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$EVWUDFW�
 
The passage efficiency of downstream migrating brown trout (6DOPR�WUXWWD� smolts past two 
hydropower plants in the River Emån, southeastern Sweden, was evaluated by telemetry. 
From 26 April to 17 May 2005, 40 wild brown trout smolts were radio-tagged, and their 
positions were recorded daily until 14 June. Approximately 45% of the individuals passed 
both power plants, and 15% made it to the sea, some 28 km downstream of the power plants. 
About 20% of the individuals ceased migrating, residing in a lotic habitat. Mortality due to 
predation was 33%, and the predation rate was higher in the power plant dams than it was 
downstream of the power plants. Turbine-induced mortality was greater in the upper power 
plant (40%) than in the lower one (13%). Fish that chose the alternative routes, through the 
gates, swam past the upper dam faster than fish that swam through the turbines. The results 
confirm previous work in the river, namely that measures need to be taken to improve passage 
efficiency past the power plants, particularly passage of the upper power plant. Such measures 
are of crucial importance if the nature-like bypass channels at the power plants in Finsjö are 
going to have any long-term effects on the brown trout population. 
 
 
6DPPDQIDWWQLQJ�
 
Passageeffektiviteten för nedströms vandrande havsöringssmolt (6DOPR� WUXWWD) förbi två 
vattenkraftverk i Emån, i sydöstra Sverige, utvärderades med telemetri. Från 26 april till och 
med 17 maj 2005 märktes 40 vilda havsöringssmolt med radiosändare och de 
positionsbestämdes dagligen till och med 14 juni. Ungefär 45% av individerna passerade båda 
kraftverken, och 15% klarade sig till havet, cirka 28 km nedströms kraftverken. Omkring 20% 
av individerna avbröt vandringen och stannade i ett lotiskt habitat. Mortalitet på grund av 
predation uppgick till 33%, och predationshastigheten var högre i kraftverksdammarna än 
nedströms kraftverken. Den turbininducerade mortaliteten var högre i det övre kraftverket 
(40%) än i det nedre (13%). Det gick fortare att passera den övre kraftverksdammen för fisk 
som valde de alternativa rutterna, genom dammluckorna, jämfört med att passera genom 
turbinerna. Dessa resultat bekräftar tidigare studier i ån, nämligen att åtgärder krävs för att 
förbättra passageeffektiviteten förbi kraftverken, i synnerhet passagen av det övre kraftverket. 
Sådana åtgärder är av avgörande betydelse om de naturlika fiskvägarna vid kraftverken i 
Finsjö ska få några långsiktiga effekter på havsöringspopulationen. 
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Since the early 1900s, many rivers have been regulated for hydropower production, which has 
had negative repercussions for longitudinal movements of fish, particularly anadromous ones 
(Calles & Greenberg, 2005a). Hydropower facilities not only affect upstream migrating 
spawners but may also hinder and delay downstream migrating smolts (Aarestrup & Koed, 
2003), i.e. downstream migrating juvenile salmonid fish adapted for seawater (McCormick HW�
DO., 1998). The fish may incur injuries or even die as they pass the turbines, and the mortality 
depends on fish species and size as well as type of turbine (Montén, 1985). In addition to 
direct mortality in turbines, power plant dams increase the amount of lentic habitat, favoring 
piscivorous species such as pike ((VR[� OXFLXV�L�, Olsson HW� DO��2001 & Koed HW� DO��2002). 
Dams also interrupt flow patterns, which may disorient smolts and thereby prolong their 
exposure to predators (Coutant & Whitney, 2000; Olsson HO� DO. 2001; Aarenstrup & Koed, 
2003). Regulation of rivers disrupts connectivity, and measures such as compensatory 
stocking (Ackefors HW�DO�, 1991) and construction of fishways to re-connect fragmented areas 
have been taken to rectify this problem (Cowx & Welcomme, 1998; Jungwirth, 1996). 
 
The River Emån is one of many rivers in southern Sweden that was regulated during the early 
1900s (Olsson, 2005). Today there are 41 hydropower plants and approximately 250 
obstacles, 10% of which are considered passable for fish, in the River Emån catchment area 
(Halldén HW�DO., 1999). For nearly 100 years, only the lowermost 25 km of the river have been 
available for anadromous species (Calles & Greenberg, 2005a). Since 1990 the salmonid fish 
populations have been self-reproducing, as compensatory stocking of Atlantic salmon (6DOPR�
VDODU) and brown trout (6DOPR� WUXWWD) ceased then. In December 2000, two new nature-like 
bypass channels were opened at upper and lower Finsjö power plants, making another 24 km 
of the river available for upstream migrating fish, resulting in a 20% increase of spawning- 
and nursing areas (Sjöstrand, 1999). The efficiency of the fishways for upstream migrating 
adult anadromous salmonid spawners and the subsequent effect on production of salmonids 
upstream of Finsjö was evaluated from 2000 to 2002 (Calles & Greenberg, 2005a). If the 
fishways are going to have a long-term effect on the brown trout population, the anadromous 
species must be able to migrate past the power plants, not only as upstream migrating 
spawners but also as downstream migrating smolts. In 2004, the survival of downstream 
migrating brown trout smolts past the power plants at Finsjö was studied (Calles & 
Greenberg, 2005b). Because discharge varies greatly between years it is important that the 
passage efficiency is studied over several years. 
 
The main question addressed by this project was if and how the smolts managed to migrate 
downstream, past the hydropower plants at upper and lower Finsjö. A central issue was to 
evaluate the mortality of fish that that swam through the turbines of the power plants, i.e. the 
turbine induced mortality, and also to compare the fate of the fish that swam through turbines 
with individuals that took alternative routes past the power plants, i.e. swam through an open 
gate. According to studies of different types of turbines (Montén, 1985) and a previous study 
in the river (Calles & Greenberg, 2005b), I hypothesized that the turbine-induced mortality 
would be higher at the upper power plant, equipped with four small Francis runners, than at 
the lower power plant, equipped with a single Kaplan runner. The power plants were also 
predicted to function as partial barriers, which would delay the downstream migration of the 
smolts. The individuals would be more delayed at the power plants, compared to a river 
section without any artificial barriers. Furthermore it would take more time to pass the dam at 
upper Finsjö for individuals that followed the main current and swam through the power plant 
than for individuals that took an alternative route through an open gate, as a fish would need 
less time to find the opening of a gate, located at the surface of the water, compared to the 
opening into the turbines, located at the bottom of the river. 
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�
6WXG\�DUHD�
The River Emån (N 57º 07’ 59’’ E 016º 30’ 00’’) is the second largest river in southeastern 
Sweden, located in the county of Småland (Fig 1). The main stem is about 230 km long 
(Anonymous, 2000) and the catchment covers 4472 km2 (Sjöstrand, 1999). The mean annual 
discharge is 30 m3/s and generally varies between 6 and 107 m3/s. The River Emån is the 
most speciose river in Sweden, with 33 fish species, three of which are classified as nationally 
endangered (European catfish, 6LOXUXV� JODQLV, chub, /HXFLVFXV� FHSKDOXV and river lamprey, 
/DPSHWUD� IOXYLDWLOLV�� Calles & Greenberg, 2005a; The Swedish Environmental Protection 
Agency, 2005). This study was performed at the upper and lower power plants at Finsjö. The 
power plant at upper Finsjö is the smaller of the two and is equipped with two twin-Francis 
units (i.e. four runners), whereas the lower Finsjö power plant, situated 800 m downstream of 
upper Finsjö, has one large Kaplan turbine (Table I, Calles & Greenberg, 2005b). Trash racks 
are present at both power plants with 20 mm spacing at the upper power plant and 30 mm at 
the lower one. 

Figure 1. Map showing the catchment of the River Emån and the 42 km of the river from Högsby to the Baltic 
Sea, with the power plants illustrated as black lines ( ���7KH�SUHVHQW�VWXG\�HQFRPSDVVHV�WKH����NP�IURP�)LQVM|�
to the mouth of the river at the Baltic Sea. Anadromous trout have recolonised the 24 km long section of the 
river between Högsby and Finsjö.  
 
�Table I. Technical data about the hydropower plants at Finsjö in the River Emån. 

 

 

)DFWRU� 8SSHU�)LQVM|� /RZHU�)LQVM|�
Number of turbines 1 1 
Type of runner Horizontal Francis Vertical Kaplan 
Number of runners 4 1 
Diameter of runner (mm) 800 2100 
Number of blades×runner-1 16 4 
Manufacturer/brand KMW Kvaerner 
Manufacturing year 1919 1993 
Power plant building year 1919 1904 
Total capacity (m3×s-1) 14 28 
Rounds per minute 250 333 
Annual production (GWh) 3.2 11.6 
Head (m) 5.5  8.7  
Spacing trash rack (mm) 20 30 
Effect (MW) 0.6  2.15 

Jungner 
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Brown trout smolts were caught at three different locations in the river using wolf traps 
(Wolf, 1951). Two of the traps were located at upper Finsjö, one of these was built below two 
spill gates and the other in the trash gate (a gate used to clear the power intake channel from 
ice and trash) located next to the power plant (Figs. 2 & 3). The third trap was built in the 
trash gate at lower Finsjö power plant (Figs. 2 & 3). At least one of the traps was always in 
operation from 17 April to 25 May. From 25 May to 13 June traps were only occasionally in 
operation, when the water discharge was high enough. 
 

�
Figure 2. Map of Emån at Finsjö, showing the positions of the fixed telemetry stations ( ). Enlargements of 
the areas next to the power plants ( ) show the walls of the dams ( ) and the possible migration routes 
( ). Fish released at the release point at upper Finsjö made a first choice between entering one of the spill 
gates (route A) or continuing towards the power plant (route B and C). Fish that swam towards the power plant 
had to make a second choice, between entering one of the spill gates (route B) or swiming into the power intake 
channel (route C). Fish entering the power intake channel could either swim through the turbines or through the 
trash gate. At lower Finsjö, fish had the choice between entering the former channel (route F), the fishway or the 
power intake channel (route D). In the power intake channel, fish could either swim trough the turbines or 
through the trash gate. The locations of the wolf traps are indicated on the map: the spill gate trap at upper Finsjö 
with the letter “S”, the trash gate trap at upper Finsjö with the letter “U” and the trash gate trap at lower Finsjö 
with the letter “L”. 
 

 
6�

8�

/�
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a. b. 

  
c. 

 
Figure 3. Photos showing the wolf traps built at Finsjö, 2005. a) The spill gate trap at upper Finsjö (indicated by 
“ S”  in Fig. 2). b) The trash gate trap at upper Finsjö (indicated by “ U”  in Fig. 2). c) The trash gate trap at lower 
Finsjö (indicated by “ L”  in Fig. 2).  
 
Table II. Number of captured and recaptured smolts in the wolf traps at Finsjö. In total 40 smolts were caught 
(18 April – 15 May) and 25 smolts were recaptured in the traps (27 April – 18 May). UF = upper Finsjö, LF = 
lower Finsjö. 

 
Forty wild brown trout smolts were tagged from 26 April to 17 May. Captured fish (Table II) 
were anaesthetized using MS-222 (a benzocaine derivate), measured and weighed. Smolt >32 
g were tagged with a radio transmitter (model: F1545, ATS, Advanced Telemetry Systems, 
INC., ISANTI, MN 55040 USA), which weighed 0.90 g in air and had a battery life of >37 
days. The mean size of the tagged brown trout smolts was 60.8 ± 23.9 g ( ± S.D.) and 189 ± 22 
mm. The radio transmitters were surgically implanted into the peritoneal cavity of the fish. 
The incision was closed with two separate silk sutures and the antenna protruded out from the 
body cavity. The tagged individuals were kept over the day to check for post-tagging injuries. 
To reduce the risk of predation they were released at dusk, between 20:00 and 22:10 h, when 
they were transported approximately 500 m upstream of the upper power plant and released 
into the main channel. They were then able to choose between different downstream routes 
past the dam. Their first choice was between entering one of the spill gates (route A, Fig. 2) or 
continuing towards the power plant (route B and C, Fig. 2). Fish that swam towards the power 
plant had to make a second choice, between entering one of the spill gates (route B, Fig. 2) or 
swim into the power intake channel (route C, Fig. 2). Fish entering the power intake channel 
had to make a third choice, as they could either swim through the turbines or through the trash 
gate. At lower Finsjö, fish had the choice between entering the former channel (route F, Fig. 
2), the fishway or the power intake channel (route D, Fig. 2). Of the tagged smolts, half were 
tagged and released on the day of capture and the other half were retained for 1-8 days before 
being tagged and released. Retaining the fish had no effect on survival downstream of Finsjö 
DV�FRPSDUHG�ZLWK�ILVK�UHOHDVHG�RQ�WKH�GD\�RI�FDSWXUH�� 2-WHVW��GI ��� 2=0.40, p=0.5). 

 Spill gate trap UF Trash gate trap LF Trash gate trap 
Number of captured smolt 17 21 2 
Number of recaptured smolt 12 9 4 
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As each radio transmitter had a unique frequency, the route of each individual could be 
mapped. The mapping was performed by manual radio tracking, from land and by boat, and 
by the use of four fixed telemetry stations. The fixed stations consisted of a logger (ATS, 
model: ATS Data Collection Computer, DCC) and a receiver (ATS, model: Challenger Model 
R2100) connected to a switching unit and two 4-element Yagi antennae. As the loggers stored 
information about signal strength and time for each frequency, a diagram with signal strength 
versus time was used to identify the route each fish chose. One fixed station was located at 
upper Finsjö and two at lower Finsjö, one positioned close to the power station and one 
further downstream where the former channel and the power plant channel conjoined (Fig. 2). 
A fourth fixed station was located approximately 200 m upstream of the mouth of the river as 
the fish entered the Baltic Sea.�The area around the power plants was manually radio tracked 
at least once each day (27 April – 14 June), and the area downstream of Finsjö was manually 
radio tracked when tagged fish were present there (receiver R2100).  
 
'DWD�DQDO\VLV�
For each tagged individual the routes chosen at the power plants were mapped. The fates of 
the smolts were evaluated at three locations: (1) upper Finsjö, (2) lower Finsjö and (3) 2.5 km 
downstream of the lower power plant and further downstream. The fates were classified as (1) 
swam to the next location, (2) died, (3) stopped or (4) fate unknown (Fig. 4). 
 
Some general rules were used to evaluate the fate of the smolts. If the data from the fixed 
telemetry stations showed that a fish was moving immediately after passing a power plant and 
later stopped moving, it was classified as being consumed by a predator. If the fish, on the 
other hand, had not moved after the passage, it was assumed to have been killed by the 
turbine, i.e. turbine-induced mortality. At upper Finsjö, data from the fixed stations were used 
to distinguish between dead fish that drifted to lower Finsjö and fish that swam. This 
interpretation was facilitated by using tracking data of an individual that was killed in the 
turbines at the upper power plant (the head was cut off) and was subsequently caught in the 
trap at lower Finsjö. Individuals tracked to a lotic habitat, where they remained until the end 
of the study were classified as stopped, i.e. were alive but had interrupted the migration. This 
interpretation was supported by examination of three tagged smolts, electrofished in the 
bypass channel on 19 June, as they were alive and had desmoltified. A fish that had resided in 
a lentic habitat was classified as being eaten by a predator. On a few occasions the signal was 
permanently lost and thus the fate of the fish was unknown. 
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Figure 4. A schematic description of the routes chosen by 40 tagged brown trout smolts at upper Finsjö power 
plant (UF) and lower Finsjö power plant (LF), and the different fates of the smolts at the three locations, UF, LF 
and downstream of Finsjö (DS).  
 
I tested if the relative discharge along the different routes varied for the different routes that 
the fish chose. A ratio of the water discharge between the different routes (A vs. B+C and B 
vs. C, indicated in Fig. 2) was calculated for every occasion a fish made a selection, and the 
mean values of the ratios for each route were compared. To test the guidance efficiency of the 
trash gate for the smolts, I tested if there was a preference for the trash gate or the turbines at 
the two power plants, respectively. If the proportion of fish following each route was not 
proportional to the water discharge, the fish were judged as showing preference or avoidance 
behaviour. 
 
I tested if the smolts were more delayed at the power plants than in a river section without 
artificial barriers, located in the Jungner area, some 2.5 km downstream of the lower power 
plant (Fig.1). This was done for the individuals that made it past the river section in Jungner, 
and the number of days spent at upper Finsjö, lower Finsjö and Jungner was compared. This 
comparison was based on manual radio tracking, when the position of the fish was determined 
once each day. I assumed that for each occasion the position of a fish was determined, it had 
spent 24 h at that location. The fixed telemetry stations at Finsjö verified the accuracy of this 
approximation.  

All 
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8SSHU�)LQVM|�
Thirty-four (85%) of the 40 tagged smolts swam past the power plant at upper Finsjö. The 
routes chosen were through one of the spill gates (indicated by “ A”  and “ B”  respectively in 
Fig. 2) or towards the power plant (indicated by “ C”  in Fig. 2). Fish that swam towards the 
power plant could either enter the turbines or pass through the trash gate (into the trap). None 
of the smolts used the bypass channel. The distribution of smolts at the three routes were: (1) 
47% swam through a spill gate, entering the former channel (“ B” ) or the wolf trap (“ A” ) after 
a median time of 3 h after release (range 1.0-72.0 h), (2) 24% swam through the trash gate 
(“ C” ) entering the wolf trap after a median time of 8 h after release (range 2.5-34.0 h) and (3) 
29% passed through the Francis runners in the power plant (“ C” ) after a median time of 36 h 
after release (range 2.5-296.5 h). Smolts recaptured in the traps (Table II) were identified and 
immediately released below the trap in question. It took more time to pass the dam for the 
individuals that swam through the power plant compared with those that swam through the 
spill gate or the trash gate (Kruskal-Wallis, df=2, K=12.52, p=0.0019). Moreover mortality 
was higher for the individuals that swam through the power plant than those that chose the 
trash gate or the spill gate (Fig. 5).  
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Figure 5.�The fates of 33 smolts that swam through the power plant, the trash gate or the former channel, at 
upper Finsjö (UF), with the actual number of individuals indicated above each bar (one individual, that was 
accidentally killed in the spill gate trap is excluded in this diagram) . LF=lower Finsjö.  
 
Of the fish that entered the power plant, 40% died, and this mortality was not related to length 
of the fish (Mann-W, df=1, U=11.5 p=0.92). One fish died in the former channel, eaten by a 
predator, and its transmitter was found at the bottom of the river. One fish that had 
desmoltified was caught by electrofishing on 19 June in the bypass channel. One fish died in 
the spill gate trap. Six of the 40 tagged fish never swam past the upper Finsjö power station, 
four of them were eaten by predators, one was killed at the trash rack of the power plant and 
the fate of the last one was unknown.  
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Eight of 18 fish that swam towards the power plant swam into the trash gate trap (the 
remaining swam through the turbines). In other words, the smolt guidance efficiency was 
44%, which did not differ significantly from random selectiRQ�� 2-WHVW��GI �� 2=0.11, p=0.74). 
If consideration was taken to the fact that 96.5% of the water flowed through the power plant 
DQG�RQO\������WKURXJK�WKH�WUDVK�JDWH��WKHUH�ZDV�D�SUHIHUHQFH�IRU�WKH�WUDVK�JDWH�� 2-test, df=1, 

2=7.26, p=0.0071). 
 
The discharge along the different routes varied during the study period (Table III). However, 
the mean value of the water discharge ratios did not differ between the fish that swam along 
route A and route B+C, respectively (Fig. 2). The ratios were first compared for the untagged 
fish when they swam into the trap the first time (Mann-W, df=1, U=153.5, p=0.44), and for 
the tagged fish when they made a choice the second time (Mann-W, df=1, U=103.5, 
p=0.174). Even when comparing fish that took route B vs. route C the mean value of the 
water discharge ratios did not differ (Fig. 2, Mann-W, df=1, U=30.0, p=0.49). 
 
Table III. The discharge intervals along the different routes, and the intervals of the relative discharge ratios at 
upper Finsjö, 26 April to 17 May 2005. 
5RXWH� 'LVFKDUJH�LQWHUYDO��P

�

V � � � 5DWLR� ,QWHUYDO�RI�WKH�UHODWLYH�GLVFKDUJH�UDWLR��
A 2.3-3.3 
B+C 14.6-22.9 

A/(B+C) 
 

0.14-0.29 

  B 0.4-3.1 
C 13.8-19.8 

�

B/C 
 

0.55-0.06 
 

 
/RZHU�)LQVM|�
Twenty-seven (79%) of the 34 fish that had swum past upper Finsjö power plant, later arrived 
at lower Finsjö. The median time from when these fish were first detected at lower Finsjö 
until they had swum through the power plant was 7.5 h (range: 0.3-315.5 h). All of them 
swam towards the power plant (indicated by “ D”  in Fig. 2) where they either swam through 
the turbine or into the trash gate trap (recaptured smolts were released at the mouth of the 
bypass channel to avoid the high current in the tailrace). None of the smolts used the bypass 
channel or the spillgate into the former channel (indicated by “ F”  in Fig. 2) where only a tiny 
amount of water was spilled. When the trash gate was open, 6% of the water ran through that 
gate (and 94% through the power plant). Twenty-five of the fish arrived at lower Finsjö when 
the trash gate was open and four of them swam into the trash gate trap, i.e. the smolt guidance 
efficiency was 16%. There was no route preference, as the proportion of fish following each 
route did not differ from the relative discharge for the different rouWHV�� 2-WHVW��GI ��� 2=0.76, 
p=0.67). Three of the fish that swam into the trash gate trap survived downstream of Finsjö. A 
fourth individual swam upstream in the bypass channel and stopped, where it was 
subsequently electrofished on 19 June (Fig. 6).  
 
85% of the fish that arrived at lower Finsjö passed through the power plant. Three fish (13%) 
died in the Kaplan turbine, and four were eaten by predators downstream of the power plant. 
The three smolts that died in the Kaplan turbine had a larger mean body length (225 ± 23 mm) 
than the 20 fishes that survived (189 ± 20 mm, Mann-W, df=1, U=8.0 p=0.04). One individual 
was electrofished in the bypass channel 18 days after it had passed through the Kaplan turbine 
and it was in a good condition.  
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Figure 6. The fates of 27 smolts that swam through the power plant or the trash gate at lower Finsjö (LF), with 
the actual number of individuals indicated above each bar. 
�
'RZQVWUHDP�RI�)LQVM|�
Eighteen (67%) of the 27 fish that had swum past lower Finsjö power plant survived at least 
2.5 km downstream of the lower power plant, and six of these 18 (22%) reached the sea. The 
remaining had either stopped in a riffle (n=5), were eaten by predators (n=4) or the fate was 
unknown (n=3). The distance migrated depended on the route used by the trout. None of the 
fish that survived the passage of the turbines in the upper power plant migrated further than 
about 3 km downstream of the upper power plant, whereas several of the fish that took other 
routes migrated further downstream (Fig. 7).  
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Figure 7. Comparison of what happened to the fish that swam the three different routes at upper Finsjö (former 
channel, trash gate and power plant), showing the proportions of fish lost at Finsjö and the fates of the smolts 
that managed to swim downstream of Finsjö. ds=downstream 
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2YHUDOO�VXPPDU\�RI�UHVXOWV�
In total, 45% of the smolts (18 of 40 individuals) had successfully passed both power plants 
and swum downstream of Finsjö. Of the fish that passed both power plants, some made it to 
the sea, others stopped in a lotic habitat, others were eaten by a predator or their fate was 
unknown. Those who did not swim past the power plants either died (from turbines, in a trap 
or by predation), stopped in a lotic habitat or the fate was unknown (Fig. 8). The total losses 
were 33% at each power plant (13 of 40 at the upper power plant and 9 of 27 at the lower 
one). The predation rate at Finsjö was 23% (9 of 40 individuals), which is equivalent to 15% 
km-1. The predation rate downstream of Finsjö was 22% (4 of 18 individuals), which is 
equivalent to 0.8 % km-1. Fish that found alternative routes past the upper power plant (i.e. did 
not swim through the turbines) and later swam past the river section without artificial barriers 
(located 2.5 km downstream of the lower power plant), did not spend more time swimming 
past the power plants than swimming past this river section (Kruskall-Wallis, df=2, K=1.99, 
p=0.37).  

0

10

20

30

Predation Killed at power
plant 

Killed in trap Stopped To sea Unknown

)D
WH�
RI�
WKH

�ILV
K��
�
��

13

8

1

8

6

4

Figure 8. The fate of all 40 tagged smolts (%), with the actual number of individuals indicated above each bar.  
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As expected, mortality was higher for those fish that swam through the upper power plant 
than those that chose alternative routes. A similar comparison at the lower power plant was 
not possible to make as few individuals took the alternative route through the trash gate. As 
hypothesized, the turbine-induced mortality was higher at the upper power plant than at the 
lower one. A turbine induced mortality of 40% at upper Finsjö and 13% at lower Finsjö is 
similar to the 38% and 9% mortality at upper and lower Finsjö reported by Calles & 
Greenberg (2005b). The consistently high turbine induced mortality at upper Finsjö 
underscores the passage problems at the upper plant. Nevertheless, the passage problems at 
the lower power plant should not be underestimated, as the total loss was 33% at each power 
plant, as compared to 36% at upper Finsjö and 12% at lower Finsjö in Calles & Greenberg 
(2005b). 
 
Mortality was not the only problem for the smolts at the power plants. Individuals that swam 
through the power plant at upper Finsjö took more time to pass the dam than individuals that 
took an alternative route. This is consistent with my hypothesis and agrees with the results of 
Calles & Greenberg (2005b). However, individuals that did not swim through the power plant 
(i.e. took an alternative route) were not delayed, when compared with the time these 
individuals spent swimming past a river section without artificial barriers.  
 
Even if the smolts were not delayed at the dams, the high predation rates around the upstream 
dam showed that it is not only the power plant itself that constitutes a problem for the smolts. 
Dams increase the amount of lentic habitat, which favours piscivorus species (Olsson HW�DO���
2001; Koed HW�DO���2002). The predation rate at the upstream dam at Finsjö was 15% km-1, 
which is greater than reported for the Danish river Gudenå, where the predation rate was 7.5% 
km-1 in a large reservoir (Koed HW�DO���2002). In Emån a predation rate of 2.2% km-1 has been 
reported for the lowermost 23 km (Larsson, 1985), which is similar to that reported for a lotic 
section in the Danish River Gudenå (Koed HW�DO���2002), but almost three times higher than the 
predation rate downstream of Finsjö in the present study (0.8% km-1). However, if the 
individuals whose signals disappeared abruptly were eaten by birds, as previously reported in 
the Danish river Gudenå (Jepsen HW�DO���1998), the predation rate downstream of Finsjö would 
have been 1.4% km-1. The stress caused by the tagging could have contributed to the high 
predation rate at the upper reservoir, as this possibly could have made the fish an easier prey. 
As the presence of alternative routes permitted the smolts to swim past the power plants faster 
than if they swam through the turbines, the availability of many alternative routes may reduce 
exposure to predators in the dam. In dry years a high proportion of water is expected to be led 
through the turbines, which should negatively affect trout survival (Hvidsten & Johnsen, 
1997).  
 
The smolt guidance efficiency of the trash gate at upper Finsjö was substantially higher in this 
study (44%) than that reported in 2004 when only 20% (2 of 10 individuals) used this route 
(Calles & Greenberg, 2005b). Keeping the trash gate at upper Finsjö open during the smolt 
migration and constructing a plunge pool below the gate, should increase the number of 
smolts that successfully swim past the power plant. Possible improvements to increase the 
proportion of fish swimming through the trash gate would be to make a physical barrier to 
hinder fish from entering the turbines and force them into the trash gate or to modify the trash 
diverter to more efficiently lead fish into the gate. Even if the smolt guidance efficiency of the 
trash gate at lower Finsjö was substantially lower (16%) than at upper Finsjö, this study 
showed that the temporary plunge pool below the trash gate protected fish that otherwise 
would have died as they landed on the concrete surface, as shown by Calles & Greenberg 
(2005b). 
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While this study has shown that turbine-induced mortality is high, there may have been 
indirect effects as well. None of the trout that passed through the turbines alive actually 
migrated more than about 3 km downstream of the power plant and it is possible that the 
turbines injured the fish. The consequence would be a delayed mortality, directly caused by 
the injuries or indirectly by predation. At the lower power plant, fish that died in the turbines 
drifted downstream and were difficult to distinguish from fish eaten by predators, which may 
have led to an underestimation of the turbine-induced mortality at the lower power plant. 
 
Previous studies have shown that measures need to be taken to increase the survival rate of 
smolts passing Finsjö, especially at the upper plant (Calles & Greenberg, 2005b). This study 
further confirms this and shows that the trash gates can be used to divert trout past the power 
plants. If the fishways built at Finsjö are going to have long-term effects on the brown trout 
population, problems associated with passage of the power plants should be reduced. This can 
be done by providing the smolts with alternative routes using spill water in different gates and 
by diverting the smolts from the turbines via the trash gates. 
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