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Reduced survival of Black-throated Diver Gavia arctica chicks —
an effect of changes in the abundance of fish, light conditions or
exposure to mercury in the breeding lakes?

Forsdamrad éverlevnad av storlommens Gavia arctica ungar — en effekt av
fordndringar i fiskforekomst, ljusforhallanden eller kvicksilverexponering i

héickningssjoarna?

MATS O. G. ERIKSSON

The breeding success of Black-throated Diver Gavia arc-
tica in Sweden has been monitored in the period 1994—
2014. The production of young was in balance with the
annual mortality, without any temporal trend. However,
the percentage of broods with 2-3 chicks decreased sig-
nificantly, indicating reduced survival of the unfledged
chicks. Three plausible causes were investigated: abun-
dance of fish, impaired water visibility, and exposure to
methylmercury. There is no indication of any changes in
abundance of the main prey fish, such as Perch Perca
SAuviatilis. Impaired light conditions have been record-
ed in lakes in South Sweden, but not in the central and
northern parts, so increased difficulties in localising prey
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fish might have been a contributing factor but cannot
fully explain any reduction in chick survival. Exposure
to methylmercury, however, deserves further study. For
Perch, which is the main prey in most breeding lakes, the
average mercury levels in muscle tissue exceeds levels
for proposed screening benchmarks, with reference to
risk of behavioural aberrations or impaired reproduction
in Common Loon Gavia immer in North America.
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Recent population estimates indicate a population
size of around 22 000 pairs of Black-throated Div-
er Gavia arctica in Europe (outside of Russia), of
which about 98% is found in the Nordic countries.
During 2008-2012, 5300—7100 pairs were estimat-
ed to breed in Sweden and 12 000-13 000 pairs
in Finland, with reference to the recent assessment
of population status and trends of birds under Ar-
ticle 12 of the Birds Directive (http://bd.eionet.
europa.eu/article12/). For Norway, the population
is less than 5000 pairs, although no more precise
recent estimates seem to be available (fact sheet
from the Norwegian Species Information Centre,
http://www.artsportalen.artsdatabanken.no/#/Rod-
liste2010/Vurdering/Gavia+arctica/34353). Thus,
the future of the Black-throated Diver in Europe
is very much dependent on the management and
development of the population in the Nordic coun-
tries.

The Black-throated Diver eats fish and it prefers
breeding in clear, nutrient poor freshwater lakes
with a species-poor fish fauna (Eriksson & Paltto
2010). The prey is mostly caught in the breeding
lakes, in contrast to the Red-throated Diver Ga-

via stellata, which often breeds in small lakes and
ponds without fish, but catches fish for the chicks
from larger lakes with clear water or at sea up to a
travelling distance of ca 10 km, sometimes further.

The breeding populations of Black-throated Div-
er and Red-throated Diver in Sweden have been the
target for voluntary-based surveys since 1994 (Pro-
jekt LOM, Eriksson 2010, 2014). For the Black-
throated Diver, the production of young has been
in balance with the annual mortality, without any
long-term temporal trend (Eriksson 2014). This is
consistent with results from the Swedish Bird Sur-
vey, which indicate a slow but long-term increase
in the size of the breeding population since the
mid-1970s, although the trend might have levelled
off in recent years (Green & Lindstrom 2015). De-
spite the fact that levels and trends do not raise any
immediate concern, there is nevertheless a worry-
ing indication that the percentage of broods with
2-3 chicks has decreased since the mid 1990s (Fig-
ure 1, Eriksson 2014).

This might indicate a reduction in the survival of
non-fledged chicks. Generally, divers lay two (rarely
three) eggs. In most cases, both eggs hatch but often
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Figure 1. The percentage of broods with 2-3 large chicks,
1994-2014.
Procentandelen ungkullar med 2-3 stora ungar, 1994-2014.

only one of the chicks survives to fledge. The chicks
are primarily fed with fish, but also with aquatic
invertebrates during the first weeks after hatching.
It is known from previous studies that the chicks’
survival is largely dependent on the parents’ success
in providing them with small-sized fish (Jackson
2003). Thus, there are reasons to assume that any
impaired survival of the chicks can be linked to the
parents’ ability to find prey fish for the chicks, or the
quality of this prey. In this paper, three plausible and
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potentially overlapping explanations for the chicks’

reduced survival have been studied:

* Changed abundance of prey fish: This aspect has
been investigated using data from fish-sampling
in freshwater lakes where a regular occurrence
of breeding Black-throated Divers has been con-
firmed during the period 1994-2013.

» Changed light conditions in the lakes: In many
lakes in Scandinavia, the content of dissolved
organic compounds has increased over recent
decades, with impaired light penetration as a con-
sequence. There are different views on how to in-
terpret these changes; e.g. a natural consequence
of the recovery of lakes affected by acid precipita-
tion during the mid 20" century (e.g. Montheith
et al. 2007, Erlandsson et al. 2008), or a climate-
induced impact related to increasing temperature
(e.g. Weyhenmeyer & Karlsson 2009). In either
case, this change might have affected the ability
for the divers to find prey fish. Divers are visual
predators and the choice of lakes for foraging is
linked to the light penetration (e.g. Eriksson 1985,
Eriksson & Sundberg 1991, Kauppinen 1993),
and the survival of non-fledged chicks is higher
in lakes with good light conditions (Eriksson &
Paltto 2010). In this study, any changes in the
light conditions in lakes regularly used by Black-
throated Diver during the period 1994-2013 have
been investigated

» Exposure to mercury: Divers are top predators
in the freshwater lake ecosystems and are thus
susceptible to exposure to mercury and other
elements via the intake of food (e.g. Scheu-
hammer et al. 2007 for an overview). Reports
about increasing levels of mercury in fish since
the 1990s, indicating that a long-term declining
trend since the 1960s had been broken (Aker-
blom & Johansson 2008), have attracted some
public attention, although the results have more
recently been refuted (Akerblom et al. 2014).
Furthermore, the assessment of the trends in
the mercury level in fish was primarily based
on studies on Pike Esox lucius, although Perch
Perca fluviatilis is a more relevant species for
the purpose of this study as it is the most im-
portant prey for Black-throated Diver in many
Scandinavian lakes. Trends in mercury levels
are however, also difficult to assess for this fish
species. Studies indicating an increasing trend in
recent years (Danielsson et al. 2011) has to be
balanced against information indicating higher
contents in muscle samples from fish caught in
Swedish lakes before 1996, compared to later,
while the opposite seems to apply for Finland



(Miller et al. 2013). In this study, the issue of
exposure of Black-throated Divers to methyl-
mercury via the intake of fish prey is discussed
by relating information about the contents in
Perch (Akerblom & Johansson 2008) to propos-
als of screening benchmarks to reflect risks for
behavioural changes or impaired reproduction in
Common Loon Gavia immer in North America
(Burgess & Meyer 2008, Depew et al. 2012).

Material and methods

Study population and the survival of Black-
throated Diver chicks

A comprehensive overview of trends and levels in

the breeding performance of the Black-throated

Diver population in Sweden during 1994-2013

is given by Eriksson (2014), with the results pre-

sented separately for different parts of the country:

« South Sweden (Gétaland) = Ostergétland,
Jonkoping, Kronoberg, Kalmar, Blekinge,
Skane, Halland and Vistra G6taland Counties.

» South-Central Sweden (Svealand) = Stockholm,
Uppland, Sodermanland, Virmland, Orebro,
Vistmanland and Dalarna Counties.

» North-Central and North Sweden (Norrland) =
Giévleborg, Visternorrland, Jamtland, Véster-
botten and Norrbotten Counties.

Background information of relevance for the
present study is that the percentage of broods with
2-3 chicks was 34% both in South and South-Cen-
tral Sweden and 41% in North-Central and North
Sweden during this period, and the numerical dif-
ferences between the various parts of the country
could not be verified by statistical significance. For
the period 1994-2003 this percentage varied from
35% to 46% for the various parts of Sweden, com-
pared to 30-36% for the period 2004-2013 (table 3
in Eriksson 2014). The percentage of broods with 3
large chicks was 0.5%, if pooling over all years and
all parts of the country (page 33 in Eriksson 2010,
updated with data for the period 2009-2013).

Thus, the parameter of specific interest for this
purpose is the “percentage of broods with 2-3
large chicks”, used as an index of the survival of
chicks until fledged and a “large” chick being more
than half the length of the adults and thus likely
to fledge. Further details on the methods used for
assessing the breeding result are given by Eriksson
(2010, pages 80-81).

Regular checking of the number eggs in the nests
has not been included in the field surveys, inter alia

in order to reduce the risks of disturbing incubating
birds and observer-related impact on the breeding
performance. Thus, the information about clutch
sizes is limited but on the basis of available data
the percentage of nests with two eggs was com-
pared for the periods 1994-2003 and 2004-2013,
in order to confirm if any change in the percentage
of broods with 2-3 large chicks might be a conse-
quence of change in clutch size.

Statistical analyses

Temporal trends in the percentage of broods with
2-3 large chicks were investigated by calculating the
Spearman rank correlation coefficient r . For the pair-
wise comparisons of data from the same lakes during
the periods 1994-2003 and 2004—2013, the Wilcox-
on’s test for matched pairs was used (e.g. Fowler &
Cohen 1995). The results of the statistical tests are
given in connection to relevant tables and figures.

Selection of study lakes

The material collected during the voluntary-based
surveys in the period 1994-2013 includes informa-
tion about the presence of breeding or territory-
holding Black-throated Diver pairs in around 2350
lakes, which is equivalent to almost 10% of the
approximately 24 000 freshwater lakes larger than
0.1 km? in Sweden. To make sure that the study
included sites used regularly by breeding Black-
throated Diver it was restricted to only include
lakes with information about breeding or territory-
holding pairs in at least five years during the period
1994-2013. Some 500 lakes, or approximately 2%
of the lakes larger than 0.1 km? in Sweden, met this
criterion and for 153 of them information about
fish abundance or light conditions was available
(Appendix A for details).

Abundance of fish

For assessments of the abundance of fish, results
from gill-net fishing done within the framework
of national and regional monitoring http://www.
slu.se/sjoprovfiskedatabasen) for the period 1994—
2013 were used. To investigate any changes, pair-
wise comparisons were made in relation to fishing
in the same lakes during the 10-year periods 1994—
2003 and 2004-2013.

The mean number of fish per catch effort was
used as an indirect measure of the density of fish
(Kinnerback 2001, no corrections were made
with reference to potential net selectivity). The
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fish data was split up with reference to catches of
Perch, cyprinid fish, salmonid fish, and Pike (see
Table 2 in Eriksson & Paltto 2010 for detailed in-
formation about the fish species in the different
groups), bearing in mind that the production of
young by Black-throated Diver has been found to
be correlated only with the abundance of Perch
rather than any other fish species (Eriksson & Pal-
tto 2010). Catches of fish smaller than 22 cm were
analysed separately as the chicks can rarely han-
dle larger prey (Jackson 2003). Catches of Pike
were analysed in order to check if the predation
pressure by this species on newly hatched chicks
had changed, with reference to previous studies
indicating this risk (e.g. Lehtonen 1970, Jackson
2003, see also Dessborn et al. 2011 with reference
to ducks).

Among the lakes selected for this study, results
from at least one fish sampling each during the
periods 1993-2003 and 2004-2013 were avail-
able from 40 lakes in South Sweden and 10 lakes
in South-Central Sweden, but only one lake in
North-Central and North Sweden. Analyses were
thus only carried out for South and South-Central
Sweden (Appendix B for details).

Light conditions in the lakes

Data was primarily collected from the nation-
al monitoring of lakes (http://infol.ma.slu.se/
db.html, Wilander et al. 2003 for methods etc) with
complementary information for some lakes in the
County of Vistra Gotaland. To investigate any
changes, pair-wise comparisons were made using
results from the same lakes over the 10-year peri-
ods 1994-2003 and 2004-2013.

Absorbance was used as the main measure of
light penetration. The light penetration is primar-
ily dependent on the contents of dissolved organic
compounds and turbidity. In the Swedish environ-
mental monitoring programme the absorbance of
light with a the wavelength of 420 nm has been
used as a standardised parameter, and a brown col-
our of the water can be detected by the naked eye
at circa 0.2 f,, . in lakes with a high contents of
humic substances. Information about absorbance
for the periods 1994-2003 and 2004-2013 was
available for 70 lakes in South Sweden, 43 lakes
in South-Central Sweden and 11 lakes in North-
Central and North Sweden.

Information available about Secchi disc trans-
parency was used in parallel, as this was regularly
recorded when fish sampling was carried out. Data
was available for 22 lakes in South Sweden, 7
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lakes in South-Central Sweden but only one lake in
North-Central and North Sweden.

Mercury contents in fish and Black-throated Diver
eggs

For a discussion in relation to the risks linked to ex-
posure to mercury, previously published informa-
tion regarding the contents in Black-throated Diver
eggs (Eriksson & Lindberg 2005) and freshwater
fish (e.g. Akerblom & Johansson 2008) was used.

Results

Survival of Black-throated Diver chicks

The percentage of broods with 2-3 chicks de-
creased significantly in all parts of Sweden during
the period 19942014 (Figure 1), which is consist-
ent with the overall lower percentage reported dur-
ing the period 2004-2013 compared to 19942003
(table 3 in Eriksson 2014).

The decreased percentage of broods with 2-3
large chicks cannot be ascribed to any decline in
clutch size. It is unlikely that the percentage of
egg clutches with 2 eggs has changed during the
study period. Although the number of nests with
information about clutch size is small, pooling the
available information for the periods 1994-2003
and 2004-2013, respectively, did not indicate any
change; the percentage of nests with 2 eggs was
82% for the period 1994-2003 (45 nests in total)
and 79% for 2004-2013 (11 nests). No clutches
with 3 eggs have been recorded, and they can be
expected to constitute only a small proportion
(2.3% in a study from Finland during the 1960s,
Lehtonen 1970).

Abundance of fish

There were no indications that the total abundance of
fish has changed in the breeding lakes in South and
South-Central Sweden, nor the abundance of Perch,
which is the Black-throated Diver’s main prey spe-
cies in many lakes, although the results of gill-net
fishing indicated substantial changes in individual
lakes. The only exception was a decreased abundance
of cyprinid fish in South-Central Sweden (Table 1,
Figure 2, details in Appendix B). This result applies
both for total catches and small-sized fish (<22 cm).



Table 1. Number of fish per catch effort per lake with gill-nets.
Antal fiskar per fangsanstrdngning och sjé vid provfisken med oversiktsndit.

South Sweden South-Central Sweden Total
Gotaland Svealand Totalt
Number of lakes 40 10 50
Antal sjoar
All fish Fish <22 cm All fish Fish <22 cm All fish Fish <22 cm
All fisk Fisk <22 cm All fisk Fisk <22 cm All fisk Fisk <22 cm
1994—  2004— 1994— 2004— 1994— 2004- 1994— 2004— 1994— 2004— 1994- 2004—
2003 2013 2003 2013 2003 2013 2003 2013 2003 2013 2003 2013
Total catch 30.8 289 28.5 26.5 35.1 343 30.7 31.0 31.7 30.0 28.6 274
Hela fangsten
Perch Perca fluviatilis ~ 16.9 15.6 15.2 14.5 12.4 18.8 11.3 17.6 16.0 16.3 14.4 15.1
Abborre
Cyprinid fish 11.2 10.9 10.6 10.1 20.0 12.5° 19.4 11.6* 13.0 11.2 12.3 10.4
Mortartad fisk
Salmonid fish 1.1 0.8 1.0 0.8 0.6 1.1 0.6 1.1 1.0 0.9 0.9 0.9
Laxartad fisk
Pike Esox lucius 0.2 0.2 - - 0.1 0.1 - - 0.2 0.2 - -
Gadda

2 P<0,01, two-tailed. No other differences could be established with statistical significance (Wilcoxon’s test for

matched pairs).

@ P<0,01, tvasidigt. Inga andra skillnader kunde faststdllas med statistisk signifikans (Wilcoxons test avseende

matchade par).

Light conditions in the lakes

Both absorbance and Secchi disc transparency
indicated that there has been impaired light pen-
etration in South Sweden since the mid-1990s,
but there were no indications of similar changes
in the remaining part of Sweden. Absorbance has
increased by 16% on average in the lakes in South
Sweden while it had remained at the same level in
the other parts of the country (Table 2, Figure 3,

Appendix C for details). Secchi disc transparency
decreased by 23% on average, from 3.9 m to 3.0
m, while it remained at the same level, 3.5-3.6 m
in South-Central Sweden (Table 2, Figure 4, Ap-
pendix C for details).

Discussion

Most likely and with reference to previous stud-
ies (Jackson 2003), the decreased percentage of

Table 2. Light conditions. Significance tested by Wilcoxon’s test for matched pairs; P two-tailed.
Ljusforhdllanden. Signifikansen tested med Wilcoxons test avseende matchade par; P tvdsidigt

South Sweden

South-Central Sweden North-Central and

Gétaland Svealand North Sweden
Norrland

Absorbance, f,,, - 1994-2003 0.12 0.09 0.10
Absorbans, f,,,,s 20042013 0.14 0.09 0.11

Number of lakes 70 43 11

Antal sjoar

P 0.004 N.S. ¢j sign. N.S. ¢j sign.
Transparency, m 1994-2003 3.9 3.5 4.2
Siktdjup, m 2004-2013 3.0 3.6 3.5

Number of lakes 22 7 1

Antal sjoar

P 0.002 N.S. ¢j sign. Not tested Ej testad
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of young, most likely because failures during incu-
bation, such as predation and flooded nests have
been the factors primarily affecting the breeding
success (Table 3 in Hake et al. 2005) and thus any
decreased percentage of broods with 2-3 chicks
has to be substantial, if it is to have an impact on
the overall breeding success. Furthermore and for
South Sweden, the percentage of successful breed-
ing attempts, resulting in at least one large chick,
increased during the period 2004-2013 (table 3 in
Eriksson 2014), which might indicate that an im-
proved hatching success may have compensated
for the increased loss of non-fledged chicks. Nev-
ertheless, the decreased percentage of broods with
2-3 large chicks should not be ignored. If this trend
continues, it might influence the overall breeding
performance and in addition, the reduced chick
survival may indicate a more widespread environ-
mental disturbance, affecting a large proportion of
the freshwater lakes in Sweden.

There were however, no indications that the de-
creased percentage in broods with 2—3 chicks could
be directly linked with changes in the abundance
of fish. Bearing in mind that the breeding perfor-
mance of Black-throated Diver has been shown to
correlate only with the abundance of Perch rather
than any other species of fish (Eriksson & Paltto
2010), it is noteworthy that the abundance of Perch
had not changed over the study period (Table 1,
Figure 2). In addition, there were no indications



that the abundance of Pike had changed, so it is
not likely the predation pressure by Pike on newly
hatched chicks had increased.

It is uncertain whether or not change in the light
conditions is a main cause. It is certain that light
penetration has decreased in the breeding lakes in
South Sweden but not further north (Table 2, Fig-
ures 3 and 4), although the percentage of broods
with 2-3 chicks has also declined in the remain-
ing parts of Sweden (Figure 1). For South Sweden
however, impaired light penetration might have
strengthened any impact on the chick survival
caused by any other factor.

Due to the fact that there were no unambiguous
indications that the abundance of fish or changed
light conditions might have affected the survival of
chicks, exposure to mercury deserves further atten-
tion. This issue has been extensively studied with
reference to Common Loon in North America (e.g.
Scheuhammer et al. 2007). Studies in captivity of
Common Loon chicks exposed to various levels
of methylmercury injected in eggs or in the diet
provided to chicks indicate that exposure to levels
likely to occur in nature have consequences on the
chicks’ behavior (Kenow et al. 2010, 2011).

For Sweden, higher concentrations of mercury
were found in Black-throated Diver eggs from pairs
fishing in lakes affected by acidification during the
1980s and 1990s, compared with other lakes al-
though the concentrations were judged to be below
the level where there was a risk of any impact on
reproduction (Eriksson & Lindberg 2005).

Current information about mercury levels in
muscle tissue samples from Perch collected in
freshwater lakes in Sweden indicate median values
of 0.14 ppm in small-sized fish, primarily feed-
ing on plankton, 0.20 ppm in medium-sized fish
of 12—18 cm length and 0.34 ppm in larger Perch
that primarily predate on other fish (Akerblom &
Johansson 2008). These figures should be related
to indications of a 50% reduction in the productiv-
ity of Common Loon at a mercury level of 0.21
ppm in fish and a complete failure in production
at 0.41 ppm (Burgess & Meyer 2008). Further-
more, benchmarks for screening various levels of
risks of behavioural aberrations and impaired or
failed reproduction in Common Loon have been
proposed at the levels of 0.1, 0.18 and 0.4 ppm,
respectively (Depew et al. 2012). Earlier studies
have also shown an impaired reproduction in Com-
mon Loon that has been linked to mercury levels of
0.3-0.4 ppm in the prey fish (Barr 1986). It is thus
very likely that Black-throated Divers breeding in
freshwater lakes in Sweden have been exposed to

mercury at levels where the risk of reproductive
impairment cannot not be excluded, even if it is
unclear about any trends in the concentrations of
methylmercury in Perch caught in Swedish lakes
(Danielsson et al. 2011, Miller et al. 2013). Thus,
and although this study does not provide any final
conclusions about the reasons behind any reduced
survival of Black-throated Diver chicks, it never-
theless indicates that risks related to exposure to
mercury should be prioritised for further research.
High mercury levels in the environment have
been an issue of concern for more than fifty years.
Initially, the problems were related to the use of
mercury in fungicides in agriculture and in the pulp
industry, and as far back as the 1960s high levels
of methylmercury in fish was reported (e.g. Joh-
nels et al. 1967, Ackefors 1971 with reference to
Sweden). With the successful restriction of the use
of mercury as fungicide-treatment, this source has
been kept under control. More recently, focus has
been directed towards the exposure of freshwater
organisms to mercury that can be traced to airborne
pollutants, emissions from fossil fuels and leaching
of mercury deposited in terrestrial environments
into aquatic habitats (e.g. Skyllberg 2003, Evers et
al. 2007). In single lakes, the content of mercury
in fish is related to a complex of factors, of which
water chemistry and land-use in the catchment area
are the most important. Studies in North America
suggest that the risk for top predators is substantial
in nutrient-poor lakes, with pH values below 6.0
in combination with low alkalinity and high con-
tents of dissolved organic carbon (Driscoll et al.
2007, Evers et al. 2007). With reference to these
indicators, almost 10% of the Black-throated Diver
breeding lakes and more than 30% of the fishing
lakes used by Red-throated Diver have been judged
to be at risk for high exposure to methylmercury
related to leaching from forest and wetland habitats
in the catchment areas (Eriksson & Paltto 2010).

Proposal for further actions

A main conclusion from this study is that risks re-
lated to exposure to mercury should be prioritised
in the management of fish and bird populations in
freshwater lakes in Sweden. The decreased percent-
age of broods with 2-3 chicks may indicate an en-
vironmental disturbance with wider implications,
bearing in mind that mercury concentrations in
Perch exceed the current EU environmental quality
standard (EC Directive 2008/105/EC, http://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=01J:
L:2008:348:0084:0097:EN:PDF, see also Miller et
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al. 2013) in many Swedish freshwater lakes, and

that concentrations exceed limits proposed for hu-

man consumption in single lakes (Danielsson et al.

2011). The absence of any public debate about the

quality of freshwater fish, as food both for humans

and birds, in contrast to the discussions on the same
issues during the 1960s and 1970s is both remark-
able and worrying.

However, there is room for initiatives, which
might include:

» Complementary collection and analyses of eggs
of Black-throated Diver, bearing in mind that no
analyses of eggs collected after 1997 are avail-
able making it impossible to investigate any re-
cent trends.

 Establish a standardised monitoring of the mer-
cury concentrations in Black-throated Diver
eggs, under strictly supervised conditions in or-
der to avoid any negative impact on the breed-
ing performance. This should make it possible to
better monitor any impact on top predators in the
freshwater ecosystems, humans as well as divers
and other fish-eating bird species, being exposed
to methylmercury via the intake of fish. Studies
of Common Loon in North America indicate that
eggs, feathers and blood samples are good indi-
cators of geographical patterns and trends in the
bioavailability of methylmercury for top preda-
tors in freshwater habitats (e.g. Evers et al. 2003,
2008). Furthermore, such a project is in line with
a proposal in a recent review of the national con-
taminant monitoring in aquatic habitats in Swe-
den, e.g. to prioritise surveys of concentrations
and impact on top predators in freshwater envi-
ronments (Naturvardsverket 2014).

* Continued efforts to reduce the use of fossil fu-
els, with reference to North American studies
that also indicate that local and regional restric-
tions may provide positive effects (Driscoll et al.
2007).

 Better understanding of the local and regional
impact on single lakes by forestry and other
kinds of land use in the catchment area (e.g.
Bishop 2013), to make it possible to draft recom-
mendations for foresters and other stakeholders
on how to adjust land-use in order to minimise
the local impact on freshwater habitats. On the
basis of current knowledge, the relevant public
authorities should consider developing practical
advice.

This paper has focused on the impact of various
factors that might be operating during the breed-
ing season, although exposure outside the breeding
areas, e.g. during migration and the winter, may
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also affect the breeding performance, as has been
shown for Red-throated Divers in Alaska (Schmutz
et al. 2009). Verified reduction in reproductive suc-
cess may be a combined effect of exposure to vari-
ous kinds of elements, at different sites and times
of the year.
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Sammanfattning

Det europeiska bestandet av storlom (utanfor Ryss-
land) bestar av ungefdar 22 000 par och av dessa
héckar omkring 98% i Sverige, Finland och Norge.
Darfor ar storlommens europeiska framtid i hog
grad beroende av hur arten forvaltas och utveck-
las i de nordiska linderna. Mot bakgrund av detta
och i kombination med farhagor for en 14g ungpro-
duktion tog Sveriges Ornitologiska Forening och
Svenska Naturskyddsforeningen 1994 ett gemen-
samt initiativ genom att starta upp Projekt LOM.
En huvuduppgift har varit att initiera och samordna
ett faltarbete med syftet att folja hickningsutfallet
for bade storlommen och smalommen.
Storlommen livnér sig till storsta delen pa fisk
och den hickar framst vid néringsfattiga klarvat-
tenssjoar med en iregel gles och artfattig fiskfauna.
Aven ungarna matas foretridesvis med fisk, men
ocksd med vattenlevande insekter under de for-
sta levnadsveckorna. Bytesfisken hdamtas i regel i
héckningssjon, till skillnad frén smalommen som
hédckar vid smé och ofta fisktomma tjarnar och go-
lar och hamtar bytesfisk till ungarna i storre klar-
vattenssjOar — eller i havet vad géller smalommar
héckande utefter Norrlandskusten — pa ett pendel-
avstand upp till ndrmare 10 km, ibland ldngre.
Under de senaste 20 aren har det gatt ganska
bra for det svenska storlomsbestdndet. I hela
landet har ungproduktion legat pd en niva som
beddmts balansera den arliga dodligheten, utan
nagon langsiktig tidstrend. Resultat fran Svensk
Fageltaxering antyder en langsiktig 6kning av be-
standets storlek sedan mitten av 1970-talet, 4ven
om trenden kanske har planat ut under senare éar.
For smélommen &r situationen mer bekymmer-
sam, med en ungproduktion som beddmts ligga
under nivan for att kompensera for den arliga
dodligheten i landets mellersta och sddra delar.
En sammanfattning av de tvd lomarternas hick-
ningsutfall i landet under en 20-arsperiod, fran
1994 och framat finns i SOF-BirdLife’s arsbok



“Fagelaret 2013”; http://www.projekt-lom.com/

Projekt. LOM.FAR.2013.pdf.

Den hir artikeln fokuseras pa storlommen. For
dven om nivaer och trender i hdckningsutfallet och
bestandets numerér inte ger anledning till akuta be-
kymmer, finns det ett orovickande delresultat efter
tvd decenniers inventeringsarbete; att procentan-
delen ungkullar med 2—-3 ungar har minskat sedan
mitten av 1990-talet (Figur 1). Resultatet kan vara
en indikation pé att ungarnas dverlevnad har for-
samrats. Lommarna ldgger i regel tva dgg (sdllan
tre dgg) och oftast kldcks bada dggen, men det &r
vanligt att bara en av ungarna dverlever tills den
blir flygg. Vi vet sedan tidigare man att storlom-
sungarnas Overlevnad till stor del 4r beroende pa
hur fordldrafaglarna lyckas med att fanga bytesfisk
till dem. Dérfor finns det anledning att anta att en
forsémrad ungéverlevnad kan vara kopplad till {6r-
dldrarnas mojligheter att hitta fisk till ungarna eller
fodans kvalitet.

Tre tédnkbara (och kanske overlappande) forkla-
ringar till att ungarnas ¢verlevnad kan ha forsam-
rats har undersokts:

o Férdndrad tillgang pd bytesfisk: Den ndarmast till
hands liggande forklaringen &r kanske att fiskbe-
standen kan ha glesats ut och att fédounderlaget
blivit simre. Fragan undersoks narmare, pa basis
av provfiskedata fran sjoar dir vi inom Projekt
LOM har kunnat faststilla regelbunden fore-
komst av storlom under perioden 1994-2013.

o Férdndrade ljusforhdllanden i sjdarna: 1 manga
sjoar har miangden humusédmnen 6kat och ljus-
forhdllandena fortlopande forsdmrats under
senare ar, sjoarnas har “brunifierats”. Det finns
olika uppfattningar om orsaken till denna ut-
veckling, t.ex. en forvintad effekt av att manga
forsurningspaverkade sjoar har aterhdmtat sig,
eller en klimatbetingad paverkan kopplad till sti-
gande temperaturer. Oavsett orsak kan detta ha
paverkat forutsédttningarna for lommarnas fiske.
Lommarna &r s.k. visuella predatorer, dvs. att de
lokaliserar fiskbytena med synen. Storlommens
upptrddande i olika sjoar dr kopplad till ljusfor-
hallandena i vattnet, och ungarnas &verlevnad
gynnas bland annat av goda siktforhéllanden.
Hér undersdks om det har skett nagra fordnd-
ringar i ljusforhallandena i sj6ar dér vi inom Pro-
jekt LOM har kunnat faststélla regelbunden fo-
rekomst av storlom under perioden 1994-2013.

» Exponering for kvicksilver: Lommarna &r topp-
konsumenter i sdtvattenssystemen och darfor
kan man forvinta sig att de dr sarbara for ex-
ponering av kvicksilver och andra miljégifter
som ackumuleras i ndringskedjorna. Uppgifter

om att halterna av kvicksilver i insjofisk ater
har stigit sedan 1990-talet, efter en successiv
minskning sedan 1960-talet, fick for nigra ar
sedan en viss uppmirksamhet, men bedomning-
arna har reviderats under senare ar. Vidare var
informationen i forsta hand baserad pa under-
sokningar av gidda, medan det for storlommens
del ar mera relevant att studera abborre, som i
manga sjoar ar den viktigaste bytesarten. Men
ocksa for abborren 4r trenden svar att bedoma,
och ndgot motstridiga beddémningar har publice-
rats under senare ar. Har har fragan behandlats
diskussionsméssigt genom att information om
kvicksilverinnehéllet av abborre i svenska sjdar
har relaterats till beddmningar om risknivaer i
nordamerikanska undersékningar av den nérbe-
slaktade arten svartnébbad islom som i USA och
Kanada aterfinns i liknande miljéer som dar vi
triaffar pa storlommen.

Material och metoder

Pa basis av de arliga inventeringarna beréknades
ungarnas 6verlevnad som procentandelen ung-
kullar med 2-3 stora ungar”, vilket anvidndes som
index péa Overlevnaden till dess de blivit flygga.
Med “stora” ungar avses ungar som dr minst halv-
vuxna och att sannolikheten att bli flygg &r ganska
stor.

I det material som samlats in av Projekt LOM
under 20-drsperioden 1994-2013 finns uppgifter
om hickande eller stationdra par av storlom for
atminstone ett ar fran drygt 2350 sjoar, eller nér-
mare 10% av landets cirka 24 000 sjdar storre dn
0,1 km? For att sdkerstélla att avstimningar mot
databaser for provfisken och information om ljus-
forhallanden bara innefattat sjdar med regelbunden
forekomst av storlom har urvalet av sjoar begrin-
sats till sadana med uppgift om hiackande eller sta-
tiondra par under minst fem ar under den aktuella
perioden. Narmare 500 sjoar, eller ungefdr 2% av
landets sjoar storre dn 0,1 km?, uppfyllde det krite-
riet och for 153 av dessa fanns anvéndbar informa-
tion om fiskforekomst och/eller ljusforhallanden
(detaljer i appendix A). Resultaten har redovisats
dels separat for Gotaland, Svealand och Norrland.

Bedémningar om fiskférekomsten har gjorts med
ledning av provfiskeresultat inom nationell och
regional miljodvervakning, som finns samlade i
databasen NORS (NatiOnellt Register for Sjoprov-
fisken, http://www.slu.se/sjoprovfiskedatabasen),
for perioden 1994-2013. Medelantalet fiskar per
nétanstringning anvindes som ett relativt matt pa
fiskforekomsten, och for att undersoka eventuella
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fordndringar gjordes parvisa jamforelser av resul-
taten fran provfisken i samma sjoar under 10-ars-
perioderna 1994-2003 och 2004-2013. Resultaten
har redovisats dels for totalfangsten, dels separat
for abborre, mortartad fisk, laxartad fisk och gddda.
Uppdelningen betingades bland annat av att ung-
produktionen hos storlommen é&r korrelerad till fo-
rekomsten av abborre men inte till andra fiskarter.
Skilet till dven att redovisa fangsterna av fisk min-
dre &n 22 cm var att lomungarna sillan kan hantera
storre fiskbyten. Gddda undersoktes for att kunna
beddma om predationstrycket pa sméd och nyklack-
ta lomungar har fordndrats, och dd man i tidigare
undersokningar har noterat att predation av giaddor
kan paverka 6verlevnaden av lomungar och andun-
gar. Uppgifter frdn minst ett provfiske vardera un-
der perioderna 1994-2003 och 2004-2013 fanns
for 40 sjoar i Gotaland och 10 sjoar i Svealand.
Diremot fanns anvédndbar information for bara en
sjo 1 Norrland, varfor analyser bara har gjorts for
Géotaland och Svealand (detaljer i appendix B).

For information om Jjusforhdllandena har i for-
sta hand data fran den nationella miljodvervak-
ningens riksinventering av sjoar och vattendrag
anvénts. Inom ramen for detta program har ett stort
antal sjoar undersokts fran 1970-talet och framat.
Resultaten ér tillgédngliga via en databas vid Insti-
tutionen for vatten och milj6 vid Sveriges Lant-
bruksuniversitet,  http://infol.ma.slu.se/db.html.
For att undersoka eventuella fordndringar gjordes
parvisa jdmforelser av métningar under perioderna
1994-2003 och 2004-2013 i samma sjoar. I forsta
hand har ljusférhallandena bedémts utifran absor-
bans, som &r ett matt pd genomsldppligheten av ljus
i vattnet. Ljusforhallandena péverkas i forsta hand
av méngden 10st organsikt material och grumlig-
heten. I den svenska miljodvervakningen anvinds
absorbansen av ljus vid vagldngden 420 nm som ett
standardiserat matt. En for 6gat pataglig brunférg-
ning av vattnet upplevs vid en absorbans pa unge-
far 0,2 420/5. Information om absorbans for pe-
rioderna 1994-2003 resp. 2004-2013 fanns for 70
sjoar i Gotaland, 43 sjoar i Svealand och 11 sjoar i
Norrland. Parallellt har dven tillgéingliga uppgifter
om siktdjup anvints, pa basis av information fran
22 sjoar i Gotaland, 7 sjoar i Svealand och bara en
sjo i Norrland.

Problematiken kring kvicksilverhalter i fisk och
storlomsdgg har behandlats diskussionsmassigt
och med referenser till tidigare rapporter om kvick-
silverinnehdllet i lomégg och insjofisk.
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Resultat

Resultaten kan sammanfattas, som foljer:

* Procentandelen ungkullar med 2-3 stora ungar
har minskat i hela landet under perioden 1994—
2014 (Figur 1), vilket indikerar en forsdmrad
overlevnad bland ungarna tills de blivit flygga.

* Det finns inga indikationer pa att forekomsten av
fisk har patagligt fordndrats i storlommens héck-
ningssjoar 1 sddra och mellersta Sverige, dven
om provfiskeresultaten antyder avsevirda fordnd-
ringar i enstaka sj6ar och bortsett fran minskad av
forekomst av mortartad fisk i sjoar i Svealand (Ta-
bell 1, Figur 2, detaljer i appendix B). Resultaten
ar likartade, vare sig man ser till de totala fang-
sterna eller enbart till smévuxen fisk (<22 cm).

» Bade absorbans- och siktdjupsvirdena visar att
ljusforhallandena har forsdmrats i storlomssjo-
arna i Gotaland sedan mitten av 1990-talet, men
att det inte har varit nagra liknande forandringar
i Svealand och Norrland. Absorbansen har 6kat
signifikant och med i genomsnitt 16% i sjdarna i
Gotaland, medan den legat pa samma nivéa under
hela 20-arsperioden 1994-2013 i Svealand och
Norrland (Tabell 2, Figur 3, data for enskilda
sjoar i appendix C). Siktdjupet visar en liknande
tendens, en genomsnittlig minskning med 23%
fran 3,9 m till 3,0 m i G6taland sedan mitten av
1990-talet, medan det legat pa kvar samma niva,
3,5-3,6 m, i Svealand (Tabell 2, Figur 4, data for
enskilda sjoar i appendix C).

Diskussion

Man kan alltsa utga fran att den minskade ande-
len ungkullar med 2-3 stora ungar indikerar en
forsdmrad Gverlevnad bland storlomsungarna. Att
denna utveckling atminstone inte hittills har resul-
terat i en minskad ungproduktion bedéms bero pa
att det ar héndelser under ruvningen, sasom preda-
tion och dversvimmade bon efter stigande vatten-
stand, som i forsta hand péverkar hackningsutfal-
let. Dérfor kravs det en ganska omfattande 6kning
av ungarnas dodlighet innan detta slér igenom i ett
forsdmrat hackningsresultat. Men sjélvfallet kan
indikationerna p& en minskad andel ungkullar med
2-3 ungar inte negligeras, for om trenden fortsét-
ter kan naturligtvis ocksa ungproduktionen paver-
kas pé sikt. Vidare kanske forsdmringen indikerar
en mer omfattande miljostorning i flera av landets
sjoar.

Det finns emellertid inga indikationer pa att den
minskade andelen ungkullar med 2-3 ungar kan
direkt kopplas till forandringar i fiskférekomsten.



Speciellt bor man notera att forekomsten av ab-
borre inte har fordndrats (Tabell 1, Figur 2), mot
bakgrund av att storlommens hickningsutfall i tidi-
gare undersokningar har visat sig vara kopplad till
forekomsten av abborre medan man inte har funnit
nagra korrelationer mellan ungproduktionen och
forekomsten av dvriga fiskarter. Det finns inte hel-
ler nagon indikation pa att forekomsten av gadda
har fordndrats sedan mitten av 1990-talet, sa det ar
knappast troligt att predationstrycket frén gidda pa
sma och nyklackta ungar har férandrats.

Det dr ocksa tveksamt om fordndrade ljusfor-
héllanden har varit en huvudorsak. Forsdmrade
ljusforhdllanden har pdvisats i hdckningssjoarna i
Géotaland men inte 1dngre norrover (Tabell 2, Figu-
rerna 3 och 4), trots att andelen ungkullar med 2-3
ungar har minskat dven i Svealand och i Norrland
(Figur 1). Vad giller Gotaland kan forsamrade ljus-
forhallanden mojligen ha forstarkt en paverkan pa
ungarnas Overlevnad som primért har orsakats av
ndgon annan faktor.

Eftersom det inte finns nagra entydiga indika-
tioner pa att fiskforekomsten eller dndrade ljus-
forhallanden har paverkat andelen ungkullar med
2-3 ungar bor fokus riktas mot exponeringen for
kvicksilver. Problematiken har uppmérksammats
i atskilliga undersokningar avseende bland annat
svartndbbad islom i Nordamerika. Vad géller svens-
ka forhallanden noterade man under 1980- och
1990-talen forhojda halter i storlomsdgg insamlade
vid hdckningssjéar som varit forsurningspaverka-
de, men halterna bedomdes ligga under den niva
dér man riskerar en pdverkan pa reproduktionen.

Eftersom abborren dr storlommens viktigaste
bytesfisk i manga sjoar finns det anledning att se
nidrmare pa hur arten exponeras for kvicksilver i
svenska sjoar. Abborrar upp till en storlek av ca 12
cm livnér sig 1 huvudsak av plankton medan fiskar
storre dn 18 cm &r “rovfiskar” som livnér sig pa
annan fisk. I en rapport publicerad av Institutionen
for miljoanalys vid Sveriges Lantbruksuniversitet
2008 redovisade man bland annat att medianvérdet
hos smavuxna och planktonédtande abborrar insam-
lade i slutet av 1990-talet och borjan av 2000-talet
var 0,14 mg/kg vatvikt, jamfort med 0,20 mg/kg
vatvikt for abborrar i storleksintervallet 12—-18 cm
och 0,34 mg/kg vatvikt for mer storvuxen abborre.
Detta ska stéllas i relation till resultat fran norda-
merikanska undersokningar av svartnibbad islom,
dér man bedomt att reproduktionen kan reduceras
med ca 50% nér bytesfisken har en kvicksilverhalt
pa 0,21 mg/kg vatvikt och att den totalt kan slas
ut ndr bytesfisken nér en kvicksilverbelastning av
0,41 mg/kg vatvikt. Med avseende pa risk for be-

teendestorningar samt nedsatt eller utslagen repro-
duktion hos svartndbbad islom har man i nordame-
rikanska studier foreslagit riktviarden pa 0,1, 0,18
respektive 0,4 mg/kg vatvikt i bytesfisken. Aven
om tidstrenden vad géller kvicksilverinnehallet i
abborre dr svar att bedoma &r det dnda tydligt att
storlommens exponering for kvicksilver i svenska
sjoar under de senaste artiondena har legat pd en
niva ddr man inte kan utesluta reproduktionsstor-
ningar. Sjélvfallet tillater inte den hér studien nagra
slutgiliga beddmningar om just exponering for
kvicksilver dr en huvudorsak till den minskade an-
delen kullar med 2—3 ungar, men resultaten pekar
pa att kvicksilverspéret bor prioriteras for fortsatt
forskning.

Kvicksilvret och dess effekter har uppmérksam-
mats i miljdarbetet under mer dn ett halvsekel. De
forsta kvicksilverlarmen pa 1960-talet var kopp-
lade till anvéndningen i bl.a. bekdmpningsmedel,
men i takt med att begrdnsningar genom forbud
och regleringar har fatt genomslag har uppmaérk-
samheten under senare artionden riktats mot de-
positionen av luftburet kvicksilver p&d mark och i
vatten. Genom anvédndningen av fossila brinslen
tillfors atmosféren kvicksilver som kan transporte-
ras Over langa avstdnd innan det tvittas ut genom
nederbord eller faller ned som torrdeposition. Over
aren och értiondena har det byggts upp en “pool”
av deponerat kvicksilver, bundet till skogs- och
torvmark samt sjosediment. Harifran frigors kvick-
silver till yt- och grundvatten, och det blir dérige-
nom tillgdngligt for fisk och andra vattenlevande
organismer, i huvudsak som fettldsligt och ddrmed
biotillgdngligt metylkvicksilver. Kvicksilvret kan
alltsa sparas till anvandning av fossila brénslen,
men lokalt paverkas ocksa urlakningen till yt- och
grundvatten av markanvéndningen och hur skogs-
bruket bedrivs, och effekterna kan variera lokalt pa
ett ganska svarforstaeligt stt.

Saledes paverkas kvicksilverinnehallet i fisk i en
enskild sjo pa ett ganska komplicerat sitt av vatten-
kemin savél som markforhallanden och markan-
véandningen i tillrinningsomradet. I nordamerikan-
ska undersokningar har man beddmt att risken for
bioackumulering av metylerat kvicksilver ar storst
i néringsfattiga och ldgproduktiva sjoar, med pH-
vérden under 6,0 i kombination med lag alkalinitet
och hoga halter av 16st organiskt material. Inom
Projekt LOM har vi bedomt att kanske 10% av lan-
dets hickningssjoar for storlom och mer &n 30% av
fiskesjoarna for sméilom kan vara sarbara for ex-
ponering av kvicksilver som ldckt ut fran kringlig-
gande skogs- och myrmarker och metylerats.
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Vad gora? — ny kunskap och praktiska dtgdrder

En slutsats fran den hér studien &r att risker koppla-
de till exponering for kvicksilver bor ges en central
plats i forvaltningen av landets insjoar med deras
fisk- och fagelbestand. Och det finns en hel del man
kan gora, bade vad géller fortsatta undersokningar
och praktiska insatser. Aven den som inte upple-
ver fagelskyddet som prioriterat bor dnda inse att
den minskade andelen ungkullar med 2-3 ungar
kanske indikerar en mer omfattande miljostorning.

I ett stort antal svenska insjoar har abborren idag

sa hoga kvicksilverhalter att de dverskrider EU:s

direktiv om vattenkvalitetsnormer, och i vissa fall
har den bedémts vara olamplig som ménniskofoda.

Det dr bade forvanande och oroande att vi idag inte

uppmirksammar insjofiskens kvalitet, bade som fa-

gel- och méinniskofdda, pa liknande sitt som i den
kvicksilverdebatt vi hade pa 1960- och 1970-talen.
Ett fortsatt arbete kan bland annat innehalla:

» Kompletterande insamling och analys av stor-
lomsdgg. Tyvérr saknas analysresultat fran dgg
insamlade efter 1997, sa det finns inget underlag
for att beddma om halterna har fordndrats under
senare 4r.

+ Komplettera miljodvervakningen med analyser
av kvicksilverhalter i storlomsédgg, baserad pa
en strikt kontrollerad insamling utford pa ett sétt
sa att inte hdckningsutfallet pdverkas. D4 kan vi
bittre belysa hur toppkonsumenter, storlom sé-
vil som ménniska, exponeras av kvicksilver via
intaget av insjofisk. I nordamerikanska under-
sokningar har man visat att resultat baserad pa
rutinartad insamling och analys av dgg, fjadrar
eller blodprover fran svartnidbbad islom utgor
goda indikatorer pa bade geografiska skillnader
och tidsméssiga trender i tillgéngligheten for me-
tylerat kvicksilver for toppredatorer i sotvattens-
miljoer. I Naturvardsverkets nyligen publicerade
6versyn av nationell akvatisk miljodvervakning
(Naturvardsverkets rapport nr 6627) pekar man
bland annat pa vikten av fortsatta analyser av hur
toppkonsumenter i sdtvattensmiljoer exponeras
for olika miljogifter.

» Fortsatta anstrdngningar att begrénsa forbréin-
ningen av fossila brianslen. Resultatet fran nord-
amerikanska modelleringsstudier visar att dven
begransningar av lokala och regionala utslédpp
kan ge positiva effekter.

 Bittre forstaelse om hur skogsbruk och annan
markanvindning i tillrinningsomradena paver-
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kar den enskilda sjon, sd att man kan ta fram
rekommendationer till markdgare och skogsbru-
kare om hur markanvindningen kan anpassas,
med syftet att minska negativ miljopaverkan pa
sjoar och vattendrag. Berérda myndigheter bor
Overviga att ta fram instruktioner och allménna
rad pa basis av den kunskap som redan finns.
Men édven om de indicier vi har idag pekar pa
att kvicksilverexponeringen pa hiackningsplatserna
maste studeras ndrmare ska man inte utesluta att
lommarnas héckningsutfall ocksé kan paverkas av
exponering utanfor hidckningssjdarna och under
flyttning eller dvervintring. Exempelvis har man
for smalommar héckande i Alaska kunnat rela-
tera ett forsdmrat hdckningsutfall och minskande
populationsstorlek till exponering for PCB i ma-
rina dvervintringsomraden i syddstra Asien. Men
man att stilla frigan om eventuell exponering i
héckningsomradena i motsats till vad féglarna
kan utséttas for under flyttning och dvervintring
ar knappast meningsfullt — observerade reproduk-
tionsstorningar kan vara en kombinerad effekt av
exponering av olika dmnen, pd skilda platser och
under olika tider pa éret.

Tack

Studien har tagits fram inom ramen for Projekt
LOM, som under perioden 1994—1999 drevs ge-
mensamt av Svenska Naturskyddsforeningen och
Sveriges Ornitologiska Forening och dérefter som
en fristdende ideell forening. Uppgifterna om lom-
marnas hiackningsresultat har samlats in genom ett
omfattande ideellt arbete. Totalt har sedan starten
1994 6ver 400 personer medverkat under minst ett
ar, och under senare &r har ungefar 140 personer
deltagit. Informationen har kompletterats med av-
stémningar mot Artportalen, https://www.artpor-
talen.se/. Over &ren av ekonomiska bidrag bland
annat erhallits fran Alvins Fond och Virldsnatur-
fonden-WWF.

Uppgifter om vattenkemiska forhallanden har i
forsta hand hdmtats fran den nationella miljodver-
vakningens riksinventering av sjoar och vattendrag
via hemsidan for Institutionen for vatten och miljo
vid Sveriges Lantbruksuniversitet (http://infol.
ma.slu.se/db.html), och information om fiskbe-
standen i de undersokta sjéarna har erhallits via
databasen for provfiske i sjoar (http://www.slu.se/
sjoprovfiskedatabasen).



Appendix A. Breeding lakes for Black-throated Diver included in the present study
Hdickningssjoar for storlom som ingdr i den foreliggande studien.

Lake County Coordinates, Gill-net fishing| Absorbance | Transparency
Sjo Ldn RT 90 national grid Provfiske | Absorbans Siktdjup
Koordinater, RT 90 Appendix B |Appendix C | Appendix C
X Y

Ivsjon Skane 621669 141629 X X X
Store Damm Skéne 622349 135317 X X X
Lirkesholmssjon Skéne 624178 134911 X X
Immeln Skéne 624180 141251 X X X
Virsjo Skane 624606 135677 X X
Fedingesjon Skéne 625371 135680 X
Store Sjo Halland, Skéne,

Kronoberg 625762 135351 X X X
Orsjon / Goinge Skéne, Kronoberg 626148 138684 X X
Getsjon Kronoberg 626407 142157 X X
Femlingen Kronoberg 626855 141154 X
Hultebréien Kalmar 626971 149852 X X
Torvsjon Halland 628971 132894 X
Bolmen Kronoberg, Jonkoping,

Halland 629511 136866 X
Stensjo / Madesjo Kalmar 630748 150410 X
Helgasjon Kronoberg 630764 143570 X
Knobesholmssjon Halland 631164 131567 X X
Vidostern Kronoberg, Jonkoping 631841 138229 X
Hokasjon / Uppvidinge| Kronoberg 632741 148368 X X
Langen / Gillaryd Jonkoping 633118 140608 X
Alvasjon / Sibbarp Halland 633163 130461 X
Skérsjon / Dagsés Halland 633344 130068 X X
Bjorkasjo / Svartra Halland 634338 130484 X
Valasjon / Rolfstorp Halland 633503 130204 X X X
Hurven Jonkoping 633911 134035 X X X
Stora Iglasjon Jonkoping 633919 135973 X
Svarten Halland 634039 130685 X X
Hjirtaredssjon Halland 634154 131102 X
Stora Neten Halland 634378 130353 X X X
Skéllingesjon Halland 634467 129859 X
Norra Svansjon Vistra Gotaland 634451 133674 X
Barken Halland 634751 130909 X X
Sdvsjon / Arnasholm | Jonkdping 635030 135088 X X
Fegen Vistra Gotaland, Halland

Jonkoping 635040 133900 X
Skérsjon / Karl-Gustav| Halland 635198 130537 X
Mayjsjon Jonkoping 635334 135239 X X
Grysjon Vistra Gotaland 636289 134951 X
Linnesjon Jonkoping 636340 140067 X
Grumlan Jonkoping 639394 145583 X
Yttre Alvsjon Vistra Gotaland 636452 134376 X
Algsjon / Oxabick Vistra Gétaland 636479 132039 X
Stora Horredsjon Vistra Gotaland, Halland| 636512 129668 X X X
Stora Agnsjon Vistra Gotaland 636557 129896 X X
Oxasjon Vistra Gotaland 636696 131979 X
Lovsjo(n) / Forlanda | Halland 636911 129516 X
Sddra Trollsjon Jonkdping 637156 137940 X X
Kroksjon / Hestra Jonkoping 637189 136703 X X
Fagerhultasjon Jonkdping 637469 147319 X X
Lagmanshagasjon Vistra Gotaland 638014 136892 X X
Mycklaflon Jonkoping 638146 146910 X
Barredsjon Vistra Gotaland 638196 130695 X
Nommen Jonkdping 638280 144298 X
Gissen Kalmar 638315 150078 X
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Lake County Coordinates, Gill-net fishing [Absorbance |Transparency
Sjo Ldn RT 90 national grid Provfiske | Absorbans Siktdjup
Koordinater, RT 90 Appendix B |Appendix C | Appendix C
X Y
Skédrvingen Jonkoping 638429 144330 X
Fredriksdalasjon Jonkoping 638919 142813 X X X
Sodra Vixen Jonkoping 639017 144472 X X X
Frisjon Viistra Gotaland 639134 132882 X
Vistra Ingsjon Vistra Gotaland 639243 128795 X
Niéssjasjon Jonkoping 639313 147403 X
Storsjon / Viskafors Jonkoping 639330 132199 X
Hunsnésen Jonkoping 639412 145078 X
Finnsjon Vistra Gotaland 639565 128173 X
Yxsjon Viistra Gotaland 639716 128396 X
Treh6rningen /
Komosse Vistra Gotaland 639725 137271 X
Viaredssjon Vistra Gotaland 640086 131710 X
Hornasjon Viistra Gotaland 640473 129112 X
Assjon Jonkoping 640923 145019 X
Strangseredssjon Viistra Gotaland 640979 137287 X
Sandsjon / Hirryda Vistra Gotaland 640497 128906 X
Stora Sturven Vistra Gotaland 640619 129618 X
Lilla Harsjon Vistra Gotaland 640768 129380 X
Tvérsjon Viistra Gotaland 640773 129726 X
Vibosjon Vistra Gotaland 640980 130033 X
Uspen Viistra Gotaland 641068 129720 X
Vistra Ligern Ostergotland, Jonkoping | 641225 145772 X
Ommern Vistra Gotaland 641321 130445 X
Sélsjon Vistra Gotaland 641649 131981 X
Bréingen Vistra Gétaland,
JonkGping 641863 137912 X
Grosken Vistra Gotaland 642238 134651 X
Mullsjon Jonkoping 642253 138588 X
Sdven Vistra Gotaland 642608 132524 X
Straken JonkGping 642933 138293 X
Stora Ojasjon / Hokensas | Vistra Gotaland 643887 139802 X
Asunden Ostergotland 644635 149350 X
Jarnlunden Ostergdtland 645406 149164 X
Store-Viktor Viistra Gotaland 645919 127873 X
Viken Vistra Gotaland 649553 142029 X
Stora Holmevatten /
Kynnefjall Viistra Gotaland 651960 126392 X
Enaren Sédermanland 651974 159303 X
Skottbackatjarn Viistra Gotaland 653480 127241 X
Likstammen Sédermanland 656531 158389 X
Fjittersjon Stockholm 653600 162119 X
Sottern Orebro 654370 148479 X
Klammingen Sodermanland 655187 158633 X
Grindsjon Stockholm 655284 161919 X
Valsebotjirn Viistra Gotaland 655651 127926 X
Teen Orebro 655681 143519 X
Acksjon Sodermanland 655707 155934 X
Lilla Ulvattnet Vistra Gotaland 655830 127145 X
Gravdalssjon Viistra Gotaland 656749 127081 X
Stensjon / Tyresta NP | Stockholm 656419 164404 X
Lycksjon Stockholm 656550 163744 X
Arsjon Stockholm 656612 164132 X X
Stora Grytsjon Sodermanland 656828 154713 X X
Nishultasjon Sodermanland 656853 152800 X
Malmsjon Stockholm 656946 159871 X
Flaten Stockholm 657143 163427 X X
Bornsjon Stockholm 657245 160890 X
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Lake County Coordinates, Gill-net fishing| Absorbance | Transparency
Sjo Ldn RT 90 national grid Provfiske | Absorbans Siktdjup
Koordinater, RT 90 Appendix B_[Appendix C | Appendix C
X Y
Kullatrisket Stockholm 657424 165233 X
Fiskmyran Stockholm 657432 164889 X
Kvarnsjon /
Gustavsberg Stockholm 658026 164732 X
Aspvikstriasket Stockholm 658291 164891 X
Stora Le Vistra Gotaland,
Virmland 658500 127455 X
Trisksjon Stockholm 658943 163638 X X
Kolsjon Virmland 659895 131684 X
Lejondalssjon Stockholm 660523 160785 X
Nedre Hurr Virmland 660550 127332 X X
Téarnan Stockholm 660688 164478 X X X
Sirsjon / Alvestorp Orebro 660919 142948 X
Largen Stockholm 661084 165433 X
Gryten Viéstmanland 661786 151195 X
Viagsjon Vistmanland 661968 150929 X X X
Sor-Algen Orebro 662130 142921 X
Saxen Virmland, Orebro 662551 142470 X
Rénken Virmland 663277 130387 X
Norr-Algen Orebro 663298 143149 X
Virsbosjon Viéstmanland 663636 151645 X
Orlingen Orebro 663823 142444 X
Strandsjon Uppsala 663926 157720 X
Erken Stockholm 664060 165948 X
Osmaren Stockholm 664222 166844 X
Hosjon Uppsala 664693 163935 X
Ovra Hillen Dalarna 667086 146907 X
Storljusen Vistmanland 665508 153620 X
Villen Uppsala 666036 164166 X
Runn Dalarna 670563 148814 X
Holmsjon / Kappsjon | Dalarna 671301 138338 X X
Ovre Valsan Dalarna 672215 147386 X
Ojaren Gévleborg 672883 155647 X
Siljan Dalarna 673490 145597 X
Ronnhéllssjon-
Nyckelhéllsjon Dalarna 673719 136419 X
Tisjon Dalarna 676158 129183 X
Orsasjon Dalarna 676753 142029 X
Bodasjon Gévleborg 684897 151862 X
Annsjon Gévleborg 688945 156402 X
Ojen / Njurunda Visternorrland 690199 158016 X
Végsfjarden Visternorrland 698062 162600 X
Solumsjén Visternorrland 694401 161121 X
Lovsjon / Gallsiter Visternorrland 698203 161598 X
Mellan-Kroksjon Visternorrland 698404 157587 X
Lill-Akersjon Visternorrland 699356 161439 X X
Tavelsjon Visterbotten 710401 171080 X
Storavan Norrbotten 728786 160756 X
Hoétrasket / Bergndset | Norrbotten 728862 179131 X

147



61°0 71°0 £9°¢ LLO (433 ort €01 | LTy | I€TL | S8°C | €9%1 | Ov'6l | 881 | T®OT | €9°8T | 6¥'¥C | 9T0E | ¥6'LT 91 ‘8t 1+C uQ[spaLIoy el0)g
00°0 00 00°0 00°0 00°0 100 £e'e 9L'9 9Ty 16°L L £5°6 STL 666 | SO'IT | T991 | 9¢TI | 0161 [U% T+€ uejunip
60°0 sTo €00 S0°0 €00 00 0L'8 | 8Y'CE | TO68 | 8BL'EE | SL'O | €6°€l | 8L9 | 8S'¥I | 8T'SL | 9¥'9% | 1TI9I | 99°8% (U4 (43! ugfsouury
200 80°0 18°1 LL'E 1€ 18°¢ S8'L 98'S S8 ST9 ¥0'9 L9'S 809 SL'S | LEST | SH'ST | 6091 | TI'91 8t 1+1 uQlsfepy
ST0 8€°0 000 000 000 000 | €981 18% | SL'8L | LOS | SL8L | ¥¥'€C | 0S0T | 69FC | 8€'LE | 1€8T | 0S'6E | €1°0€ 8y 1+C AvisnO-[Ie3] / UQISIENS
L0°0 91'0 €0°S 1L 90°S 8¢'L L86 | 6L°01 | L66 | €O'LL | LL9 £€9 0r'L ¥8'9 | OL'IT | €T¥T | €TTT | 1¥'ST 8 1+C w{oysguLy / uQlsAgg
€10 000 000 000 000 000 STy 00 8¢y €Iy 0SS | ST6l | 8€9 | STIT | SL'6 | STET | 68°01 | 8E'ST 8 T+1 uayteg
00°0 670 000 00°0 000 000 00°0 €10 000 €10 | €9°C€L | SL'6 | Tr¥CT | €€9C | SL'6 | SL'EL | STIL | €8%C ¥ 14T uQlsoBur[eys
90°0 80°0 050 43\ 88°0 SO'1 L0°€ L€ LEY Wy | STLL | 60°S | ¥¥LI IL°S | T80T | LE6 | SLTT | ST 91 ‘95 1+C UION BI0)S
ST0 90°0 8TT 16'v £€5°T SES | PPIL | T9E | 6L°11 18°¢ ST9 €9 8TL vo'v | L6'61 | 61°C€l | S8IT | 9% 43 I+1 uofssparene(p
ST0 L1°0 00°0 00°0 ST0 00°0 $9°¢ L0°0 1S°L €10 | 0091 | IT¥L | 0S91 | P91 | €9°CC | vEPI | 1SPC | €L91 8 ‘o 1+C UspeAS
00 ST0 000 00°0 000 000 17¢ 000 ILy €10 | ¥9°91 | 00°1T | 9L°91 | STIT | ¥881 | €I'IT | 0S'IT | €9°IC 78 I+¢ uglse|3] ei01g
L0°0 €00 10T S9°¢ 10T S9'¢ 06y 6v'S 60'S s 8€'8 | OT'IT | T88 | 99°IT | I€ST | 0€°0T | 0091 | SO'IT 0 ‘8¢ [4x4 UdAINH
8€°0 1o 000 000 00°0 000 | 88°01 | L¥P'S | 8801 | LSS | 8ESI | 00°CI | €9°C1 | ITTI | 68°ST | 9¥'L1 | 689T | 8Ll 8 ‘v 1+C dioysyjoy / uQlseres
8¢0 970 000 000 00°0 000 ST9 | OL'IT | 0S9 | OTII | SL'TT | €6'L1 | €1'PT | 0881 | 00'6T | €06 | 1071 | STOE 8T 1+C BILIEAS / Qfsexiolg
€00 700 £6'6 80T | 90°IT | €I'l 69'8 8¢S 88°6 €S°L 806 | €T91 | 8E'Il | 86'0T | SE¥E | 8I'PT | 00°6E | L6'0E 0 ‘8t 1+1 sgsSe(] / uQlsIps
ST0 ST0 000 000 00°0 000 ST6 ST9 SL'6 0S’L | STIT | 0S1€ | SLIT | 88'I¢€ | 0S0€ | SL'LE | SL'IE | €9'6¢ 8 1+1 dreqqrg / uglseary
§T0 £9°0 000 000 000 0000 | 9SPE | €191 | 0S9¢€ | €161 | €591 | €1'ST | 61'1C | 8€91 | 60'IS | OL'IE | ¥6'LS | ¥1°9€ 918 T+1 a3uipiaddp) / ugfseyoH
00°0 L0'0 SE0 70 SE0 1S°0 | 0061 | 8E€¥I | TSHT | L8PL | S99¢ | 116 | 61'LE | OL'6 | 96'€9 | LS6T | 8F'OL | 06'1¢ 1€°LS I+1 UIISOPIA
SL'T SI'L 000 000 000 000 | 0001 | OSTIL | STOI | SLTI | 0081 | OSCI | 0S8 | 00'%1 | IL8C | 0S'ST | 0S0E | 06°'LT 14 1+1 ugfsswjoysoqouyy
ST0 610 000 00°0 0070 000 | ¥STL | STET | LOEL | TI'ST | 99°C1 | 88T | BE'El | 0S'6C | €T'ST | TETS | OL'9T | L8PS 91 T+l Qfsopej / uglsuolg
ST0 €10 000 000 000 000 000 000 000 000 | STEL | €9°C€l | STYI | 8L | STEL | €9°€1 | 0S¥ | 00°ST 14 1+C ugfsaio],
90°0 91°0 o (434 o 8¥'C SL'8 189 e 8I'L ST6 | 9¥'01 | 696 | 8611 | 91’61 | S9°CT | 01I'0T | T8¥T 43 1+€ UdBIGANH
€10 LEO 000 00°0 000 000 IL°G | €€81 | CI'9 [ 1291 | 006 | €TCl | 96°01 | 80°€l | IL¥] | 9S°0€ | ITLL | S9CTE ¥T 91 1+C uglsion
£€0°0 90°0 000 00°0 €00 000 Ly'S | 8I'TT | S8'C | 8O'ET | 99°11 | 9l'v1 | 9I'TL | 99'%1 | OL'8L | OL'8E | 9L'61 | ¥E0F [43 14T ugfsiQ
0 1€°0 00°0 000 00°0 000 | OI'ST | 61°6T | S¥'SI | 0S6T | 9T61 | STTT | 8861 | LP'TT | 08°9¢ | 99°¢S | 80BE | 0S'HS 918 [4x4 olg 21013
€€°0 81°0 000 000 000 000 | C¥'9T | S861 | 656T | TO'OT | 659C | 86'CE | SI'IE | OL'PE | €L'8S | 1819 | 9L'99 | €L'V9 ¥T (433 uofsigA
S0°0 200 0S°0 Sl 0$°0 Sl |1 oL'e STl 66'¢ 676 | 9SI1 | 1¥01 | 6TTL | 8L'CT | 9161 | 60°ST | 0T0T 9¢ I+1 upowwy
SIo 710 60°0 L0°0 600 L0°0 L96 | vI'CL | 6L°01 | 96°CI | T9L | OL'T1 18 | 1€CI | LELL | €161 | 16€T | 8%'ST YT e uQlsswoysaILT
61°0 €10 000 00°0 000 000 | ¥¥'0T | ¥6'9T | €9°0C | STLT | 196 | 90'I1 | 8E'SI | 9L'FI | STOE | 008E | 0T9E | €I'TH 91 1+C e 2101§
200 000 43 11 €50 1ce 8C9 | 69°CI | vvL | €8°€l | PI'PL | €8°LL | 9SS | 0T'6T | 09°0€ | 6€LS | 8F'€EE | 0109 ¥9 (4! uQISQAT
ANVTVIOD NAAdMS HLNOS
€10T | €00T | ¥I0T | €00C | €10C | €00C | €10T | €00C | €10T | €00T | €I0T | €00T | €10T | €00C | €10 | €00T | €10T | €00T
—+00T | —¥661 | 00T | —¥661 | —+00T | —#661 | 00T | —¥661 | —#00T | —¥661 | 00T | —#661 | 00T | —+661 | —#00T | —¥#661 | —+00T | —#661
u2)s3unf vjofy wo 77> ys1y | uaisdupf vjapy wo 77> ysiy | uais3unf vjapy wo 77> ysiy | uais3upf vjapy wo 77> ys1y | uaisdupf vjapy
[oed [B)0], wo 77> Ysig [ojed [B10], wo 77> ysig oJed [BI0] wo 77> ysig [oed [BJ0], wo 77> Ysig [ojed [B10],
BppeD ysy porwxv ¥$Y poIDLON a410qqy Yy ou oy udysyao.d ofs
Sn1on] Xosyg Mid sy pruoures ysy prutid£) siypIAnY D22 YOI usy v S10U JO "ON | sAoAIns ysi] ayn

C10T-+00C 2a1y2dsa4 €007—F66 ] U UdYSYA04d J2]DIUD ADSAD UDYSIYAOLJ UUN]OY 1 DUIPADA DAJ DT ADOLS DpJ1ysua 40 DIvp (SuruSup.a3suvipu 4od 4vysif [pJup) 101 NSL2YSYAOL]

“AjpAnadsar ‘€ 107—00T PUe €00T—661
ur SKOAINS JO IOqUINU Y} 0} JOJOI UWN]0O SASAINS YSI] AU} UI SON[BA 0M]) Y], "So3e] 9[SuIs 10] ejep ‘(310130 yojeo 1od ysy Jo Joquinu) Surysy Jou-[1S woig synsay g xipuaddy

148



000 [ 010 [ szo [ 80

| szo

[ sc0 Joszi | sz Joszt | 6z | swe [ 9w [szor [ oor [ster | so8 Joove [erzi [ vT 1+€ uQlSI -1
ANYTHION NIQIMS HINON ANV TVILNAD HINON

200 | 00 [es0 [ 80 [ 650 [ 8c0 [ 1ve [ Loe [ ere [ 60€ [ 659 [ 8€8 [ 989 [ 9r6 [p901 [ €811 [ 1111 [6872l 9s 1+1 uofsddery - ugfswioy
000 [ 1ro |eecr [orz | eer [orT [eez [ o019 [ssz |og9 [1rel | oce | o€l [ 098 |ssor [oosl |99z [ogi [ 601 141 UOIIIH BIAQ
000 | €00 | 811 [8eT [ 811 | 86T [ 950 | 90€ | 881 [ v'e [ 858 [ 188 [ $96 [ sz [€1Tl [ 9081 [TsHl [ Lo6l | ov 91 141 uofsSeA
120 [ 810 [ 000 | 000 | 000 | 000 |zzze [9e6r |98z [vrer [ vl [ 1oLl [vsiel [o09Ll [e61y [ 1s9r [ozer [ €5y e [ urwg |
120 [ 620 [ o1 [ 000 | ot [ 000 | 6sc | 8¢ | w0y [ suv | sTL | igel [ 806 [ 88l [ 1Tl [#T6I [ 9961 [arIT vz 1+1 HnH 2IpIN
000 | 000 | 000 [ 000 [ 000 | 000 [ooze [8s'sL |9 [orse [szoc [ 000 [sToe [ 000 [sT89 [elvs [ossL [9ssL | w8 141 uQlsSELL
700 | 2000 | 000 [ 000 [ 000 [ 000 [zrsz [90ze [se6z [ esve [ cTsz [ozoz | 159z [T [61ts | cTes | 0498 | 99°68 vz 8+S weld
000 | 000 [ 000 [ 000 [ 000 [ o000 [ €99 [szsr [ osL [sugr [osie [8enl [ 88€e [o0sTl [ 9Ty | 9LTe | ISHp | 8EHe 8 1+1 uoRIAID w01
#00 | #00 | 000 [ 000 [ 000 [ 000 [ 000 [ 000 [ 000 | 000 |esTz | 2981 | vz | ooz |osET | €96l | 8vT | 11T 8 01+€ uofsry
yredeuoneu

80°0 | 80°0 | €40 | ITT | €40 | ITT | LS9 | S0°TT | 8591 [ S09T | TEL | 199 | 8T8 | $9L |T98T | Ly'TE | Sv6T | 8SLE vz 01+01 I —

ANVT¥AAS NAGHMS TVILNAD HLNOS

00 [ 200 [ 89T [ 1z [ oz [ 2T [ sis [1961 [ er'6 [ 9191 [ 9912 [ s661 | €06z [ 96°1T | 8Ly | €Lss | €09r | LS8 [ 8TL 96 4T 142 udpunsy’
810 [ €10 [ 800 [ 000 [ 800 [ 000 |orst [1rgr [€ror [ 8061 | €981 [seur [ ooz | sivl | este | ov'0e | r9e | 9gee or 141 UOXIA BIPOS
700 [ €10 [ #00 [ 650 [ 800 [ 880 | cliz | 8v'8 [ose | 8€6 | 6Tl | €rsl | €8Tl | 2091 | 85°€€ | €TwT | 999¢ | v+9e ¥T 14T UQISE[EpSYLPIL]
€00 | 2000 | s00 | 000 | 800 | 000 | sutr [ o081 | ps it | Lzl [ ss81 | ec€l [ ss6l [ esel | ezoe [ €1 [ soze [ vsze [ ovsl 1+1 uowuIgN
€00 | so0 | ort [ sy [ort [ sk [ ovz [ sw | eze [ vv [orel [ 619 [sowl [ st9 [prel [Trst [ vroz [ o6l | ob'se 11 ugfseeysuewde
800 [ 900 | 960 | c11 | 960 | c11 | 88 | 61 | ze€ | pe's | 8871c | L€TC | €l | 00T | TL9T | €4°8T | 8€8T | LI'IE [ 1+ ugfseynyiaFe g
00 | 910 [ 000 | 000 | 000 | 000 | €L [oovt | oz | covl [ wroz | €9z | e90c [ LesT | LsiT [ €96 [ seLT [oror [ 891 [ esoH / uglsyory
000 | 000 | 000 | 000 | 000 | 000 | €c8z | 60L |€€8z | L1L | £9s | Te'8 | L9 [ 0501 [ 00%€ [ 1091 [ 009€ [ £9°L1 9 14T uQfs[I01L EIpeS
€10 | 1o | 000 [ 000 [ 000 [ oo [ 88 [ et | szv [ ers [eric [ 181 [ eote [ 181 [ 1oz | ssze [ 109z [ veze | 8ze 14T uolsudy vi0ig

149



Appendix C. Absorbance and Secchi disc transparency, primary data for single lakes (number of samples in
parentheses)
Absorbans och siktdjup, primdrdata for enskilda sjoar (antal provtagningar inom parentes).

Lak Mean absorbance, f,, . Mean Secchi disc transparency
SJ% ¢ Absorbans, f,,, ., medelvirde Siktdjup (medelviirde) m
1994-2003 | 20042013 1994-2003 | 2004-2013
SOUTH SWEDEN GOTALAND

Ivosjon 0.059 (2) 0.054 (2) 4.5 (1) 4.0 (1)
Store Damm 0.173 (1) 0.301 (2) 1.5 (2) 0.9 (1)
Larkesholmssjon — — 1.7 (3) 1.8 (1)
Immeln 0.107 (1) 0.160 (2) 3.9(1) 2.9 (1)
Rossjon 0.077 (2) 0.100 (2) — —
Virsjo 0.040 (1) 0.085 (2) 2.9 (3) 3.6 (1)
Fedingesjon 0.316 (2) 0.335 (2) — —
Store sjo 0.208 (1) 0.698 (3) 1.7.(2) 1.2 (2)
Orsjon / Goinge 0.159 (2) 0.253 (2) — —
Getsjon — — 2.7(1) 2.8 (1)
Femlingen 0.236 (2) 0.124 (1) — —
Hultebrien — — 4.3 (3) 4.8 (1)
Asnen 0.133 (2) 0.103 (1) — —
Bolmen 0.116 (2) 0.254 (1) — —
Helgasjon 0.085 (2) 0.106 (1) — —
Knobesholmssjon 0.059 (1) 0.228 (2) — —
Hokasjon 0.114 (2) 0.197 (1) — —
Langen / Géllaryd 0.203 (2) 0.233 (3) — —
Skérsjon / Dagsés — — 8.5 (1) 5.2(1)
Valasjon / Rolfstorp 0.055 (2) 0.043 (2) 6.5(2) 4.6 (1)
Hurven 0.123 (2) 0.158 (2) 2.8(2) 2.6 (1)
Svarten — — 6.3 (2) 3.6 (1)
Stora Neten 0.037 (2) 0.030 (1) 10.5 (1) 6.8 (1)
Norra Svansjon 0.109 (2) 0.124 (1) — —
Barken — — 3.2 (1) 2.6 (1)
Sdvsjon / Arndsholm — — 3.5(1) 2.8 (1)
Fegen 0.155(2) 0.138 (1) — —
Majsjon — — 2.9 (1) 2.2 (1)
Grysjon 0.380 (2) 0.400 (1) — —
Yttre Alvsjon 0.200 (1) 0.220 (1) — —
Algsjon / Oxabick 0.060 (2) 0.050 (1) — —
Stora Horredsjon 0.059 (2) 0.018 (1) 6.6 (2) 4.7 (1)
Stora Agnsjon 0.102 (2) 0.114 (1) — —
Oxasjén 0.170 (2) 0.200 (1) — —
L6vsjo(n) / Forlanda 0.036 (2) 0.077 (2) — —
Sodra Trollsjon — — 2.0 (2) 1.5 (1)
Kroksjon / Hestra — — 1.8 (2) 1.2 (2)
Fagerhultasjon 0.171 (1) 0.055 (2) — —
Lagmanshagasjon — — 1.5 (1) 2.0 (1)
Mycklaflon 0.066 (2) 0.027 (1) — —
Barredsjon 0.210(2) 0.201 (3) — —
Gissen 0.051 (2) 0.051 (2) — —
Skéarvingen 0.047 (2) 0.059 (4) — —
Fredriksdalasjon 0.149 (2) 0.133 (1) 2.3(2) 2.0 (1)
Sodra Vixen 0.037 (2) 0.033 (3) 4.9 (1) 3.1(1)
Frisjon 0.165 (2) 0.200 (2) — —
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Mean absorbance, f, Mean Secchi disc transparency
Ig?{!(e Absorbans, f,,, ., medelvirde Siktdjup (medelviirde) m
o
! 1994-2003 | 20042013 19942003 | 20042013
Vistra Ingsjon 0.127 (2) 0.153 (1) — —
Néssjasjon 0.282 (2) 0.342 (3) — —
Storsjon / Viskafors 0.148 (2) 0.196 (1) — —
Hunsnésen 0.201 (2) 0.204 (2) — —
Finnsjon 0.115(2) 0.120 (2) — —
Yxsjon / Benareby 0.106 (2) 0.108 (1) — —
Trehorningen / Komosse 0.161 (2) 0.144 (1) — —
Viaredssjon 0.122 (2) 0.126 (1) — —
Hornasjon 0.180 (1) 0.039 (2) — —
Sandsjon / Harryda 0.085 (2) 0.090 (1) — —
Stora Sturven 0.108 (2) 0.040 (3) — —
Lilla Harsjon 0.079 (2) 0.094 (3) — —
Tvirsjon 0.038 (2) 0.079 (2) — —
Assjon 0.034 (2) 0.043 (3) — —
Strangsredssjon 0.245 (2) 0.267 (3) — —
Vibosjon 0.115(2) 0.110 (1) — —
Uspen 0.065 (2) 0.060 (1) — —
Vistra Ligern 0.060 (2) 0.092 (3) — —
Ommern 0.047 (1) 0.111 (2) — —
Sélsjon 0.096 (2) 0.134 (1) — —
Bringen 0.145 (2) 0.146 (3) — —
Grosken 0.141 (2) 0.123 (1) — —
Mullsjén 0.066 (2) 0.076 (3) — —
Saven 0.160 (2) 0.228 (1) — —
Stréken 0.094 (2) 0.138 (3) — —
Stora Ojasjon (Hokensas) 0.067 (2) 0.078 (3) — —
Jarnlunden 0.057 (1) 0.056 (1) — —
Store—Viktor 0.120 (2) 0.134 (1) — —
Viken 0.086 (2) 0.099 (2) — —
Stora Holmevatten / Kynnefjall 0.090 (1) 0.102 (2) — —
Skottbackatjdrn 0.075 (2) 0.060 (1) — —
Valsebotjarn 0.105 (2) 0.140 (1) — —
Lilla Ulvattnet 0.190 (2) 0.090 (1) — —
Gravdalssjon 0.039 (2) 0.019 (2) — —
Stora Le 0.048 (2) 0.050 (1) — —
SOUTH CENTRAL SWEDEN SVEALAND

Enaren 0.160 (2) 0.160 (2) — —
Likstammen 0.033 (2) 0.053 (1) — —
Fjéttersjon 0.068 (2) 0.042 (1) — —
Sottern 0.092 (2) 0.053 (1) — —
Klimmingen 0.050 (2) 0.041 (2) — —
Grindsjon 0.023 (2) 0.025 (1) — —
Teen 0.265 (2) 0.209 (2) — —
Acksjon (Axsjon) 0.146 (2) 0.122 (3) — —
Stensjon / Tyresta nationalpark — — 3.9 (10) 3.8 (7)
Lycksjon 0.155 (2) 0.204 (1)

Arsjon — — 3.503) 3.6 (8)
Stora Grytsjon — — 1.1 (1) 1.3 (1)
Nishultasjon 0.111 (2) 0.097 (2) — —
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Mean absorbance, f

> 7420/5

Mean Secchi disc transparency

ISJ?‘.]_(e Absorbans, f,,, ., medelvirde Siktdjup (medelviirde) m
4
! 1994-2003 | 20042013 19942003 | 20042013
Malmsjon 0.061 (2) 0.052 (2) — —
Flaten — — 5.4 (5) 6.0 (7)
Bornsjon 0.028 (2) 0.019 (1) — —
Kullatrasket 0.094 (2) 0.133 (1) — —
Fiskmyran 0.146 (2) 0.216 (1) — —
Kvarnsjon / Gustavsberg 0.062 (1) 0.042(1) — —
Aspvikstrisket 0.060 (2) 0.064 (1) — —
Trasksjon 0.059 (1) 0.068 (2) — —
Kolsjon 0.067 (1) 0.062 (1) — —
Lejondalssjon 0.037 (2) 0.022 (1) — —
Nedre Hurr — — 2.7 (1) 3.4 (1)
Téarnan 0.067 (1) 0.071 (2) 3.7(3) 2.8 (2)
Sirsjon / Alvestorp 0.039 (2) 0.041 (2) — —
Largen 0.028 (2) 0.021 (1) — —
Gryten 0.126 (1) 0.088 (1) — —
Vagsjon 0.091 (2) 0.093 (1) 4.0 (1) 4.5 (1)
Sor—Algen 0.095 (2) 0.092 (2) — —
Saxen 0.066 (2) 0.070 (2) — —
Rénken 0.069 (2) 0.117 (3) — —
Norr—Algen 0.124 (2) 0.160 (2) — —
Virsbosjon 0.051 (1) 0.078 (1) — —
Orlingen 0.213 (2) 0.188 (2) — —
Strandsjon 0.116 (1) 0.168 (2) — —
Erken 0.035 (2) 0.036 (2) — —
Osmaren 0.096 (2) 0.054 (1) — —
Hosjon 0.060 (2) 0.053 (1) — —
Storljusen 0.056 (2) 0.063 (3) — —
Villen 0.112 (2) 0.112 (2) — —
Runn 0.076 (2) 0.073 (2) — —
Holmsjon / Kappsjon 0.204 (1) 0.162 (1) — —
Ovre Valsan 0.077 (2) 0.067 (2) — —
Siljan 0.083 (2) 0.147 (1) — —
Ronnhallsjon—Nyckelhallsjon 0.176 (1) 0.113 (2) — —
Tisjon 0.089 (2) 0.080 (1) — —
Orsasjon 0.132 (2) 0.136 (2) — —
NORTH CENTRAL AND NORTH SWEDEN NORRLAND
Ojaren 0.131 (2) 0.137 (3) — —
Bodasjon 0.126 (2) 0.081 (1) — —
Annsjon 0.157 (2) 0.219 (1) — —
Ojen 0.101 (2) 0.153 (1) — —
Solumsjon 0.200 (2) 0.089 (3) — —
Viagsfiarden 0.043 (2) 0.040 (2) — —
Lovsjon / Gallsiter 0.117 (2) 0.121 (1) — —
Mellan—Kroksjon 0.183 (2) 0.270 (3) — —
Lill-Akersjon — — 4.2 (3) 3.5 (1)
Tavelsjon 0.026 (1) 0.031 (1) — —
Storavan 0.013 (2) 0.024 (2) — —
Hotrésket / Bergniset 0.044 (1) 0.036 (1) - —
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