish, but an appro-
ximate position between all hydrophones that
received a signal during the chosen time slot
(Olsen et al. 2012), also called position avera-
ging (PAV).

Utilization distributions and movement
metrics
The volumetric UD (XYZ-dimension) where
given with horizontal UD (XY) added approxi-
mate mean depth (Z-dimension) during the
same time slot (15 min). Overlapping horizon-
tal position estimates are corrected with volu-
metric data, which can give individuals different
depth distribution (Simpfendorfer et al. 2012).
Figure 6 illustrates the mean volumetric utiliza-
tion distribution of the individual with ID
1158183 during week 16. The depth data where
given from depth sensors within the V9P-2L
transmitters that each fish where tagged with.
The estimates of the volumetric UD, were fitted
and smoothed using the kde-function within in
the ks-package in Rstudio (R- Core Team 2012).
The estimated PAV's were used for estimating
individual utilization distributions (UDs), for
the area within one removes outliers and only
includes the area mostly used by the individual
(Rogers & White 2007). I estimated UDs using
the same smoothing parameter, h=28.7, across
all individuals. This h-value constitutes the me-
dian value when running individual-wise least
squared cross validation kernel fittings across all
individuals. By forcing the same h- parameter
on all individuals, direct comparison of home
range sizes among individuals becomes rele-
vant, without having to consider eventual effects
from differential smoothing parameter on the
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UDs. Daily UDs were estimated using the ker-
nelUD function embedded in the R package
adehabitatHR (R- Core Team 2012).

The PAV's were also used for estimating daily
linear distances at individual level, i.e., the total
distance an individual swims per day. These
linear distances were estimated using the R-
package adehabitatLS (R- Core Team 2012).
Volumetric UDs were estimated using the 3D
PAVs. Technically, this was done using the
kde-function available from the ks-package in
R. In order to explore the activity level with the
home ranges, I estimated a metric framed “tur-
boness” which was simply the daily linear dis-
tance divided by UD 95.

In the triangulation of the horizontal home
range estimates, a minimum of three VR2Ws
had to be involved with every triangulation.
That gave a potential of 96 unique relocations
every twenty-four-hours. Days with less than 20
observations and 20 unique relocations from
each ID where removed from further analysis.
In the volumetric estimates, we used the average
positioning of every 15 min, and days with more
than 30 observations and each ID needed at
least 10 unique relocations to be included. In the
volumetric and depth estimates, the dataset
showed 34907 positions above sea surface, and
11686 positions 50 meters below the surface.
These positions where removed as well to sim-
plify and avoid corrupted data.

The definition of activity within the 95 % fa-
voring utilization area (delta displacement), has
in this study been called “turboness”. The turbo-
ness unity is meters/hectare/day, and has the
importance to show how much the sea trout
utilize their favoring areas. The 50 % home range
where not covered with turboness analysis since
the areas were considered too limited.

Statistical analyses

Space-use variables (depth, horizontal UDs and
volumetric UDs) were included in univariate
linear mixed effect models (LME) fitted to esti-
mate effects from a range of external (e.g., air
temperature, wind speed and precipitation) and
internal (smolt length and length at capture)
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variables on the within Tvedestrandsfjorden
habitat use. For UDs, the 50% and 95% distribu-
tion levels (i.e., the core distribution area/volu-
me) were used as responses in the LMEs.
Individual IDs were used as random intercepts
to account for within-individual dependency of
observations (Nakagawa & Schielzeth 2010).
Model selection followed the procedures de-
scribed in Zuur et al. (2009) utilizing Akaikes
information criteria (Akaike 1974) for model
selection. Model selection tables along with
parameter estimate using tables of the selected
models are shown in the appendix, and corre-
sponding prediction plots of the selected models
are displayed in the results chapter.

In order to quantify eventual effects of using
the no-take zone on individual fate, a multi-
nomial modelling approach was undertaken by
the fate data as response and fraction of time
spent inside no-take area as predictor. The
fraction spent inside the no-take zone was based
on PAV assignments to either “inside” or “out-
side” using the over-procedure in sp- package in
R. This procedure overlays the PAVs with the
no-take GIS-polygone. I also fitted generalized
linear mixed effect models to explore which
environmental and individual characteristics
that most efficiently predicted the probability of
using the no-take zone. This was done by using
the glmer-function in the Ime4-package. I follo-
wed same model selection procedures as descri-
bed for the UD modelling.

In the analysis of examining the probability
of using the no-take zone, I simplified the data
to make the process easier, and used the trian-
gulation positions inside the no-catch area

compared with positions outside for fate of the
individuals. Outside positions were called
Buffer zone and inside positions called No-take
zone (Table 1). In the selection of parameters for
this test, I wanted to see what individual chara-
cteristics would determine the probability of
using the no-take zone. Therefore, no climatic
parameters were included in the model selection.

Results

Studied individuals

Of the 56 sea trout that remained, I got 498 days
of continuous passive monitoring of their
horizontal and vertical movements, resulting in
estimations of their favoring utilization distri-

Figure 6: The mean volumetric distribution of the sea
trout with ID1158183 during week 16. Green area
indicate UV 50 and pink area UV 95. XY-axis are
coordinates in UTM 32, datum WGS 84, and Z-axis
depth in meters.

Table 1: A summary of the numbers of positions inside and outside the No-take zone according to their

preliminary fate

Fates Buffer zone No-take zone

Alive 41280 17665

Caught 87322 80470

Dead 59449 84693

Emigrated 100795 50582

Total 288846 233410
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Figure 7: The location of the first 50 stationary receivers in the study area. (Figure credits: Carla Freitas, IMR)

bution. Of the 56 studied specimens, 38 sea  alive at the end of the study. In total, 30 fishes
trout remained in the fjord system during the  were either captured by fishermen or dead due
whole study period, while 18 fishes emigrated  to other elusive causes. A simplified overview of
from the system, never to return. Of the resident  their fates is presented in Table 2.

sea trout in the fjord, only 8 individuals were
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Table 2: The final fates of the 56 individuals equipped with transmitters in Tvedestrandsfjorden.

Total Alive Caught Dead Emigrated
56 8 14 18
100% 14% 25% 32%
Back calculated growth after smoltification
500.0
450.0
400.0
350.0 -
E 300.0
§ 2500
= 200.0
150.0
100.0
Smolth length Seaagel Seaage2 Sea age 3

Marine sea periode

Figure 8: Back calculated growth in the sea from smolt lengths, estimated from scales.

Smolt lengths

The mean back-calculated smolt length was
estimated to 131.9 + 27.7 mm, with a minimum
length of 60.3 mm and maximum length of
203.0 mm (Figure 8). The growth in length
during the first season in the marine environ-
ment is was expressive, as illustrated in Figure 8.
The individuals have a continuous growth the
forthcoming years after their first season at sea,
however with a reduced growth rate as they age.
The estimated mean growths was 125 mm from
smoltification to first year at sea, 65.9 mm from
first to second year at sea, and 57.4 mm mean
growth from second to third year at sea.

Home range 50

When analyzing the UD kernels that contained
50% of the probability distribution of the trian-
gulated positions in the horizontal plane, the
most supported linear mixed effect model
showed an additive effect between month and
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smolt length to explain the log- transformed
home range 50. The results indicated a trend
towards reduced home range with increasing
smolt length (Figure 9). The home range 50 had
highest effect in April, May and September.
These effects were also significant.

Home range 95

The results from the model selection of the 95%
horizontal utilization distribution area also re-
vealed an additive effect between month and
smolt length. The prediction plot of the most
supported model to predict the log-transformed
home range 95 also showed a trend that indica-
ted reducing home range with increasing smolt
length. This effect where strongest in April, May
and June, as they were also significant. In Febru-
ary, the effects where highly negative, indicating
a significant reduced home range compared to
January (Figure 10).
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Figure 9: Prediction plot
showing predicted 50 % home
range (hectare) dependent on
smolt length (mm) for each
month of the year.

Figure 10: Prediction plot
showing predicted 95 % home
range (hectare) dependent on
smolt length (mm) for each
month of the year.
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Turboness

The model selection results showed two suppor-
ting models fitted to predict log-transformed
turboness. The most supported model revealed
purely additive effects of month, smolt length
and air temperature?, and an additive effect of
month and smolt length for the second-most
supported LME-model. The turboness-effect in
the most supported model was almost entirely
dependent on the smolt length, as illustrated in
Figure 11. The turboness increased with increa-
sing smolt length, however decreased with in-
creasing temperature. The temperature effect
were low though. The effect of turboness were
high in the summer, and increase from June to
September, where the significance also was
highest. The prediction plot for the second most
supported model showed a trend that increasing
smolt length increased the turboness (Figure
12). The turbo-effect also grew stronger from
June towards September , where the significance
also is strongest.

Total daily distance

Two models where fitted to predict the log-trans-
formed results for the total distance per day (in
meters). The most supported LME-model reve-
aled additive effects of month, smolt length and
air pressure?, and the second most supported
model showed factorial effects of month, smolt
length and air pressure.

The prediction plot for the most supported
LME-model illustrate additive effects that
describe the mean total distance per day, where
the air pressure weights the prediction of mean
total distance per day compared with the smolt
length (Figure 13). At a given air pressure of
approximately 1000 hPa, the mean total distance
were at its lowest, with increasing distance with
increasing and decreasing air pressure intercon-
nected with increasing smolt length. The effects
of smolt length and air pressure on the mean
total distance where however low. The effect of
total distance per day where high from April to
June, and from August to October. The total
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distance was at its peak in May, and at its lowest
in July.

Figure 14 shows the far more complex inter-
actions that describes the second most suppor-
ted model. The plot reveals saddle points, which
mean that the mean total distance per day
increases with increasing air pressure and in-
creasing smolt length, but also increases with
decreasing air pressure and decreasing smolt
length. These effects where however low. The
monthly effects were also in this model strong-
est from April to June, and August to October,
where the effect was strongest and most signifi-
cant in May and lowest in July.

Depth use
The model selection for the log-transformed
mean depth use, showed complex and exclusi-
vely factorial effects of month, smolt length and
air pressure®. The corresponding ANOVA-test
revealed highly significant interaction effects.
The depth use is, throughout the year, almost
entirely dependent on smolt length. However, in
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the months May, August and September, the air
pressure may explain the depth use also (Figure
15). In August, there is an optimum depth use at
around 1010 hPa. At the same optimum, the
depth use increases even further with increasing
smolt length. The maximum mean depth utili-
zation from January to April is heavily depen-
dent on smolt length, whereas fish with longer
smolt length had a deeper mean depth. The
depth use trend from Figure 18 indicate a shal-
low use in the water layers, with depths ranging
from around 0.7 to 7 meters, independent of the
max depth at the location.

Utilization volume 50

The results of the utilization volume 50 (UV 50)
were backward-selected because of complex
interactions. The complete list of fixed effects
parameter estimates for the most supported
LME-model fitted to predict log-transformed
UV 50, is presented in Table A9. The most
supported LME-model showed complex inter-
actions effects of month, smolt length and air
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Figure 15: Prediction plot
showing the mean depth
utilization dependent on
smolt length (mm) and air
pressure (hPa).

Figure 16: Prediction plot
showing UV 50 (gigaliters,
10°1) dependent on smolt
length (mm) and air
temperature (°C).
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temperature?. The corresponding ANOVA-test
revealed significant interaction effects.

From February to May, UV 50 increased with
air temperature and smolt length, however best
explained by the individuals smolt lengths
(Figure 16). During the warm summer moths of
June and July, the UV 50 became reduced. In
June, the UV 50 was optimal at approximately
14 °C. In August, the UV 50 is again increased,
but was reduced in September and the following
autumn months. However, with an optimum
temperature each month to explain the spatio-
temporal usage. In November the usage is union
with the smolt length, and only dependent on
the air temperature.

Utilization volume 95

The most supported LME-model to explain
utilization volume 95 (UV 95) showed fully
factorial effects between month and smolt
length. In the prediction plot (Figure 17), there
were trends towards increased UV 95 from

February to May with increased smolt length. In
June, UV 95 was compressed and reduced. From
July to October, the trend where opposite. The
UV 95 decreased with increasing smolt length.
From October to January, the UV 95 was again
compressed and reduced, however with a weak
increase with increasing smolt length. However,
the effect of the smolt length on the UV 95 was
low, with low significance. The effect of the UV
95 where highest in April and May, whereas sig-
nificance also where high.

Discussion

Fates and utilization

In the present study, smolt length, air tempera-
ture and air pressure had strong effects on the
space use in Tvedestrandsfjorden. In addition,
did smolt length and length at capture highly
influence the fates and behavior of the sea trout
in the fjord. Of these variables, smolt length was
the one variable that showed significance and
decisive effects on all behavior traits.
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Horizontal and vertical activity of the sea
trout varied throughout the year. The results in-
dicated increased activity from April towards
June, and in early autumn from August towards
October, while activity was reduced in July and
the winter months. This may be interconnected
with seasonal feeding intensity. Earlier exami-
nations of feeding activity of sea trout indicated
that the fish fed most heavily during spring
(April-May)(Pemberton 1976b) and autumn
(August-September) (Borgstrom & Heggenes
1988; Knutsen et al. 2001b; Olsen et al. 2006),
with a minimum during July (Knutsen et al.
2001b) and the winter months (Rikardsen et al.
2006). However, the activity peaks also coincide
and may be explained with smolt migration
from freshwater to the sea in the spring (Jons-
son 1985; Jonsson & Gravem 1985), spawning
activity in the autumn (Jonsson 1985; Elliott
1994; Klemetsen et al. 2003), and possibly opti-
mal growth temperatures (Elliott 1975; LAbee-
Lund et al. 1989; Forseth et al. 2009; Jensen et al.
2014).

With increasing smolt length, individuals
had characteristics towards increased turbo-
ness, mean depth, mean total daily distance and
increased utilization volume in autumn. How-
ever, increased smolt length gave reduced utili-
zation distribution. Moreover, individuals with
smaller smolt length had increased utilization
volume in spring, however not in autumn. The
utilization distribution increased during both
spring and autumn with decreasing smolt length.
The depth use was also at a minimum in Sep-
tember with decreasing smolt length. The present
findings correlates with observations recorded
by Dzadey (2014), who also found that smolt
length highly influenced the distribution and
activity of sea trout in the marine environment.

Individuals with large smolt length may have
been more exposed to fishing as they had high
activity and increased utilization volume in the
spring. However, individuals with smaller smolt
length were also exposed. These individuals had
the largest utilization distribution during the
entire year, and high utilization volume in the
autumn.
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The mean back-calculated smolt length
(Figure 8) at 131.9 £ 27.7 mm, with a minimum
and a maximum length of 60.3 mm and 203.0
mm, respectively, are within the smolt lengths
recorded in several other sea trout studies in the
Aust-Agder. Ingebrigtsen (1998) recorded the
mean smolt length to be 120 + 38 mm in Ost-
erabekken. In the nearby river Langangselva,
the smolt length was somewhat larger and had a
mean length of 143 + 0.90 mm (LAbée-Lund et
al. 1989). LAbée-Lund et al. (1989) explained
varying smolt lengths to be influenced by abiotic
factors, in which increasing river length, water
discharge and latitude seemed to give increased
smolt length, while smolt length decreased
highly with decreasing temperature at sea.

Fjord residency

In later years has the concept of partial migra-
tion in the marine environment received much
attention and recognition. Several studies have
documented that the sea trout actually may re-
main in high numbers in a fjords inner coastal
systems during their entire marine stay (Knut-
sen et al. 2001b; Knutsen et al. 2004; Olsen et al.
2006), without a continuum migration to the
sea (Urke et al. 2010; Aldvén et al. 2014; Davidsen
et al. 2014c; del Villar-Guerra et al. 2014). The
sea trout in Tvedestrandsfjorden had a tendency
towards fjord residency, whereas 32% of the tag-
ged sea trout emigrated and 68% remained in
the system. This differ somewhat, but not greatly
from the observations published by del Villar-
Guerra et al. (2014), who found that 53% of the
tagged sea trout emigrated and 47% remained.
They found no evidence that size (length or
weight) nor body condition (Fulton’s K) affected
the fate.

However, Bendall et al. (2005) saw that mi-
gration in coastal waters were size dependent,
whereas larger fish migrated faster and further
than smaller fish. Davidsen et al. (2014c¢) also
found migration to be size dependent, but at
smolt level. Larger and older smolts had a longer
continuum migration, though these individuals
also had poorer body conditions than the fjord
residents. These findings differ somehow from
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the present study. I found that the smolt length
highly influenced the marine behavior, and that
short lengths at tagging in the marine environ-
ment induced emigration from the fjord. The
seaward migration alternatives may also be affe-
cted by nutritional status (Boel et al. 2014;
Davidsen et al. 2014b) and lipid depletion (Boel
et al. 2014) in addition to smolt length prior to
the downward journey from the spawning
stream to the marine environment. Individuals
with high growth rate as 0+ and poor growth as
1+, but still had high metabolic needs, sought
better conditions at sea and migrated (Jonsson
& Jonsson 1993; Forseth et al. 1999; Cucherous-
set et al. 2005). The energy storage and condi-
tion of the fish may thus decide the distance of
migration when entering the marine environ-
ment, whereas individuals with low energetic
levels and low lipid depositions as smolts are
inclined to a shortened partial migration within
the fiord (Sheridan 1989; Jonsson & Jonsson
1998; Forseth et al. 1999; Boel et al. 2014; David-
sen et al. 2014b). If these individuals also have a
high metabolic demand, the chance of fjord re-
sidency increase even further, if these needs are
fulfilled with early encounters of suitable
habitats (Cucherousset et al. 2005). This can also
explain the negative tendency of migration if
the distance and cost of wandering exceeds the
internal energetic status of the smolts (Kristof-
fersen et al. 1994; Jonsson & Jonsson 2006), and
force the individuals to an early partial migra-
tion and fjord residency.

Other studies (Davidsen et al. 2014a; del Vil-
lar-Guerra et al. 2014) including the current re-
sults, indicate a relative high ratio of lacking
returns of the local sea trout to their natal spaw-
ning areas. After an emigration and migration
continuum to the outer coastal areas and the sea,
these individuals have an uncertain fate, but may
have dispersed to other coastal areas. Earlier exa-
mination from coastal Aust-Agder shows coloni-
zation and dispersal of sea trout to new fjords and
river systems (Knutsen et al. 2001a). This may
help explain the high emigration ratio, and might
as well be a genetic dispersal mechanism within
the sea trout species (Bekkevold et al. 2004).
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Acoustic telemetry

Acoustic telemetry is now one of the most cost
and labor-effective methods to monitor marine
habitat utilization (Kessel et al. 2014), however
climatic and biological factors may alter the de-
tection rate and results of the ultrasonic hydro-
phones. Wind and waves may highly affect the
detection rate of hydrophones, together with
rain and the depth of the hydrophones (Gjel-
land & Hedger 2013). Stratification and thermo-
cline creation following different seasons, with
tidal and flood currents may also create variabi-
lity and reduced detection rates. (Mathies et al.
2014). Sound travels faster in increasing water
temperature, fish at depths of 4- 5 meters have
therefor the highest probability of detection.
However, probability of detection may decrease
if the receiver is located deep and the transmit-
ter is above the thermocline (Gjelland & Hedger
2013). In the present study, the depth utilization
showed favoring depths between 1-5 meters.
The data may therefore have some errors caused
by wind and waves, however the depth utiliza-
tion where at levels of high detection rate. Opti-
mal days of detections of sea trout may thus be
clear warm days with little wind disturbance.

To minimize errors, detection ranges should
be tested before, during and after a study. A sen-
tinel receiver may also be placed and act as a
reference to detection tests (Kessel et al. 2014).
The kernel method which smooth’s the utilizati-
on distribution will easily uncover areas with
high activity (Worton 1987), though optimized
interpolation of the spatiotemporal utilization
will highly depend on the kernel size. A box
kernel will give higher errors than a “normal”
kernel, and additionally a high density of hydro-
phones will give significantly reduced errors
(Hedger et al. 2008).

Biological errors caused by predation could
however be difficult to counteract. Cod, sea
birds and seals are present in Tvedestrandsfjor-
den and could predate especially young sea
trout (Lyse et al. 1998; Dieperink et al. 2001).
Data may have been corrupted if a tagged indi-
vidual was consumed by a cod or caught by lar-
ger predatory animals. There may actually be a

VANN | 04 2018



chance that some of the data were recordings
from within a cod, however such inconceivable
errors may not last longer than a few days before
the tag has passed through the cod (Zeller 1999).

Reproducibility

This study is unique as there have been few stu-
dies on the spatiotemporal use of sea trout in
their marine habitat, and in a short fjord system
with a mosaic of depths, habitats and no estua-
ries. The reproducibility to other studies may
therefore be limited. However, studies condu-
cted in similar fjord systems or in Southern-
Norway east of Lindesnes may officiate. Studies
conducted in quite different systems, such as
long shallow fjords, almost as lake systems to-
wards the sea in Denmark (Boel et al. 2014; del
Villar-Guerra et al. 2014), or long and very deep
fjords at the west coast and in northern parts of
Norway (Jensen & Rikardsen 2008; Urke et al.
2010; Davidsen et al. 2014c) may be less compar-
able. The arrangement of the receivers are also
highly important. The current study has used a
long-term triangulation setting of receivers to
maximize coverage of Tvedestrandsfjorden,
whereas other studies used “curtains” of recei-
vers as transects crossing the fjords at certain
sections (Aldvén et al. 2014; Davidsen et al.
2014c; Jensen et al. 2014). Curtain arrangement
of the receivers will not give the same detailed
XY positioning opportunity, and will therefore
not have the same basis of comparison. The lati-
tudinal difference between Europe and Norway
also has consequences for the life-history of the
sea trout as well (Jonsson & LAbée-Lund 1993).

Conclusion

The marine behavior of the sea trout seems to be
highly influenced by smolt length, and hence
the life and development in early stages in fresh-
water. More studies on individual traits like
growth, metabolism and lipid deposition of sea
trout compared to their utilization of the marine
environment, will give a better understanding of
the behavior and life history of the sea trout in
coastal waters.

VANN | 04 2018

References

Akaike, H. (1974). A new look at the statistical model
identification. Automatic Control, IEEE Transactions on,
19 (6): 716-723.

Aldvén, D., Hedger, R., @kland, F., Rivinoja, P. & Hojesjo,
J. (2014). Migration of sea trout (Salmo trutta) smolts and
kelts through a complex costal habitat. Ph.D.. Unpubli-
shed: University of Gothenburg, Institution of Biology
and Environmental Sciences.

Allendorf, F. W,, England, P. R, Luikart, G., Ritchie, P. A.
& Ryman, N. (2008). Genetic effects of harvest on wild
animal populations. Trends in Ecology & Evolution, 23
(6): 327-337.

Allendorf, F. W. & Hard, J. J. (2009). Human-induced

evolution caused by unnatural selection through harvest
of wild animals. Proceedings of the National Academy of
Sciences of the United States of America, 106: 9987-9994.

Alos, J. & Arlinghaus, R. (2013). Impacts of partial
marine protected areas on coastal fish communities
exploited by recreational angling. Fisheries Research, 137:
88-96.

Andrews, K. S., Williams, G. D. & Levin, P. S. (2010).
Seasonal and Ontogenetic Changes in Movement
Patterns of Sixgill Sharks. Plos One, 5 (9): 12.

Bekkevold, D., Hansen, M. M. & Mensberg, K. L. D.
(2004). Genetic detection of sex- specific dispersal in
historical and contemporary populations of anadromous
brown trout Salmo trutta. Molecular Ecology, 13 (6):
1707-1712.

Bendall, B., Moore, A. & Quayle, V. (2005). The post-
spawning movements of migratory brown trout Salmo
trutta L. Journal of Fish Biology, 67 (3): 809-822.

Biro, P. A. & Stamps, J. A. (2008). Are animal personality
traits linked to life-history productivity? Trends in
Ecology & Evolution, 23 (7): 361-368.

Boe, K. (2013). You are what you get caught with: inter-in-
dividual variation in coastal Atlantic cod (Gadus morhua)
behaviour. Master thesis: Norwegian University og Life
Science, Department of Ecology and Nature Resource
Management. 49 pp.

Boel, M., Aarestrup, K., Baktoft, H., Larsen, T., Madsen,
S. S., Malte, H., Skov, C., Svendsen, J. C. & Koed, A.
(2014). The Physiological Basis of the Migration
Continuum in Brown Trout ( Salmo trutta). Physiological
and Biochemical Zoology, 87 (2): 334-345.

Bohlin, T., Pettersson, J. & Degerman, E. (2001).
Population density of migratory and resident brown trout

419



(Salmo trutta) in relation to altitude: evidence for a
migration cost. Journal of Animal Ecology, 70 (1): 112-121.

Borgstrom, R. & Heggenes, J. (1988). Smoltification of sea
trout(Salmo trutta) at short length as an adaptation to
extremely low summer stream flow. Polskie Archiwum
Hydrobiologii/Polish Archives of Hydrobiology, 35 (3):
375-384.

Bridger, C. J. & Booth, R. K. (2003). The effects of biotele-
metry transmitter presence and attachment procedures
on fish physiology and behavior. Reviews in Fisheries
Science, 11 (1): 13-34.

Ciannelli, L., Knutsen, H., Olsen, E. M., Espeland, S. H.,
Asplin, L., Jelmert, A., Knutsen, J.

A. & Stenseth, N. C. (2010). Small-scale genetic structure
in a marine population in relation to water circulation
and egg characteristics. Ecology, 91 (10): 2918-2930.

Claudet, J., Osenberg, C. W., Benedetti-Cecchi, L.,
Domenici, P., Garcia-Charton, J. A., Perez-Ruzafa, A.,
Badalamenti, F., Bayle-Sempere, J., Brito, A., Bulleri, F., et
al. (2008). Marine reserves: size and age do matter.
Ecology Letters, 11 (5): 481-489.

Conover, D. O. & Munch, S. B. (2002). Sustaining fis-
heries yields over evolutionary time scales. Science, 297
(5578): 94-96.

Cucherousset, J., Ombredane, D., Charles, K., Marchand,
F. & Bagliniere, J. L. (2005). A continuum of life history
tactics in a brown trout (Salmo trutta) population.
Canadian Journal of Fisheries and Aquatic Sciences, 62
(7): 1600-1610.

Davidsen, J. G., Daverdin, M., Arnekleiv, J. V., Ronning,
L., Sjursen, A. D. & Koksvik, J. I. (2014a). Riverine and
near coastal migration performance of hatchery brown
trout Salmo trutta. Journal of Fish Biology, 85 (3): 586-
596.

Davidsen, J. G., Daverdin, M., Sjursen, A. D., Ronning,
L., Arnekleiv, J. V. & Koksvik, J. I. (2014b). Does reduced
feeding prior to release improve the marine migration of
hatchery brown trout Salmo trutta smolts? Journal of Fish
Biology, 85 (6): 1992-2002.

Davidsen, J. G., Eldoy, S. H,, Sjursen, A. D., Ronning, L.,
Thorstad, E. B, Nesje, T. F., Aarestrup, K., Whoriskey, F.,
Rikardsen, A. H., Daverdin, M., et al. (2014c).
Habitatbruk og vandringer til sjoorret i Hemnfjorden og
Snillfjorden. NTNU Vitenskapsmuseet naturhistorisk
rapport, 2014-6. 1-51 pp.

de Leeuw, J. J., ter Hofstede, R. & Winter, H. V. (2007).

Sea growth of anadromous brown trout (Salmo trutta).
Journal of Sea Research, 58 (2): 163-165.

420

del Villar-Guerra, D., Aarestrup, K., Skov, C. & Koed, A.
(2014). Marine migrations in anadromous brown trout
(Salmo trutta). Fjord residency as a possible alternative in
the continuum of migration to the open sea. Ecology of
Freshwater Fish, 23 (4): 594-603.

Dieperink, C., Pedersen, S. & Pedersen, M. I. (2001).
Estuarine predation on radiotagged wild and domestica-
ted sea trout (Salmo trutta L.) smolts. Ecology of Fresh-
water Fish, 10 (3): 177-183.

Dzadey, C. S. K. (2014). Coastal habitat us in sea trout
(Salmo trutta) from the inner parts of Oslo Fjord: a one-
year acoustic temeletry study. Master thesis. As:
Norwegian University of Life Science, Departement of
Ecology and Natural resource management 45 pp.

Elliott, J., M. (1994). Quantitative Ecology and the Brown
Trout. UK: Oxford University Press. 286 pp.

Elliott, J. M. (1975). The Growth Rate of Brown Trout
(Salmo trutta L.) Fed on Maximum Rations. Journal of
Animal Ecology, 44 (3): 805-821.

Elliott, J. M. (1989). Wild brown trout salmo-trutta - An
important national and international resource.
Freshwater Biology, 21 (1): 1-5.

Fiske, P. & Aas, @. (2001). Laksefiskeboka. Om sammen-
henger mellom beskatning, fiske og verdiskaping ved elve-
fiske etter laks, sjpaure og sjeraye, vol. 20: Trondheim,
Stiftelsen for naturforskning og kulturminneforskning.

Forseth, T., Naesje, T. F., Jonsson, B. & Harsaker, K.
(1999). Juvenile migration in brown trout: a consequence
of energetic state. Journal of Animal Ecology, 68 (4): 783-
793.

Forseth, T., Larsson, S., Jensen, A. J., Jonsson, B.,
Nislund, I. & Berglund, I. (2009). Thermal growth
performance of juvenile brown trout Salmo trutta: no
support for thermal adaptation hypotheses. Journal of
Fish Biology, 74 (1): 133-149.

Francis, R. (1990). Back-calculation of fish length - a
critical-review. Journal of Fish Biology, 36 (6): 883-902.

Friedlander, A. M. & Monaco, M. E. (2007). Acoustic
tracking of reef fishes to elucidate habitat utilization
patterns and residence times inside and outside marine
protected areas around the island of St. John, USVIL.

Frost, W., E. & Brown, M., E. (1967). The Trout. The New
Naturalist. London: Collins. 286 pp.

Gijelland, K. O. & Hedger, R. D. (2013). Environmental
influence on transmitter detection probability in biotele-
metry: developing a general model of acoustic transmis-
sion. Methods in Ecology and Evolution, 4 (7): 665-674.

VANN | 04 2018



Gordon, M. S. (1959). Ionic regulation in the brown trout
(Salmo trutta L.). Journal of Experimental Biology, 36 (2):
227-252.

Hansen, M. M., Ruzzante, D. E., Nielsen, E. E., Bekke-
vold, D. & Mensberg, K. L. D. (2002).

Long-term effective population sizes, temporal stability
of genetic composition and potential for local adaptation
in anadromous brown trout (Salmo trutta) populations.
Molecular Ecology, 11 (12): 2523-2535.

Harris, G. & Milner, N. (eds). (2006). Sea Trout: Biology,
Conservation and Management: Blackwell Publishing
Ltd. 520 pp.

Hedger, R. D., Martin, F., Dodson, J. J., Hatin, D., Caron,
F. & Whoriskey, F. G. (2008). The optimized interpola-
tion of fish positions and speeds in an array of fixed
acoustic receivers. Ices Journal of Marine Science, 65 (7):
1248-1259.

Helland, A., Lindholm, O., Traaen, T., Uriansrud, F. &
Rygg, B. (2003). Tiltaksplan for forurensede sedimenter i
Aust-Agder. Fase 1- Miljetilstand, kilder og priorit-
eringer, LNR 4744-2003: NIVA. 55 pp.

Heupel, M. R, Simpfendorfer, C. A. & Hueter, R. E.
(2004). Estimation of shark home ranges using passive
monitoring techniques. Environmental Biology of Fishes,
71 (2): 135- 142.

Heupel, M. R. & Webber, D. M. (2012). Trends in Aco-
ustic Tracking: Where are the Fish Going and How Will
We Follow Them? In McKenzie, J. R., Parsons, B., Seitz,
A. C., Kopf, R. K., Mesa, M. G. & Phelps, Q. (eds) Ameri-
can Fisheries Society Symposium, vol. 76 Advances in
Fish Tagging and Marking Technology, pp. 219-231.
Bethesda: Amer Fisheries Soc.

Hightower, J. E., Jackson, J. R. & Pollock, K. H. (2001).
Use of telemetry methods to estimate natural and fishing

mortality of striped bass in Lake Gaston, North Carolina.

Transactions of the American Fisheries Society, 130 (4):
557-567.

Hyrenbach, K. D., Forney, K. A. & Dayton, P. K. (2000).
Marine protected areas and ocean basin management.
Aquatic Conservation-Marine and Freshwater Ecosys-
tems, 10 (6): 437-458.

Ingebrigtsen, P. J. (1998). Livshistorie hos orret (Salmo
trutta L.) i smd kystvassdrag i Aust- Agder. As: Norges
Landbrukshegskole, Insitutt for biologi og
naturforvaltning. 43 pp.

Jensen, J. L. A. & Rikardsen, A. H. (2008). Do northern
riverine anadromous Arctic charr Salvelinus alpinus and
sea trout Salmo trutta overwinter in estuarine and
marine waters? Journal of Fish Biology, 73 (7): 1810-1818.

VANN | 04 2018

Jensen, J. L. A., Rikardsen, A. H., Thorstad, E. B., Suhr, A.
H., Davidsen, J. G. & Primicerio, R. (2014). Water tempera-
tures influence the marine area use of Salvelinus alpinus
and Salmo trutta. Journal of Fish Biology, 84 (6): 1640-1653.

Jensen, K., W. (1968). Seatrout (Salmo trutta, L.) of the
River Istra, western Norway. Report of the Institute of
Freshwater reaserch, Drottningholm, 48: 187-213.

Johnson, D., Ardron, J., Billett, D., Hooper, T., Mullier, T.,
Chaniotis, P., Ponge, B. & Corcoran, E. (2014). When is a
marine protected area network ecologically coherent? A
case study from the North-east Atlantic. Aquatic Conser-
vation-Marine and Freshwater Ecosystems, 24: 44-58.

Jonsson, B. (1976). Comparison of scales and otoliths for
age-determination in brown trout, salmo-trutta-L.
Norwegian Journal of Zoology, 24 (4): 295-301.

Jonsson, B. (1985). Life History Patterns of Freshwater
Resident and Sea-Run Migrant Brown Trout in Norway.
Transactions of the American Fisheries Society, 114 (2):
182-194.

Jonsson, B. & Gravem, F. R. (1985). Use of space and food
by resident and migrant brown trout, salmo-trutta. Envi-
ronmental Biology of Fishes, 14 (4): 281-293.

Jonsson, B. & Jonsson, N. (1993). Partial migration -
niche shift versus sexual-maturation in fishes. Reviews in
Fish Biology and Fisheries, 3 (4): 348-365.

Jonsson, B. & UAbée-Lund, J. H. (1993). Latitudinal clines
in life-history variables of anadromous brown trout in
europe. Journal of Fish Biology, 43: 1-16.

Jonsson, B. (2000). Sjeaure. In Borgstrom, R. & Hansen,
L., P. (eds) Fisk i ferskvann - Et samspill mellom bestander,
miljo og forvaltning, pp. 50-59: Landbruksforlaget.

Jonsson, B., Jonsson, N., Brodtkorb, E. & Ingebrigtsen, P.
J. 2001). Life-history traits of Brown Trout vary with the
size of small streams. Functional Ecology, 15 (3): 310-317.

Jonsson, B. & Jonsson, N. (2006). Life-history effects of
migratory costs in anadromous brown trout. Journal of
Fish Biology, 69 (3): 860-869.

Jonsson, B. & Jonsson, N. (2011). Ecology of Atlantic
Salmon and Brown Trout - Habitat as a template for life
histories. Fish & Fisheries Series, vol. 33: Springer. 708 pp.

Jonsson, N. & Jonsson, B. (1998). Body composition and
energy allocation in life-history stages of brown trout.
Journal of Fish Biology, 53 (6): 1306-1316.

Jonsson, N. & Jonsson, B. (1999). Trade-off between egg

mass and egg number in brown trout. Journal of Fish
Biology, 55 (4): 767-783.

421



Jonsson, N. & Jonsson, B. (2002). Migration of anadro-
mous brown trout Salmo trutta in a Norwegian river.
Freshwater Biology, 47 (8): 1391-1401.

Keeley, E. R. & Grant, J. W. (1995). Allometric and
environmental correlates of territory size in juvenile
Atlantic salmon (Salmo salar). Canadian Journal of
Fisheries and Aquatic Sciences, 52 (1): 186-196.

Kellner, J. B., Tetreault, I., Gaines, S. D. & Nisbet, R. M.
(2007). Fishing the line near marine reserves in single
and multispecies fisheries. Ecological Applications, 17 (4):
1039- 1054.

Kessel, S. T., Cooke, S. J., Heupel, M. R., Hussey, N. E.,
Simpfendorfer, C. A., Vagle, S. & Fisk, A. T. (2014). A
review of detection range testing in aquatic passive
acoustic telemetry studies. Reviews in Fish Biology and
Fisheries, 24 (1): 199-218.

Klemetsen, A., Amundsen, P.-A., Dempson, J. B.,
Jonsson, B., Jonsson, N., O’Connell, M. F. & Mortensen,
E. (2003). Atlantic salmon Salmo salar L., brown trout
Salmo trutta L. and Arctic charr Salvelinus alpinus (L.)
- a review of aspects of their life histories.

Ecology of freshwater fish, 12: 1-59.

Knip, D. M., Heupel, M. R. & Simpfendorfer, C. A. (2012).
Evaluating marine protected areas for the conservation of
tropical coastal sharks. Biological Conservation, 148 (1):
200-209.

Knutsen, H., Knutsen, J. A. & Jorde, P. E. (2001a). Genetic
evidence for mixed origin of recolonized sea trout
populations. Heredity, 87: 207-214.

Knutsen, J. A., Knutsen, H., Gjosaeter, ]. & Jonsson, B.
(2001b). Food of anadromous brown trout at sea. Journal
of Fish Biology, 59 (3): 533-543.

Knutsen, J. A., Knutsen, H., Olsen, E. M. & Jonsson, B.
(2004). Marine feeding of anadromous Salmo trutta
during winter. Journal of Fish Biology, 64 (1): 89-99.

Knutsen, J. A., Knutsen, H., Rinde, E., Christie, H.,
Bodvin, T. & Dahl, E. (2010). Mapping Biological Resour-
ces in the Coastal Zone: An Evaluation of Methods in a
Pioneering Study from Norway. Ambio, 39 (2): 148-158.

Kramer, D. L., Rangeley, R. W. & Chapman, L. J. (1997).
Habitat selection: patterns of spatial distribution from beha-
vioural decisions. Behavioural ecology of teleost fishes: 37-80.

Kristoffersen, K., Halvorsen, M. & Jorgensen, L. (1994).
Influence of parr growth, lake morphology, and fresh-
water parasites on the degree of anadromy in different
populations of arctic char (salvelinus-alpinus) in
northern norway. Canadian Journal of Fisheries and
Agquatic Sciences, 51 (6): 1229-1246.

422

LAbée-Lund, J. H., Jonsson, B., Jensen, A. J., Saettem, L.
M., Heggberget, T. G., Johnsen, B. O. & Naesje, T. F.
(1989). Latitudinal variation in life-history characteristics
of sea- run migrant brown trout salmo-trutta. Journal of
Animal Ecology, 58 (2): 525-542.

Lee, W. C. & Bergersen, E. P. (1996). Influence of thermal
and oxygen stratification on lake trout hooking morta-
lity. North American Journal of Fisheries Management, 16
(1): 175-181.

Lester, S. E., Halpern, B. S., Grorud-Colvert, K.,
Lubchenco, ], Ruttenberg, B. I, Gaines, S. D., Airame, S.
& Warner, R. R. (2009). Biological effects within no-take
marine reserves: a global synthesis. Marine Ecology
Progress Series, 384: 33-46.

Lovdata. (2003). Forskrift om dpning for fiske etter
anadrome laksefisk (dpningsforskriften): Lovdata.

Lovdata. (2012). Forskrift om bevaringssoner i Tvedes-
trand kommunes sjpomrdder, Aust- Agder: Lovdata.

Lucas, M. C. & Baras, E. (2000). Methods for studying
spatial behaviour of freshwater fishes in the natural
environment. Fish and Fisheries, 1 (4): 283-316.

Lyse, A. A, Stefansson, S. O. & Ferno, A. (1998).
Behaviour and diet of sea trout post-smolts in a Norwe-
gian fjord system. Journal of Fish Biology, 52 (5): 923-936.

March, D., Palmer, M., Alos, J., Grau, A. & Cardona, F.
(2010). Short-term residence, home range size and diel
patterns of the painted comber Serranus scriba in a tem-
perate marine reserve. Marine Ecology Progress Series,
400: 195-206.

March, D., Alos, J. & Palmer, M. (2014). Geospatial
assessment of fishing quality considering environmental
and angler-related factors. Fisheries Research, 154: 63-72.

Marshell, A., Mills, J. S., Rhodes, K. L. & Mcllwain, J.
(2011). Passive acoustic telemetry reveals highly variable
home range and movement patterns among unicornfish
within a marine reserve. Coral Reefs, 30 (3): 631-642.

Mathies, N. H., Ogburn, M. B, McFall, G. & Fangman, S.
(2014). Environmental interference factors affecting
detection range in acoustic telemetry studies using fixed
receiver arrays. Marine Ecology Progress Series, 495:
27-38.

Miljedirektoratet. (2015). Faktaark: Naturtype - Furoya.
Available at: http://faktaark.naturbase.no/naturtype?id-
=BN00043900 (accessed: 07.01.2015).

Mulcahy, D. M. (2003). Surgical implantation of trans-
mitters into fish. Ilar Journal, 44 (4): 295-306.

VANN | 04 2018



Munday, P. L. & Wilson, S. K. (1997). Comparative effi-
cacy of clove oil and other chemicals in anaesthetization
of Pomacentrus amboinensis, a coral reef fish. Journal of
Fish Biology, 51 (5): 931-938.

Nakagawa, S. & Schielzeth, H. (2010). Repeatability for
Gaussian and non-Gaussian data: a practical guide for
biologists. Biological Reviews, 85 (4): 935-956.

Nordeng, H. (1977). Pheromone hypothesis for home-
ward migration in anadromous salmonids. Oikos, 28
(2-3): 155-159.

Olsen, E. M., Knutsen, H., Simonsen, J. H., Jonsson, B. &
Knutsen, J. A. (2006). Seasonal variation in marine
growth of sea trout, Salmo trutta, in coastal Skagerrak.
Ecology of Freshwater Fish, 15 (4): 446-452.

Olsen, E. M. & Moland, E. (2011). Fitness landscape of
Atlantic cod shaped by harvest selection and natural
selection. Evolutionary Ecology, 25 (3): 695-710.

Olsen, E. M., Heupel, M. R., Simpfendorfer, C. A. &
Moland, E. (2012). Harvest selection on Atlantic cod
behavioral traits: implications for spatial management.
Ecology and Evolution, 2 (7): 1549-1562.

Pemberton, R. (1976a). Sea trout in north-argyll-sea
lochs, population, distribution and movements. Journal
of Fish Biology, 9 (2): 157-179.

Pemberton, R. (1976b). Sea trout in north argyll sea lochs
. 2. Diet. Journal of Fish Biology, 9 (3): 195-208.

Philipp, D. P., Cooke, S. J., Claussen, J. E., Koppelman, J.
B., Suski, C. D. & Burkett, D. P. (2009). Selection for
Vulnerability to Angling in Largemouth Bass. Transac-
tions of the American Fisheries Society, 138 (1): 189-199.

Prunet, P, Boeuf, G., Bolton, J. P. & Young, G. (1989).
Smoltification and seawater adaptation in Atlantic
salmon (Salmo salar): Plasma prolactin, growth hor-
mone, and thyroid hormones. General and Comparative
Endocrinology, 74 (3): 355-364.

Pulido, F. (2011). Evolutionary genetics of partial migra-
tion - the threshold model of migration revis(it)ed. Oikos,
120 (12): 1776-1783.

R- Core Team. (2012). R: a language and environment for
statistical computing. . R Development. Vienna, Austria.:
R Foundation for Statistical Computing. Available at:
http://www.R-project.org.

Rikardsen, A. H., Amundsen, P. A., Knudsen, R. &
Sandring, S. (2006). Seasonal marine feeding and body
condition of sea trout (Salmo trutta) at its northern
distribution. Ices Journal of Marine Science, 63 (3): 466-
475.

VANN | 04 2018

Rogers, K. B. & White, G. C. (2007). Analysis of
movement and habitat use from telemetry data. Analysis
and interpretation of freshwater fisheries data. American
Fisheries Society, Bethesda, Maryland: 625-676.

Russ, G. R., Alcala, A. C., Maypa, A. P., Calumpong, H. P.
& White, A. T. (2004). Marine reserve benefits local
fisheries. Ecological Applications, 14 (2): 597-606.

Seytre, C. & Francour, P. (2008). Is the Cape Roux marine
protected area (Saint-Raphael, Mediterranean Sea) an
efficient tool to sustain artisanal fisheries? First indicati-
ons from visual censuses and trammel net sampling.
Aquatic Living Resources, 21 (3): 297-305.

Sheridan, M. A., Allen, W. V. & Kerstetter, T. H. (1983).
Seasonal-variations in the lipid- composition of the
steelhead trout, salmo-gairdneri richardson, associated
with the parr-smolt transformation. Journal of Fish
Biology, 23 (2): 125-134.

Sheridan, M. A. (1989). Alterations in lipid-metabolism
accompanying smoltification and seawater adaptation of
salmonid fish. Aquaculture, 82 (1-4): 191-203.

Simpfendorfer, C. A., Heupel, M. R. & Hueter, R. E.
(2002). Estimation of short-term centers of activity from
an array of omnidirectional hydrophones and its use in
studying animal movements. Canadian Journal of
Fisheries and Aquatic Sciences, 59 (1): 23- 32.

Simpfendorfer, C. A., Olsen, E. M., Heupel, M. R. &
Moland, E. (2012). Three-dimensional kernel utilization
distributions improve estimates of space use in aquatic
animals.

Canadian Journal of Fisheries and Aquatic Sciences, 69
(3): 565-572.

Stobart, B., Warwick, R., Gonzalez, C., Mallol, S., Diaz,
D., Renones, O. & Goni, R. (2009).

Long-term and spillover effects of a marine protected
area on an exploited fish community. Marine Ecology
Progress Series, 384: 47-60.

Thorstad, E. B., Rikardsen, A. H., Alp, A. & Okland, F.
(2013). The Use of Electronic Tags in Fish Research - An
Overview of Fish Telemetry Methods. Turkish Journal of
Fisheries and Aquatic Sciences, 13: 881-896.

Urke, H., Kristensen, T., Alfredsen, K. T., Daae, K. &
Alfredsen, J. A. (2010).

Utvandringstidspunkt og marin atferd hja smolt fra
Lerdalselva, L.NR. 6033-2010: NIVA. 48 pp.

Voegeli, F. A, Smale, M. J., Webber, D. M., Andrade, Y. &
O’Dor, R. K. (2001). Ultrasonic telemetry, tracking and
automated monitoring technology for sharks.
Environmental Biology of Fishes, 60 (1-3): 267-281.

423



White, J., Simpfendorfer, C. A., Tobin, A. J. & Heupel, M.

R. (2014). Spatial ecology of shark-like batoids in a large
coastal embayment. Environmental Biology of Fishes, 97
(7): 773-786.

Worton, B. J. (1987). A review of models of home range

for animal movement. Ecological Modelling, 38 (3-4):
277-298.

424

Zeller, D. C. (1999). Ultrasonic telemetry: its application
to coral reef fisheries research. Fishery bulletin-national
oceanic and atmospheric administration, 97 (4): 1058-
1065.

Zuur, A., Ieno, E. N., Walker, N., Saveliev, A. A. & Smith,

G. M. (2009). Mixed effects models and extensions in
ecology with R: Springer.

VANN | 04 2018



