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Life span, dispersal and age of nesting Great Grey Owls Strix

nebulosa lapponica in Sweden

Livslingd, spridning och alder hos héckande lappugglor Strix nebulosa lapponica

i Sverige

ROAR SOLHEIM & OVE STEFANSSON

3073 Great Grey Owls were banded in Sweden in 1955—
2012. 416 were controlled at least once (54.6%) or re-
covered dead (45.4%).Three birds banded as nestlings
were recovered in their 17th calendar year. Most birds
were recovered during first year of life. Only 4 females
were controlled breeding as 2CY birds. 91.3% of birds
controlled as first time breeders were at least 4CY. Birds
banded as nestlings and recovered dead between Sep-
tember and July moved 100.8 km (mean) with a median
distance of 64 km. Juveniles controlled alive moved 45.9
km (mean) with a median distance of 23 km during first
year of life. Maximum natal dispersal was 650 km. Me-
dian natal dispersal for females was 40 km, between 7

Abstract

km and 115 km depending on longevity from hatching
to control. Females at ages 2CY, 5CY, 8CY and 11CY
had the lowest median natal dispersals. Median second-
ary dispersal distances (from one nest to a later nestsite)
for females lay between 0 km and 9 km. For males both
mean and median secondary dispersal distances were less
than 3 km.
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Introduction

The Great Grey Owl Strix nebulosa lapponica has
expanded in a south and southwesterly direction
since the late 1990s in the northwestern corner of
its Palearctic distribution (Lawicki et al. 2013). The
expansion southwards in Fennoscandia started bet-
ween the mid-1960s and early 1990s (Stefansson
1997, Sulkava & Huhtala 1997, Solheim 2009).
Since the first breeding record in Eastern Nor-
way in 1989, the reports of Great Grey Owl sight-
ings gradually increased also in Norway (Solheim
2009). The number of recorded nests or breeding
attempts in Norway literally exploded after 2009,
resulting in more than 60 nests or breeding at-
tempts recorded in Hedmark county in 2014 (Sol-
heim 2014a, Berg 2015). Since this expansion is
closely linked to the Great Grey Owl population
in Sweden, we thought a more detailed analysis
and presentation of the Swedish banding material
of this species would provide valuable background
in the attempts to understand this development.
The recently published Finnish Bird Ringing Atlas
(Valkama et al. 2014) also inspired ideas for some

different analysis than formerly presented (Ste-
fansson 1997 and Supplements I-IV, Fransson et
al. 2008).

In spite of its considerable size, the Great Grey
Owl feeds almost exclusively on small mammals,
with Microtus voles as the dominant prey species,
followed by Bank Vole Myodes glareolus and
Common Shrew Sorex araneus (Mikkola 1983,
Stefansson 1997). Their dispersal and movement
should thus be expected to follow a pattern similar
to what has been found for the microtine special-
ist Tengmalm’s Owl Aegolius funereus (Sonerud et
al. 1988), and vary according to vole cycles which
peak every 3—4 years in the boreal parts of Fennos-
candia (e.g. Hanson & Henttonen 1985, Sonerud
1988). The number of recorded breeding Great
Grey Owls typically reach a peak at the top of the
vole cycles every 3 to 4 years (Mikkola 1983).

Materials and methods

Lists of controlled and recovered Great Grey Owls
in Sweden for 1955-1996 were first presented by
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Stefansson in the book “Nordanskogens vaga-
bond” (1997), with four later supplements cover-
ing the years 1997-2012. This material supplied
with control and recovery data up to and including
2015 make the basis for our new compilations. For
comparison with Finland, the number of recoveries
up to and including 2012 only (398) has been used.
We have not analyzed direction of movement, but
concentrated on distance moved and age of owls
when controlled or recovered. The formerly pre-
sented data has been reviewed and updated to cor-
rect for former errors.

15 owls banded in Finland have been controlled
alive (9) or recovered dead (6) in Sweden, all with-
in the period 1984-2015. Data from these individu-
als have been incorporated in the presentation of
age of first breeders, and dispersal distances.

Results

From 1955 to 1996 a total of 1715 Great Grey Owls
were banded in Sweden (Stefansson 1997). From
1997 to 2012 a total of 1358 Great Grey Owls were
banded (Table 1) giving a total of 3073 banded
owls as basis for our analysis. For the latter period,

the material could be split in birds banded as nest-
lings (1083; 79.7 %) and adults (275; 20.3 %). A
total of 416 individuals were either controlled alive
at least once (227; 54.6 %) or recovered dead (189;
45.4 % Figure 1), giving a 13.5% recovery rate. For
the period 1997-2012 recoveries have been split to
year of banding (Table 1), with recovery rates from
each year-class varying from 4.3% to 50.0%. The
three years of highest recovery rates (1997, 2000
and 2012) are the years with some of the lowest
numbers of banded individuals (13, 9 and 8 indi-
viduals respectively). Although only 8 juveniles
were banded these years, one of these was actually
controlled alive, while none were recovered dead
(Table 1). Of 16 birds banded as adults these three
years, 3 were later controlled alive while 6 were re-
covered dead. The overall recovery rate (dead and
live controls) from the period 1997-2012 is 10.9%.

Longevity

A total of 122 owls banded as nestlings were later
recovered dead, with 3 birds recovered in their
17th calendar year (Figure 2). Most birds were
however recovered during their first (33) or second

Table 1. Great Grey Owls banded in Sweden as nestlings or adults in 1997-2012 (B), and later controlled alive

(C) or recovered dead (D).

Lappugglor ringmdrkta som boungar eller vuxna hdckfaglar i Sverige 1997-2012 (B), och senare kontrollerade

(C) eller atefunna déda (D).

Year Banded as nestlings Banded as adults Total % of total
Mdrkta som ungar Mdirkta som vuxna % av total

B C D B C D B C C C D C+D

1997 0 0 0 13 0 3 13 0 3 - 231 23.1
1998 73 6 5 24 2 4 97 8 9 8.2 9.3 17.5
1999 44 5 2 9 1 1 53 6 3 11.3 5.7 17.0
2000 6 1 0 3 2 0 9 3 0 333 - 333
2001 89 7 0 21 8 3 110 15 3 13.6 2.7 16.4
2002 69 1 1 15 3 1 84 4 2 4.8 24 7.1
2003 21 0 1 3 0 1 24 0 2 - 8.3 8.3
2004 193 7 11 40 11 3 233 18 14 7.7 6.0 13.7
2005 78 0 3 12 0 1 90 0 4 - 44 4.4
2006 17 1 0 18 2 2 35 3 2 8.6 5.7 143
2007 111 3 4 32 4 1 143 7 5 4.9 3.5 8.4
2008 53 0 2 15 1 1 68 1 3 1.5 4.4 5.9
2009 1 0 0 7 1 0 8 1 0 12.5 - 12.5
2010 121 2 2 29 10 4 150 12 6 8.0 4.0 12.0
2011 205 2 6 28 2 0 233 4 6 1.7 2.6 43
2012 2 0 0 6 1 3 8 1 3 125 375 50
Sum 1083 35 37 275 48 28 1358 83 65 6.1 4.8 10.9
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M Dead, no live control
H Dead, controlled
minimun once

[ Controlled several times

H Controlled only once

Figure 1. Recoveries and controls of 416 Great Grey Owls
banded in Sweden.

Aterfynd och kontroller av 416 lappugglor ringmdrkta i Sve-
rige.

Number of owls Antal ugglor

1K 2K 3K 4K 5K 6K 7K 8K 9K 10K 11K 12K 13K 14K 15K 16K 17K
Age, calendar year Alder, kalenderdr

Figure 2. Age at recovery of dead Great Grey Owls banded
as nestlings.

Alder vid dterfynd av déda lappugglor ringmdrkta som
boungar:

HFemales ™ Males

Number of owls Antal ugglor

1 2 3 4 5 6 7 8 9 10 11 12
Years after banding Ar efter mdrkning

Figure 3. Years after banding for recoveries of dead Great
Grey Owls banded as nesting adults.

Ar efter mdrkning for dterfynd av doda lappugglor ring-
mdrkta som vuxna héckfaglar.

(25) calendar years, with numbers recovered stead-
ily declining thereafter. Recovery of dead birds
banded as nesting adults comprise of 39 females
and 8 males, which also show a declining number
of recoveries with age (Figure 3). The oldest bird
from this group was a female recovered 12 years
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Age, calendar year Alder, kalenderdr

Figure 4. Age of Great Grey Owls banded as nestlings when
first controlled as nesting adults.
Alder vid forstagangskontroll som hickande figel for
lappugglor mdrkta som boungar.

after banding. Her exact age is however not known,
since aging of fully grown Great Grey Owls ac-
cording to molt patterns (Suopajérvi & Suopajérvi
1994, Solheim 2011) was not well known at the
time for banding of most of the owls in this mate-
rial.

Age of first time breeders

Seventy-six females and 27 males banded as nest-
lings were later controlled as nesting birds at least
once (Figure 4). Most birds were controlled for the
first time in their fourth calendar year or later. Four
females were found breeding as one year old birds
(2K), and 4 females and 1 male as two year olds
(3K). The oldest first time control breeder banded
as a nestling was a female controlled in her 17th
calendar year (16 years old). Another female band-
ed as nestling was controlled breeding as 5K, 10K,
16K and finally as 17K bird. Ofall controlled nest-
ing birds themselves banded as nestlings, 91.3%
were at least three years old (4K+) when controlled
nesting for the first time. The figure shows a ten-
dency for more birds controlled at age classes 4K-
5K, 7K-8K and 11K-12k (13K).

Dispersal

Juveniles

Fifty of a total of 52 juveniles recovered dead or
controlled alive between 1 August and 30 June the
following year dispersed less than 250 km from
where they were banded as nestlings (Figure 5).
One individual was found dead 410 km from the
hatch site, and one was shot 420 km away in Rus-
sia. Birds recovered before the end of September
were mostly found very close to their hatch site.
Mean distance for 29 birds found dead after Sep-
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Figure 5. Distance in km and days after 1 August at time of
recovery or control of Great Grey Owls banded as nestlings.
Avstand i km och dagar efter den 1 augusti vid tiden for dter-
fynd eller kontroll av lappugglor ringmdrkta som boungar.

tember, was 100.8 km, with a median distance of
64 km.

Ten juveniles were controlled alive between 23
January and 2 June in their second calendar year.
Two individuals were controlled 126 km and 103
km from the hatch site respectively, while the rest
were all controlled within 80 km away. Mean dis-
tance moved for these controlled birds was 45.9
km, with a median distance of 23 km.

Full-grown birds

A total of 103 birds banded as nestlings were later
controlled as breeders (76 females and 27 males).
The maximum natal dispersal recorded was a fe-
male banded in 1982 and controlled in 1987 (6K),
which moved 650 km. Next in line was another fe-
male controlled as 13K after dispersing 230 km.
Mean distance of natal dispersal for all adults is
shown linked to age of the bird at first control (Fig-
ure 6), and varied between 29.9 km and 114.4 km.
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Figure 6. Mean distance in km between hatch site and nest
site when controlled as nesting for the first time, female and
male pooled.

Medelavstand i km mellan kldckningsplats och platsen for
forsta kontroll som héckfagel for lappugglor av bada konen.

128

~
&
3

® Female Median

 Female Mean

~
S
3

-
o
3

Distance, km  Avstand, km
5
8

@
3

2K 3k 4k Sk 6k 7k 8k 9k 10k 11k 12K 13K 14K 15K 16K 17K
Age, calendar year Alder, kalenderdr

Figure 7. Mean and median distance in km between hatch
site and nest site for Great Grey Owl females when first con-
trolled as nesting birds.

Medel- och medianavstand i km mellan kldckningsplats
och boplats vid forstagangskontroll som hdckfagel for
lappugglehonor:

For females only, the mean natal dispersal varied
between 30.8 km (7K) and 151.5 km (10K), with
an overall mean of 72.3 km (Figure 7). Median val-
ues for the females’ natal dispersal fell between 7
km and 115 km, with an overall median of 40 km.
The lowest median natal dispersal values for Swed-
ish Great Grey Owl females are for birds recorded
nesting for the first time in age classes 2K, 5K, 8K
and 11K respectively.

A total of 135 females (26 banded as juveniles
and 109 banded as breeders) were controlled as
breeders more than once, some up to 6 times, re-
sulting in a total of 211 controls giving distances
between first recorded nest place and later nest
places (Figure 8), and covering 1 to 12 years af-
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Figure 8. Mean and median distance dispersed in km bet-
ween first recorded nesting of females and later nest sites.
Number of controlled females is given at each symbol.
Medel- och medianavstand i km mellan den forsta registre-
rade héickningsplatsen for lappugglehonor och deras senare
hdckningsplatser. Antal kontrollerade honor anges vid varje
symbol.
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Figure 9. Mean and medain distance dispersed in km bet-
ween first recorded nesting of males and later nestsites.
Number of controlled males is given at each symbol.

Medel och median avstand i km mellan den forsa registre-
rade héckningsplatsen for lappugglehanar och deras senare
hdckningsplatser. Antal kontrollerade hanar anges vid varje
symbol.

ter first breeding record. Mean dispersal distance
moved after first having nested once varies be-
tween 2.9 km and 101.8 km, with an overall mean
dispersal distance of 19.6 km. Median secondary
dispersal distances however are very low, vary-
ing between 0 and 9 km. Only 9 males were con-
trolled as breeders after their first control as nesting
birds, resulting in a total of 14 controls only. Both
mean and median secondary dispersal distances for
males are below 3 km (Figure 9), spanning 1 to 7
years after the first breeding record.

Discussion

Recovery and control rates

The number of Great Grey Owls banded in Sweden
19112012 (3091; Fransson et al. 2013) is next to
identical to the numbers banded in Finland 1913—
2012 (3110; Valkama et al. 2014). The Swedish
material however contains almost twice as many
recovered and controlled individuals (398 versus
201). The number of birds controlled alive in Swe-
den is 3.8 times as high as in the Finnish material
(262 versus 69). For birds banded as nestlings and
later controlled as breeders the difference is even
higher, with 97 individuals controlled in Sweden
and only 18 controlled in Finland. These discrep-
ancies can only be explained by a higher effort at
catching and controlling fully grown birds in Swe-
den. The higher number of birds recovered dead
of Great Grey Owls banded in Sweden (189 ver-
sus 123) may be linked to Sweden having almost

twice as many inhabitants as Finland (9.8 versus
5.5 million), thus providing higher probabilities for
a dead owl to be found.

Recoveries versus vole cycles

The highest recovery rates were found for birds
banded in typical vole-low years when only a very
low number of birds were banded in total (8, 9 and
13). One might expect a higher probability of find-
ing starved individuals in such years, so it is sur-
prising that the only bird recovered and banded as a
nestling from these years was actually controlled as
a nesting adult two years after being banded. The
adults however follow the expected pattern, with 6
individuals recovered dead and 3 controlled alive
out of 16 banded birds.

The distribution of birds banded as nestlings and
later recovered dead followed an expected pat-
tern, with most individuals recovered during their
first autumn after hatching, and steadily declin-
ing thereafter (Figure 2). Since most nestlings are
banded in vole peak years (but some also in the
previous pre-peak years), they will usually encoun-
ter a vole depression as 2K (or 3K) birds. Many
will meet a slightly increasing vole abundance as
3K and definitively as 4K birds. The low numbers
of dead birds in age classes 3K and 4K may thus be
explained by a higher survival rate for birds which
have survived their first two years of life. Even
birds banded as nesting adults and later recovered
dead are most likely found during the first year af-
ter being banded (Figure 3). The total number of
recovered adults is however too small to draw any
other conclusion than that the oldest one lived 12
years after banding. Since most birds banded as
nestlings and later controlled as nesting birds were
at least in age group 4K or older (Figure 4), this
individual may well have lived to be 16 years. This
is in accordance with the age of the oldest nest-
ing bird controlled for the first time (Figure 4), and
matches the age record in the Finnish material (16
years; Valkama et al. 2014).

Age of nesting birds

The controls of nesting birds banded as nestlings
show that at least some females may start breeding
as one year old birds (Figure 4), and at least one
male started as two years old. Cramp (1985) gives
the same ages of first breeders, quoting Stefansson
with age of first breeding probably 2 years, but one
female recorded breeding as 1 year old bird (2K).
The highest number of birds controlled for the
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first time as nesting adults fell in the age category
4K. This is in accordance with a vole cycle peak-
ing after 3 years. Interestingly the age distribution
peaks again for birds in age catergories 7K—8K,
and even tend to show a peak for ages 11K—13K.
The numbers for these latter age groups are how-
ever small, and may be influenced by accidential
events. The peaks for age groups 4K and 7K-8K
however follows what would be expected from
vole cycles peaking every 3 to 4 years.

Natal dispersal

In Finland most juveniles recovered during their
first year were found less than 50 km from their
hatch site. Juveniles later controlled alive were
however encountered closer to their hatch site than
the ones recovered dead (Figure 5). This might be
caused by these individuals being better hunters
and survivors close to their hatch sites when voles
decline, but could also be linked to bird banders
being more active at catching and controlling birds
locally where they band them as nestlings.

Birds banded as nestlings and later controlled as
nesting adults showed mean values of natal disper-
sal between 30 km and 144 km (Figure 6), which
is in the same magnitude as for juveniles recov-
ered dead during first year of life. Median natal
dispersal for Finnish birds banded as nestlings was
48 km for females (N=13) and 25 km for males
(N=5) (Valkama et al. 2014). This is in accordance
with an overall median natal dispersal distance for
Swedish female owls of 40 km. The lowest median
natal dispersal distances found for females in age
classes 2K, 5K, 8K and 11K (Figure 7) can also be
interpreted as a result of vole cycles peaking every
3rd year, as found for northern Sweden (Hipkiss et.
al 2008). The females breeding as 2K birds prob-
ably encounter a vole peak the year after they were
hatched, and thus disperse short distances from
their hatch site. The shorter distances for later age
classes may be a result of birds returning to their
hatch site or former breeding site during vole peak
years.

Breeding dispersal

When the owls have nested for the first time, both
females (Figure 8) and males (Figure 9) are al-
most stationary regarding nest site, and show me-
dian dispersal values to next breeding site mostly
close to zero, with maximum 9 km for females
and 3 km for males. 34 females in Finland which
were controlled in two successive breeding sea-
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sons also moved less than 10 km (Valkama et al.
2014). While Swedish females seem to breed in the
same area even up to 12 years after the first control
(maximum distance moved was 102 km), Finnish
females showed median movement distances of 67
km with a maximum of 405 km moved.

Site tenasity or nomadism

During the microtine low in 2012 which covered
most of Fennoscandia, at least 76% of 144 indi-
viduals identified from photographs were juvenile
2K birds (Solheim 2014b). Older birds do however
also appear along the coast of southern Norway and
Sweden (Solheim 2010), leaving the question open
to whether adult birds stay close to their breeding
sites during winter, or migrate to better hunting
grounds before returning to the breeding areas they
have used at least once. To get more data on winter
movements, a satellite project was initiated in 2014
and two nesting females were equipped with trans-
mitters (Solheim et al. 2015). While one of them
stayed within 26 km of the nest place of 2014 from
February until loosing its transmitter in late May
2015, the other moved to a new locality 175 km
away where it stayed for one year until the trans-
mitter went silent in February 2016. Hopefully
more birds with transmitters will give better data
on the Great Grey Owls winter habits in the future.
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Sammanfattning

Lappugglan Strix nebulosa lapponica har expande-
rat 1 en sydlig och sydvéstlig riktning sedan sent
1990-tal i det nordvistra hornet av sin palearktiska
utbredning (Lawicki et al. 2013). Expansionen
soderut i Fennoskandia borjade mellan mitten av
1960-talet och borjan av 1990-talet (Stefansson
1997, Sulkava & Huhtala 1997, Solheim 2009). Ef-
ter den forsta kdnda hackningen i 6stra Norge 1989
6kade rapporterna om observationer av lappugglor
dven 1 Norge (Solheim 2009). Antalet registrerade
bon med hickningar eller hickningsforsdk form-
ligen exploderade i Norge efter 2009 vilket resul-
terade i mer dn 60 bon med hickande lappugglor i
Hedmark fylke 2014 (Solheim 2014a, Berg 2015).

Eftersom denna expansion dr ndra sammankopp-
lad med lappugglans upptrddande och forekomst i
Sverige tinkte vi att en mer detaljerad analys och
presentation av det svenska ringmérkningsmateria-
let skulle kunna ge vérdefull bakgrundsinformation
i forsoken att forstd denna utveckling. Den nyligen
publicerade Finnish Bird Ringing Atlas (Valkama
etal. 2014) inspirerade till andra analyser 4n tidiga-
re presenterade (Stefansson 1997 och supplemen-
ten 1-4, 2001-2013, Fransson et al. 2008).

Trots sin imponerande storlek lever lappugglan
ndstan uteslutande pa sméa ddggdjur med sorkar
Microtus som det dominerande bytesdjuret foljt
av langsvansad skogssork Myodes glareolus och
vanlig ndbbmus Sorex araneus (Mikkola 1983,
Stefansson 1997). Deras spridning och rorelser
bor séledes forvintas folja ett monster som liknar
vad som hittats hos sorkspecialisten parlugglan
Aegolius funereus (Sonerud et al. 1988) och som
varierar beroende pa sorkcyklerna med toppar vart
3—4 ar i de boreala delarna av Fennoskandia (e.g.
Hanson & Henttonen 1985, Sonerud 1988). Antalet
registrerade hdckningar av lappugglor blir foljdrik-
tigt storst vid toppen av sorkcyklerna vart 3—4 ar
(Mikkola 1983).

Material och metoder

Forteckningar Over kontrollerade (levande) och
aterfunna (doda) lappugglor i Sverige presentera-
des forst av Stefansson i boken ”Nordanskogens
vagabond” (1997) och senare med fyra supplement
for dren 1997-2012. Detta inklusive material med
kontroll- och aterfyndsdata till och med ar 2015
utgdr grunden for vara sammanstillningar. Vi har
inte analyserat spridningsriktning utan koncentre-
rat oss pa flyttningsavstdnd och faglarnas alder vid
kontrollerna och éterfynden. Tidigare presenterade
data har granskats och uppdaterats for att korrigera
forekommande fel. Femton lappugglor ringmérkta
i Finland har kontrollerats (9) eller aterfunnits doda
(6) 1 Sverige samtliga under 1984-2015. Data fran
dessa individer har inforlivats i1 presentationen av
alder vid forsta hickning och spridningsavstand.

Resultat

Frén 1955 till 1996 har totalt 1715 lappugglor ring-
mirkts i Sverige (Stefansson 1997). 1997-2012
blev sammanlagt 1358 ringmaérkta (Tabell 1) vilket
ger totalt 3073 ringmérkta lappugglor som grund
for var analys. Av dessa har totalt 416 indivi-
der kontrollerats vid ett eller flera tillfallen (227,
54,6%) eller aterfunnits doda (189; 45,4% Figur
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1) vilket ger en aterfyndsgrad av 13,5%. For den
senare perioden har materialet delats upp i faglar
ringmaérkta som boungar (1083, 79,7%) och vuxna
(275, 20,3%). For perioden 1997-2012 har aterfyn-
den delats upp i ar de ringmaérktes (Tabell 1) med
aterfyndsprocent for varje arsklass varierande fran
4,3% till 50,0%. De tre aren med hogst aterfynds-
procent (1997, 2000 och 2012) dr &r med nagra av
det ldgsta antalet ringmérkta individer (13, 9 res-
pektive 8). Aven om endast atta ungar ringmirktes
dessa ar kontrollerades faktiskt en av dem levande
medan ingen éterfanns dod (Tabell 1). Av 16 ring-
mérkta som vuxna under dessa tre ar kontrollerades
tre senare levande medan sex aterfanns déda. Den
totala aterfyndsgraden (déda och levande kontrol-
ler) frén perioden 1997-2012 4r 10,9%.

122 lappugglor ringmérkta som ungar aterfanns
senare doda varav tre under sitt 17:e kalenderar
(Figur 2). De flesta aterfanns emellertid under de-
ras forsta (33) eller andra (25) kalenderar medan
antalet aterfunna stadigt minskande direfter. Ater-
fynden av doda lappugglor ringmiérkta som héck-
ande (vuxna) bestod av 39 honor och 8 hanar som
ocksa visar minskande antal aterfynd med aldern
(Figur 3). Den éldsta fageln fran denna grupp var
en hona som aterfanns 12 ar efter ringmérkningen.
Den exakta &ldern &r emellertid inte kénd eftersom
aldern hos vuxna lappugglor enligt ruggnings-
monster (Suopajérvi & Suopajirvi 1994, Solheim
2011) inte var kdnd vid tidpunkten for ringmark-
ningen vilket géller de flesta vuxenmaérkta ugglor-
na i detta material.

76 honor och 27 hanar ringmérkta som ungar
kontrollerades senare som hidckande minst en
gang (Figur 4). De flesta kontrollerades for forsta
gangen i deras fjarde kalenderar eller senare. Fyra
honor patriffades hiackande som ettariga (2K) och
fyra honor samt en hane som tvaariga (3K). Den
dldsta som patrdffades hickande for forsta gdngen
var en hona som kontrollerades i sitt 17:e kalender-
ar (16 ar gammal). 91,3% av alla kontrollerade var
hickande faglar ringmérkta som ungar och minst
tre ar gamla (4K+) ndr de kontrollerades hdckande
for forsta gangen. Figur 4 visar en tendens till flera
toppar av faglar som kontrollerats i dldersklasserna
4K-5K, 7K-8K och 11K-12K (13K).

Ungféaglarnas spridning redovisas i Figur 5. 50
av totalt 52 unga lappugglor aterfanns doda eller
kontrollerades mellan 1 augusti och 30 juni f6l-
jande ar mindre &n 250 km fran dér de ringmark-
tes som ungar. En av dem patrdffades dod 410 km
fran fodelseplatsen och en skots 1 Ryssland 420 km
bort. Faglar aterfunna fore utgangen av september
hittades mestadels mycket néra fodelseplatsen. Det
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genomsnittliga avstandet for 29 faglar som patraf-
fades doda efter september var 100,8 km med ett
medianavstdnd av 64 km. 10 ungfaglar kontrolle-
rades mellan den 23 januari och 2 juni i deras andra
kalenderar. Tva av dem kontrollerades 126 km res-
pektive 103 km fran fodelseplatsen medan Gvriga
kontrollerades inom 80 km. Det genomsnittliga
flyttningsavstdndet for dessa kontrollerade figlar
var 45.9 km, med ett medianavstand av 23 km.

De adulta faglarnas spridning visas i Figur 7-9.
103 lappugglor ringmirkta som ungar kontrollera-
des senare som hickande (76 honor och 27 hanar).
Den maximala natalspridningen, alltsd for faglar
registrerade som hickande for forsta gangen, som
registrerats var en hona ringmérkt 1982 och kon-
trollerad 1987 (6K) och som flyttat 650 km. Nista i
raden var en annan hona kontrollerad som 13K efter
230 km. Det genomsnittliga avstandet natalsprid-
ning for alla vuxna visas lankade till figelns &lder
vid forsta kontrollen (Figur 6) och varierade mellan
29,9 km och 114,4 km. For enbart honor varierar
natalspridningen mellan 30,8 km (7K) och 151,5
km (10K) med ett medelviarde av 72,3 km (Figur
7). Medianvérdet for honornas natalspridning lag
mellan 7 km och 115 km med ett medelvirde av 40
km. Det ldgsta virdena for natalspridning hos de
svenska lappugglehonorna fanns i aldersklasserna
2K, 5K, 8K och 11K.

Totalt 135 honor (26 ringmirkta som ungar och
109 som hickande) kontrollerades som hickande
mer dn en ging, vissa upp till 6 gdnger, vilket resul-
terar i totalt 211 kontroller av avstand mellan deras
forsta och senare boplatser (Figur 8) och omfattar
1-12 ar efter den forsta registrerade hackningen.
Medelvirdet av spridningsavstindet efter att ha
héickat forsta gangen varierar mellan 2,9 km och
101,8 km med en genomsnittlig spridning av 19,6
km. Medianvérdet for den sekundéra spridningen
ar mycket lagt och varierande mellan 0 och 9 km.
Endast nio hanar kontrollerades som hickande ef-
ter den forsta kontrollen som hiackande vilket re-
sulterade i1 endast 14 kontroller. Bdde medelvirdet
och medianvirdet av sekundért spridningsavstand
for hanar dr mindre dn 3 km (Figur 9) inom span-
net 1-7 ar efter den forsta registrerade hdckningen.

Diskussion

Antalet lappugglor ringmirkta i Sverige 1911—
2012 (3091; Fransson et al. 2013) &r ndrmast iden-
tisk med antalet ringmérkta i Finland 1913-2012
(3110; Valkama et al. 2014). Det svenska materia-
let innehaller emellertid nédstan dubbelt sa manga
aterfunna och kontrollerade individer (398 respek-



tive 201). Antalet faglar kontrollerade i Sverige
t.o.m. 2012 &r ndstan fyra gdnger sé stort som i det
finska materialet (262 kontra 69). For faglar ring-
mérkta som ungar och senare kontrollerade som
hickande ér skillnaden &nnu stérre med 97 indi-
vider som kontrollerats i Sverige och endast 18 i
Finland. Dessa skillnader kan endast forklaras av
en hogre anstringning pé att fanga och kontrol-
lera vuxna lappugglor i Sverige. Det hogre antalet
aterfunna doda utav svenskmairkta lappugglor (189
kontra 123) kan kopplas till att Sverige har ndstan
dubbelt s& manga invénare &n Finland (9,8 kontra
5,5 miljoner), vilket ger hogre sannolikheter for att
en dod lappuggla patriffas.

De hogsta éaterfyndsprocenten finns bland
lappugglor ringmérkta under typiska bottenar hos
sorkarna, ar nir endast ett litet antal faglar ring-
mirktes (8, 9 och 13). Man kan forvénta sig en ho-
gre sannolikhet for att svéltande individer patréffas
under sddana ar. Det dr darfor forvanande att den
enda dterfunna figeln frdn dessa &r var en ring-
markt som unge och som faktiskt kontrollerades
hickande tva ar senare. De vuxna f6ljer ddremot
forvintade monster med sex dterfunna doda och tre
kontrollerade individer av 16 ringmaérkta.

Spridningen av lappugglor ringmérkta som ung-
ar och senare aterfunna doda f6ljde ett forvéntat
monster med de flesta individer aterfunna under
sin forsta host efter kldckningen och antalet stadigt
minskande dérefter (Figur 2). Eftersom de flesta
ungar ar ringmérkta under sorkarnas toppar (men
nagra dven i det foregdende uppgangséret), moter
de som regel en sorkkrasch som 2K (eller 3K) fag-
lar. Manga méter en begynnande sorktillvixt som
3K faglar och mérkbart som 4K faglar. Det laga
antalet doda faglar i aldersklasserna 3K och 4K kan
saledes forklaras av en hogre dverlevnad hos fag-
lar som har overlevt de forsta tva aren av sitt liv.
Aven figlar ringmérkta som hickande vuxna och
som senare aterfunnits doda hittas mest sannolikt
under det forsta aret efter ringmérkningen (Figur
3). Det totala antalet aterfunna vuxna dr dock for
litet for att kunna dra ndgon annan slutsats &n att
den dldsta overlevt 12 &r efter ringméarkningen. Ef-
tersom de flesta faglar ringmaérkta som ungar och
senare kontrollerats som hiackande faglar var minst
i aldersklassen 4K eller dldre (Figur 4) kan denna
individ mycket vél ha levt till 16 ar. Detta &r i enlig-
het med aldern hos den &ldsta hdckande lappugglan
som kontrollerades for forsta gdngen (Figur 4) och
matchar aldersrekordet i det finska materialet (16
ar; Valkama et al. 2014).

Kontrollerna av hickande lappugglor ringmaérkta
som ungar visar att &tminstone nagra honor hicka-

de redan som ettariga (Figur 4) och minst en hane
vid tvé ars alder. Cramp (1985) anger att den ge-
nomsnittliga &ldern for forsta hickningen inte &r
kénd men refererar till Stefansson om alder hos den
forsta registrerade hickningen for en hona héck-
ande som ett ar gammal fagel (2K).

Det hogsta antalet som kontrollerats for forsta
géngen som vuxna finns i dlderskategorin 4K. Det-
ta Overensstimmer med en sorkcykeltopp efter tre
ar. Intressant dr ocksa topparna som aterkommer
for faglar i dlderskategorin 7K—8K och som éven
tenderar att visa en topp for dldrarna 11K-13K.
Siffrorna for dessa sistndmnda aldersgrupper ar
dock smé och kan péaverkas av tillfdlliga hdndelser.
Topparna for aldersgrupperna 4K och 7K—8K f6l-
jer emellertid vad som kan forvéntas vid sorkcykler
med toppar vart 3—4 ar.

I Finland éterfanns flest ungfaglar under deras
forsta ar mindre dn 50 km frén deras fodelseplats.
Ungfaglar som senare kontrollerades patraffades
emellertid ndrmare deras fodelseplats dn de som
aterfanns doda (Figur 5). Detta kan ha orsakats av
att dessa individer var béttre utvecklade som jégare
eller att tillgdngen pa bytesdjur var forhallandevis
god nira fodelseplatsen ndr sorktillgangen senare
gick ner men kan ocksa kopplas till att ringmér-
karen var mer aktiv med att finga och kontrollera
faglar i ndrheten av lokalerna dér de ringmérkte
dem som ungar.

Féaglar ringmérkta som ungar och senare kon-
trollerade som héckande visar medelvdrden av
natalspridning mellan 30 km och 144 km (Figur
6) vilket dr i samma storleksordning som for ung-
faglar aterfunna doda under forsta levnadsaret.
Medianvérdet for natalspridning for finska faglar
ringmérkta som ungar var 48 km f6r honor (n = 13)
och 25 km for hanar (n = 5). Detta ar i enlighet med
ett dvergripande median natalspridningsavstand pa
40 km fo6r svenska honor. Det ldgsta median na-
talspridningsavstédndet hos honor i dldersklasserna
2K, 5K, 8K och 11K (Figur 7) kan ocksé tolkas
som ett resultat av sorkcyklernas topp vart tredje
ar, som dokumenterats for norra Sverige (Hipkiss
et. al 2008). Honorna som héickar som 2K faglar
moter da formodligen en sorktopp aret efter att de
har kldckts och sprider sig dérfor kortare avstand
fran fodelseplatsen. Darefter kan det vara sa att ho-
norna vénder tillbaka till trakterna dar de klacktes
eller tidigare har hickat.

Nar ugglorna har hickat for forsta gangen ar
bade honor (Figur 8) och hanar (Figur 9) ofta
trogna hiackningsplatsen eller har avstand till nésta
héckningsplats pd maximalt 9 km f6r honor och 3
km for hanar. 34 honor i Finland som kontrollera-
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des i tva pa varandra foljande hidckningssdsonger
flyttade ocksa mindre d4n 10 km. Medan svenska
honor patréffats hicka i samma omrade upp till 12
ar efter den forsta kontrollen (maximalt flyttav-
stand var 102 km) visade finska honor en median
spridning av 67 km med hogst 405 km forflyttning.

Under den mycket daliga sorktillgdngen 2012
som tickte storre delen av Fennoskandia var minst
76% av 144 individer 2K-faglar identifierade
fran fotografier av lappugglor i Sverige (Solheim
2014b). Aldre faglar visar sig emellertid ocksa re-
gelmissigt langs kusten i s6dra Norge och Sverige
(Solheim 2010) vilket lamnar frdgan Sppen om
huruvida gamla figlar stannar i ndrheten av sina
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héckningsplatser under vintern eller migrerar mer
eller mindre langt till andra eventuellt bittre jakt-
marker innan de evantuellt atervinder till hack-
ningsomraden de har anvént minst en gang. For att
f4 mer data pd vinterrorelser inleddes ett satellit-
projekt ar 2014 och tva i dstra Norge hickande ho-
nor utrustades med séndare (Solheim et al. 2015).
En av dem uppeholl sig inom 26 km fran 2014 ars
héckningsplats fran februari 2015 tills den forlo-
rade sindaren i slutet av maj samma ar. Den andra
flyttade till en ny lokal 175 km bort dir den stan-
nade i ett ar tills sindaren tystnade i februari 2016.
Foérhoppningsvis ger fler figlar med séndare béttre
data om lappugglornas vintervanor i framtiden.
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Does the breeding performance differ between solitary and
colonial breeding Red-throated Loons Gavia stellata in the core

area of the Swedish population?

Skiljer sig hdckningsutfallet mellan ensam- och kolonihdckande smdalommar Gavia

stellata i artens svenska kdrnomrade?

BORJE DAHLEN & MATS O. G. ERIKSSON

Most Red-throated Loons Gavia stellata are solitary
breeders in small pools and provide fish prey to the
chicks from larger waters at a distance seldom exceeding
10 km. More rarely, several pairs nest together in colo-
nies. We compared the breeding performance of solitary
and colonial breeders in South-central Sweden during
2000-2016 (except for 2007). Annual productivity was
0.63 and 0.52 chicks per pair and year for solitary and co-
lonial breeding pairs respectively, and mean percentage
per year of broods with two chicks did not differ, 24%
and 18% (no significant differences). Average hatching
probability was the same, 0.576 and 0.581 over years.
The average probability however, that at least one chick
would be fledged was significantly higher among solitary
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pairs, 0.915 and 0.731 respectively, although the overall
probability of successful breeding did not differ, 0.530
and 0.443. Thus, any benefit with reference to coloniality
can be questioned. More likely, colonial breeding was a
result of habitat selection, with a concentration of several
nesting pairs within a relatively small area with a profit-
able foraging lake nearby.
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Colonial breeding among birds, defined as an as-
semblage of nests within a limited area and with
the primary source of food outside the territory,
has been intensively studied in several bird spe-
cies (e.g. Brown & Brown 2001 for an overview).
Nevertheless, it remains an elusive phenomenon
which is hard to explain. With the development
of the behavioural ecology approach to explain
the evolution of various adaptations in terms of a
balance between fitness-related benefits and costs
during the 1970s, studies of coloniality were pri-
marily focused on predation risk and finding food
(e.g. Chapter 2 in Perrins & Birkhead 1983 for an
overview). Avoiding predation was thought to oc-
cur either actively by increased vigilance (several
pairs of eyes see more than a few) and mobbing
of predators, or passively by dilution (although a
colony may attract predators, as long as the preda-
tion pressure does not increase in proportion to the
number of nests in the colony, the risk for any indi-
vidual to fall victim will decrease). With reference
to obtaining food, colonies have been proposed to
serve as ‘information centres’, where individual

birds may benefit from observing and following
conspecifics to assumed food resources. Over time
however, the theoretical approach shifted from in-
dividual benefits to interpreting coloniality as the
result of, or a by-product of, so called commodity
selection with reference to the availability of e.g.
habitats or mates (e.g. Danchin & Wagner 1997,
Wagner et al. 2000). Based on a comparative study
including 320 bird species, colonial breeding has
been proposed to be correlated with the absence of
a feeding territory, breeding in aquatic habitats, and
exposure to predators (Rolland et al. 1998).

The Red-throated Loon Gavia stellata fits into
this categorisation in so far as it is linked to aquatic
habitats, forages outside the breeding territory, and
that nest predation is a key reason for breeding
failure (e.g. Dickson 1993, Eberl & Picman 1993,
Dahlén & Eriksson 2002, Rizzolo et al. 2014).
However, it most often breeds solitarily with single
pairs nesting in small pools, often smaller than 1
ha and rarely larger than 10 ha, and mostly without
fish. Prey fish for the non-fledged chicks are caught
from larger lakes with clear water, or at sea, with
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the travelling distance rarely exceeding 10 km (e.g.
Eriksson 2010). Less often, several nesting Red-
throated Loon pairs may group together in colonies
(e.g. Chapter 11 in Lack 1968, Cramp & Simmons
1977).

In this study, we compare the breeding success
of solitary breeding pairs with pairs breeding in a
colony in the same geographical region in South-
central Sweden, in order to investigate if there is
any indication of different breeding performance
among solitary and colonial breeding pairs. No
previous comparisons of this character, as far as
we know, have been published with reference to
the Red-throated Loon.

Study area

The study area is located in the County of Da-
larna within the core area of the Swedish popula-
tion of Red-throated Loon. Dalarna together with
the neighbouring counties (Varmland, Orebro and

Dahlén.

Figure 1. Breeding pool regularly used by a solitary Red-throated Loon Gavia stellata pair in the study area. Photo: Borje

Vistmanland) harbour a total of 470—600 pairs, or
about one third of the total population in Sweden
(data from Ottosson et al. 2012). Prey fish for the
chicks are almost exclusively caught in nutrient-
poor freshwater lakes with a dominance of small-
sized cyprinid or salmonid fish (Eriksson 2006,
Eriksson & Paltto 2010).

The breeding performance of solitary breeding
pairs was investigated in the same area as in a pre-
vious study of the target species in Malung-Sélen
Municipality (60°41°N, 13°43°E) in the County of
Dalarna (Figure 1 in Dahlén & Eriksson 2002).
The area is approximately 1,820 km?, with a popu-
lation of around 70 Red-throated Loon pairs that
have been surveyed on an annual basis during the
period 1991-2016. During 1991-2002, the surveys
covered 130-150 pools or the majority of potential
breeding sites, but after that the annual field sur-
veys have been restricted to a smaller sample of
27-91 pools. The presence of a territory-holding
pair has been recorded in at least one year in 99

Hdickningstjdrn som regelbundet nyttas av ett ensamhdickande smdlomspar. Foto: Bérje Dahlén.

136



Figure 2. The Tisjokolen mire area, used by colonial breeding Red-throated Loons Gavia stellata, as viewed from the observa-
tion tower. Photo: Borje Dahlén.
Myromrddet Tisjokolen, vy fran fageltornet. Foto: Bérje Dahlén.

pools (Figure 1 shows one of the sites). 15-20 nu-
trient-poor clear-water lakes are used for foraging,
with distances ranging from less than 0.5 km to 4.6
km between breeding pools and foraging lakes. For
the purpose of this study, results from the field sur-
veys during the period 2000-2016 have been used,
with the exception of 2007 when survey coverage
was too poor.

In parallel, the breeding performance of a con-
centration of Red-throated Loons breeding at Tis-
jokolen (60°54°N, 13°6’E; Figure 2) was studied.
This is a mire site of ca 0.85 km? and is located
approximately 35 km northwest of the centre of
the above described area (pages 120-122 in DOF
2005 for a further description). The Red-throated
Loon population has been surveyed in the period
2000-2016 (except for 2007), and the number of
pairs has fluctuated at around 20, making the col-
ony at Tisjokdlen the largest known concentration
of breeding Red-throated Loon at a single site in
Sweden. The distance between single nests can be

as little as 30-40 meters, and 2-3 pairs may breed
within the same pool. The birds catch fish prey
for the chicks at Lake Tisjon, located immediately
north of the mire area and at a distance of ca 1 km
from the centre of the mire to the nearest shore of
the lake.

Previous studies (Dahlén & Eriksson 2002) in-
dicate that the nest initiation in the study area is
spread over a period of approximately six weeks,
from mid-May until the end of June, although
around half of the nests are initiated over a con-
centrated period of around ten days during early
or mid-June. Around 15% of failed clutches are
followed by replacement clutches initiated from
early June until mid-July. Very few chicks are
thus hatched after the mid or end of August, when
there is still a period of 2-3 months before ice-
cover; i.e. freezing does not constitute a breeding
constraint.
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Methods

Field surveys and assessment of breeding
performance

For the study area with solitary breeding pairs, the
field surveys followed the same methodology as in
previous surveys in the same area (Dahlén & Eriks-
son 2002), and assessments of the breeding perfor-
mance were based on a sample from a larger popu-
lation (see above under “study area”). Normally
2-4 visits at each breeding pool were required in
order to get enough information for a reliable as-
sessment of the breeding result. At the Tisjokolen
site, surveys were made from an observation tower
from where the majority of all potential breeding
pools could be surveyed.

For both areas, the first visit during each season
was done before or during the nesting period, in
order to reduce the risk of biased estimates of the
breeding performance due to undetected but failed
breeding attempts. The timing of the last visit at
each site was adjusted in order to follow the sur-
vival of chicks until they were classified as large-
sized: being more than half of the length the adult
parent birds. A few breeding records, where it was
not possible to acquire the full information to meet
these requirements, were excluded in the assess-
ments of breeding performance.

For the two breeding categories, the annual pro-
ductivity was measured by calculating the mean
number of large-sized chicks per nesting pair, e.g.
that breeding was confirmed by finding a nest with
eggs or an incubating bird. Despite the fact that the
risk of not detecting breeding attempts that failed
before hatching was minimised, it cannot be ex-
cluded that some figures may be a slight overes-
timate. The same approach was however, applied
for solitary and colonial breeding pairs during the
whole study period. It is thus most likely, that this
potential error has not introduced any bias that
might affect comparisons between sites and or over
time.

Breeding success was assessed by calculating
daily survival rates, using the Mayfield method
(as presented by Beintema 1996), assuming that
an event such as the start of incubation, hatching
or failure occurred at the mid-point date between
two successive visits to the breeding site. The
analyses were split up into assessments of hatch-
ing success, 1.e. the probability that a clutch would
hatch, and brood rearing success, i.e. the prob-
ability that at least one chick would survive to
fledge. We assumed an average incubation period
of 28 days and a fledging period of 40 days, on
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the basis of handbook information (e.g. Cramp &
Simmons 1977, Barr et al. 2000) as well as unpub-
lished data from voluntary-based surveys of the
breeding performance in Sweden (Projekt LOM,
http://www.birdlife.se). Broods were considered
as lost, if chicks were last seen when smaller than
half-grown, but not recorded at later visits at the
same site, and fledged if the chicks were larger
than half-grown when seen for the last time. This
approach includes a risk that broods lost soon af-
ter hatching may have been overlooked and thus
erroneously classified as a failure late during the
incubation stage, resulting in an underestimate of
the assessment of hatching success while brood
rearing success might have been overestimated.
Any impact on the interpretation of the results is
elaborated upon in the discussion section.

Finally, we used the annual mean percentage of
broods with two large-sized chicks to get an indica-
tion of the survival of chicks until fledged. Most
loon pairs lay two eggs (Dahlén & Eriksson 2002,
with reference to the studied population) and the
chicks’ survival is primarily dependant on the par-
ents’ food provisioning success, as has been indi-
cated 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
Gavia arctica (Jackson 2003). For these calcula-
tions we included breeding attempts detected only
during the chick rearing stage.

Statistical analyses

As only parts of the data set were normally distrib-
uted (as checked with the Shapiro-Wilk test, http://
scistatcalc.blogspot.se/2013/10/shapiro-wilk-test-
calculator.html), non-parametric alternatives were
used for the statistical analyses. Hence, compari-
sons between solitary and colonial breeding pairs
were done by pairing of data for the same year for
both categories by using the Wilcoxon’s test for
matched pairs, and temporal trends in the breed-
ing performance were investigated by calculating
the Spearman rank correlation coefficient r_ (e.g.
Fowler & Cohen 1995; two-tailed significance lev-
els presented).

Results

Solitary breeding pairs

The average annual productivity was 0.63 (+
S.D.0.16) large-sized chicks per pair and year for
solitary breeding pairs (details in Figure 3). This
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ments is given in parenthesis.
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Figure 4. Breeding success in solitary breeding and colonial
breeding Red-throated Loons Gavia stellata. Detailed data in
Table 1.
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Figure 5. Percentage of broods with two large-sized chicks in
solitary breeding and colonial breeding Red-throated Loon
Gavia stellata pairs. Number of broods included in the as-
sessments is given in parenthesis.

Procentandelen ungkullar med tva stora ungar hos ensam-
héickande och kolonihdckande smalommar. Antal ungkullar
som ingar i berdkningsunderlaget anges i parentes.

figure is at the same level as recorded for South-
central Sweden (Svealand and Dalsland) as a
whole for the period 19942013 (Table 1 in Eriks-
son 2014). There was therefore no indication of any
deviation from the overall breeding performance in
a larger geographical context.

The mean hatching probability over years was
0.576 and the average probability that at least one
chick in a brood would become fledged was as-
sessed to be 0.915 over years, making an overall
probability of successful breeding of 0.530 over
years (Figure 4, details in Table 1a). The mean per-
centage over years of broods with two chicks was
24% (details in Figure 5).

There were no indications of any temporal trends
(Spearman r = -0.10 for the mean number of chicks
per pair, 0.04 for the hatching success, 0.33 for the
brood rearing success, 0.07 for the overall breeding
success, and 0.30 for the percentage of broods with
two chicks, N = 16 years).

Colonial breeding pairs

For colonial breeding pairs the average annual pro-
ductivity was 0.52 (£ S.D. 0.29) large-sized chicks
per pair and year (details in Figure 3), and although
lower it was not statistically different from the
results for solitary breeders (Wilcoxon’s test for
matched pairs, p = 0.30).

The mean hatching probability over years was
0.581 or the same as for solitary breeding pairs
(Wilcoxon’s test for matched pairs, p = 1.00) al-
though, there was an indication of decline over the
study period (Spearman r_ = -0.52, 0.05<p<0.10).
The average probability that at least one chick be-
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Red-throated loons in their breeding tarn. Photo: Christer Brostam.
Smdlommar i hickningstjdrnen. Foto: Christer Brostam.




came fledged was assessed to be 0.731 and signifi-
cantly lower than that for solitary breeding pairs
(Wilcoxon’s test for matched pairs, p = 0.01).
Nevertheless, the overall probability of successful
breeding was 0.443 over years and not significantly
lower than for solitary breeding pairs (Wilcoxon’s
test for matched pairs, p = 0.28, Figure 4, details
in Table 1b).

The mean percentage of broods with two chicks
over years was 18% (details in Figure 5) and did
not differ from the solitary breeding pairs (Wilcox-
on’s test for matched pairs, p = 0.29).

As for solitary breeding pairs there were no indi-
cations of any temporal trends for the mean num-
ber of chicks per pair (Spearman r = -0.40), for
the brood rearing success (Spearman r,=0.01), the
overall breeding success (Spearman r_ = -0.32) or
the percentage of broods with two chicks (Spear-
man rs = 0.22, N = 16 years).

Fluctuations in breeding performance between
years were not synchronized between solitary and
colonial breeding pairs (Spearman rs = -0.17 with
reference to the mean number of chicks per pair,
-0.30 for the hatching success, -0.17 for the brood
rearing success, -0.26 for the overall breeding suc-
cess, and 0.29 for the percentage of broods with two
chicks, N = 16 years). There was thus no indication
that any external factor influenced the breeding per-
formance in a similar way for both categories.

Discussion

Coloniality has been an attractive field of research,
not least as breeding in colonies includes a balance
between fitness benefits and costs, and over the
years various predictions derived from the theo-
retical framework have been investigated in field
studies and experiments, spanning a large number
of species. But results are far from unambiguous or
clear-cut, indicating that breeding in colonies may
be adaptive for a variety of reasons and that there
are not any simple or universal factors behind its
evolution (e.g. Danchin & Wagner 1997, Brown &
Brown 2001).

For the Red-throated Loon population in this
study, the breeding performance was not differ-
ent between the pairs breeding solitarily and those
breeding in the Tisjokolen colony. The average an-
nual productivity was 0.63 and 0.52 large chicks
per pair and year respectively, with the reservation
that slightly overestimated but still comparable fig-
ures cannot be excluded, even if the risk of not de-
tecting breeding attempts that failed before hatch-
ing was minimised.
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The percentage of broods with two chicks was
similar for both categories at 24% and 18%, re-
spectively, which indicates that the survival of
chicks until fledged was the same. Assuming that
the chicks’ survival to a large extent is related to
the parents’ success in providing them with food,
in line with results from previous studies both on
Red-throated Loon (Okill & Wanless 1990, Eberl
& Picman 1993, Ball 2004, Rizzolo et al. 2014)
and Black-throated Loon (Jackson 2003), our re-
sults did not indicate any difference between pairs
breeding solitarily and colonially with reference to
foraging success.

For both solitary and colonial breeding pairs, the
probability of a successful breeding outcome was
similar at 0.530 and 0.443, respectively. Average
hatching probability over years was the same at
0.576 and 0.581, respectively, while the probability
that at least one chick would be fledged was signifi-
cantly lower for pairs breeding colonially at 0.731
compared to 0.915 for solitary breeding pairs. Nev-
ertheless, the overall breeding success did not dif-
fer between the two categories and a likely reason
for this is that most breeding failures occurred be-
fore hatching, as has been shown to apply for the
studied population (Dahlén & Eriksson 2002) as
well as elsewhere (e.g. Eberl & Picman 1993), and
with predation being the main reason. So although
there is a risk that chicks lost soon after hatching
might have been overlooked, the indication of low-
er hatching success in comparison to brood rearing
success was nevertheless expected with reference
to previous results from various studies.

The lower brood rearing success among the co-
lonial breeding pairs can hardly be related to food
provision by the parents, as there was no indica-
tion of a different percentage of broods with two
large-sized chicks. Furthermore, it does not seem
as the pairs breeding in the Tisjokolen colony ben-
efited from any lower predation pressure compared
with the pairs breeding solitarily. Hatching prob-
ability was the same for both categories and previ-
ous studies (referred to above) have indicated that
predation is the main reason for failures during the
incubation period. Rather, it might be speculated
if the concentration of breeding pairs and chicks
in a limited area attracted predators, and that this
might explain the indication of decline in hatching
success as well as the lower brood rearing success
among the colonial breeding pairs. Indeed, anecdo-
tal information from field visits at the Tisjokolen
site indicates that low breeding success in single
years could be related to the presence of e.g. Eura-
sian Eagle Owl Bubo bubo, Western Marsh Harrier



Red-throated Loon feeding young in the breeding tarn with
a fish that has been collected in a clear-water lake at some
distance. Photo: Kristina Eriksson.

Smdlom matar unge i hédckningstjdrnen med fisk som him-
tats i klarvattensjo pd visst avstand.

Circus aeruginosus or Red Fox Vulpes vulpes. In
addition, there are no observations of any coop-
erative defence against predators by Red-throated
Loons breeding at Tisjokdlen, while this was re-
corded at the site for e.g. Northern Lapwing Vanel-
lus vanellus and Mew Gull Larus canus against
Red Fox. This is in line with previous findings sug-
gesting that coloniality may attract predators rather
than reduce the risks of predation (e.g. Varela et
al. 2007).

For the Red-throated Loon, and bearing in mind
that rigorous field experiments designed in order to
test any hypotheses from current theory are lack-
ing, it seems that habitat requirements per se deter-
mined the selection of breeding sites. Both kinds of
habitats required for breeding, e.g. small pools with
quagmire shores and freshwater lakes harbouring
prey fish, such as small-sized cyprinid or salmonid
fish are common elements in the coniferous for-
est landscape of Scandinavia, but a combination
of both at a distance short enough for transporting
fish to the chicks may be less common. Therefore,
individual pairs do not avoid nesting with conspe-
cifics where a concentration of potential nest-sites
is located within a limited area and with profitable
foraging waters at a close distance, if the expected
breeding outcome is neutral in comparison to soli-
tary breeding at a small and isolated pond. Thus,
colonial breeding in the Red-throated Loon is most
likely a result of commodity selection.

The result of this study is consistent with what
has been found to apply for Red-necked Grebe
Podiceps grisegena, another water-bird species
that exhibits both solitary and colonial breeding.
For this species, coloniality has been shown to be
linked to the availability of quite rare high-quality
habitats rather than any benefits of breeding in
close vicinity to conspecifics (Sachs et al. 2007).
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Sammanfattning

Kolonihdckning brukar definieras som en ansam-
ling av bon inom ett begransat omrade, i kombi-
nation med att de viktigaste fodokillorna ligger
utanfor reviret. Foreteelsen har varit foremal for ett
mycket stort antal undersdkningar och har innefat-
tat manga olika arter, men det har visat sig vara
svart att hitta ndgra generella forklaringar. Inom
ramen for beteendeekologins framvéxt under
1970-talet utvecklades ett teoribygge kring tdnk-
bara for- och nackdelar och med fokus pa risker
for predation och forutsittningarna att hitta foda.



Genom att hicka i kolonier kan vaksamheten mot
predatorer bli mer effektiv - flera par 6gon ser mer
an tva. Visserligen kan en koloni attrahera predato-
rer, men om predationsrisken inte okar i proportion
till kolonins storlek uppstar en utspadningseffekt
och risken for varje enskilt bo kan antas minska.
Kolonier har ocksa foreslagits fungera som infor-
mationscentra; genom att observera och folja sina
artfrander kan fodosoket formodas bli mer effek-
tivt for egen del. Men Over aren har den teoretiska
ansatsen skiftat fokus fran individuella fordelar till
att tolka kolonihdckande i termer av en mer pas-
siv effekt eller biprodukt av t.ex. habitatval eller
sexuell selektion. Sammantaget har kolonihdck-
ning beddmts vara vanligast bland vattenlevande
fagelarter och kopplad till bl.a. avsaknad av ett f6-
dosdksrevir och hog predationsrisk.

Sméalommen passar in i monstret sétillvida att
den &r knuten till vattenmiljoer, fodosoket sker
utanfor hdckningsreviret och bopredation dr en
viktig orsak till misslyckade hickningar. Vanligast
ar att enstaka par hickar vid smasjoar och tjarnar
som ofta saknar fisk. Bytesfisk till ungarna ham-
tas i storre klarvattenssjoar eller i havet upptill ett
avstand pa ungefar 10 km, séllan lingre, och med
preferens for fiskevatten med smavuxna bestand
av mort- eller laxartad fisk. Men det forekommer
ocksa att flera par ibland hickar tillsammans i ko-
loniartade ansamlingar.

I den hér studien jamfors hickningsutfallet hos
ensamhéckande smalommar i ett ungefar 1820 km?
stort undersdokningsomrade omfattande ungefar 70
par i Malung-Silens kommun i Dalarna med en
koloni beldgen pé Tisjokolen (Figur 2) som ér ett
ungefdr 0,85 km? stort myromrade med 20-talet
smélomspar. Oss veterligt har ingen liknande jam-
forelse gjorts tidigare och med avseende pa sma-
lommen.

Metodik

Vad giller de ensamhickande smélomsparen be-
domdes hackningsutfallet genom att tdnkbara
hickningsplatser besoktes vid 2-4 tillfdllen under
hickningssdsongen for att fa tillrickligt underlag
for att bedoma hackningsresultatet. Vid Tisjokolen
kunde huvuddelen av tinkbara hidckningsgolar i
myromradet observeras fran ett fageltorn.
Hickningsutfallet bedémdes genom att berdkna
medelantalet stora ungar per héickande par. Med
”stora” ungar avsags ungar som blivit minst halv-
vuxna. Vidare beddmdes hdckningsframgdngen
med den s.k. Mayfield-metoden, med separata be-
rakningar av kidckningsframgdngen (= sannolik-

heten for klackning) och ungvdrdnadsframgdngen
(= sannolikheten att &tminstone en unge blir flygg).
Slutligen anvindes procentandelen ungkullar med
tva stora ungar som en indikation pa ungarnas
overlevnad tills de blivit flygga och under antagan-
det att ungarnas dverlevnad primirt dr beroende pa
hur fordldrafaglarna lyckas med att férse ungarna
med fiskbyten (vilket i tidigare undersdkningar har
visat sig gélla for bade smalommen och storlom-
men).

Resultat

Pa basis av data fran 16 ér, 2000-2016 (med undan-
tag for 2007), kan resultaten sammanfattas, som
foljer:

*  Ungproduktionen var i medeltal 0,63 stora ung-
ar per par och ar for ensamhickande par och 0,52
for kolonihdckande par (detaljer i Figur 3, skillna-
den dr inte statistiskt signifikant). Resultatet ligger
pa samma nivd som for Svealand (och Dalsland) i
ovrigt.

» Sannolikheten for kldckning var densamma for
ensamhéckande och kolonihdckande par, i med-
eltal 0,576 respektive 0,581 per 4r, medan ung-
vardnadsframgéngen var hogre for ensamhéckare
jamfort med kolonihdckande par, i medeltal 0,915
respektive 0,731 per ar. Men den sammanrdknade
héackningsframgéngen lag pa ungefdr samma niva,
i medeltal 0,530 respektive 0,443 per ar for ensam-
hickande och kolonihédckande par (Figur 4, detaljer
i Tabell 1).

» Procentandelen ungkullar med tva stora ungar
var likartad, 1 medeltal 24% per ar for ensamhéck-
ande par och 18% for kolonihdckande (detaljer i
Figur 5).

Det fanns en indikation pa att hdckningsfram-
gangen for kolonihdckade par forsdmrats, men
dérutdver noterades inga tidstrender i hécknings-
utfallet, vare sig for ensamhédckande eller koloni-
héckande par. Variationerna i hackningsutfallet var
inte synkroniserade, si det fanns ingen indikation
pa att externa faktorer har paverkat ensam- och ko-
lonihdckande par pa ett likartat satt.

Diskussion

Det fanns inga indikationer pa skillnader i hack-
ningsutfallet eller att kolonihdckning skulle vara
kopplad till ndgon fordel som kan mitas i termer
av ungproduktion. Det faktum att procentandelen
ungkullar med tvé stora ungar var densamma anty-
der att det inte var nagon skillnad i ungarnas &ver-
levnad tills de blivit flygga och saledes inte heller
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vad giller fordldrafaglarnas mojligheter att finna
bytesfisk till ungarna. Det dr alltsd inte troligt att
kolonihdckningen har innefattat nagon fordel med
hénsyn till forutséttningarna for fodosoket.

Sannolikheten for ett lyckat hdckningsutfall
var likartad och ungefdr hélften av hdckningarna
lyckades i den meningen att dtminstone en unge
blev flygg. Kldckningsframgangen var ldgre &n
ungvardnadsframgéngen och néstan identiskt lika i
de bada grupperna. Aven i tidigare undersokningar
har man noterat att de flesta av de misslyckade
hickningarna overges under ruvningsstadiet och
att bopredation dr en av de viktigaste orsakerna.
Det fanns alltsd ingen indikation pd kolonihdck-
ningen inneburit nadgon fordel i form av mindre
predationsrisk. Snarare kan fragan ldmnas Oppen
om ansamlingen av flera par inom ett begransat
omréde kan attrahera predatorer, sdsom nérvaro av
t.ex. berguv, brun kdrrhok eller rdv enstaka ar, och
att detta kan ha bidraget till den ldgre ungvardnads-
framgéngen bland kolonihdckande par. Det finns
inte nagra observationer av att smalommar gemen-
samt har forsvarat sig mot predatorer, medan detta
har noterats bade hos tofsvipa och hos fiskmas nér
en riv befunnit sig ute pa myren.

Véra resultat pekar pa att det torde vara héck-
ningsmiljon i sig, snarare dn nagon specifik fordel
av att hicka i en koloni tillsammans med artfrander
som forklarar varfor smalommen ibland héckar i
koncentrationer med flera par inom ett begransat
omrade. De tva miljéer som smalommen behdver
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for sin hdckning, dvs. smasjoar eller tjdrnar med
gungflyartade strinder med ldmpliga boplatser och
klarvattenssjoar med goda bestdnd av smavuxen
lax- eller mortartad fisk dr var for sig ganska van-
liga i det skandinaviska barrskogslandskapet. Men
det dr kanske mindre vanligt att de bada miljéerna
forekommer tillsammans med inbordes avstand
som inte ar for stora for att forsvéra transporten av
bytesfisk till ungarna. En gynnsam kombination
av flera lampliga boplatser inom ett begransat om-
rade och med lampliga fiskevatten pa nira avstand
kan alltsd vara anledning till att flera smalomspar
ibland héckar tillsammans, under forutsittning att
det forvdantade hdckningsutfallet dr ungefar det-
samma som for ensamhickande par. Resultatet
ligger i linje med vad man funnit f6r grahakedop-
pingen, en annan vattenlevande fagelart dér det
finns bade ensamhéckare och kolonihickare, och
dér kolonihdckning kan forklaras genom en gynn-
sam kombination av olika miljofaktorer.

Tack

Undersokningen har genomforts inom ramen for
Projekt LOM, som pa frivilligbasis utfor ett riks-
tiackande féltarbete som syftar till att Gvervaka stor-
lommens och smalommens hickning. Over aren
har ekonomiska bidrag bland annat erhallits fran
bland annat Alvins Fond och Vérldsnaturfonden-
WWE. Tvé granskare har bidragit med synpunkter
och kommentarer pa en tidigare textversion.
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Effects of harbour and ship channel construction on breeding

seabirds

Effekter av hamn- och kanalkonstruktion pa héckande sjofaglar

RAUNO A. YRJIOLA, JUKKA A. RINTALA, HANNU PIETIAINEN &

V. MATTI O. LUOSTARINEN

Bird population changes were studied during the construc-
tion of the new Vuosaari Harbour in 2001-2011 (Helsinki,
Finland, N60°14.52° E25°9.07°). Part of the monitoring
programme was to determine the possible impacts of har-
bour and ship channel construction on breeding seabird
populations. The study revealed that the population trends
of most species showed no substantial difference between
islets close to harbor and channel and more distant refer-
ence islet. A Black-headed Gull colony was destroyed by
landfill but that was deliberately and with permission. The
trends of Ruddy Turnstone and Great Black-backed Gull
populations were more negative in near than in distant is-
lets. In the surrounding archipelago, the Barnacle Goose,
Mew Gull and Common Black-headed Gull clearly in-
creased during the study years. The European Herring Gull
decreased distinctly, which was probably caused by the re-
moval of individuals from the rubbish dumps around Hel-
sinki. There were some differences between the restricted-
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and open-access islands. The population of Herring Gull
was higher and the decline stronger in the restricted areas,
while the Common Ringed Plover population simultane-
ously increased.
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Introduction

The seabird populations of the northern Baltic Sea
are threatened by many different factors. Boating
and other disturbances such as fishing, eutrophi-
cation, feral mink, birds of prey, weather, toxic
substances and many other factors have been men-
tioned as the probable causes of poor fledgling pro-
duction and seabird population declines (Hario &
Uuksulainen 1993, Hario et al. 1987, Nordstrom
et al. 2003, Hario 2004, Hario, Mazerolle, Sau-
rola 2009, Skov et al. 2011, Hario & Rintala 2011,
2014). Dredging, dumping and harbour construc-
tion probably bring about negative impacts on sea-
birds breeding at sites near construction areas.
Most studies of the effects of human activity im-
pacts on the environment have been conducted in
Europe and North America. Environmental Impact
Assessments (EIAs) were first formally established
in the USA in 1969, and in 1985 the European

Community directive on EIAs was introduced (Gl-
asson et al. 1994, 2012). During recent decades, the
ecological effects of urbanization and other human
activities have been widely studied, and several
reports have been compiled on the subject (Mc-
Donnell et al. 2009, Niemeléd 2011). The sphere of
influence of urbanization and the direction and size
of its effect on animals may vary, depending on the
habitat type and the spatiotemporal scale of human
activities. Some species are also more sensitive
than others. The negative effects of urbanization,
e.g. on birds, may extend to areas as far as several
kilometres away from the source of the disturbance
(Watts & Bradshaw 1994, Kala- ja Vesitutkimus
Oy et al. 1996, Rodgers & Smith 1997, Mensing
et al. 1998). Even small variations from the human
standpoint in distance between the disturbance
source and birds or in vessel speed can translate
into remarkable variation in the disturbance ef-
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fect. For example, the disturbance of boat traffic
on foraging Black Guillemots Cepphus grylle was
studied at a breeding colony in the Bay of Fundy,
Canada, showing that the species was susceptible
to disturbance by approaching vessels. The investi-
gators concluded that guillemot flushing probabili-
ty would be reduced by 10% any time on condition
that a setback distance of at least 600 m from the
shore was established and maximum speed limited
to 25 km/h (Ronconi & St. Clair 2002). In another
study, a general setback distance of 50 m between
boats and birds was estimated to be sufficient to
prevent disturbances to most seabird nesting and
roosting sites while allowing viewers to appreciate
the seabirds; at shorter distances, the disturbance
effect on birds was clearly strengthened (Chatwin
etal. 2013).

The planning of a new harbour in Helsinki was
initiated as early as the mid-1960s, with the aim
of starting the Vuosaari Harbour project in 1992.
The EIA procedure of the project was initiated in
1994, when the new environmental act came into
force. The town council of Helsinki accepted the
establishment plan of the harbour in 1996 (Heik-
konen 2008).

The harbour was located next to a Natura 2000
area (F10100065, ‘Mustavuoren lehto ja Ostersun-
domin lintuvedet’). Before the start of the project,
environmental authorities and nature protection
organizations argued, that construction of a new
harbour and road connections could seriously af-
fect breeding bird populations. They also argued
that enough knowledge was not available, and that
construction was not permissible according to so
called precautionary principle.

The effects of harbour construction on the
Natura values were investigated based on various
monitoring programmes. The objective of these
programmes was to prevent possible harmful en-
vironmental effects and to document the impacts
observed and methodology used. The monitoring
programmes were carried out as a cooperative pro-
ject between the Helsinki Environment Centre and
the Port of Helsinki. One part of the operation in-
cluded the monitoring of birds, which began in the
archipelago in 2001 and on the land areas in 2002
and continued to as recently as 2011 (Koskimies
2001).

About 30-40 species of seabirds (ducks, geese,
waders, gulls and divers) are found in the Gulf of
Finland, which are common breeders or migrants
along shoreline areas. The most abundant breeding
seabird species in the sea area are the Common Ei-
der Somateria mollissima, Black-headed Gull La-
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rus ridibundus, Mew Gull Larus canus, Arctic Tern
Sterna paradisaea and European Herring Gull La-
rus argentatus (Hario & Rintala 2011).

The populations of many seabird species have
exhibited remarkable long-term trends at large spa-
tial scales, and for many species the mechanisms
driving these trends are often unknown. In addition
to natural reasons, the causes may be related to hu-
man activities. During recent decades, the Barna-
cle Goose Branta leucopsis, Canada Goose Branta
canadensis and Great Cormorant Phalacrocorax
carbo numbers have increased rapidly, especially
in the western part of the Gulf of Finland (Hario &
Rintala 2011). These species have benefited from
various human activities with the consequence of
developing new foraging and resting areas, and
larger fish stocks, resulting from eutrophication.

The purpose of this study was to investigate the
effects of the Vuosaari Harbour and ship channel
construction on the local seabird populations. We
aimed at revealing possible changes in the archi-
pelago bird populations near the construction area
and at pointing out the factors that had altered the
population trends. In particular, our study con-
cerned the population trends of rare or vulnerable
species. From the environmental management
standpoint, the focus was on whether construction
had such negative effects on birds that could be
avoided or mitigated during similar construction
processes. During the monitoring project, the port
and environmental authorities were informed regu-
larly about the annual results from the field.

Materials and methods

The seabird populations were monitored, using
yearly breeding bird counts. The monitoring con-
tinued for three years after opening of the Vuosaari
Harbour in November 2008. The possible effects
on the seabird populations were investigated in two
areas. One area included islets within two kilom-
eters from the harbor and ship channel. Another
area included islets at a larger distance than two
kilometers. The birds in the former area were con-
sidered to be at risk of disturbance and we call this
area the risk area. We assumed that two kilometers
was sufficient to exclude disturbance and this area
is our reference area.

Study areas

The risk area comprised 17 islets (Figure 1). Two
islets, Varisluoto and Vistinki, were covered by
harbour landfills and the construction area in 2004,
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with permission of the authorities. Véstinki, an
islet with a colony of Black-headed Gulls (200
pairs), was covered with landfills after the breeding
season, preventing breeding in subsequent years.
All except one risk islet were open-access or under
recreational use. Usually, in the archipelagoes be-
tween the communes of Sipoo and Espoo, the nest-
ing success of seabirds has been poorer on open
islets subject to recreational use than on islets in
the conservation or military areas (Matti Luostar-
inen, personal observations).

The reference area included 21 islets (Figure 1).
They were selected, based on their seabird fauna,
to be similar to the risk islets at the same distance
from the harbour. Open-access and recreational

use were allowed for 12 islets. Nine islets had re-
stricted access: three were military areas and the
remaining six were nature reserves.

The islets in the archipelago differ: the inner
archipelago islets are more luxuriant, and their
shores are usually less susceptible to eroding surge.
In the outer archipelago, the islets are more rugged.
Hence, the seabird communities also differed along
the inner/outer archipelago aspect.

Seabird population counts

The seabird counts of the monitored islets were
based on the bird monitoring programme in Koski-
mies (2001) that was part of the larger monitoring
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programme on the impacts of the Vuosaari Harbour
project. Matti Luostarinen performed all the counts
during the years 2001-2011.

We aimed at visiting each islet three or four
times during the breeding season. In May, the early
breeders were counted. In June, the numbers of
late breeders were registered, and the adult birds
of these species and the young of the early-nesting
species were ringed. In late June to early July, the
young of the late-nesting species were ringed.

During several survey years, bad weather oc-
casionally prevented fieldwork, and some islets
were visited fewer than three times during a sea-
son. Counts were taken during a 15-30-min stay
per islet; a longer census time would have resulted
in damage to the nesting sites. In some locations,
the terrain was so difficult that the time-consuming
nest censuses were not done so as to minimize dis-
turbance; in these cases, we quickly performed a
rough population estimate, based on the number of
adult birds in the vicinity of the breeding colonies.
On the breeding islets of the Caspian Tern Hydro-
progne caspia, the counts were performed with
special care and rapidly.

We combined the numbers of Common Tern
Sterna hirundo and Arctic Tern, because at some
mixed-breeding sites the periods required for sepa-
rating all adult birds would have been too lengthy,
and only the number of ‘terns’ was counted. Note
that the number of reference islets was higher, and
thus the total population of terns on these refer-
ence islets could have been larger despite the lower
mean number of pairs.

Statistical analyses

The purpose of testing was to reveal possible dif-
ferences in population size or trends between the
risk and reference islets. For the statistical analy-
ses, the area factor classified each islet as (1) a risk
or (2) a reference islet, and the use-of-islet factor
classified the islets as either (1) open-access or (2)
restricted-access, due to their protected or military
use status.

To estimate the differences in species-specific
population trends by risk/reference and open-ac-
cess/restricted areas, each species having a total
number of more than 30 pairs was analysed with
generalized additive mixed models (GAMMs),
primarily for denoting the smooth term (Wood
2004, Zuur et al. 2009) of the trends by the spa-
tial treatment (i.e. the trends between the risk and
reference islets) and generalized linear mixed
models (GLMMs) for revealing the interactions
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of the year-effect and the spatial treatment and is-
land type (i.e. open-access vs. restricted-access).
The islet or island identification code was set as a
random effect, and the first-order residual tempo-
ral autocorrelation structure was controlled in all
models. The GAMMSs were performed, using the
function gamm of library mgcv (mixed GAM (gen-
eralized additive model) computation vehicle) and
the GLMMs with the function glmmPQL (glmm
Program Query Language) of library MASS (Mod-
ern Applied Statistics with S) (Venables & Ripley
2002) in R vers. 3.1.2 (R Core Team 2014). Passer-
ine species were not tested, because on many islets
the population data of these species were only of
the present/absent type. The Black Guillemot bred
only on the reference islets.

Results

In all, 28 seabird species were observed breeding
on the risk islets during the study period in 2001—
2011, and the annual total pair number of these var-
ied from 980 to 1196. For the reference islets, the
corresponding numbers were 32 species and pair
numbers varying from 1090 to 1615 (Appendix 1).

Species-specific models revealed several sig-
nificant parameter effects on the overall trends
and deviations in the trends between the risk and
reference areas, as well as inter-area variation in
islet-specific pair densities (Table 1, Figure 2). The
Ruddy Turnstone Arenaria interpres trend was
somewhat more negative in the risk than in the ref-
erence area, as was the trend for the Great Black-
backed Gull Larus marinus.

The pair numbers of the Mute Swan Cygnus olor
decreased generally, showing lower densities on
the reference islets. The Canada Goose numbers
increased significantly on the reference islets, but
not on the risk islets. The numbers of Barnacle
Goose increased slightly faster on the reference
than on the risk islets.

The Mallard Anas platyrhynchos declined sig-
nificantly on both the risk and reference islets,
showing significantly higher pair densities on the
reference islets. The Tufted Duck Aythya fuligula
declined significantly, particularly on the reference
islets. The numbers of Common Eider showed ex-
ponential increases on both the reference and risk
islets during recent years.

The Eurasian Oystercatcher Haematopus os-
tralegus showed general increases on both the risk
and reference islets. The numbers of Common Red-
shank Tringa totanus decreased slightly, particu-
larly on the risk islets at the beginning of the study



Table 1 Statistically significant parameters (Term) affecting seabird numbers, based on two model types (m.typ):
generalized additive mixed models (GAMM) and generalized linear mixed models (GLMM). The coefficient is
the parameter value indicating the direction and strength of the effect, with its standard errors (Std.Er), degrees
of freedom (DF), t-statistics (t) and statistical significance (p).

Statistiskt signifikanta parametrar (Term) som paverkar antal sjofaglar enligt tva modeller (m.type). Coefficien-
ten anger riktning och styrka for effekten (med standardfel, frihetsgrader, t-virde och signifikans).

Species Term Coefficient  Std.Error DF t p m.type
Canada Goose Year:Reference area 0.223941  0.097676 368  2.292687 0.0224 GAMM
Barnacle Goose Year:Risk area 0.789187 0.218527 368  3.611395 0.0003 GAMM
Year:Reference area 1.887489  0.465917 368  4.051128 0.0001 GAMM
Year 0.2425 0.02735 368  8.865754 0.0000 GLMM
Mute Swan Year -0.01056 0.00116 366  -9.07058 0.0000 GLMM
Reference area -193.182  20.58107 34 -9.38638 0.0000 GLMM
Year:Reference area 0.09587 0.01024 366 9.360752 0.0000 GLMM
Mallard Year:Risk area -0.44206 0.14119 368 -3.13096 0.0019 GAMM
Year:Reference area -0.73385  0.127865 368 -5.73929 0.0000 GAMM
Year -0.1369 0.0000 366 -119.584 0.0000 GLMM
Reference area 151.9121 3.0000 34 50.85635 0.0000 GLMM
Year:Reference area -0.0759 0.0000 366 -59.4027 0.0000  GLMM
Tufted Duck Year:Reference area -0.1692  0.068136 368 -2.48329 0.0135 GAMM
Year -0.04082  0.01606 368 -2.54092 0.0115 GLMM
Common Eider Year 0.04226 0.0165 366  2.556274 0.0110 GLMM
Oystercatcher Year 0.04525 0.02045 368  2.212871 0.0275 GLMM
Ringed Plover Year:Risk area 1.908575 0.779237 368  2.449288 0.0148 GAMM
Year 0.123 0.03622 366  3.395585 0.0008 GLMM
Reference area 649.9509 119.2349 34 5.451011 0.0000 GLMM
Restricted area 336.2443  152.4899 34 2.205026 0.0343 GLMM
Year:Reference area -0.3239 0.05946 366 -5.4478 0.0000 GLMM
Year:Resticted area -0.1656  0.07601 366  -2.17872 0.0300 GLMM
Reference area:Restricted area -872.391  196.9603 34 -4.42927 0.0001 GLMM
Year:Reference area: 0.4329 0.09819 366  4.408679 0.0000 GLMM
Restricted area
Redshank Year -0.08144 0.0000 366  -2.05288 0.0408 GLMM
Ruddy Turnstone  Year:Risk area -0.34523  0.119338 368 -2.8929 0.0040 GAMM
Year -0.11182  0.03801 368 -2.94229 0.0035 GLMM
Mew Gull Year:Reference area 0.062564  0.025878 368  2.417683 0.0161 GAMM
Year 0.04179  0.00922 366 4.531292 0.0000 GLMM
Great Black- Year:Risk area -0.42825 0.103255 368  -4.14753 0.0000 GAMM
backed Gull
Herring Gull Year -0.03796  0.01881 368 -2.0176 0.0444 GLMM
Restricted area 204.1474 47.46774 35 4300761 0.0001 GLMM
Year:Resticted arca -0.10177 0.02367 368 -4.29891 0.0000 GLMM
Lesser Black- Year:Risk area 1.203814 0.147891 368  8.139853 0.0000 GAMM
backed Gull
Year 0.3916 0.0000 366  8.782242 0.0000 GLMM
Reference area 837.9104 90.0000 34 9.327097 0.0000 GLMM
Year:Reference area -0.4164 0.0000 366 -9.3137 0.0000  GLMM
Black-headed Year:Reference area 240681 0.370284 368  6.499902 0.0000 GAMM
Gull
Common and Year:Reference area -1.1795  0.355281 368 -3.3199 0.0010 GAMM

Arctic Tern total
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Figure 2. Modelled population changes of some seabird species on the risk and reference islets.
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period. The Common Ringed Plover Charadrius
hiaticula densities were generally higher on the
reference than on the risk islets. In the risk area, the
densities were generally highest on the restricted
islets. However, in the reference area, the densities
were lowest but temporally increased most quickly
on the restricted islets (Table 1).

Our monitoring data revealed the most substan-
tial changes in numbers for highly colonial species
such as the gulls (Table 1, Figure 2). The European
Herring Gull population showed a general decline,
with highest densities on the restricted-access is-
lets. The Lesser Black-backed Gull Larus fuscus
increased significantly on the risk islets, while the
Mew Gull increased, particularly on the reference
islets, but also in the risk area. At the beginning of
the study period, the Black-headed Gull was more
numerous on the risk than on the reference islets.
However, during and after the harbour construc-
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T 1 T T T
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=
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tion, the pair numbers increased significantly in the
reference area.

The numbers of the Common Tern and Arctic
Tern fluctuated substantially during the study peri-
od (Figure 2), but the modelling indicated no clear
associations with the environmental change. The
nonlinear model suggested a population decrease
on the reference islets.

Discussion

The Vuosaari Harbour and ship channel construc-
tion represent one aspect of the urbanization pro-
cess in the City of Helsinki, which has been inten-
sifying and expanding during recent decades. The
number of people in the region of Helsinki is in-
creasing, and the recreation pressure on the archi-
pelago area is strong. The influence of urbanization
on bird populations varies, depending on the re-
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quirements of a species, but previous observations
have shown that construction activity can easily
result in negative impacts. The behaviour of gulls
and ducks was monitored during a certain new
construction activity in Helsinki, which indicated
that these seabirds were frightened by the noise at
a distances of hundreds of metres (Kala- ja Vesitut-
kimus Oy et al. 1996). Similar results were also re-
ported with Great Blue Heron Ardea herodias and
foraging waterfowl species from Chesapeake Bay
and Florida in the USA (Watts & Bradshaw 1994,
Rodgers & Smith 1997).

Despite of human activities, the populations of
some seabird species have quite uniform trends
along wide coastal areas of Finland. For exam-
ple, the population size developments of Canada
Goose, Barnacle Goose, Tufted Duck, Common
Redshank, Ruddy Turnstone and European Her-
ring Gull in the Gulf of Finland and other sea arcas
of southern Finland showed quite synchronous pat-
terns compared with our results.

In our study area the Mallard and Tufted Duck
declined during the study years. A similar de-
velopment has been going on in the longer pe-
riod1986-2013, when the Tufted Duck decreased
moderately in Finland (Hario & Rintala 2014). The
Mallard has increased slightly in inland lake areas
(Lehikoinen et al. 2013, Pdysa et al. 2013), but in
the archipelago, the species has apparently shown
no general population trends (Hario & Rintala
2014).

The Canada Goose and particularly the Barna-
cle Goose have increased along the coastal Gulf
of Finland (Hario & Rintala 2014). Based on our
results, the Canada Goose population increased
during the very beginning of the study period, but
decreased slightly during recent years. The Bar-
nacle Goose population increased strongly in our
study area, and this species has adapted very well
in breeding in Helsinki city. They breed in the ar-
chipelago, but use fields, golf courses or even city
parks as feeding areas during summer and autumn.
The first pair bred in Helsinki in 1989, and in 2009
the population was estimated at 900 breeding pairs
and more than 8000 staging individuals in autumn
(Vééninen et al. 2010).

Human has had a strong influence on popula-
tion changes of large gull species. In the early 20th
century, only a few European Herring Gull pairs
were breeding in the archipelago southwest of Hel-
sinki. In the early 1980s, the population increased
to about 6500 pairs. This population expansion
may have been due to the easy availability of ed-
ible refuse in rubbish dumps. At the same time, the
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Great Black-backed Gull population also increased
(Bergman 1982), and single breeding pairs still
breed in the area. The increase in the European
Herring Gull population has resulted in various
problems. The number of individuals has increased
in rubbish dumps and throughout Helsinki. Some
individuals became specialized in preying on Com-
mon Eider ducklings or the chicks of smaller gull
species. Such behaviour is typical for the Great
Black-backed Gull (Bergman 1982). Together
with other problems, predation by European Her-
ring Gulls was partly responsible for the decline in
the Lesser Black-backed Gull (Hario 1990). Dur-
ing 2004-2007, a special project was targeted at
reducing the number of European Herring Gulls
around Helsinki. In total, about 15 000 European
Herring Gulls and 600 Great Black-backed Gulls
were culled at four large open-plan refuse dumps
in Uusimaa Province. The aim of the project was
to minimize the nuisance effects on humans caused
by dense flocks of gull individuals in cities and to
reduce the predation pressure on Lesser Black-
backed Gull chicks (Hario, Rintala, Tanner 2009).
The culling project succeeded fairly well and the
European Herring Gull population decreased rap-
idly after initiation of the project. This was most
probably why the European Herring Gull popula-
tion also decreased in our study area.

In comparison to the large gull species, the popu-
lations of the Mew Gull, Lesser Black-backed Gull
and Black-headed Gull have increased in our study
area. This may have resulted from the presence of
fewer predatory European Herring Gull and Great
Black-backed Gull individuals after the culling
project. Construction of the Vuosaari Harbour and
landfills on the Varisluoto and Vistinki islets (Fig-
ure 1) during 2003-2004 reduced the number of
Black-headed Gulls. However, when all the islets
were examined, the total pair numbers of Black-
headed Gulls returned to the levels observed in the
early 2000s, i.e. more than 250 pairs. At the be-
ginning of the study period, there were no Black-
headed Gulls on the reference islets. During the
last few study years, the numbers on the reference
islets increased rapidly, which may have been due
to individuals moving from the Vistinki islet; the
immigration of new individuals from elsewhere is
another possibility. Nationwide, the Black-headed
Gull declined in the early 2000s, but later its pop-
ulation began again to increase (Hario & Rintala
2014).

Larger gulls also prey on terns and small waders.
Tern populations have been stable in our area. In
other areas, the Mew Gull and Common Tern have



increased, while the Lesser Black-backed Gull has
decreased (Hario & Rintala 2008, 2011, 2014). The
population of Common Redshank decreased, both
on the risk and reference islets during the study
years. Only the Common Ringed Plover popula-
tion increased slightly, especially on the restrict-
ed-reference islets. The Archipelago Bird Census
revealed that the Common Ringed Plover has mod-
erately increased and the Ruddy Turnstone and
Common Redshank have moderately decreased
in the coastal areas of Finland during 1986--2013
(Hario & Rintala 2014).

Nesting archipelago birds are more often dis-
turbed on open-access islets than in restricted-
access conservation or military areas (Matti Lu-
ostarinen, personal observations). The population
of Common Ringed Plover was increasing on re-
stricted access islets in the reference arca, where
disturbance is lowest. Also the density of Euro-
pean Herring Gull population was highest there.
The trends of Ruddy Turnstone and Great Black-
backed Gull populations were somewhat more
negative in the risk than in the reference areas. This
may have been a random result, or these species
may be more sensitive to human disturbance than
others. Most species showed no difference between
trends on the risk and reference islets. Other studies
have shown that in Finland more Common Eiders
breed in protected areas than would otherwise be
expected considering the total extent of these areas
(Kilpi 1997). Protected archipelago areas will be
even more crucial to conservation of future seabird
populations.

Our analysis revealed no clear evidence that the
populations of the species studied have undergone
severe stress from the environmental changes re-
sulting from the Vuosaari Harbour project. Most of
the population changes were probably associated
with processes acting over larger areas, which thus
affected the overall populations and may also have
masked processes arising from local disturbances.

However, the type of islet also affected the tem-
poral and spatial patterns of certain species. Both
area and islet type affected some populations, par-
ticularly the patterns of highly colonial species,
such as gulls and terns. The fact that our study did
not reveal negative impacts caused by construc-
tion of the harbour to most of the monitored spe-
cies does not necessary rule out disturbance ef-
fects. Examining only the number of pairs does not
necessarily enable estimation of direct individual
impacts. When populations increase, poor-quality
areas may also be occupied, often by young and
unexperienced individuals. This can prevent de-

termination of the real effects of construction. The
poor breeding success may have been masked by
individuals that originated from other areas. In the
future we need to develop better monitoring meth-
ods, to monitor population changes, but also indi-
vidual reproduction and survival rates of nearby
breeding birds during large construction projects.
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Sammanfattning

I borjan av 1990-talet inleddes planeringen av den
nya Nordsjo Hamn i Helsingfors och 1996 fast-
stdlldes planen, vilket innebar att hamnen kom att
forlaggas néra ett Narura 2000-omrade. Det fanns
farhdgor om att arbetena skulle innebéra storningar
av fagellivet savdl i hamnomradet som langs den
farled som skulle konstrueras fran hamnen till 6p-
pet hav. Farleden passerade ett stort antal dar och
skér med hiackande faglar. For att undersdka om de
formodade storningarna hade inverkan pa fagel-
livet genomfordes aren 2001-2011 en oOvervak-
ning av sjofaglarna. Undersokningen omfattade
38 fagelskidr. Eftersom man formodade att risken
for storningarna inte borde stricka sig ldngre ut
frdn hamn och farled 4n tva kilometer uppdelades
skdren i tva kategorier (Figur 1). De innanfor tva
kilometer betraktades som skédr med storningsrisk
och de jaimfordes med de skér som 1dg utanfér som
referens. Skdren inventerades normalt tre till fyra
géanger per ar. Tidpunkterna var anpassade till olika
arter och faser i hiackningsforloppet. Besdken var
korta, 15-30 minuter, eftersom lédngre besok skulle
ha kunnat skada fagellivet. Antal par som registre-
rades framgar av Appendix 1, separat for riskska-
ren och referensskiren.

Vilka faktorer som paverkade fagellivet analyse-
rades statistiskt med hjélp av modellering, och de
signifikanta faktorerna redovisas i Tabell 1. I Figur
2 jamfors de modellerade bestandsfordndringarna
mellan risk- och referensomréadena.

Totalt registrerades 28 hidckande arter med mel-
lan 980 och 1196 par pa skédren i riskomradet och
32 arter med mellan 1090 och 1615 par i referens-
omradet. Om enskilda arter kan f6ljande ndmnas.
Roskarl och havstrut hade mer negativa trender i
riskomradet @n i referensomradet. Kndlsvan mins-
kade generellt och hade ldgre téthet i referensom-
radet. Kanadagés dkade i referensomradet men inte
i riskomradet. Vitkindad gas dkade nagot snabbare
i referens- dn i riskomradet. Griasand minskade i
bada omradena men hade signifikant hogre tithet
i referensomradet. Vigg minskade signifikant men
sdrskilt mycket i referensomradet. Ejder uppvisade
exponentiell tillviixt i bida omradena. Aven strand-
skata 0kade i bada omradena. Rodbena minskade



nagot, sérskilt i riskomradet. Storre strandpiparens
téthet var storre i referensomradet én i riskomradet.
Inventeringarna visade pa storst fordndringar for
kolonilevande arter sésom masar. Gratruten mins-
kade men hade hogst tdthet pa skdr med besoks-
restriktioner. Silltruten 6kade pé riskoarna medan
fiskmasen okade pé referensdarna. Térnorna (ar-
terna sammanslagna) varierade mycket i antal men
variationen hade inget samband med omvérldsfak-
torerna.

Flera av fordndringarna i undersokningsomréadet
dr desamma som langs Finlands kust i 6vrigt, ndm-
ligen for kanadagas, vitkindad gés, vigg, rddbena,
roskarl och gratrut. Bade havstrut och gratrut har
minskat generellt, troligen som en effekt av sop-
tipparnas forsvinnande. Dessa arters predation kan

vara forklaringen till att de mindre masarna, fisk-
mads, silltrut och skrattmads, kunnat 6ka i antal. De
storre méasarna konsumerar ocksa dgg och ungar
av tdrnor, men tdrnornas antal har inte reducerats
i omradet.

Sammanfattningsvis visade vér analys pa be-
tydande variation mellan olika arters reaktion pa
eventuella storningar och effekter av generella
storskaliga populationsprocesser. Vi kunde inte pa-
visa nagra entydiga eller systematiska effekter av
hamn- och farledsbyggandet. De flesta bestands-
forandringarna var troligen resultat av processer
som verkade over storre omraden. Vi kan dock inte
utesluta att dessa processer kan ha dolt vissa lokala
storningseffekter.
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Appendix 1. Yearly number of pairs. Arligt antal par.

Risk Islets Year

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Cygnus olor 7 11 4 5 7 6 6 9 7 5 8
Branta canadensis 3 3 2 3 2 3 7 4 2 3 3
Branta leucopsis 2 4 6 11 11 19 24 29 46 35 41
Anas penelope 1 0 0 0 0 0 0 0 0 0 0
Anas platyrhynchos 5 5 4 5 5 3 2 2 2 2 1
Anas clypeata 0 2 2 1 2 1 0 2 2 0
Aythya fuligula 23 24 18 19 13 24 14 21 17 19
Somateria mollissima 114 109 103 118 121 92 109 126 101 139 161
Melanitta fusca 0 0 0 0 0 0 0 0 0 0 1
Bucephala glangula 0 0 0 0 0 0 0 0 0 0 0
Mergus serrator 1 0 0 0 0 1 0 0 0 1 0
Mergus merganser 0 2 1 0 0 0 0 0 0 0 0
Podiceps cristatus 0 0 0 0 0 0 0 0 0 0 0
Haematopus ostralegus 6 4 4 6 6 7 6 9 8 7 6
Charadrius hiaticula 2 1 2 1 1 1 2 3 1 2 5
Actitis hypoleucos 0 0 0 0 1 1 1 0 2 2 1
Tringa totanus 5 5 3 3 1 0 3 4 2 2 2
Arenaria interpres 5 5 4 3 4 1 4 1 3 3 1
Larus ridibundus 280 277 385 386 285 184 163 87 95 156 78
Larus canus 263 171 278 285 349 286 288 346 359 345 382
Larus fuscus 0 0 0 0 1 1 1 2 2 4 4
Larus argentatus 151 196 196 195 180 147 147 116 138 118 102
Larus marinus 8 9 8 7 6 5 2 4 3 3 3
Hydroprogne caspia 1 1 2 1 1 2 1 1 0
Sterna hirundo 1 1 0 22 0 1 1 0 0 1 2
Sterna paradisaea 20 17 18 6 12 8 16 15 20 15 76
Sterna hirundo/paradisaea 180 136 140 85 91 166 181 200 191 130 135
Cephus grylle 0 0 0 0 0 0 0 0 0 0 0
Anthus petrosus 3 2 4 1 3 3 4 3 3 4 2
Motacilla alba 11 8 7 13 14 12 11 9 12 11 10
Oenanthe oenanthe 8 3 5 0 8 6 8 6 5 5 6
Corvus corone cornix 0 0 1 2 2 2 2 1 1 1 1
Total 1101 996 1196 1179 1126 980 995 991 1027 1014 1050
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Appendix 1. Yearly number of pairs. Arligt antal par.

Reference Islets Year

Species 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Cygnus olor 9 9 1 6 7 9 8 12 10 9 6
Branta canadensis 3 2 5 3 3 4 6 6 5 6 5
Branta leucopsis 0 4 13 24 28 45 54 59 80 72 91
Anas penelope 1 0 1 0 1 1 0 1 1 1 2
Anas platyrhynchos 10 8 10 6 5 5 1 4 2 1 0
Anas clypeata 1 0 1 0 1 0 0 0 1 1 2
Aythya fuligula 54 32 55 40 24 42 23 29 40 40 23
Somateria mollissima 162 134 171 153 139 139 139 150 156 204 265
Melanitta fusca 0 0 0 1 0 0 0 0 0 1 1
Bucephala glangula 1 0 1 2 1 1 1 1 0 1 0
Mergus serrator 0 1 0 0 1 1 1 0 2 2 1
Mergus merganser 0 0 1 2 1 2 2 1 1 1 3
Podiceps cristatus 0 0 0 0 0 0 0 0 1 0 0
Haematopus ostralegus 6 8 5 8 8 4 3 9 11 9 8
Charadrius hiaticula 4 3 1 2 1 0 1 4 2 2 1
Actitis hypoleucos 0 0 1 0 2 0 0 0 1 0 0
Tringa totanus 6 4 6 6 5 6 5 5 7 4 5
Arenaria interpres 9 3 5 4 5 2 5 6 6 5 3
Larus ridibundus 0 0 0 1 0 0 0 21 58 120 300
Larus canus 347 328 390 384 411 349 419 411 404 408 426
Larus fuscus 1 2 3 3 3 3 3 2 1 2 2
Larus argentatus 189 199 239 251 249 209 200 184 146 124 102
Larus marinus 10 8 8 9 7 8 10 6 6 8 6
Hydroprogne caspia 3 2 2 3 2 1 1 1 1 1 2
Sterna hirundo 22 30 20 44 20 33 15 20 2 4 20
Sterna paradisaea 8 6 0 0 1 17 0 5 2 1 0
Sterna hirundo/paradisaea 390 250 251 168 288 388 436 475 529 364 275
Cephus grylle 24 22 16 26 17 20 26 35 37 24 23
Anthus petrosus 8 6 7 6 9 7 10 9 8 8 9
Motacilla alba 19 18 14 17 20 15 20 22 21 17 22
Oenanthe oenanthe 11 11 5 1 11 5 11 7 8 7 12
Corvus corone cornix 1 0 0 0 1 0 0 0 0 1 0
Total 1299 1090 1232 1170 1271 1316 1400 1485 1550 1450 1615
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Changes in numbers and distribution of wintering Long-tailed
Ducks Clangula hyemalis in Swedish waters during the last fifty

years

Férdndringar i antal och utbredning hos overvintrande alfaglar Clangula
hyemalis i svenska farvatten under de senaste femtio dren

LEIF NILSSON

The Long-tailed Duck Clangula hyemalis is the most
common wintering waterfowl in Swedish marine waters
but it is not well covered in the International Midwin-
ter Counts due to its offshore distribution making spe-
cial surveys necessary for the species. Surveys covering
the entire Baltic Sea were organized for the first time in
1992/1993 with follow-up surveys in 2007-2011 and
2016. In Sweden, aerial line transect surveys covered all
areas of importance for the Long-tailed Duck during the
last two all-Baltic surveys. In the 1970s extensive region-
al surveys were done from coastguard boats and airplane.
The total wintering population of Long-tailed Duck was
estimated to be around 370,000 individuals in 2016 com-

Abstract

pared to 436,000 in 2009, and in the order of 1,400,000 in
1992/1993, indicating an ongoing decrease. Comparing
the more recent surveys with the surveys from the 1970s,
the most marked changes in wintering numbers were
found east of Gotland, where only a small proportion of
the numbers estimated in the 1970s remained. Decreases
were also found in the waters around Oland, whereas no
marked changes were noted for the smaller wintering
populations of the east coast archipelagos.
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Introduction

The Long-tailed Duck Clangula hyemalis is the
most common wintering waterbird in Swedish wa-
ters but due to its marine distribution it is not so
well covered in the Midwinter Counts organized
annually since 1967 (Nilsson 1972, 1975, 1980,
2012, Nilsson & Haas 2016). Proper monitoring
of the Long-tailed Duck requires special surveys in
the archipelagos and the offshore areas.

During the years 1965-1978 more than 100 boat
surveys were undertaken along the Swedish coasts
from the patrol boats of the Swedish Coast Guard
(Nilsson 1972, 1980). Extensive aerial surveys
were also undertaken mainly in the archipelagos
but also along the open coasts of Scania, Oland and
Gotland (Nilsson 1975, 1980). It was however not
possible to survey the Midsjo Banks and Hoburg
Bank far out in the middle of the Baltic Sea even if
these areas were known to be sites for large num-
bers of wintering Long-tailed Ducks.

In the early 1990s, after the political changes in the
region, it was for the first time possible to organize
extensive offshore surveys of the wintering water-
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birds in the entire Baltic in 1992—1993. Maps and
population estimates were produced for all important
waterbirds (Durinck et al. 1994). A second survey of
the entire Baltic was organized in 20072010, the
SOWBAS-project (“Status of Wintering Waterbird
Populations in the Baltic Sea”; Skov et al. 2011).
Analysis of the results from the SOWBAS-pro-
ject showed a decrease in the wintering population
of Long-tailed Duck in the Baltic of about 65%
since the surveys in 1992/1993, with important de-
creases also for other wintering seaducks (Skov et
al. 2011). Marked decreases in numbers of the spe-
cies were documented from all parts of the Baltic,
including Sweden (Nilsson 2012). As a response to
this decrease the species was red-listed and work
with a single-species action plan was started by
AEWA (African European Waterfowl Agreement).
To follow up the situation for the wintering
waterbirds in the area a third all-Baltic survey was
organized in the winter 2016. In the last few years
the Midwinter Counts have been used as an im-
portant part of the indicator “Numbers and trends
in breeding and non-breeding marine water birds”



which is now accepted as a Core Indicator among
a set of other indicators to monitor the situation in
the marine areas of the European Union as a part
of the MSFD (Marine Strategy Framework Direc-
tive). In this work offshore surveys of wintering
water birds will be an important part in the future.

In this paper I analyze the results from the off-
shore surveys of Swedish waters in 2016 with the
main focus on the Long-tailed Duck. Earlier, re-
sults from the boat surveys have been summarized
by Nilsson (1980), whereas the aerial surveys un-
der SOWBAS were presented by Nilsson (2012).
The present paper updates the previous presenta-
tions of the development of the wintering popula-
tions and compares the winter distribution of the
species from the last survey with the results from
the previous surveys.

Material and methods

In 2016, as in the 2007-2011 surveys, the offshore
areas were covered by line transects from an air-
craft. The census lines were laid out so that all im-
portant water areas (including the offshore banks)
in the Swedish part of the Baltic were covered out
to a depth of about 30 m. The survey lines started
at the shore or, in the extensive east coast archipela-
gos (mainly the Stockholm archipelago), from the
inner larger islands. Generally, there was a distance
of 4 km between the survey lines but in some special
areas (e.g. Hano Bight and Falsterbo) there was a
distance of 2 km between the lines. The survey lines
are shown in the distribution maps from the surveys
(Figure 2 for an overview and the regional maps).
For the surveys a Cessna 337 Skymaster, a twin-
engined high-winged aircraft with good visibility
was used. The flying altitude was about 70 m and
the speed 150-180 km/h, i.e. the slowest possible.
Aerial surveys were only undertaken in good weath-
er conditions. Fixed waypoints at the ends of each
transect were established and navigation was under-
taken with the aid of the GPS of the aircraft. Another
GPS recorded the actual flight track taking positions
every ten seconds. Two observers covered each side
of the aircraft. All observations were recorded on
tape with time and were later transferred to a data-
base with the positions from the GPS recordings.
During the surveys in 2007-2011, all water birds
were counted within a survey belt extending 200 m on
either side of the aircraft. This means that we covered
a zone 320 m wide as there was a dead angle below
the aircraft. During SOWBAS distance sampling was
not used but observations outside the survey belt was
recorded as additional information. During the 2016

survey the data were recorded in three different bands
to make the data collection more similar to the meth-
ods used in the other countries: A (=main band) out to
200 m, B 200-500 m and C 500-1000 m. In 2007 —
2011, counts were only made in the main band.

The counts from the line transects were used to
estimate regional totals for the different species us-
ing the counts within the main band of the surveys
and a factor based on the coverage of the different
regions (6.25 and 12.5, respectively for transects
separated by 2 and 4 km). For some areas with very
marked differences in densities of different species
between areas a stratified sampling routine sepa-
rating low and high density areas was used in the
calculations. Even if data were collected from three
different bands in 2016, I only used the data from
the main band in the calculations presented here
to make the results from the surveys in 2007-2011
and 2016 comparable with each other.

In 2016, the offshore areas from Falsterbo in
the southwest to the Givle Bight in the north were
covered with transect lines (Figure 2). In the south,
some transects in the Oresund could not be sur-
veyed due to flying restrictions in the Control Area
of Copenhagen airport. Moreover a few lines in the
Stockholm archipelago were not flown as planned
partly due to military activities. The differences in
coverage was compensated for in the calculations.

The total area was surveyed during ten days be-
tween mid-January and mid-March 2016. The total
flying time was 65 hours, of which 43 hours were
used for actual bird counts. The 2016 winter was
mild and there was no ice in the outer marine areas
during the survey and only some ice in the inner
parts of the archipelagos.

The surveys in the archipelagos in 2016 only
covered the outer part with potential areas for spe-
cies like the Long-tailed Duck. The inner parts of
the archipelagos were covered by aerial surveys
in the winter 2015. The surveys in the Stockholm
archipelago 2015 covered the entire survey lines
from the mainland coast to the outer skerries and
will be included in the analysis presented here
when it comes to distribution. For information
about the earlier surveys used in the comparisons
see Nilsson (1980, 2012).

Results

The national picture

At the first total survey of the Baltic in 1992/1993
(Durinck et al. 1994), the wintering population
of Long-tailed Duck in Swedish waters was esti-
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Figure 1. Estimated total numbers of wintering Long-tailed
Ducks Clangula hyemalis in Swedish waters at the country-
wide surveys shown separately for the important offshore
banks and the other areas. A regional break-down is presen-
ted in Table 1.

Berdknat antal évervintrande alfaglar Clangula hyemalis T
svenska vatten vid de landstickande inventeringarna uppde-
lat pa de viktiga bankarna samt évriga omrdden. En uppdel-
ning pd olika regioner dterfinns i Tabell 1.

mated to be 1.4 million (Figure 1, Table 1). At the
SOWBAS survey in 2009, the estimated total for
Sweden was 436,000 individuals. As for the entire
Baltic (Skov et al. 2011) this was a very marked
reduction of the population. Numbers were higher
at the 2010 survey with an estimate of 700,000 in-
dividuals. 2010 and 2011 were however hard ice
winters and large important areas in the eastern
part of the Baltic like the Riga Bay and Irbe Straits
were ice-covered and the Long-tailed Ducks forced
to move.

At the survey in 2016, the estimated population
was lower still with 370,000. Lacking data yet
from the other countries it is difficult to establish
whether there was a real decrease in wintering
numbers or just a shift in the distribution to other
areas in the Baltic.

In the mild winters of 2009 and 2016, the Long-
tailed Ducks were found all along the surveyed part
of the Swedish Baltic coast (Figure 2). There was
however a marked concentration to the three large
offshore banks, Sodra Midsjobanken, Norra Mid-
sjobanken and Hoburgs Bank, where about 70% of
all Long-tailed Ducks were found in both years. On
the other hand, the Long-tailed Ducks were much

Table 1. Estimated totals of wintering Long-tailed Ducks Clangula hyemalis in different areas along the coasts

of Sweden.

Uppskattat antal overvintrande alfdaglar Clangula hyemalis in different areas along the coasts of Sweden.

Area 1970-74 1992-93 2007 2009 2010 2011 2016
Falsterbo + S Oresund 500 1600 2800 1200 900
Scania south coast 10000 800 1700 2000 4300
Scania southeast 200 100 300 400
Hand Bight 25000 17000 23000 17000 7100 7200
Blekinge archipelago 1600 1100 300 100 100 200
Kalmarsund 12000 23000 11000 11500 2500 5800
Oland east coast 40000 10000 19000 26000 39000 9100
Olands northern banks 60000 30000 11000 5000 7200 22400 3500
Midsjo banks 81000 213000 206000 85000 87200
Hoburgs bank 925000 90000 426000 280000 173000
Gotland east coast 400000 270000 11000 15100 15700 11800
Gotska sandon + northern banks 20000 10000 13500 14500 3900
Gotlands west coast) 23000 2000 2000 6700
Kalmar archipelago (N Kalmarsund) 10000 12000 14000 2700 Ice 1600
Osterg archipelago 1000 3500 8800 3200 Ice 6100
Sorml. archiepalo 4000 4000 4100 12000 Ice 2400
Stockholm archipelago 24000 18000 26100 Ice 37000
Uppland Northern coast 3700 Ice 2600
Givle Bight 600 Ice 5800
Total 1418100 435800 700000 471800 369500
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Figure 2. The distribution of Long-tailed Ducks Clangula
hyemalis in Swedish waters during the winter 2016. Black
lines in this and following maps show the flight tracks of the
aerial surveys.

Utbredning for alfagel Clangula hyemalis i svenska far-
vatten vintern 2016. Svarta linjer i denna och foljande kartor
visar den aktuella rutt som flugits.

more concentrated in the ice-winters 2010 and
2011 (Nilsson 2012), with 90% seen on the banks
in 2010, a winter with heavy ice coverage in the
Baltic.

Regional pattern

Small groups and a few larger flocks were found
in the southern parts of the Oresund and along the
south and southeast coasts of Scania (Figure 3).
The total estimate for the area was 4300 in 2016
to be compared to about 10,000 or more during the
1970s. Three surveys during the SOWBAS-survey

Figure 3. Distribution of Long-tailed Ducks Clangula hy-
emalis at the south coast of Scania in 2016.

Utbredning for alfagel Clangula hyemalis vid den skanska
sydkusten 2016.

Figure 4. Distribution of Long-tailed Ducks Clangula hy-
emalis in the Hano Bight in 2016.

Utbredning for alfigel Clangula hyemalis i Hanobukten
2016.

showed similar distributions (Nilsson 2012). Dur-
ing the sixties and seventies the species was more
common in the area with up to a few thousand also
in inshore waters (Nilsson 1972, 1980).

The Hand Bight has been well-known as the
southernmost concentration area for Long-tailed
Ducks in Sweden with the majority of the birds
concentrated to vast shallow areas in the western
offshore part of the bight (Figure 4), whereas only
very few individuals were seen in the outer parts
of the Blekinge archipelago further to the east.
During the early years of the study about 25,000
Long-tailed Ducks were estimated to winter in the
Hanobukten area but numbers decreased to about
7000 during the last two surveys. During the six-
ties and seventies flocks were also regularly seen
in the outer parts of the Blekinge archipelago with
an estimated total of about 2000 but in more re-
cent years, numbers were appreciably lower here
(Table 1).

The Kalmarsund and especially the waters east
and north of Oland are important areas for win-
tering Long-tailed Ducks (Figure 5). Numbers in
the Kalmarsund have been quite variable between
2500 and 23,000 during the recent surveys but the
area will quite easily get ice-covered (Table 1). The
areas east and north of Oland belong to the more
important winter areas for the species close to the
mainland. Rough estimates from the 1970s indicate
that the population then could have been as high as
100,000, but recent estimates are much lower and
in 2007-2016 it varied between 13,000 in the mild
winter of 2016 and 61,000 during the cold ice-win-
ter 2011, when Kalmarsund and most archipelagos
were ice-covered.

As stated above the offshore banks, Midsjo
Banks and Hoburg Bank, are the most important
Long-tailed Duck areas in Swedish waters with

165



) £
@ 251-1000

@ 101- 250

@® 26- 100
® 11- 25/

° = 10

= A B

@ 101- 250

71 @ 26- 100
@ 11- 25
"

Figure 5. Distribution of Long-tailed Ducks Clangula hyemalis in the Kalmarsund and around Oland in the winters of 2009

and 2016.

Utbredning for alfigel Clangula hyemalis i Kalmarsund och runt Oland vintrarna 2009 och 2016.

about 70% of the total Swedish wintering popula-
tion in normal winters and up to 90% during one
of ice winters. The local distribution of the Long-
tailed Ducks on the banks are illustrated by the
counts in the normal winters (Figure 6 for the Mid-
sjo0 Banks and Figure 7 for Hoburg Bank).

During the years 2009-2016, the Midsjé Banks
have been covered by aerial surveys at six differ-
ent occasions with the total numbers varying be-
tween 44,500 and 213,000 individuals (Table 2).
At the first Baltic survey in 1992/1993 the number
of Long-tailed Ducks on the Midsj6 Banks was es-
timated to be 81,000. For Hoburg Bank the esti-
mates for 2009 to 2016 varied between 90,000 and
426,000, the highest total was obtained for the ice-
winter 2010, when the east coast of the Baltic was
mostly ice-covered. In 1992/1993 the estimate for
Hoburg Bank was no less than 900,000 Long-tailed
Ducks. Unfortunately, there are no older censuses
available from these important off-shore banks.
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The coasts of Gotland are important areas for
wintering Long-tailed Ducks (Figure 8) with many
flocks occurring along all parts of the island except
at the steep coasts of NW Gotland where flocks are
fewer and smaller. The banks between northern
Gotland and Gotska Sandon have historically been
important for the Long-tailed Ducks.

During the years 2009 to 2016 the estimates
from four surveys has varied between 11,000 and
16,000 for the entire east coast. The banks north
of Gotland were surveyed in 2010, 2011 and 2016
with 13,500 and 14,500 Long-tailed Ducks found
for the first two winters but less than 4000 in 2016.
At the surveys in 1992/93 no less than 270,000
were estimated for the east coast of Gotland.

Unfortunately, there are very few historical data
from the offshore areas east of Gotland but there is
some information from a few coast guard patrols in
the area. At one of these patrols to the areas around
Faron in NE and neighboring areas, the observers
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Utbredning for alfagel Clangula hyemalis pa Midsjoban-
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Figure 7 The distribution of Long-tailed Ducks Clangula hyemalis on Hoburgs Bank during the mild winters 2009 and 2016
Utbredning for alfagel Clangula hyemalis pa Hoburgs Bank under de milda vintrarna 2009 och 2016.
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Table 2. Estimated totals of wintering Long-tailed Ducks Clangula hyemalis on the two Midsjo Banks at the
different occasions when the banks were surveyed from the air.
Uppskattat antal évervintrande alfaglar Clangula hyemalis vid Midsjébankarna vid de olika tillfillen bankarna

flyginventerats.
2005-04-01 2009-03-03 2010-03-16 2011-03-07 2011-03-29 2011-04-20 2016-02-24
Northern 76000 74000 63000 37000 67000 56700
Southern 160000 137000 132000 22000 7500 16500 34500
Total 213000 206000 85000 44500 83500 91200

actually counted 70,000 from the ship. Based on
densities obtained from the coast guard patrols and
one aerial reconnaissance flight in 1974, the win-
tering population of the Long-tailed Duck in the
offshore areas east of Gotland is roughly estimated
to have been in the order of 400,000 in the early
seventies (Nilsson 1980). The total numbers win-
tering here in recent years may be as low as 5% of
the numbers during the early seventies.
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The Long-tailed Duck is widely distributed in
the archipelagos from Kalmarsund in the south up
to and including the Stockholm archipelago (Fig-
ures 9—12). These areas were extensively covered
from Coast Guard Patrols and area-based aerial
surveys in the 1970s as well as by the aerial tran-
sects in later years. This offers good possibilities
to compare the situation in the two time periods
1971-1978 and 2009-2016.

Figure 8. The distribution of Long-tailed Ducks Clangula hyemalis around Gotland in the winters 2011 and 2016.
Utbredning for alfdagel Clangula hyemalis runt Gotland vintrarna 2011 och 2016.

168



@ 251- 1000

@® 101- 25
O 26- 100
10- 25

Figure 9. Distribution of wintering Long-tailed Ducks
Clangula hyemalis in the archipelago areas of N. Kalmar,
Ostergdtland and Sodermanland counties. The map is based
on accumulated boat and aerial surveys during 1971 — 78.
Utbredning for évervintrande alfaglar Clangula hyemalis
i skirgdrdarna av norra Kalmar, Ostergétland och Séder-
manlands lin. Kartan baseras pa ackumulerade bdt och
Slyginventeringar 1971 — 78.

The archipelagos of Kalmar, Ostergotland and
Sédermanland counties (Figures 9, 10) are rather
narrow. In the 1970s Long-tailed Ducks were com-
monly found in the middle and outer parts of the
archipelagos and the accumulated map (Figure 9)
show occurrences of flocks along the entire coast-
line. In the later surveys in 2009 and 2016, flocks
were found in all parts in 2009, whereas hardly any
Long-tailed Ducks were found in some parts of the
area in 2016. Compared to the 1970s, the Long-
tailed Ducks were more common in the outer parts
of the island zone with fewer in the zone with sker-
ries further out.

There were no marked changes in numbers be-
tween the seventies (15,000), 1992/1993 (19,000)
and 2010 (18,000) for these parts of the archipel-
agos (Table 1). On the other hand, about 27,000
were estimated for the area based on the aerial sur-

veys in 2009 compared to less than 10,000 in 2016.

In contrast with the archipelagos discussed in the
previous paragraphs, the Stockholm archipelago is
much wider with a distance of up to 70 km from the
mainland coast to the outer skerries in some parts.
The Stockholm archipelago was also intensively
surveyed from Coast Guard patrols and area-based
aerial counts during the 1970s. In later years, one
area-based survey (2004) and three transect counts
were made of the Long-tailed Duck areas.

Comparing the distribution patterns in the 1970s
and 20042016 based on the accumulated totals
from all counts, some marked differences were
found between the two time-periods (Figure 11).
In 2004-2016 much smaller numbers of Long-
tailed Ducks were found in the southern parts of
the archipelago compared to the 1970s. A similar
difference was found for the outermost areas in the
central part of the archipelago, where relatively
few flocks were found in the later period. In both
periods, the northern parts of the archipelago were
important for the species, but more Long-tailed
Ducks were found closer to the mainland in the lat-
ter period compared to the 1970s. Comparing the
three years with transect surveys (Figure 12), the
Long-tailed Ducks were more spread in 2009 than
in 2015 and 2016, when a marked concentration
was found in the central parts of the northern ar-
chipelago.

There were no clear changes in the number of
wintering Long-tailed Ducks in the Stockholm
archipelago between 1970-1974 and 2009, but in
contrast to all other areas the highest estimate was
obtained for 2016 (Table 1).

North of the Stockholm archipelago, Long-tailed
Ducks were also found in winter along the coasts
of Uppsala county and in the Gévle Bight (Figure
13). These areas were surveyed both in 2009 and
2016 with smaller numbers found scattered on the
banks Finngrunden and in some parts of the archi-
pelago. No historical data are available from this
northernmost winter area of the species.

Discussion

The results of the censuses of Swedish offshore
waters presented in this report and previous papers
(Nilsson 2008, 2012) as well as the two interna-
tional publications from the first two all-Baltic sur-
veys (Durinck et al. 1994, Skov et al. 2011) clearly
shows the importance of the Swedish offshore wa-
ters for the Long-tailed Duck, especially the im-
portance of the three offshore banks: the Midsjo
Banks and Hoburg Bank. The three banks together
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Figure 10. Distribution of wintering Long-tailed Ducks Clangula hyemalis based on aerial surveys in the counties of Kalmar,

Ostergdtland and Sédermanland in 2009 and 2016.

Utbredning for 6vervintrande alfiglar Clangula hyemalis i skirgdrdarna av norra Kalmar, Ostergétland och Sodermanlands

ldn. 2009 och 2016.

hold at least 70% of the Swedish Long-tailed Duck
population in winter. During the first two all-Baltic
surveys, the Swedish waters had about 30% of the
total population, implying that the three offshore
banks in the Swedish zone together harbors at least
20% of the total population and sometimes in hard
winters even more (Nilsson 2012).

The previous all-Baltic survey in 2007-2009
showed a very marked decrease in the over-
all wintering population of Long-tailed Ducks
since the first survey in 1992/1993 (Skov et al.
2011). Similarly, a marked decrease was found
in the wintering populations in Swedish waters
(cf. also Nilsson 2012). Between 2009 and the
survey in 2016, the decrease continued and the
Swedish wintering population was about 15%
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lower than in 2009. Until the international counts
have been analyzed and made available it would
however be premature to try to establish if this
was a part of a general pattern or an effect of a
redistribution.

In spring, the Long-tailed Ducks migrate to the
breeding areas in northern Russia, a major part of
the population passing the Gulf of Finland during
their migration, large numbers of migrating Long-
tailed Ducks being counted from sites in Finland
and Estonia during a restricted period (Bergman
1974, Hario et al. 2009). Counts at Soderskir on
the Finnish coast showed an increase in the num-
ber of passing Long-tailed Ducks from about 1970
to the early 1990s, followed by a marked decrease
(Hario et al. 2009, see also Kauppinen & Leivo
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Figure 11. Distribution of wintering Long-tailed Ducks Clangula hyemalis in the Stockholm archipelago area. The maps are
based on accumulated boat and area-based aerial surveys during 1971 — 78 and accumulated aerial surveys 2004 - 2016. Note
that aerial surveys in 2004 was area-based (cf. Nilsson 2008), whereas the surveys in 2009 — 2016 were transects (details seen

Figure 12).

Utbredning for overvintrande alfaglar Clangula hyemalis i Stockholms skdrgdrd. Kartorna baseras pa ackumulerade bat och
omrddes-baserade flyginventeringar 1971 — 78och ackumulerade flyginventeringar 2004 — 2016. Observera att flyginvente-
ringarna 2004 (jfr Nilsson 2008) var omrddesbaserade, medan inventeringarna 2009 — 2016 var linjetaxeringar (detaljer se

Figur 12).

2008). The highest counts of spring migrants coin-
cided with the first all Baltic survey (1992/1993),
which yielded much higher estimates than the
2007-2009 survey.

A regional breakdown of the census results
from different time periods (Table 1) show
marked differences in the population develop-
ment between different Swedish regions. The
most marked decrease was found for the areas
east of Gotland also including the Hoburg Bank.
Marked decreases were also found for the waters
north and east of Oland but the magnitude of the
decrease was much smaller than for the areas east
of Gotland.

On the mainland coast, the Long-tailed Duck
is found wintering in the outer parts of the ar-
chipelagos from the Kalmarsund in the south to
the coasts of Uppland in the north. Numbers here
are much smaller than at the offshore banks, but
there was no clear trend in the wintering numbers

taking the archipelagos as a unit. As a matter of
fact, the numbers estimated for the Stockholm
archipelago was the highest during the study. It
may however be noted that wintering Long-tailed
Ducks nearly disappeared from the inshore parts
of the south coast of Sweden during the study pe-
riod.

Different factors have been discussed in rela-
tion to the decline such as oil pollution, bycatches
in fishing equipment and decreased habitat qual-
ity (Larsson & Tydén 2005, Stempniewicz 1994,
Mathiasson 1970, Skov et al. 2011, Zydelis et al.
2009) and probably the decline is caused by a com-
bination of different factors. The regional differ-
ences in the extent of the decline in Swedish waters
with the most marked decline for the waters east
of Gotland is however a strong indication that oil
pollution is an important factor behind the decline.
These areas are close to the main shipping line
through the Baltic to St Petersburg and other im-
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portant cities in the eastern part of the Baltic. There
is also an extensive but illegal cleaning of the tanks
offshore with regular small oil spills at sea.
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Figure 12. Distribution of wintering Long-tailed Ducks
Clangula hyemalis based on aerial surveys in the Stockholm
archipelago in 2009, 2015 and 2016.

Utbredning for overvintrande alfiaglar Clangula hyemalis
baserad pa flyginventeringar i Stockholms skdirgdrd 2009
2015 och 2016.
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Long-tailed Ducks are counted from aircaraft (this study, up-
per photo) or from boat or land.

Alfaglar rdknas fran flygplan (i denna undersékning; ovre
fotot) eller fran bat eller land.




Svensk sammanfattning

Alfageln dr den vanligaste dvervintrande andfigeln
i de svenska farvattnen, men till f6ljd av dess ut-
bredning langt ute till havs, dr den inte sa vil tickt
vid de regelbundna midvinterinventeringarna av
sjofaglar, som organiserats i Sverige och Ovriga
Europa sedan 1967 (Nilsson 1980, 2012, Nilsson
& Haas 2016). Inventering av de dvervintrande al-
faglarna kriver speciella inventeringar av skérgér-
darna och utsjébankarna.

Under 1965-1978 genomfordes mer &dn 100 bat-
inventeringar runt kusterna frén kustbevakningens
bétar (Nilsson 1972, 1980). Omfattande flyginven-
teringar genomfordes ocksa i skdrgardarna samt
efter de 6ppna kusterna av Skane, Oland och Got-
land. Dédremot var det inte mojligt at inventera ut-
sjobankar som Hoburgs Bank och Midsjobankarna,
dven om dessa var vilkdnda som viktiga lokaler for
alfageln.

I bérjan av 1990-talet, efter de politiska forand-
ringarna i omradet, kunde for forsta gangen hela
Ostersjon inventeras med avseende pd dvervint-
rande sjofaglar (Durinck et al. 1994). En ny stor
inventering, den sk. SOWBAS-inventeringen
(’Status of Wintering Waterbird Populations in
the Baltic Sea”) genomférdes 2007-2011 (Nilsson
2012, Skov et al. 2011). Jamforelser mellan de tva
totalinventeringarna visade pa en mycket markant
nedging av antalet Svervintrande alfiglar i Oster-
sjon. For att folja upp situationen organiserades en
tredje heltickande inventering 2016. Dessa sjofa-
gelinventeringar ingdr numera i de indikatorer som
utarbetats for Eus marina direktiv for att folja upp
situationen i havsomradena.

I denna uppsats analyserar jag resultaten fran
offshore-inventeringarna i de svenska farvattnen
2016 med fokus pa alfiageln. Tidigare resultat fran
de dldre inventeringarna har sammanfattats av
Nilsson (1980), medan resultaten frin SOWBAS-
inventeringen presenteras av Nilsson (2012). For-
utom att presentera de senaste inventeringsresulta-
ten for alfageln i de svenska farvattnen forsoker jag
ocksa belysa utvecklingen under de senaste femtio
aren mot bakgrund av de dldre inventeringarna.

Material och metoder

Vid inventeringarna 2016 liksom 20072011 téck-
tes de yttre svenska farvattnen och skérgardsom-
rddena med linjetaxeringar fran flygplan. Inven-
teringslinjer lades ut med 2 eller 4 km mellanrum
fran kusten ut till ca 30 m djup pa sadant sitt att
alla potentiella omraden for havslevande dykénder

kunde téckas. Linjesystemet framgér av oversikts-
kartan i Figur 4 och fran de regionala kartorna.

Inventeringarna genomfordes med en hogvingad
tvdmotorig CESSNA 337-Skymaster. Flyghdjden
var ca 70 m och hastigheten vid inventeringarna
180 km/tim. Tva observatorer tickte var sin sida av
planet. Observationerna registrerades i tre balten: A
ut till 200 m, B 200-500 m och C 500-1000 m. Un-
der planet fanns en dod zon sa det inre béltet tickte
totalt en 320 m bred zon. Navigeringen baserades
pa fasta "way-points” vid transekternas borjan och
slut. Dessutom registrerades regelbundet positio-
nerna var 10 sek. pa en separat GPS.

Antalet sjofaglar berdknades for de olika omra-
dena genom att multiplicera vad som riaknats inom
band A med en faktor pa 6,25 resp. 12,5 beroende
pé om linjerna lag 2 eller 4 km fran varandra. I den
hdr presenterade analysen utnyttjades endast ob-
servationer frén bélte A eftersom endast detta bilte
ticktes vid inventeringarna 2007-2011.

Vid inventeringen 2016 ticktes de yttre farvattnen
fran Falsterbo i sdder till Gdvlebukten i norr (Figur
2). I skdrgardarna inventerades endast de yttre de-
larna, medan de inre skirgardsomradena inventera-
des 2015 (se Nilsson & Haas 2016). Omréadet inven-
terades under tio dagar mellan mitten av januari och
mitten av mars. Den totala flygtiden var 65 timmar,
varav 43 dgnades at direkta fagelrdkningar.

Resultat

Den nationella bilden

Vid den forsta totalinventeringen av Ostersjon
1992/93 (Durinck et al. 1994), berdknades antalet
overvintrande alfiglar i de svenska farvattnen till 1,4
miljoner (Figur 1, Tabell 1). Vid SOWBAS-inven-
teringen 2009 var motsvarande antal 436000. Lik-
nande minskningar konstaterades dverallt i Ostersjo-
omradet. Den kalla vintern 2010 var antalet hogre,
ca 700000 i de svenska farvattnen, men da var de
viktiga lokalerna vid Rigabukten och i dster istdckta.

Inventeringen 2016, som liksom 2009 genom-
fordes under en mild vinter, visade en berdknad
summa for de svenska farvattnen pa 370000, en
fortsatt nedgdng. Det dr dock omdjligt att avgora
om detta &r en del av en allmédn minskning eller
om alfdglarna éndrat vinterutbredning till viss del,
eftersom resultaten fran ovriga delar av Ostersjon
dnnu inte presenterats.

Under de milda vintrarna noterades overvint-
rande alfiglar inom hela det inventerade omréadet
(Figur 1, se ocksa Nilsson 2012). En mycket be-
tydande del av bestdndet var koncentrerat till de
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tre utsjobankarna. Hoburgs Bank, S6dra och Norra
Midsjobanken. Vid bada tillfdllena aterfanns ca
70% av alfaglarna pa dessa tre bankar. Isvintern
2010 var koncentrationen till bankarna &nnu mer
markerad, 90% av bestandet 14g hér.

Regionala monster

Den regionala fordelningen av de &vervintrande
alfiglarna vid den senaste inventeringen 2016 re-
dovisas i en serie detaljerade kartor (Figur 3 -13),
vilka dér sé ar tillampligt ocksé visar utbredningen
vid tidigare tillféllen.

Som redan ndmnts har antalet alfaglar lings den
skénska sydkusten minskat sedan starten av inven-
teringarna pa 1960-talet och endast fa ses numera i
de strandndra vattnen. Flockar konstaterades dock
i de yttre omrddena. I Hanobukten har alfiglarna
karterats sedan 1960-talet. Utbredningen vid de
senaste inventeringarna var densamma som vid de
tidiga inventeringarna. Storleksordningen av be-
standet holl sig ocksa fram till de senaste invente-
ringarna, da en minskning noterades.

Vattnen i Kalmarsund och Oland utgér viktiga
vinteromraden for alfageln (Figur 5). I Kalmarsund
varierar antalet mycket beroende pa isforhallan-
dena, medan farvattnen dster om Oland, speciellt i
den norra delen hyser stérre méngder. Grova skatt-
ningar fran 1970-talet tyder pa att antalet alfaglar
hér kan ha varit sa hogt som 100 000, medan sen-
tida berdkningar visat pa ldagre tall, 13000 en mild
vinter som 2016 och 61000 under en av isvintrarna.

Betydelsen for Midsjobankarna och Hoburgs
bank som alfagellokal har redan kommenterats.
Omradet utgor tillsammans det absolut viktigaste
omradet for arten med 70% av totalbestandet under
normala vintrar. Tyvérr saknas jimforelse inven-
teringar fran tidigare ar. Alfaglarna forekommer
spridda 6ver hela bankarna (Figur 6,7).

Gotland utgdr ocksa ett viktigt omrade for alfa-
geln med flera forekomster runt kusterna. Markanta
nedgéngar har observerats for detta omréde, dér an-
talet vid inventeringarna 2009 och 2016 skattades till
mellan 11000 och 16000 att jamforas med kanske
200000 1992/ 93 och troligen dnnu fler pa 1970-talet.

Ostkust skédrgardarna norr om Kalmarsund ut-
nyttjas regelbundet av dvervintrande alfaglar. Skér-
gardarna i Kalmar, Ostergétland och Séderman-
lands 14n 4r mindre djupa dn Stockholms skargard.
Hela detta skirgardsomrade inventerades intensivt
ocksa under 1970-talet fran kustbevakningens ba-
tar och fran flyg, varfor det finns goda mojligheter
att jaimfora utbredningen mellan dessa tidiga in-
venteringar och inventeringarna 2009-2016 (Fi-
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gur 9-12). En hel del skillnader noterades ocksd
i utbredningen mellan perioderna for Stockholms
skargard (Figur 11, 12).

Antalsméssigt forekom inga storre skillnader i
antalet alfaglar efter kusterna i de sydligare ostkust-
skérgardarna fram till och med 2009, men 2016 var
antalet 1 dessa tre 1dn vésentligt 1dgre dn tidigare. |
Stockholms 14n noterades diaremot inga skillnader i
antalet 6vervintrande alfaglar mellan de olika perio-
derna, enbart en del variation. Antalet Gvervintrare
2016 var det hogsta noterade for omradet.

Diskussion

De hér presenterade inventeringarna liksom ti-
digare publicerade &ldre inventeringar (Nilsson
2008, 2012) visar tydligt tillsammans med rappor-
terna frin Ostersjdinventeringarna (Durinck et al.
1994, Skov et al. 2011) Sveriges betydelse for de
overvintrande alfiglarna i Europa och Ostersjon i
synnerhet. Totalt aterfanns ca 30% av alla Oster-
sjons alfdglar i de svenska farvattnen, varav 20%
pa Midsjobankarna och Hoburgs Bank.

De redovisade internationella inventeringarna
liksom de hér och tidigare (Nilsson 2012) redovi-
sade svenska inventeringarna visar klart pa en mar-
kant nedgéng i antalet Overvintrande alfaglar, en
minskning som fortsatt till 2016. Det 4r emellertid
oklart om den senaste minskningen i svenska vat-
ten aterspeglar en generell minskning eller endast
en omfordelning av utbredningen. Minskningen
fran 1990-talet aterspeglas ocksa i strackrikning-
ar fran Finland (Hario et al. 2009, Kauppinen &
Leivo 2008).

Minskningen i antalet vervintrande alfaglar &r
inte densamma inom hela det svenska Gvervint-
ringsomradet utan dr mest markant for omradena
oster om Gotland, men aterfinns ocksd utanfor
Oland. Dédremot har endast mindre forindringar
eller enbart fluktuationer noterats for kustomraden
och skdrgardar, dédr antalet dvervintrande alfaglar
dock &r betydligt lagre. Tyvérr saknas édldre data
fréan de viktiga utsjobankarna.

Orsakerna till den markanta nedgangen ar om-
diskuterad. Olika faktorer sasom bifangst vid fiske,
oljefororeningar samt minskad kvalité¢ pa fodosoks-
omradena har diskuterats (Larsson & Tydén 2005,
Stempniewicz 1994, Mathiasson 1970, Skov et al.
2011, Zydelis et al. 2009), men troligen har vi en pa-
verkan av flera olika faktorer. Det faktum att den mest
markanta nedgéngen noterats for farvattnen 6ster om
Gotland ger dock en stark indikation pa att faktorer
som diffusa oljeutsldpp i den viktiga sjofartslinjen
Oster om Gotland kan vara en viktig paverkansfaktor.
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Improving population estimates of Swedish birds using the
Breeding Bird Survey fixed routes and correction factors from

Finnish line transect surveys

Forbdttring av populationsskattningar av svenska faglar med hjdlp av Svensk
Fageltaxerings fasta rutter och korrektionsfaktorer fran finska linjetaxeringar

SOREN SVENSSON

I estimated population size of fifty-nine common birds by
using the fixed routes of the Swedish Bird Survey (SBS),
which give the number of birds per kilometer. I converted
this number to density, birds/km? using the correction
factors for detectability that have been developed for line
transects in Finland. I compared the population estimates
by this new method with those in a previous account
from 2012, in which the estimates of common birds were
primarily based on extrapolation of habitat-specific den-
sities from numerous territory mapping plots. There was
good agreement for the most abundant species but a clear
tendency that the estimates with the new method were
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higher for many less common ones. As little new density
data are being collected, the SBS fixed routes are likely
to be the prime source of data for future national popu-
lation estimates. Although the Finnish correction factors
can be used to improve the Swedish estimates for suit-
able species it is advisable to develop factors specifically
adapted to the Swedish counts for application to a wider
spectrum of species.
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Introduction

How many pairs of breeding birds are there? The
question is asked not only by population and com-
munity scientists or by curious laymen. Increasing-
ly, it is asked by governmental bodies at different
levels from perspectives of conservation, manage-
ment or legislation. For example, the Swedish En-
vironmental Protection Agency (SEPA) contracts
collection of bird population data, partly for its own
use within the country, partly because it is required
to report to the European Union for compilation
of environmental indicators. One example where
Swedish data have contributed is the assessment of
how strategic conservation measures within the EU
Common Agricultural Policy have affected birds
(Gamero et al. 2016). Concern about bird popula-
tions has often been a part of the rationale for dif-
ferent international conventions: Bern (habitats),
Bonn (migratory species) and Ramsar (wetland)
conventions and Convention on Biological Diver-
sity (Nagoya protocol, ratified by Sweden 2016).
But there are no firm requirements about reporting
national population estimates. Within the European
Union the Birds Directive (2009/147/EC) is a core

document. Recently an important addition has been
enforced. It is now required by all member states
to report absolute population size of all wild birds.

There are also non-governmental organizations
that need absolute population estimates, for exam-
ple the International Union for Conservation of Na-
ture for the so called red lists of endangered birds
(www.iucnredlist.org). One of several regional
lists is the one compiled by BirdLife Internation-
al (2015) for Europe. In Sweden a national list is
published every five years, the most recent one in
2015 (Artdatabanken 2015). Categorization of the
bird species into different threat categories requires
detailed information on both trends and absolute
numbers.

There have been four efforts to estimate the pop-
ulation size of all bird species breeding in Sweden:
Ulfstrand & Hogstedt (1976), Koskimies (1993),
Asbirk et al. (1997) and Ottosson et al. (2012). In
Ottosson et al. (2012) the estimates for common
species were based on habitat-specific densities
multiplied by the national area of each habitat. For
less common and rare species other methods were
used, primarily a careful search of all literature,
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both regional and national. For a small number of
species with very little information available “edu-
cated guesses” were made, for example by compar-
ing with similar species with better known status.
The vast majority of habitat-specific density values
emanated from territory mapping plots that were
surveyed in the period 1970-1990 and apart from
more recent surveys of farmland, few estimates of
true densities have been made after 1990. Details
are given in Ottosson et al. (2012).

In 1996, a new national scheme for monitor-
ing population trends was launched as part of the
Swedish Bird Survey (SBS; Svensson 1996, 2000;
Lindstrom et al. 2007). Before 1996 trends were
based on territory mapping plots and point counts
at sites chosen by volunteers, which were rather
non-representative with respect to both geogra-
phy and habitats. The new scheme was designed
to provide data representative for different habitats
and geographical regions, and it has been the main
instrument for population trend monitoring since
then (Green & Lindstrém 2015). Seven hundred
and sixteen fixed survey routes are distributed
systematically over all Sweden, twenty-five kilo-
meters apart in both south-north and west-east di-
rections. Each route comprises eight one-kilometer
line transects and eight five minute point counts
in between each. The routes are surveyed once a
year during a three-week period adapted to local
phenology to capture as many species as possible,
starting on 15 May in the south and on 15 June, or
later if necessary, in the northern mountains. A sur-
vey of a fixed route always starts at four o’clock in
the morning and lasts five to seven hours. All bird
individuals heard or seen are recorded, independ-
ent of distance, and excluding only downy young,
unfledged nestlings, and obvious double counts be-
tween adjacent line kilometer sections.

Line transects have long been used in Finland.
The Finnish method (Koskimies & Vdisdnen 1991)
differs in three respects from the Swedish fixed
routes. First, the count unit in Finland is a pair
equivalent (one male, one female, one pair or one
brood without parent) instead of an individual bird.
Second, observations are recorded separately for
two zones, within and beyond twenty-five meters on
both sides of the transect line. The zones are called
the main belt and the supplementary belt, together
making up the survey belt; the latter corresponds to
the belt without limits (and hence without defined
area) used in the Swedish fixed routes. The pro-
portion of records within twenty-five meters can be
used as a measure of lateral detectability as demon-
strated in a series of papers (Jarvinen & Viisédnen
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1975, 1976a, 1976b; Jarvinen 1976, 1978; Jarvinen
etal. 1976, 1977). Counts of birds with strong and
far-reaching calls will show a lower proportion of
records closer than twenty-five meters than birds
with weak calls. This makes it possible to calcu-
late species-specific detectability factors that can
be used to make the counts of different species
comparable. This detectability is called lateral de-
tectability as distinguished from basal detectability
which tries to correct also for birds that are not at all
detected, not even close to the transect line. Lateral
detectability correction factors were first published
by Jarvinen & Viisédnen (1983) and recently new
factors were published by Lehikoinen et al. (2014).
Factors correcting for basal detectability have been
published by Rajasirkka (2010). A third difference
is walking speed. The line transects of the Swedish
fixed routes are walked with a speed of one kilo-
meter per 30—45 minutes, mainly adapted to how
difficult the terrain along the route is. The Finnish
transects are walked with a speed of 45—-60 minutes
per kilometer. A Finnish route thus takes more time
because the observer is required to estimate the dis-
tance to each bird and to put down its position on a
map together with habitat information.

It is comparatively easy to monitor national
temporal trends of breeding bird species popula-
tions. It is sufficient to determine a geographically
representative relative measure, an index, which
is comparable from year to year. This goal can
be achieved, without any knowledge of absolute
density, by counting birds with the same standard
method every year at a selection of statistically
representative sample sites. The fixed routes of the
Swedish Bird Survey provide such an index.

Absolute population size is more difficult to
determine. There are two alternatives. The first is
to determine the absolute numbers in a set of rep-
resentative sample plots of known size. This will
produce density values that, with appropriate pre-
cautions, can be extrapolated to the whole country.
The second alternative is to use a suitable density
index and convert it to density by an experimental-
ly determined correction factor. The Swedish Bird
Survey provides such an index for all species, the
number of individual birds recorded per kilometer
line transect.

The purpose of this paper is twofold. First, I in-
tend to calculate better national estimates than be-
fore for a selection of species that I believe are par-
ticularly suitable by using the Finnish correction
factors (Rajasdrkka 2010, Lehikoinen et al. 2014)
to convert the SBS density indices to absolute den-
sities. These new estimates will be compared with



those of Ottosson et al. (2012). Second, I provide
some ideas on how to develop correction factors
that are better adapted to the SBS counts than the
ones from Finland and that would allow conversion
of SBS indices to densities with greater precision
and for a larger number of species.

Methods

To account for the fact that the unit of a Finnish
line transect count is a pair equivalent rather than
an individual bird, I selected species in which the
SBS records are mainly singing males. A singing
male represents a pair and if the proportion of sing-
ing males among all records is high, a count of
individuals becomes a good representation of the
number of pairs. A majority of the territorial song-
birds in northern Europe belongs to this category.
To these passerines I added six woodpeckers and
the Cuckoo, assuming that they have territorial sys-
tems and calling behaviors similar to those of the
passerines. In total, fifty-nine species were includ-
ed. In sheer numbers, these species represent more
than 80% of all breeding pairs in Sweden accord-
ing to Ottosson et al. (2012). In order to provide
further support for the assumption that most fixed
route records for these fifty-nine species are pair
equivalents, I examined 220,000 five-minute point
counts. If most records during a point count were
records of a single individual, hence a pair equiva-
lent, most records along a line transect also ought
to be pair equivalents. Species with more than 85%
such single individual records are marked with an
asterisk in Table 1. My assumption is that virtually
all fixed route records of the selected fifty-nine spe-
cies represent pair equivalents and that no correc-
tion for this potential bias is necessary.

I used the line transect values given in table A2,
pp- 552-556 in Ottosson et al. (2012) as the Swed-
ish sample. These values were based on all fixed
routes surveyed during the period 1996-2010 and
they represent average values from 4920 eight kilo-
meter surveys and hence a total of 39,360 kilom-
eters of line transect. As these values showed the
number of birds per route (eight kilometers), I re-
calculated them to birds per kilometer. The number
of records per kilometer fixed route was first mul-
tiplied with the correction factors for lateral detect-
ability in column KK or KE in table 2 in Lehikoin-
en et al. (2014). As the correction factors differed
between northern and southern Finland (higher in
the south) and as a large part of Sweden is locat-
ed south of Finland, I used the values for south-
ern Finland (column KE) for species with mainly

a southerly distribution in Sweden; for the other
species the value for all Finland (column KK) was
used. For correction of basal detectability, I then
multiplied with the values of column T in table 1 in
Rajasirkka (2010). This gave an estimate of pairs/
km?. Finally, I multiplied this density estimate with
the total area of Sweden, 450 000 km?.

The nomenclature follows Ottosson et al. (2012)
and the English, scientific and Swedish names of
birds are found in Table 1. Elsewhere in the paper I
use the shorter versions of the English names or, in
the figures, the scientific names.

Results

National population estimates based on the line
transect counts after multiplication with both the
lateral and basal correction factors are shown in
Table 1, together with the estimates in Ottosson et
al. (2012). Several interesting comparisons can be
made from the two datasets.

However, I first compared the abundance rank of
the species according to the raw number of birds
per kilometer fixed route with the rank after cor-
rection for only lateral detectability (Figure 1).
The horizontal bars show how much the rank has
shifted, been up- or down-graded, after lateral cor-
rection. The two most numerous species (Willow
Warbler and Chaffinch) and the two least numerous
ones (Golden Oriole and Red-breasted Flycatcher)
obtain exactly the same position before and after
correction. Among the remaining species, only
six end up in exactly the same position. However,
minor position shifts tell little of interest as they
are not independent but mutually affecting each
other. And it is likely that the shifts among the least
common species are more error-prone than those
among the common species. It is therefore the large
deviations among more common species that are of
greatest interest. The largest shifts to a lower rank
are found for Brambling (shifting from position 3
for raw data to position 8 after lateral detectability
correction, 5 positions down), Song Thrush (6 to
10, 4 down), Redstart (10 to 20, 10 down), Cuckoo
(15 to 39, 24 down), and Black Woodpecker (34 to
43, 9 down). Large shifts in the opposite direction
are found in Great Tit (9 to 4, 5 up), Goldcrest (11
to 6, 5 up), Spotted Flycatcher (19 to 11, 8 up),
Blue Tit (22 to 13, 9 up), White Wagtail (23 to 12,
11 up), Willow Tit (24 to 18, 6 up), and Treecreeper
(35 to 28, 7 up). The number of shifts in the dif-
ferent directions is almost the same, 23 and 26 re-
spectively, with 10 species remaining in the same
position.
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Table 1. Estimated breeding populations of birds in Sweden according to line transect count data from the Bree-
ding Bird Survey, transformed to national population size by detectability-correction factors developed in Fin-
land (Lehikoinen et al. 2014, Rajasdrkka 2010), versus estimates in Ottosson et al. (2012). An asterisk denotes a
species with more than 85% single individual records during five minute point counts (see text).

Bestandsskattningar for faglar enligt data fran Svensk Fageltaxerings linjetaxeringar, vilka omrdknats med
faktorer for observerbarhet (Lehikoinen et al. 2014, Rajasdrkkd 2010), i forhallande till skattningar i Ottosson
et al. (2012). En asterisk anger att arten i 85% av alla fem-minuters punkttaxeringar registreras med bara en

individ (se text).

English name

Scientific name

Swedish name

Corrected line

Ottosson et al.

transects (2012)
Willow Warbler Phylloscopus trochilus Lovséangare 12 000 000 13 000 000
Common Chaffinch Fringilla coelebs Bofink 9200 000 8400 000
European Robin Erithacus rubecula Rodhake 3300 000 3 800 000
Great Tit Parus major Talgoxe 3300 000 2 600 000
Goldcrest Regulus regulus Kungsfagel 2 700 000 3000 000
Tree Pipit Anthus trivialis Tradpiplarka 2 600 000 2 400 000
Brambling Fringilla montifringilla Bergfink 2200 000 2 100 000
Common Blackbird Turdus merula Koltrast 2200 000 1800 000
Redwing Turdus iliacus Rédvingetrast 1800 000 1100 000
Spotted Flycatcher Muscicapa striata Gra flugsnappare 1 800 000 1 500 000
Song Thrush Turdus philomelos Taltrast 1 500 000 1 900 000
Eurasian Blue Tit Cyanistes caeruleus Blames 1400 000 700 000
White Wagtail Motacilla alba Sédesirla 1400 000 410 000
Yellowhammer Emberiza citrinella Gulsparv 1200 000 900 000
Eurasian Blackcap Sylvia atricapilla™® Svarthétta 1 100 000 1200 000
Garden Warbler Sylvia borin* Tradgardssangare 1 000 000 1200 000
European Pied Flycatcher Ficedula hypoleuca Svartvit flugsnappare 980 000 1 400 000
Willow Tit Poecile montanus Talltita 968 852 800 000
European Greenfinch Chloris chloris Gronfink 950 000 660 000
Eurasian Wren Troglodytes troglodytes Girdsmyg 740 000 500 000
Common Redstart Phoenicurus phoenicurus*  Rodstjért 700 000 900 000
Whinchat Saxicola rubetra Buskskvitta 670 000 250 000
Gr. Spotted Woodpecker Dendrocopos major* Storre hackspett 630 000 210 000
Common Whitethroat Sylvia communis Tornsangare 600 000 250 000
Dunnock Prunella modularis* Jarnsparv 570 000 630 000
European Crested Tit Lophophanes cristatus Tofsmes 530 000 400 000
Eurasian Treecreeper Certhia familiaris* Tradkrypare 420 000 750 000
Common Reed Bunting Emberiza schoeniclus Sdvsparv 400 000 400 000
Coal Tit Periparus ater*® Svartmes 390 000 410 000
Lesser Whitethroat Sylvia curruca* Artsdngare 330 000 250 000
Wood Warbler Phylloscopus sibilatrix Gronsangare 300 000 220 000
Mistle Thrush Turdus viscivorus® Dubbeltrast 280 000 330 000
Common Chiffchaff Phylloscopus collybita* Granséngare 200 000 190 000
Red-backed Shrike Lanius collurio* Tornskata 190 000 44 000
Rustic Bunting Emberiza rustica*® Videsparv 180 000 40 000
Bluethroat Luscinia svecica* Bléhake 150 000 230 000
Icterine Warbler Hippolais icterina™ Héarmséngare 130 000 50 000
Marsh Warbler Acrocephalus palustris Kérrsangare 130 000 24 000
Common Cuckoo Cuculus canorus* Gok 94 000 78 000
Sedge Warbler Acrocephalus schoenobaenus Sévsangare 76 000 100 000
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Thrush Nightingale
Grey-headed Chickadee
Black Woodpecker

Snow Bunting

Eurasian Three-toed Woodpecker
Eurasian Reed Warbler
Common Rosefinch
Hawfinch

Ortolan Bunting

Eurasian Wryneck

Pine Grosbeak

Le. Spotted Woodpecker
Woodlark

Ring Ouzel

Great Grey Shrike
Grey-headed Woodpecker
Grashopper Warbler
Red-breasted Flycatcher
Eurasian Golden Oriole

Luscinia luscinia Naktergal
Poecile cinctus Lappmes
Dryocopus martius* Spillkraka
Plectrophenax nivalis Snosparv
Picoides tridactylus* Tretaig hackspett
Acrocephalus scirpaceus Rorsangare
Carpodacus erythrinus* Rosenfink
Coccothraustes coccothraustes  Stenknéck
Emberiza hortulana Ortolansparv
Jynx torquilla Goktyta

Pinicola enucleator Tallbit
Dendrocopus minor* Mindre hackspett
Lulula arborea™ Tradlarka

Turdus torquatus Ringtrast

Lanius excubitor* Varfagel

Picus canus* Graspett
Locustella naevia*® Griashoppsangare

Ficedula parva*® Mi. flugsnappare

Oriolus oriolus*

72 000 37000
71 000 54 000
59 000 29 000
57 000 26 000
55000 11 000
53 000 290 000
33000 17 000
33000 17 000
27000 6300
26 000 25000
24 000 10 000
20 000 7000
19 000 15 000
14 000 6200
11 000 6 000
7 400 1900
6700 4600
3900 1100
560 120

Sommargylling

Figure 1. The shift of abundance rank
from the rank a species had according
to the raw data from the Swedish Bird
Survey (birds/km) to the rank it obtained
after multiplication with Finnish correc-
tion factors for lateral detectability. For
example, the Cuckoo Cuculus canorus
with far-reaching calls has moved 24
steps down in rank and the modest Spot-
ted Flycatcher Muscicapa striata 8 steps
up in rank. The species that did not shift
rank have no bars. In the diagram the
most common species at top, the least
common at bottom.

Fordndringen i rangordning fran den
position en art hade enligt rddata fran
Svensk Fageltaxering (individer/km) till
den position den fick efter multiplikation
med finska korrektionsfaktorer for lateral
observerbarhet. Till exempel flyttas go-
ken med sin ljudliga stimma 24 steg ner
i rangordning medan den mera diskreta
gra flugsnapparen flyttas upp 8 positio-
ner. Arter som inte bytte position saknar
stapel. 1 diagrammet stdr de vanligaste
arterna éverst och de fataligaste nederst.
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Figure 2. National breeding pop-
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ish Bird Survey. For example,
the estimate of Treecreeper Cer-
thia familaris was 750,000 pairs
in Ottosson et al. (2012) and
420,000 pairs with the detect-
ability-corrected method (this
study), where the first estimate
is 178% of the latter. Reed War-
bler Acrocephalus scirpaceus
(549%) is omitted from the di-
agram.
Bestandsuppskattningarna
for Sverige enligt Ottosson
et al. (2012) i procent av de
nya  skattningarna  baserade
pa linjetaxeringarna i Svensk
Fageltaxering efter korrigering
medfinskadetektabilitetsfaktorer
(denna studie). Till exempel
hade tradkryparen en
bestandsskattning pda 750.000
par i Ottosson et al. (2012) och
420.000 par efter korrigering
for detektabilitet (denna
studie), och det forstnimnda
virdet dr 178% av det senare.
Rorsdangaren (549%)  har
uteslutits fran diagrammet.

The national population estimate in Ottosson et
al. (2012) is higher than the estimate based on cor-
rected line transect values in sixteen species and
lower in the remaining 43 species (Table 1, Fig-
ure 2). In one species, the Reed Warbler, the esti-
mate in Ottosson et al. (2012) is very much higher
(290,000 vs. 53,000 pairs, 543% higher). A related
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species, the Sedge Warbler, has a much lower val-
ue, only 132% (97,000 vs 71,000). Between these
species fall the Treecreeper, Bluethroat and Pied
Flycatcher (about 1.5 times higher). There are 40
species for which the estimate in Ottosson et al.
(2012) falls in the region 50%—-200% of the cor-
rected line transect estimate, i.e. half or twice in



Figure 3. The percentage difference between
estimates in Ottosson et al. (2012) and esti-

mates based on detectability-corrected line
transect data from the Swedish Bird Survey
(y axis) in relation to total abundance (x
axis). Acrocephalus scirpaceus (549%) was

excluded from the diagram.
Procentuella skillnaden mellan skattning-
arna I Ottosson et al. (2012) och skattning-

e arna baserade pa de korrigerade virdena

fran Svensk Fdageltaxering (v-axeln) i for-
hallande till artens bestandsstorlek (x-ax-
eln). Rorsangaren (549%) dr ej medtagen i

diagrammet.
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numbers. Within the narrow range of 75% to 125%
there are 25 species. For as many as 18 species,
though, the estimate in the Ottosson et al. (2012)
is below 50% of the corrected values calculated
here. Among all 59 species, 43 (73%) had lower
estimates in Ottosson et al. (2012). Thus, there is
a strong bias towards underestimates in Ottosson
et al. (2012) compared to values based on the SBS
line transect values corrected for detectability.

The frequency and size of these underestimates
differ depending on how common a species is (Ta-
ble 1, Figure 3). For species with less than 100,000
pairs, 19 out of 21 species (90%) are lower, and for
more common birds the corresponding figures are:
100,000-1,000,000 pairs, 14 of 22 species (64%);
> 1,000,000 pairs, 10 of 16 species (62%).

For the fifty-nine species together the Ottosson
et al. (2012) estimate is 56 million pairs, whereas
that based on detectability-corrected line transects
is 60 million pairs. The small difference between
these totals is mainly due to the fact that the esti-
mates of the two most abundant species are very
similar.

Discussion

There is no doubt about the demand of quantitative
information about bird populations. As mentioned
in the introduction Sweden is required to report
that information to EU according to the Birds Di-
rective. The question is only how precise it must
be. But for one purpose, exact numerical values are
required, namely for assessing the threat level of a
species in the [TUCN Red list of threatened species.

For example, Sweden applies a limit of less than
500 pairs for a non-declining and 5000 pairs for a
declining species to be included among the threat-
ened species (i.e. at least “vulnerable”). In Sweden
the red list has a high degree of authority as it is
adopted, on behalf of the government, as an official
document by the SEPA and also used as such by
county administrative boards and municipal gov-
ernments.

Most species included in this paper are rather
abundant and not candidates for red-listing on the
basis of their population size only. But if accurate
correction factors for all species in Sweden could
be developed, the SBS line transects would be an
excellent instrument for precise estimates of popu-
lation size of many species, even quite rare ones.

Do the Finnish correction factors work in
Sweden?

There are several difficulties involved in using the
line transect counts as so many confounding fac-
tors are involved, for example habitat, geographi-
cal region, date, community and species density,
weather, phenology, and observer skill. Standardi-
zation can only partly compensate for these pos-
sible biases. The potential sources of error in bird
counts have been discussed numerous times during
the history of bird surveys, for example by Ene-
mar (1959). The Finnish correction factors are of
course liable to the same difficulties, and they were
discussed and analysed by Jéarvinen and Viisdnen
in their many papers referred to above. Clearly, er-
rors, variation and bias may emanate from both the
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Swedish line transect counts and from the Finnish
correction factors.

One important question is whether the Finnish
correction factors can be applied in all of Sweden.
Sweden and Finland differ in some respects. For
example, a large part of Sweden is located south of
Finland and a larger proportion of northern Swe-
den is montane. But in spite of these differences
the features of the predominant vegetation type in
both countries, commercial forest, are similar. This
means that there is only little a priori expectation
that the use the Finnish corrections should give
drastically misleading results.

The correction factors in Lehikoinen et al.
(2014) are different between southern and north-
ern Finland. The average for southern Finland was
4.6 and for northern Finland 5.4 (calculated for the
42 species with values for both parts of Finland).
It is difficult to judge how different the estimates
would be if correction factors existed for southern
Sweden. I made the calculations both with and
without the separate correction factors for southern
Finland, but the differences were marginal. This
may indicate that special factors for southern Swe-
den would not make much difference. However, as
demonstrated by Jarvinen & Viisdnen (1983) total
density of the community affects the species esti-
mates by affecting detectability. As total density is
lower in the north and higher in the south, north-
ern species tend to be underestimated and southern
species overestimated. In Finland, one therefore
also corrects for this latitudinal effect (Virkkala
& Lehikoinen 2014). This correction cannot be
applied in Sweden because it requires main belt
densities which are not available. Hence, this is
one argument for developing specifically Swedish
conversion factors.

The correction factors for basal detectability
(Rajasidrkka 2010) differed very little among spe-
cies (1.4-1.7, with an average value of 1.53). This
moderate variation is what one would expect since
the large variation in lateral detectability has al-
ready been removed. Ideally, the correction factor
should be determined by carrying out line transects
in plots with well-known densities of all relevant
species. Two such studies have been carried out in
very small plots with uncertain results (Jarvinen et
al. 1978a,b). A third study made by Tiainen et al.
(1980) was larger in scope and intended to better
represent the mixture and proportion of different
habitats normally included in a Finnish line tran-
sect. In this case the basal detectability was 65%,
which corresponds well with the value of about 1.5
for correction of basal detectability (Rajasdrkké
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2010). A single visit in a territory mapping plot
is approximately comparable in efficiency to a
line transect in such a plot. For example, Enemar
(1959) found that single visits showed an average
detectability of 60% for 15 species, and a detect-
ability of 71% for the four species with the largest
samples. This also suggests a multiplication factor
of about 1.5 for basal detectability.

Shifts in abundance rank

The shifts of position in the abundance sequence
after lateral correction in Figure 1 are largely the
expected ones, namely that species with far-reach-
ing calls and hence a large proportion of records be-
yond twenty-five meters get a lower rank, whereas
secretive and less far-sounding species get a higher
rank. Obvious examples are Songtrush, Redstart,
Cuckoo and Black Woodpecker (downgraded) and
Treecreeper, White Wagtail, Blue Tit, Spotted Fly-
catcher, and Goldcrest (upgraded). However, it is
meaningless to discuss details in the movements of
the species along the relative abundance gradient
because the ranks depend on each other. For the
purpose of this paper I simply accept that the lat-
eral corrections removed most of the differences in
lateral detectability.

Note, however, that a large shift in abundance
rank does not always imply a large shift in abun-
dance estimate. For example, the Reed Warbler
moved only from position 41 to 46 after correc-
tion which may seem little, but in number of pairs
from 290,000 in Ottosson et al. (2012) to 53,000
based on corrected line transects. This difference
is beyond easily explained errors. It is unlikely that
the correction factor for lateral detectability is re-
markably wrong as it lies in the same range as for
a number of warblers. A possible explanation may
rather be that the fixed route counts severely under-
estimate the Reed Warbler because observers walk
to the side of the very wet reed habitats thus ob-
taining a much too low count. The more terrestrial
Sedge Warbler is less likely to be unintentionally
avoided, but also because it has prominent display
flight that can be observed at considerable distance.

The Cuckoo showed a pattern opposite to that of
the Reed Warbler. It shifted rank from 14 to 39 af-
ter lateral correction, a large shift, but very little in
numerical estimates, only from 78,000 to 100,000.
This is well within the acceptable estimation er-
ror and possibly also within normal between-year
population size fluctuation.



Why different estimates

Why are a majority of the estimates by Ottosson
et al. (2012) lower than the corrected line transect
estimates (Figure 3)? And why is this tendency
particularly evident for species with less than one
hundred thousand pairs, for which ninety percent
show lower estimates? For the two most abundant
species there is almost no difference at all. It is ex-
pected that the difference between the two methods
should increase with declining species abundance
as both the amount of density data and sample size
for calculation of correction factors decline. How-
ever, it was not expected that so many of the less
abundant species were to obtain so consistently
lower estimates.

The explanation for the agreement between the
estimates by the two methods for the commonest
species is most probably the fact that very repre-
sentative density data were available to Ottosson et
al. (2012). Most of the abundant species are distrib-
uted over large parts of Sweden and in several dif-
ferent habitats, and high quality density estimates
from many plots representing all habitats and all
parts of the country were available; good trend data
for most of the species were also available, so it
was possible to adjust the density estimates accord-
ingly for the few species that had changed much
in recent years. As the amount of density estimates
became scarce with decreasing abundance and dis-
tribution of the species the estimates in Ottosson et
al. (2012) are expected to turn less reliable.

Another explanation for why estimates in Ottos-
son et al. (2012) tend to be conservative relative
the corrected line transect estimates for less com-
mon species could be that the factors for lateral de-
tectability correction are biased in relation to bird
abundance. But there is absolutely no deviation
from zero slope when the KK values in Lehikoinen
et al. (2014) are correlated with population size in
Finland.

A likely explanation for many low estimates in
Ottosson et al. (2012) is that the authors were de-
liberately conservative, and more so the less com-
mon the species is. The less common a species, the
fewer reliable habitat-specific density estimates
were available for the population size calcula-
tions and the more they had to trust their general
opinion about which density values to apply. They
were probably affected by a general caution not to
overestimate population size. The Precautionary
Principle has not been a silent part of the EU or na-
tional legislation but has had a profound influence
and has permeated thinking and attitudes in nature

conservation; best to be on the safe side in the face
of possible threats to a species. Additionally, to be
conservative is probably an inherent psychological
property among ornithologists; for example, when
judging the size of a flock or reporting the num-
ber of birds after a sweep with the binoculars, one
tends to say “at least one hundred” rather than “less
than one thousand”.

A comparable study in the UK (Newson et al.
2008) arrived at exactly the same pattern as [ have
found. They compared population estimates based
on habitat-specific densities multiplied with habi-
tat area and detectability-corrected line transect
counts. One study was based on the plots of the
Common Birds Census (CBC). The CBC used
plots where the number of breeding pairs was de-
termined by mapping their territories during sever-
al visits distributed over the entire breeding season.
The total UK population estimates were then ob-
tained by extrapolation of the densities in relation
to the extent of each habitat. The other study was
based on the line transects of the British Breed-
ing Bird Survey (BBS). In the BBS the observers
counted all birds along a 2 km long transect, one in
each of 2500 sites distributed in a stratified random
manner all over the UK. The counts were of indi-
viduals, not of pairs, and the count was repeated
twice a year. The early count was used for residents
and the late count for migrants. The distance to all
birds was determined with a precision of 0-25,
25-100 and beyond 100 meters. The population
estimates were then calculated with a standard pro-
gram for distance sampling (DISTANCE 5.0) and
divided by two to transform number of individuals
to number of pairs. Hence, BBS is similar to the
Swedish fixed route counts in counting individuals,
not pairs, and similar to the Finnish line transects
in making distance estimates (0-25 and beyond
25 meters in Finland). Newson et al. (2008) found
that for the most common species the population
estimates from CBC and BBS data were similar.
For 28 species with more than one million pairs
according to CBC, the BBS estimates were almost
equally distributed about the line of equivalence
(13 higher, 15 lower). For species with less than
one million pairs the BBS estimates were most
often higher than the CBC estimates, and for the
very least common species, those with less than
one hundred thousand UK pairs according to the
CBC estimate, 24 of 29 had higher BBS estimates.
Although the line transect counts were corrected by
different methods, the differences were the same:
the corrected line transects produced higher esti-
mates than habitat-specific densities. Newson et
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al. (2008) could not explain why the line transects
tended to produce higher estimates than the map-
ping plots, and concluded that there is no way of
telling which of the estimates (CBC or BBS) are
the correct ones. As a remedy they suggest “to
carefully design independent surveys for carefully
chosen species that would provide the most reliable
baseline for comparison.”

A few species as examples

Even taking all the various effects and suggested
explanations into consideration, some of the dif-
ferences between the estimates in Ottosson et al.
(2012) and the corrected SBS counts are remark-
able. For example, the corrected estimates for Red-
backed Shrike and Rustic Bunting are five times
higher, about 200,000 versus 40,000 pairs, than
those of Ottosson et al. (2012) (Table 1). Similarly,
the number of Marsh Warblers is five times higher
(more than 100,000 versus 20,000 pairs). Interest-
ingly, the estimates for all three woodpeckers also
increased dramatically after correction: Three-toed
Woodpecker (five times), Lesser Spotted Wood-
pecker (three times) and Grey-headed Woodpecker
(four times). Being one of the authors of Ottosson
etal. (2012), I remember that we had animated dis-
cussion about these species. We may have been in-
fluenced by the fact that three of the woodpeckers
were red-listed in the NT category on the basis of
the A criterion (population decline), and therefore
unknowingly preferred not to present an estimate
that was substantially higher than previously.

The Ortolan Bunting was estimated at 6,000
pairs by Ottvall et al. (2007) and this estimate was
accepted by Ottosson et al. (2012). The corrected
line transect estimate is much higher, 27,000 pairs.
The method used by Ottvall et al. (2007) was simi-
lar to the one used here by me in the sense that it
was based on the number of birds observed along
the lines of the fixed routes of the SBS. But the de-
tectability correction was different, namely an as-
sumption that 75% of the pairs were detected with-
in 400 m on both sides of the transect. Lehikoinen
et al. (2014) reported 24% within the 25+25 me-
ters (the main belt; n= 1431 pairs) and Rajasédrkki
(2010) a corresponding value of 15% (n=93 birds).
The former estimate gives a KK factor of 5,0 in
southern and 5.8 in northern Finland, hence, if ap-
plied on the Swedish routes, a population estimate
0f'20,000 to 30,000 pairs. One cannot exclude that
the Finnish correction factors are erroneous for
some species. On the other hand, is it realistic that
75% of all Ortolan bunting pairs within 400 meters

186

from the observer will be recorded during an aver-
age line transect by an average observer? Perhaps a
more realistic proportion is 25%? If so the estimate
increases to almost 19,000 pairs, at least approach-
ing the other estimate.

Several of the species in these examples under-
went considerable population change during the
period 1996-2010. The number of birds per kilo-
meter SBS fixed route that have been used in this
paper refers to the average value for that period,
and for rapidly declining or increasing species the
corresponding value for 2008, the datum year for
Ottosson et al. (2012), must have been different.
For example, the Rustic Bunting and Ortolan Bunt-
ing declined with 70-80 percent between 1996 and
2010 and the Grey-headed Woodpecker increase
with about 400 percent according to the SBS indi-
ces. Hence, care must be exercised when consider-
ing the differences observed between the two esti-
mation methods. Large changes in numbers before
2008 were often accounted for in the estimates by
Ottosson et al. (2012). The fixed route data from
the same source have not been manipulated in any
way before use in this paper. Some of the differ-
ences between the two methods may therefore be
explained by large population changes. And if such
population changes have continued after 2010 the
corrected fixed route estimates may be still less
valid to-day. New estimates based on the fixed
routes for the period after 2010 could have been
made. I have not done that because my ambition
was to compared data from about the same period
as used by Ottosson et al. (2012).

Improved estimates of Swedish bird
populations: ideas about what should be done

It is difficult to guess how long it will take before
someone takes the initiative to seriously revise the
population estimates in Ottosson et al. (2012). Cer-
tain is, however, that for such a revision to be a
substantial improvement, new data and new meth-
ods must be used. The existing density data (those
from territory mapping plots) have been exhausted
and are often very old, having been collected in
the 1970s to 1990s (pp. 561-567 in Ottosson et al.
2012). In addition, there is no or little present col-
lection of new habitat-specific densities. So even if
future habitat maps, for example satellite images,
aerial photographs and different scans of the veg-
etation, will be both sufficiently detailed and pos-
sible to interpret in such a way that the habitats are
relevant for bird population estimates, it will not
be enough.



Alternative 1: A new scheme for direct
determination of absolute densities

The way to do this is obvious. In principle, a net-
work of representative plots must be established all
over the country. The most efficient strategy is like-
ly to use stratified random or systematic sampling
with more plots in heterogeneous parts of the coun-
try and fewer in homogeneous parts. If feasible, the
sampling should connect with existing schemes,
preferably the joint system of the Breeding Bird
Survey and the National Inventory of Landscapes
in Sweden (NILS; Stahl et al. 2011). This would,
in addition, potentially provide valuable habitat-
specific bird densities for more general extrapola-
tion. The count method must be some form of map-
ping of territories and, for some species, nests or
other breeding cues. The number of visits in a plot
will vary, from few in simple, species-poor habi-
tats with a brief and contracted breeding season to
several in species-rich habitats with a long collec-
tive breeding season. How many years that will be
needed for sufficient amount of data to accumulate
depends of course on the number of plots that can
be surveyed each year, the number of species one
aims to cover, and the precision required. This can
be calculated as we already know sufficient about
both normal densities and normal population vari-
ation. Whatever the result of the calculation, such
a scheme will be demanding because the mapping
method itself is demanding. And as the sample
plots must be widely distributed much time will
have to be spent travelling. Manpower will be a se-
verely limiting factor even if sufficient funds were
made available. And if a high degree of precision
is required, a design along the lines described is,
although necessary, probably not feasible.

Alternative 2: Application of transformed point
and line transect data to estimate absolute
numbers

An enormous number of birds have been counted
each year for more than twenty years at points and
along lines of the Breeding Bird Survey. Indeed, this
program has grown and expanded to become the
major instrument for trend monitoring of Swedish
birds. It is of course tempting to use those data not
only for that purpose but also for population size es-
timates. This paper is the first effort to do so for a
large number of species. The general principle for
transformation of relative counts to absolute num-
bers were laid out in Ottosson et al. (2012) and an
equation with the relevant species-specific variables

was given: maximum distance for a bird to be re-
corded, and the probability of recording a male and
a female, respectively, within that distance. But the
values to put into the equation are not known yet.

As it is not yet established to what extent Finn-
ish conversion factors are applicable in Sweden,
it is advisable to develop new factors. To obtain
Swedish correction factors the simplest and most
realistic way is to establish a number of large plots
where population size is determined carefully and
completely. Line transects and point counts should
then be made in these plots by a variety of people
in order to determine average correction factors
(sensu Tiainen et al. 1980). Factors that are deter-
mined in this way will include both the lateral and
basal corrections. A rather small number of such
plots, easy to reach but covering all essential habi-
tats, should be established and maintained in a few
representative parts of the country. I strongly be-
lieve that this is the most efficient way to obtain
reliable conversion factors for the point counts and
line transects of the Swedish Breeding Bird Sur-
vey. An alternative way would be to locate a larger
number of smaller mapping plots in connection
with a representative sample of fixed routes. Then
data from several years of point and line counts
would already be available and correction factors
would be obtained directly. And if one assumes
that the correction factors are independent of de-
tails of geography, one could locate the test plots
where people, especially volunteers of the same
kind as those doing the fixed route counts, are eas-
ily available, presuming that all major parts of the
country become represented. Both approaches can
of course be combined.

Acknowledgement

Aleksi Lehikoinen informed me about the correc-
tion factors for basal detectability. Johan Elmberg
and Raimo Virkkala suggested numerous improve-
ments as referees. Without the dedicated volunteers
who made the counts along the many hundreds of
routes in Finland and Sweden, the national bird
surveys as well as this study would not have been
possible. My warm thanks go to all of them.

Referenser

Artdatabanken. 2015. Rédlistade arter i Sverige 2015. Art-
databanken SLU, Uppsala.

Asbirk, S., Berg, L., Hardeng, G., Koskimies, P. & Petersen,
Ae. 1997. Population sizes and trends of birds in the Nor-
dic countries 1978—1994. Tema Nord 1997:614. Nordic
Council of Ministers, Copenhagen.

187



BirdLife International. 2015. European Red list of Birds.
Luxembourg: Office for official publications of the Euro-
pean Communities. DOI: 10.2779/975810.

Enemar, A. 1959. On the determination of the size and com-
position of a passerine bird population during the breed-
ing season. Var Fagelvdrld, Supplement 2. 114 pp.

Gamero, A., Brotons, L., Brunner, A., Foppen, R., Fornasari,
L., Gregory, R. D., Herrando, S., Horak, D., Jiguet, E.,
Kmecl, P., Lehikoinen, A., Lindstrom, A., Paquet, J.-Y.,
Reif, J., Sirkid, P. M., gkorpilové, J., van Strien, A., Szép,
T., Telensky, T., Teufelbauer, N., Trautmann, S., van Turn-
hout, C. A. M., Vermouzek, Z., Vikstrom, T. & Vofisek, P.
2016. Tracking progress towards EU biodiversity strategy
targets: EU policy effects in preserving its common farm-
land birds. Conservation Letters doi: 10.1111/conl.12292.

Green, M. & Lindstrém, A. 2015. Overvakning av faglarnas
populationsutveckling. Arsrapport for 2014. Dept. Bi-
ology, Lund university. (English summary: Monitoring
population changes of birds in Sweden. Annual report for
2014).

Jarvinen, O. 1976. Estimating relative densities of breeding
birds by the line transect method. II. Comparison between
methods. Ornis Scandinavica 7: 43-48.

Jarvinen, O. 1978. Species-specific census efficiency in line
transects. Ornis Scandinavica 9: 164—167.

Jarvinen, O. & Viisdnen, R.A. 1975. Estimating relative
densities of breeding birds by the line transect method.
Oikos 26: 316-322.

Jarvinen, O. & Viisdnen, R.A. 1976a. Finnish line transect
censuses. Ornis Fennica 53: 115-118.

Jarvinen, O. & Viisdnen, R.A. 1976b. Estimating relative
densities of breeding birds by the line transect method.
IV. Geographical constancy of the proportion of main belt
observations. Ornis Fennica 53: 87-91.

Jarvinen, O. & Viisdnen, R.A. 1983. Correction coefficients
for line transect censuses of breeding birds. Ornis Fennica
60: 97-104.

Jarvinen, O., Viisanen, R.A. & Haila, Y. 1976. Estimating
relative densities of breeding birds by the line transect
method. I1I. Temporal constancy of the proportion of main
belt observations. Ornis Fennica 53: 40—45.

Jarvinen, O., Viisdnen, R.A. & Haila, Y. 1977. Bird census
results in different years, stages of the breeding season
and times of the day. Ornis Fennica 54: 108—118.

Jarvinen, O., Viisdnen, R.A. & Walankiewicz, W. 1978a.
Efficiency of the line transect method in central European
forests. Ardea 66: 103—111.

Jarvinen, O., Viisdnen, R.A. & Enemar, A. 1978b. Efficien-
cy of the line transect method in mountain birch forest.
Ornis Fennica 55: 16-23.

Koskimies, P. & Viisénen, R.A. 1991. Monitoring bird pop-
ulations. Helsinki university.

Koskimies, P. 1993. Population sizes and recent trends of
breeding birds in Nordic countries. Vesi- ja Ymparistohal-
litus, Helsinki.

Lehikoinen, A., Honkala, J. & Sirkid, P. 2014. Maalintujen
alueelliset kannanarviot. [Summary: Regional population
estimates for land bird species in Finland] Linnut—Vu-
osikirja 2014: 68-77.

Lindstrém, A., Svensson, S., Green, M. & Ottvall, R. 2007.
Distribution and population changes of two subspecies of
Chiffchaff Phylloscopus collybita in Sweden. Ornis Sve-
cica 17: 137-147.

188

Newson, S.E., Evans, K.L., Noble, D.G., Greenwood, J.J.D.
& Gaston, K.J. 2008. Use of distance sampling to improve
estimates of national population sizes for common and
widespread breeding birds in the UK. Journal of Applied
Ecology 45: 1330-1338.

Ottosson, U., Ottvall, R., Elmberg, J., Green, M., Gustafs-
son, R., Haas, F., Holmqvist, N., Lindstrém, A., Nilsson,
L., Svensson, M., Svensson, S. & Tjernberg, M. 2012.
Fdglarna i Sverige — antal och forekomst. Sveriges Orni-
tologiska Forening, Halmstad.

Ottvall, R., Green, M., Lindstrém, A., Svensson, S., Es-
seen, P.-A. & Marklund. L. 2008. Distribution and hab-
itat choice of the Ortolan Bunting Emberiza hortulana in
Sweden. Ornis Svecica 18: 3—16.

Rajasérkkd, A. 2010. 30 vuotta suojelualueiden linnuston
linjlaskentoja. Linnut-Vuosikirja 2010. Birdlife Finland,
Helsinki.

Stahl, G., Allard, A., Esseen, P. et al. 2011. National Inven-
tory of Landscapes in Sweden (NILS) — scope, design,
and experiences from establishing a multiscale biodiver-
sity monitoring system. Environmental Monitoring and
Assessment 173(1): 579-595. DOI 10.1007/s10661-010-
1406-7.

Svensson, S. 1996. Svenska hackfageltaxeringen 1995. Var
Fdgelvdrld. Supplement nr 25: 11-17.

Svensson, S. 2000. European bird monitoring: geographical
scales and sampling strategies. The Ring 22: 3-23.

Tiainen, J., Martin, J.-L., Pakkala, T., Piiroinen, J., Solonen,
T., Vickholm, M. & Virolainen, E. 1980. Efficiency of the
line transect and point count methods in a South Finnish
forest area. Pp. 107-113 in Bird Census Work and Nature
Conservation (H. Oelke, ed.). Dachverbandes Deutscher
Avifaunisten.

Ulfstrand, S. & Hogstedt, G. 1976. Hur méanga faglar hiackar
i Sverige? Anser 43: 59-64.

Virkkala, R. & Lehikoinen, A. 2014. Patterns of climate-in-
duced density shifts of species: poleward shifts faster
in northern boreal birds than in southern birds. Global
Change Biology 20: 2995-3003.

Sammanfattning

Tillforlitliga kunskaper om faglarnas antal behdvs
inom béde internationell och nationell naturvérd.
Exempelvis har Sverige inom ramen for fageldi-
rektivet skyldighet att till EU rapportera bestands-
storleken for alla vilda faglar. Kdnnedom om be-
standsstorleken behdvs ocksé for att kunna placera
arter i rétt hotkategori vid den sa kallade rodlist-
ningen.

I denna uppsats forsoker jag forbéttra och kon-
trollera vissa av de skattningar av de svenska
fagelbestandens storlek som gjordes i boken Fdg-
larna i Sverige — antal och férekomst (Ottosson
mfl. 2012). I ndmnda arbete skedde skattning-
arna for allménna arter i de flesta fall med hjilp
av biotopspecifika titheter som multiplicerades
med respektive biotops areal. Téthetsuppgifterna
himtades frdn allehanda killor, men for vanliga



arter till storsta delen fran de hundratals provytor
som inventerades med revirkartering inom Svensk
héackfageltaxering fram till borjan av 1990-talet.
Sadana inventeringar sker numera i mycket ringa
omfattning varfor uppdaterade och aktuella téthets-
skattningar for olika biotoper kommer att saknas
for framtida bestandsskattningar.

Jag rdknar med att den frimsta kéllan i stdllet
kommer att vara de fasta standardrutterna inom
Svensk fageltaxering. Det finns 716 rutter jamnt
spridda over hela landet. Varje rutt &r atta kilome-
ter lang och bestar av atta delstrickor om vardera
en kilometer och atta punktridkningar om fem mi-
nuter vardera mellan kilometerstrickorna. Langs
kilometerstriackorna riknas alla horda och sedda
faglar, s.k. linjetaxering. Av flera orsaker kan anta-
let faglar som registreras under en sadan linjetax-
ering inte anvindas direkt for att berdkna tétheter
av antal par. En orsak ar att faglarna registreras
oberoende av avstandet, alltsd inte inom en given
areal. En annan orsak &r att vi inte vet hur stor an-
del av de faglar som finns som verkligen uppticks,
nagot som varierar mellan olika arter. En tredje
orsak ir att faglarna registreras oberoende av kon,
vilket innebdr att man inte vet hur manga par som
de registrerade faglarna representerar, vilket man
givetvis maste veta om man vill berdkna antal par
per arealenhet. Det behovs saledes omrakningsfak-
torer, dven kallade korrektionsfaktorer, for att an-
vinda data fran standardrutterna. Sddana faktorer
saknas for svenskt vidkommande.

I Finland har man anvint linjetaxeringar under
lang tid (inventeringsmetodiken beskrivs i Ko-
skimies & Viisdnen 1991) och dir har man tagit
fram omrdkningsfaktorer. Dessa faktorer kan dock
inte utan vidare anvéndas for svenska standardrut-
ter eftersom metoderna skiljer sig i tre avseenden.
For det forsta har man i Finland som rdkningsen-
het ”parekvivalent” (en hane, en hona, ett par, en
kull utan forélder) i stéllet for en individ som pa
standardrutterna. For det andra registreras faglarna
inom tva zoner, inom och utanfor 25 meter fran
linjen. Detta gor det mdjligt att berdkna det som
kallas lateral upptdickbarhet (detektabilitet). Den-
na skiljer sig som sagt kraftigt mellan olika arter.
Exempelvis dr andelen gokar som registreras inom
25 meter lagt i forhéallande till andelen kungsfaglar
inom samma avstand. Genom att multiplicera an-
talet faglar per kilometer med korrektionsfaktorn
for lateral upptiackbarhet blir registreringarna for
alla arter jamforbara om én de fortfarande bara ar
relativa. Men med ytterligare en korrigering kan
absoluta tithetsvdrden erhallas, nimligen med kor-
rigering for basal upptickbarhet, dvs. korrigering

for faglar som inte upptécks alls, inte ens alldeles
nédra linjen. Korrektionsfaktorer for lateral upp-
tédckbarhet har publicerats av Jarvinen & Viisénen
(1983), senare uppdaterade av Lehikoinen (2014)
och det dr de senare jag anvinder i denna uppsats.
Korrektionsfaktorer for basal upptidckbarhet har
publicerats av Rajasérkka (2010).

Jag har utgétt frdn de virden pé antal figlar som
1 genomsnitt observerats pa standardrutternas linje-
taxeringar aren 1996-2010. Dessa vérden finns re-
dovisade i tabell A2 pa sidorna 552-556 i Ottosson
m.fl. 2012). Genom att dividera med ldngden av
en standardrutt, atta kilometer, har jag fatt antalet
faglar som registrerats per kilometer. Darefter har
jag multiplicerat med de finska korrektionsfakto-
rerna for lateral och basal upptiackbarhet och pa sa
satt fatt medelvdrden for de olika arternas téitheter
(per kvadratkilometer) i Sverige. Dessa medelvér-
den har dédrefter multiplicerats med Sveriges areal,
450.000 kvadratkilometer. De pa detta sitt erhalla
totalvardena motsvarar dock inte det verkliga an-
talet par eftersom vi i Sverige rdknar individuella
féglar lings standardrutterna medan de finska kor-
rektionsfaktorerna dr baserade pa rikning av par.
Det dr for ndrvarande inte ként pa vilket sétt antalet
individer motsvarar antalet par.

Jag har darfor begrénsat analysen till arter for
vilka jag anser att majoriteten av registreringarna
langs standardrutterna bor motsvara antal par,
nidmligen for manga av de vanliga revirhdvdande
téttingarna for vilka en sjungande hane kan anses
motsvara ett par och for vilka andelen registrering-
ar av annat slag ar lagt. Jag har valt 59 arter, de
flesta téttingar, men dérutdver gok och sex hack-
spettar. Dessa femtionio arter svarar tillsammans
for ungefar 80 procent av alla faglar i Sverige. Re-
sultatet 4r sammanfattat i Tabell 1, som inkluderar
en jamforelse med skattningarna i Ottosson m.fl.
(2012).

For att visa hur de olika fagelarterna paverkas
efter korrigering for enbart lateral upptickbarhet,
som dr den korrigering dar korrektionsfaktorn va-
rierar mest mellan olika arter, visar jag i Figur 1
hur deras rang eller ordningstal fordndras. I figuren
dr arterna ordnade fran den vanligaste (6verst) till
den fataligaste enligt de okorrigerade vérdena fran
standardrutternas linjetaxeringar, dvs. enligt nyss-
ndmnda tabell A2 i Ottosson m.fl. (2012). Efter
korrigering for arternas olika laterala upptéckbar-
het kommer exempelvis goken att forflyttas frén
rang 15 till rang 39, en forflyttning nerat pa hela
24 positioner. Detta &dr helt naturligt med tanke pa
hur antalet gokar 6verskattas pa grund av de hors
sa langt. Med den tystlatna grd flugsnapparen dr det
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tviartom. Den flyttas upp 8 positioner i talrikhets-
skalan 1 jaimforelse med sin skenbara antalsrank-
ning langs standardrutterna. Att de tva vanligaste
och de tva fataligaste arterna inte drabbas av nagra
dndringar &r inte forvanande med tanke pa att de
ar sd markant vanligare respektive fataligare &n
alla &vriga just bland de 59 valda arterna. Nagra
djupare tolkningar kan inte goras utifran Figur 1
eftersom arterna paverkar varandra dmsesidigt vad
géller position i rangskalan. Figuren visar att det
ar ungefdr samma antal nedgraderingar som upp-
graderingar.

I Figur 2 redovisas skattningarna i Ottosson m.fl.
(2012) som procent av de korrigerade standardrutt-
svéardena. I Figur 3 sétts dessa procentvérden i rela-
tion till arternas abundans. De talrikaste arterna har
skattningar som &r ungefar desamma enligt bada
metoderna. Déremot dr virdena i Ottosson m.fl.
(2012) klart ldgre dn de korrigerade standardrutt-
svirdena for de fataligare arterna. For arter med
farre dn 100.000 par dr 90% av skattningarna ldgre
jamfort med 63% for arter med fler &n 100.000 par.

Eftersom detta dr det forsta forsoket att anvianda
korrigeringsfaktorer for att omvandla de relativa
registreringarna ldngs standardrutterna till absoluta
vérden dr det viktigt att fraga sig om de finska kor-
rektionsfaktorerna ar giltiga for &ndamaélet. Exem-
pelvis ligger en stor del av Sverige soder om Fin-
land, och Sverige har ocksd mycket mera fjill 4n
Finland. Man har i Finland funnit att korrektions-
faktorerna varierar fran norr till séder, bl.a. som
foljd av fagelsamhéllenas totala tdtheter, vilket
skulle kunna innebéra att omrakningsfaktorerna i
sodra Sverige kan vara annorlunda &n i1 Finland.
Det saknas dock helt studier for att bedéma detta.
Diaremot kan vi konstatera att de allménna biotop-
méssiga forhallandena i Finland och Sverige i de
flesta avseenden ar ganska likartade, sdrskilt vad
géller de stora och dominerande arealerna av kom-
mersiella skogar. Det finns dérfor a priori inga skl
att tro att de finska korrektionsfaktorerna skulle ge
drastiskt missvisande resultat om man véljer lamp-
liga arter, dvs. arter dir antalet observationer mot-
svara antal par.

Att de allra talrikaste arterna har likartade skatt-
ningar enligt Ottosson m.fl. (2012) och efter kor-
rigering av standardrutternas linjetaxeringsdata &r
naturligt. For dessa arter fanns det gott om téthets-
data fran néstan alla biotoper och alla delar av lan-
det nédr berdkningarna gjordes. Det dr ocksa véntat
att skillnaderna skulle bli storre ju farre tithetsdata
som fanns tillgéngliga, dvs. for de fataligare arter-
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na. Men det var inte véntat att skillnaderna mes-
tadels skulle g i en riktning. Jag kan inte sdkert
forklara varfor skattningarna for fataliga arter i Ot-
tosson m.fl. (2012) &r ldgre &n de korrigerade rak-
ningarna fran standardrutterna. Eftersom jag sjilv
var med och gjorde berdkningarna och skrev boken
minns jag dock de diskussioner som vi hade. De
mynnade ofta ut i att vi valde en konservativ och
forsiktig linje ndr vi saknade tillriacklig informa-
tion; vi ville vara pa den sdkra sidan och inte dver-
skatta bestanden. Jag tror att detta dr en vésentlig
orsak for flera av underskattningarna.

Eftersom det dnnu inte finns nagra omraknings-
faktorer som gor att standardrutternas relativa tét-
hetsvirden kan omréknas till absoluta tal ar det vik-
tigt att diskutera hur totalskattningar av de svenska
fagelbestanden ska ske i framtiden. Det finns tva
sdtt att gora detta.

Det ena sittet &r att skapa ett nytt system av re-
presentativa provytor spridda i olika biotoper dver
hela landet for att pa sa sitt fa tithetsdata som kan
riknas upp till hela Sveriges areal. Eftersom anta-
let sddana provytor maste vara mycket stort och
eftersom de maste karteras flera ganger under en
hickningssdsong krivs stora arbetsinsatser och
betydande kostnader. Jag bedomer darfor att det i
praktiken inte dr troligt att ett sadant system kom-
mer till stdnd.

Det troligaste dr, som jag redan framhallit, att
standardrutterna inom Svensk fageltaxering kom-
mer att vara den huvudsakliga kéllan till kunskap
om fagelbestanden, inte bara for tidstrender utan
ocksa for skattningar av absoluta bestandsstorle-
kar. Det andra sittet att skapa totalskattningar av
bestdnden dr dérfor att experimentellt ta fram om-
rakningsfaktorer for standardruttsdata. Jag anser
att detta bor goras genom att etablera ett mindre
antal relativt stora provytor pa lampliga platser i
landet. Dessa provytor inventeras sedan sa vil att
antalet hackande par blir kdnt med hdg noggrann-
het. I dessa provytor genomfors sedan punkt- och
linjetaxeringar med samma metod som pa stan-
dardrutterna och av ornitologer som representerar
en genomsnittlig standardruttsinventerare. Pa det
sdttet far vi direkt omrakningsfaktorer som innefat-
tar bade lateral och basal korrigering och som é&r
giltiga for svenska forhallanden. En variant ér att
forlagga sadana provytor i anslutning till befintliga
standardrutter och utnyttja de data som redan in-
samlats under ménga tidigare ar. En kombination
av bada sitten dr naturligtvis ocksd mojlig.
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Korta rapporter — Short communications

Mute Swan Cygnus olor raises Greylag Anser anser goslings

Knolsvan Cygnus olor foder upp gragasungar Anser anser

HANS KALLANDER

On 24 May 2013, a pair of Mute Swans Cygnus
olor was observed near the bird observation tower
‘Almen’ on the southern shore of Lake Krankesjon,
South Sweden together with three newly hatched
Greylag Anser anser goslings (Figure 1). The gos-
lings were very closely associated with the swans
picking small items from the surface that presuma-
bly were dislodged when the swans were foot pad-
dling. Exactly what had happened before 24 May is
uncertain but on 13 April the female swan had been
incubating on a small islet close to the tower with a
Greylag Goose incubating about a metre from her.
On 29 May, i.e. five days later, the goslings kept
closely to the female swan but one of the goslings

was missing (parenthetically it can be noted that
in recent years it has been more common than not
that Mute Swans have, for unknown reasons, lost
one or more young shortly after hatching). The
‘family’ was subsequently observed during much
of the summer but the female Greylag Goose con-
tinued to incubate for quite a while, but it remains
unknown whether any young left the nest.

On 18 June, the female swan with the two gos-
lings was seen through a telescope from another
bird observation tower on the eastern shore of
the lake laying on the water some distance off
the fringing reed beds near where they were first
seen. No observations were then made until 22 July

Figure 1. The Mute Swan pair with three Graylag gooslings.
Kndélsvanparet med tre gragdsungar.

191



Ornis Svecica 26 (2016)

when the female swan was feeding together with
the goslings some distance out on the lake. When
she swam back to the reeds to rest, the goslings fol-
lowed her closely. Also five days later the ‘family’
was seen under similar circumstances and on 29
July the goslings were seen following the female
swan both when she swam out on the lake to feed
and when she returned to the reeds. After this, I
checked the swans and the now quite large goslings
on several occasions. On 10 August large flocks of
Greylag Geese were resting on the water in the
southwestern part of the lake. When the female
swan, after a feeding bout, passed straight through
the flock of geese, the now almost full-grown gos-
lings followed her without showing any interest
in their conspecifics. Two days later, however, the
goslings appeared to have become a bit more inde-
pendent than earlier and were seen further from the
swan than seen previously and they swam back to
the reeds alone while the female swan continued
feeding. After this date, no more observations of
the family were made.

Exactly how this adoption occurred is impos-
sible to know but maybe the Greylag Goose had
dumped a few eggs in the swan’s nest. As the incu-
bation period is shorter in the Greylag Goose than
in the Mute Swan (28-29 vs 35-36 days; Bauer
& Glutz 1968) and if the swan had laid at about
the same time as the goose, one would expect the
goose eggs to hatch about a week earlier than the
expected hatching of the swan eggs. When the
newly hatched goslings had started moving, this
may have signalled to the swan that it was time to
leave for the water. This, of course, is mere specu-
lation. What is obvious, however, is that the gos-
lings had become imprinted on the female swan.

What is most interesting in this case is that the
goslings apparently grew and developed normally
despite being forced to feed in an atypical environ-
ment, on the water rather than in a terrestrial habitat.

Reference

Bauer, K.M. & Glutz, U.N. 1968. Handbuch der Vogel
Mitteleuropas. Bd 2. Akad. Verlagsgesellschaft, Frankfurt
am Main.

Sammanfattning

Den 24 maj 2013 sdgs ett knolsvanpar tillsammans
med tre nykldckta gragasungar i vasskanten utan-
for Almentornet vid Krankesjon (Figur 1). Géss-
lingrna var néra associerade med kndlsvanarna och
pickade material som virvlats upp nir dessa fot-
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paddlade”. Kndlsvanen hade tidigare ruvat pa en
liten holme utanfor tornet med en grigas ruvande
ungefir en meter fran svanen. Den 29 maj, alltsa
5 dagar senare, holls gésslingarna nédra svanhonan,
men en av ungarna saknades. Gragéshonan fort-
satte emellertid att ruva ett bra tag till men hade
lamnat boet den 6 juni. Om nédgra ungar kléacktes &r
oként. Den 18 juni sags knélsvanhonan med de tva
gésslingarna i tubkikare fran Silvakratornet, men
sedan saknas anteckningar om dem till den 22 juli,
da de fodosokte tillsammans en god bit ut pa sjon.
Nar svanhonan sedan simmade in mot vassen for
att vila, simmade gésslingarna tétt efter henne. Fem
dagar senare sags de igen under liknande omstén-
digheter och den 29 juli foljde gésslingarna svanen
bade da hon simmade in mot vassen och da hon
senare anyo simmade ut pa sjon. Den 10 augusti
lag stora svarmar av gragéss pa sjons sydvéstra del.
Nir svanhonan simmade in mot vassen med de nu
nédstan fullvuxna gésslingarna i sldptag, passerade
de rakt igenom gasflocken utan att gésslingarna vi-
sade nagot intresse for sina artfrander. Tva dagar
senare, dvs den 12 augusti, verkade gésslingarna
dock vara nagot mer sjélvstidndiga dn tidigare och
lag péd vattnet en god bit fran kndlsvanhonan nér
hon fodosdkte och de simmade ensamma in mot
vassen medan honan fortsatte fodosoket ute pa
sjon. Efter detta datum gjordes inga fler obser-
vationer av knolsvan-gragasfamiljen. Exakt hur
denna adoption gatt till & omdjligt att veta. Moj-
ligt &r att gragasen dumpat nagra dgg i svanboet.
Eftersom gragasens ruvningstid &r kortare dn knol-
svanens (28-29 dagar mot 35-36 dagar for knol-
svanen (Bauer & Glutz 1968), och om svaniggen
lagts vid ungefar samma tidpunkt som gragissens,
skulle man forvinta sig att gragasdaggen klécktes en
vecka tidigare dn den berdknade kldckningen for
svanidggen. Nar gésslingarna sedan borjat rora pa
sig, kan detta ha signalerat till svanen att det var
dags att uppsoka vattnet. Men detta dr givetvis ren
spekulation. Att gésslingrna préglats pa kndlsvan-
honan var emellertid uppenbart.

Det intressanta i fallet dr egentligen att gdsslingar-
na uppenbarligen vixte och utvecklades helt normalt
trots att de tvangs fodosoka i en for dem onormal
miljo. Gragdssen brukar fora sina ungar till fast mark,
ddr de betar. Men i det aktuella fallet tycks géssling-
arna ha funnit tillrackligt med foda trots att de hela
tiden under sin uppvixt varit bundna till platser dér
kndlsvanhonan furagerade, dvs ute pa dppet vatten.

Hans Kdllander, Dept. of Biology, Lund Univer-
sity, Ecology Building, SE-22362 Lund, Sweden.
E-mail: hans.kallander@telia.com
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A nest of European Golden Plover Pluvialis apricaria with all blue

eggs lacking cryptic mottling

Ett bo av ljungpipare Pluvialis apricaria med helt bla dgg utan kamouflageteckning

SOREN SVENSSON

While surveying birds within a study plot on al-
pine mores in southern Swedish Lapland, I found
a nest of the Golden Plover Pluvialis apricaria. It
contained four eggs that were all bright blue with-
out cryptic colouration. The location was at about
65°50'N and 16°20'E, and the elevation about 800
meters. The nest was found at noon on 27 June
2014. The Golden Plover is common in the area
and hundreds of nests have been found by our re-
search group during more than fifty years. None
of these has been reported to contain eggs without

normal cryptic speckling. An incubating plover sits
hard and when a nest is found it is most often be-
cause the bird is flushed or observed at close dis-
tance to sneak off the nest.

In the case reported here I discovered the nest at
a distance of at least ten to fifteen meters because
I got sight of the eggs in spite of having my atten-
tion primarily on counting birds in general. They
were shiny blue or turquoise (Figure 1), very con-
spicuous and hence easily drew attention at some
distance, which normal cryptic eggs never do.

Figure 1. Golden Plover nest with blue eggs without cryptic coloration that were easily detected at some distance. One of the
parents lay dead and partly consumed by a predator near the nest. The eggs contained embryos that seemed to have developed
normally until death.

Bo av ljungpipare med rent bla dgg utan skyddsteckning. De kunde litt upptickas pd avstand. En av fordldrarna lag dod ndra
boet, delvis uppditen av ndgon predator. Aggen innehéll embryon som verkade ha utvecklats normalt tills de dog.
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When approaching the nest, I found a dead adult
about two meters from it. The eggs lay undisturbed
in the nest cup with no sign of damage, indicating
that the predator was most probably a bird, Gyr-
falcon being the most likely guess. The eggs were
wet because of rain and somewhat dirty, probably
because of some fighting before the kill, indicated
also by faeces on the eggs. It was a rather fresh kill,
although the body as well as the eggs had cooled.
The bird was probably the male as it is almost
exclusively males that incubate during day-time
(Whittingham et al. 2000), but as I did not examine
the bird carefully it could have been the female as
well. The eggs contained embryos that had been
incubated about a week.

I have not approached any egg-collecting mu-
seums but one, the Swedish Museum of Natural
History at Stockholm. In its collection of about
80 clutches there are no eggs similar to the ones
I found (Ulf Johansson in litt.). I have not con-
sulted the oological literature at large, only Ros-
enius (1937). He does not mention any aberrantly
coloured eggs for the Golden Plover among 190
eggs. Whatever the exact proportion, non-cryptic
eggs must be rare. And it seems that aberrant egg
colouration of other kinds and in other species is
also very rare, for example albinistic eggs which
are only rarely found in otherwise normally co-
loured clutches (Gross 1968).

If a bird egg is coloured the pigment is either
biliverdin or protoporphyrin or a combination of
both (Kennedy & Vevers 1976). These two pig-
ments are the only ones that have been found in
any appreciable amount in bird eggshells. Conse-
quently, these two pigments are responsible for the
seemingly limitless variation of colours and pat-
terns. Reflectance, concentration and a few other
factors modify and enhance the variation created
by the pigments alone. It is perhaps difficult to be-
lieve that two single pigments can be responsible
for the enormous variation. However, in a recent
study Hanley et al. (2015) demonstrated by a co-
lour mixing model that this is actually possible. It
has even been suggested that the same pigments
may have governed the colouring of dinosaur eggs
(Wienmann et al. 2015). From that it can perhaps
be concluded that biliverdin and protoporphyrin
were fixed as the both necessary and sufficient egg
pigments at a very early stage of reptile-bird evo-
lution. Interestingly, as mollusc shells are calcar-
eous and have a great colourful variation — both
these properties the same as in birds — it has been
found that only protoporphyrin, not biliverdin, is
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responsible for the colour variation among mol-
luscs (Verdes et al. 2015).

Biliverdin is the pigment that gives the blue to
green colour (as in Starling) and protoporphyrin
the brown to rusty colour (as in Peregine Falcon).
This means that the shells of the Golden Plover
eggs that [ found had only the biliverdin pigment.
There was no sign of the typical brown dots, patch-
es or streaks of normal eggs. The black dots that
are seen in the photographs were plant fragments.
Regrettably, I did not collect any shell fragments.
One might think that the absence of speckling in
my case was caused by a defective outer shell lay-
er, but this cannot be the case as protoporphyrin
is mainly located in the deeper parts of the shell
(Samiullah & Roberts 2013) and should have been
visible if present at all. The content of the eggs in-
cluding the embryos looked healthy so it is unlike-
ly that any excess desiccation had occurred, indi-
cating that the shell functioned as it should. This is
in accordance with what Deeming (2011) found in
his review of water loss in relation to egg colour;
there was no effect of either the degree of speckling
or the intensity of background colour.

It is well known that cryptic eggs increase nest
survival among ground-nesting birds such as wad-
ers, for example in Western Snowy Plover (Col-
well et al. 2011) and Moutain Plover (Skrade &
Dinsmore 2013). Some cost is of course involved
in laying eggs with cryptic colour as protoporphy-
rin and biliverdin must be synthesised in the shell
gland for each egg, but it is likely that the increased
reproductive success outweighs this cost (Wang et
al. 2009). It is not possible to determine what may
have happened in the present case, for example if
absence of cryptic coloration of the eggs played
any role for predation to occur.
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Sammanfattning

Nér jag inventerade faglar pa fjdllhed i sodra
Lappland patréffade jag den 27 juni 2014 ett bo av
ljungpipare som inneholl fyra helt bld d4gg. Fyndet
gjordes sydost om Ammarnis pa en niva om 800
meter. | Ammarnids har hundratals ljungpiparbon
patréffats under de mer &n femtio ar som jag fors-
kat i omradet. Normalt trycker ljungpiparna hart pa
dggen och bon uppticks dérfor vanligen nér den ru-
vande fageln stots fran boet eller observeras smyga
ivdg. Ett bo utan ruvande fagel uppticks ndstan
aldrig spontant eftersom édggen &r sa vél skydds-
fargade. Det bo som jag rapporterar om hér upp-
ticktes redan pa tio till femton metes hall tack vare
de lysande bla dggen. Narmare boet upptickte jag
en av fordldrarna ligga dod ett par meter fran boet.
Fagel var delvis uppéten, gissningsvis dodad av en
jaktfalk. Bofyndet illustreras i Figur 1.

Aggen saknade alla flickar, prickar och streck
som normala dgg har. De svarta prickar som syns
pa fotot var véxtfragment. Boet var intakt med det
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fanns avforing pa dggen. Detta tillsammans med
vixtfragmenten kan tyda pa att viss strid forekom-
mit pd marken. Ljungpiparen hade dodats ganska
nyligen men sa vl fageln som dggen hade svalnat.
Aggen inneh61l embryon.

Jag har inte gétt igenom ndgra dggsamlingar
pa storre museer. P4 Naturhistoriska riksmuseet
i Stockholm har Ulf Johansson gatt igenom sam-
lingen och meddelat att inga avvikande dgg finns
bland 80 kullar. Inte heller har jag konsulterat den
oologiska litteraturen i stort, bara Rosenius (1937),
som inte ndmner nagot avvikande bland 190 stu-
derade dgg.

Om ett figeldgg ar firgat sa dr fargdmnet anting-
en biliverdin eller protoporfyrin eller en kombina-
tion av bada. Dessa tva pigment dr de enda som
forekommer i ndmnvird méngd i dggskal. Det &r
alltsa dessa som skapar den till synes odndliga vari-
ation som fageldgg uppvisar. Det kan vara svart att
tro att bara tva pigment kan skapa denna variation.
Men i en nyligen publicerad studie har Hanley m.fl.
(2015) visa att detta dr fullt mojligt. I en annan stu-
die har Wienmann m.fl. (2015) kommit fram till
att dggen hos dinosaurier ocksa bor ha fargats av
samma pigment. Fran detta kan man kanske dra
slutsatsen att de tva pigmenten fixerades som bade
nodviandiga och tillrdckliga pa ett mycket tidigt sta-
dium i utvecklingslinjen mot reptiler och faglar. En
intressant detalj i sammanhanget ar att mollusker,
som likt faglarna har farggranna kalkskal, endast
anvinder protoporfyrin.

Biliverdin dr fargdmnet som ger grona eller bla
skal (som stare) och protoporfyrin brun eller rost-
aktig farg (som pilgrimsfalk). Det betyder att de bla
dggen 1 ljungpiparens bo endast hade biliverdin.
Aggens innehall var firskt och utan skador, liksom
embryona. Det tyder pd att skalen fungerat som de
skulle under ruvningen trots att de saknade proto-
pofyrin. Detta stimmer med vad Deeming (2011)
fann i en Gversikt av vattenforluster, ndmligen att
uttorkningen inte paverkades vare sig av grundfar-
gens intensitet eller av méangden flackar.

Soren Svensson, Department of Biology, Biodiver-
sity, Lund university, 22362 Lund, Sweden.
E-mail: Soren.Svensson@biol.lu.se
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