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SUMMARY

The ReFISH programme (Restoring Endangered Fish In Stressed Habitats) started in 1988, with the
stocking of 5 brown trout strains in 13 acidic lakes in Southern Norway. The fish stocking has been
repeated yearly since. All lakes were highly acidic, and located in some of the regions most damaged by
long-range transported pollution in Norway. The pH ranged from pH 4.5 - 5.2, aluminium (as monomeric
aluminium) from 60 - 180 ug AVL, and calcium from 0.3 - 1.0 mg Ca/L.

The lakes have been fished yearly using gillnets. The captures in 1990 and 1991 indicate that survival has
been good in several (8) of the lakes. In lakes with good survival, the fish were growing fast, reaching 25-
30 cm at the age of 3+. Gonadal development was normal and the K-factor was normally higher than 1.1.
No adverse affects could be detected on fish in lakes with surviving fish.

No single chemical factor can explain the occurrence or absence of fish in the lakes. The ability to support
fish seems to be lake specific, and determined by pH, calcium and/or aluminium.

Of the five strains used for restocking, two strains performed clearly best, contributing to more than 80%
of the catches, while two strains are doing poorly and contributed to less than 10% of the catches.

In the time over which the ReFISH Project has operated, it has not been possible to gain data on
reproductive success, but the first spawners (gonad stage 4 and 5) were registered in 1991. It is hoped that
further funding will be forthcoming to enable an assessment of reproductive ability to be undertaken.
Without this information, it will be difficult to determine restocking strategies for larger regions.

Restocking acid lakes with local "acid tolerant” strains of brown trout might prove to be a supplement to
other mitigating techniques as liming.



1. INTRODUCTION

The restoration of acid lakes and watersheds by reducing long-range transported pollution is possible
(Wright et al.1991a) but is predicted to be a slow process (Christophersen et al., 1990, Wright et al.
1991b, Warfvinge et al. 1992). To ensure a self-sustaining fish population in the most acid lakes in
Southern Norway, estimates shows a recovery period of 50 - 150 years even at a 100 % reduction in acid
depositions. However, despite measures taken to reduce pollution emissions, a complete reduction in
depositions is not realistic. This implies that a number of lakes will remain too acidic to allow fish survival
and reproduction (Henriksen et al. 1992). Liming is currently the most commonly used method in Norway
for restoration of fish populations in acidified regions (Hindar and Rosseland 1991). However, as a
supplement to liming, or as a mitigation method by itself, restocking of more acid-tolerant fish has to be
considered.

Differences in the sensitivity to acid water among salmonid species are well documented (Jensen and
Snekvik, 1972, Grande et al., 1978, Rosseland and Skogheim, 1984). Different strains within one species
have shown different sensitivity to acid water in laboratory experiments e.g. brook trout, Salvelinus
fontinalis (Robinson et al., 1976) and brown trout, Salmo trutta L. (Gjedrem, 1976, 1980, McWilliams,
1980, 1982, Rosseland and Skogheim, 1987, Swarts ef al., 1978, Turnpenny et al., 1987). However, long-
term studies combining laboratory and field experiments under natural conditions, have been lacking. The
purpose of the ReFish Project is to study brown trout strain- dependent survival in lakes representing a
range of water qualities (pH 4.5 - 5.2, 60 - 180 pg Al/L, 0.3 - 1.0 mg Ca/L) and in laboratory
experiments, to assess the feasibility of this method of mitigating the effects of acidification.

The ReFISH-project started in autumn 1987. Five Norwegian brown trout strains are being assessed.
Thirteen lakes in three separate regions of southern Norway are used for stocking and testfishing, the
results of which can be correlated with lake water chemistry. The lakes were first stocked with the fry of
the five strains in October 1988. Descriptions of the strains and the experimental regions have been
reported by Sadler and Rosseland (1988). In addition to stocking and testfishing, laboratory hatching and
survival experiments using the same strains have been conducted in the UK since spring 1988. The results
of stocking, testfishing and laboratory experiments conducted in 1988 and 1989 are reported by Rosseland
et al. (1990).

This progress report summarises the results of stocking from 1988 and onward, testfishing and laboratory
experiments undertaken in 1990 and 1991. For completeness, earlier field data are also reported. A fish
response/water chemistry evaluation has been attempted. More detailed reporting of the laboratory
experiments in the UK are given by Sadler and Lynam 1989ab and Dalziel and Lynam (1991, 1992). The
main results of testfishing have already been reported by Rosseland and Kroglund (1992). In addition,
experiments using the same strains at the RAIN (Reversing Acidity In Norway) Project site at Risdalsheia
are described by Kroglund and Rosseland (1992). A report on survival experiments performed at NIVA is
in progress (Kroglund et al. 1993).

In addition to funding from NIVA and the Joint Environmental Programme of PowerGen and National
Power in the UK, funding was provided in 1990 and 1991 from the Norwegian Water Resources and
Energy Administration (NVE).



2. STOCKING AND TESTFISHING. 1990 AND 1991

2.1. PROCEDURE

The testfishing, the overnight survival tests and the stocking followed the procedure described previously

(Rosseland et al., 1990).

The numbers of fish of each strain stocked into each lake in 1990 and 1991 were the same as those in the
1989 stocking (Table 1). The Bygland strain was supplied from Bygland Fish Farm in both years, while the
other strains came from the Oslo Fish Administration (OFA). Unfortunately, fish of the Fossbekken strain

were not available for restocking in 1990 or 1991.

TABLE 1. Numbers of fish of each strain stocked into each lake in 1990 and 1991.

Number of fish

Region Lake Per strain Total
Valle/Njardarheim Hyttetjgrni 150 600
' Kringlevatn 200 800
Rennevatn 100 400

Skammevatn 300 1200

Smalevatn 200 800

Lyngdal Homsvatn 150 600
Trollselvvatn 100 400

Sandvatn 100 400

Skjekelivatn 150 600

Mjévatn 100 400

Birkeland Repstadvatn 100 400
Barkevatn 100 400

Mgrkelivatn 100 400

2.2. STOCKING AND TESTFISHING IN 1990

Stocking and testfishing in 1990 was performed between August 19 and 27. Leif Lien, Bjgrn Olav

Rosseland, Frode Kroglund, Tom Dalziel and Arthur Bulger participated in the field work.

Data on fishing effort, results of testfishing and overnight survival tests are given in Table 2. Data on

individual fish are given in Appendix 1.



2.2.1. Birkeland region

Stocking and testfishing in the Birkeland region took place over August 20 and 21. Heavy rain (102 mm in
20 h) resulted in very high water levels in the three lakes in the region.

The fish came from Oslo by air on August 20 and were brought to the region by car. Transport time from
packing to stocking was 7 h. The fish were in good condition.
2.2.2. Lyngdal region

Stocking and testfishing in the Lyngdal region took place between August 21 and 23. The weather was
partly cloudy with little wind and no rain.

The fish came by air on August 22 and were brought to the region by car and rucksack. Transport time was
9 h. The fish were in good condition.

2.2.3. Valle/Njardarheim region

The stocking and testfishing in the Valle/Njardarheim region took place between August 25 and 27. The
weather was slightly cloudy with little wind and no rain. Fish from OFA and Bygland Fish Farms were
brought by seaplane directly to the region. The condition of the fish was generally good, although the
Bygland fish seemed "slack” when stocked in Skammevatn and Kringlevatn.

TABLE 2. Fishing effort and results of testfishing (brown trout/brook trout) and overnight
survival tests (n=10 of each strain) in 1990. Exposure time (Exp.) is given. (d =

dying)
Captured Exp. Mortality (n)
_Region Lake Gillnets 1990 (h) Bygland Gjedrem  Bustul Tunhovd
Valle Hyttetjgrni 2x3 0 20 1
Kringlevatn 1x8 0 20
Rennevatn 1x8 0 20 id
Skammevatn 1x8 0 20 1
Smalevatn 1x8 2/0 20
Lyngdal  Homsvatn 1x8 0 20
Trollselvvatn 1x8 01 20 4 9 8 10
Sandvatn 1x8 4/10 20 1
Skjekelivatn 1x8 0 20
Mjévatn 2x3 19/0 20
Birkeland Repstadvatn 1x8 2/0 20
Barkevatn 1x8 2/2 20
Mgrkelivatn 1x8 0/1 20 1 2 7+1d




2.3. STOCKING AND TESTFISHING IN 1991

Stocking and testfishing in 1991 was performed between August 26 and September 3. Leif lien, Frode
Kroglund, Espen Lydersen and Tom Dalziel participated in the field work.

Data on fishing effort, results of testfishing and overnight survival tests are given in Table 3. Data on
individual fish are given in Appendix 1.

2.3.1. Birkeland region
Stocking and testfishing in the Birkeland region took place over August 26 and 27.

The fish came from Oslo by air on August 26 and were brought to the region by car. Transport time was 7
h. The fish were in good condition at the time of stocking.

The weather was sunny with few clouds and little wind.

2.3.2. Lyngdal region
Stocking and testfishing in the Lyngdal region took place over August 28 and 19.

The fish came by air on August 28 and were brought into the region by car and rucksack. Transport time
was 9 h. The fish were in good condition at the time of stocking.

The weather was sunny with few clouds and little wind.

2.3.3. Valle/Njardarheim region
Stocking and testfishing in the Valle/Njardarheim region took place over September 2 and 3.

Fish from OFA and Bygland Fish Farms were brought by seaplane directly to the region. The fish were in
good condition at the time of stocking.

Strong winds were experienced during the stocking and testfishing, which resulted in the keepnet used for
the overnight survival test at Lake Rennevatn being blown on-shore and, at Lake Hyttetjgrni, not being
recovered.



TABLE 3. Fishing effort and results of testfishing (brown trout/brook trout) and overnight
survival tests (n=10 of each strain) in 1991. Exposure time (Exp.) is given. (d) =

dying
Captured Exp. Mortality (n)
Region Lake Gillnets 1991 (h). Bygland Gjedrem Bustul Tunhovd
Valle Hyttetjgrni 3+3 0 24 *
Kringlevatn 8+3 2 24 1 5
Rennevatn 8+3 0 24 *
Skammevatn 8+8 1 24 1 3
Smalevatn 8+8 23 24
Lyngdal  Homsvatn 8+3 0/1 20
Trollselvvatn 8+3 0 20
Sandvatn 8+8 20 20
Skjekelivatn 8+8 6 20
Mjévatn 3+3 26 20
Birkeland Repstadvatn 8+8 5 18 1 1
Barkevatn 8+3 12 17 1
Mgrkelivatn 8+3 0 17

* Cage lost due to strong wind.

3. WATER CHEMISTRY, 1988 - 1991

3.1. METHODS

Water samples were collected on a regular basis by local helpers and sent immediately to NIVA for
analysis. Analyses were performed according to standard methods at NIVA.

Cations were analysed by atomic absorption spectrophotometry and SO42+ and ClI- by ion
chromatography.

NO3~ and NHy* were analysed colorimetrically. Aluminium fractions were analysed by ion-exchange
colometry. Inorganic monomeric aluminium (Al;) is defined as the difference between reactive aluminium
(Alp) and organic aluminium (Al). TOC is determined by infrared spectroscopy after oxidation to CO5.

ANC (acid neutralizing capacity) was calculated according to Lien et al. (1990). The ANC calculation is

not based on sea-salt corrected values.

ANC = ([Ca2+1+[Mg2+]+[Nat1+[K*] - [SO421+{CI"+[NO3 T)peq/L



3.2. STATISTICS

The chemical data from 1988 to October 1991 were subjected to ANOVA testing (Statview SE +
Graphics, version 1.03), to help identify significant differences in water chemistry between the lakes.

3.3. RESULTS

Water chemistry data from the start of the field work in September 1988 to November 1991 are given in
Appendix 3. Given below are comparisons of water chemistry between regions and between lakes.

3.3.1. Comparisons between regions

There were significant differences (p<0.05) in pH, calcium, inorganic monomeric aluminium and ANC
between the three regions (Figures 1 - 4).
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B %

Birkeland Lyngdal Valle

Figure 1. Mean pH (as H*) in each of the three regions. S.E. shown. * indicates significant
difference (p<0.05)
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Figure 2. Mean calcium concentration (mg Ca/L) in each of the three regions. S.E. shown. *
indicates significant difference (p<0.05)
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Figure 4. Mean ANC (peq/L) in each of the three regions. S.E. shown. * indicates significant
difference (p<0.05)
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3.3.2. pH
3.3.2.1. Birkeland region

pH measured in the Birkeland region lakes is shown in Figure 5. The pH of Mgrkelivatn was seldom higher
than pH 4.6, a pH level only common during the winter for the other two lakes.

el Rep ~——{l——— Bar wm=émmm= Mgr

Birkeland

Figure 5. pH measured in Barkevatn, Repstadvatn and Markelivatn (Birkeland region)
between October 1988 and November 1991.
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3.3.2.2. Lyngdal region

pH measured in the Lyngdal region lakes is shown in Figure 6. Trollselvvatn had a significantly lower
mean pH than the other lakes. Mjavatn had higher mean pH than Sandvatn, but was not significantly
different (p>0.05) from the other lakes. Trollselvvatn was clearly the most acidic lake but had a mean pH
in 1989 not very different from the other lakes. Mjévatn generally had the highest pH, but did experience
very acidic water during autumn.
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Figure 6. pH measured in Homsvatn, Mjavatn, Skjekelivatn, Sandvatn and Trollselvvatn
(Lyngdal region) between September 1988 and October 1991.
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3.3.2.3. Valle/Njardarheim region

pH measured in the Valle/Njardarheim region lakes is shown in Figure 7. There is no significant difference
(p>0.05) between the mean pH of the five lakes in the Valle/Njardarheim region, but Hyttetjgrni would
have been significantly more acidic than the other lakes had it not been for the high pH levels recorded in
1991. Hyttetjgrni, as such, stands out as different from the other lakes. For all the lakes, summer pH values
tend to be higher than spring values.

——B—— Ren {me—— Hyt ¢ Ska s Sma A Krl
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Figure 7. pH measured in Rennevatn, Hyttetigrni, Skammevatn, Smalevatn and Kringlevatn
(Valle/Njardarheim region) between September 1988 and October 1991.
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3.3.3. Calcium concentrations

3.3.3.1. Birkeland region

Calcium concentrations measured in the Birkeland region lakes are shown in Figure 8. Mgrkelivatn had
significantly (p<0.05) lower mean calcium concentrations than Repstadvatn and Barkevatn. Calcium
concentrations tended to increase in autumn in all the lakes, while, in general, lower concentrations were
recorded during summer, when the pH was highest (Figure 5-7).

——#—— Rep -l Bar wme=tw— Moy

Birkeland
1,20 .
. S
= |
.
1 080 F---- £ 75
\ f
) ,"0. .
= X [
= 0,60- LR VR
- F *
2
lw} + . '
© 040 - - R I I
020 - - - - m e e e
0,00 e

Figure 8. Calcium concentrations measured in Repstadvatn, Barkevatn and Markelivatn
(Birkeland region) between October 1988 and November 1991.
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3.3.3.2. Lyngdal region

Calcium concentrations measured in the Lyngdal region lakes are shown in Figure 9. Trollselvvatn had
significantly lower (p<0.05) mean calcium concentrations than the other lakes. Mjivatn and Homsvatn had
similar and "high" concentrations, while Skjekelivatn and Sandvatn were similar with intermediate
concentrations. There appeared not to be any clear seasonal trend in calcium concentration, although higher
concentrations were recorded in 1989 than in following years.
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Figure 9. Calcium concentrations measured in Homsvatn, Mjavatn, Skjekelivatn, Sandvatn
and Troliselvvatn (Lyngdal region) between September 1988 and October 1991.
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3.3.3.3. Valle/Njardarheim region

Calcium concentrations measured in the Valle/Njardarheim region lakes are shown in Figure 10. Rennevatn
had significantly higher (p<0.05) mean calcium concentrations than other lakes, which all had similar
concentrations. The concentrations were highest during summer and lower during winter. The spring
concentrations in 1991 were slightly lower than spring concentrations recorded in previous years.

e Qe T Hyt ¢ Ska Sma A Kri

Valle
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100 f-- oo R R T
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Figure 10. Calcium concentrations measured in Rennevatn, Hyttetjgmi, Skammevatn,
Kringlevatn and Smalevatn (Valle/Njardarheim region) between September 1988
and October 1991.
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3.34. Inorganic monomeric aluminium

3.34.1. Birkeland region

Inorganic monomeric aluminium (Al;) concentrations measured in the Birkeland region lakes are shown in
Figure 11. Concentrations were similar for all three lakes. There were large seasonal variations, with lower
Al concentrations recorded during late summer and higher concentrations during winter. Concentrations in
October of 1991 were slightly lower than recorded in previous years, which may have been due to the
higher pH values recorded that year than in other years.
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Figure 11. Al; concentrations measured in Repstadvatn, Barkevatn and Mgarkelivatn (Birkeland
region) between October 1988 and November 1991.
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3.3.4.2. Lyngdal region

Inorganic monomeric aluminium (Al;) concentrations measured in the Lyngdal region lakes are shown in
Figure 12. Homsvatn had significantly higher (p<0.05) mean Al; concentrations than the other lakes, which
all had similar concentrations. There was no clear seasonal variation in Al; concentration.
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Figure 12. Al; concentrations measured in Homsvatn, Mjavatn, Skjekelivatn, Sandvatn and
Trollselvvatn (Lyngdal region) between September 1988 and October 1991.
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3.3.4.3. Valle/Njardarheim region

Inorganic monomeric aluminium (Al;) concentrations measured in the Valle/Njardarheim lakes are shown
in Figure 13. Rennevatn and Hyttetjgrni had significantly higher (p<0.05) mean Al; concentrations than the
other lakes; concentrations recorded in Rennevatn were significantly higher (p<0.05) than those of
Hyttetjgrni. Large seasonal variations were obvious, with higher concentrations occurring in spring and
lower concentrations during summer.

» Ren (e Hyt ® Ska e Sma A Krl

Inorganic monomeric aluminium pg/L

Figure 13 Al; concentrations measured in Rennevatn, Hyttetjorni, Skammevatn, Kringlevatn
and Smalevatn (Valle/Njardarheim region) between September 1988 and October
1991.
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3.3.5. Acid neutralizing capacity (ANC)
3.3.5.1. Birkeland region

ANC measured in the Birkeland region lakes are given in Figure 14. Mgrkelivatn had significantly lower
(p<0.05) mean ANC than Repstadvatn and Barkevatn, which had similar values. No clear seasonal trend is
obvious. Low ANC (< -50 peq VL) was recorded in all the lakes in winter 1989/90. ANC increased again
during 1990.
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Figure 14. ANC measured in Repstadvatn, Barkevatn and Merkelivatn (Birkeland region)
between October 1988 and November 1991.
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3.3.5.2. Lyngdal region

ANC measured in the Lyngdal region lakes are shown in Figure 15. Homsvatn had significantly lower
(p<0.05) mean ANC than the other lakes. Mjévatn had significantly higher (p<0.05) mean ANC than the
other lakes. Intermediate ANC values were recorded in Skjekelivatn, Sandvatn and Trollselvvatn. Some
seasonal variation is apparent, with lower values in winter/spring and higher values in summer.
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Figure 15. ANC measured in Homsvatn, Mjavatn, Skjekelivatn, Sandvatn and Trollselvvatn
(Lyngdal region) between September 1988 and October 1991.
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3.3.5.3. Valle/Njarhardeim region

ANC measured in the Valle/Njarhardheim region lakes are shown in Table 16. There were no significant
differences (p<0.05) in mean ANC between the lakes. Some seasonal variation was obvious, with higher
values in late summer and lower values in spring. There seems to be a general trend towards higher ANC
levels in 1991 than recorded the previous years.

el Ren {1 Hyt . Ska Sma & Kri

Figure 16. ANC measured in Rennevatn, Hyttetjgrni, Skammevatn, Kringlevatn and
Smalevatn (Valle/Njardarheim region)between September 1988 and October 1991.
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3.3.6. Comparisons between lakes

Comparisons of water chemistry of all lakes in each of the regions are presented in Tables 4, 5 and 6.
Significant differences (p<0.05) between lakes are shaded.

3.3.6.1. pH

pH comparisons are shown in Table 4. The mean pHs of both Repstadvatn and Barkevatn were not
significantly different (p<0.05) from Mjdvatn and Homsvatn. Barkevatn did not differ from Sandvatn and
Skjekelivatn, and Mgrkelivatn did not differ from Trollselvvatn. Apart from these instances, there were
significant differences in mean pHs (p<0.05) between lakes. pHs were most similar between lakes in the
Lyngdal and Birkeland regions.

3.3.6.2. Calcium

Calcium concentration comparisons are shown in Table 4. The low calcium concentrations in Trollselvvatn
were not significantly different (p>0.05) from those of Hyttetjgrni, Skammevatn, Kringlevatn or
Smalevatn. Mean calcium concentrations in Sandvatn and Skjekelivatn were similar to Rennevatn. There
were significant differences (p<0.05) in the mean calcium concentrations for other combinations of lakes.
There was some similarity in the mean calcium concentrations of lakes in the Lyngdal and
Valle/Njardarheim regions.

3.3.6.3. Inorganic monomeric aluminium

Comparisons of inorganic monomeric aluminium concentrations are shown in Table 5. Mjdvatn,
Skammevatn, Kringlevatn and Smalevatn all had similar low Al; concentrations. Trollselvvatn, Sandvatn
and Skjekelivatn were not significantly different (p>0.05) from Hyttetjgrni, Skammevatn, Kringlevatn and
Smalevatn. Homsvatn was similar to Hyttetjgrni. Mean Al; concentrations in lakes in the Lyngdal and
Valle/Njardarheim regions were similar.

3.3.6.4. TOC
Comparisons of TOC concentrations are shown in Table 5. The TOC of Repstadvatn was similar to that of
Homsvatn, and Sandvatn and Skjekelivatn were similar to Barkevatn and Mgrkelivatn. TOC concentrations
varied to a large extent between lakes.

3.3.6.5. ANC
Comparisons of lake ANC are shown in Table 6. Trollselvvatn, Sandvatn and Skjekelivatn had similar
mean ANCs to Rennevatn, Hyttetjgrni and Kringlevatn. The high mean ANC in Mjdvatn was similar to

that of Rennevatn, Skammevatn, Kringlevatn and Smalevatn. ANC varied greatly within both the Lyngdal
and Valle regions and was low in the Birkeland region.
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NUMBER CAPTURED

4. FISH CATCHES, 1988-1991

Fish catches from the lakes in each region between 1988 to 1991 are shown in Figures 17, 18 and 19.

4.1. BIRKELAND REGION

Catches in the three lakes in the Birkeland region are shown in Figure 17. Until 1990, no fish were caught.
No brown trout have been caught in Mgrkelivatn. Of the few fish which have been caught in this region,
most have been of the Bygland strain.

10 T REPSTADVATN Sample Year

g 1988 M 1990

7 [ 1989 1991

6

5

4

3

2

1 3 L

0 Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout
10 T BARKEVATN

8T

7t

6T

5T

2T

3T

2+

T ||

0 Bygland Gjedrem Bustul Tunhovd Brook trout
13 1 M@RKLIVATN

8T

7+

6T

5T

2T

3T

2+

17 . . . . N

0 Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout

Figure 17. Brook trout and stocked brown trout caught in lakes in the Birkeland region
between 1988 and 1991.
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4.2. LYNGDAL REGION

Catches in the five lakes in the Lyngdal region are shown in Figure 18. No brown trout have been caught
in Trollselvvatn.

Brook trout were stocked in Lake Homsvatn in 1987, a year before the start of the ReFish project. Since
then, as apparent from the results of testfishing, the brook trout have migrated downstream and have been
caught subsequently in the other lakes in the region.

20 HOMSVATN Sample Year

16 1988 M 1990
12 [ 1989 E] 1991

0- ’ + +
Bygland Gjedrem Fossbekk Bustui Tunhovd Brook trout

TROLLSELVVATN

i o - :
Bygiand Gjedrem Fossbekk Bustul Tunhovd Brook trout

fg SANDVATN
16
14
12
8 2%
6
4

Bygland Gjedrem Fossbekk Bustui Tunhovd Brook trout

NUMBER CAPTURED
&

SKJEKELIVATN

L, AN !

Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout

MJAVA

Bygiand Gjedrem Fossbekk Bustul Tunhovd Brook trout

Figure 18. Brook trout and stocked brown trout caught in lakes in the Lyngdal region between
1988 and 1991
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4.3. VALLE/NJARDARHEIM REGION

Catches in the five lakes in the Valle/Njardarheim region are shown in Figure 19. Stocked brown trout have
been caught in only three of the lakes in this region. In Skammevatn only Bygland strain fish have been
caught. One Bygland and one Gjedrem strain fish were caught in 1991 from Kringlevatn. In Smalevatn fish
from all strains except Bustul have been caught.

20 T SMALEVATN Sample Year

16 1988 M 1990
14 [J 1989 E1 1991

+ + + +
Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout

18 KRINGLEVATN

2 ] . ' ‘ : .
Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout

20 T SKAMMEVATN

NUMBER CAPTURED
o

: 4 ¢ 4 4
Bygland Gjedrem Fossbekk Bustul Tunhovd Brook trout

Figure 19. Brook trout and stocked brown trout caught in lakes in the Valle/Njardarheim region
between 1988 and 1991
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4.4. STRAIN-DEPENDENT CATCHES

The percentage contributions of the five strains to the total number of fish caught are shown in Figure 20.
The Bygland strain dominated, contributing 51% of fish caught. Gjedrem fish made up 30% of the catches
and Fossbekken, Bustul and Tunhovd strains each contributed 10% or less. The Figure has not been
corrected for uneaven number of fish stocked from each strain in the different lakes.

ReFISH captures 1988-1991

Number captured (%)

Bygland Gjedrem Fossbekk Bustul Tunhovd

Figure 20. Percentage contribution of the five strains to the total number of fish caught
between 1988 and 1991. (N.B. No Fossbekken strain fish were stocked in 1990,

and a reduced number in 1988.)
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5. FISH GROWTH

Estimates of absolute fish growth can be made from the mean length measurements of different age classes
of caught fish. Length data from caught fish are given in Table 7. Fish ages were determined from scale
and otolith samples. Since numbers of caught fish were small, mean lengths have been calculated for all
fish of the same age class, irrespective of year of restocking or catch. Estimates of growth have been made
for fish of the Fossbekken, Gjedrem and Bygland strains captured from each of the three regions.

TABLE 7 Mean lengths (and S.D.) of captured fish of Fossbekken, Gjedrem and Bygland
strains from each of the three regions. Data for fish of the same age group (1+, 2+
and 3+) are irrespective of year of stocking or catch.

Region Strain Age Length S.D. No.fish
cm
Birkeland  Fossbekk 1+ -
2+ 22,3 3,5 2
3+ -
Gjedrem 1+ 13,5 1
2+ 19,7 2,2 2
3+ 27,8 1
Bygland 1+ 13,2 2,2 5
2+ 17,9 1,6 4
3+ 22,8 0,8 2
Lyngdal Fossbekk 1+ -
2+ 21,6 3,7 4
3+ 29,5 1
Gjedrem 1+ 13,5 1,3 3
2+ 21,5 3 11
3+ 27,8 4,6 9
Bygland 1+ 13,5 1,9 13
2+ 20,6 2,9 18
3+ 24,4 2,3 9
Valle Fossbekk 1+ 8,9 1
2+ 17,2 2,7 4
3+ -
Gjedrem 1+ -
2+ 15,9 2,3 5
3+ 22,9 2,5 3
Bygland 1+ 9,9 1,3 8
2+ 15,9 2,5 5
3+ -
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The differences in growth of fish of the Bygland and Gjedrem strains in Mjévatn in the Lyngdal region, and
Smalevatn in the Valle/Njardarheim region, are shown in Figure 21. There are no significant differences
(p<0.05) in growth of fish of either strain within each region, but growth of both strains in Smalevatn
(Valle/Njardarheim) is significantly less (p<0.05) than in Mjdvatn (Lyngdal). This may explain the greater
number of captured fish in the Lyngdal region in 1990; fish become a catchable size earlier than in the
Valle/Njardarheim region.

Lyngdal Valle/Njardarheim
Mjavatn Smalevatn

Number of fish caught

Bygiland Genetic Bygland Genetic

Figure 21. Comparison of growth of fish of the Bygland and Gjedrem strains caught in
Mjavatn (Lyngdal region) and Smalevatn (Valle/Njardarheim region). 1 S.D. shown.
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6. FISH STOMACH CONTENTS

The stomach contents of all caught fish were analysed to assess diet composition. The data are shown in
Figures 22, 23 and 24. The y-axis shows the percentage number of fish having eaten organisms of a
taxonomic group and the x-axis shows the taxonomic group's contribution to the stomach content. The
relative contribution from each taxon is volume corrected, increasing the importance of large food items
and reducing the influence from zooplankton. All data are presented in Appendix 2.

6.1. BROOK TROUT

Brook trout were caught in Sandvatn, Trollselvvatn, Homsvatn, Mgrkelivatn and Barkevatn. Corixids were
common in the brook trout diets in all lakes. (Figure 22).

6.2. BROWN TROUT

In 1989 only one brown trout was caught (in Mjévatn) and had zero stomach content. Therefore, data
shown are from 1990 and 1991. The fish are not divided into strain or age as there was too little material to
permit a detailed interpretation of the data. The results are presented for each region.

6.2.1. Birkeland region

Fish were caught in Barkevatn and Repstadvatn; four in 1990 and 17 in 1991. In Barkevatn Chaoborus
was an important prey item in both years. Corixids were eaten only in 1990. In Repstadvatn Chaoborus
was present only in 1990, together with Chironomids and Corixids (Figure 23). In 1991 Trichoptera were
the dominant prey, together with Corixids (Figure 24).

The number of Chaoborus present in fish caught in the Birkeland region may indicate that the fish were
feeding in the pelagic zone during nighttime, alternating with the profundal zone during the day, in response
to the diurnal migration pattern recorded for Chaoborus species in the region. Feeding habits may explain
the "low" catches of fish in this region in 1990, as littoral insects were plentiful only in 1991. The data may
also indicate that fish density was higher in 1991 than in 1990, causing the fish to utilize a larger number of
taxonomic groups.

6.2.2. Lyngdal region

23 fish were caught in Mjévatn and Sandvatn in 1990 and in 52 Mjdvatn, Sandvatn and Skjekelivatn in
1991.

In Mjévatn approximately 50% of the fish had zero stomach content in both 1990 (Figure 23) and 1991
(Figure 24). Six to eight taxonomic groups were represented, with Odonats and Corixids being the
dominant food organisms in 1990, and Odonats and Megaloptera in 1991. The fish had also been eating
zooplankton in 1991.
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In Skjekelivatn, fish were caught only in 1991 (Figure 23). Corixids dominated as food item, together with
a small proportion of Dytiscids and Trichoptera.

In Sandvatn only 80% of the fish had eaten in 1990, while all fish had eaten in 1991 (Figure 23). Corixids
dominated as food item both years, together with a small amount of other littoral prey items.

The general impression is that fish were feeding in the littoral zone, both in 1990 and 1991. All taxa
common in acidic lakes in the region were present in the fish stomachs. Corixids dominated as the prey
item, but Odonarts, Dytiscids and Megaloptera were commonly present. The largest number of taxa was
utilized in Mjdvatn, the lake also showing best fish survival. The high number of taxa fed upon in this lake
could indicate increased competition for food, indicating a higher fish density than in the other 2 lakes
sampled from this region. It is worth pointing out that fish from Mjivatn were predating on zooplankton in
1991.

6.2.3. Valle/Njardarheim region

In 1990 two fish were caught in Smalevatn. In 1991 26 fish were captured in Smalevatn, Kringlevatn and
Skammevatn. The stomach content of the one fish captured in Skammevatn was zero.

In Smalevatn, Odonata, Corixids and Dytescids were preyed upon in 1990 (Figure 23). In 1991 a large
number of taxa were present in the stomachs, but only in 40% of the fish (Figure 24). Zooplankton and
Megaloptera were the dominant prey items in 1991, together with a large number of Corixids, Dytescids,
Trichoptera and terrestrial insects.

In Kringlevatn only two taxa were commonly preyed upon, with zooplankton being the dominant prey item
(Figure 24). Trichoptera were present in low numbers.

The large number of zooplankton present in the stomachs of fish from the Valle/Njardarheim region

indicates a different feeding strategy in the fish there compared with those from the Lyngdal and Birkeland
regions.
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Figure 22 Diet composition of brook trout 1990-1991. The percentage of food item fnaking.up
the total diet is presented on the x-axis and the percentage number of fish having
eaten a food item is shown on the y-axis.
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Brown trout - 1990

Barkevatn, N=2 Repstadvatn, N=2
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Chironomidae %Terrmtrian
N
Zooplankton Seeds

Figure 23. Diet composition of brown trout caught in 1990. The percentage of food item
making up the total diet is presented on the x-axis and the percentage number of
fish having eaten a food item is shown on the y-axis.
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Brown trout - 1991
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Figure 24. Diet composition of brown trout caught in 1991. The percentage of food item
making up the total diet is presented on the x-axis and the percentage number of
fish having eaten a food item is shown on the y-axis.
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7. LABORATORY EXPERIMENTS

Eyed eggs of all the strains except Fossbekken were imported into the UK. in 1990 and 1991 under
quarantine conditions stipulated by the Ministry of Agriculture, Fisheries and Food (U.K.). The eggs were
used in experiments simulating typical southern Norwegian water qualities to investigate survival through
hatching to the swim-up stage, and growth and development. In place of the Fossbekken strain, which was
unavailable, a strain of trout from Scotland was also used.

The experimental apparatus at PowerGen's Power Technology Centre near Nottingham is described by
Dalziel and Lynam (1990). In brief, eggs and fry are subjected to carefully controlled water qualities
simultaneously in a flow-through system under conditions of constant temperature and controlled light/dark
regime

In 1990 the eggs were hatched and the fry reared for up to 10 weeks following hatching at 8°C in a range
of pH from 4.5 to 6.0 in the absence of aluminium. The calcium concentration was 0.5 mg/L.. Low pH
affected whole body ion concentrations and skeletal development of all the strains. Survival of all the
strains with the exception of Bygland was impaired at the lowest pH tested. Skeletal development of the
Bygland strain was slower than the other strains at all pHs. Full details and results of the experiment

are given by Dalziel and Lynam (1991).

In 1991 the eggs were hatched and the fry reared for up to 10 weeks following hatching at 8°C in a range
of total aluminium concentrations from zero to 80 upg/L at either pH 4.7 or pH 5.3. The calcium
concentration was once again 0.5 mg/L. The aluminium concentrations used had only marginal effects on
survival but adversely affected whole body mineral concentrations and skeletal development in all strains at
both pHs. Overall, the effects due to aluminium were not as severe as effects due to pH. Few inter-strain
differences were determined, although impairment of skeletal calcification was less in the Tunhovd strain.
Full details and results of the experiment are given by Dalziel and Lynam (1992).
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8. DISCUSSION

All the lakes used for stocking and testfishing can be described as acidic (pH 4.5 - 5.2), aluminium-rich (50
- 180 pg/L as Aly) and low in calcium (0.3 - 1.0 mg Ca/L). The lakes are typical and representative of
lakes in three of the most acidified regions of Norway (Henriksen ef al., 1987). Based on common criteria
for identifying acidic lakes it is reasonable to assume that the previously resident fish populations have
been lost from the lakes because of acidification. The lakes in Birkeland supported a minor brown trout and
perch populations up to the beginning of the 1980’s, but both Repstadvatn and Barkevatn had become
barren by 1984 (Rosseland et al., 1980. SFT 1985).

ANC can be used to classify lakes into water qualities having lethal, sub-lethal or no effect on fish (Lien et
al., 1992, Hesthagen et al., 1992). According to ANC data, Mjdvatn, Skammevatn and Smalevatn (mean
ANC levels > -12 peq VL) could, with the present water chemistry, at least support a damaged fish
population, while Rennevatn, Hyttetjgrni, Kringlevatn, Skjekelivatn, Sandvatn and Trollselvvatn (mean
ANC > -22 < -16 peq VL) only have a 50% chance of having, at best, a damaged fish population. All fish
should be extinct from Homsvatn, Repstadvatn, Barkevatn and Mgrkelivatn (mean ANC < -31 peq VL).
All lakes in the ReFISH programme were barren prior to the fish stocking in 1988.

Mean water quality values (1988-1991) for pH, calcium, Al;, and ANC, combined with the fish results, are
presented in Table 8.

TABLE 8 Comparisons of mean values of pH, calcium (Ca), inorganic monomeric aluminium
(Al}) and ANC with fish catches over 1989 - 1991. Significant differences (p<0.05)
between lakes within an region are marked by shading (different from all lakes), or
borders (different from lakes outside the border).

Locality pH Ca  Ali ANC Bygland Gjedrem Fossbekk Bustul Tunhovd
Rennevatn 5.20

Hyttetjorni 5,03

Skammevatn| 5.32 X

Kringlevatn 5.14 X X X

Smalevatn 5.14 X X X X
Homsvatn 4.73

Mjavatn 4,74 X X X X X
Skjekelivatn | 4.66 X X

Sandvatn 4,66 X X X

Trollselvvatn |

Repstadvatn | 4.74| 0.96] 183 -39 X X X
Barkevatn 469 095 180, -39 X X X X
Morklivatn

Mean pH calculated as H+

39



There appears to be systematic differences between lakes from which fish were caught and lakes with no
catches. Rennevatn was significantly different (p<0.05) from the other four lakes in the Valle/Njardarheim
region for mean calcium and Alj concentrations. Hyttetjgrni was significantly different (p<0.05) from the
remaining lakes for Alj and had very low pH values, although not significantly different (p<0.05) from the
other lakes. In the Lyngdal region, Homsvatn was significantly different (p<0.05) from the other four lakes
for Al;, while Trollselvvatn was significantly different (p<0.05) for pH and calcium concentration. In the
Birkeland region, Mgrkelivatn was significantly different (p<0.05) from the other two lakes for pH and
calcium. From these data, no single variable can explain the occurrence or absence of fish in the lakes. The
ability to support fish seems to be lake-specific, and determined by pH, calcium and/or the Al
concentrations. ReFISH can so far, only evaluate survival and not reproduction, the life stage most critical
in nature. The captures in Repstadvatn and Barkevatn, both having ANC<-39, do indicate that additional
factors than the bare ANC-level are of importance, e.g. these lakes have the highest calcium concentration
of the 13 lakes. On a lake by lake basis, ANC seems, on its own, an insufficient measure of whether a
fishery can be supported.

No fish were captured in lakes with pHs lower than pH 4.56, but were caught at higher pHs if the Al
concentration was sufficiently low. There appears to be an upper limit to acceptable Al; concentrations of
about 60 pg/L, given the low calcium concentrations (Figure 25), in accordance with observations by
Skogheim and Rosseland 1986. The fish had higher tolerance to Al; when calcium concentrations were
higher than 0.95 mg Ca I/L (Barkevatn and Repstadvatn, Birkeland region).

60 T Captures 1988-1991
pH 4.6-5.3, Ca 0.2-0.6 mg/L
50..-
E [ ]
S
g 07
(3]
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]
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[
[+ 1] B =
£+
-
2
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]
0..x:,..:...:..'..:-..-...:...:,-..:
0 20 40 60 80 100 120 140 160

Aluminium pg/L

Figure 25. Numbers of fish captured in lakes with pH ranging from 4.6 - 5.2 and calcium
concentrations between 0.2 and 0.5 mg Ca V/L.
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Stocking of O+ brown trout in October 1988 would not normally result in any capture by gill net in the
following year. Even a gill net of 10 or 12.5 mm mesh size normally catches fish only from the age of 2+,
unless the growth of the fish is exceptionally good. This has obviously been the case in Lake Mjdvatn,
where the trout from the Gjedrem strain which were stocked at a size of ca. 1 g had grown up to the size of
42 g in less than one year. Growth was good in all regions, highest in Birkeland and lowest in
Valle/Njardarheim. Growth differences are most likely due to temperature differences between the three
regions, and are not necessarily chemically determined. There does not appear to be any sign of food
shortage in any region. Good condition factors (K>1) and gonadal development of caught fish (Appendix 1)
indicate that energy is being expended by the fish in growth and sexual maturation rather than in survival
alone. Results of test fishing in 1992 and 1993 should make it possible to both evaluate variation in growth
within lakes and between lakes within a region, as well as document whether successful reproduction has
taken place in some regions.

Certain life-cycle stages use other habitats than the lake body and thus may expose themselves to waters
possibly more toxic than the lake water. For example, fish returning to brooks to spawn might be more
susceptible to being affected by poor water quality, while lake-living fish can seek areas with temporarily
better water quality. Brood fish and fry are especially vulnerable during their stay in the brooks. In the time
over which the ReFish Project has operated, it has not been possible to gain data on reproductive success,
but the first spawners (gonad stage 4 and 5) were registered in the Lyngdal region in 1991. The survival
and growth results achieved so far, however, and the consistency obtained with the Bygland strain in
laboratory experiments and in the field, are very encouraging. It is hoped that further funding will be
forthcoming now to enable an assessment of reproductive ability to be undertaken. Without this
information, it will be difficult to determine restocking strategies for larger regions.
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APPENDIX 3, WATER CHEMISTRY
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