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FOR LOONS (Gaviidae), there is good evidence of long-term displacement around offshore wind farms on winter-
ing grounds, but studies of any impact on either Red-throated Loon Gavia stellata or Black-throated Loon Gavia
arctica from land-based wind turbines are scarce. Current recommendations, based on best available knowledge,
are not to locate wind turbines closer than 1 km from breeding sites, and for Red-throated Loon also to avoid locat-
ing turbines on the flight routes between breeding pools and foraging waters. These recommendations sometimes
necessitate substantial modifications during the planning of a wind farm. To study their relevance, pairwise com-
parisons of the occupation of breeding lakes and breeding success before and after the start of operation were done.
For Red-throated Loon, impaired breeding performance was indicated, and ideally the recommendations should
be extended not to locate wind turbines within 2 km from breeding sites. For Black-throated Loon, there were no
indications of impact, but the results are not entirely conclusive as they rest on data from a small number of breed-
ing sites. Thus, a cautionary approach should be applied. We need further knowledge about impact related future
large-scale wind farms and long-term impact over at least one generation after start of operation.
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Introduction

There is a consensus that wind energy will play a key
function in the future energy supply when phasing out
fossil energy sources. At the same time wind farm devel-
opment needs to be adapted to other aspects of equal
importance for climate adaptation, such as biodiversity,
as well as a wide range of values linked to, for instance,
nature and cultural heritage. Potential risks for birds and
bats were identified quite early during the introduction
of modern wind power (Langston & Pullan 2003). Ever
since, the general approach has been to identify impacts
with reference to collision injury and mortality, distur-
bance leading to displacement and functional habitat
loss, and barrier effects (Drewitt & Langston 2006,
Perrow 2017). A synthesis with focus on the Swedish
context was published by The Swedish Environmental
Protection Agency (SEPA) in 2012 (Rydell et al. 2012),
with an updated version in 2017 (Rydell et al. 2017).

Species-specific research on impacts of land-based or
onshore wind farms on birds at their breeding sites in the
Nordic countries have included inter alia White-tailed
Eagle Haliaeetus albicilla, Golden Eagle Aquila chrysae-
tos and Western Capercaillie Tetrao urogallus. Studies
of coastal breeding White-tailed Eagles in Norway and
Finland indicated a lowered breeding performance with
closer distance to wind turbines, related to mortality and
displacement (Dahl et al. 2012, Balotare-Chiebao et al.
2017). In Sweden, extensive studies of habitat selection,
home range and dispersal patterns by Golden Eagle have
been carried out, in order to provide recommendations
for the adequate localisation of wind farms (Hipkiss et al.
2013, Singh et al. 2017). For Western Capercaillie, long-
term displacement and functional habitat loss up to a
distance of more than 80o m from wind turbines was
confirmed in a project including study sites in Germany,
Austria and Sweden (Taubmann et al. 2021). A Swedish
investigation of bird mortality in forest landscapes
indicated an overall low risk. Carcasses were found
from 32 species, with a 40% dominance of Common
Swift Apus apus, Common Wood Pigeon Columba
palumbus and Eurasian Woodcock Scolopax rusticola
(Pettersson et al. 2024).

Loons (Gaviidae), also known as divers, are con-
nected to aquatic habitats and predominantly pis-
civorous, breeding in freshwater bodies and wintering
in marine habitats. Two of the worlds five species,
Red-throated Loon Gavia stellata and Black-throated
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Loon Gavia arctica, are wide-spread in northern
Europe, with a majority of the breeding populations
in Finland, Sweden and Norway, as can be concluded
from Keller et al. (2020). A main difference is that the
Black-throated Loon breeds primarily in fairly large
clear-water lakes and that the chicks mostly are fed by
fish caught in the breeding lake, while the Red-throated
Loon breeds at small water-bodies, often <1 ha and
without fish; the chicks being fed with fish brought by
the parents from surrounding clear-water lakes, or the
sea for coastal breeding pairs.

Comprehensive studies of the vulnerability to
onshore wind farms, covering several species and based
on the assessment of, amongst others, life-history traits
and collision rates, yield contradictory results with refer-
ence to the loons. An assessment, including 9,538 bird
species and 888 bat species world-wide, indicated low
vulnerability to collision mortality (Thaxter et al. 2017).
However, in an overview study including 214 of the circa
240 bird species breeding in Finland, using an index
including life history parameters such as life span, annual
reproduction and age at first reproduction (Balotare-
Chiebao et al. 2021), both Red-throated Loon and Black-
throated Loon were quite highly ranked with reference to
fatality risk (26 and 38, respectively) but medium-ranked
(137 and 147, respectively) for indirect risk related to e.g.
functional habitat loss. A likely reason for the divergent
results is that the Finnish study reflected life-history
traits, rather than knowledge acquired in species-specific
studies. With respect to loons this means that they are
long-lived, mature late, and lay few eggs, making them
susceptible to additional adult mortality (Saether &
Bakke 2000, Stahl & Oli 2006).

However, current information indicates that the risk
of collision with land-based wind turbines is small. No
loons were found in a standardised search for injured
birds at Smela, on the Atlantic coast of Norway, with a
total of 68 turbines (Bevanger et al. 2010), nor at Storrun
in the County of Jamtland in Sweden, with 12 turbines in
alpine habitat above the treeline (Falkdalen et al. 2013),
nor at Cour Wind Farm in Kintyre, Scotland, com-
prising ten wind turbines (Dewar & Lawrence 2023).
Furthermore, no injured loons were found in any of 15
post-operation studies that searched for killed birds that
are listed in the SEPA synthesis of 2017 (Table A 4.3 in
Rydell et al. 2017), neither in a more recent investigation
of bird mortality during the breeding season at another
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15 wind farms in forest landscapes in various parts of
Sweden during 2021-2023 (Pettersson et al. 2024). At
least five of the wind farms included in this study were
located in regions with Red-throated Loon and 12 of
them in regions with Black-throated Loon.

The conclusion of low fatality risk was further
supported in a review of avoidance rates by Red-
throated Loons at onshore wind farms in Scotland
(Furness 2015). Post-operation monitoring includ-
ing mapping of flight routes by five Red-throated
Loon pairs breeding close (<1 km) from turbines at
two wind farms in Sweden indicated that the birds
avoided the turbines, and one of the pairs regularly
passed in a gap of circa 580 m between two turbines
(Pettersson 2018, 2020).

For the Red-throated Loon, displacement around
land-based wind farms has been reported from the
Orkney Islands but considered to be potentially con-
trollable by adjusting the location of turbines and
avoiding flight routes between breeding sites and
foraging waters (Meek 2007). Before-after com-
parisons in connection with the development of the
above-mentioned wind farms at Smela and Storrun
indicated that Red-throated Loons may avoid breed-
ing sites nearby after the start of operation (Halley &
Hopshaug 2007, Falkdalen et al. 2013), but the stud-
ies included only three and one loon pairs, respec-
tively. At Cour Wind Farm, with three water-bodies
located within 1 km of the nearest turbines, presence
of Red-throated Loon was recorded each year dur-
ing pre-operation monitoring in 2007-2009 (with
one breeding attempt), but no Black-throated Loons
were seen. After start of operation in 2016, both spe-
cies were recorded on all the three waterbodies, with
breeding in single years during the period 2016-2020
(Dewar & Lawrence 2023).

In contrast, there is good evidence that Red-throated
Loons spending the winter in marine habitats avoid
areas around offshore wind farms, with a strong and
long-term displacement effect recorded up to at least
5 km and still identifiable up to around 15 km (Fox &
Petersen 2019, Mendel et al. 2019, Heindnen et al. 2020,
Garthe et al. 2023). As a consequence, the risk of colli-
sion has been judged to be low.

For both the Red-throated Loon and the Black-
throated Loon, current Swedish guidelines recommend
avoiding building wind turbines within a distance of
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1 km from the breeding sites, and for the Red-throated
Loon to also avoid the flight routes between breeding
sites and foraging waters (Rydell et al. 2017). These
guidelines have also been adopted in the wind energy
policy by BirdLife Sweden, https://cdn.birdlife.se/w
p-content/uploads/2023/12/Riktlinjer-BirdLife-Sver
ige-Vindkraft-231203.pdf. The recommendations origi-
nate from locational guidance of onshore wind farms
in Scotland (Bright et al. 2006, 2008) and they are
based on general knowledge of the two species’ behav-
iour and sensitivity to disturbance, since direct infor-
mation about impact from wind turbines was lacking.
Considering that the application of these recommenda-
tions sometimes may lead to quite extensive adaptations
during the design of a wind farm, a more certain assess-
ment of the relevance of the 1-km recommendation is
desirable.

Projekt Lom (https://projektlom.birdlife.se/) is a
network of volunteers under the umbrella of BirdLife
Sweden, that has carried out annual assessments of
the breeding performance by Red-throated Loon and
Black-throated Loon in Sweden since 1994 (Eriksson
2019). Primarily based on this material, updated until
and including 2024, this study is an attempt to assess
the occurrence and breeding performance by the two
loon species at breeding sites with wind turbines in the
vicinity.

Material and methods

BREEDING POOLS AND LAKES INCLUDED IN THE
STUDY
The breeding sites were located across the country in
coniferous woodland landscapes dominated by Norway
spruce Picea abies and Scots pine Pinus sylvestris, inter-
spersed with mires and oligotrophic freshwater lakes.
Their approximate location is shown in Figure 1,
with site-specific details given in Appendices 1 and 2.
The seemingly aggregated distribution reflected only the
location of breeding sites with information that met the
requirements for this study. Sites in the surroundings of
the same wind farm were handled as independent units.
Thus, the number of breeding sites was higher than the
number of wind farms under study, for both species.
Two criteria should be met in order to include a
breeding site in the study:


https://cdn.birdlife.se/wp-content/uploads/2023/12/Riktlinjer-BirdLife-Sverige-Vindkraft-231203.pdf
https://cdn.birdlife.se/wp-content/uploads/2023/12/Riktlinjer-BirdLife-Sverige-Vindkraft-231203.pdf
https://cdn.birdlife.se/wp-content/uploads/2023/12/Riktlinjer-BirdLife-Sverige-Vindkraft-231203.pdf
https://projektlom.birdlife.se/
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FIGURE 1. The approximate location of breeding pools for Red-throated Loon Gavia stellata (red; left) and breeding lakes for Black-throated Loon

Gavia arctica (grey; right) included in this study. Unfilled circles refer to pools or lakes with information only about occupancy by stationary pairs, ie.
no information on breeding success. Site numbers refer to Appendices 1and 2.

— Ungeférligt lége av hdckningstjarnar for smalom Gavia stellata (vdnster) och hdckningssjéar for storlom Gavia arctica (héger) som ingar i undersék-
ningen. Ofyllda cirklar avser tjdrnar och sj6ar med information enbart om nérvaro av stationéra par, dvs. utan uppgift om héckningsframgéang. Platsnum-
reringen avser appendix 1 och 2.
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o There should be at least one wind turbine within
5 km of the pool or lake, distance being selected
based on the assumption that no impact should be
expected at longer distances.

There should be information available about the
occupancy of loons or the breeding result for at
least one year before and one year after the start of
operation, to make it possible to do a before-after
comparison.

With this approach, the study included 31 breed-
ing pools for Red-throated Loon with 20 wind farms
located within 5 km, and 19 breeding lakes for Black-
throated Loon with 15 wind farms within 5 km. As the
surroundings of some wind farms included breeding
sites for both species, the total number of farms was
26 with 2-58 turbines each (median=10), i.e., most of
them were small. Operation of the wind farms started
between 2010 and 2022.

FIELD SURVEYS IN ORDER TO ASSESS POOL
OCCUPANCY AND REPRODUCTION

The field surveys were designed to accurately assess any
presence of a stationary and thus potentially breeding
pair, and the breeding success. The criterion for decid-
ing whether a stationary pair was present or absent in
a particular year was whether paired birds were seen
at least twice with an interval of a minimum of 15 days
between two observations, unless breeding could be
confirmed with records of eggs, incubating birds, or
pre-fledged chicks. Searches for nests were not done,
primarily in order to reduce disturbance and risks of
failure.

In general, 2-4 visits at each breeding site were
required for a reliable assessment. The first visit dur-
ing each season was done before or during the nest-
ing period in May-June, in order to reduce the risk of
biased estimates due to undetected but failed breeding
attempts. The timing of the last visit at each site was
adjusted in order to follow the survival of chicks until
they were classified as large-sized, being more than
half of the length of an adult parent bird and under the
assumption that the probability of being fledged was
high, or until the absence of chicks was confirmed.

At each field visit, notes were taken about the num-
ber of birds and how they appeared (alone, in a pair or
any other constellations), indications of breeding (nest,
eggs or incubation), and any chicks and their length
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relative to the adult birds. Visits when no birds were
seen were also reported. More detailed information
about the methods used for the field surveys is found
at the web site of Projekt Lom: https://cdn.birdlife.se/
wp-content/uploads/sites/30/2025/03/Rapporthan
dledning-version-2025.pdf.

The following assessments were done, based on the
field surveys:
o Occupancy of breeding pools and breeding lakes:
Presence of a stationary pair was assessed for each
site, for each year, with accurate information for
such an assessment.
Mean number of large-sized chicks per stationary pair:
Chicks of pairs not observed before or during the
nesting period but only later during the season
were not included in these assessments. A breeding
attempt resulting in at least one large-sized chick
was classified as a successful breeding.
The percentage of broods with two large-sized chicks:
For successful pairs, we assessed the number of
large-sized chicks, as an index of the survival of
pre-fledged chicks and in consistency with previ-
ous studies (e.g., Eriksson 2019). Most loon pairs lay
two eggs and the chicks’ survival is primarily depen-
dent on the parents’ food provisioning success, as
has been demonstrated for the Red-throated Loon
(Okill & Wanless 1990, Eberl & Picman 1993, Ball
2004, Rizzolo et al. 2014) as well as for the Black-
throated Loon (Jackson 2003). For these assess-
ments, also breeding attempts detected only during
the chick rearing stage were included.

ASSESSMENT OF IMPACT FROM WIND

TURBINES

For each pool and lake included in the study, pairwise
comparisons before and after the start of operation of
a wind turbine were done with the Wilcoxon signed
ranks test, as follows:

« Occupancy by loons, by comparing the percentage
of years with presence of at least one stationary pair
in relation to all years the specific site was visited.
Breeding performance, by comparing the mean
number of large-sized chicks per pair and year with
presence of a stationary pair.

Survival of large-sized chicks, by comparing the
mean percentage of broods with two large-sized
chicks per year with presence of a brood.


https://cdn.birdlife.se/wp-content/uploads/sites/30/2025/03/Rapporthandledning-version-2025.pdf
https://cdn.birdlife.se/wp-content/uploads/sites/30/2025/03/Rapporthandledning-version-2025.pdf
https://cdn.birdlife.se/wp-content/uploads/sites/30/2025/03/Rapporthandledning-version-2025.pdf
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Only pools and lakes with confirmed presence of a
stationary pair or successful breeding during at least
one year before the start of operation were included
in the analyses. Sites that were checked but without
any records of loons or successful breeding before
the start of operation were excluded in order to avoid
biased results, as it was only possible to define a posi-
tive or no change for these sites. For the assessments
of distances between wind turbines and breeding
sites, the distance between the shore of the breed-
ing pool or lake and the most closely located turbine
was used.

For the Red-throated Loon in Sweden, there has
been a long-term decline of the breeding success since
the mid-1990s, and for the Black-throated Loon a nega-
tive trend has been reported for South-central Sweden
(Svealand) while the trend has been positive in the
northern part of the country (Norrland; Eriksson 2019).
To control for the alternative that any indication of dif-
ference before and after start of operation indicated a
general trend, the relationship between the difference
before/after and the distance to the most closely located
wind turbine was investigated with the Spearman rank
correlation coeflicient, r,, assuming that loons breeding
further away from the wind farm should be less affected
by it, the difference before/after should be smaller with
increasing distance.

Results
RED-THROATED LOON

Occupancy of breeding pools

With respect to occupancy of breeding pools, the pair-
wise before-after comparisons included 31 sites. The
distance to the nearest wind turbine varied from o.1 km
to 4.3 km, with 20 pools within 1 km of the nearest tur-
bine. The number of years with information before and
after start of operation was 1-15 years (median = 4 years)
and 1-13 years (median=3 years), respectively (details
in Appendix 1). No more than one stationary pair was
recorded from any of the breeding pools.

There was an insignificant tendency for less frequent
occupancy after the start of operation, with a decline
from circa 90% occupancy on an annual basis to circa
80% (Table 1; Figure 2a), with no significant tendency
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for smaller differences between before and after the
start of operation with increasing distance from the
nearest wind turbine (Spearman r,=o0.26, p=o.s,
n=31 pools).

Mean number of large-sized chicks per stationary pair
The pairwise comparisons included 14 breeding pools,
at distances between 0.2 km and 4.3 km from the
nearest wind turbine, among which 11 were located
within 1 km from the pool. The interval of study years
before and after start of operation was 1-14 years
(median=2 years) and 1-9 years (median=2 years),
respectively (details in Appendix 1).

There were significant differences in breeding suc-
cess before and after the start of operation; on average
1.03 and 0.44 large-sized chicks per pair, year and pool,
respectively for the whole dataset, and 1.06 and o.40
respectively for the pools with the most closely located
wind turbine within 1 km (Table 1, Figure 2b).

Also, Figure 2b shows that a reduced breeding suc-
cess was recorded for most of the breeding sites located
within 1 km from the nearest wind turbine. There was
a tendency for smaller differences between before and
after the start of operation with increasing distance
between the breeding pool and the nearest wind turbine
(Spearman r,=0.64, p=0.016, n=14 pools).

Percentage of broods with two large-sized chicks

The before-after comparison of the percentage of
broods with two large-sized chicks included 11 breeding
pools. The breeding sites were located within the same
distance interval of 0.2—4.3 km from the nearest wind
turbine, among which five were located within 1 km
from the pool. The number of years with information
before and after the start of operation was 1-12 years
(median=3 years) and 1-7 years (median=2 years),
respectively (details in Appendix 1).

For the whole set of data, the average percentage of
broods with two large-sized chicks differed significantly
before and after start of operation, 57% and 20% per
year and pool, respectively (Table 1; Figure 2c). Also,
for the pools located up to 2 km from the nearest wind
turbine, there was a significant decline, from 65% to
21% per pool and year (Table 1). For the pools with the
most closely located wind turbine at distances within
1 km, the average percentage was 54% and 10% respec-
tively, before and after the start of operation, although
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TABLE 1. Before-after comparisons of the pool occupancy and breeding success by the Red-throated Loon Gavia stellata.
— Fére/efterjamférelser av smalommens Gavia stellata forekomst och hdckningsframgang.

Wilcoxon signed ranks test
Wilcoxons rangsummetest

Number of non-zero

Before start of After start of Number of differences
operation operation pools Antal jémférelser med
Fére driftstart Efter driftstart Antal tjérnar skillnad Wilcoxon T p
Mean percentage of years with stationary pair per pool
Medelandel (%) av Gr med stationdrt par per tjdrn
Pools with wind turbine up to 1 km distance 94% 78% 20 9 38 0.07
Tjgrnar med vindkraftverk upp till 1 km avstand
Pools with wind turbine up to 2 km distance 93% 81% 26 M 50 0.15
Tjdgrnar med vindkraftverk upp till 2 km avstand
All pools with wind turbine up to 5 km distance 92% 82% 31 13 67 0.15
Alla tigrnar med vindkraftverk upp till 5 km avstand
Mean number of large-sized chicks per pair, year, and pool
Medelantalet stora ungar per par, ar och tjgrn
Pools with wind turbine up to 1 km distance 1.06 0.40 M 10 50 0.02
Tjgrnar med vindkraftverk upp till 1 km avstand
Pools with wind turbine up to 2 km distance 1.06 0.43 12 " 60 0.01
Tjarnar med vindkraftverk upp till 2 km avstand
All pools with wind turbine up to 5 km distance 1.03 0.44 14 13 83 0.006
Alla tjdrnar med vindkraftverk upp till 5 km avstand
Mean percentage of broods with two large-sized chicks per year and pool
Medel-% ungkullar med tvd stora ungar per ar och tjdrn.
Pools with wind turbine up to 1 km distance 54% 10% 5 4 10 0.13
Tjdgrnar med vindkraftverk upp till 1 km avstand
Pools with wind turbine up to 2 km distance 65% 21% 9 8 36 0.008
Tjdgrnar med vindkraftverk upp till 2 km avstand
All pools with wind turbine up to 5 km distance 57 % 20% M 10 54 0.004

Alla tigrnar med vindkraftverk upp till 5 km avstand
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FIGURE 2. Before-after comparisons in relation to the distance to the most closely located wind turbine for breeding pools of Red-throated Loon
Gavia stellata. (a) Proportion of years with a stationary pair, (b) mean number of chicks per pair, (¢) mean proportion of years with broods comprising
two chicks rather than one. Numbers refer to sites listed in Appendix 1.

— Fére-/efterjamfdrelser i relation till avstandet till narmaste vindkraftverk for hdckningstiarnar for smalom Gavia stellata. (@) Andel 4r med ett stationért
par, (b) medelantalet ungar per par, (c) medelandelen &r med kullar om tva ungar snarare én en. Numreringen avser hackningsplatser fortecknade i
appendix 1.
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this difference was not supported by statistical signifi-
cance (Table 1).

There was no significant relationship between differ-
ence before and after the start of operation and distance
from the breeding pool to the nearest wind turbine
(Spearman r,=0.36, p=0.23, n=11 pools).

BLACK-THROATED LOON

Occupancy of breeding lakes

The before-after comparison for the occurrence of
stationary pairs included 19 lakes. The distance from
the shore to the most closely located wind farm varied
between 0.2 km and 4.5 km, among which nine were
located within 1 km. The number of years with infor-
mation before and after the start of operation was 1-17
(median=4 years) and 1-12 years (median=3 years),
respectively (details in Appendix 2).

Occupancy was close to 100% before, and around
90% after the start of operation but the difference was
not statistically significant (Table 2, Figure 3a), and with
no indication of smaller differences between before
and after the start of operation with increasing distance
between the breeding pool and the nearest wind turbine
(Spearman r,=0.26, p=o0.25, n=19 lakes).

Mean number of large-sized chicks per stationary pair
The before-after comparison included eight lakes. The
distance from the shore to the nearest wind turbine var-
ied between 0.3 and 4.5 km, with four lakes within 2 km
but only two lakes within 1 km. The number of years
with information varied between 1 and 14 years, both
before and after the start of operation (median = 6 years
and 8 years, respectively, details in Appendix 2).

There were large numerical differences in breed-
ing success before and after the start of operation but
they were not supported by any statistical significance;
0.58 and 0.70 large-sized chicks per pair, year, and lake,
respectively for the whole data set, and 0.74 and 0.6,
respectively, for the lakes with the nearest wind turbine
located within 2 km (Table 2, Figure 3b). As only two
lakes were located less than 1 km from the nearest wind
turbine, no separate comparisons were made for these.
There was no relationship between the difference before
and after the start of operation and the distance to the
most closely located wind turbine (Spearman r,=o0.38,
p=0.28, n=3 lakes).
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Percentage of broods with two large-sized chicks

The before-after comparison of the percentage of
broods with two large-sized chicks included seven
breeding lakes. The distance from the shore to the
most closely located turbine was in the interval of
0.3-4.5 km, with five lakes within 2 km, but only two
lakes within 1 km. The number of years with informa-
tion was 1-7 years (median=3 years) and 1-5 years
(median=3 years) before and after the start of opera-
tion, respectively (details in Appendix 2).

The mean percentage of broods with two large
chicks per year and lake was 46 % before and 38% after
the start of operation for the whole set of data, and 50%
and 38%, respectively for lakes with the most closely
located wind turbine at a distance of up to 2 km; with
no differences supported by statistical significance
(Table 2, Figure 3c). As for breeding success, only two
lakes were located closer than 1 km from the nearest
wind turbine which is why no separate comparisons
were done for these.

However, there was an indication of a relationship
between smaller difference before and after the start of
operation and the distance to the most closely located
wind turbine (Spearman r,=0.68, p=0.07, n=7 lakes).

Discussion

The aim of this study is to investigate any impact on the
occurrence and breeding performance by Red-throated
Loon and Black-throated Loon after the establishment
of wind turbines in the surroundings of the breeding
sites, and to assess the relevance of current recommen-
dations not to locate wind turbines within 1 km from the
breeding sites. It is based on contributions by a network
of volunteers, which results in some limitations. The
selection of sites that could be included in the study was
primarily dependent on the availability of participants
that had the opportunity to take part in the field sur-
veys. Thus, the analyses only included a limited num-
ber of breeding pools or lakes. Also, for single sites the
precision of data was low as information was available
only for one or a few years before or after the start of
operation (see Appendices 1 and 2 for details). This has
resulted in low statistical power and a risk that real dif-
ferences have remained undetected, although the main
findings with refence to potential impacts on both spe-
cies of loons are not compromised.
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TABLE 2. Before-after comparisons of the lake occupancy and breeding success by the Black-throated Loon Gavia arctica.

— Fore/efterjamférelser av storlommens Gavia arctica férekomst och hackningsframgang.

Wilcoxon signed ranks test
Wilcoxons rangsummetest

Number of non-zero

Before start of After start of Number of differences
operation operation lakes Antal jémférelser med
Fére driftstart Efter driftstart Antal sjéar skillnad Wilcoxon T p
Mean percentage of years with stationary pair per lake
Medelandel (%) av Gr med stationdrt par per sjé
Lakes with wind turbine up to 1 km distance 100% 91% 9 2 3 Not tested
Sjéar med vindkraftverk upp till 1 km avstind Ej testat
Lakes with wind turbine up to 2 km distance 100% 92% 14 4 10 0.13
Sjéar med vindkraftverk upp till 2 km avstand
All lakes with wind turbine up to 5 km distance 96 % 92% 19 7 21 0.30
Alla sjéar med vindkraftverk upp till 5 km avstand
Mean number of large-sized chicks per pair, year, and lake
Medelantalet stora ungar per par, dr och sjé
Lakes with wind turbine up to 2 km distance 0.74 0.65 4 4 7 0.63
Sjéar med vindkraftverk upp till 2 km avstand
All lakes with wind turbine up to 5 km distance 0.58 0.70 8 8 23 0.55
Alla sjar med vindkraftverk upp till 5 km avstand
Mean percentage of broods with two large-sized chicks per year and lake
Medel-% ungkullar med tvd stora ungar per dr och sjé.
Lakes with wind turbine up to 2 km distance 50% 38% 5 4 7 0.63
Sjéar med vindkraftverk upp till 2 km avstand
All lakes with wind turbine up to 5 km distance 46% 38% 7 5 n 0.44

Alla sjoar med vindkraftverk upp till 5 km avstand
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FIGURE 3. Before-after comparisons in relation to the distance to the most closely located wind turbine for breeding lakes of Black-throated Loon
Gavia arctica. (a) Proportion of years with a stationary pair, (b) mean number of chicks per pair, (¢) mean proportion of years with broods comprising
two chicks rather than one. Numbers refer to sites listed in Appendix 2.

— Fore/efter-jamfdrelser i relation till avstandet till ndrmaste vindkraftverk for hdckningssjéar for storlom Gavia arctica. (@) Andel &r med ett stationért
par, (b) medelantalet ungar per par, (c) medelandelen &r med kullar om tva ungar snarare an en. Numreringen avser hackningsplatser fortecknade i
appendix 2.

RED-THROATED LOON but most likely any impact is marginal (Table 1,
The results do not exclude that Red-throated Loons  Figure 2a). Nevertheless, the result is consistent with
avoid breeding sites in the vicinity of wind turbines, previous assessments for land-based wind farms
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(Halley & Hopshaug 2007, Falkdalen et al. 2013).
However, the results differ from the well-docu-
mented evidence of long-term displacement by win-
tering Red-throated Loons in marine habitats (Fox
& Petersen 2019, Mendel et al. 2019, Heindnen et al.
2020, Garthe et al. 2023). Also, for other bird species
tendencies for displacement have been shown to be
more apparent outside the breeding season (summa-
rised by Rydell et al. 2017).

The breeding success declined, however, after the
start of operation (Table 1, Figure 2b). The mean num-
ber of large-sized chicks per pair, year, and pool before
the start of operation was above the average levels for
Sweden as a whole during the period 1994-2018 (as
shown in Table 2 in Eriksson 2019) but dropped below
those levels after the start of operation. In addition, the
indication of a smaller difference in breeding success
before and after the start of operation for those birds
breeding further away from wind turbines suggests that
the results are not just a reflection of a general decline
over time.

Explanations for possible mechanisms behind the
lower breeding success can only be speculative. In
several studies, nest predation has been identified as a
main reason for failures (Eberl & Picman 1993, Dahlén
& Eriksson 2002, Rizzolo et al. 2014). For loons spend-
ing the winter in marine habitats, irregular human dis-
turbance related to the maintenance of wind turbines
has been proposed as one of several factors contribut-
ing to the long-term avoidance of large areas around
offshore wind parks (Fox & Petersen 2019). A sub-
jective experience from many years of field studies of
both species of loons is that the birds show a large indi-
vidual variation in tolerance of human activities. They
can habituate to regularly occurring activities although
they may react to new elements, even if they seem triv-
ial from a human perspective. Perhaps, single visits at
irregular intervals for maintenance of a wind turbine
located in a remote region with few human activities is
the kind of incident that may force an incubating bird
to leave the nest and make it more susceptible to preda-
tors (Rizzolo et al. 2014).

Any impact related to disturbance, however, is
restricted to the incubation period and it can hardly
explain the result showing a lower percentage of broods
with two chicks at breeding sites with a wind turbine in
the vicinity (Table 1, Figure 2c). Rather, this indicates

75

an impaired survival of the non-fledged chicks and
indirectly more challenging food provisioning for the
parents (Okill & Wanless 1990, Eberl & Picman 1993,
Ball 2004, Rizzolo et al. 2014 for Red-throated Loon;
Jackson 2003 for Black-throated Loon). Before the
start of operation, the average percentage of broods
with two chicks was slightly above the general levels
for the period 1994-2018 (as concluded from Table 2
in Eriksson 2019), but below this level after the start of
operation.

It cannot be excluded that the difference reflected
a general long-term decline for pairs foraging at fresh-
water lakes, at least in northern Sweden (Table 2 in
Eriksson 2019), as there was no significant relationship
between smaller difference in breeding performance
with increasing distance from the breeding site to the
most closely located wind turbine. But the result also
raises the question of whether wind turbines located in
the flight routes between breeding pools and foraging
waters create a barrier, due to the very high avoidance
rate of land-based wind farms that has been proposed to
apply for this species (Furness 2015).

Most likely, the energy requirements for the food-
provisioning flights are high, having in mind that carry-
ing a fish involves an aerodynamic constraint (Norberg
& Norberg 1976), and the strategy for feeding the chicks
has been proposed to be adapted to reduce the number
of foraging flights (Rizzolo et al. 2015). Thus, any barrier
effect related to detours past a wind turbine located in
the flight route between the breeding pool and the for-
aging water may cause stress that makes the food pro-
visioning to the chicks more demanding. Considering
this aspect, environmental impact assessments for
wind farm projects must not only focus on the location
of breeding pools but also include the flight routes to
potential foraging waters (Dahlén et al. 2024).

The results indicate a risk that breeding pools with
wind turbines in close proximity are ecological traps.
Location of a wind turbine near a breeding site seems
to have only a small impact on the degree of occu-
pancy, but a clear negative impact on the breeding
performance. This is in accordance with general crite-
ria (Robertson & Hutto 2006, Robertson et al. 2013),
such as (i) an equal preference before and after start of
operation, (ii) a reasonable measure of fitness should
be affected, and (iii) that the fitness outcome should be
lowered.
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To summarise, for the Red-throated Loon there is
a risk of impaired breeding success at breeding pools
located within at least 1 km from the nearest wind tur-
bine, and a risk of lower survival of the non-fledged
chicks in breeding pools located within at least 2 km
from the most closely located wind turbine. This leads
to the following recommendations for the management
of Red-throated Loon populations in connection to
land-based wind farm projects, to be applied until fur-
ther information is available:
o The current recommendation to avoid wind tur-
bines within 1 km from breeding sites should still
be applied, as a minimum, but ideally be extended
to 2 km to also take account of food provisioning of
the chicks.
The current recommendation not to locate wind
turbines along the flight routes between breeding
sites and foraging waters should still be applied.
For a closer examination of the relevance of these rec-
ommendations, we need to gain a better understanding
behind the reasons for the impaired breeding perfor-
mance at pools with wind turbines in the close vicinity,
including any barrier effects of turbines located in the
flight routes between breeding pools and waters used
for foraging. A possible approach is to map the flight
routes for a sufficient number of breeding pairs that are
feeding chicks, in combination with assessments of any
additional energy or nutrient needs related to detours
around wind turbines.

BLACK-THROATED LOON
For the Black-throated Loon, the study gives a differ-
ent picture. Indications of potential displacement from
breeding lakes with wind turbines in the surroundings
were weak and not statistically significant (Table 2,
Figure 3a). However, when it comes to breeding success
and the survival of chicks, the results are strikingly dif-
ferent between the species, with no indication that the
breeding success of Black-throated Loons was affected.
The mean number of chicks per pair per lake was
similar before and after the start of operation (Table 2,
Figure 3b), and above the general level for Sweden as
a whole during 1994-2018 (Table 1 in Eriksson 2019).
Furthermore, there were no indications of any dif-
ferences in survival of the non-fledged chicks before
and after the start of operation (Table 2, Figure 3c). In
contrast to the Red-throated Loon, the Black-throated
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Loon primarily feeds the chicks with fish and to some
extent aquatic invertebrates caught in the breeding
lake. This minimises the need for foraging flights to
neighbouring lakes and thus also any risks of impact
from wind turbines located along the flight routes.
Instead, the results for the Black-throated Loon sup-
port the assumption that the lowered survival of the
Red-throated Loon chicks might be linked to a barrier
effect and more energy-demanding food provisioning
flights.

If only taking account of these results, there is no
support for the continued application of the recom-
mendation not to allow wind turbines within a zone of
1 km around breeding lakes for Black-throated Loon.
Nevertheless, the 1 km recommendation should still be
retained, applying a cautionary approach. The number
of breeding lakes included in the before-after com-
parisons was small (Table 2), which is why potential
differences must not be ruled out, although they were
not possible to establish with statistical significance.
Furthermore, most wind farms included in the study
consisted of a fairly small number of turbines, and it is
unclear whether the results apply for larger ones, as fur-
ther outlined below.

LARGE WIND FARMS AND THE LANDSCAPE
PERSPECTIVE

Most of the 26 wind farms included in this study are
small, with two wind turbines up to 58 ones, and with a
median of ten turbines. However, many future projects
involve several tens or hundreds of turbines, although
most of the current knowledge of the impact on the
bird fauna refer to studies related to small or medium-
sized wind farms. Questions related to any impact of
large-scale wind farms should be prioritised for future
research, for loons as well as other species.

For the management of Red-throated Loon it is
well-established practise to apply a landscape perspec-
tive that includes both the breeding sites and forag-
ing waters, as well as the flight routes between them.
However, the management of Black-throated Loon is
mostly focused only on the breeding lakes, although
there are frequent contacts between individuals from
different lakes. Based on studies of the Common Loon
Gavia immer, there are reasons to assume that there is an
intricate system of social interactions where the often-
noticed groups of birds, primarily seen during mid- and
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late summer, play an important role (Paruk 2006,
Piper et al. 2011). Thus, the management of Black-
throated Loon populations must not be restricted to
the breeding lakes, but should also include lakes in the
surroundings, where loons from different breeding sites
meet for social interactions, as well as the flight routes
between these lakes.

Today, we know that Black-throated Loons appear
also in other lakes than the breeding lakes during the
breeding season, but we do not know how many alter-
native lakes that are visited, nor the distances or the
flight routes. Neither do we have any knowledge about
temporal variations over the day nor over the breeding
season. We thus lack crucial knowledge to understand
and avoid barrier effects that might affect the social
interactions between loons in various lakes. A possible
approach to handling this knowledge gap is to docu-
ment the individual dispersal patterns during the breed-
ing season by GPS telemetry.

Thus, the issue of any impact of wind turbines on the
Black-throated Loon cannot be ruled out, and we lack
knowledge needed for the kind of landscape perspective
that must be applied in nature conservation planning
and in environmental impact assessments. This concern
is further emphasized by the importance of the Nordic
population in an international perspective, with more
than 98% of the European population (outside Russia)
breeding in Sweden, Finland, and Norway (deduced
from BirdLife International 2021).

LONG-TERM MONITORING AFTER THE START

OF OPERATION

Loons are long-lived birds, with a generation length
of 8-9 years (supplementary information in Bird et al.
2020), but information available from post-operation
monitoring is still too scanty for any assessments
of long-term trends for pairs breeding at pools and
lakes with wind turbines in the surroundings. Further
research needs to focus on both potential habituation
and avoidance over time. A possible reason for the
lack of any clear indications of avoidance of breeding
sites with wind turbines nearby is that the birds might
return even after a wind farm has been established, but
it is an open question whether younger individuals will
take over such breeding sites, once the old birds have
disappeared. A time horizon of at least one generation
is necessary to get a better understanding, but this has
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rarely been considered in post-monitoring studies, as
far as I know. An alternative approach is to document
the occupancy of breeding sites and the breeding per-
formance during some years over a large spectrum of
breeding sites with different number of years after the
start of operation, and to also include other relevant
factors, such as distance to the most closely located
turbine and number of turbines in the wind farm of
any model.
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Svensk sammanfattning

Det finns en utbredd samsyn om att vindkraften kom-
mer att ha en nyckelfunktion i utfasningen av fossila
energikallor och den framtida energiforsorjningen,
samtidigt som utbyggnaden ska anpassas till andra
aspekter av likvardig betydelse for klimatanpassningen,
sasom biologisk méngfald, liksom till en stor bredd av
natur-, kultur- och upplevelsevirden. Risker for faglar
och fladdermdss pétalades tidigt under utbyggnadsfa-
sen (t.ex. Langston & Pullan 2003), och en syntesrap-
port som sammanfattade kunskap relevant for svenska
forhéllandena publicerades av Naturvardsverket 2011,
med en uppdaterad version 2017 (Rydell m.fl. 2017).
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Kunskapen om hur hidckande lommar paverkas av
landbaserade vindkraftverk &r begrdnsad. En samman-
vigd bedémning av undersokningar i Sverige, Norge
och Skottland antyder att i varje fall smalommen kan-
ske undviker att hécka i ndromradet kring vindkraft-
verk, men att risken for kollisioner med vindkraftverk
ar 1dg (Halley & Hopshaug 2007, Bevanger m.fl. 2010,
Falkdalen m.fl. 2013, Furness 2015, Dewar & Lawrence
2023). I en undersdkning av dodligheten av figlar och
fladdermoss kring 15 vindparker i skilda delar av landet
20212023 hittades inga skadade lommar (Pettersson
m.fl. 2024). Atminstone fem av vindparkerna lag i trak-
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ter med forekomst av smalom under hdckningstid och
tolv av dem i omraden med hickande storlom.

For 6vervintrande smalommar i havsmiljder &r det
ddremot véldokumenterat att arten langsiktigt undviker
naromradet kring havsbaserade vindkraft, med en pa-
taglig undvikandeeffekt upp till ungefar 5 km och mat-
bar upp till ungefdr 15 km (t.ex. Fox & Petersen 2019,
Mendel m.fl. 2019, Heindnen m.{fl. 2020, Garthe m.{fl.
2023). I konsekvens med detta har risken for kollisioner
beddmts vara liten.

For bada lomarterna rekommenderas att inte
bygga vindkraftverk inom ett avstand upp till 1 km
fran hédckningsplatserna och for smalommen inte
heller i flygstrdken mellan hackningsplatser och fis-
kevatten (Rydell m.fl. 2017). Rekommendationerna
har dven antagits i BirdLife Sveriges policy om vind-
kraft, https://cdn.birdlife.se/wp-content/uploads/20
23/12/Riktlinjer-BirdLife-Sverige-Vindkraft-231203
.pdf. De bygger pa riktlinjer som ursprungligen ta-
gits fram for skotska forhallanden (Bright m.fl. 2006,
2008) och de grundar sig pa generella beddmningar
om stdrningskénslighet, upptradande och beteenden,
i avsaknad pa underlag for att mera konkret bedoma
hur de tvd lomarterna kan paverkas. Men eftersom
héansyn till bland annat lommarnas héckningsplat-
ser ibland leder till ganska omfattande anpassningar
under projekteringen av en vindpark ar det 6nskvart
med en sdkrare bedémning av relevansen av 1 km-
rekommendationen.

Projekt Lom (https://projektlom.birdlife.se/), som
ar en arbetsgrupp inom BirdLife Sverige, har sedan
1994 gjort arliga bedémningar av de tvd lomarternas
hickningsframgang, pé basis av information som sam-
lats in av ett ndtverk av medarbetare spridda over lan-
det (Eriksson 2019). Med i huvudsak detta material som
underlag gors har ett forsok till beddmning om de tvé
lomarternas forekomst och hackningsframgang i nér-
omradet kring vindkraftverk.

MATERIAL OCH METOD

Hdckningstjdrnar och -sjéar som ingdr i undersékningen

Hickningsplatserna som ingér i undersdkningen var
spridda dver landet (figur 1), och en till synes klumpar-
tad placering beror enbart pa tillgdngen pa héacknings-
platser med anvéndbar information. Héckningsplatser
med samma vindkraftverk i ndromradet har behandlats
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som oberoende enheter i berdkningarna. Kriterierna
for att ta med en tjarn eller sjo var (1) att det ska finnas
minst ett vindkraftverk beldget inom ett avstand av 5 km
och (2) att det ska finnas information om forekomsten
avlommar eller hackningsutfallet under minst ett ar fore
respektive efter driftstart.

Utifrdn den hér ansatsen omfattar undersdkningen
totalt 31 hdckningstjarnar for smélom, med tillsammans
20 vindparker inom ett avstand av 5 km, och 19 hack-
ningssjoar for storlom, med tillsammans 15 anldggningar
inom 5 km. For nagra vindparker finns hickningsplatser
for bade smalom och storlom inom naromradet, och to-
talt berdrs 26 anldggningar med 2-58 verk (median=10
verk), dvs. att de flesta dr ganska smd. Anldggningarna
togs i drift mellan dren 2010 och 2022.

Fdltarbete for att bedéma nyttjande av héckningsplatser
och hdckningsframgdang

Inventeringsarbetet har byggt pa att tdnkbara héck-
ningsplatser har besokts vid tillrackligt manga tillfallen
under hdckningssdsongen for att man ska kunna fast-
stélla ndrvaron av ett stationért par och hackningsutfal-
let. Kriteriet for att bedoma nérvaron av ett potentiellt
hdckande par var att faglar upptradande i par har setts
vid atminstone tva tillfillen med minst 15 dagars mel-
lanrum, om inte hackning kunde faststéllas genom fynd
av dgg, observation av ruvande fagel eller icke flygga
ungar.

Normalt behovdes 2-4 tillfllen utspridda over
hickningssdsongen for en trovirdig beddmning. For-
sta besoket gjordes fore eller under ruvningsperioden,
for att minska risken for 6verskattningar av hacknings-
utfallet pa grund av att paborjade men misslyckade
hickningar kan ha forbisetts. Tidpunkten for det sista
bescket anpassades till ungens/ungarnas tillvixt tills
de blivit mer dn halvstora, da sannolikheten for att de
ska bli flygga har bedémts vara stor, eller att franvaro av
unge/ungar kunde faststéllas.

Vid varje besok har antalet lommar och deras upp-
tridande (ensamma figlar, i par, andra grupperingar)
noterats, liksom eventuella hickningskriterier (bo, dgg,
ruvning) samt eventuella ungar och deras storlek i rela-
tion till foraldrafaglarnas langd. Inventerarna har upp-
manats att &ven rapportera "negativa’ besok, dd man
inte sett nagra lommar. Mer detaljerad information om
inventerings- och redovisningsmetodiken finns pé Pro-
jekt Loms hemsida: https://cdn.birdlife.se/wp-content/
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uploads/sites/30/2025/03/Rapporthandledning-versio

n-2025.pdf.

Foljande bedémningar har gjorts pa basis av inven-
teringsresultaten:

« Nyttjandet av hickningssjoar- och tjarnar: Nérvaron
av ett stationdrt par bedomdes érligen for varje tjarn
eller sj6 med tillrdcklig information for en sddan
beddmning.

o Medelantalet stora ungar per stationdrt par: Med
“stora ungar” avses ungar som &r mer dn halvvuxna
i relation till fordldrafaglarnas langd. Ungar tillho-
rande par som inte setts fore eller under ruvnings-
perioden utan forst senare under sdsongen, ingick
inte i berdkningsunderlaget. En hdckning som resul-
terat i &tminstone en “stor” unge har betecknats som
lyckad.

« Procentandelen ungkullar med tva stora ungar: En
indikation p& ungarnas Gverlevnad till de blivit
flygga. Lommarna lagger i regel tva dgg, och for bade
smalommen och storlommen har man i undersék-
ningar pa skilda hall visat att ungarnas 6verlevnad
ar beroende pa hur forildrafaglarna lyckas med
matningen (Okill & Wanless 1990, Eber] & Picman
1993, Ball 2004, Rizzolo m.fl. 2014 for smalommen,
Jackson 2003 for storlommen). I berdkningsunder-
laget ingér dven par med unge eller ungar som upp-
tackts forst efter klackningen.

Bedémning av eventuell paverkan av vindkraftverk

For de sjoar och tjarnar som ingick i undersdkningen

gjordes parvisa jamforelser fore och efter driftstart med

Wilcoxons rangsummetest, enligt foljande:

o Narvaron av lommar, genom jimforelser av pro-
centandelen &r med nérvaro av ett stationart par i
relation till alla &r som den aktuella platsen hade
besokts.

« Hickningsutfallet, genom jamforelser av medelan-
talet stora ungar per par och ar med nérvaro av ett
stationart par.

o Ungarnas Overlevnad, genom jamforelser av den
genomsnittliga procentandelen ungkullar med tvé
stora ungar per ar med nérvaro av en ungkull.

Avstandsbedémningarna avser avstandet mellan nér-

mast beldgna vindkraftverk och stranden av hacknings-

tjarnen eller -sjon.
Det har skett en langsiktig forsamring av smalom-
mens ungproduktion i hela landet sedan mitten av
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1990-talet, och for storlommen har ungproduktionen
under samma tid forsdmrats i Svealand medan det har
varit en positiv trend i Norrland (Eriksson 2019). For att
kontrollera for den alternativa forklaringen att en even-
tuell indikation pa ett forandrat hiackningsutfall efter
driftstart kan bero pa en generell trend undersoktes om
det fanns négot samband mellan skillnaden i hicknings-
utfall fore och efter driftstart och avstandet till ndrmaste
vindkraftverk genom att berdkna Spearmans rangkor-
relationskoefficient, r, med antagandet att skillnaden
minskade med 6kande avsténd till narmaste vindkraft-
verk.

RESULTAT

Smdlom

Den parvisa fore/efter-jamforelsen avseende forekom-
sten av stationdra par omfattade 31 hickningstjarnar
inom ett intervall pa 0,1-4,3 km och med 20 av dem
beldgna pé ett avstand upp till 1 km. Det fanns en tendens
till minskat nyttjande fran ungefir 90% av tjirnarna
varje ar fore till ungefiar 80% efter driftstart, men den
kunde inte verifieras med statistisk signifikans (tabell 1,
figur 2). Det fanns inte heller nigon tendens till minskad
skillnad fore/efter driftstart med okande avstand fran
niarmaste vindkraftverk (Spearman r,=o0,26. p=o,15,
n=31tjirnar).

Vad avser ungproduktionen omfattade den parvisa
fore/efter-jamforelsen 14 tjérnar, inom ett avstandsin-
tervall pa 0,2-4,3 km frén det ndrmast belagna vind-
kraftverket, varav 11 tjdrnar belagna upp till hogst 1 km.
Det var numerirt stora skillnader i ungproduktionen
fore respektive efter driftstart, med i medeltal 1,03 och
0,44 stora ungar per par, ar och tjidrn innan respektive
efter att vindkraftverken hade tagits i drift for hela ma-
terialet, och 1,06 resp. 0,40 stora ungar for tjarnar inom
avstandsintervallet o-1 km. Skillnaderna kunde verifie-
ras med statistisk signifikans (tabell 1, figur 2).

Aven rent visuellt framgr av figur 2 att en minskad
ungproduktion noterades for tjarnarna beldgna upp
till 1 km frdn ndrmaste vindkraftverk. Skillnaden fore
respektive efter driftstart minskade med 6kande av-
stdnd till nirmaste vindkraftverk (Spearman r,=0,64,
p=0,016, n=14 tjirnar).

Den parvisa fore/efter-jamforelsen av procentande-
len ungkullar med tva stora ungar omfattade 11 tjérnar,
beldgna inom samma avstandsintervall pd 0,2-4,3 km,


https://cdn.birdlife.se/wp-content/uploads/sites/30/2025/03/Rapporthandledning-version-2025.pdf
https://cdn.birdlife.se/wp-content/uploads/sites/30/2025/03/Rapporthandledning-version-2025.pdf

ERIKSSON (2025) | THE OCCURRENCE AND BREEDING SUCCESS OF LOONS IN THE VICINITY OF LAND-BASED WIND TURBINES | ORNIS SVECICA 35: 64-88

varav fem var beldgna inom ett avstdnd upp till 1 km
(tabell 1, figur 2). Den genomsnittliga procentandelen
ungkullar med tva ungar skiljde sig signifikant fore och
efter driftstart, 57% resp. 20% per tjarn och ar och rak-
nat pa hela materialet. Ocksa for tjarnar beldgna upp
till 2 km fran ndrmaste vindkraftverk var skillnaden sig-
nifikant, med i medeltal 65% resp. 21% fore och efter
driftstart. For tjarnar beldgna upp till 1 km fran narmas-
te kraftverk kunde en motsvarande skillnad, 54% och
10% fore respektive efter driftstart, inte verifieras med
statistisk signifikans (tabell 1, figur 2). Det fanns inga
samband, som kunde faststéllas med statistisk signifi-
kans mellan differensen fore/efter driftstart och 6kande
avstind till ndrmaste vindkraftverk (Spearman r,= 0,36,
p=0,23, n=11 tjirnar).

Storlom

Den parvisa fore/efter-jamforelsen avseende fore-
komsten av stationéra par omfattade 19 hdckningssjoar,
beldgna inom ett avstdndsintervall pa o,2-4,5 km fran
stranden till det ndrmast beldgna kraftverket, varav
nio var beldgna upp till 1 km frén narmaste verk. Fran
att nédstan alla sjdarna nyttjades av stationdra par fore
driftstart hade nérvaron av minskat till ungefir 90%
efter att vindkraftverken tagits i drift, men skillnaden
kunde inte verifieras med statistisk signifikans (tabell 2,
figur 3). Det fanns ingen indikation p& minskad skillnad
mellan fore och efter driftstart med 6kande avsténd fran
nirmaste vindkraftverk (Spearman r,=0,26, p=o0,25,
n=19 sjoar).

Den parvisa fore/efter-jamforelsen vad géller ung-
produktionen omfattade &tta sjdar, inom ett avstandsin-
tervall pa 0,3-4,5 km fran stranden, varav fyra sjoar var
beldgna upp till hogst 2 km fran ndrmaste verk men bara
tva sjdar inom 1 km. Det var numerdrt stora skillnader
men de kunde inte verifieras med statistisk signifikans,
och det var ingen samstdmmighet mellan jamfGrelserna
avseende hela materialet och for sjéarna beldgna upp
till 2 km frdn niarmaste kraftverk: 0,58 och 0,70 stora
ungar per par, ar och sjo, for hela materialet (tabell 2,
figur 3), och 0,74 och 0,65 stora ungar fore respektive
efter driftstart for avstandsintervallet o-2 km. Efter-
som bara tva sjoar lag pa ett kortare avstand &n 1 km,
gjordes inga separata berdkningar for dessa. Det fanns
inget samband vad avser differensen fore/efter driftstart
och avstandet till niarmaste vindkraftverk (Spearman
r,=0,38, p=0,28, n=8 sjdar).
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Den parvisa fore/efter-jamforelsen av procentan-
delen ungkullar med tva stora ungar omfattande sju
sjOar, belagna inom ett avstandsintervall pa 0,3-4,5 km
fran stranden till det narmast beldgna vindkraftverket,
med fyra sjoar beldgna pa ett avstand upp till 2 km men
aterigen med bara tva sjoar belagna upp till 1 km. Den
genomsnittliga procentandelen ungkullar med tva stora
ungar var 46% fore och 38% efter driftstart, riknat
pé hela materialet, och 50% resp. 38% for sjoar med
niarmaste kraftverket beldget inom ett avstand pa upp
till 2 km (tabell 2, figur 3). Inga separata beddmningar
gjordes for de tva sjoarna beldgna pa ett kortare av-
stand dn 1 km fran ndrmaste kraftverk. Daremot fanns
det en indikation en minskad differens mellan fore res-
pektive efter driftstart och avstdndet fran stranden till
nirmaste vindkraftverk (Spearman r,=0,68, p=o0,07,
n=7 sjdar).

DISKUSSION

Som ndmndes i inledningen baseras undersékningen i
huvudsak pa information fran ett natverk av frivilliga.
Detta har medfort en del begrinsningar, sdsom att urva-
let av platser som inventerades var beroende av antalet
medverkande. Analyserna omfattar saledes ett litet antal
tjarnar och sj6ar, och for enstaka hiackningsplatser finns
information for bara nagot eller nagra fa ar fore eller
efter driftstart (detaljer i appendix 1 och 2). Detta med-
for en lag statistisk styrka och svarigheter att verifiera
verkliga skillnader med statistisk signifikans.

Smélom

Resultaten utesluter inte att smalommar aktivt undvi-
ker hickningsplatser i naromradet kring vindkraftverk
(tabell 1, figur 2). Men indikationerna &r svaga, och de
skiljer sig fran de vildokumenterade resultaten om ett
mera ldngvarigt undvikandebeteende for dvervintrande
smalommar i havsmiljder. Ocksa for andra fagelgrupper
har man funnit att tendenser till undvikande ofta ar tyd-
ligare under andra tider pa éret dn hickningssdasongen
(t.ex. Rydell m.fl. 2017).

Diremot var ungproduktionen lagre for smaloms-
par inom ndromradet kring ett vindkraftverk (tabell 1,
figur 2). Medelantalet stora ungar per par fore driftstart
lag pa eller nagot dver de nivaer som generellt géllde for
landet i sin helhet under perioden 1994-2018 (tabell 2
i Eriksson 2019), medan det sjonk under samma niva
efter driftstart.
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Funderingar kring tdnkbara mekanismer bakom
den lagre ungproduktionen blir med nédvindighet
spekulativa. Generellt géller f6r smalommen att hu-
vuddelen av alla misslyckade héckningar ar kopplade
till handelser under ruvningen, i forsta hand preda-
tion (t.ex. Eberl & Picman 1993, Dahlén & Eriksson
2002, Rizzolo m.fl. 2014). For 6vervintrande sma-
lommar i havsmiljo har man bland annat foreslagit
att storningar i samband med tillsyn och underhall av
vindkraftverken mojligen kan vara en delorsak till att
lommarna undviker omradet kring vindkraftverken
(t.ex. Fox & Petersen 2019). En subjektiv erfarenhet
av mangarigt faltarbete avseende hidckande lommar ar
att toleransen for storningar fran ménskliga verksam-
heter &r individuell, att lommarna kan vénja sig vid
regelbundna stérningar men att de reagerar for nya in-
slag, d&ven om de kan tyckas vara bagatellartade. I det
perspektivet ar det kanske inte otdankbart att enstaka
besok for tillsyn av ett vindkraftverk i en for 6vrigt
storningsfri milj6 kan vara ett sddant ovéntat inslag
som far en ruvande smalom i narheten att lamna boet
och gdra det mera sdrbart for olika predatorer (t.ex.
Rizzolo m.fl. 2014).

Men eventuell paverkan av storningar begrinsas
till ruvningsperioden och kan knappast forklara varfor
procentandelen ungkullar med tva ungar var lagre for
smalommar pa hackningsplatser med ett vindkraftverk
i ndrheten (tabell 1, figur 2). Den ldgre procentandelen
ungkullar med tva ungar for tjarnar med ett vindkraft-
verk i nérheten tyder snarare pa en siamre Gverlevnad
for ungarna, och att foréldrafaglarnas forutsdttningar for
ett framgéngsrikt fodosck kan ha forsamrats (Okill &
‘Wanless 1990, Eberl & Picman 1993, Ball 2004, Rizzolo
m.fl. 2014 for smalommen, Jackson 2003 for storlom-
men). Detta leder i sin tur till vervdganden om vind-
kraftverk i flygstraken mellan héckningstjarnar och
fiskevatten skapar en barridreffekt.

Energibehovet for att lyfta med en bytesfisk lamnar
inga stora marginaler for ytterligare energikostnader
(Norberg & Norberg 1976), och smélommens strategi
for att foda upp ungar har foreslagits vara anpassad till
att minska antalet fisketurer (Rizzolo m.fl. 2015). Dir-
for kan en barridreffekt beroende pa att smdlommen
tvingas till en omvég forbi ett vindkraftverk i flygstraket
mellan hiackningstjarn och fiskevatten utgéra en stress-
faktor som forsvarar matningen av ungen eller ungarna.
Man far alltsa inte fokusera bara pa hackningsplatser-
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na utan dven pa tinkbara fiskevatten och flygvigarna

mellan dessa maste beaktas, till exempel i miljokon-

sekvensbeskrivningar (MKB) infor ett vindkraftspro-

jekt (Dahlén m.fl. 2024).

Det samlade resultatet tyder pa att lampliga héck-
ningstjarnar med vindkraftverk i ndrheten kan vara
s.k. ekologiska fallor for smalommen. Med hénvisning
till gingse definitioner (t.ex. Robertson & Hutto 2006,
Robertson m.fl. 2013) uppfylls kriterier om att (i) smé-
lommarna tycks nyttja tjiarnar med vindkraftverk i nér-
heten i ungefir lika stor eller bara i obetydligt mindre
utstrickning efter driftstart, (ii) att ett fitness-relaterat
index paverkas och (iii) att detta index minskar efter
driftstart av ett vindkraftverk i ndrheten.

Sammanfattningsvis ska man alltsé rdkna med risk
for en lagre ungproduktionen for smalommar som
hackar i varje fall upp till 1 km frén ndrmaste vindkraft-
verk, och att verlevnaden for ungarna kan forsamras i
hickningstjarnar pa upp till atminstone 2 km fran nér-
maste vindkraftverk. Detta leder till att foljande riktlin-
jer vad géller fortsatt hinsyn till smalommen vid plane-
ringen av vindkraftsparker:

o Rekommendationen att undvika vindkraftverk pa
ett avstand upp till 1 km fran hidckningsplatsen ska
fortsatt gélla som ett minimum, men helst utokas till
2 km med tanke pa att fordldrafaglarnas forutsatt-
ningar att mata ungarna

« Rekommendationen att undvika vindkraftverk i
flygstraken mellan hackningsplatser och fiskevatten
ska gilla dven fortsdttningsvis.

For en bittre forstaelse om de mekanismer som ligger

bakom ett forsdmrat héckningsutfall for par i hack-

ningstjarnar med vindkraftverk i niromréadet behovs
ett battre underlag for beddmningar av eventuella bar-
rigreffekter. En tiankbar ansats ar att man karterar flyg-
vdgarna mellan hiackningsplatser och fiskevatten for ett
stort antal sméalomspar med unge eller ungar i en tjarn

i narheten av ett vindkraftverk, i kombination med

berdkningar om en formodad barridreffekt kan bidra

till en stress for foraldrafaglarna genom 6kat energi- och
néringsbehov under flygturerna.

Storlom

For storlommen ger undersdkningen en helt annan
bild &n for smélommen. Mdjligen undviker storlom-
men i viss men kanske begransad utstrickning sjoar
med vindkraftverk i omgivningarna men skillnaden
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kunde inte verifieras med statistisk signifikans (tabell 2,
figur 3).

Diremot fanns inga indikationer pa att hiackningsut-
fallet var lagre i hackningssjéar med vindkraftverk i nér-
omradet. Ungproduktionen lag pa samma niva fore res-
pektive efter driftstart (tabell 2, figur 3), och dessutom
nagot 6ver den niva som géllde generellt under perioden
1994-2018 (enligt tabell 1i Eriksson 2019).

Det fanns inte heller nagra indikationer pa en sdm-
re Sverlevnad bland de icke-flygga ungarna (tabell 2,
figur 3). Till skillnad fran sm3lommen matar storlom-
men ungarna med fisk och i viss mén vatteninsekter som
till storsta delen hamtas i hdckningssjon, varfor behovet
av flygningar for att hdmta bytesfisk i kringliggande
sjoar minimeras och ddrmed dven eventuell paverkan
av vindkraftverk i flygstraken. Snarare styrker resultatet
avseende storlommen antagandet att den sdamre Sver-
levnaden bland icke-flygga ungar av smélom kan vara
kopplad till en barridreffekt och mer energikriavande
flygningar mellan hackningstjarnar och fiskevatten.

Sett enbart till det foreliggande resultatet finns inget
stod for en fortsatt tillimpning av 1 km-rekommenda-
tionen vad avser avstandet mellan storlommens hack-
ningssjoar och vindkraftverk. Trots detta bor den dven
fortsattningsvis tillimpas, med hénsyn till ett forsik-
tighetstankande. Bara ett litet antal sjoar ingick i fore/
efter-jamforelserna varfor eventuella skillnader kanske
inte kunde verifieras med statistisk signifikans. Vidare
finns det en osakerhet om paverkan av stora vindparker
i ndromradet kring en héckningssjo, i linje med argu-
ment som utvecklas i foljande avsnitt.

Stora vindparker och landskapsperspektivet

Dagens kunskap om hur faglar av skilda arter kan
paverkas av vindparker i naromradet kring hacknings-
platsen bygger i stor utstrickning pa underskningar
i anslutning till ganska smé anldggningar med ett litet
antal kraftverk. Fragan om paverkan for lommar savil
som for andra arter hickande i naromradet kring fram-
tida storre anldggningar med flera tiotals eller hundra-
tals vindkraftverk maste ges hog prioritet i den framtida
forskningen.

For smalommen ar det etablerad praxis att i forvalt-
ningen tillimpa ett landskapsperspektiv som beaktar
bade hédckningsplatser och fiskevatten samt flygva-
garna ddremellan. Déremot fokuseras fagelskyddsar-
betet avseende storlommen framst till hackningssjon,
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trots att det i hickningsomradena pagar en omfattande
kontakt mellan lommar i olika sjoar. Med hanvisning
till undersokningar av svartnibbad islom Gavia immer
har vi goda skal att anta att storlommen lever inom ra-
men for ett intrikat socialt system dér bland annat de
ofta uppmérksammade grupperna av storlommar un-
der framfor allt hog- och eftersommaren ingdr (t.ex.
Paruk 2006, Piper m.fl. 2011). Férvaltningen av stor-
lommen forutsatter alltsd att man inte bara har kin-
nedom om héckningssjoarna utan dven de sjoar som
lommarna uppsdker for att mota andra lommar, samt
flygvagarna mellan dessa sjoar. Man maste tillimpa ett
landskapsperspektiv i naturvardsplanering och i miljo-
konsekvensbeskrivningar.

Detta vécker fragan om forutsittningarna for flyg-
ningar mellan hdckningssjon och andra sjoar kan paver-
kas av barridreffekter. Vi har idag ingen kunskap om hur
stora omraden eller hur ménga sjar som storlommen
nyttjar utdver hackningssjon under hickningsperioden,
eller de inbordes avstdnden mellan sjarna och flygva-
garna mellan dem. Vi har inte heller ndgon information
om variationer i aktiviteterna under olika delar av hack-
ningsperioden, eller under dygnet. Allt detta &r central
kunskap som behovs for att undvika barriareffekter som
kan paverka storlommarnas sociala relationer med art-
frander i andra sjoar. Forslagsvis kan kunskapsluckan
tappas till genom telemetribaserade undersdkningar av
lommarnas rorelsemonster. Vi far inte sldppa proble-
matiken kring storlommen och eventuell paverkan av

vindkraftverk.

Langsiktig uppf6ljning efter driftstart

Lommarna &r langlivade faglar med en generations-
lingd &r 8-9 ar (Bird m.{l. 2020, tilliggsinformation),
och beddmningar av langsiktig paverkan och eventuell
tillvdnjning maste ske i det tidsperspektivet. Man maste
ocksa vara uppmaérksam pa en alternativ utveckling dar
lommarna kanske undviker att uppstka hécknings-
platser i ndrheten av vindkraftverk forst ett antal ar
efter att verket har tagits i drift. Avsaknaden av 6ver-
tygande indikationer p& nagot undvikandebeteende
hos vare sig smalommen eller storlommen kan bero pé
att lommarna ar langlivade och att faglarna dtervinder
till gamla hackningsplatser, dven om en vindpark har
anlagts i niarheten. Ddremot maste fragan om yngre fag-
lar pa langre sikt tar 6ver sadana hiackningsplatser lam-
nas oppen. Fragan om tillvdnjning eller ateretablering



ERIKSSON (2025) | THE OCCURRENCE AND BREEDING SUCCESS OF LOONS IN THE VICINITY OF LAND-BASED WIND TURBINES | ORNIS SVECICA 35: 64-88

i hackningstjarnar och -sjoar med vindkraftverk i nédr-  och hackningsutfallet &ver ett stort spektrum av loka-
heten maste studeras 6ver atminstone en generations-  ler, med ett varierat antal ar efter driftstart och att dven
lingd, men den tidshorisonten finns sillan i ndgra (av  innefatta andra relevanta faktorer sdsom avstdnd till
mig kidnda) kontrollprogram. En alternativ ansats kan  nérmast beldgna vindkraftverk och storleken av en
vara att dokumentera nyttjandet av hdckningsplatser  vindpark i en berdkningsmodell.
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Appendices

APPENDIX 1. Primary data for breeding pools of Red-throated Loon Gavia stellata. Pool numbers correspond to Figure 1.
- Primérdata for hackningstjdrnar for smalom Gavia stellata. Tjdrnnummer éterfinns pé kartan i figur 1.

Distance to
nearest wind
turbine (km)

% of years with stationary pair®

% Gr med stationdrt par®

Mean number of large-sized chicks per
pair and year®
Medelantal stora ungar per par och Gr®

Mean % of broods with two large-sized
chicks per year®
Medelandel (%) ungkullar med tvd stora
ungar per r’

Avstand till Year(s) of start of Before start of After start of Before start of After start of Before start of After start of
Pool (number)b ndrmaste operation operation operation operation operation operation operation
Tjérn (nummer)b vindkraftverk (km) Ar fér driftstart Fére driftstart Efter driftstart Fére driftstart Efter driftstart Fére driftstart Efter driftstart
1 2.2 2011-2012 33% (15) 62% (13) - - - -
2 1.2 2019-2020 25% (4) 67% (3) - - - -
3 1.6 2018-2019 100% (3) 100% (6) 1.00 (6) 0.83 (5) 100% (1) 25% (4)
4 0.1 2018-2019 100% (2) 50% (4) 2.00 (1) 0.50 (2) 100% (1) 0% (1)
5 0.7 2014 100% (1) 0% (6) - - - -
6 0.4 2014 100% (3) 43% (7) = = = =
7 1.0 2014 100% (1) 83% (6) - - - -
8 0.6 2014 100% (1) 100% (6) - - - -
9 1.1 2010 100% (1) 100% (1) - - - -
10 0.3 2019-2020 100% (1) 100% (1) - - - -
M 0.9 2019-2020 100% (2) 100% (1) 1.00 (1) 1.00 (1) - -
12 0.4 2019-2020 100% (2) 100% (2) 1.00 (1) 0.50 (2) = =
13 0.5 2019-2020 100% (2) 100% (2) 2.00 (1) 0.00 (2) - -
14 0.8 2019-2020 100% (3) 100% (1) - - - -
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APPENDIX 1 continued fortsatt.

Distance to
nearest wind
turbine (km)

% of years with stationary pair®
% Gr med stationdrt par®

Mean number of large-sized chicks per
pair and year®
Medelantal stora ungar per par och ér®

Mean % of broods with two large-sized
chicks per year®
Medelandel (%) ungkullar med tva stora
ungar per Gr®

Avstand till Year(s) of start of Before start of After start of Before start of After start of Before start of After start of
Pool (number)b ndrmaste operation operation operation operation operation operation operation
Tjérn (nummer)b vindkraftverk (km) Ar for driftstart Fore driftstart Efter driftstart Fore driftstart Efter driftstart Fére driftstart Efter driftstart
15 0.8 2019-2020 75% (6) 100% (2) 0.17 (6) 0.00 (2) - -
16 0.4 2019-2020 100% (3) 100% (2) 1.67 (3) 0.50 (2) 67% (2) 0% (1)
17 0.4 2019-2020 100% (10) 0% (2) - - - -
18 0.8 2019-2020 100% (10) 100% (2) 0.40 (10) 1.00 (2) 30% (3) 0% (2)
19 2.9 2016 100% (3) 100% (1) - - - -
20 43 2018 100% (12) 100% (5) 1.00 (5) 0.50 (4) 1% (9) 0% (2)
21 0.4 2019-2020 75% (15) 100% (5) 1.29 (14) 0.60 (5) 50% (12) 50% (2)
22 0.9 2019-2020 50% (6) 40% (5) 0.50 (2) 0.00 (2) - -
23 2.5 2010-2011 100% (13) 69% (13) 0.75 (10) 0.44 (9) 25% (8) 33% (3)
24 0.2 2015 100% (2) 100% (1) 1.00 (2) 0.00 (1) - -
25 0.7 2014-2015 92% (12) 80% (5) 0.25(9) 0.25 (4) 25% (4) 0% (1)
26 0.2 2011-2012 100% (1) 67% (3) - - - -
27 0.4 2019 100% (8) 100% (3) - - - -
28 2.8 2010-2011 100% (1) 100% (7) - - - -
29 1.4 2010-2011 100% (1) 100% (7) - - 100% (1) 29% (7)
30 1.4 2010-2011 100% (4) 100% (6) - - 50% (2) 33% (3)
31 1.2 2010-2011 100% (4) 83% (6) - - 67% (3) 50% (2)

“Number of years within parentheses. Antal Gr inom parentes.

Breeding sites for Red-throated Loon are covered by protective classification and not reported openly. Héckningsplatser for smdlom omfattas av skyddsklassning och redovisas inte 6ppet.
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APPENDIX 2. Primary data for breeding lakes of Black-throated Loon Gavia arctica. Lake numbers correspond to Figure 1.
- Primérdata for hackningssjoar for storlom Gavia arctica. Sjonummer aterfinns pa kartan i figur 1.

Mean number of large-sized chicks

Mean % of broods with two large-sized
chicks per year®

% of years with stationary pair® per pair and year® Medelandel (%) ungkullar med tva stora
% d&r med stationdrt par® Medelantal stora ungar per par och ér® ungar per 6r’

Lake (number and Distance to nearest
name) wind turbine (km) Year(s) of start of Before start of After start of Before start of After start of Before start of After start of
Sjo (nummer och Avstand till nérmaste operation operation operation operation operation operation operation
namn) vindkraftverk (km) Ar for driftstart Fére driftstart Efter driftstart Fére driftstart Efter driftstart Fére driftstart Efter driftstart
1. Mossjon (Massjo) 0.3 2014 100% (1) 100% (3) - - 33% (3) 0% (1)
2. Hultbren 0.6 2022 100% (4) 100% (1) = = 50% (1) 0% (1)
3. Annebergssjon 2.0 2015-2016 100% (4) 100% (1) - - 100% (2) 100% (1)
4. Fredriksdalssjon 11 2014 100% (6) 100% (3) - - - -
5. Jarvasjon 24 2011-2012 57% (7) 73% (11) 0.00 (4) 0.25(8) - -
6. Farssjo 0.3 2011-2012 100% (2) 100% (8) 1.00 (1) 0.63 (8) - -
7. Algsjon / Oxaback 14 2011-2012 100% (13) 92% (12) 0.62 (13) 0.42(12) 33% (6) 67% (3)
8. Oxasjon 43 2011-2012 94% (17) 77% (13) 0.71(14) 0.70 (10) 43% (7) 40% (5)
9. Agnsjon / Fjaras 0.3 2011-2012 100% (2) 45% (11) - - - -
10. Skarsjon/Fjaras 0.1 2011-2012 100% (4) 100% (2) - - - -
11. Skottbackatjarn 13 2011 93% (14) 82% (11) 0.67 (12) 0.56 (9) 33% (6) 25% (4)
12. Vastra Laxsjon 19 2019 100% (2) 100% (1) - - - -
13. Mosjoén 0.3 2020 100% (2) 100% (1) - - - -
14. Morttafsen 0.9 2020 100% (1) 100% (1) - - - -
15. Gopen 0.7 2020 100% (3) 100% (1) 0.67 (3) 1.00 (1) - -
16. Ténsen 2.1 2020 100% (5) 100% (4) 0.50 (2) 1.25(4) - -
17. S&nghussjon 45 2018 85% (11) 100% (6) 0.44 (9) 0.75 (4) 33% (3) 33% (3)
18. Mockelsjon 0.4 2010-2011 100% (3) 70% (10) - - - -
19. Skalansjon 2.2 2015 100% (7) 100% (2) - - - -

@ Number of years within parentheses. Antal Gr inom parentes.
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