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Abstract 

 

Winter has been generally considered as a bottleneck period for salmonid populations, but recent 

studies show it might be more context related. The purpose of this study was to examine how surface 

ice changes spatial distribution of juvenile one-year-old brown trout in a small boreal stream. I 

hypothesized that the presence of surface ice will allow a more even distribution of trout over the 

entire width of the stream while in the absence of ice, trout will be more heavily associated with near-

edge habitats. I also hypothesized trout will be more evenly dispersed at night over the width of the 

stream even in the absence of surface ice. My results show a strong positive correlation between ice 

cover and spatial distribution. In the presence of surface ice trout use the whole width of the stream 

while in the absence of ice the middle regions of the stream were almost completely devoid of fish. My 

results also show there was no difference in the spatial distribution between night and day in the 

presence of ice cover, but in the absence of ice cover trout were more tightly associated with the 

stream edge during day whereas at night they were more evenly dispersed over the entire width of the 

stream. 

 

 

 

Sammanfattning 

 

Vinter har i allmänhet ansetts vara en flaskhals-period för laxfiskar, men nya studier visar att det kan 

vara mer sammanhangsrelaterat. Syftet med denna studie var att undersöka hur istäcket påverkar 

distribution av unga ett-åriga öring längs vattendragets bredd i en liten boreal ström. Jag hypotiserade 

att närvaron av istäcket kommer att möjliggöra en jämnare fördelning av öring över strömmens bredd. 

Min andra hypotes var att öring kommer att sprida sig mer jämnt på natten över strömmens bredd 

även vid frånvaro av istäcke. Mina resultat visar en stark positiv korrelation mellan istäckningsgrad och 

rumslig distribution. Vid närvaro av istäcke använde öring mer effektivt habitater över hela bredden av 

vattendraget, medans i frånvaro var de habitater närmare mitten av vattendraget nästan helt tomma 

av fisk. Mina resultat visar också att det inte fanns någon skillnad i rumslig fördelning mellan natt och 

dag i närvaro av istäcke men i frånvaro av istäcke var öring mer tätt associerad med strömkant 

habitater under dagen och på natten var de mer jämnt spridda över bredden av strömmen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Introduction 

 

Seasonal changes present organisms with rapidly changing environmental conditions. Different 

organisms adapt to these changes in different ways to minimize costs (Wootton 1990). Even with the 

capacity to adaptively change behavior, winter has often been considered a bottleneck period for 

stream living salmonids with high mortality (Erman et al. 1988, Huusko et al. 2007). Huusko et al. 

(2007), however, point out that much of the literature does not support this view.  

 

In early winter with decreasing water temperatures salmonids suffer a metabolic deficit (Cunjak 1988; 

Finstad et al. 2004). Low water temperatures also decrease the swimming capability of fish and thus 

increase predation risk from terrestrial mammals and birds (Linnansaari et al. 2008). Nonetheless, most 

salmonids stay active during winter (Cunjak 1996). They adapt to the changing environment by 

becoming mostly nocturnal. This change takes place at around 10°C for salmonids (Heggenes et al. 

1993). There are many different theories why salmonids become nocturnal in winter (Rimmer & Paim 

1990; Heggenes et al. 1993; Fraser et al. 1993) but Huusko et al. (2007) and Fraser et al. (1993) 

consider the most likely explanation to be an ‘anti predatory response’ as a fish’s swimming capacity is 

low and thus they apparently stay hidden during day when the risk for predation is greatest. However, 

these studies are made in ice free conditions. Laboratory and field observations show that trout prefer 

overhead cover at low water temperatures (Gardiner 1984; Heggenes & Saltveit 1990). Linnansaari et 

al. (2008), showed that juvenile Salmo salar became increasingly day active as surface ice got thicker. 

Thus, surface ice might also change the spatial distribution of juvenile trout at low water temperatures 

as the risk for predation from terrestrial predators is presumably low. 

 

In winter the behavior of stream living salmonids can be largely affected by the trade off between 

foraging and predator avoidance (Huusko et al. 2007). Predation largely influences the mortality of 

juvenile trout, and during winter visual endothermal predators present a big threat for juvenile trout 

(Metcalfe et al. 1999; Linnansaari et al. 2008). Thus, stable winter ice conditions should diminish 

predation pressure and increase the amount of time used for feeding (Watz el al. 2013). Heggenes et 

al. (1993) also suggest that it may be too risky for fish to continuously shelter and hide in substrate as 

changing ice conditions might trap dormant fish in the ice. This may be especially true in streams that 

regularly experience anchor ice (Huusko et al. 2007). It has been shown that stable winter ice 

conditions increase survival of juvenile stream fish during winter (Linnansaari & Cunjak 2010). Habitats 

along stream banks and undercut stream banks have been shown to be important for juvenile 

salmonids during winter (Heggenes et al. 1993) as they provide shelter from high water velocities and 

endothermic piscivores (Heggenes et al.1993; Mäki-Petäys et al. 2004). There are few studies that have 

investigated how ice cover affects juvenile brown trout.  

 

The purpose of this study was to see how changes in ice cover affect the spatial distribution of juvenile 

Brown trout (1-summer old) in a boreal forest stream during winter. My first hypothesis is that in the 

presence of surface ice, trout are more evenly dispersed over the whole width of the stream than in 

the absence of surface ice. This hypothesis is based on the idea that ice cover provides overhead 

shelter from endothermal piscivores, allowing fish to move more freely in their use of habitat. My 

second hypothesis is that there is no difference in the spatial distribution of trout between night and 

day in the presence of surface ice, but in the absence of surface ice, trout should be more evenly 

dispersed at night and more concentrated near stream banks during the day. 



Material & Metod 

 

The study was carried out in winter 2012-2013 in Djupedalsbäcken Brook, located in Örebro county in 

central Sweden (59.6595496N, 14.473815E) (VISS 2014). The brook is 8 km long and a 1 km long reach 

was chosen for the study. At the study site the average width of the brook was around 3 m, with a 

maximal width of 5 m and an average depth between 30-60 cm. The brook is also a part of a program 

where lime (CaO) is added to watersheds to prevent acidification. Djupedalsbäcken is situated in a 

typical boreal forest, and the streambed consisted of silt, sand, gravel, stones and boulders. The lower 

reach of the study site had smaller substrate particles, such as sand, gravel and smaller stones, than 

the upper reach, which was dominated by large rocks and boulders.  

 

The 1 km long reach chosen for the study was divided into 49 sections. Ten of these sections, each 

around 30 m, were chosen as possible places where artificial ice cover could be built. Five of these 

sections were randomly chosen and artificial ice cover was built over them with the help of wooden 

poles and semi-transparent polyethylene plastic. The artificial ice cover was placed 10 cm above the 

water surface to maximize stability. Artificial ice was used in case the winter would be mild, without ice 

cover. Over the study period, every time fish were tracked, ice conditions were also described. For 

each section the amount of ice cover was estimated as a percent. For the purpose of the study artificial 

ice was considered to be a realistic simulation of real ice.  

 

In November 2012 the study site was electrofished and 265 trout (Salmo trutta) were caught and 

tagged. MS-222 was used as the anaesthetic. Length and weight of the fish were measured. Length 

distribution of the fish was used to determine the age structure of the trout population. One-summer 

old fish were used, and there were 99 of them (<70mm). Fish were tagged individually by inserting a 

12x2.15 mm passive integrated transponder into the abdominal cavity (PIT system Oregon RFID, 

Portland, USA).  After tagging, the fish were released back to the spot they were caught. This method 

allowed individual monitoring during winter. Fish were identified with a backpack PIT-detector (Oregon 

RFID).  The maximum detection distance was about 60 cm and depending of the depth of the brook 

and the height of snow/ice cover we could use the blind-spot method (Linnansaari et al. 2007) and 

achieve an accuracy of about 10 cm. If the distance to the fish was too large and no blindspot was 

identified then we had an accuracy of around 30 cm. Seventeen tracking surveys were carried out 

during the study, 4 of them done at night. Ice conditions varied a lot from almost zero ice coverage to 

full ice coverage. Data-analysis is only done on fish that were recaptured at the end of the study. 

 

 

Statistics 

 

For the purpose of analysis, the actual positioning of the fish to the nearest bank was divided with the 

width of the stream. This was done to have an estimate how the fish spread over the width of the 

stream. A value close to 50 indicates that the fish was near the middle of the stream and 0 means the 

fish was at the stream edge. A mean was calculated both for the relative positioning of the fish for each 

fish tracking day, values between 0-50, and the ice coverage for those days in the sections fish were 

found in. This data consists of 11 trackings during day and 4 at night.  

 



A correlation analysis was done on the means of ice coverage and relative fish positioning to relate 

position of fish to ice coverage (11 day time surveys). To compare low ice coverage conditions versus 

high ice coverage conditions a chi-square-analysis was done. Data from 10 January to 14 April were 

used as they represent conditions when water temperature was around 0 oC degrees. Low ice 

conditions were considered to have less than 5% ice coverage whereas large ice coverage was defined 

as >95% ice coverage. To be included in the analysis trout had to be detected in a stream section where 

ice conditions at the time met the above requirements for ice coverage. Fish positioning data from this 

time period were divided into 4 categories, representing distance from nearest bank: 0-12.5, 12.5-25, 

25-37.5, 37.5-50.  

 

Chi-square-analysis was also used when comparing fish positions during day versus at night in both low 

and high ice coverage periods. To compare high ice coverage conditions tracking data from 27 January 

(day) and 28 January (night) were used as they represent very similar condition with almost complete 

ice coverage. For low ice coverage conditions data from 23 April and 25 April were used as they 

represent similar conditions with little ice coverage. 

 

Results 

 

Altogether there were 45 1-summer old trout’s recaptured at the end of the study that were also 

tracked during daytime during the study.  Of the recaptured trout, 36 1-summer old fish were located 

during nighttime trackings. Only these recaptured fish are included in the analysis. In February there 

was a period of warmer weather and rains which caused high floods in the stream and made tracking 

more difficult. 

 

Table 1. Means for temperature, number of fish located, ice coverage and relative fish position at given 

dates +- 1SE. 

 
Date 

Water 

temperature °C 

 n Mean ice 

coverage 
1 SE Mean position 1SE 

         
Day 10. Jan 0.24  24 24.54 8.45 12.44 2.79 

 17. Jan 0.12  19 73.91 5.67 19.29 2.66 

 27. Jan 0.12  25 99.88 0.07 23.81 2.89 

 31. Jan 0.12  22 88.05 4.12 21.72 2.89 

 20. Feb 0.29  15 76.33 6.54 25.10 3.71 

 27. Mar 0.12  15 100.00 0.00 27.48 3.78 

 05. Apr 0.12  21 99.62 0.13 19.41 3.14 

 14. Apr 0.12  22 95.36 1.86 21.30 3.24 

 23. Apr 1.99  24 5.71 3.52 5.56 1.67 

 30. Apr 3.61  27 14.07 5.91 10.14 2.70 

 06. Maj 5.51  32 13.75 5.27 17.71 2.93 

      
   

Night 28. Jan 0.12  25 99.84 0.07 23.01 2.88 

 28. Feb 0.3  22 68.64 6.68 28.20 2.85 

 12. Mar 0.12  22 98.64 1.00 27.65 3.57 

 25. Apr 2.43  21 7.14 5.03 14.50 3.02 

 

 

 

 



Ice coverage and spatial distribution 

 

Linear regression analysis done on the means of ice coverage and relative fish position (Table1, 

daytime data, 10 Jan-6 May) shows a relationship between the level of ice coverage and the average 

fish position (correlation coefficient R²=0.72, p=0.0009) (Figure 1.). The more ice cover, the less 

dependent the fish are on the habitats near stream edges.  

 

 

 
 
Figure 1. Relative mean position of trout, ±1SE, in relation to ice coverage between January 10-May 6. 
 

 

Chi-square-analysis on the spatial distribution of the trout in relation to low and high ice level 

conditions (<5% ice coverage/>95% ice coverage) revealed a significant difference (p<0.00001, Figure 

2). In the absence of surface ice fish are found nearer to the stream edges while in the presence of ice 

cover, fish are more equally spread over the width of the stream. 
 

 
Figure 2. Comparison between high and low level ice conditions. Darker pillars represent number of 
fish detected at different relative distances from stream bank at >95% ice coverage. Lighter pillars 
represent distance at less than 5% ice coverage. 
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Comparison between day and night 

 

A Chi-square-analysis was also done to compare the position of the trout during low and high ice level 

conditions between night and day in January, when there was over 99% ice coverage and in April, when 

there was less than 8% ice coverage (Figure 3.). In January when most of the stream was covered by 

surface ice there is no difference in the relative distribution of fish (p>0.05). In April when there were 

low levels of surface ice (>8%) there was a significant difference in the relative distribution of fish 

between night and day (p=0.046, Figure 4.). At night fish were more dispersed over the width of the 

stream than during the day.  
 

  
Figure 3. Trout’s relative mean positioning at day and night in January in high ice coverage conditions 
(>99%) and in April in low ice coverage conditions (<8%), ±1SE. 
 
 
 

 
Figure 4. Comparison between the positions of trout during day and night in January when ice cover 
was > 99% and in April when ice cover was < 8%. 
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Discussion 

 

The results of this study show that the spatial distribution of juvenile trout in winter depends on ice 

conditions. Juvenile 1-summer old trout use a much larger portion of available habitats in the presence 

of ice cover – a more even spatial distribution over the entire width of the stream channel. My results 

also confirm the earlier result of juvenile trout being more closely associated with stream edge habitats 

during day and becoming nocturnal at the absence of surface ice (Heggenes et al. 1993, Fraser et al. 

1993, Cunjak 1996). 

 

Winter behavior and habitat selection of trout have been studied before for example by Heggenes et 

al. 1993 and Huusko et al. 2007. According to these studies, the behavior and habitat use of brown 

trout can be mostly explained by adaptive homeostatic responses to minimize energy deficit and the 

risk of predation. Specifically, the nocturnal behavior of juvenile salmonids in winter has been 

explained as suppressed day time activity rather than an increase in night time activity (Fraser et al. 

1993, Huusko et al. 2007). Juvenile trout sheltered passively in the bottom substrate or vegetation 

during daytime while becoming active at night and holding positions above or on the substrate 

(Heggenes et al. 1993).  This behavior appears to come at a cost as foraging efficiency of salmonids has 

been shown to be much lower at night than during the day (Valdimarsson et al. 1997). Trout have also 

been shown to prefer overhead shelters at low water temperatures (Gardiner 1984; Heggenes & 

Saltveit 1990) and according to Linnansaari et al. (2008) juveline Atlantic salmon parr became more day 

active as ice cover got thicker. Light intensity has also been shown to change salmon parr’s behavior. 

Salmon parr hide more at high light levels when water temperatures are low (Valdimarsson et al. 

1997).  

 

My results support these earlier findings. Ice cover apparently provides juvenile trout with the 

overhead shelter they need as it provides protection from endothermic piscivores, allowing wider use 

of available habitats. Ice cover also reduces light intensity and thus might reduce the behavior to hide 

at high light levels observed on salmon, and allow trout to become more active during day. Thus, it 

seems ice cover might free fish from factors that lead to the observed behavior in salmonids that they 

prefer habitats along stream edges (Roussel et al. 2004) and hide in substratum at low water 

temperatures (Heggenes et al. 1993) and thus, the reasons for suppressed daytime activity are 

reduced. Of course, it is impossible to know if the fish became truly active during day in this study, 

because of the study method. No visual observations of the fish were made, but according to earlier 

studies it is most likely that fish had become active. It should also be noted that it is unknown how the 

tracking itself affects fish. Walking on the ice might cause a distraction that results in a fleeing response 

and thus result in a distribution that is not natural. We didn’t experience fish moving during trackings, 

with but a few exceptions which seems to suggest it had little to no effect.  

 

The comparison between night and day made in this study also confirms earlier results about trout 

becoming nocturnal at low water temperatures in the absence of surface ice (Cunjak 1988, Heggenes 

et al. 1993, Fraser et al. 1993). No significant difference was observed in the spatial distribution of fish 

in January when almost all stream surface area was covered by ice. Fish used most of the available 

stream width during both day and night. In April when most of surface ice had melted, with less than 

8% ice coverage, I saw a difference in fish positions between night and day. Day time trackings showed 

that trout were tightly associated with stream edge habitats while at night they used most of the 

stream width, with many individuals located close to the middle of the stream channel. High light 

intensity and risk of predation presumably make fish hide in substrate during daytime, while at night 

these factors become less important and fish can become active.  

 

Ice conditions during the study were relatively stable. During most of the study period the stream was 

almost completely covered by surface ice. In February a period of warmer weather reduced the 

amount of surface ice and gave rise to increased water discharge, which made tracking more difficult. 



Only at the very beginning and end of the study were conditions with little to almost none surface ice 

present. Nonetheless my results show a clear relationship between the spatial distribution of 1-

summer trout and the amount of surface ice underscoring the importance of ice cover for 

overwintering juvenile trout. Warm winters with little to no ice cover might lead to increased predation 

pressure, reduced condition of the fish or even higher mortality as foraging opportunities will only be 

available at night. With the warming climate warm winters will most likely be more frequent in the 

future causing problems for locally adapted populations, especially as stable winter ice conditions have 

been shown to increase survival of juvenile salmonids during winter (Linnansaari & Cunjak 2010). 

Bigger trout (>25cm) might be less affected by the presence or absence of surface ice as they have 

been shown to use different behavioral strategies. Heggenes et al. 1993 observed large trout actively 

aggregating and feeding in the deep-slow stream areas during the day at the absence of surface ice. 

This seems to suggest that the element of risk that makes juvenile trout nocturnal is not there for 

larger trout or at least not in a similar way as they preferred to form schools instead of hiding. 

Grouping up can be considered as an anti-predatory-response as it has been shown to give protection 

from predators for many fish (Grobis et al. 2013, Magurran 1986), but the risk for larger trout appears 

to be lower as they remain active during day. 
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