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Marine migrations in anadromous brown trout (Salmo trutta).
Fjord residency as a possible alternative in the
continuum of migration to the open sea
Diego del Villar-Guerra*, Kim Aarestrup, Christian Skov and Anders Koed.
Technical University of Denmark, National Institute of Aquatic Sciences, Vejlsøvej 39; 8600; Silkeborg,
Denmark.
ABSTRACT. Partial migration is a common phenomenon in many fish species. Trout (Salmo trutta) is a
partially migratory species where some part of the population migrate to the marine environment, while
another remains in freshwater.
In the years 2008 and 2009, a total of 159 wild sea trout smolts were tagged with acoustic and PIT tags in
the river Villestrup (Denmark) to study the initial post-smolt marine behaviour within a fjord system. We
found that the strategies of the sea migrants vary: some stay in the fjord while others migrate to the sea
suggesting that partial migration occurs even in the marine environments.
Overall, a total of 53 %of the tagged smolts migrated from the fjord to the sea, and 47 % stayed (or
potentially died) in the fjord. The ratios of fjord-resident vs. sea-migrating post-smolts were consistent at
the study times and no differences between the early and late migration periods of the smolts were
observed. The individual’s size or body condition at the time of tagging did not affect survival or the
migratory decisions in the fjord. High overall initial survival (74%) was found 30 days after the fjord entry.
We suggest that within a continuum of migration to sea, there is a migratory decision point when sea trout
post-smolts encounter a fjord system. At this point, post-smolts will assess the possibility of migration
versus the alternative of fjord residency.
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Abstract
Partial migration is a common phenomenon in many fish species. Trout (Salmo trutta) is a partially
migratory species where some part of the population migrate to the marine environment, while
another remains in freshwater.
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In the years 2008 and 2009, a total of 159 wild sea trout smolts were tagged with acoustic and PIT
tags in the river Villestrup (Denmark) to study the initial post-smolt marine behaviour within a fjord
system. We found that the strategies of the sea migrants vary: some stay in the fjord while others
migrate to the sea suggesting that partial migration occurs even in the marine environments.
Overall, a total of 53 %of the tagged smolts migrated from the fjord to the sea, and 47 % stayed (or
potentially died) in the fjord. The ratios of fjord-resident vs. sea-migrating post-smolts were
consistent at the study times and no differences between the early and late migration periods of the
smolts were observed. The individual’s size or body condition at the time of tagging did not affect
survival or the migratory decisions in the fjord. High overall initial survival (74%) was found 30 days
after the fjord entry. We suggest that within a continuum of migration to sea, there is a migratory
decision point when sea trout post-smolts encounter a fjord system. At this point, post-smolts will
assess the possibility of migration versus the alternative of fjord residency.

Introduction
Fish migration is the individual’s behavioural response to the interactions between external factors
(environment, temperature, etc.) and factors concerning the individual’s internal status (fear, hunger,
etc.) (Lucas and Baras et al., 2001). Partial migration is a phenomenon where a population is
composed of both migratory and resident individuals (Chapman et al., 2012, Hendry et al., 2004,
Jonsson and Jonsson 1993). Partial migration in fishes is seen as an adaptive response to a changeable
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environment, and the ultimate goal is to increase individual fitness and population persistence
(Cucherousset et al., 2005).
Studies assessing the physiological basis of partial migration in salmonids indicate that factors such as
body condition (e.g. Fulton’s K; Fulton 1902) and the individual’s energetic reserves may influence the
individual’s decision towards migration (Forseth et al., 1999, Jonsson and Gravem 1985, Jonsson et
al., 2001, Wysujack et al., 2009). In addition, the ratio mortality to growth is believed to be a selective
driver in this decision and ultimately be the cause of such migration (e.g. Brönmark et al., 2008). As a
general statement, fish will maximize their individual fitness by moving to the areas where this ratio is
minimized (Gross 1987).
Partial migrations are observed in trout (Salmo trutta L.) populations, with sea trout individuals
performing repeated seasonal movements between freshwater and the sea (Elliott 1994, Klemetsen
et al., 2003). This behaviour is referred to as non-breeding partial migration in Chapman et al., (2012).
Thus migrants and residents share breeding habitat but spend the non-breeding season apart. The
alternation of habitats observed in trout (both within the freshwater habitat and between freshwater,
the estuary and the sea) has been associated to their degree of life history variation (Klemetsen et al.,
2003).
While partial migration processes in salmonids are documented between freshwater and the marine
environment (Hendry et al., 2004, Klemetsen et al., 2003), there is little information about the
migratory patterns in the marine environments where the fish spend a large part of their life cycle.
This lack of knowledge is strongly related to technical and methodological constraints in gathering
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reliable behavioural data. Hence, the marine environment is considered a priority area for sea trout
research (Drenner et al., 2012).
By employing telemetry (acoustic and PIT-tags) for two consecutive years and tracking a high number
of individuals (n=159) over a long period, this study explores the migratory behaviour of wild sea trout
post-smolts, while negotiating a fjord system towards the sea.
Since the ultimate goal of migrating to the sea most likely is to improve fitness (e.g. by increasing
growth), it can be hypothesized that in some cases it should be advantageous for the sea trout postsmolts to reside in the fjords or estuaries’ for shorter or longer periods of time before moving to the
open sea or returning to the river. This depends on the trade-off between food availability and
mortality risk.
Indeed, variation in stop over time in the fjords and estuaries has been reported. Two different
telemetry studies looking at the migration patterns of wild sea trout post-smolts in a Norwegian fjord
systems (Finstad et al., 2005, Thorstad et al., 2007), show that the all the sea trout post-smolts
resided in the inner, and occasionally the middle parts of fjord, for the duration of the study (two
months). Conversely, Moore and Potter (1994) describe the behaviour of wild sea trout smolts
through a river estuary in UK where residence within the estuary normally last less than a tidal cycle,
and the majority of fish migrate through the estuary on a single ebb tide (Moore and Potter 1994).
These few studies suggest that there is a difference between rivers in the dispersal of trout. i.e., some
populations may migrate to the sea, while another may stay in the fjord.
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The primary aim of our study was to investigate the marine behaviour of wild sea trout post smolts in
a fjord system. In particular, we examine the migratory decisions fish undertake during their fjord stay
within the continuum of migratory possibilities. It was hypothesized that in addition to the migratory
decisions fish make in the riverine environments, there is an additional decision making point when
the fish enter the saline environment (fjord): to continue migration to the sea (Sea migrants, SMs), or
stay in the fjord (Fjord residents, FRs).
Furthermore, this study aimed to identify potential effects on the post-smolts migration to the sea. In
particular, 1) by studying the role of the seasonality in the adoption of a specific migratory tactic and
2) assessing the effects of body size (length and weight) and condition (Fulton’s K) on the migratory
decisions in the fjord.
The marine phase is a critical stage for post-smolts. It is in these areas where high mortalities are
likely (Thorstad et al., 2012). Among others, the adaptation to the new marine environment and the
existence of new predators are believed to cause this loss (Jepsen et al., 2006, Koed et al., 2006,
Thorstad et al., 2007).
The final aim of the study was to assess the initial survival and the return rates of post-smolts, in
order to evaluate their relationships with the migratory decisions in the fjord.

Material and Methods
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Study site
Mariager fjord on the east coast of Jutland, Denmark (Fig. 1) is characterized as a sill fjord with a
relatively low water exchange with the adjacent system, the Kattegat Sea. Mariager fjord is the
longest fjord in Denmark with a length of approximately 48 km and is 2-4 km wide with a total
catchment area of approximately 572 km2 and a volume of 235 mill. m3 (Fallesen et al., 2000, Olesen
2001).The fjord has the highest recorded primary production among the coastal systems surrounding
Denmark (Kaas et al., 1996).
The physiographic of the fjord is complex and can be principally divided in three parts: the outer, the
middle and the inner fjord. The outer part of the fjord (25 km in length) consists of tidal plains with
water depths of around 1 m, except for a narrow 6 m deep channel maintained by dredging and held
open to the Kattegat by the tide. The inner and middle parts (23 km in length) have depths of up to 30
meters and are permanently anoxic below 15 m (Fallesen et al., 2000). This configuration restricts
bottom-water exchange with the Kattegat Sea.
The fjord is micro-tidal with a tidal range of only 20–30 cm. Salinity values vary between 12–25 ‰ and
the fjord is characterized as brackish. The input of freshwater is about 161 mill. m 3 y-1 corresponding
to 5 m3 s-1, representing one third of the water in Mariager fjord. The river Villestrup (mean annual
discharge 1.1 m³s-1) is the major freshwater source for Mariager fjord and also constitutes the most
important sea trout tributary running into the fjord. Another tributary, the river Kastbjerg (mean
annual discharge 0.5 m³s-1), also holds a sea trout population, as well as several other smaller
tributaries to the fjord.
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Smolt trapping and tracking
The present study was carried out over two years (2008 and 2009) between the months of AprilAugust in 2008 and April-July in 2009. A total of n= 159 descending wild sea trout smolts from the
Villestrup river were trapped and tagged in late April (24 April - 25 April) and mid-May (13 May - 20
May) for both years.
The migrating smolts were captured in a full covering Wolf-type trap placed approximately 300 m
from the river outlet and in connection with a weir at a fish farm (See fig.1; Site 1). Phenotypic smolt
characteristics: silvery body colour, absence of parr marks, darkened fins and stream lined body shape
were used as indicators of migrating smolts (Aarestrup et al., 2000). Sea trout smolts over 16 cm were
selected to minimize the effects of tagging on the individual’s behaviour (Jepsen et al., 2002). Sex
determination was not possible without killing the individuals for the examination, and hence this
information is not included in this experiment.
The sea trout smolts were double tagged with individual coded, acoustic transmitters (Thelma 7.3 mm
smolt transmitter, Thelma Biotel AS, Postboks 6170, Sluppen 7435 Trondheim) and passive integrated
transponders (PIT-tags) (Texas Instruments, RI-TRP-RRHP, half duplex, 134 kHz, length 23.1 mm,
diameter 3.85 mm and weight 0.6 g (air), 00800-ASK-TEXAS).
The acoustic transmitters had a guaranteed battery life of 80 days with a delay of 20-60 seconds
between consecutive transmissions.
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The surgical implantation method described in Aarestrup et al., (1999) was used to implant the tags.
An experienced fish surgeon performed surgical implants in accordance to the guidelines described in
permission (2012-DY-2934-00007) from the Danish Experimental Animal Committee. The ﬁsh was
anesthetized with benzocaine (25 mg/L, Sigma Chemical Co., St Louis, USA) until operculum rate was
slow and irregular (2–4 per min). Then the fish was placed on a V-shaped surgical table and the
transmitters were inserted into the body cavity through a mid-ventral incision, posterior to the pelvic
girdle. The incision was closed with two separate sutures. The duration of the operation ranged
between 1 and 2 min and the tagged individual recovered in 4 to 6 minutes after the operation. The
tagged smolts were later released downstream of the PIT-tag antennae and trap approximately 150 m
from the river outlet (See fig. 1; Site 1).
To study migration patterns in different parts of the Mariager fjord an array of 14 acoustic listening
stations (ALS) (VR2, VEMCO Ltd, Canada) were deployed at five sites along the fjord (See fig. 1).The
ALS were continuously in operation during the period of this experiment.
The position of the ALS stations throughout the fjord enabled monitoring tagged fish entering the
fjord, residing or exiting the fjord to the Kattegat Sea. The distribution of the ALS divided the fjord into
three compartments: the Inner fjord: within site 2, and between site 2 and 3; the Middle fjord:
between sites 3 and 4; and the Outer fjord: between sites 4 and 5 (See fig 1.)
Ranges of each ALS varied between 130 and 400 m during range tests. The width of the river or fjord
varied between 100 and 900 m at the ALS sites. Dependent of the signal receiver conditions between
one and five ALS were moored at each station. One ALS was moored in the mouth of the river
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Villestrup and a maximum of five ALS were deployed where the maximum width of the fjord was
observed (Site 2).
When a transmitter is detected on an ALS, the transmitters’ code, date and time of the detection
were stored.
To detect any return of acoustic tagged (and PIT-tagged) individuals into the riverine environment,
PIT-antennae stations (PIT-stations) were placed 200–300m upstream from the river mouths of the
Villestrup and Kastbjerg rivers. A system consisted of two circular swim-trough antennas situated 10
m apart and connected to stationary data-logging transponder readers operating at 125 KHz (model
TIRIS S- 2000, Texas Instruments). The readers logged individually numbered PIT-tags passing through
the antenna loops and log date, time and the PIT-tag identification number. The two-antenna design
allowed the discrimination of between up and downstream movements. Further descriptions of the
antennae system can be found in (Svendsen et al., 2007). The PIT-tags antennae were continuously in
operation from the beginning of the experiment until September 2012 (approximately 3 years after
the last fish were tagged).

Data analysis
Two different tagging periods (April and May) were selected in this study to assess the role of the
seasonality in the migration of post-smolts. This procedure was repeated for two consecutive years
(2008-09).
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The movements of the post-smolts within the fjord were analysed in the inner (within site 2, and
between site 2 and 3), middle (between sites 3 and 4), and outer parts (between sites 4 and 5), as
delimited by the ALS. Fish last registered at station 5 were assumed to exit the fjord to the Kattegat
Sea (See fig. 1).
The incidence of the fjord residents in the zones were studied during the months of May, June, and
July to look for preferences in post-smolts’ habitat use. In these months similar numbers of postsmolts were recorded within the fjord for both years. This approach allows comparisons to be made
between the months and the years.
The body size (length and weight) and body condition were examined to look for differences between
the smolts trapped and tagged at different tagging periods. Body condition was calculated as follows
(1):

(1)
where weight (W) is expressed in grams, and total length (L) in centimetres (Fulton 1902).
In the analysis of the proximate causes of partial migration the individual’s body condition, the month
and the year of tagging were used as explanatory variables to explain the variability in the numbers of
fish staying in the fjord (FR) versus the sea migrants (SM).
The analysis of the survival rates were conducted up to 30 days after entering the fjord. The initial
survival was calculated as(2):
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(2)

Where, N (out) <30d corresponds to the number of fish out of the fjord during the period of 30 days
and N (in) ≥30d is the number of fish detected inside the fjord at day 30 or later. N (total) refers to the
total number of fish that entered the fjord. Individual single registrations at any of the ALS were used
as evidence of post-smolt survival.
Differences in survival were tested across the months and years. Furthermore, the individual’s size
(length or weight) and body condition (k) was contrasted against the post-smolts survival to see if
they had any effect on their survival.
Finally, the return rate of post-smolts was calculated as the percentage of fish registered at PIT-tags
antennae in the freshwater streams when returning from the marine migration. This approach gives a
minimal measure of the marine survival since some sea trout individuals may stray to other steams or
lose the PIT-tags.

Statistical testing
The statistical tests used in this experiment were selected according to the characteristics of the
dependent variable (i.e. continuous, counts, etc.). The assumptions of the models were tested prior
the analysis (i.e. independence of the variables, normality, homoscedasticity and over dispersion).
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The One-way Anova test was used to look for differences in length, weight and body condition of the
study animals in relation to the time the fish was tagged and their survival.
The Chi-square test was used to analyse the proportions of fjord residents (FR) and sea migrants (SM)
FR and SM between the tagging periods. Later, this test was used to analyze the incidence of FR in
different parts of the fjord at different times. Ultimately, the Chi-square test was used to look for
differences in the survival rates.
The Two-way ANOVA test was used in order to examine if body conditions (Fulton’s K) at the time of
tagging were related to the month and the year fish were tagged. Additionally, the logistic regression
was performed to see if the probability of FR vs SM was related to the individual’s body condition,
month and year of tagging. All the variables were included in the model at the same time since it
provides the relationships between the variables without requesting the best predictors.
All statistical analyses were performed in SPSS (version 20.0).

Results
Smolt trapping and tracking
In 2008, a total of 79 sea trout smolts were trapped and tagged in the 24 th & 25th of April (n=40), and
19th & 20th of May (n=39). In 2009, a total of 80 sea trout smolts were captured and tagged on the
15thApril (n=40) and on the 13th & 18th of May (n=40). No differences in length or weight were
observed between the tagging periods (One-way ANOVA, p values >0.05) (Table 1).
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In the years 2008 and 2009, a total 144 out of 159 tagged smolts (90.6 %) moved downstream and
entered the fjord system right after being released (<24 hours). The remaining 15 smolts (9.4 %) were
never recorded at any of the ALS located in the fjord or in the PIT-tag antennae. This may be
associated with predation by cormorants, heron and otter (all observed in the lower river), reluctance
to migrate, and tag loss. These individuals were excluded from further analysis.
During the time of this experiment, two different groups of post-smolts were categorized. The first
group consists of individuals last recorded at site 5 (See fig. 1). Those individuals were assumed to
continue their migration in the Kattegat Sea (sea-migrants, SMs), since no individuals recorded at site
5 were later recorded at the inner arrays. The second group contains the individuals which were never
recorded at site 5, and were hence assumed to have died or stayed within the fjord during this time
(fjord-residents, FRs).
The differences in the number of FR and SM across the years were not significantly different (Chisquare: χ21= 0.046, p=0.482). Overall, 46.5% of the fish entering the fjord stayed and 53.5% migrated
out the fjord in both years (Table 2). Additionally, no statistical significant differences were found in
the proportion of FR and SM between or within the tagging periods of April and May (Chi-square: pvalues> 0.05).
The SM post-smolts followed a one-way route out of the river and fjord, with no individuals reversing
their migratory direction. The migration to the open sea occurred rapidly and the vast majority 96.1 %
(74 out 77) of the SM left the fjord within the first 41 days after entering the fjord (mean ± sd: 18.4 ±
1.4 days; n=77). The FR fish were mostly registered (76% of the total FR detections) in the inner and
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middle parts of the fjord (Fig. 2). The FRs were recorded within the fjord up to 133 days after they
entered the fjord (mean ±sd: 60.1 ± 39.6 days; n= 67).
The incidence of the FRs in the areas (Inner, Middle and Outer fjord) were significantly different
within the same month (Chi-square: χ21= 16.750, p<0.001). However, no differences were observed
across the months, nor within the same month across the years (Chi-square: p-values> 0.05).

Effects of body condition on migration
Overall, body conditions (Fulton’s K) were higher in 2009 than in 2008 (Two-way ANOVA; F= 22.309,
df=1, p= 0.001; Table 1). Furthermore, individuals tagged in April had greater body condition than in
May (Two-way ANOVA; F = 46953.361, df=1, p= 0.001; Table 1). This pattern was constant between
years as is indicated by the non-significant interaction month x year (Two-way ANOVA; F= 4.628, df=1,
p= 0.33).
The logistic regression demonstrated that the probability of being an FR or SM was not related to the
individual’s body condition (Logistic regression: W=0.237, df=1, p=0.626), month of tagging (Logistic
regression: W=0.083, df=1, p=0.773) or year (Logistic regression: W=0.059, df=1, p=0.808).

Survival
Initial survival
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There was an overall high initial survival rate (73.6 %) which was observed in the post-smolts 30 days
after the fjord entry (See table 2). The total survival rates observed in 2008 and 2009 were not
significantly different (Chi-square: χ21= 1.071, p= 0.301). However, the smolts tagged in April had a
lower survival rate than those tagged in May (Chi-square: χ21= 11.588, p<0.001). The survival rate of
the post-smolts in the fjord was not affected by differences in body condition (k) or size (length or
weight) at any of the studied periods (One-way ANOVA, p values >0.05).

Return rates

None of the SM post-smolts were registered at the PIT-tag tag antennae in the rivers after they were
last acoustically detected in the fjord. However, several FR were later registered in the rivers (See
table 2).
The overall return rate to river was 6.2 % (9 out of 144). This implies that 13.4 % (9 out of 67) of FR
post-smolts returned in both years. The FR tagged in 2008 returned in the months of January and
February after 0.6 and 1.1 years in the marine. On the other hand , in 2009 the FR returned in the
months of November and July after a minimum of 0.3 years, to a maximum 1.5 years at the marine.
Additionally, a FR fish was recaptured by angling in the fjord 1.4 years after tagging.

Discussion and Conclusion
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During the experiment two different migratory behavioural traits were observed: Sea trout post-smolt
which stayed in the fjord for extended periods, up to 133 days (Fjord residents, FRs) and post-smolts
leaving the fjord for the Kattegat Sea within 41 days after fjord entry (Sea migrants, SMs).
The large behavioral group of fjord residents is a new result since it differs from the general pattern of
sea migrating post-smolts. This result opens up new possibilities in the continuum of partial migration
beyond the fresh water phase. Our research suggests that besides the decision of smoltification in
fresh water and the subsequent migration to sea, there could be a further decision making point after
smolts enter the fjord, i.e., the fish are assessing the possibility of either sea migration or fjord
residency.
Overall, a total of 47 % of the tagged smolts stayed (or died) in the fjord and 53 % exited in both
years. The differences observed among the years and between or within the months were not
statistically significant, implying that both migratory traits (FR and SM) were equally represented in
the population of post-smolts at any of the studied periods.
The majority of SM post-smolts exited the fjord within the first 41 days. They followed a one-way
route out with no individuals reversing their migratory direction. On the other hand, the FRs were
mostly registered in the inner and middle parts of the fjord for extended periods (up to 133 days) and
they were rarely present in the outer fjord.
This finding may imply that the decision to stay or leave the fjord is assessed and made shortly after
the fjord entry. If the fish did not exit the fjord within the initial period of 41 days then the
probabilities of sea migration were particularly low. This behaviour may be an adaptive trait, as quick
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decisions in the fjord may affect the fitness of individual fish in the fjord and at sea (i.e. a fast entry
into the sea may improve survival or lessen competition for food sources).
The habitat used by the FRs (i.e. the inner and middle fjord) suggests that there is a certain degree of
habitat selection within the fjord. It is believed that the physical characteristics of the outer fjord
(narrow channel and tidal flats along the embankments) may not be a preferred habitat for FR postsmolts.
One could argue that the separation of FRs and SMs is a random event enhanced and maintained by
the boundary barrier of the outer fjord. Thus, fish that leave the middle zone of the fjord can’t stay in
the outer fjord because of the unsuitability of this habitat and as a consequence they go to the sea.
However, the remarkably consistent behaviour observed at any of the studied periods during two
consecutive years suggests that this is an unlikely scenario to happen and two distinguishable postsmolts forms (i.e. FRs and SMs) are likely.
Because of the clear difference in behaviour between the FR and SM fish, we tentatively suggest that
the fjord characteristics (e.g. food availability, low water exchange etc.) may be related to the
migratory decisions in the fjord. There is a possibility that the entry of post-smolts in Mariager fjord
may be analogous to lake entry of migrating parr in which the degree of anadromy varied according to
the lake morphology due to its effect on growth and the relative number of available niches
(Kristoffersen et al., 1994). It is believed that when smolts enter saline environments (i.e. the fjord),
fish need to assess the cost of the open sea migration against the estuary residence alternative.
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According to other studies conducted in the nearby Northern Fjord Limfjorden (Denmark), the postsmolts diet in the fjord consists of: 46 % Crustacean, 36 % Fish, 10% Insects and 7 % Polychaete
(Pedersen.S et al., 1995). These food items do not seem to differ from the sea trout food utilization in
the Kattegat and Skagerrak Sea (Stål et al., 2006 and Knutsen et al., 2001). It is believed that if the
food items in the fjord allow equivalent growth in the fjord as at sea then the post-smolts won’t
migrate to sea due to the high cost of this migration. More research is needed in this field in order to
clarify whether sea trout diet and growth in the fjord can be compared to those at sea. This may shed
light on potential cost-benefits of the fjord residency versus the migrating alternative.
Studies assessing the physiological basis of partial migration in salmonids indicate that body condition
can affect the individual’s decision of migration (Nielsen et al., 2004, Aarestrup et al., 2000). The
results of this study show that even though fish tagged at different times did not differ in length or
weight as separate variables, they had different body conditions (Fulton’s K). The individuals tagged in
April had better body conditions than individuals tagged in May. In spite of these differences, the
proportion of FR versus SM was not affected by the individual’s body condition, neither related with
the month or year of tagging.
These results suggest that within the selected range of smolts sizes and weights, neither size nor
condition were selective forces acting on the migration of post-smolts. The underlying causes of the
present partial migrations are not elucidated by this experiment. However, in the context of a
conditional strategy, it is possible that factors related to the energetic status (Forseth et al., 1999),
growth and/or metabolic rate (Cucherousset et al., 2005), energy allocation (Jonsson and Jonsson
1998), and inherited components (Giger et al., 2006) might affect the individual’s decision to
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migrated. We suggest further studies on the initial marine behaviour of sea trout incorporating
measurements on the above mentioned factors to potentially identify proximate causes for the
observed behaviour.
High overall initial survival rates (74%) were found in the early stages of the post-smolts’ marine run
during the fjord stage. These results agree with a parallel study in Randers fjord where approximately
79% of the tagged wild sea trout post-smolts survived the marine migration through the fjord
(Aarestrup et al., in press). However, the results are in contrast with other studies of salmonids
suggesting high mortalities of post-smolts in the fjord stage (Thorstad et al., 2012).
The analyses of survival in this experiment reveal that individuals tagged in April had significantly
lower initial survival rates than in May of both years. This result is unexpected since better body
conditions were observed in April, thus a higher survival could be expected. Further analyses
demonstrates that size (length and weight), and body condition of the tagged individuals were not
related to the survival of post-smolts. It is possible that predation rates, difference in feeding
opportunities, or different behaviours during the periods could be the causes of the observed
differences in the post-smolt survival. Nevertheless, the same number of fish exited the fjord in April
and May for both years.
The recordings received at the PIT-tag antennae showed that none of the sea migrating individuals
were later registered in the upstream run as of September 2012 (three years after the last fish were
tagged). This could suggest a possible evolutionary dead end in the case of all sea-migrating smolts
dying during their marine stage. However, this is an unlikely scenario and we suggest that factors such
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as PIT-tag loss due to long sea-residency times, fish returning to a different stream or fishing mortality
can provide a better explanation. For instance, in the present experiment 28.5 % (2 out of 7) of the
fish from 2009 which successfully returned to the rivers after the marine stage were registered in the
upstream migration to the river Kastbjerg. The remaining fish were detected in their native stream of
Villestrup. Fish which were detected in the river Kastbjerg were not recorded afterwards in their
native stream. This result may indicate that the number of fish potentially straying into other rivers
may be relatively high for the sea trout in the river Villestrup, as several more sea trout rivers exists in
Mariager fjord and its surroundings.
Additionally, we speculate that the survival of the returning SM adults could be compromised by the
fishing activities conducted both at sea, and in the fjord, since the use of nets is permitted in both
those areas. The characteristics of the outer fjord, is a narrow channel with shoreline and the dikes,
may provide fishermen with an easy access to deploy their nets in the main migratory pathways of
sea trout. Sea trout staying in the inner and middle parts of the fjord are less vulnerable to the fishing
activities due to the wider area giving better possibilities to escape net fishing. The local fishing
inspectors have confirmed the existence of net fishing in the cited areas. However, at the moment
there is not an official record of the number of sea trout caught. More research is crucial to confirm
the causes and the magnitude of these losses. Future studies ought to assess the impact of fisheries
on the return rate of sea-migrating adults.
Sea trout post-smolts which did not leave the fjord during the period of the acoustic battery life time
(minimum of 80 days) survived and returned to the tributaries, probably to complete their life cycles.
The returning rate of the FR post-smolts in the river was on average 13.4 % in both years. This return
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rate is comparable to other studies of salmonids suggesting return rates in the natal rivers from 1 % to
20 % (Hvidsten et al., 2004). This percentage appears adequate to maintain the sea trout population
in the river of origin as shown by Jonsson and Jonsson (2009). Furthermore, a fjord-resident fish
recaptured in the fjord after approximately 1.4 years showed a growth of 2.4 cm·month-1. This growth
rate is comparable to the growth of the first-time sea migrants between 1 and 2 years at sea (Jonsson
and Jonsson 2009), suggesting normal growth rates for the FR fish.
The FRs returned in a minimum of 0.6 to a maximum of 1.5 years after the fish entered in fjord as
recorded by the PIT-tag antennae’s. This result suggests that within first time migrants, 0+ and 1+ sea
winter year classes are likely in River Villestrup. The limited numbers of FRs returning to the river
make it unrealistic to extract any conclusions in relation to the seasonal patterns of this return.
In summary, the return rate in the studied post-smolts was higher for fish spending their marine
period in the fjord compared with post-smolts migrating to sea. However, due to the uncertain fate of
the SMs in this experiment, this finding cannot be interpreted in terms of the cost-benefits of partial
migrations. More research is needed in order to clarify how the mortality to growth ratio is affecting
the migratory decisions in the fjord.
The results of the present study suggest that if the conditions in the fjord allow high survival rates and
comparable growth rates to the SMs, then post-smolts could increase relative individual fitness
(enhanced growth leading to greater fecundity and/or enhanced survival) by staying in the fjord, and
complete the marine phase without leaving the fjord. On the other hand, it could be speculated that
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fish migrating to the sea where high mortalities rates are likely, do so as there may be greater
possibilities for feeding at sea, as opposed to in the fjord.
Overall, the diversification of migratory behavioural traits in the fjord (FR and SM) may lead to
increased evolutionary fitness of the sea trout population in the river Villestrup, as indicated by
Cucherousset et al., 2005. For instance, the migratory tactic could provide a selective advantage in
fluctuating environments, especially when extremely changeable conditions appear. For example, in
the autumn of 1997 the inner fjord became completely anoxic and sulphidic to the surface which
resulted in a large number of fish deaths in the fjord, including sea trout individuals (Fallesen et al.,
2000). Hence, in this case only sea trout that migrated to sea survived.
We advocate more studies on this life stage of brown trout including studies of fish otolith chemistry
as indicated by Veniott et al., (2012) to finally confirm the existence of these two post-smolt forms
(SM & FR). Further, more studies on growth and survival of post-smolts at sea and in the fjord, are
necessary to assess the cost-benefits of such migratory decisions. These potentially enable the
elucidation of the ultimate and proximate mechanism of partial migration in the marine
environments.
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Fig. 1: The Mariager Fjord system in the east coast of Denmark with the capture and release site (site 1) for
acoustic and PIT-tagged sea trout smolts. The fjord is divided in three different parts by the acoustic listening
stations (ALS): the Inner fjord (from origin to site 3), the Middle fjord (between site 3 and 4) and the Outer
fjord (between site 4 and 5). The ALS deployed in site 5 were moored at the outlet of the Fjord.
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Table 1: Morphological characteristics of the acoustic and PIT tagged smolts at the different tagging periods.

Table 2: Number of post-smolts which entered, stayed or migrated to sea at the different tagging periods.
Information on the fate and survival of the post-smolts is also provided. The number of FR and SM returning to
the river correspond to the number of fish registered at the Pit-tag antennas as of September 2012.

30/28

Fig. 2: Fjord habitat used by fjord resident post-smolts between the months May to July. The total individual
registrations (frequencies) at each of the fjord sections (Inner, middle and outer) are displayed. Data for the
years 2008 and 2009 is pooled.
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