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Abstract 
 

 

The Atlantic salmon has declined in numbers over the last decades. Given the species’ 

anadromous nature, management is a challenge, and information is lacking, especially from 

the marine migratory phase. Information about repeat spawners and their migratory behaviour 

may be of major importance in management questions, as these individuals have been found 

to contribute significantly to spawning populations. The aims of this study were to analyse 

depth use during the first and last phase of the marine migration and to investigate if the 

Atlantic salmon forage during the return migration. During the years 2008-2014, 630 post-

spawned Atlantic salmon were tagged with depth-recording data storage tags in the river Alta. 

Of these, 41 salmon were recaptured. Usable data were retrieved from 29 salmon during 

outward migration and from 20 salmon during return migration. In addition, stomachs were 

collected from 939 returning salmon in the Alta fjord. The salmon spent most of the time in 

the upper five meters of the water column in the fjord and outer coast both during outward 

and inward migration. Number of depth recordings at 0-5 m decreased with time from 

seawater entry during outward migration from 96% during the first 24h after seawater entry, 

to 75% at the fourteenth day. During the inward migration, the proportion of recordings at this 

depth interval was smaller in the outer coast areas (50%) than in the inner and outer fjord (88 

and 91% respectively). Diving intensity increased with time and distance from the estuary, 

both during outward and inward migration, and so did the proportion of diving salmon and 

the overall maximum diving depths. Large individual variations in depth use was observed, 

and the deepest recorded dives were 337m during outward migration and 97m deep during 

inward migration. The stomach analyses showed that a large proportion (59%) of the 

returning salmon had empty stomachs. A proportion of the salmon (14%) also had only small 

fractions of stomach contents. All feeding salmon had fed exclusively on fish, including 

herring, capelin and sand eel, but the contents were often highly digested, suggesting that the 

food intake had occurred some time ago. This suggests that other explanations than feeding 

have to be considered for diving behaviour during inward migration. The proximity to surface 

and diving behaviour observed in both outward migrating and inward migrating salmon is 

likely a combination of factors like orientation, predator avoidance, control of body 

temperature, or other unknown factors. 
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1 Introduction 
 

 

The Atlantic salmon (Salmo salar) is a species of great economic and recreational value. 

Management of the species is a challenge, given that it is anadromous and divides its time 

between freshwater systems and marine habitats and may spend several years in the ocean 

performing long migrations (Rikardsen et al. 2008, Dadswell et al. 2010). Atlantic salmon has 

been widely studied in freshwater systems, whereas the marine migratory phase is the least 

studied part of the life cycle (Thorstad et al. 2011). The Atlantic salmon differs from Pacific 

salmon species (Oncorhynchus spp.) in that it is iteroparous, which means it can spawn 

repeatedly (Klemetsen et al. 2003). Post-spawned Atlantic salmon reenter the sea between 

spawnings, and post-spawning survival may be high both in rivers and during the initial 

marine phase in estuaries and fjords (Halttunen et al. 2009, Hedger et al. 2009, Reddin et al. 

2011). Halttunen (2011) found that the return rates of previous spawners were substantial 

(39% of females and 19% of males), but post-spawning survival and occurrence of multiple 

spawners vary among populations (Crespi and Teo 2002). Repeat spawners may contribute 

significantly to the spawning population of Atlantic salmon stocks (Niemelä et al. 2006, 

Halttunen 2011), and knowledge about repeat spawners may therefore be of major importance 

for management of Atlantic salmon populations, especially considering the population 

declines observed over the last decades (ICES 2014). 

 

During the initial marine migratory phase, post-spawners generally stay close to the surface, 

but may perform occasional dives to various depths, according to tagging studies from 

Newfoundland and Northern Norway (Hubley et al. 2008, Halttunen et al. 2009, Hedger et al. 

2009). Halttunen et al. (2009) reported most post-spawners to move fast through the Alta 

Fjord, while other studies have found large shares of the post spawners to linger in estuaries 

and coastal habitats with frequent changes in directions before entering the open ocean 

(Hubley et al. 2008, Hedger et al. 2009). The homing migration of Atlantic salmon appears to 

be divided into two parts: the first navigation from the feeding areas towards coastal areas, 

and a second, more precise navigation in coastal areas close to the home river (Hansen et al. 

1993). During the near coastal migration towards the natal river, adult Atlantic salmon from 

Northern Scotland were highly oriented to the surface, with regular vertical movements, but 

with large individual variation (Godfrey et al. 2015). Homing adult salmon in the Alta fjord 

were also recorded at mean depths close to the surface, with a few deeper dives (Davidsen et 
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al. 2013). The swimming depth decreased as the salmon moved closer to the estuary. It is 

believed that the migration of kelts and repeat spawners resembles the migration of post-smolt 

and first time spawners (Dadswell et al. 2010). In a study of homing Pacific salmon, Wada 

and Ueno (1999) suggested three hypotheses for explaining diving behaviour; feeding, search 

for olfaction cues, and control of body temperature. Reddin et al. (2004) added a fourth 

hypothesis that proposed predator avoidance as another possible explanation for diving.  

 

Research of marine diet and feeding behaviour of the Atlantic salmon have been largely 

concentrated on post-smolts and pre-adults in the initial marine phase and at known feeding 

grounds in the open ocean (Levings et al. 1994, Rikardsen et al. 2004, Rikardsen and 

Dempson 2011). Due to the precise homing behaviour showed by returning Atlantic salmon, 

one may expect that their main priority in near coastal areas is navigation. To my knowledge, 

no feeding studies have been conducted on returning Atlantic salmon, leaving it an open 

question whether returning salmon forage during their homing migration. 

 

Most of the existing information from the ocean phase originates from conventional mark- 

and recapture studies and scale analysis. These methods fail to provide detailed information 

from the period between mark and recapture. During recent years, the development of new 

tagging technology has made it possible to collect detailed information on the marine 

migration and behaviour of the Atlantic salmon. Direct tracking methods like radio and 

acoustic transmitters have been widely used in fish research (e.g. Ovidio and Philippart 2002, 

Chittenden et al. 2011, Davidsen et al. 2013), but have limitations due to the fact that the fish 

have to be either followed by manual trackers or recorded by automatic listening stations 

(Reddin et al. 2004, Thorstad et al. 2013). The development of data storage tags (DSTs), has 

made it possible to collect data with a high temporal solution over longer time intervals and 

distances (Reddin et al. 2004, Rikardsen et al. 2007), as these tags do not depend on signal 

transmission to receivers like radio and acoustic tags. DSTs record data, e.g. on depth and 

temperature, at preset time intervals and it has been stated that DSTs are among the most cost-

effective methods available for studying the marine migration of Atlantic salmon (Reddin et 

al. 2006, Rikardsen et al. 2007). 

 

In this study, the depth use of Atlantic salmon post-spawners during the first and last phase of 

the marine migration was examined by the use of data storage tags. The aims were to 1) 

record and analyse the individual depth use in inner and outer parts of the fjord and outer 
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coastal areas with data storage tags, and 2) use stomach samples to investigate if the Atlantic 

salmon forage during the last part of the return migration, and discuss if food intake may be 

related to the vertical migration pattern. 
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2 Methods 

 

2.1 Study area 

 

The river Alta (70°N 23°E) is a sub-arctic river in the county of Finnmark, Northern Norway. 

It is 160 km long, of which the lower 46 km is accessible for anadromous salmon (Ugedal et 

al. 2008). The river empties into the Alta fjord, which is a large fjord with a maximum depth 

of 488 m and a width of 15 km at its widest (Figure 1). Due to large outflow of water from the 

Alta river, the surface layers of the fjord largely consists of brackish water in summer 

(Davidsen et al. 2013). A wide range of marine fish species is found in the fjord, and in 

addition the fjord contains many anadromous populations of salmonids, due to the inflow of 

several rivers. The fjord has been given status as a “National salmon fjord”. This grants the 

salmon stock special protection to secure future diversity (Anon 2007), but still fish farming 

is a major industry, dominated by Atlantic salmon and rainbow trout (Oncorhynchus mykiss).  

 

 

Figure 1. Map showing the Alta fjord and the surrounding coastal areas. 
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2.2 Fieldwork 

 

The fieldwork was conducted over the years 2008-2014. Kelts were captured and tagged each 

year just after the ice break-up in May. The total number of fish tagged was 630 (mean fork 

length = 92.7cm, range = 56.6-118.5cm. Mean weight = 6.1kg, range = 1.4-13.0kg). Female 

kelts were preferred for tagging, because they are known to have a higher survival than males 

(Halttunen 2011) (tagged females = 604, tagged males = 26).  

 

The fish were captured in the river Alta using fishing rods. The bait was two-hooked lures 

where the barbs had been removed to cause as little harm as possible to the fish during 

capture. The fish was brought to shore as quickly as possible after taking the bait, and placed 

in a cage in the river until tagging. In total, 509 salmon were tagged with Data Storage Tags 

(hereafter called DSTs) (DSTmilli: 13mm x 39.4mm, 9.2g in air and DST centi: 15mm x 

46mm, 19g in air, Star Oddi, Reykjavik, Iceland) recording pressure (depth) and temperature. 

Further, 121 salmon were tagged with geolocation tags (hereafter called GEOTs) (LAT2810L 

13mm x 44 mm, 13.0g in air, Lotek Wireless Inc., Ontario, Canada), recording internal and 

external temperatures, pressure (depth) and light. Recording intervals ranged from 30sec to 

30min (Table 1). Due to battery capacity, tags have been programmed to start recording at 4h 

intervals after 15 months. Both DSTs and GEOTs are tags that save and store recorded 

information, and have to be retrieved to download the data.  

 

Table 1. Overview of number of tagged Atlantic salmon (N) per year, and depth recording intervals of 

the tags used. 

 

Year Tag Type N Recording interval (depth) 

2008 DST 54 30min 

2009 DST 60 30min 

2010 DST 94 30min 

2011 DST 67 30min 

2012 DST 73 10min 

2013 DST 80 5min 

2013 GEO 60 30sec 

2014 DST 81 5min 

2014 GEO 61 30sec 
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2.3 Tagging procedure 

 

The fish was anesthetized in an aqueous solution of 2-phenoxy ethanol (EC No 204-589-7, 

Sigma Chemical Co., St Louis, Missouri, USA, 0.5ml L1). Thereafter, it was placed in a 

tagging tube containing fresh water. A lateral cut (~2-2.5cm long) was made through the 

fish’s body wall. The tag was placed inside the body cavity. Using a hypodermic needle, the 

light sensitive antenna (applies to GEOTs), or an internal anchor tag (Floy tag and Mfg., Inc., 

Seattle, Washington, USA) (applies to DSTs), was exited through the body wall. The incision 

was closed using 2-3 stiches made with absorbable surgical suture (2.0, Ethicon Endo-

Surgery Europe, Norderstedt, Germany). For the fish tagged with GEOTs, the antenna was 

secured exteriorly by a single stich of non-absorbable suture (3.0, Ethicon Endo-Surgery 

Europe, Norderstedt, Germany). In addition to the internal GEOT, these fish also had an 

external Carlin tag deployed below the dorsal fin. A Carlin tag is a small plastic tag carrying 

an identification number. The Carlin tag was deployed by pushing two hypodermic needles 

through the fish’s back below the dorsal fin and securing the tag with an attachment wire on 

the opposite side of the dorsum. This double tagging (Carlin tag for GEOT salmon, internal 

anchor tag for DST salmon) was done to secure identification at recapture, as these tags 

carried information that the fish was internally tagged, in addition to identification number 

and contact information. In addition to tagging, the fish’s length and weight were recorded. 

Scale samples and a sample of the adipose fin were taken for possible later investigations, but 

were not used in this thesis. After finishing the handling and tagging procedure (~6 min), the 

fish was released directly into the river. This applies to all fish except the fish tagged in 2009, 

which were transported to the fjord and released directly into seawater. 

  

Local people were informed about the tagging project, and anglers were asked to release fish 

with fresh surgery wounds in the abdomen and report the catch. Recapture of returning fish 

was dependent on fishers, and a 1000NOK reward was given for each returned tag to ensure 

reports of recaptured tags. Recaptures of tagged fish were done by anglers in the river and bag 

net fishers in the fjords and at the outer coast. Hence, fish were either recaptured within a few 

weeks after tagging as kelts during their outward migration, or recaptured as returning salmon 

after the ocean migration. There were no recaptures from the ocean migration phase, which 

was expected, because there is no targeted fishery for salmon in the ocean. 
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2.4 Stomach samples 

 

Stomach samples were collected from 939 returning salmon in the Alta fjord during fishing 

seasons in June-August 2008-2010. The sampling was done by local bag net fishers in the 

outer and inner parts of the fjord. The fishers measured fish body weight and fork length, and 

collected scale samples, livers, gills, gonads and stomachs.  

 

Further investigation of the samples was done in laboratories at the University of Tromsø. 

Each stomach was opened and studied for grade of filling in percent, with 0% representing an 

empty stomach and 100% representing a completely filled stomach. All stomachs with 

content were further investigated to decide diet composition if possible. The proportional 

composition of prey types was calculated and expressed as prey abundance for individual 

salmon, by calculating the weight of each prey type as percentage of the total weight of the 

stomach content. The result for each prey type is given as the mean of percentages for all 

individuals. In addition, the content of each stomach was given a digestion rating ranging 

from 1-5 (Table 2). 

 

 

Table 2. Explanation of the different digestion values used to rate the contents in salmon stomachs. 

 

Digestion rating value Explanation 

1 Undigested 

2 Partly digested (some skin digested, head mostly intact) 

3 Skin and flesh mostly disappeared (head partly digested) 

4 Vertebrae with flesh remainders 

5 Almost completely digested (soup-like substance) 

 

 

 

2.5 Data analyses and statistics 
 

Data from the retrieved tags were downloaded using the specialized computer programs 

SeaStar and TagTalk (for DSTs and GEOTs respectively). Timing of seawater entry for 

individual salmon was decided based on temperature patterns in the data. Analyses of the 

depth data and diet samples were done using R (R core team 2014). Significance level was set 

to p < 0.05. 
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Dives were defined as any movement passing from shallower depths to below 10 m.  

 

To investigate depth use, percentage depth use at different depth intervals was calculated for 

each salmon, based on number of recordings. The mean percentage composition for all 

salmon was calculated to investigate depth use in different zones and in different days. This 

was done as a standardization because of different recording intervals in the tags. To 

investigate diving intensity, a relative number was calculated for each salmon (number of 

dives in a 24 h period/number of measurements in 24 h) to be able to compare diving 

behaviour in fish with tags of different recording intervals. To investigate for differences in 

diving intensity and maximum depths in different days and different zones, exact two sample 

permutation tests were run.  

 

2.5.1 Outward migration 

 

Halttunen et al. (2009) found that 52% of tagged kelts migrated through the inner 30 km of 

the Alta fjord within 24h during their outward migration, whereas the remaining 48% spent a 

longer time (up to 138 h). Considering these results, depth data from the first 24h after the 

salmon was leaving the river and entering the fjord were included in the analyses. This was 

done to maximize the likelihood that the analysed data were from the period when the salmon 

were still inside the fjord system. In addition, day 3, day 7 and day 14 after seawater entry 

were extracted from the data to compare depth use and diving behaviour at different stages in 

the marine migration. Considering findings from other studies, one could expect the salmon to 

be in the inner or outer fjord system at day 3, in the coastal zone at day 7, and in the open 

waters at day 14 (Hubley et al. 2008, Halttunen et al. 2009). 

 

2.5.2 Inward migration 

 

For analyses of the depth data from the Atlantic salmon’s return migration, the study area was 

divided into three zones: inner fjord, outer fjord, and coast, according to where they were 

recaptured (Figure 2). Data from the last 24 h period before recapture were analysed. 
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Figure 2. Map of the Alta fjord showing the different zones used in analyses of inward migration (I = 

inner fjord, O = outer fjord, C = coast). Recapture locations for all salmon included in the study are 

also indicated (● = returning salmon, ■ = outward migrating kelts). Some individuals were also 

recaptured outside the map area, and were included in the coastal zone. 
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3 Results 

 

3.1 Recaptures 

 

During 2008-2014, tags were retrieved from 41 recaptured Atlantic salmon (33 DSTs, 8 

GEOTs). Of these, 32 were recaptured during their migration back to the river, while nine 

were recaptured during their outward migration as kelts (Table 3). Of the 32 returning salmon, 

27 were recaptured in the sea, while five were recaptured in the river (Figure 2). Data were 

successfully downloaded from all retrieved DSTs. Of the eight recaptured GEOTs, data were 

successfully downloaded from six tags. All four salmon with GEOTs recaptured as kelts were 

captured immediately after seawater entry, and it was not possible to extract useable data 

from these short marine periods. The same were the case for two salmon with DSTs, from 

2010 and 2011, respectively. Thus, these six kelts were not included in the analyses. Due to 

limited memory capacity in the DSTs from 2008/2009, logging had stopped prior to fjord 

entry for all six returning salmon recaptured in 2009, and depth data from the inwards fjord 

migration were not available for these fish. Four fish with DSTs were recaptured after the tags 

had started to record at 4h intervals. Data from these four fish during their inward migration 

were therefore excluded, due to limited data. The three returning salmon recaptured in 2010, 

had been transported from the river and released directly into seawater. Data from the 

outward migration of these fish were excluded to avoid using results from possibly altered 

behaviour. Based on this, the analyses and results are based on data from 29 salmon during 

outward migration from the river towards the ocean, and from 20 salmon during return 

migration from the ocean towards the river (Table 3). 
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Table 3. Overview of recaptures of Atlantic salmon during outward migration (kelts) and inward 

migration (returning salmon) for fish tagged in 2008-2015. The table includes an overview of number 

of fish with usable data. “Usable data out” represents data from outward migration. “Usable data in” 

represents data from inward migration. 

 

TAGGING KELTS RETURNING SALMON 

YEAR Recaptured Usable data Recaptured Usable data out Usable data in 

2008 0 0 6 6 0 

2009 0 0 3 0 3 

2010 2 1 7 7 7 

2011 2 1 6 6 3 

2012 0 0 2 1 1 

2013 1 0 8 6 6 

2014 4 1 - - - 

Total 9 3 32 26 20 
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3.2 Outward migration 
 

 

The proportion of recordings close to the surface was larger during the fist 24h after entering 

the sea than later during the marine migration (Figure 3). The salmon had on average 96% 

(range 77-100%) of the recordings in the upper five meters during the first 24 h after seawater 

entry. The average number of recordings at these shallow depths decreased from day 1, 

through day 3 (81%, range 23-100%) and day 7 (84%, range 46-100%), to an average of 75% 

(range 11-100%) during day 14 of the marine migration (Figure 3). The variations in 

individual depth use were smallest at day 1. During the later days some individuals were 

recorded only in the upper five meters (eight individuals at day 3, five individuals at day 7, 

six individuals at day 14), while others had an extensive proportion of depth recordings at 

greater depths. Eleven, nine and sixteen individuals had more than 10% (range 10-81%) of the 

recordings at depths greater than 20m at day 3, day 7 and day 14, respectively (Appendix 1). 

One extreme individual had 48% of the recordings at day 14 at depths greater than 200m 

(Appendix 1, ID12263). Individuals showed diving behaviour to a varying extent, and a large 

individual variation in diving intensity was observed (Appendix 1). The proportion of salmon 

that performed dives increased from 45% during day 1, to 65% at day 3, 69% at day 7, and 

77% at day 14. Similarly, the diving intensity increased with time at sea (Figure 4). The 

diving intensity was significantly larger at all the later days compared to day 1 (Day 3, p = 

0.001. Day 7, p = 0.003. Day 14, p < 0.001). The largest number of dives recorded during a 

24 h period was 35 dives at day 7 from a tag with 10 min recording interval (Appendix 1, 

ID6672). 

 

The maximum diving depths increased with time after seawater entry (Figure 5). The deepest 

dive was recorded at 337m during day 14 in a tag with 30 min recording interval. Mean 

maximum depth at day 1, day 3, day 7 and day 14 was 14m (range 2.6-46m), 40m (range 1.9-

182m), 48m (range 3.3 -142m) and 109m (range 2.3-337m), respectively. The maximum 

diving depths at day 1 were significantly different from all the other days (day 3, p = 0.002, 

day 7 and day 14, p < 0.001). The same applies to the maximum diving depths recorded at 

day 14, which was significantly different from the maximum diving depths at day 3 (p = 

0.006) and day 7 (0.02) in addition to day 1. No significant difference was found between the 

maximum diving depths at day 3 and day 7 (p = 0.50). 
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The variation in diving intensity among individuals was smaller during day 1 than the 

variation during the other days (Figure 4). Similarly, the variation in the maximum depth 

recordings among individuals increased from day 1 to day 14 (Figure 5). 

 

 
 
Figure 3. Percentage depth use for outward migrating salmon during day 1 (n = 29), day 3 (n = 26), 

day 7 (n = 26) and day 14 (n = 26) after seawater entry. The % composition is calculated as the mean 

percentage composition of depth recordings for all salmon. 
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Figure 4. Diving intensity (number of dives divided by number of observations), for outward 

migrating salmon at different times after seawater entry. The black lines represent median  

values, the boxes show the interquartile ranges, and the whiskers show the 5th and 95th percentiles. 

Open circles indicate outliers. 

 

 

Figure 5. Maximum depth recorded for outward migrating salmon at different times after seawater 

entry. The black lines represent median values, the boxes show the interquartile ranges, and the 

whiskers show the 5th and 95th percentiles. Open circles indicate outliers. 
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3.3 Inward migration 
 

 

The inward migrating salmon recaptured in the coastal zone had a smaller proportion of 

recordings in the upper 5 m during the last 24 h before recapture than salmon recaptured in 

the outer and inner fjord zones (Figure 6). The proportion of recordings in the upper five 

meters increased from an average of 50% (range 0-85%) in the coastal zone, to 88% (range 

49-99%) and 91% (range 85-94%) in the outer and inner fjord zones. The salmon recaptured 

in the coastal zone had also spent a considerable part of their time, 29% of the recordings, at 

depths from five to ten meters, compared to only 7% in both the outer and inner fjord zone. In 

addition, five individuals in the coastal zone had more than 10% (range 10-27%) of the 

recordings at depths greater than 20m, whereas no individuals in the outer and inner fjord 

zones had such extensive proportions of depth recordings at depths greater than 20m. No 

individuals were recorded only in the upper five meters of the water column in any of the 

zones. As observed for the outward migrating salmon, there was individual variation in diving 

behaviour (Appendix 2). A difference was observed between the coastal zone and the outer 

and inner fjord zones, showing that the diving intensity generally was higher in the coastal 

zone (Figure 7). The overall proportion of salmon that performed dives decreased from 89% 

in the coastal zone, to 38% in the outer fjord zone and 66% in the inner fjord zone. The 

differences in diving intensity was only significant between the coastal zone and the outer 

fjord zone (p = 0.01).  

 

The deepest dive was 97 m deep, recorded in the coastal zone by a 30 min interval tag. The 

mean maximum depths in the different zones were 43m in the coastal zone (range 7.6-97m), 

20m in the outer fjord zone (range 7.2-90m) and 18m in the inner fjord zone (range 7.7-35m) 

(Figure 8). These maximum diving depths were not significantly different between any of the 

zones (p > 0.05). The highest number of dives observed in one individual salmon was 24, 

recorded in the coastal zone by a 5 min interval tag (Appendix 2, ID6688). 
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Figure 6. Percentage depth use in the 24 last hours before recapture for inward migrating salmon 

recaptured in the coastal zone (C) and the outer (O) and inner (I) fjord zones. The % composition is 

calculated as the mean percentage composition of depth recordings for all salmon. 

 

 

 
 

Figure 7. Diving intensity in the 24 last hours before recapture (given as number of dives divided by 

number of observations), for inward migrating salmon recaptured in the coastal zone (C) and outer (O) 

and inner (I) fjord zones. The black lines represent median values, the boxes show the interquartile 

ranges, and the whiskers show the 5th and 95th percentiles. Open circles indicate outliers. 
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Figure 8. Maximum depth in the 24 last hours before recapture, recorded for salmon recaptured in the 

coastal zone (C) and outer (O) and inner (I) fjord zones. The black lines represent median values, the 

boxes show the interquartile ranges, and the whiskers show the 5th and 95th percentiles. Open circles 

indicate outliers. 

 

 

3.4 Feeding 
 

Out of 939 salmon analysed for stomach content, 553 (59%) had empty stomachs, while 386 

(41%) had some stomach content. Out of the 386 salmon with stomach content, 126 salmon 

(14% of the total sample) had only small amounts of content (0.1-10% grade of filling) 

(Figure 9). Hence, only 260 salmon (28% of the total sample) had a larger stomach content 

than 10% grade of filling. 

 

No traces of other food items than fish was identified in the stomach contents. A large part 

(mean 57%) of the fish in the salmon stomachs was so highly digested that it was not possible 

to identify at species level. The rest of the contents were dominated by herring (Clupea 

harengus) (mean 37%), while the last parts were identified as capelin (Mallotus villosus) 

(mean 4%) and sand eel (Ammodytes sp.) (mean 2%). In almost all individual stomachs, only 

one prey species was identified, and there were only six stomachs where two different prey 

species were identified. Most of the stomachs (81%) were given a digestion value 3 or 4 (3 = 
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52%, 4 = 29%), while 15% were given digestion value 1 or 2 (1 = 2%, 2 = 13%). Only 4% of 

the stomach contents were given a digestion value of 5 (Figure 11). 

 

Figure 9. Number of fish with different percentages of stomach filling (n = 939). A percentage value 

of 0 represents a completely empty stomach, while a percentage value of 100 represents a completely 

filled stomach. 

 

 

Figure 11. Percentage distribution of the digestion rate values given for stomachs sampled from 

returning Atlantic salmon. Only salmon with stomach content are included (n = 386). Digestion value 

1 represents undigested content, while digestion value 5 represents almost completely digested 

content. 
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4 Discussion 

 

 

This study focused on migration behaviour of Atlantic salmon in the fjord phase just after 

entering seawater as post-spawners, and during return migration. The results showed that the 

salmon spent more time in the upper five meters of the water column than at greater depths in 

inner parts of the marine system. This was the case for both the first and last phase of the 

marine migration. Dives were also shallower and less frequent in the inner parts of the marine 

system than compared to outer coastal areas. Both Hubley et al. (2008) and Halttunen et al. 

(2009) reported that the Atlantic salmon post-spawners spent more than 90% of the time at 

near-surface depths during outward migration. This was also found in the present study, 

where an average of 96 % of the recordings were in the upper five meters of the water column 

during the first 24 h after seawater entry. In salmon studied during outward migration in an 

estuary in Canada, only four single dives were detected (Hubley et al. 2008), while in the Alta 

fjord individual dives up to 83 m depth was reported in the outer parts of the fjord (Halttunen 

et al. 2009). The diving behaviour during the first 24 h in this study varied among individuals. 

Whereas 55% of the salmon did not perform any dives, defined as recordings passing a depth 

of 10m, one individual performed 31 dives during the initial 24 h. This salmon was applied 

with a geolocation tag recording depth every 30sec, and when data from this tag was filtered 

to 30 min intervals, 30 of the 31 dives were lost (own unpublished result). This result 

therefore shows the importance of fine-scale data when conducting depth studies. It also 

indicates that some of the individuals in this study could have performed more dives than 

those recorded by the tags, given the different recording intervals. The few dives observed by 

Hubley et al. (2008) were not particularly deep (up to 15 m), but reported to be approaching 

the depths at receiver locations, and thus the salmon were expected to have been diving to or 

near the bottom. Some of the individuals in the present study performed dives down to 

maximum 46m during the first day after seawater entry. However, the Alta fjord is relatively 

deep, meaning that unless the salmon strayed in the estuary for a significant time period, or 

migrated very close to the shoreline, it is not likely that the observed dives were to or near the 

bottom.  

 

Proportions of recordings in the upper five meters during outward migration decreased from 

the first day after seawater entry to the third, seventh and fourteenth day of the marine 

migration. Depth use varied more among individuals during day three, seven and fourteen 



25 
 

than during the first day after seawater entry, when the majority of individuals had more than 

90% of the recordings in the upper five meters. The most extreme individual had only 11% of 

the recordings in the upper five meters during the fourteenth day. At the same time, there 

were individuals that had 100% of the recordings in the upper five meters at all days. These 

individual differences corresponds to the findings in homing Atlantic salmon by Godfrey et 

al. (2015), who found considerable variation among individuals. Diving intensity and the 

proportion of individuals performing dives also increased significantly from the first day after 

seawater entry to later in the migration. This could be expected, as other studies have found 

diving behaviour to increase as the salmon leave the estuary and fjord system and encounter 

open waters (Reddin et al. 2011).  

 

During inward migration, the depth use in the coastal zone differed considerably from that in 

the outer and inner fjord zones. In the latter two, the salmon spent much more time in the 

upper five meters. Also the diving frequency was higher in the coastal zone. Reddin et al. 

(2011) reported the diving behaviour to decrease as the salmon returned to the estuary and 

river during their homing migration. Homing salmon in the Alta fjord were also found to 

swim closer to the surface as they approached the estuary (Davidsen et al. 2013), and thus, the 

present results concur with these findings. However, some individuals were observed to 

perform dives to various depths only hours prior to river entry. Godfrey et al. (2015) 

suggested two different depth patterns for homing salmon, one group being more surface-

oriented and one inhabiting deeper waters. This did not seem be the case for the inward 

migrating salmon in this study. Although individual variation in diving behaviour was 

observed, the individual proportions of recordings at different depth intervals did not vary as 

much as seen during the outward migration, suggesting a more standardized behaviour during 

the homing migration. Individuals recaptured in both the coastal zone and in the outer and 

inner fjord zones performed dives to some extent. The highest diving intensity was seen in the 

coastal zone, where the salmon also were found to spend an extensive proportion of their time 

at 5-10 m. 

 

Hypotheses that can explain diving behaviour are feeding, search for olfaction cues, control of 

body temperature and predator avoidance (Wada and Ueno 1999, Reddin et al. 2004). The 

stomach samples analysed in this thesis showed that a large proportion (59%) of salmon had 

completely empty stomachs when captured in the outer and inner parts of the Alta fjord. In 

addition, a large proportion of the salmon with stomach content had only small fragments of 
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stomach content, and/or the stomach contents were highly digested, suggesting that some time 

had gone by since the last intake of food items. This means that other possible explanations 

for the observed diving behaviour than feeding must be taken into account for the homing 

salmon. Due to the poor condition of most post-spawned salmon (Jonsson et al. 1997) and 

results from studies of Atlantic salmon post-smolts (Hvidsten et al. 2009, Rikardsen and 

Dempson 2011) it is likely that the outward migrating post-spawners will start feeding as 

soon as possible after entering seawater, to regain their condition. Thus, the frequent dives 

observed in some individuals shortly after seawater entry, may be related to prey search and 

feeding. No stomach samples were collected from the initial marine phase in this study, and to 

my knowledge, no studies have been focusing on feeding behaviour of post-spawned Atlantic 

salmon during the first days of the marine migration. 

 

Analyses of stomach contents showed that all feeding salmon had fed exclusively on different 

fish species, i.e. no traces were found of other food items like crustaceans, squids and 

amphipods. Pre-adult salmon in the open oceans of the Northwest Atlantic have been found to 

feed heavily on marine fish species and to some extent crustaceans (Lear 1972, Neilson and 

Gillis 1979), while in the Northeast Atlantic pelagic crustaceans have been found to be more 

important than in the Northwest Atlantic studies (e.g. Hansen and Pethon 1985). Newer 

studies using other methods like stable isotope analyses, corroborate these earlier findings, 

suggesting differences in marine feeding across populations and life stages (Dempson et al. 

2010, Dixon et al. 2012). Atlantic salmon post-smolt are known as opportunistic feeders 

(Rikardsen et al. 2004), and the above-mentioned studies from the Northwest and Northeast 

Atlantic suggest that the opportunistic feeding behaviour continues throughout different life 

stages at sea. However, as stated by Rikardsen and Dempson (2011), many of the studies on 

feeding were conducted several decades ago, and may not reflect the current situation. 

Nevertheless, MacKenzie et al. (2012) concluded that salmon from UK rivers fed 

opportunistic as adults at sea, but showed a larger specialization towards higher trophic levels 

as they grew larger. The stomach samples analysed in the present study were taken from 

salmon captured in the fjord, assumingly just prior to river entry. The results are new 

compared to previous studies, and although there may be geographical differences, they 

suggest that a large share of the salmon does not feed at all during the final part of the homing 

migration, whereas the ones that did seemed to be highly specialized. In only six of the 

feeding individuals, more than one fish species were identified in the stomach, corresponding 

to findings by Hansen and Pethon (1985), who also found that most salmon had eaten only 
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one species. This indicates that even though the Atlantic salmon can feed on a variety of prey 

items, individuals may specialize to some extent in their consumption of prey. 

 

It is known that olfaction cues are important in migration for the Atlantic salmon (Hasler 

1966), and especially during homing migration back to the natal river (Døving et al. 1985). 

As stated by Hansen et al. (1993), the homing migration seems to be divided in two parts, the 

first part with navigation from feeding areas towards the coast, and a second, more precise 

navigation towards the river. The results from the homing salmon in this study showed a 

tendency that the salmon dived more frequently and deeper into the water column in the 

coastal zone than in the fjord. This may correspond to the two phases of homing migration, 

and the deeper and more frequent dives observed in the coastal zone may be related to 

scanning of the water column for olfaction cues. The salmon spent more time close to the 

surface in the outer and inner fjord zones as they approached the river, than in the coastal 

zone. Similar findings have previously been related to the brackish water layer in the upper 

part of the water column, as the salmon could be expected to use this to locate and recognize 

the river (Quinn 1990, Davidsen et al. 2013). A few dives were also observed in the outer and 

inner fjord zones, and according to previous studies (Westerberg 1982, Døving et al. 1985) 

these could also be related to search for olfaction cues. Thus, much of the behaviour of the 

inward migrating salmon, both diving and the great use of the upper five meters, could be a 

result of navigation towards the river. Search for olfaction cues during the outward migration 

has been less discussed than for homing migration, and it is difficult to know the importance 

of these cues in navigation towards the open ocean. Nevertheless, Halttunen et al. (2009) 

observed a higher frequency of dives as kelts progressed further out the fjord, and concluded 

that this could be related to orientation.  

 

Due to the large size of the salmon used in the study, predator avoidance is not likely to have 

been the reason for the observed dives, neither during outward nor inward migration. The fish 

would have been too large for predation by seabirds and other marine fish species. Although 

seals are known to feed on Atlantic salmon (Hammill and Stenson 2000, Carter et al. 2001), it 

is not expected that the abundance of seals in the Alta fjord was great enough during the study 

period to have caused the observed diving behaviour.  

 

As the temperature recordings from the tags were not analysed for this thesis, it is difficult to 

know if diving could be related to control of body temperature. Wada and Ueno (1999) found 
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that chum salmon often performed dives when water temperatures were higher. However, 

they often stayed in warmer water at night, suggesting that this hypothesis for diving 

behaviour may not be the most plausible one for the observed behaviour in this study. 

Overall, the diving behaviour observed in both outward migrating and inward migrating 

salmon in this study, is most likely to be caused by a combination of the described factors, or 

together with other unknown factors. 

 

The high degree of surface-orientation seen in the post-spawned salmon resemble that of post-

smolts during the initial phase of their marine migration (Reddin et al. 2006, Davidsen et al. 

2008). However, the post-spawners had a higher frequency of dives, and to much greater 

depths than the post-smolts. Post-smolts have been found to spend most time at 1-3m depth 

with occasional dives down to 6.5m (Davidsen et al. 2008). The initial marine phase of post-

smolts is known as a critical phase and a possible biological bottleneck (Thorstad et al. 2012). 

Davidsen et al. (2008) interpreted their results on depth use as a possible trade-off between 

avoidance of avian and marine predators (attacking from above and below, respectively), in 

combination with navigation, prey search and avoidance of osmoregulatory problems. The 

differences observed between post-spawners and post-smolts may likely be linked to 

differences in predation pressure. The physiological stress experienced by post-smolts in 

relation to salt water tolerance could possibly be greater than that experienced by the much 

larger post-spawners. This could lead to the post-smolts choosing more surface-near 

swimming depths if brackish water layers are present. However, no such acclimation period 

have been identified (Moore et al. 1998), and smolts also seem to adapt to salt water while 

still in freshwater (Hoar 1988). 

 

Commercial fisheries for returning salmon in the Alta fjord are mainly conducted with bag 

nets and bend nets in may-august (Halttunen et al. 2009), resulting in risk of being captured 

for both outward migrating post-spawners and salmon returning to the river. The nets are 

placed close to the surface, and the salmons’ swimming depths are therefore an important 

factor for the possibility of being caught. Both outward and inward migrating salmon in this 

study were surface oriented. This indicates that the salmon are in danger of being caught in 

the surface-near bag nets, and indeed, 36 of 41 recaptured salmon in this study were caught in 

bag nets or bend nets in the sea. However, this is a small share of the total number of tagged 

fish (630). The tagged fish that were not recaptured could be expected to have died during 

outward migration or during the open ocean phase. A number of fish would also be expected 
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to have survived and returned to the river as multiple spawners, as the proportion of repeat 

spawners that survive and return from the sea have been found to be high for Atlantic salmon 

from the river Alta (39% of females, 19% of males, Halttunen 2011). Studies in Alta of both 

outward and inward migrating Atlantic salmon tagged with acoustic transmitters have 

reported the proportion of tagged fish caught in fisheries to be surprisingly small, considering 

the overlapping of the migration and the fishing season (Halttunen et al. 2009, Davidsen et al. 

2013). The proportion of salmon caught in the study of homing salmon (Davidsen et al. 

2013), were larger (6.8%) than the proportion of salmon caught in the study of outward 

migrating post spawners (1%, Halttunen et al. 2009) The total reported recapture rate in the 

present study was 6.5%, corresponding to the findings by Davidsen et al. (2013). However, 

this has to be considered a minimum, as tags could have been lost, or recaptures not reported. 

 

The tagging methods used in this study are much used and well-studied (Cooke et al. 2011). 

Surgical implantation of tags have advantages compared to external attachment, as it does not 

affect the streamlined shape of the fish (Thorstad et al. 2013) or affect swimming 

performance in the way that externally attached tags may do (Thorstad et al. 2001). In 

addition, external attachment of tags can increase the risk of being caught in nets (Rikardsen 

and Thorstad 2006). Disadvantages with surgical implantation are among others the risks of 

tag expulsion and/or infections (Thorstad et al. 2013). However, the surgery was performed 

by experienced taggers to ensure the best possible procedure. Non-absorbable sutures were 

chosen to secure sufficient healing of the wounds. In addition, several of the tagged fish took 

the bait a second time after going through handling and surgery, and visual observations of 

the wounds showed no signs of infection or other problems (own unpublished results). In 

every tagging study, there is a risk of altered behaviour due to handling and tagging (Bridger 

and Booth 2003). The salmon in this study were captured and tagged in the river, and all 

salmon stayed a considerable time in the river (minimum 3 weeks) before entering seawater. 

During these weeks, we would expect the fish to have recovered from capture and handling 

and adjusted to the tag. Thus, the behaviour recorded by the tags during outward migration is 

assumed natural and not largely altered by the tag.  

 

In conclusion, the results show that there was large variation in depth use among individuals. 

In general, the Atlantic salmon were observed to be highly surface-oriented. There were 

similarities between outward and inward migration, with a gradual change in depth use 

between coastal areas and fjord areas. Many individuals performed frequent and deep dives, 
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both close to the river and further out in the marine system. This behaviour may be related to 

a combination of factors, like navigation, predator avoidance, control of body temperature, 

prey search or other unknown factors. Results from the stomach analyses suggest that a large 

proportion of the Atlantic salmon did not feed during the last phase of the homing migration, 

indicating that other factors may be the reason for the observed diving behaviour. Although 

the Atlantic salmon is among the most studied fish species in the world, knowledge is still 

lacking, especially about marine migrations and about multiple spawners. The electronic tags 

now available may provide more detailed information on migratory behaviour, as 

demonstrated by the high-resolution tags used in this study. In combination with detailed 

feeding studies of both post-spawners in the initial marine phase and returning salmon, this 

may be essential information for management considering the continuous population declines 

observed over the last decades. 
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Appendix 1. Individual depth use of post-

spawned Atlantic salmon at day 1, day 3, day 7 

and day 14 after seawater entry (n = 29). The 

different days are separated by vertical lines. A 

red line is drawn at depth = 10m, and passing 

this depth is defined as a dive. Individual fish 

marked with * were recaptured as kelts, and 

these depth graphs therefore include only the 

initial 24h after seawater entry. 
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Appendix 2. Individual depth use the last 24 h before recapture for inward migrating Atlantic 

salmon. The zone is given in the lower right corner for each individual. C = coastal zone, O = 

outer fjord zone, I = inner fjord zone. A red line is drawn at depth = 10m, and passing this 

depth is defined as a dive. 
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