


ORNIS SVECICA

ISSN 1102-6812

Ornis Svecica is indexed in BIOSIS, CSA/Ecology Abstracts, Zoological Record, and
Elsevier Bibliographical Databases. Free access to abstracts in www.eurobirding.com.

ORNIS SVECICA utges av Sveriges Ornitologiska Foren-
ing. Tidskriftens mél och inriktning ar att utgéra ett forum
for priméra forskningsrapporter, idéutbyte, debatt och brev
rorande ornitologins alla omraden. Bidrag som rér Euro-
pas fagelfauna prioriteras. Bidrag om generella fragor tas
emot oberoend av ursprung. Vi vill sarskilt uppmuntra icke
professionella ornitologer att sdnda in sina resultat och
idéer men vilkomnar givetvis bidrag fran professionella
forskare. Spraket dr svenska eller engelska med en utforlig
sammanfattning pa det andra spraket.

ORNIS SVECICA is issued by the Swedish Ornithological
Society. The aims and scope of the journal are to provide a
forum for original research reports, communications, de-
bate and letters concerning all fields ornithology. Contri-
butions dealing with the European bird fauna are given
priority. Contributions on general problems are consi-
dered independent of origin. We particularly encourage
nonprofessional ornithologists to submit their results and
ideas but of course welcome submissions from professional
scientists. The language will be English or Swedish with a
comprehensive summary in the other language.

Huvudredaktor och ansvarig utgivare Editor-in-chief
Soren Svensson, Ekologiskainst., Ekologihuset,223 62 Lund

Redaktorer Editors

Staffan Bensch, Anders Brodin, Dennis Hasselquist,
Anders Hedenstrém, Ake Lindstrém, Roland Sandberg,
Ekologiska inst., Ekologihuset, 223 62 Lund

Johan Lind, Zoologiska inst., Stockholms universitet,
106 91 Stockholm

Tomas Pirt, SLU, Inst. f. naturvardsbiologi, Box 7002,
751 22 Uppsala

Redaktor for doktorsavhandlingar
Dissertations review editor
Jonas Waldenstrom, Ekologihuset, 223 62 Lund

Redaktor for bokanméilningar Book review editor
Vakant

Korrespondens Correspondence

Manuskript skall forsta gangen séndas till huvudredakto-
ren. Varje bidrag tilldelas en av redaktorerna. Utomstaende
bedomare kommer att utnyttjas nir det behovs. Redaktdren
bestdmmer om och i vilken form bidraget skall accepte-
ras. Under denna process korresponderar forfattaren med
redaktoren.

Manuscripts when first submitted should be sent to the
editor-in-chief. Each contribution will be given to one of
the editors. External reviewers will be used if necessary.
The editor decides whether and in what form to accept the
paper. During this process the author(s) will correspond
directly with the editor.

Prenumeration Subscription

Prenumeration pd ORNIS SVECICA kostar 260 SEK till
svenska adresser och 310 SEK till utldndska adresser. Den-
na avgift inkluderar ej medlemskap i SOF. Medlemsavgif-
ten dr 385 SEK (190 SEK for person under 21 ar) till svens-
ka adresser och 555 SEK (405 SEK) till utlaindska adresser.
Medlemsavgiften inkluderar bade ORNIS SVECICA och
VAR FAGELVARLD.

Subscription to ORNIS SVECICA is 290 SEK to addresses
abroad and 240 SEK to addresses in Sweden. This fee does
not include membership. The membership fee is 530 SEK to
addresses abroad (340 SEK for members younger than 21
vears) and 360 SEK (160 SEK) to addresses within Sweden.
This fee includes both ORNIS SVECICA and the more po-
pular journal VAR FAGELVARLD.

Betala till plusgiro 19 94 99-5, Sveriges Ornitologiska For-
ening. Ange noga vad betalningen avser. GI6m inte namn
och adress!

Pay to Swedish Giro Account 19 94 99-5, Swedish Ornitho-
logical Society, Stockholm or by bank cheque (no personal
cheques). Indicate carefully what you are paying for and do
not forget to include your name and address!

Adresser Addresses

Foreningens kontor Office of the Society: Sveriges Ornito-
logiska Forening, Stenhusa gérd, 380 62 Morbylanga.

Var Fagelvirlds redaktion Editor of Var Fdagelvdrld:
Anders Wirdheim, Genvégen 4, S-302 40 Halmstad.

Ornis Svecicas redaktion Editors of Ornis Svecica:

c/o Soren Svensson, Ekologihuset, S-223 62 Lund.

Omslagsfoto Cover photo: Smedripa Vanellus armatus, Kenya, Séren Svensson.



ORNIS SVECICA 16: 177-182, 2006

Matning av ungar hos svarthakedopping Podiceps auritus

Feeding of young in the Slavonian Grebe Podiceps auritus

ANNA BRANDER & THOMAS KARLSSON

This article describes a study of the differences between
sexes of the Slavonian Grebe Podiceps auritus when feed-
ing their young. Seven pairs were studied at a lake, size 1.6
ha, in southern Sweden. Each young was fed 16.5+1.71
times per hour, and the feeding was split equally between
the male and the female parent. Duration and number of
diving series of the parents were the same for male and
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female. With increasing age of the young, the male and
the female grebe increased their feeding rate.
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Inledning

Fagelungar stannar antingen i boet tills de blir
flygfardiga och blir matade av fordldrarna, eller ar
borymmare och klarar sig till stor del sjdlva med
skydd av de dldre faglarna. Ungarna hos svartha-
kedopping stannar kvar i boet under nagot dygn
tillsammans med honan, men dérefter lamnar de
boet for att av och till, frimst nattetid, atervinda
dit. Pa och utanfor boet vistas de mest under ndgon
av fordldrarnas vingar under de forsta dygnen for
att allteftersom bli mer frisimmande. Ungarna ma-
tas av bade hanen och honan. De ligger séllan eller
aldrig kvar pa boet ensamma. De borjar fanga foda
sjdlva vid cirka 10 dagars élder och blir oberoende
av fordldrarna vid 45 dygns élder (Cramp & Sim-
mons 1977).

Svarthakedoppingen héckar i mindre sj6ar, dam-
mar och grunda havsvikar (Fjeldsa 1973a, Ulfvens
1988, Karlsson & Brander 1997). Fodan hidmtas
under héckningstiden i det revir arten héckar, men
det kan forekomma att svarthaken hdmtar foda i
andra vatten. Fodan inhdmtas huvudsakligen under
dygnets ljusa del (Cramp & Simmons 1977).

Ungarna fods inte upp pa ndgon specifik foda.
Fodan utgors under hiackningstiden av kriftdjur,
buksimmare, skalbaggar, sldndlarver, olika in-
sekter som landat pé vattenytan, samt larver och
puppor av fjadermyggor. Fisk dr emellertid den

viktméssigt dominerande fodan om sadan finns att
tillgd (Fjeldsd 1973a). Om bada eller endast en av
fordldrarna matar ungarna varierar frén art till art.
Hos europeiska doppingar matar bada fordldrarna
(Bauer m. fl. 1966).

Avsikten med denna studie var att undersdka
fordelningen mellan hanens och honans matnings-
insatser och dessas fordelning dver dygnet under
ungarnas forsta 10 dygn.

Metodik

Studien genomfdrdes vid Asbotorpssjon, som lig-
ger pa Billingen i Véstergdtland. Sjons storlek &r
1,6 ha. Sjon ar lattoverskadlig med en liten vegeta-
tionsbard, ca 1-2 m bred, runt sjon. Fran tre bryg-
gor runt sjon har man god &versikt. Asbotorpssjon
var fiskfri férutom 20 griaskarpar Ctenopharyngo-
don sp. och fyra stycken oidentifierade akvariefis-
kar, som sldppts ut i sjon under de tre undersok-
ningséren.

Antalet tillfillen som ungarna tillférdes mat,
med fordelning pa kon hos fordldraparet, raknades
under sessioner om en timma. Rékningarna gjor-
des under ungarnas forsta 10 levnadsdygn, vilket
raknades fran det att ungarna bérjade matas. Svart-
hakedoppingen har enligt Fjeldsa (1973b) en asyn-
kron kldckning med stor storleksskillnad mellan
ungarna. Vi kunde dock inte notera nigon storre
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storleksskillnad mellan ungarna hos négon av de
undersokta kullarna. Rédkningssessionerna slumpa-
des ut med tidigaste start klockan 03 och den se-
naste klockan 21 svensk sommartid (GMT+2h).

Individuell mérkning av ungarna kunde inte ut-
foras. Jamforelser i sammanstillningen bygger
sdledes pa antalet matningar per timma dividerat
med antalet ungar hos respektive par vid respektive
tillfille. Aldersbestimningen utgick fran den dag
da vi forst sag att de gamla faglarna borjade 1amna
foda till ungarna. Vi antog séledes att ungarna dter
redan fran forsta dygnet.

Svarthakedoppingen dyker i serier, vilkas langd
varierar framst for att forsvara reviret och att mata
ungarna (Cramp & Simmons 1977). Dyktiderna
for svarthakedoppingen skiljer sig beroende péd
hickningsplats. Hackningslokaler utmed kusten
ger kortare dyktider 4n i dammar och sjar, men
detta beror pa storre byten och oftare fisk, vilket
energimaéssigt ar fordelaktigare (Ulfvens 1988). For
att undersdka hur svarthakedoppingens dykserier
fordelade sig, betraktades en grupp av matningar
som respektive fordlder utférde mellan tva langre
vilopauser, d.v.s. genomsnittlig vilopaus + 1 stan-
dardavvikelse som en dykserie. Antalet dykserier
liksom deras ldngd i tid berdknades per timma.

Registrering av andra aktiviteter gjordes inte mer
an att vi noterade vilka olika sysselsdttningar som
de gamla svarthakarna hade nir de inte matade sina
ungar.

Sammanlagt skedde nio hickningar de tre studie-
aren. Ar 1996 gjorde ett par forsék med minst tva
dgg som resultat, vilka dock dvergavs. Hos ett an-
nat par samma ar gick inte alder att faststélla varfor
denna kull utesldts ur studien. Vi lyckades rikna
antalet matningar hos 7 par under 68 timmar.

Vid angivelser av medeltal dr det medelvirdets
medelfel (SE) som anges, om inget annat sigs.

Resultat

Medelstorlek pé svarthakedoppingens revir var
0,5340,11 ha (n = 9) och antalet hickande par i
sjon framgér av Tabell 1. Revirstorleken dverens-
stimmer med vad som anges hos Cramp & Sim-
mons (1977). Totalt noterades 2483 matningar el-
ler 16,5+1,71/h och unge (n=68 h). Vid jaimforelse
mellan paren respektive inventeringsdr fann vi ing-
en skillnad i antalet matningar/h (Tabell 2). Ingen
skillnad noterades mellan inventeringséren 1995
och 1998 (t-test; t=0,69; p=0,49; Tabell 2). Dyk-
ningsseriernas ldngd skiljde inte at mellan paren
utom i ett fall, vilket sannolikt berodde pa att detta
par inte kunde foljas alla 10 dagarna (Tabell 3).

Skillnad mellan hona och hane

Totalt kunde inte ndgon skillnad mellan matnings-
insatserna hos hanen och honan noteras (t-test;
t=0,17; p=0,86). Hos fyra av paren matade honan
fler gdnger dn hanen. Skillnad mellan kénen fore-
lag dock endast hos ett par (Tabell 2). Det berodde
sannolikt pa att rdkning endast kunde genomforas
under de atta forsta dygnen hos detta par.

Antalet matningar 6kade med ungarnas alder rak-
nat pa bada konens insats (r>=0,38; p<0,001). Med
fordelning pa kon visade det sig att hanens insats
(r*=0,72; p=0,001) inte 6kade i lika hog utstrack-
ning som honans (r>=0,80; p=0,00028; Figur 1).
Matningsinsatserna skiljde sig inte fran dag 1 till
dag 10 utom vid dag 3, da hanens insats var vésent-
ligen storre (Mann-Whitney; W = 77; p=0,0022).

Tabell 1. Revirstorlek (ha) och kullstorlek hos hickande svarthakedopping i Asbotorpssjon. Sjons yta ér 1,6 ha.
NBP = Norra bryggparet, NP = Norra paret, SBP = Sodra bryggparet, SP = Sodra paret.

Territory size (ha) and brood size of the breeding Slavonian Grebes at Asbotorpssjon. The total size of the lake is
1.6 ha. NBP = Northern Bridge Pair, NP = Northern Pair, SBP = Southern Bridge Pair, SP = Southern Pair.

1995 1996 1998
Revir Kull Revir Kull Revir Kull
Territory Brood Territory Brood Territory Brood
NP 1,21 3 0,94 2 0,38 3
SP 0,39 2 0,50 5 0,17 4
NBP 0,51 1
SBP 0,11 0 0,54 3
Antal par 2 3 4
Number of pairs
Medelstorlek 0,8 0,52 0,4

Average size

178



Tabell 2. Antalet matningar per timme och unge fordelat pa par och kon. - = ungarnas exakta alder gick inte att
faststdlla. Forkortningar se Tabell 1. n = 10 utom {or par NP 1995 dérn = 8.
Number of feedings per hour and young in relation to pair and sex. n = 10 except for pair NP 1995 where n =

8. - = the age of the young was not possible to determine.
Par 1995 1996 1998
Pair Hane Hona Totalt Hane Hona Totalt Hane Hona Totalt
Male Female Total Male Female Total Male Female Total
NBP 10,50+2,57 14,90+4,80 25,40+5,68
NP 14,5¢3,31 4,0£2,45 18,5+£5,02  6,4+2,5 5,5+1,53 11,943,64 9,1743,30  10,13+4,00 19,30+7,06
SBP 3,7741,18  7,5042,41  11,3042,39
Sp 6,9+1,17  6,0£1,89  12,942,17 - - 7,58+1,65 9,28+£2,20  16,90+3,23
Tabell 3. Dykseriernas tidsomféng i medeltal minuter
och sekunder per timme. 50 -
Length of diving-series (minutes and seconds per o o
S 40 - (Bhona
hour). S o .
Par  Ar Hane Hona Totalt § 30 -
Pair  Year Male Female Total u;
NP 1995  20:0742:40  6:47+4:02  13:27+2:54 520
SP 1995 12:1742:36 13:07+4:31 12:4242:32 % 10 4
NP 1996 9:39+3:09 11:04+3:10 10:22+2:11 =
NP 1998  13:42+3:27 19:34+5:57 16:3843:13 0
NBP 1998 9:33+£2:27 11:17+3:18 10:25+2:01 0
SBP 1998  10:54+3:05 14:30+4:14 12:42+42:35 Alder, dagar Age, days
Sp 1998  16:18+3:16 20:50+6:06 14:43+2:44

Hos samtliga par matade hanen betydligt oftare dn
honan dag 3.

Vi fick det intrycket att honan fram till dag 7 of-
tast bar ungarna pa ryggen medan ungarna fran dag
8 var frisimmande pa vattnet till storre delen. Ser
man till antalet matningar i forhéllande till ungar-
nas dlder de forsta 7 dagarna 6kade totalt inte ha-
nens insats alls (r>=0,18; p=0,18), medan honans
6kade nagot (r*=0,64; p=0,019). Dag 8 till 10 inne-
bar ett betydligt hogre antal matningar an tidigare
for bade hanen och honan, vilket bidrog atminstone
for hanens del att hans insats 6kade under de forsta
10 dagarna.

Férdelning dver dagen

Totala antalet matningar 6kade 6ver dagen (r>=0,21;
p=0,029). Hanens matningsinsats 6kade under da-
gen (>=0,41; p=0,002) medan honans matningsin-
sats inte fordndrades under dagen (r>=0,05; p=0,138;
Figur 2). Fran klockan 16 finns endast en rdkning
och da frén par NBP98 vars unge var 10 dagar, vil-
ket gav ett hogt virde och dven om man bortser
frén detta virde 6kade antalet matningar 6ver da-
gen (r>=0,3; p=0,011).

Figur 1. Antalet matningar per unge i forhallande till alder
fordelat pa de adultas kon. Honan pricklinje och kvadrater,
hanen linje och cirkel

Number of feedings per young by male and female during
the first 10 days. Female dotted line and squares, male line
and circles.

20 -

Matningar Feedings

0 5 10 15 20
Klockan Hour

Figur 2. Antal matningar per unge och tid pa dygnet. Hona
kvadrater och pricklinje. Hane cirkel och linje.

The number of feedings per young in relation to time of the
day. Male circle and line, female square and broken line.
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Dykserier

Matningarna var oftast fordelade i serie av dyk-
ningar ibland med en Gverlappningsperiod mel-
lan konen. Antalet dykserier per timme skiljde sig
inte totalt mellan konen (t-test; t=1,71; p=0,09).
Hanarnas dykserier var i medeltal 3:08+00:15
(n=282) minuter langa medan honornas var nagot
langre 4:58+00:38 (n=193), vilket skiljde totalt (t-
test; t=2,71; p=0,007). Varken hos honorna (r*=0;
p=0,742) eller hanarna (r>=0; p=0,345) 6kade an-
talet dykserier i forhallande till kullstorlek. Dyk-
seriens lingd 6kade inte i forhallande till ungarnas
alder for hanarna (1*=0,0; p=0,36), men didremot
for honorna (r=0,035; p<0,005).

Diskussion

Svarthakedoppingen har en asynkron klackning. Vi
kunde inte se nagon storre storleksskillnad mellan
ungarna hos ndgot av paren. Sannolikt klécktes inte
ungarna med sé stor tidsskillnad. Fjeldsé (1975)
beskriver att olikstora ungar tdvlar om fédan och
att fordldrarna favoriserar de storsta. Onno (1960)
och Fjeldsa (1973b) anger att hanen och honan kan
dela upp kullen sinsemellan. Nagon uppdelning
kunde vi inte heller se hos nigot av paren.

Onno (1960) menar att fodosok sker i mindre ut-
strackning vid middagstid och inte alls under den
mérka tiden pa dygnet. T Asbotorpssjén var hanen
mer aktiv ju langre dagen framskred medan honans
matningsinsats inte okade (Figur 2). Matningen
av ungarna tycktes inte ha nadgon uttalad dygnsva-
riation som Onno (1960) beskriver det. Déremot
borde det vara ldttare att se fodan under dygnets
ljusa del.

Totalt tog matningen 39% av tiden. For 1996 tog
hanens insats 16% och honans 19% av tiden hos
NP96. Vid jamforelse mellan aren 1998 och 1995
for respektive kon, ser man att honorna matade
ungar 21,4% respektive 16% av tiden. Hanarna
spenderade 1995 19,5% av tiden med matning av
ungar och 1998 20,4%.

Négon statistisk skillnad mellan hanens och
honans matningfrekvens eller dykseriernas ldngd
eller antal fanns inte. Aven om vi inte mitte vem
som bar pd ungarna fick vi det intrycket att honan
var den som hade ungarna pa ryggen under forsta 7
dygnen medan hanen forsvarade reviret, vilket ho-
nan aldrig sdgs delta i nir de inte matade ungarna.
Dag 8-10 utgjorde ingen skillnad mer 4n att antalet
matningar 6kade (Figur 1). Onno (1960) papekar
att honan tar hand ungarna de forsta dagarna och
att hanen matar, vilket ocksa &r den beskrivning
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Fjeldsa (1973b, 1975) ger. Att antalet matningar
okade under dag 810 berodde sannolikt pa att
ungarna alltmer simmade sjélva och siledes torde
ha varit mer energikrdvande. Under dessa dagar
sags ocksa ungarna plocka upp en och annan fjader
frén vattenytan eller ndgon insekt.

I sin undersokning noterade Fjeldsa (1973b) att
62,5% av ungarna overlever de forsta 10 dagarna.
I var lilla undersékning noterade vi en &verlev-
nad under de forsta 10 dagarna pa 83,3%. Fjeldsa
(1973b) anger att ungarna dog av svilt, byten som
fastnade i halsen, sér pd kroppen, men att preda-
tion fran gddda inte var aktuell i hans undersokta
sjoar eftersom den inte fanns dir. Gddda fanns inte
heller i Asbotorpssjon. Méjligen kan det finnas ett
samband med att hananarnas matningsinsats inte
okar tillrackligt, vilket gér att honorna far dka sin
forhallandevis mer. Totalt noterades 18 ungar vid
rakningsdag 1. Mellan dag 1 och 2 noterades att
en unge dott hos NP95. Mellan dag 7 och 8 dog yt-
terligare 2 ungar hos paren NP96 och SP98, vilket
sammanfaller med att hanarnas matningsinsats inte
langre 6kade pa samma sitt de foregdende dygnen
(Figur 1).

Hos paren i norra halvan av sjon dog 2 ungar vil-
ket motsvarade 22% och i sodra delen 1 av ungarna,
11%. Reviren i sodra delen av sjon var 0,36+0,11
(n=3) ha stora jamfort med norra delens 0,76+0,19
ha (n=4). Nagon statistisk skillnad mellan revirens
storlek fanns dock inte (Mann-Whitney W=19;
p=0,38) dven om de faktiskt var dubbelt sa stora
i norra halvan. En synbar skillnad var dock att i
sddra delen av sjon fanns betydligt mer vixtlighet
ute i sjon.

Enligt Lindén & Moreno (1997) o6kar antalet
matningar med 6kad kullstorlek om man ser till det
totala antalet matningar per kull till en viss gréns.
Totalt 6kade ocksa antalet matningar med stigande
alder ocksé i var undersokning. Antalet matningar
halverades frén kullar med en unge till kullar med
fyra ungar. Vi har tidigare noterat en medelungkull-
storlek pa 1,94 + SD 0,98 (n=94) i omgivande hick-
ningslokaler (Karlsson opubl.), vilket kan antyda att
normala ungkullar ligger mellan 1 och 3 ungar och
att det kanske dr vad svarthakedoppingen normalt
klarar av. Fjeldsa (1973b) menar dédremot att stora
kullar ar fordelaktigt oavsett ndr under hickningssé-
songen de kldcks, men han papekar ocksé att figlar
fran stora kullar ger fa aterfynd om de ringmarks.
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Summary

The young Slavonian Grebes stay with one of the
parents in the nest up to several days, and then leave
the nest together with the parents. During their first
ten days, they become more and more independent.
The feeding is done by both parents until the young
reach the age of ten days, when they begin to catch
food themselves. The food is caught in the breed-
ing-territory mainly during the light part of the day
(Cramp & Simmons 1977). The aim of this study
was to investigate possible differences between
the male and the female feeding behaviour of their
young during the first 10 days.

Methods

The study was carried out at Asbotorpssjon in
south-western Sweden. The lake has an area of 1.6
ha. It is surrounded by a narrow, approximately 1-2
m broad vegetation belt. The lake’s surface can eas-
ily be observed from three bridges.

The only species of fish in the lake were carp and
four unidentified species from an aquarium.

The number of occasions the young were fed by
each sex was counted during sessions of one hour

each during the first 10 days. These 10 days started
when the first young was seen being fed. The ob-
servation sessions were randomly chosen between
3 am and 9 pm (GMT+2).

The comparisons are based on the number of
feedings per hour divided by the number of youngs
of the pair. Each pair was observed for one hour
each day for 10 days. However, one pair could only
be observed for 8 days and therefore for 8 hours
only. The number and duration of the diving-se-
ries (Cramp & Simmons 1977) were calculated for
each pair. We observed 9 pairs building nests (2 in
1995, 3 in 1996 and 4 in 1998). However, only 7
of these could be followed. For further information
see Table 1.

Result

The average size of the Grebe territory was 0.53
+0.11 ha (n=9, Table 1). This agrees with Cramp &
Simmons (1977). In total, 2483 feedings were ob-
served. Thus, each pair fed their young 16.5+1.71
per hour (n=68 h) on average. There was no differ-
ence between the pairs of 1995 and 1998 (t-test;
t=0,69; p=0,49; Table 2). For 6 of the pairs, the
number and duration of the diving series did not
differ. One pair, NP 1995, differed significantly in
both number and duration, but we could only fol-
low this pair during 8 days (Table 3).

In general the number of feedings between male
and female did not differ either (t-test; t=0.17;
p=0.86). Significant difference within the pairs was
only found in one pair (Table 2). This pair could not
be followed all ten days. For both sexes the number
of feedings increased with the age of the young
(r*=0.38; p<0.001). The male was doing more of
the feeding in the beginning(r>=0.72; p=0.001;
Figure 1), and did not increase his feeding-rate as
much as the female (r*=0.80; p=0.00028; Figure
1) towards the end of the 10 days feeding-period.
The feeding-effort of the male increased during the
day (r=0.38; p=0.008), but not that of the female
(r*=0.06; p=0.357; Figure 2).

The number of diving-series per hour showed
small fluctuations between the sexes (t-test; t=1.71;
p=0.09). Average duration of a diving-series was
3:08+00:15 minutes (n=282) for the male and
4:58+00:38 minutes (n=193) for the female. The
difference in the average duration of the diving-se-
ries of male and female is also shown by the t-test
(t=2.71; p=0.007).

The female did not increase the frequency of
her diving-series in relation to brood size (1*=0.0;
p=0.36), neither did the male (1*=0.0; p=0.345).
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The duration of the diving-series increased for the
female in relation to age of the young (r*=0.035;
p<0.005). This was not the case for the male div-
ing-series (r*=0.0; p=0.36).

Discussion

Onno (1960) states that feeding of the young is less
frequent during mid-day and does not occur at all
during night time. However, in our study the males
increased their efforts during the day, while the fe-
males did not (Figure 2). A possible explanation for
this observations is that food is easier to catch dur-
ing day time and makes the feeding easier during
this time.

During the investigated 68 hours 39% of the
time was spent by both parents together feeding
the young. Comparing the sexes in 1995 and 1998,
the female spent 16% and 21% of the time feeding
the young while the male used 19% and 20% of its
time for feeding.

Fjeldsa (1973b) found a survival rate of 62.5%
during the first 10 days. In our study we noted a rate
of 83.3%. Death causes noticed by Fjeldsa (1973b)
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were starvation, wounds and predation from pike.
There were no pikes in Asbotorpssjén. From the
7th and the 8th day the female more often let the
young free to swim themselves. One young died at
the age of one day and two died between day 7 and
8. Causes of death were not determined.

22.2% of the young died in the territories of the
northern half of the lake and 7.1% in the south-
ern part. The territories in the southern part were
0.3440.17 ha and in the northern 0.76+0.33 ha, but
the difference was not significant (Mann-Whitney
W=28.5; p=0.20). However, the sothern part had a
richer vegetation, indicating that the quality of the
territories may be more important than the size.

According to Lindén & Moreno (1997) the
number of feedings is increasing with a greater
brood and with age up to a certain level. This was
confirmed in our study. The number of feedings
were half as many per young in a brood with four
than in a brood with one. We have earlier noted a
brood size in an age of 10-20 days of 1.94 + SD
0.98 (n=94) in surrounding breeding localities
(Karlsson unpublished), which suggest that the size
of a normal brood is somewhere between 1 and 3.
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i de Skandinaviska fjdllen
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The breeding birds of four low alpine plots in Sweden
were surveyed at Ammarnds (65°50'N; two plots, each
100 ha, for 38 and 36 years), Abisko (68°18"; 130 ha,
12 years), and Anjan (63°45'; 150 ha, 11 years). Mean
number of species of each plot was between 8 and 12
per year. Mean densities were between 37 and 89 pairs/
km?. Anthus pratensis was the most abundant species in
all plots (33-52% of all pairs). Pluvialis apricaria had a
mean density of between 3 and 4 pairs/km? in all plots,
hence a density that may be typical for very large moun-
tain areas. Calcarius lapponicus, endemic to low alpine
habitats, varied much between the plots, from 24 pairs/
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km? to none. Long-term trends at the Ammarnds plots in-
cluded increases of Pluvialis apricaria, Lagopus lagopus
and L. mutus, and declines of Anthus pratensis, Eremo-
phila alpestris, Gallinago media and Tringa glareola, but
only that of E. alpestris being known to be more than
local. The stable bird community accords well with the
observed habitat stability.
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Introduction

Much of the terrestrial habitats of the world have
been transformed by human influences. In Swe-
den, as elsewhere, farming and forestry have been
the most important factors. Only a few percent of
the productive land have been more or less unaf-
fected in parts of northern and almost nothing in
southern Sweden. No habitat has remained genu-
inely pristine since all of them have been affected
to at least some extent, for example by long dis-
tance transport of nutrients and pollutants, pos-
sible anthropogenic climatic shifts, or indirectly
by changes in adjacent, more heavily exploited
habitats. Hence it is difficult to study properties
of “natural” habitats, i.e. conditions under which
species assemblages developed with only mini-
mum human influence. Both for conservation and
basic population research, pristine or near pristine
habitats are important because many threatened
species reside in them and population and selec-
tion processes may be different. This has been
forcefully stressed several times, recently by
Tomiatojé & Wesotowski (2004) and Wesotowski
(2005) when reporting on studies conducted in the

Biatlowieza forest, the last remaining pristine tem-
perate forest in Europe.

The alpine heaths and moors of the Scandinavian
mountain range are among the least altered habi-
tats in Europe, in spite of a long history of rein-
deer Rangifer tarantus farming. The only major
part with a wild population of reindeer is Hardan-
gervidda in Norway, where, however, the popu-
lation size is regulated by hunting rather than by
natural predators and winter conditions. The only
other extensive habitats without heavy human in-
fluence are mire, particularly wet mires in north-
ern and some raised bogs in southern Sweden, and
subalpine forest, particularly the birch forest zone
between the tree-less alpine zone and the conifer-
ous zone below.

The present study was carried out in three alpine
sites where human impact, with the exception of
reindeer farming, has been low: (1) near Abisko in
northern Lapland, (2) near Ammarnis in southern
Lapland, and (3) near Anjan in western Jimtland.
At two of the sites, Abisko and Ammarnds, perma-
nent human settlements were not established until
the 19th century. The Abisko area became easily
accessible in 1902 when the railway between Lulea
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and Narvik was completed and the Abisko tourist
station was established, but by road not until the
early 1980s. Ammarnis got road access as late as
in 1938. The Anjan area had settlements and was
more easily accessible much earlier, located as it
was between areas on both sides of the Norwegian—
Swedish border that had been populated since very
long. All three study areas are currently located
within nature reserves: Abisko National Park, Vin-
delfjdllen nature reserve, and Skickerfjillen nature
reserve, all three also being Natura 2000 Areas or
Special Protection Areas (SPAs).

Reindeer farming, in one form or another, has
been carried out from the 17th century, when hunt-
ing of wild reindeer gradually transformed into
herding of domesticated reindeer. The study areas
are currently mainly used by migrating herds in
spring and autumn. During the 20th century, the
total number of reindeer in Sweden has varied be-
tween 150,000 and 300,000 with about a 30 year cy-
cle, but without any long-term trend. The numbers
were low in 1965-1975 and high in 1985-1995.
Then numbers declined to about 220,000 in 2000.
For more information about reindeer husbandry,
see SCB (1999) and Jordbruksverket (2003).

It has been argued that reindeer grazing, espe-
cially on lichens, has altered the vegetation struc-
ture fundamentally. This is true, but little is known
about the possible effects on birds, and, in any case,
it is difficult to judge what the situation would have
been with a “natural” size of a wild reindeer popu-
lation because such conditions have not prevailed
for very long. The intensity of reindeer grazing has
been argued to be beyond sustainability in Finmark
(Tommervik et al. 2004) with more or less com-
plete depletion of the lichens and other vegetation
degradation. Thick lichen mats are certainly absent
also in the study areas, but can be seen on the top
of large rocks and other sites where the reindeer
cannot graze. However, my subjective impression
of the alpine vegetation at the sites of the current
study is more in line with the description given
by Moen & Danell (2003), a generally moderate
grazing intensity with degradation of the vegeta-
tion only locally. But as said above, the bird survey
sites were not true summer grazing grounds with
permanent presence of large herds.

Another human influence has been hunting, but
this has not affected the habitats, although it has
reduced the population size of a few species, par-
ticularly larger predators, both birds and mammals.
More “natural”, i.e. larger populations of these
predators may have resulted in other densities of
their avian prey, at least temporarily.
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During the 19th and first half of the 20th century
(earlier in the Anjan region) some alpine meadows
and mires were used for harvesting hay and graz-
ing cattle, but this use ceased about 1950 or earlier,
and the habitats have recovered slowly since then
and few remaining effects can be seen to-day, or at
least cannot easily be distinguished from the con-
tinuing effects of reindeer grazing. Therefore, this
study has been carried out in areas that are as close
to a pristine habitat as one can ever find in Sweden
today.

In relation to the particular plots surveyed in this
study a slight modification to the general statement
needs to be mentioned. All were located near rein-
deer corrals or butcheries with guiding fences and
enclosures where the reindeers were collected at
certain times of the year. Within the enclosures, the
vegetation was heavily trampled but the vegetation
within the study plots was not observed to be dif-
ferent from that of the surrounding areas more dis-
tant from the corrals. Hence, the effect of reindeer
grazing within the plots was, apparently at least,
the same as in the three mountain areas in general.

For scientific names of birds, I refer to Table 1.

Study areas

The three study sites were located at different lati-
tudes and elevations. However, because the vegeta-
tion zones shift elevation along the latitude gradi-
ent, they all lay in the same zone, namely in the low
alpine zone not much above the tree line. The most
important site was located at Ammarnés in south-
ern Lapland (65° 50’ N), where two plots, each c.
100 ha, were surveyed for 38 and 36 consecutive
years. The plots at the other two sites, Abisko in
northern Lapland (68° 16°, 130 ha) and Anjan in
western Jamtland (63° 45° N, 150 ha), were sur-
veyed during 12 years of a 15 year period and 11
years of a 14 years period, respectively. The time
series from Ammarnds was sufficiently long for
population trend analysis whereas the other two
series were too short for that purpose. They were,
however, quite sufficient to show annual variation
and to serve comparisons of species composition
and densities between the sites. In the following,
I use the term site for the three study areas in gen-
eral, Abisko, Ammarnés, and Anjan, and plot for
the small areas where the birds were counted. The
latter will be referred to as Patjujaure (at Abisko),
Kraipe K1 and K2 (at Ammarnds), and Ottsjo (at
Anjan). A site map is given in Figure 1.
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Figure 1. Map of Scandinavia with the study sites.
Karta over Skandinavien med undersékningsomrddena.

Study plots K1 and K2 (Kraipe) near Ammarnds,
southern Lapland

Two plots, called K1 and K2, were surveyed in
1964-2001 and 1964-1999, respectively. The
sizes were 1.00 km? and 1.14 km? In this paper
they are treated as if they were exactly one square
kilometre each. The plots were located about 16
km SSE of Ammarnis and 6 to 9 km south of the
village of Djupfors. The approximate coordinates
were 65°50'N and 16°20'E. The exact kilometre
coordinates of the corners of the plots were as
follows (Swedish National Grid, RT 90 2.5 gon).
K1: 1525.220/7302.570; 1524.830/7303.450;
1525.510/7304.070; 1526.120/7303.190.

K2: 1523.800/7301.000; 1523.600/7301.500;
1523.460/7302.060 (the border was not straight
between two of the corners); 1524.400/7302.400;
1524.790/7301.430.

The plots could easily be reached by road to a
point only one km from the nearest plot and three
km from the more distant plot. The distance be-
tween the plots was one km. The road went to a
reindeer corral and butchery situated in the birch
zone below the plots. The plots once got their names
after K in Kuoltatjdkko, the name of the mountain
on the map that we used at that time (Generalsta-
ben’s map, Sheet no. 33 Sorsele, issued 1896). In
recent maps, this mountain was called Svare. We
kept the original plot names, but today we refer to
them as the Kraipe plots, Kraipe being the current
map name of the reindeer butchery.

Plot K1 covered a gentle slope facing northeast
with the lowest point at 790 and the highest point
at 850 m a.s.l. K1 included a mixture of habitats,
the most important ones being mire with a shallow
peat layer with Carex species, low willows Salix
spp. and dwarf birch Betula nana, and heath with
low scrub vegetation such as dwarf birch, junipers
Juniperus communis, crowberries Empetrum nig-
rum, and bilberries Vaccinium myrtillus. In small
areas along two small streams there were taller
willow fields. There were no trees within the plot
apart from a few small and solitary birches Betu-
la pubescens czerepanovii. The plot was, both to
the human eye and according to general vegeta-
tion maps, representative for the slope on which it
was situated, which stretched from Guonger in the
northwest to Nase in the southeast and covered an
area of 30—40 square kilometres, bordered by the
birch forest zone at about 720-740 metres above
sea level along the north-eastern fringe. The dis-
tance from the forest limit to K1 was about one km
with scattered copses of birches becoming gradu-
ally sparser approaching K1. There was only one
very small pond within and a few small ponds just
northwest of the plot. The Carex mires were used
for collection of winter fodder until the 1940s, and
when we started the study in 1964, some poles
from hay-fences could still be seen. A slow recov-
ery of these formerly harvested areas was observed
in the form of scattered low willows invading the
wet Carex fields. According to the terminology of
Vegetationstyper i de svenska fjdillen (Vegetation
types of the Swedish mountains), sheet no. 12, the
two vegetation types of K1 were fresh heath (frisk
rished), and dry fen (forra kdrr).

Plot K2 was located on a ridge with two diago-
nally opposite corners (minimum elevation) at 880
m and the highest point at 940 m. The ridge was
dry and well drained with little vegetation higher
than bilberries, crowberries, flat junipers and scat-
tered low willows. Lichens and mosses predomi-
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nated and there were some block fields and small
parts with snow fields that often did not melt un-
til July. Only a few hectares at the lowest sections
contained mire with a very shallow peat layer and
small willow fields. There were no water bodies
apart from a small pond, which, however, contained
water only temporarily, during the snow-melting
period and after heavy rains. This plot was typical
for the mountains at this elevation in the whole area
from Guonger to Nase and Valle, about 40 square
kilometres. According to Vegetationstyper i de
svenska fjdllen, sheet no. 12, the vegetation types
of K2 were dry heath (forr rished) with some fresh
heath (frisk rished).

Study plot Pdtjujaure, near Abisko, northern
Lapland

This plot was surveyed in 1982-1990, 1992-1993,
and 1996. The plot was located north and east of the
lake Pétjujaure 14 km southwest of Abisko, mainly
within the Abisko National Park. The approximate
coordinates were 68°18' N; 18°31' E. The exact
borders using the National Grid coordinates were
as follows. In the west it was limited by a line from
coordinate 1611.10/7579.90 to 1611.10/7580.75,
in the north by a line from the latter point eastward
to 1612.80/7680.75, in the east by a line from this
point southward to 1612.80/7579.65, which was
located at Pétjujokk 200 m from its outflow from
the lake. Toward the south, the plot was limited by
the lake. The total land area was 130 ha without
any water bodies. The elevation was between 780
and 910 m. The forest line (birch) run at 640 m
elevation. Although, the lake was not included in
the survey area, the waterfowl on the lake were
counted.

The bedrock was partly calcareous with species-
rich vegetation and with patches of Dryas heath
within the predominant crowberry heaths. Ac-
cording to Vegetationskarta over de svenska fjdl-
len, sheet no. 2, the predominant vegetation type
was grass heath (grdshed) with Carex and Juncus,
meadow with low herbs (ldgorting), and some
fresh heath (frisk rished) with Salix, junipers and
Betula nana. For a detailed vegetation description,
I refer to Ek & Eknert (1983).

Study plot Ottsjo, near Anjan, western Jamtland

This plot was surveyed in 1983-1990, 1992-1993,
and 1996. The plot was located on the western slope
of Anjeskutan in the Skdckerfjdllen range. The plot
was rectangular (1x1.5 km, 150 ha). The approxi-
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mate coordinates were 63°45' N; 12°35' E. Using
the National Grid coordinates, the plot was borde-
red by straight lines between the following exact
corner coordinates: 1340.0/7075.0; 1340.0/7076.0;
1341.5/7076.0; 1341.5/7075.0. The lowest and hig-
hest elevation was 600 and 640 m. The forest line
was rather diffuse in the area, but there were forest
areas (conifers and birch) up to about 600 m rather
near the plot. There were about 40 water bodies
within the plot, most of them small. Together they
covered 15.6 ha (10.4% of the plot). All densities
were calculated on the basis of the whole plot area,
150 ha, thus disregarding the areas of the small la-
kes. The largest ones were Héstskotjarnen (4.9 ha
with two thirds within the plot) and a nameless lake
(2.9 ha). The bedrock was amphibolite and sedi-
mentary gneiss. The vegetation was a mosaic of
dry heath with low scrub and areas with shallow
peat with Carex and Sphagnum vegetation. Accor-
ding to Vegetationskarta over de svenska fjdllen,
sheet no. 17, the predominant vegetation type was
dry heath (torr rished) with narrow-leaf grasses,
Vaccinium, Empetrum and Betula nana.

Methods

For most species, the territory mapping technique
was used, as described by Svensson (1975) in the
manual for the Swedish Breeding Bird Survey.
That description is a slight modification of the ver-
sion given by Svensson & Williamson (1970). Each
plot was divided into two halves with one observer
in each half. Details about the visiting schedules
are given in Appendix 1. For the Kraipe plots, cor-
responding data for the period 1964—-1983 were
given in Svensson et al. (1984). The average sur-
vey effort in hours per square kilometre and year
was 53 at K1, 27 at K2, 43 at Patjujaure, and 35
at Ottsjo. The differences were mainly due to dif-
ferent number of visits but also to how easy it was
to survey the plots. Especially K1 required more
work because of its higher density of birds whereas
K2 required less because large parts contained very
few birds.

Most species were fairly easy to count with the
territory mapping technique, especially the territo-
rial passerines and plovers. It was also easy to count
some of the rare birds, such as the Long-tailed
Skua. However, there were also some difficult spe-
cies. This will be discussed below for a selection
of species separately. In spite of these difficulties, |
am confident that our surveys correctly show both
the composition of the community and the fluctua-
tions of the species with a high degree of accuracy



for almost all species. Rather than the accuracy of
the estimates, the main analytical problem was the
small number of pairs of many species due to the
relatively small plots.

The annual periods during which the surveys
were distributed were sometimes rather brief. This,
however, has little effect at these latitudes and el-
evations where the breeding synchrony between
the species is high. The survey periods also varied
somewhat between years, but also this affects pop-
ulation estimates only marginally. The same was
found by Stenseth et al. (1979) when they com-
pared population estimates from early versus late
counts within the same season at Finse, Hardan-
gervidda. At all three Swedish sites, the majority
of the surveys were always carried out after almost
complete snow melting, and all species were well
established in the plots at the time of the counts.
Kraipe K2 was affected by much snow late in the
season in some years, but then the surveys were de-
layed accordingly.

When I dealt with the data from the whole 38
year period at Ammarnés (for example in the dia-
grams of Figure 2), I inserted values for plot K2
(se Appendix 2) also for the years 2000 and 2001,
when this plot was not surveyed. The K2 values
for these two years were calculated assuming that
they had the same relation to the average value of
1995-1999 as the K1 values had. This was done
only for the purpose of obtaining values of better
comparability for these two years in the pooled
data set. These adjusted values were not used in
other analyses.

Species turnover rate between two adjacent years
was calculated in the following way: (I+E)/S1+S2,
where [ is the number of species present in the sec-
ond but absent in the first year, E the number of
species present in the first but absent in the sec-
ond year, and S1 and S2 total number of species
in each of the two years. Turnover rates between
two non-adjacent years were calculated in the same
way for individual pair of years different number
of years apart. Then the average was calculated for
each such distance between years, from maximum
to one year apart, this latter value being equal to
mean annual turnover rate.

For simple descriptive statistics I used Excel and
for other calculations STATISTICA.

Results

The results are given in Appendix 2—4. In order to
provide complete information in this paper I also
include the data for the two Kraipe plots for 1964—

1983 although they have been published previously
(Svensson et al. 1984). Table 1 gives a comparative
summary of the number of species and densities.
For the Pétjujaure plot, the waterfowl counted on
the lake are included, but densities were calculated
only for the species of the land area. In the same ta-
ble, I have included data from Norwegian plots for
comparison (Moksnes 1973, Ostbye et al. 2002).

Number of species, total densities, and species
turnover

Table 1 shows that the average annual number of
species in the Swedish plots was roughly the same
in all plots: about 9 per year at Patjujaure, about
11 at Ottsjd, and about 12 and 8 in Kraipe K1 and
K2, respectively. The densities differed somewhat
more. The average density at Patjujaure was 52, at
Ottsjo 45, at K1 90, and at K2 37 pairs per sqkm.
Among individual species, there were both consid-
erable similarities and differences in densities. For
example, the Golden Plover had about the same
density in all plots whereas the density of the Lap-
land Bunting was very different between the plots.

The total number of species recorded in all years
was rather similar in the different plots. In K1, 26
species were found during all 38 years (25 with wa-
terfowl excluded). During the first 36 years when
both plots were surveyed, 24 species were recorded
in K1 and 19 species in K2. In both plots 30 species
were recorded in the first 36 years and 32 species
during all 38 years, with two new species added
in 2000 (Common Gull and Whimbrel). The av-
erage number of species per year was 11.6 (11.5
during the first 36 years) in K1 and 8.2 species in
K2. The average number in both plots during the
first 36 years was 14 (s.d. = 0.3; range 11-17). This
number varied about a stable level throughout the
period (Figure 2).

The cumulative number of species in K1 and K2
together increased from 14 in 1964 to 32 in 2001
(Figure 3). The rate of increase followed a power
function (linear relationship in a log-log diagram).
At Patjujaure, the total number of species was 24
(20 with waterfowl excluded) and at Ottsjo, it was
23 (22).

There was a continuous turnover of species be-
tween years at all three study sites. No site had
two adjacent years with exactly the same species
composition. The average turnover rate was 16%
in the pooled Kraipe plots (35 comparisons), and
there was no trend (Figure 4). It was higher at both
Patjujaure (21%, 9 comparisons) and Ottsjo (26%,
8 comparisons) than at Kraipe, but only the differ-
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Figure 2. Number of species, total number of pairs, and number of pairs of selected species in the Kraipe plots K1+K2 at Am-
marnis (2 sqgkm) in 1964-2001. Values for K2 in 2000 and 2001, when this plot was not surveyed, are “guestimates” for the
purpose of these diagrams only (cf. Appendix 2).

Antal arter, totalt antal par samt antal par av valda arter inom provytorna K1 och K2 i Ammarnds (2 kvkm) dren 1964-2001.
Uppskattade virden har lagts till for K2 daren 2000 och 2001, da denna provyta inte inventerades (se Appendix 2).
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Table 1. Mean densities (pairs per square kilometre) for the four Swedish plots of this study and three Norwegian
plots. K1 and K2 = Kraipe at Ammarnds (1964-2001), P = Patjujaure at Abisko (1982-1996), O = Ottsjo at An-
jan (1983-1996), F = Finse (1967-1985), Ns = Nedal, subalpine bog and heath (1967-1971), Na = Nedal, alpine
plot (1969-1971). A plus sign denotes presence with a density less than 0.05. Norwegian data from Moksnes
(1973) and Qstbye et al. (2002).

Jdamforelse mellan titheterna (par per kvadratkilometer) i de fyra svenska provytorna i denna studie och tre
norska provytor. K1 och K2 = Kraipe vid Ammarnds, P = Pdtjujaure vid Abisko, O = Ottsjo vid Anjan, F =
Finse, Ns = subalpin myr och hed vid Nedal, Na=alpin hed vid Nedal. Plustecken anger néirvaro med en tdithet
under 0,05.

Sweden Sverige Norway Norge
Plot Provyta K1 K2 P (0] F Ns Na
Size Storlek (ha) 100 100 130 150 71 57 28
Lagopus lagopus Willow Grouse Dalripa 0.2 0 0 0.4 0.9 4.1 0
Lagopus mutus Ptarmigan Fjdllripa 0.1 0.3 1.3 2.1 0 0 1.2
Buteo lagopus Rough-legged Buzzard Fjdllvrdk 0 0 0.1 0 0 0 0
Charadrius hiaticula Ringed Plover Stérre strandpipare 0 0.2 0.1 0 0.2 0 0
Charadrius morinellus Dotterel Fjdllpipare 0.2 1.6 0.2 0.1 2.8 0 3.0
Pluvialis apricaria Golden Plover Ljungpipare 32 3.1 4.2 4.0 2.1 0 0
Calidris temminckii Temminck’s Stint Mosndppa 0.1 0.4 0.2 0 0.2 0 0
Calidris maritima Purple Sandpiper Skdrsndppa 0 + 0 0.1 0.7 0 1.2
Calidris alpina Dunlin Kdrrsnédppa 34 1.6 0 0 0.2 0 0
Philomachus pugnax Ruff Brushane 2.8 0.3 0 0 0 0 0
Gallinago gallinago Common Snipe Enkelbeckasin 5.0 0.5 0 0.7 0.2 2.6 0
Gallinago media Great Snipe Dubbelbeckasin 1.4 0 0 0 0 0 0
Numenius phaeopus Whimbrel Smdspov + 0 0 0.3 0 0 0
Tringa totanus Redshank Rédbena 0 0.1 1.2 1.7 0 0 0
Tringa nebularia Greenshank Gluttsnéippa 0 0 0 0.1 0 0 0
Tringa glareola Wood Sandpiper Gronbena 0.3 0 0 0.1 0 2.1 0
Actitis hypoleucos Common Sandpiper Drillsndppa 0 0 0.1 0.1 0 0 0
Phalaropus lobatus Red-necked Phalarope Simsndppa 0 0 0 0 0 0 0
Stercorarius longicaudus Long-tailed Skua Fjdllabb 0.5 0.2 0.7 0 0 0 0
Larus canus Common Gull Fiskmads + 0 0.4 0.3 0 0 0
Sterna paradisaea Arctic Tern Silvertdrna 0 0 0 0.3 0 0 0
Cuculus canorus Cuckoo Gok 0 0.1 0 0.3 0 0.7 0
Nyctea scandiaca Snowy Owl Fjdlluggla 0 0 0.1 0 0 0 0
Asio flammeus Short-eared Owl Jorduggla 0.1 0 0 0 0 0 0
Alauda arvensis Skylark Sangléirka 0 0 0 0 0.2 0.4 0
Eremophila alpestris Shorelark Bergldrka 0 0.9 0 0 33 0 0
Motacilla alba Pied Wagtail Séidesdrla 0 0 0 0 0.1 0 0
Anthus pratensis Meadow Pipit Angspiplirka 358 122 274 186 27.6 554 226
Antus cervinus Red-throated Pipit Rédstrupig piplirka 0.1 0 0 0 0 0 0
Cinclus cinclus Dipper Stromstare 0 0.3 0 0 0 0
Luscinia svecica Bluethroat Blahake 2.8 0.1 2.7 3.8 0 0 0
Oenanthe oenanthe Wheatear Stenskvitta 2.9 5 120 52 13.6 49 113
Turdus torquatus Ring Ouzel Ringtrast 0 0 0.3 0.3 0 0 0
Turdus pilaris Fieldfare Bjorktrast 0.1 0.1 0 0 1.4 0 1.2
Turdus iliacus Redwing Rodvingetrast 0.3 0 0.1 0 0 0 0
Plylloscopus trochilus Willow Warbler Lévsdngare 5.6 0 0 54 0 0.6 0
Carduelis flavirostris Twite Vinterhdmpling 0 0 0 0.1 0.2 0 0
Carduelis flammea Redpoll Grdsiska 0.5 0 0.4 0.4 0 0 0
Carduelis hornemanni Arctic Redpoll Snosiska 0.1 0 0.1 0 0 0 0
Calcarius lapponicus Lapland Bunting Lappsparv 23.8 8.7 0.7 0 5.2 3.9 0
Plectrophenax nivalis Snow Bunting Snésparv 0 0.7 0 0 5.7 2.1 179
Emberiza schoeniclus Reed Bunting Savsparv 0.4 0 0 0.3 + 0.6 0
Density all species Tdthet alla arter 89.5 367 524 445 648 903 583
Species per year Arter per ar 12 8 9 11 9 9 5
Species all years Arter alla dar 25 19 20 22 18 12 7
Years of study Antal inventeringsar 38 36 12 11 19 5 3
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Figure 3. Cumulative number of species recorded versus
number of years. Note that both axes are logarithmic.
Kumulativt antal registrerade arter mot antal dr. Notera att
bdda axlarna dr logaritmiska.
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Figure 4. Species turnover rates between adjacent years at
the Kraipe plots at Ammarnés 1985-1999.

Artomsdttningen mellan ndrliggande ar for Kraipe-ytorna i
Ammarnds 1985-1999.

ence between Kraipe and Ottsjo was significant
(p<0.01; two-tailed t-test after arcsine transforma-
tion of the percentages).

Population trends and variation at Ammarnds

The total number of pairs at the two Kraipe plots
varied about a stable level until about 1990 and
then there was some decline. The linear trend over
all 36 years corresponded to an average decline
of almost one pair per year (Figure 2; b= —0.94;
p<0.05). However, it was only the low numbers
during the last decade that caused the trend to be
significant. When the trend was calculated for suc-
cessively longer periods from 1964 onwards, the
decline became significant for the first time for the

period 1964-1997. The average number of pairs
was 134 (s.e. = 4.3) in 1964-1991 and 105 (s.e. =
3.6) in 1992-1999, a difference that was significant
(p<0.001; one-tailed t-test). The reason for the de-
cline was almost exclusively the decline of the sec-
ond most common species, the Lapland Bunting.
This species occurred in equally low numbers dur-
ing the early phase of the study period, but at that
time these low numbers were compensated by high
numbers of the most common species, the Meadow
Pipit, which was not the case in recent years. Apart
from the high numbers in the very first study years,
caused by the Meadow Pipit, two other years stand
out as peak years, 1974 and 1981. The 1974 peak
was mainly caused by unusually many Lapland
Buntings in plot K2, and the 1981 peak by con-
temporary peak numbers in the two highly variable
species, the Bluethroat and Willow Warbler.

The two most common species showed differ-
ent long-term patterns. The Meadow Pipit de-
clined from more than 70 pairs in 1964-1966 to
an average level of c. 40 pairs for the rest of the
period. The Lapland Bunting was less common at
the start and end of the study period with minimum
numbers around 20 pairs, and with a peak period
in 1980-1987 with about 40 pairs. The waders as
a group behaved in roughly the same way as the
Lapland Bunting, a pattern that was mainly deter-
mined by three of the more common waders, Com-
mon Snipe, Dunlin, and Ruff, whereas the Golden
Plover and the Dotterel differed from this pattern.

A simple linear regression analysis of each spe-
cies on year, using the pooled data from K1 and
K2 (1964-1999), revealed no significant trend in
most species. Twenty-one non-significant slopes
were about equally divided between positive (9)
and negative (12) ones. Seven species showed sig-
nificant trends, with three increasing species: Ptar-
migan (slope coefficient = +0.02, p<0.001), Wil-
low Grouse (+0.50, p<0.001), and Golden Plover
(+0.07, p<0.05), and four declining species: Great
Snipe (—0.08, p<0.001), Wood Sandpiper (-0.03,
p<0.01), Shore Lark (-0.09, p<0.001), and Mead-
ow Pipit (-0.65, p<0.001).

Between-year variation is summarized in Figure
5. The observed variance of the 32 species in the
Kraipe plots increases almost exactly as if variance
equalled sample size (mean number of pairs of a
species). This is a property of the Poisson distribu-
tion that is expected for small samples. However,
individual species deviated from the regression line.
If we consider the eleven species with an average of
more than one territory in the plots, we find the fol-
lowing. Three species showed higher variance than
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Figure 5. Population variance versus number of pairs in the
alpine Kraipe plots of this study. Both scales are logarithmic.
Thin regression line: observed data. Thick regression line:
expected relation when variance equals sample size (approx-
imating a Poisson distribution).
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linje: observerade virden. Tjock regressionslinje: forvintad
relation om variansen dr lika med stickprovets storlek.

expected. Two of them, Willow Warbler and Blue-
throat, are marginal to the habitat, being essentially
woodland birds. The Meadow Pipit showed a vari-
ance higher than expected only because of the high
counts in the first three years. Four species showed
a variance close to the expected one, namely Ruff
and Great Snipe, two lekking species, and Lapland
Bunting and Wheatear, two territorial passerines.
Four species showed lower variance than expected,
Golden Plover, Common Snipe, Dunlin, and Dot-
terel. These species are territorial and a possible
explanation to the low variance is territorial pack-
ing, i.e. that their densities are limited by competi-
tion close to the carrying capacity of the habitat,
especially in combination with high territory fideli-
ty and long lives. This explanation is of course only
tentative and does not easily accord with the fact
that the densities as such are low or very low com-
pared with densities found in other habitats. On the
other hand, the question has not been studied for
the local situation.

Population trends at Anjan and Abisko

Although the survey periods were rather brief at the
Ottsjo and Patjujaure plots, I calculated the linear
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population trends at each site for six species (Ptar-
migan, Golden Plover, Bluethroat, Wheatear, Wil-
low Warbler (only for Ottsjd), and Meadow Pipit).
Significant trends were found for Golden Plover at
Ottsj6 (b =+0.40, p <0.01), Wheatear at Patjujaure
(b=-0.36, p <0.05), and Willow Warbler at Ottsjo
(b =-0.68, p <0.05). Hence, out of eleven trends,
only three were significant, two of them only at the
lowest significance level. Among all eleven trends,
seven were positive and four negative.

Synchrony of population fluctuations

Five species seemed to be common enough to per-
mit a comparison of the annual population fluctua-
tions between the plots for the eleven years when
all four plots were surveyed: Ptarmigan (only Ott-
sjo and Pétjujaure), Golden Plover, Meadow Pipit,
Bluethroat (only K1, Ottsj6, and Patjujaure), Whea-
tear, and Willow Warbler (only K1 and Ottsj6). In
no case did I find a significant (p < 0.05) corre-
lation (23 correlations in all). This means that not
even for the two adjacent Kraipe plots were there
any correlations during these particular years.

The Kraipe plots, however, permitted the same
calculations for the longer 36 year period with
contemporary surveys. Four species were common
enough in both plots. No correlations were found
for the Golden Plover, Wheatear, and Lapland
Bunting. A strong positive correlation was found
for the Meadow Pipit (r=0.59; P<0.001; N=36).
However, when the first four years with unusually
high numbers in both plots were excluded, there
was no correlation (r=0.14; P>0.10; N=32). This
means that the significance of the correlation for
the whole period was caused by the initially con-
temporary decline and not by co-variation of the
detrended numbers.

Species accounts

Willow Grouse Lagopus lagopus

The Willow Grouse was absent or rare in all plots.
At Kraipe, it was not until the early 1990s that it
became regular. The reason for this unexpected ab-
sence in most of the previous years is unknown.
The species is easy to count so it cannot have been
missed. A similar pattern could not be found in a
larger data set obtained by extensive line transects
covering the whole Ammarnés area, in both wood-
land and alpine habitats (Svensson 1996), which
revealed only large variation between years but no
long-term trend, and only weak evidence of a cyclic
pattern.



Ptarmigan Lagopus mutus

Patjujaure and Ottsjo differed from Kraipe in hav-
ing a regular and denser Ptarmigan population. The
fact that it was found in K2 only in 1994—-1999 was
surprising because the habitat was very similar to
where it was regularly found in other parts of the
Ammarnés area throughout the study period. The
general pattern (Svensson 1996) was peak numbers
eleven years apart (1982 and 1993) and low num-
bers in between.

Dotterel Charadrius morinellus

The Dotterel was less regular at Pétjujaure and
Ottsj6 than at Kraipe, where the species was re-
corded in almost all years. The Dotterel is difficult
to count. The nests are hard to find, and the females
display over areas that are many times larger than
the plots. At Kraipe it was in plot K2 that the spe-
cies occurred almost annually, and the habitat of
K2 is typical for areas where the Dotterel was fre-
quently found at other locations surrounding Am-
marnds. Up to three “pairs” were estimated, but
this is an uncertain figure. In terms of nests, the
real density may have been lower or higher, but it
is quite clear that the population has been stable, a
subjective impression that I also have from numer-
ous visits in other parts of the Ammarnis area.

Golden Plover Pluvialis apricaria

The main feature of this species was similar den-
sities in all plots (3—4 pairs per sqkm) and rather
small annual variation. At Kraipe, there was a
weakly significant positive long-term trend. At the
other two sites no significant trends were found
although some decline was recorded at Pétjujaure
and some increase at Ottsjd. Since the density was
so similar at sites so far apart, it is possible that a
density of 3—4 pairs is typical for much of the low
alpine zone.

Ruff Philomachus pugnax

Regularly present only in Kraipe K1, and absent
in Patjujaure and Ottsj6. Although the long-term
trend was not significant, there was consistently
low numbers in the most recent years, with only
0-2 assumed breedings in 1995-2001, clearly
below the long-term average. The estimates are
based on the number of females with breeding
behaviour, but in recent years the number of dis-
playing males has also been lower. Using females

as an indicator of numbers may cause underesti-
mates of population size because females whose
nests were depredated probably left the area. A
better method would have been to count displaying
males, but we started our counts too late in most
years, when some males had already left their lek
sites. A long-term decline is well documented for
southern Sweden (Svensson et al. 1999), but for
northern Sweden, particularly the alpine habitats,
little or no information exists. However, a survey
(one visit per year) of 16 sqgkm of mire in the for-
est zone of western Jimtland in 1989-2003 (Holm-
berg 2004) also indicated a decline (from about 95
individuals per year in 1989-1996 to about 55 in
1997-2003; the linear trend, calculated by me, was
significant with b= —4.6, p<0.001). Another study
in the Rautas area just east of Patjujaure, covering
alpine habitats, birch woodland, and mires, based
on 643 km of single visit line transects within 268
sqkm (Berg et al. 2004), and surveyed in 1978 and
2001, found little change between the two years
(116 versus 97 individuals). I have also access to
yet unpublished data from three plots with counts
of Ruffs from the Swedish Breeding Bird Survey.
One plot is a 0.9 sqgkm mire in the birch/pine zone
at Abisko, surveyed in 1983—-1995 and with an av-
erage population of 6 breedings: there was a weak,
but non-significant increase. In the second plot, c.
13 sgkm alpine heath and mire, only about 25 km
north-west of the Kraipe plots of this study, with an
average of 10 breedings in 1984—1995, there was a
weakly significant increase. In the third plot, a 1.1
sgkm mire in the coniferous zone in the Muddus
National Park, surveyed in 1983—1984 and again
in 1994-1995, there was a decline from 4 and 3
to 1 and 0 breedings, respectively. Thus, the total
information is ambiguous. Although there is some
information indicating decline in the most recent
years, we cannot yet say with any confidence that
the Ruff has started to decline generally also in
northern Sweden.

Common Snipe Gallinago gallinago

Although this species is easy to observe during the
display flights, it is difficult to estimate numbers
correctly since the flights often cover areas far be-
yond the border of a plot. Records of a specific male
tend to be more frequent within than outside the
border since the observer spends most of the time
within the plot border, so there is a risk of overesti-
mating density. This has probably been done in K1,
at least in some years.

The Snipe was absent at Patjujaure, and not
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found annually at Ottsjé and Kraipe K2. At K1,
with an average of five pairs, there was a decline
in the late 1990s but the number rose again in
2001, and the long-term trend was not significantly
different from zero. The same was the case for a
mire population in western Jimtland (1989-2003;
Holmberg 2004). The stable population of this
species in these two northern and close to pristine
habitats contrasts with the situation in southern
Sweden, where a more than fifty percent decline
was observed by the Breeding Bird Survey in the
period 1975-2003 (Lindstrdom & Svensson 2006).
This suggests that the total decline of the Swedish
population is mainly driven by changes caused by
forestry and farming practices.

Great Snipe Gallinago media

There was a display ground within K1 during the
first half of the survey period. We did not determine
the exact number of displaying males every year but
a few night visits early in the season indicated that
the number of males was up to about ten in the ear-
ly years. Normally, we heard or flushed only a few
of the males during our day-time visits, which were
usually made after the most active display period.
Hence I am certain that the number of males was
underestimated in most years. On the other hand,
females disperse rather widely around the display
site so many nests may have been placed outside
the plot border. Nests were found at only three oc-
casions. The display site was deserted during the
1980s and in recent years we have no records at all
within the plot. Single birds were flushed during
our walks in the surroundings, indicating that the
species still breeds in the area. Perhaps the display
site has moved. One cannot take the disappear-
ance of one single lek as an indication of a general
population decline in the Ammarnis area. I know
of other leks in the area, but have no information
of numerical changes at these leks for conclusions
about large scale population change.

Shore Lark Eremophila alpestris

The occurrence of this species in Kraipe K2 during
the early third of the study period, and its disap-
pearance from the site follows the general devel-
opment in the Ammarnds area (Svensson 1990).
It was estimated to breed with up to four pairs.
This species has later been carefully studied (with
colour ringed birds) in another part of the Ammar-
nds mountains (Svensson et al. 1992, Svensson &
Berglund 1994, Svensson 1997). The experiences
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from these studies make me believe that we over-
estimated the number of pairs in K2 and that the
maximum number of pairs could not have been
more than two; the song display flights proved to
be wider than we thought when we surveyed K2.
However, this does not affect the main observation,
the disappearance of the species.

Meadow Pipit Anthus pratensis

The Meadow Pipit was the most common species
in all four plots, but the densities differed among
plots. The highest densities were found at Kraipe
K1 (36 pairs/sgkm) and Pétjujaure (27), and the
lowest at Ottsjo (19) and K2 (12). Thus, the differ-
ence between the two Kraipe plots, situated only
one km from each other and at only slightly differ-
ent elevations, was larger than between the other
sites, indicating that local conditions are more im-
portant than large latitudinal differences.

Lapland Bunting Calcarius lapponicus

The Lapland Bunting was not found at Ottsjo and
it was rare and not annual at Pétjujaure. This con-
trasts starkly with the situation at Kraipe, where it
was the second most common species in both K1
and K2. The Lapland Bunting and the Meadow Pip-
it together represented 67% and 57% of the whole
bird community. In this respect, the alpine habitat
was similar to the Ammarnds birch zone where En-
emar et al. (2004) also found two species, Willow
Warbler and Brambling, taking the same dominant
position in that community. The low numbers at
Patjujaure differ, however, from the observations
by Berg et al. (2004) in the large Rautas area (480
sqgkm) southeast of Patjujaure. During their two
years of line transects, they recorded 1168 Lapland
Buntings and 2694 Meadow Pipits. This relation
between the two species (1:2.3) is more similar
to that found at Kraipe (1:1.5) than at Pétjujaure
(1:39). Hence, considerable variation in local den-
sity occurred in the Lapland Bunting.

Bluethroat Luscinia svecica

The Bluethroat was about equally abundant at
Patjujaure and Ottsjé as at Kraipe K1. The varia-
tions were large: 1-10 (Ottsj6), 0—7 (Patjujaure),
and 0-10 (K1+K2). The Bluethroat is mainly a
birch zone species, and this probably explains the
large variation in the alpine zone, with habitats
likely to be suboptimal.



Willow Warbler Phylloscopus trochilus

In the Willow Warbler, the same density as in K1
was found at Ottsjo, but the species was absent at
Patjujaure, as it was in K2. As in the Bluethroat, the
variations were large, 1-13 (Ottsj6) and 0-20 (K1),
and the explanation may be the same, the Willow
Warbler also being more of a woodland than a
scrubland species.

Wheatear Oenanthe oenanthe

The Wheatear was regular in all plots with a partic-
ularly dense population at Pdtjujaure. The absence
of any long-term trend at Kraipe is very different
from the situation in southern Sweden, where the
population has declined with more than sixty per-
cent since the 1970s (Lindstrom & Svensson 2006).
Since there was also no trends in the Ottsjé and
Patjujaure plots, it seems that the mountain popu-
lation has not been affected by the negative factors
that are acting in southern Sweden. In this respect,
the population development in the mountains is
similar to what Sundstrom (1995) found at Hol-
moarna, two large islands east of Umea (c. 64°N):
82 pairs in 1983 and 105 pairs in 1993. However,
surprisingly, Berg et al. (2004) recorded a drastic
difference in numbers counted along their 643 km
of line transects in 1978 and 2001, a decline from
356 to 185 observed individuals in the Rautas area,
adjacent to Patjujaure. However, the data from
the Kraipe plots shows that even the very precise
counts with a territory mapping technique may
vary equally much between some individual years
without presence of any long term trend. Without
any knowledge of densities during the intervening
years it is impossible to judge whether or not the
difference indicates a long-term negative trend at
Rautas or a difference that was particular for the
two survey years.

Discussion

Arctic bird communities are attracting increasing
interest, partly because they are poorly known and
understood, compared with temperate communi-
ties, partly because of increasing conservation
concerns, and partly because Arctic areas are be-
coming easier to access. Waders are of particular
interest in these respects because they have devel-
oped more species rich communities in the arctic
region then elsewhere (Jarvinen & Viisdnen 1978),
and several species are restricted to the arctic re-
gion as breeders. Among passerines, the pattern

is very different, and gradually fewer species are
common as one moves north, and still fewer are
restricted to the arctic biome. Henningsson & Al-
erstam (2005) suggested that the main reasons for
variation of species diversity among waders is the
flyway connectivity pattern between breeding and
wintering grounds. The fact that the arctic region is
a key region for so many wader species has caused
a growing conservation concern coinciding with in-
creasing exploitation and predicted human-induced
climate change (Lindstrom & Agrell 1999).

Montane areas south of the Arctic often host bird
communities that are similar to the arctic ones. The
properties of a mountain elevation gradient often
parallel those of an arctic latitudinal gradient. For
example, moving northwards from the taiga bor-
der in the Arctic, the land bird fauna shifts from
one dominated by passerines to one dominated by
waders (Svensson 1995), and the several passer-
ine species that occur at lower arctic latitudes are
species that usually have large ranges south of the
arctic region. This means that studies in the Scan-
dinavian mountains, that are continuous with the
Arctic zone, and by some workers treated as a part
of that region, are particularly valuable in a pan-
Arctic context.

Many arctic bird communities have been sur-
veyed in North America (early reviews in Freed-
man & Svoboda 1982, Montgomerie et al. 1983).
The results show that densities vary enormously,
from close to zero at high arctic island sites with
little vegetation to about 200 pairs per square kilo-
metre at low arctic mainland sites. This means that
in order to make meaningful comparisons between
the Swedish sites and those in North American
Arctic, it is necessary to select sites with similar
conditions. For the purpose of this paper, it suffices
to say that the densities found at the Scandinavian
sites presented in this paper are well within the
range of densities at the North American mainland
tundra sites (i.e. if the high arctic sites with little
vegetation are excluded). Had surveys been avail-
able from Scandinavian high alpine sites, bird den-
sities would also have been close to zero.

Comparison with other alpine areas in
Scandinavia

There is a paucity of detailed studies of alpine bird
communities in the Scandinavian mountains, espe-
cially long-term ones. I know of only one major
study, namely the one recently published by Ost-
bye et al. (2002), covering a period of 19 years at
Finse, Hardangervidda in Norway. Another study,
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covering fewer years, comes from Nedal in central
Norway (Moksnes 1973).

The Finse study was made in 1967-1985 and
comprised three small plots, together, 0.71 sqkm,
and one larger plot, one sqgkm. The plots were lo-
cated at 1200 and 1500 m a.s.1. which is higher than
at Ammarnds in relation to the tree line in spite of
the fact that the Finse site is much more to the
south. The large plot cannot be used for compari-
son because it contained much water and sedimen-
tation flats without vegetation and birds, and it was
not possible to identify how much of it that was
suitable bird habitat.

The Nedal study was made in 1967-1971, and
two of the plots can be compared with the plots of
my study. One of the plots (0.57 sqgkm, Mosknes’
table VIII) was located in subalpine bog and heath
habitats, but since these habitats were similar to
corresponding low alpine habitats, I included it in
the comparison. The other plot (surveyed only in
1969—-1971) was located in the alpine zone with 0.1
sgkm in the low and 0.18 sqgkm in the middle alpine
zone (Mosknes’ tables XI and XIII). The Nedal site
was located only 90 km to the south of the Anjan
site. The data from the Norwegian plots have been
included in Table 1.

A third study (Berg et al. 2004), referred to ear-
lier, was made in an area adjacent to Pétjujaure
(only about 10—80 km to the south-east). This study
covered a very large area (480 sqgkm), but only two
years (1978 and 2001), and both alpine habitats and
subalpine forest. The survey method was different,
namely single visit line transects, which precluded
density estimates. Therefore, I have not used the re-
sults from this study for general comparisons.

The main observation in the Norwegian plots is
that species richness and total densities were fairly
similar to those of the Swedish plots. The average
number of species per year was lower only in the
Nedal alpine plot, which was much smaller and
with only three survey years. The total densities
were, on the other hand, quite similar to those of
the other plots. The subalpine Nedal plot had a den-
sity very similar to that of K1 at Ammarnis.

Community composition

Most temperate bird communities are character-
ized by a small number of abundant species (domi-
nants) and a large number of less common and
rare species. Many models have been proposed to
describe different species-abundance relationships
(May 1975). In spite of continued activity in the
field, no general model based on fundamental spe-
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Figure 6. Community structure of the Kraipe plots at Am-
marnés. Species number is the sequence of species in abun-
dance order.
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nummer dr artens ordningstal efter talrikhet.

cies ecologies and interaction mechanisms has yet
been found (Ke-ming 2003). One problem is that
we must always work with finite samples from a
community, which means that the form of the rela-
tionship among the rarest species will be uncertain
(Engen & Lande 1996), and often it is the form
of the relationship in this region that determines
which model fits best. However, different models
can be compared, and introduction of covariates
into the models may help to understand how spe-
cific factors contribute to the structure of commu-
nities (Etienne & Olff 2005).

With only small differences, bird community
data sets usually take the form of an almost straight
line for log(abundance) versus species sequence
number (or abundance rank). This is also the case
for the alpine community at Ammarnés (Figure 6),
with the exception of two “overabundant” species,
Meadow Pipit and Lapland Bunting. The pattern is
similar in the Ammarnis birch zone (Enemar m.fl.
2004), but with two other species, Willow Warbler
and Brambling, as “overabundant”. In fact, the
Swedish bird fauna as a whole also shows the same
pattern, with Willow Warbler and Chaffinch being
the two “overabundant” species (Svensson 2000).
The different species-abundance curves for the in-
dividual sites reflect the so-called alpha-diversity
and that for all Sweden the gamma-diversity (Whit-
taker 1972), which both may be summarized by dif-
ferent indices (e.g. Shannon’s or Simpson’s).

The relation between abundance and species se-
quence number is of course mainly a descriptive
property. It tells us little about why a particular re-
lation prevails, and the relation is usually only cor-



relative (Wiens 1989). Much discussion has contin-
ued about the possible functional basis for different
species abundance patterns within communities
(Maurer 1999, Gaston & Blackburn 2000, Black-
burn & Gaston 2001), and I refer to these works for
more information. It is sufficient here to observe
the fact that a simple relationship exists, meaning
that predictions about community patterns can be
drawn with much confidence even when rather
meagre data are available. As soon as the slope
of the regression line is known, inferences can be
made about expected species diversity within large
areas when results are available from small, repre-
sentative sample plots.

Of special interest in this context is the sugges-
tion by Tomiatoj¢ & Wesotowski (2004) that “high
species richness with low densities of individual
species is probably a feature of all pristine forests,
independent of climatic zone”. They draw this con-
clusion from a comparison between the Biatowieza
forest and tropical rain forests. In this respect,
pristine forests should differ from habitats that
have been affected by different human influences,
these latter being characterized by higher densities
divided among fewer species. However, the spe-
cies abundance structure of pristine birch forest at
Ammarnis (Enemar et al. 2004) is rather similar
to that of the alpine zone with two “overabundant”
species. Thus both alpine heath and subalpine for-
est differ from the higher eveness of a temperate
forest. Tomiatoj¢ & Wesotowski (2004) suggest
that the high species diversity and the evenness
among species at Biatowieza is a consequence of
an unusually large species pool in that part of Eu-
rope. Another difference is that although the alpine
heaths and subalpine birch woods of the Scandi-
navian mountains may be considered pristine, they
may also be seen as habitats that are being kept in
early successions by frequent disturbances, such as
severe extremes of climatic events or large-scale
forest regeneration after attacks of defoliating cat-
erpillars (Epirrita autumnata, Operophtera sp.; Te-
now 1972, Selas et al. 2001).

Cumulative increase of number of species

If the cumulative increase of the number of spe-
cies follows a power function (Figure 3), the prob-
ability of adding a new species in the future will
decline but never become zero. This is probably a
likely model for a long period anywhere and for
areas of any size. In the case of the two plots at
Kraipe, if species will be added with the current
rate in the future, another eight species will be re-

corded breeding within the next sixty years. This
is a realistic value, since there are still quite a few
potential breeders that have not yet been found
breeding in the plots but are expected, for example
Wigeon, Mallard, Hen Harrier, Rough-legged Buz-
zard, Bar-tailed Godwit, Greenshank, Snowy Owl,
Skylark, Yellow Wagtail, Dunnock, and Whinchat
(species that breed or has bred in the surrounding
areas and would find suitable habitats within the
plots; several of them have already been observed,
occasionally or regularly). In 2005, a nest of an-
other expected species, Red-necked Phalarope, was
actually found in K1 (Thomas Andersson).

In order to see if the observed linear increase of
the number of species in a log-log diagram could
be found in another habitat in the same area, I used
the data presented by Enemar et al. (2004; their ap-
pendix 2, only small passerines) for the Ammarnis
birch zone plots. The pattern was similar with only
a marginally steeper slope of the regression line.
During the next about sixty years another c. ten
species would be expected to be recorded breed-
ing in the forest plots. This is also a quite realistic
value, considering the known species pool for the
birch zone as listed in Enemar et al. (2004, their
appendix 1).

Species turnover rates

Comparisons of species turnover rates are compli-
cated since turnover rates depend on a number of
factors, particularly the species-abundance relation-
ship, trends in species number, and the occurrence
of erratic species. In this study another difficulty
is the small number of years available from two of
the sites. When I compared the turnover rates for
the brief periods of contemporary surveys, I found
that the result was the same as with the full survey
periods. Only Kraipes and Ottsjo differed at a low
level of significance (26.0% and 14.5%, p <0.03,n
= 8). Another observation was that the correlation
coefficients between the turnover rates were very
different (r = 0.48 for Kraipe vs. Ottsjo, r = —0,51
for Kraipe vs. Patjujaure, and r = 0.05 for Ottsjo
vs. Patjujaure; however, none of them was signifi-
cant). Hence, turnover rates may be properties of
local origin, and this would be consistent with the
absence of similarity of several other properties of
communities at the three sites.

Another aspect of species turnover is that it in-
creases with increasing interval between the years
(Figure 7). That increase was reported in the first
analysis of the Kraipe plots (Svensson et al. 1984)
and has since been observed in several communi-
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Figure 7. Species turnover in the Kraipe plots at Ammarnis
between years different number of years apart.
Artomsdttningen i Kraipeytorna i Ammarnds mellan ar som
ligger olika antal ar isdr.

ties (Bengtsson et al. 1997, Enemar et al. 2004).
In the current study, only the Kraipe plots cover a
sufficient number of years. There was an initial in-
crease from 16% for adjacent years to about 23%
for intervals longer than eight years. Then, the turn-
over rate remained stable at that level up to inter-
vals of 19 years. Then there was a new increase to
a level of about 30%, where the turnover rate then
remained fairly stable. The overall pattern seems to
be modelled rather well by a power function.
Turnover rate as a community property is im-
portant not only for a theoretical understanding
of community dynamics, but also — as stressed by
Bengtsson et al. (1997) — when we apply ecologi-
cal rules in conservation. There is to-day a grow-
ing interest in using sets of bird species as “quality
of life” indicators (Gregory et al. 2005) or other
indicators (von Euler & Svensson 2001) in moni-
toring the ecological health of different habitats
and regions. The monitoring systems are based on
sample site surveys. If the sampled communities
are not stable in terms of species composition but
rather tend to differ more and more as the time in-
tervals increase, a selected set of indicator species
will no longer be relevant when a sufficient number
of years have passed. There is little problem with
this if the habitat has changed; then the new spe-
cies composition may be a simple reflection of this.
But if increasing species turnover is an inherent
property also of communities in stable habitats, we
are in trouble. The only remedy to this problem is
to perform more long-term surveys and to analyse
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species composition changes in depth in order to
distinguish between effects of habitat change and
“stochastic” events.

Implications for conservation and red-listed
species

The general conclusion from this study, includ-
ing both the long-term study at Ammarnis and the
briefer ones at Anjan and Abisko, is that the alpine
bird communities are stable with few changes that
can be considered alarming from a conservation
point of view. The same conclusion can be drawn
from the study of the Ammarnés subalpine birch
zone by Enemar et al. (2004).

Some of the rare species demonstrated opposite
patterns. The Shore Lark, and a Great Snipe lek
disappeared, and the two grouse species became
more regular as breeders. Apart from the Shore
Lark, which is known to have declined drastically
in the whole Ammarnés area, there is no indication
that the other changes reflect large-scale patterns.
The more common species seem not to be gener-
ally affected by any detrimental factors. A possi-
ble exception is the Ruff, which has been recorded
with low numbers in the most recent years. Since
this species continues to decline without a known
explanation in other parts of Sweden, and in spite
of much habitat management, it deserves special
attention. It is unlikely that any of the observed
changes can be explained by habitat changes in the
study areas.

Among the species listed in Table 1, and found
in any of the Swedish plots, there are a few that
are included in the most recent list of threatened
species in Sweden (Girdenfors 2005). Four species
were classified as “near threatened” (NT): Tem-
minck’s Stint, Great Snipe, Short-eared Owl, and
Wheatear. Three species were classified as “vul-
nerable” (VU): Ruff, Shorelark, and Red-throated
Pipit. Four of these species, Great Snipe, Wheatear,
Ruff, and Shorelark, have been discussed above.

I am aware of the fact that counts in a small
number of small plots is not the best way to moni-
tor trends in red-listed species. These species tend,
by definition, to be rare, and, as indicated earlier,
it is difficult to generalize from the small samples.
Nonetheless, the paucity of relevant data from the
alpine habitats, motivates brief treatments.

The Temminck’s Stint was counted six times
during the first and eleven times during the sec-
ond half of the survey period at Ammarnés. This
result does not support the red-list classification. It
is not known whether this species has declined in



the alpine habitats, and the classification is mainly
based on the species’ disappearance from low-land
and coastal sites, where it formerly bred in man-
made habitats (grazed shores along the Bothnian
Bay and along rivers), which have recovered with
taller vegetation as grazing and hay production has
ceased. It is likely that the main part of the Swedish
population belongs to the alpine habitats, so that
the decline in relation to the total population may
be only marginal. The number of trapped birds dur-
ing autumn migration at Ottenby also suggests a
long-term stable population (Hedenstrom 2004).
No significant trend could be observed over the last
fifty years, and the birds trapped at Ottenby ought
to come from northern Scandinavia because the re-
covery map in the same paper indicates a migration
direction straight to the south. As long as we do not
know more about the long-term trend in the alpine
habitats at large, the current red-list classification
remains tentative and the conservation status of the
species may be more satisfactory than assumed.
The Short-eared Owl only bred in two years (in
K1). The red-list classification of this species was
mainly based on the combination of the facts that
low numbers had been breeding in many of the
recent years and that the regular rodent peaks had
deteriorated (Hornfeldt 2004), suggesting that re-
establishment of a large population was unlikely.
The Red-throated Pipit bred only twice during the
first and once during the second half of the survey
period. Hence, the Ammarnés data are too scarce
to confirm whether the drastic decline observed by
Berg et al. (2004) is a widespread phenomenon.
They recorded 23 individuals in 1978 but only one
individual in 2001 during their 643 kilometres of
line transects in northern Lapland. However, the
count of visible migration at Falsterbo (Kjellén
2003) also indicates a recent decline in numbers.
In spite of the fact that so few long term surveys
exist from alpine habitats in Sweden, there is com-
fort in the fact that the little information we have
does not yet indicate any wide-spread serious de-
clines among the species. But it is important to be
able to detect declines and threats before they be-
come critical. A partial remedy is the new surveys
made by the Breeding Bird Survey (Lindstrom &
Svensson 2006). Since 1996 this project is using
permanent transect lines evenly distributed 25 km
apart all over Sweden. Some of them will cover
alpine habitats. In time, this project will provide
geographically much wider information about pop-
ulation trends among alpine birds than a few small
local plots. However, careful surveys of the kind
presented in this paper are also needed in order to

determine absolute densities and true numerical re-
lationships between species.
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Sammanfattning

De flesta biotoper har pa ett eller annat sitt om-
vandlats genom ménskliga aktiviteter, frdmst de
areella niringarna. Ingen biotop i Sverige &r helt
ursprunglig eftersom den &tminstone paverkats av
fjarrtransporterade fororeningar och néringsdmnen
eller paverkats indirekt av exploatering av kring-
liggande omrdden. De biotoper som dr minst pa-
verkade och som har vidstrackt utbredning &r myr-
marker, subalpina skogar (framst bjorkzonen) samt
fjallhedar. I denna uppsats redovisas fagelinvente-
ringar av tre fjallhedar i olika delar av fjdllkedjan:
(1) néra Abisko i norra Lappland, (2) nira Ammar-
nds i sddra Lappland och nira Anjan i véstra Jimt-
land. De tva forstndmnda platserna fick permanent
bebyggelse forst i sen tid och kalfjédllen runtom-
kring har forutom av renndringen exploaterats i
mycket ringa utstrackning. Anjanomradet har en
langre historia av permanent bebyggelse, men dven
hér &r det i stort sett bara renndringen som paverkat
kalfjallets biotoper. Rennéringen har dock haft un-
gefar samma omfattning under hela 1900-talet och
kan dérfor knappast ha férandrat forhéllandena un-
der den tid som figelinventeringarna omfattar. Alla
tre undersokningsomradena &r visserligen beldgna
i ndrheten av renslakteri eller rengdrden. Innanfor
stingslena dr marken mycket hart sliten, men de
undersokta provytorna har inte péverkats sa ldngt
detta gatt att bedoma visuellt. De kan dérfor betrak-
tas som representativa for liknande biotoper inom
stora omraden runt dem.

K1 och K2 (Kraipe) néiira Ammarnds

De provytor som studerats ldngsta tiden dr de som
kallas K1 och K2, vardera en kvadratkilometer stor.
De fick en géng sina namn efter fjéllet Kuoltatjdkko
pa den gamla generalstabskartan. Detta fjill heter
Svaren pa den nyare topografiska kartan. Numera

kallas de dock Kraipe-ytorna efter det nirbeldgna
renslakteriet med detta kartnamn. Ytorna ligger
soder om Djupfors ungefar 16 km sydsydost om
Ammarnis. Provytan K1 ligger pa nivan 790-850
m.0.h., vilket ar ritt ndra tradgransen pa 720-740
m, och sluttar svagt mot nordost. Den bestér av en
mosaik av torrare omraden, smérre kullar och gan-
ska stora myrmarker. Det finns ett par bickar med
hogre viden, men i Gvrigt dr risvegetationen relativt
lag och domineras av, blabar, krédkbir, viden, enbus-
kar och dvérgbjork. K2 ligger nagot hogre (880—
940 m) pé en rygg och dr torrare med 4 myrstrak.
Risvegetation som &r hogre dn laga blabér saknas
over storre delen av provytan. Dér ris finns bestar
det av relativt ldga viden och krypande enbuskar.
De tva provytorna inventerades 1964-2001 resp.
1964-1999 (Appendix 1). Resultaten fran dessa tva
ytor har redovisats tidigare for de forsta tjugo ar
(Svensson m.fl. 1984). De tva Kraipe-ytorna inven-
teras dven fortséttningsvis (Thomas Andersson).

Patjujaure néira Abisko

Provytan var beldgen norr och dster om sjon Pa-
tjujaure ca 14 km sydvist om Abisko och pa en
hojd av 780-910 m, drygt 100 m ovan tradgrénsen.
Storre delen 14g inom Abisko nationalpark. Den to-
tala landarealen var 130 ha och saknade helt sjoar
och smavatten. Under inventeringsarbetet bevaka-
des ocksa sjélva sjon med avseende pa lommar och
dnder som lag i sjon. Berggrunden var bitvis kalk-
rik varav foljde en artrik vegetation med inslag av
fjéllsippehedar i de dominerande grés- och krékris-
hedarna. Delar av provytan omfattade partier med
hogre risvegetation. Arealen myr var liten. Provy-
tan inventerades tolv &r under perioden 1982—-1996
(Appendix 1).

Ottsjé néra Anjan

Provytan var 150 hektar och 1ag pa Anjeskutans
viéstra sluttning ner mot Ottsjon. I dster nddde den
till Héstskotjdrnen, som finns namngiven pa topo-
grafiska kartan, och strickte sig sedan 1,5 km vis-
terut. Lagsta och hogsta hojd 6ver havet var 600 res-
pektive 640 meter. Tradgrinsen var diffus men lag
néra provytans ldgsta del. Inom ytan fanns drygt 40
sjoar och smavatten, vilka tillsammans téckte 15,6
ha (10,4% av provytan). Storst var Héstskotjarnen
(totalt 4,9 ha med tvé tredjedelar inom provytan)
och en namnlds sjo (2,9 ha). Vegetationen var torr
rished med obetydligt inslag av frisk rished och
enstaka vindblottor. Omraden med littframkomlig
myrmark med grunt torvlager fanns i relativt be-
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griansade omfattning. Provytan inventerades elva ar
under perioden 1983-1996 (Appendix 1).

Inventeringsmetod

I samtliga provytor anvandes revirkartering och for
enstaka arter boletning (t.ex. fjdllabb). Bade anta-
let besok och antalet inventeringstimmar varierade
eftersom det var anpassat till provytans svérighets-
grad (Appendix 1). Vissa ar var besdken koncen-
trerade till en mycket kort tidsperiod. Detta spelar
dock ringa roll eftersom féglarna har en mycket
starkt synkroniserad héckningstid pd fjdllheden.
Trots att mycket tid lades ner pa inventeringarna
var det svért att sikert bestimma det exakta antalet
par eller revir for en del arter. Ett exempel ér fjall-
piparen eftersom hanarna och deras bon ar ytterst
svéra att finna och honorna spelar 6ver omraden
som dr manga ganger storre dn provytorna. De
flesta arter var dock relativt létta att inventera och
jag anser att tithetsvdrdena i stort dr goda och kor-
rekta uppskattningar. Under alla omstidndigheter dr
tidsserierna och jamforelserna mellan provytorna
rattvisande eftersom samma metod anvénts i alla
ytor alla ar.

Resultat

Inventeringsresultaten presenteras i detalj i Appen-
dix 2—4. Vidare illustreras bestandsutvecklingen for
ett urval av arter med diagram i Figur 2. I Appendix
2 anges vérden for provytan K2 &ren 2000-2001
trots att denna provyta inte inventerades dessa ar.
Dessa virden dr gissningar grundade pé antagandet
att viardena i K2 fordndrades pd samma sétt som i
K1 i forhéllande till de foregaende fem aren. Dessa
fiktiva virden anvinds bara i diagrammen i Figur
2. 1 6vriga analyser har dessa har dessa tva ar i K2
uteslutits.

Tabell 1 ger en sammanfattning av inventerings-
resultaten for alla provytor och &r. Ammarnis K2
var den fattigaste provytan bade i artantal och fa-
geltithet medan Ammarnis K1 var den klart ri-
kaste. Dessa skillnader stimmer i stort sett med
arealen och héjden av risvegetationen i provytorna.
I tabellen har jag ocksa fogat in tre provytor fran
Norge, som inventerats med samma metod. De ger
en likartad bild av bdde artantal och téthet. En slut-
sats dr att det troligen séllan kan finnas mer &n ett
hundra fagelpar pa en kvadratkilometer fjédllhed i
Skandinavien. Allteftersom vegetationen sedan blir
fattigare med okande hdjd i forhallande till trdd-
gransen sjunker fagelrikedomen for att ga ner till
noll nir man natt det riktiga hogfjéllet och grin-
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sen for glacidrerna. Provytan K2 i Ammarnés visar
dock att fagelrikedomen sjunker ganska tydligt med
obetydligt 6kande hojd. Redan inom den lagalpina
regionen blir fAgelfaunan tidigt utarmad.

Ju fler 4r man inventerar, desto fler arter tillkom-
mer. Figur 3 visar hur artlistan 6kat i de tva provy-
torna sammanslagna i Ammarnés. Det kumulativa
antalet arter f6ljer i ett logaritmiskt diagram en rét
linje som inte visar nigra tecken pa att vika nerat.
Prognosen blir att ytterligare atta arter kommer att
tillféras provytorna under de kommande sextio
aren. Och detta ér en helt realistisk prognos; flera
arter som regelbundet setts i provytorna och som
hickat i samma biotop i trakten har dnnu inte hiack-
at inom ytorna, t.ex. bldsand, bla kérrhok, fjallvrak,
myrspov, guldrla, jirnsparv och buskskvitta. Och
2005 tillkom som hdckfigel en av de forvintade
arterna, namligen simsndppan, som hela invente-
ringsperioden hickat vid smagolar alldeles utanfor
provytan.

Som framgar av Appendixen dr det en stindig
omsittning bland arterna. Det dr bara i medeltal
24% av arterna som registrerats samtliga ar i en
provyta. For provytorna K1 och K2 sammanslagna
har jag berdknat den arliga artomséttningen (Figur
4). Den berdknas for varje ar som antalet nya arter
plus antalet forlorade arter i procent av antalet ar-
ter dret 1 frdga plus antalet arter aret fére. Den ge-
nomsnittliga artomsattningen var 16% i Ammarnés-
ytorna, men kunde enstaka ar vara betydligt lagre
(1985) eller betydligt hogre (1988). Som framgar
av regressionslinjen i Figur 4, finns ingen trend i
artomsittningen mellan narliggande dr. Om man i
stdllet berdknar artomséttningen for ar som ligger
allt langre ifrén varandra far vi en annan bild (Figur
7). Omsdttningen blir allt hogre, d.v.s. artsamman-
sittningen alltmer olika, ju fler ar som ligger emel-
lan. Den varken stabiliserar sig eller atervinder till
att bli mera lik.

Angspiplirkan var den vanligaste arten i alla prov-
ytorna. Den nést vanligaste arten var ddremot oli-
ka. I Ammarnés var det lappsparven i bada ytorna
medan stenskvittan 14g néra efter i K2. I Patjujaure
var det stenskvittan som var den klart vanligaste
arter efter dngspipldrkan, medan lappsparven inte
ens var arlig. I Ottsjoytan var 16vsangaren den nést
vanligaste arten, troligen for att ytan lag si ndra
tridgrinsen, dock tétt f6ljd av stenskvéttan. Och
lappsparven saknades helt i denna yta! En art med
mycket likartad tdthet i alla provytorna var ljungpi-
paren med sina 3—4 par per kvadratkilometer.

Endast serierna frn Ammarnds &r tillrackligt
langa for palitliga trendanalyser. Dessa provytor vi-
sade att de flesta arter saknade signifikanta trender.



Det fanns 21 arter utan signifikanta fordndringar,
och bland dessa var nio positiva och tolv negativa.
Sju arter visade signifikanta forandringar. Tre arter
okade, ndmligen fjdllripa, dalripa och ljungpipare,
och fyra arter minskade i antal, ndmligen dubbel-
beckasin, gronbena, bergldrka och dngspiplérka.
Riporna saknades i provytorna de tidiga aren men
blev drliga under det sista decenniet. Dubbelbecka-
sinens minskning bestod i att ett spel férsvann. Det
kan mojligen ha flyttats till utanfor provytan men
har inte eftersokts. Gronbenan fanns med enstaka
par hilften av dren det forsta decenniet men har
sedan dess upptritt bara enstaka ar med langa mel-
lanrum. Angspiplirkans nedging hinfor sig ute-
slutande till de tre forsta arens hoga tal; gors en
berdkning pd resterande ar finns ingen signifikant
nedgéng. For de nu ndmnda arterna kan det rora sig
om tillfalligheter. Daremot tror jag att ljungpipa-
rens svaga Okning speglar en realitet i trakten, och
bergliarkans nedgang dr en effekt av en kind gene-
rell populationsnedgang i hela Ammarndsomradet.
Det finns nagra trender dven i Péatjujaure och Ott-
sjo som ér signifikanta, men jag &r tveksam att dra
ndgra slutsatser av forandringar under s kort tid.

De érliga variationerna dr inte synkrona mellan
de fyra provytorna. Inte ens for de 36 ar under vilka
K1 och K2 inventerats fanns mer an en korrelation
som var signifikant, och det var for dngspiplarkan.
En ndrmare analys visade dock att denna signifi-
kans uteslutande berodde pa att det fanns mycket
dngspiplarkor i bada provytorna de allra forsta
aren. Under resten av inventeringsperioden varie-
rade antalen oberoende av varandra trots att provy-
torna bara lag en kilometer fran varandra.

Diskussion

Forst kommenteras négra av arterna och direfter
ndgra mera allménna fragestillningar. Artkommen-
tarerna géller de 1dnga tidsserierna frdin Ammarnés
om inget annat sags.

Riporna. Jag tror att ripornas upptradande i prov-
ytorna under inventeringsperiodens senare del &r
en tillfallighet och inte ett tecken pd en allmén be-
standsokning. En tidigare analys (Svensson 1996)
baserad pa ett storre linjetaxeringsmaterial fran
bade bjorkskog och fjéllhed visade inte pd nagra
langsiktiga trender, bara variationer mellan aren.

Fjdllpipare. Arten har ibland pastatts minska i
fjallen. Serien frin Ammarnds tyder dock inte pa
ndgon nedgdng utan pa ett langsiktigt stabilt be-
stand.

Brushane. Arten forekommer regelbundet bara i
Ammarnids K1. Efter 1995 har virdena varit patag-

ligt 1aga. Detta dr intressant eftersom arten minskat
i sodra Sverige, pd manga hall utan att man kan
forklara det med biotopforsdmringar. Och 1 K1 har
det inte skett ndgra biotopfordndringar. Man méste
dérfor fraga sig om brushanen dr utsatt for allvarlig
biotopforstoring utanfor hickningsomradena.

Lappsparv. Det intressantaste med denna art &r
de ovidntade skillnaderna i tithet mellan undersok-
ningslokalerna. Till en del kan de forklaras med
artens biotoppreferenser, myrmarker med relativt
hog risvegetation. Sdrskilt svérforklarlig dr den
totala franvaron fran Ottsjoytan, dir det fanns
lamplig terrdng, vilket framgér av forekomsten av
bade 16vsangare och blahake. Den laga tétheten i
Patjujaure (1 lappsparv per 39 dngspiplérkor) be-
rodde antagligen pa provytans hojdlage, eftersom
Berg m.fl. (2004) pa lagre nivaer i det ndrliggande
Rautasomradet registrerade 1 lappsparv pa drygt
2 dngspiplérkor. Lappsparven verkar séledes bade
med avseende pa biotop och hdjdzon vara mer se-
lektiv &n arter som dngspipldrka och stenskvitta.

Blahake och l6vsangare. Bada arterna ar egentli-
gen skogsfaglar, blahaken néstan helt koncentrerad
till fjallbjorkskog. Fjdllheden &r sdkerligen en sub-
optimal biotop, vilket sannolikt dr forklaringen till
de stora variationerna i antal.

Stenskvdtta. Det &r betryggande att kunna kon-
statera att arten har goda bestind i fjéllen och att
det inte finns ndgon tendens till langsiktig nedgang.
Fjéllpopulationerna skiljer sig saledes mycket fran
vad som registrerats for sodra Sverige inom Héack-
fageltaxeringen (Lindstrom & Svensson 2006), dér
det skett en mycket kraftig nedgang. Detta bor rim-
ligtvis innebdra att bestandsnedgangen huvudsak-
ligen drivs av lokala fordndringar i jordbruksland-
skapet, eftersom de flesta av Hickfageltaxeringens
punktrutter berér sddana biotoper, och troligen inte
av forsdmrade Overvintringsbetingelser 1 Afrika.

Arktiska fagelfaunor blir mer och mer intressan-
ta bade for att de dr déligt studerade i jamforelse
med tempererade fagelfaunor, men ocksa for att
det finns 6kande oro for deras bevarande i takt med
att exploateringen Okar och mojliga klimatforind-
ringar intrdder. Vadarna &r speciellt intressanta ef-
tersom denna grupp 4r artrikare i arktiska omraden
dn annorstddes. Bland tittingarna dr det tvdartom
eftersom allt farre arter forekommer ju nordligare
man kommer och ytterst fi dr begrinsade till det
arktiska biomet.

I princip dr fjdllomraden séder om egentliga
Arktis faunistiskt att betrakta som utldpare av den
arktiska regionen. De forindringar som sker ndr
man forflyttar sig fran sdder mot norr pa samma
hojdniva speglas mycket likartad ndr man ror sig
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fran 1ag till hég niva pa samma plats. Studier i de
svenska fjillen ar sdledes mycket vérdefulla i ett
all-arktiskt perspektiv.

Tyvirr finns det véldigt f4 inventeringar frén de
skandinaviska fjéllen att jamfora med. De jag fun-
nit har jag tagit med i Tabell 1. De ar fran Norge
och ligger pa ungefir samma niva i relation till
tridgrénsen, 1 nagot fall litet hdgre. Provytan Nedal
alpin visar litet av det som préglar fagelfaunan nir
man kommer till litet hdgre niva. Artantalet ar klart
lagre och forutom dngspiplarka och stenskvitta blir
nu ocksa snosparven en dominerande art.

Konsekvenser for fagelskyddet

Eftersom denna uppsats redovisar de enda lang-
tidsstudier som finns fran svensk fjdllhed har de
naturligtvis konsekvenser for beddmningar om
vissa arters hotstatus. Den generella slutsatsen ar
att arternas bestind &r stabila och inte tyder pé att
fjallfaglarna dr utsatta for nigon omfattande nega-
tiv paverkan, i varje fall inte under hackningstid.
Samma slutsats kan man dra for faglarna i bjork-
zonen utifran studien av Enemar m.fl. (2004). Det
storsta problemet vid tolkningen av resultaten fran
fjdllhedarna dr de sma stickproven (tre omraden,
fyra sma provytor, fi par av de flesta arter). Man
kan darfor naturligtvis ifrdgasdtta resultatens all-
mingiltighet, sdrskilt som langtidsbedomningarna
dessutom kommer fran en enda plats, Ammarnés.
Det som talar for att fjélltrakternas figelfaunor inte
ar utsatta for ndgra mera omfattande negativa fak-
torer under hdckningstiden dr givetvis det faktum
att biotoperna inte heller ar det. Det perspektivet
gOr att jag tror att den betryggande bilden &r kor-
rekt trots det blygsamma inventeringsunderlaget.
Den enda svenska studie som técker en tidsrymd
jamforbar med den i Ammarnds dr den undersok-
ning som nyligen redovisats av Berg m.fl. (2004)
frén Rautasomrédet sydost om Abisko. Denna stu-
die baserade sig dock pé bara tva ar, 1978 och 2001
och en annan metod, ndmligen linjetaxering av
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643 km vid ett tillfille vardera aret. Resultaten &r
mindre létta att tolka eftersom for litet dr kdnt om
mellanarsvariationen. Om de tva aren rakade vara
speciella i ndgot avseende, behdver de observerade
fordndringarna inte vara resultat av langtidstren-
der. Med denna reservation verkar dock resultaten
stodja uppfattningen att fjillens fagelvérld inte ar
utsatt for ndgon generell negativ paverkan. Bland
de arter som registrerats bada dren var det 26 som
hade okat, 32 som hade minskat och 2 som inte
hade fordndrades i antal. Fyra arter som registrera-
des 1971, kunde inte aterfinnas 2001, medan hela
34 arter, som inte registrerades 1971, patraffades
2001. Totalt sett var det saledes stor dominans for
okande arter.

Bland de arter som i den svenska rodlistan (Gard-
enfors 2005) forts till nagon hotkategori, forekom-
mer nagra i langtidsserierna frin Ammarnis. Fyra
arter dr klassade som “missgynnade” (mosnéppa,
dubbelbeckasin, jorduggla och stenskvitta). Tre ar-
ter dr klassade som “’sdrbara” (brushane, berglarka
och rodstrupig piplédrka). Tyvérr tillfor inventering-
arna inte mycket nytt eftersom bestdnden &r for smé
utom for brushane och stenskvétta, vilka diskute-
rats ovan. Sarskilt beklagligt dr detta for mosnép-
pan, vars placering i hotkategori mdjligen kan vara
felaktig eftersom grunden for placeringen var den
kraftiga nedgéng som drabbat det bestand som forr
hickade néra kusten och i dlvdalar. Pa dessa platser
fanns mosndppan i méanniskoskapade miljoer. Men
ndr jordbrukets exploatering av dessa lattade eller
upphorde, har det skett en naturlig restaurering,
och biotopen med sin uppvixande vegetation pas-
sar de inte langre mosnédppan. Antalet mosnédppor i
sddana miljoer kan dock ha varit litet i forhallande
till fjdllbestandet. I Ammarnids noterades hdckning
6 resp. 10 ar under forsta resp. andra 18-arsperio-
den, vilket i varje fall inte tyder pa nagon drastisk
bestandsnedgang. Fangstsiffrorna vid Ottenby, som
med tanke pé artens strackriktning bor spegla fjall-
bestandet, tyder ocksé pa langsiktigt stabilt bestand
(Hedenstrom 2004).



Appendix 1. Survey data for the four Swedish plots: number of visits, June date of first visit, survey period in
days, total survey hours, and observers. For the two Ammarnis plots, corresponding data for 1964—1983 is found
in Svensson et al. (1984). When half a day is given for the number of visits, one half of the plot was surveyed
one day less than the other half.

Inventeringsdata for de fyra provytorna: antal besék, datum i juni for forsta besoket, inventeringsperiod i dagar,
totala antalet inventeringstimmar och inventerare. For de tvd provytorna i Ammarnds finns motsvarande uppgif-
ter for 1964—1983 i Svensson m.fl. (1984). Nér en halv dag anges for antal besdok inventerades ytans ena halva
en dag mindre dn den andra.

Plot Ammarnés K1 Provyta Ammarnds K1

Year Visits First Period Total hours Observers
Ar Besok Forsta Days dagar ~ S:a timmar Inventerare
1984 8 7 18 50 GL, UC
1985 7.5 11 15 53 GL, SS
1986 7 7 18 47 GL, SS
1987 7 11 17 50 GL, SS
1988 8 10 23 50 GL, SS
1989 7.5 11 18 57 GL, ML
1990 8 9 20 62 GL, SE
1991 7 10 18 50 GL, SE
1992 7 6 26 46 GL, SE
1993 8 9 18 56 GL, SE
1994 7 11 16 42 GL, SE
1995 6 13 11 44 SE, AL
1996 8 17 12 54 AG, LL
1997 8 13 18 66 SS, LL
1998 8 15 15 74 MJ, LL, SS
1999 6 14 12 55 LL, SS
2000 7 12 14 47 CJ,JO, SS
2001 6 16 11 49 SS, TA

Plot Ammarnis K2 Provyta Ammarnds K2

Year Visits First Period Total hours Observers
Ar Besdk Férsta Days dagar  S:a timmar Inventerare
1984 5 16 9 29 GL, UC
1985 5 18 13 33 GL, SS
1986 4.5 12 18 29 GL, SS
1987 3.5 21 13 20 GL, SS
1988 4 16 6 24 GL, SS
1989 6 14 20 36 GL, ML
1990 5 21 14 28 GL, SE
1991 4 21 8 20 GL, SE
1992 4 10 16 24 GL, SE
1993 5 16 12 25 GL, SE, ML
1994 2.5 21 9 13 GL, SE
1995 5 14 18 25 SE, SS
1996 6 15 14 33 AG, LL
1997 5 17 8 36 SS,LL
1998 5 15 15 33 MJ, LL, SS
1999 4 15 15 24 SS,LL, SE

Observers Inventerare: AG = Anna Gardmark, AL = A. Lindstrom, CJ = Christer Johansson, GL = Géran
Liljedahl, JO = Jan Ohlsson, LL = Leif Lithander, MJ = Mikael Jonsson, ML = Mikael Larsson, SE = Sophie
Ehnbom, §S = Séren Svensson, TA = Thomas Andersson, UC = UIf T Carlsson
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Appendix 1 continued

Plot Patjujaure at Abisko Provyta Pdtjujaure vid Abisko

Year Visits First Period Total hours  Observers

Ar Besok  Forsta Days dagar  S:a timmar  Inventerare

1982 5 4 8 32 Nils Kjellén, Magnus Svensson
1983 6 22 15 52 Lars-Anders Hansson

1984 6 20 15 72 Mikael Wigforss, Robert Emilsson
1985 6 13 14 76 Mikael Wigforss, Olof Johansson, Séren Svensson
1986 6 11 20 68 Ronny Fransson, Folke Gabrielsson
1987 6 21 14 62 Ronny Fransson, Mikael Wigforss
1988 6 20 12 56 Ronny Fransson, Mikael Wigforss
1989 6 21 9 50 Ronny Fransson, Mikael Wigforss
1990 5 25 5 37 Torkel Lundberg, Mikael Wigforss
1992 6 21 7 54 Torkel Lundberg, Daniel Palmgren
1993 6 24 6 64 Torkel Lundberg, Daniel Palmgren
1996 5 25 7 47 Lars Raberg, Niklas Holmqvist

Plot Ottsjo at Anjan Provyta Ottsjé vid Anjan

Year Visits First Period Total hours  Observers

Ar Besok  Forsta Days dagar  S:a timmar  Inventerare

1983 6 6 13 62 Pelle Adends, Anders Haglund
1984 6 5 14 32 Pelle Adenis, Peter Sieurin

1985 6 1 16 55 Pelle Adenis, Peter Sieurin

1986 6 3 14 48 Peter Sieurin, Mats Williamsson
1987 6 5 10 60 Ulf Lovén, Jan-Olov Svedberg, Mats Williamsson
1988 6 6 13 45 Pelle Adends, Mats Falkdalen
1989 6 11 12 64 Tomas Carlberg, Per Johansson
1990 6 9 13 52 Erik Ahlgren, Tomas Carlberg
1992 5 1 17 70 L.-E. Starkman, S6ren Svensson
1993 5 15 10 52 L.-E. Starkman

1996 5 16 6 39 Lars Raberg, Niklas Holmqvist
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Appendix 3.

Survey results for the plot at Péatjujaure, Abisko, northern Lapland: number of pairs each year, mean number of
pairs per year (M), standard deviation (SD), density in no. of pairs per square kilometre (D) and number of years
with species (Y). Waterfowl were excluded from the totals. Size of plot: 130 ha.

Inventeringsresultat for provytorna vid Pdtjujaure, Abisko, norra Lappland: antal par varje ar, medeltal par
per ar (M), standardavvikelse (SD), tdthet i par per kvadratkilometer ( D) och antal ar med arten (Y). Sjofaglar
uteslutna fran summorna. Provytans storlek: 130 ha.

Year Ar 82 83 84 8 8 87 88 8 90 92 93 96 M SD D Y
Gavia arctia - - - - -1 1 1 1 1 - 1 0.50

Aythya marila - - - -1 - - - - - - 0.08 1
Clangula hyemalis 34 3 2 3 2 1 1 12 2 1 2.08 12
Melanitta fusca 35 3 4 4 5 2 1 - - = 2 242 9
Buteo lagopus -1 - - - - - - - 1 - - 0.17 0.39 0.13 2
Lagopus mutus 4 - 1 2 2 3 1 2 1 - 3 1 1.67 1.23 1.28 10
Charadrius hiaticula - - - - - - - -1 1 - - 0.17 0.39 0.13 2
Charadrius morinellus - - - - = -1 1 - 1 - - 0.25 0.45 0.19 3
Pluvialis apricarius 8§ 6 &8 7 5 6 3 4 5 4 4 5 5.42 1.62 4.17 12
Calidris temminckii R | ) - 0.25 0.45 0.19 3
Tringa totanus 1 2 1 1 2 1 12 2 2 2 1 1.50 0.52 1.15 12

1

Actitis hypoleucos 0.08 0.29 0.06 1

Stercorarius longicaudus 2 - - - 1 3 - - — 5 - - 0.92 1.62 0.71 4
Larus canus 1 1 - 1 1 1 1 - - - - = 0.50 0.52 0.38 6
Nyctea scandiaca 1 - - - - - - - - - - - 0.08 0.29 0.06 1
Anthus pratensis 37 34 34 37 40 31 39 38 28 35 40 34 3558 3.65 27.37 12
Cinclus cinclus - - - 1 1 - - - 1 1 - - 0.33 0.49 0.26 4
Luscinia svecica 3 6 1 7 5 4 4 3 - 4 5 - 3.50 2.24 2.69 10
Oenanthe oenanthe 16 18 15 16 15 18 16 17 16 16 16 9 15.67 2.31 12.05 12
Turdus torquatus - - - - - - - =1 1 1 1 0.33 0.49 0.26 4
Turdus iliacus 1 - - - - - = = = = = = 0.08 0.29 0.06 1
Carduelis flammea - - - 1 - 1 1 - - - 2 2 0.58 0.79 0.45 5
Carduelis hornemanni - - - - = = = 1 - - - = 0.08 0.29 0.06 1
Calcarius lapponicus 1 2 - - - 1 - 4 1 1 1 - 0.92 1.16 0.71 7

No. of pairs Antal par 76 70 60 73 72 69 67 72 57 73 75 53  68.08 52.37
No. of species Antal arter 12 '8 6 9 9 10 9 9 10 13 10 7 9.33
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Appendix 4.

Survey results for the plot Ottsj6, near Anjan, western Jimtland: number of pairs each year, mean number of
pairs per year (M), standard deviation (SD), density in pairs per square kilometre (D) and number of years with
species (Y). Size of plot: 150 ha.

Inventeringsresultat for provytan Ottsjé ndra Anjan, vdstra Jimtland: antal par varje dr, medeltal par per dr
(M), standardavvikelsen (SD), tdithet i par per kvadrakilometer (D) och antal dr med arten (Y). Provytans stor-
lek: 130 ha.

Year Ar 83 84 85 86 87 88 89 90 92 93 96 M SD D Y
Anas penelope - - - -1 - - - - - - 0.09 030 0.07 1
Lagopus lagopus - -1 1 1 - 2 1 - - - 0.55 0.69 040 5
Lagopus mutus 4 3 4 2 2 2 3 1 4 3 3 2.82 098 209 11
Charadrius morinellus - -1 - - - - - - -1 0.18 040 0.13 2
Pluvialis apricarius 4 4 4 6 3 3 7 4 7 8 9 536 211 397 11
Calidris maritima - -1 - - - - - - - - 0.09 030 0.07 1
Gallinago gallinago 2 -1 2 - 1 - 3 1 1 - 1.00 1.00 074 7
Numenius phaeopus - - -1 1 - 1 - 2 - - 045 0.69 034 4
Tringa totanus 2 2 2 2 2 3 2 2 2 4 227 0.65 1.68 11
Tringa nebularia - - - - - - -1 -1 0.18 040 0.13 2
Tringa glareola - - - - - - - - - -1 0.09 030 0.07 1
Actitis hypoleucos - - - - - - = 1 - - 0.09 030 0.07 1
Larus canus - -1 -1 - - - 2 - - 036 0.67 027 3
Sterna paradisaea -1 1 - - 1 - - 1 036 0.50 027 4
Cuculus canorus 1 - - - - -1 - 1 -1 036 0.50 027 4
Anthus pratensis 28 20 24 23 29 30 34 22 17 25 24 2509 485 1859 11
Luscinia svecica 6 1 10 3 5 6 8 4 6 3 4 5.09 251 377 11
Oenanthe oenanthe 4 4 6 7 11 6 9 12 6 5 17 7.00 2.65 5.19 11
Turdus torquatus - - - - - - 2 - - 2 - 036 081 027 2
Phylloscopus trochilus 39 7 9 4 10 13 7 5 3 1 736 391 545 11
Carduelis flavirostris - - - - - = - - -1 0.09 030 0.07 1
Carduelis flammea - - - - -1 - - - 5 = 0.55 1.51 040 2
Emberiza schoeniclus - - 2 - - -1 - 1 036 0.67 027 4
No. of pairs Antal par 64 44 65 56 60 61 85 56 55 57 59 60.18 44.58

No. of species Antal arter 9 8 14 10 11 9 13 9 13 10 14 1091
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Smalommens Gavia stellata hickningsframgang i relation till
vattenkemi och fiskbestindens sammanséttning i olika fiskevatten

Breeding success of the Red-throated Diver Gavia stellata in relation to water
chemistry and composition of the fish stocks in different fishing lakes

MATS O. G. ERIKSSON

Breeding performance by Red-throated Diver Gavia stel-
lata was compared to water chemistry, light penetration
and density of fish in 34 freshwater lakes used for for-
aging in South and Central Sweden. The study covered
around 25% of the breeding population in these parts of
the country. Fishing lakes were overall nutrient-poor, and
some of them were also acidic and had a poor buffering
capacity. There were no relationships between breeding
success and water chemistry (pH, alkalinity, total phos-
phorus), light penetration or impact of acidification. Spe-
cies composition of the fish communities was character-
istic for nutrient-poor lakes: on average 6.6 fish species
per lake and dominance of Perca fluviatilis, Rutilus ru-

Abstract

tilus, Esox lucius and Coregonus albula. The survival of
chicks was correlated to high abundance of cyprinid and
salmonid fish, i.e. the dominant prey delivered to non-
fledged chicks. Around 300 freshwater lakes are judged
to be of importance as foraging sites for breeding Red-
throated Divers in Sweden. Continuous and long-term
liming is a prerequisite in order to maintain viable fish
stocks in those lakes that are acid or have a poor buffer-
ing capacity.

Mats O.G. Eriksson, MK Natur- och Miljékonsult,
Tommered 6483, 437 92 Lindome;
eriksson.tommered@telia.com

Received 23 March 2006, Accepted 12 November 2006, Editor: A. Lindstrém

Den kanske mest patagliga skillnaden i hdcknings-
biologin mellan lomarterna hickande i nordvéstra
Europa dr att storlommen Gavia arctica i forsta
hand aterfinns vid ganska stora och néringsfattiga
klarvattenssjoar och att bytesfisk till ungarna oftast
hiamtas i1 hickningssjon, medan smélommen Gavia
stellata hickar vid smé och ofta fisktomma tjérnar
och myrgolar (Eriksson 1994). Ungarna matas med
fisk som forildrafiglarna hiamtar i storre klarvat-
tenssjoar pa pendelavstand pa upp till nirmare 10
km (Eriksson m.fl. 1990, Eriksson & Johansson
1997). Hos kustnira bestdnd (t.ex. utefter Norr-
landskusten) hamtas bytesfisken till stor del 1 havet
(Skyllberg m.fl. 1999). Smalommarna &r dessutom
ganska “krdsna” i sitt val av fiskesjoar. Ett sma-
lomspar som matar ungar véljer mellan alterna-
tiva fiskevatten bade utifran tillgangen pa bytesfisk
och avstanden till alternativa fiskevatten, och fis-
keturerna riktas inte alltid till de ndrmast beldgna
sjoarna. Smalommen véljer i forst hand sjéar med
goda bestdnd av mort- eller laxartad fisk (ofta sik-
16ja), medan storlommen inte dr lika hart knuten
till forekomsten av specifika fiskarter utan snarare
till goda siktforhallanden i vattnet (Eriksson m.fl.

1990, Eriksson & Sundberg 1991). Detta betyder
att smdlommen &dr mera sarbar dn storlommen for
den minskade forekomsten av fisk och fordndring-
arna i fiskbestdndens sammanséttning i forsurade
sjoar (Eriksson 1991, 1994). For bada arterna gél-
ler emellertid att fiskarna inte far vara for stora
(< 20 cm) for att kunna hanteras och sviljas av
ungarna.

Resultat fran inventeringar 1994-2003 inom ra-
men for Projekt LOM antyder att ungproduktionen
i sddra och mellersta Sverige kan ha varit ldgre dn
vad som krévs for att kompensera for dodligheten
bland gamla faglar (Eriksson 2004). Fér smélom-
marna i artens svenska kdrnomrade (Svealand och
Dalsland) finns dessutom ett tydligt samband mel-
lan andelen lyckade hidckningar med tva “stora”
ungar och hickningsframgéngen mitt som antal
ungar per par for samtliga paborjade hickningar
(Dahlén & Eriksson 2002). Detta tyder pa att for-
dldrafiglarnas mojligheter att finna tillrackligt med
bytesfisk for att foda upp ungarna till flygg &lder
har paverkat hickningsutfallet. For storlommen
har man i skotska undersokningar vertygande vi-
sat hur ungarnas dverlevnad till flygg élder &r bero-
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ende av en god tillgdng pa bytesfisk (Jackson 2003,
2005).

I den hdr uppsatsen jaimfors hickningsresultatet
for smdlommar som fiskar i olika sjéar med syf-
tet att bedoma om det finns nagra samband mellan
ungproduktionen, de vattenkemiska forhallandena
och fiskbestindens sammanséttning i fiskevattnen.
Underlaget for bedomningar om smdlommarnas
val av fiskevatten och hickningsframgéangen byg-
ger till storsta delen pa rapporteringen till Projekt
LOM under perioden 1994-2005 (t.ex. Eriksson
2004, for nagra fiskesjoar finns data frdn 1990 och
framéat). Information om fiskesjéarnas vattenkemi
och fiskbestdnd har till storsta delen hamtats fran
provtagningar inom den nationella och regionala
miljodvervakningen.

Material och metoder

Urval av fiskesjéar for undersokningen

Beddmningarna om vilka sjoar som olika smaloms-
par besoker for sitt fodosok bygger i flertalet fall pa
observationer av flygriktningar mellan hacknings-
tjérnar och tinkbara fiskesjoar (mer noggranna stu-
dier av smalomsfordldrarnas matning av sina ungar
har visat att dessa observationer ger tillforlitlig in-
formation, Eriksson m.fl. 1990). Nér mer 4n en for-
modad fiskesjo har rapporterats for ett och samma
par, har det aktuella paret relaterats till den fiskesjo
som med ledning av rapporteringen bedémts vara
den mest frekventerade. Aven om sméilomsparen
kan vixla mellan olika fiskevatten, visar resultat
fran tidigare undersdkningar (i sydvéstra Sverige
1986—1988) att de flesta paren forldgger flertalet av
fisketurerna till en och samma sj6 (Eriksson m.fl.
1990). Uppgifter for ett och samma smélomspar
har saledes bara anvénts i berdkningsunderlaget for
en fiskesjo och den som bedomts vara mest frek-
venterad.

Minimikravet for att ta med en sjo i undersok-
ningen var att det fanns uppgifter om héicknings-
resultatet for minst fem ar for dtminstone ett sma-
lomspar som beddmts hdamta fisk i sj6n for att mata
ungarna. Med detta urvalskriterium har 34 sj6ar
undersokts, tio pd Sydsvenska Hoglandet och 24
i kiirnomrédet for det svenska smalomsbestdndet
i Dalarna, Varmland, Vistmanland och Dalsland.
Sjoarnas areal varierade fran 0,2 till 86,2 km? (Fi-
gur 1, Appendix A). I atminstone 21 (62%) av sj6-
arna fanns ocksa hiackande storlom. I tidigare un-
dersokningar av de tvd lomarternas val av sjoar har
man inte funnit ndgra indikationer pé att nirvaro
av den ena lomarten negativt paverkar den andra
(Eriksson & Sundberg 1991).
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Berdikning av hdckningsresultatet

For jamforelser av ungproduktionen for smaloms-
par som fiskar i de olika fiskesjoarna har medelan-
talet stora (minst halvvuxna) ungar per héckande
par och dr berdknats for varje sjo. Fynd av bo,
dgg eller ruvande figel var kriterier for faststdlld
hickning (enligt tidigare beskrivna metoder, t.ex.
Dahlén & Eriksson 2002). Berdkningarna gjordes
1 tvé steg; forst berdknades medelantalet ungar per
par for varje ar och ddrefter ett medelvérde for alla
ar med data for den aktuella fiskesjon.

Vidare bedomdes for varje fiskesjo ungarnas
overlevnad tills de blivit flygga genom att berékna
den genomsnittliga %-andelen ungkullar med tvd
stora ungar per dr, och i dessa berdkningar har dven
hickningar som inte har upptickts forran ungarna
har klackts tagits med. Givet att dverlevnaden i stor
utstrackning varit beroende av foridldrafiglarnas
mojligheter att fanga fisk till ungarna, pa liknande
sdtt som for storlommen (Jackson 2003, 2005), ar
denna siffra en indikation pd f6dosoksforhallan-
dena i de olika fiskesjoarna. Eftersom det i forsta
hand ar hindelser under ruvningen som medverkar
till att hickningar misslyckas (Dahlén & Eriksson
2002) dr det inte alltid som procentandelen ungkul-
lar med tva stora ungar samvarierar med medelan-
talet ungar per par och éar.

Bedomningar av eventuella trender over tiden
gjordes genom berdkningar av Spearmans rang-
korrelationskoefficient (Spearman r;). Priméardata
redovisas i Appendix B.

Vattenkemi, forsurningsstatus och ljusforhdllanden
i fiskesjoarna

For information om vattenkemin har i forsta hand

data frdn den nationella miljédvervakningens riks-

inventering av sjoar och vattendrag anvénts. Inom
ramen for detta program har ett stort antal sjoar un-
dersokts 1972, 1975, 1985, 1990, 1995, 2000 och

2005, och resultaten ér tillgéingliga via en databas

vid Institutionen foér miljoanalys vid Sveriges Lant-

bruksuniversitet  (http://infol.ma.slu.se/IMA/hu-

vud.html, se 4ven Wilander m.fl. 2003 f6r metodik

m.m.). Darutéver har kompletterande information

erhallits for sjoar i Véstra Gétalands 14n och i Ma-

lungs kommun i Dalarnas 14n. Hackningsresultatet
for par som fiskar i de olika sjdarna har relaterats
till f6ljande parametrar:

* pH-virdet, som &r ett matt pa sjons surhet. Lik-
som i tidigare undersdkningar (t.ex. Eriksson &
Hake 2000) har sjoar med uppgifter om pH-vir-
den under 5,5 (innan sjon blev foremal for even-
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tuell kalkning) klassificerats som forsurningspd-
verkade. Forsurningseffekter som kan paverka
smalommens mojligheter till fodosdk genom
forandrad fisktillgdng och okat siktdjup dr mest
patagliga ndr pH sjunker under detta vérde (Bro-
din 1995). Flertalet av sjoarna ar sedan 1980-ta-
let foremal for kalkning, men man bor rdkna med
bestdende ekologiska forandringar under lang tid
dven om pH-virdet efter kalkning legat pa en ho-
gre niva (Appelberg 1995, Henrikson & Brodin
1995).

* Alkalinitet, som &r ett matt pa sjons buffertkapa-
citet eller formaga att motsta surt nedfall.

* Totalfosforhalt, som &r ett matt pa sjons narings-
status och produktivitet. Det finns ett ganska
komplicerat samband mellan produktivitet och
forekomsten av abborre och mortartad fisk (Pers-
son m.fl. 1991).

* Absorbans, som &r ett matt pa genomslapplighe-
ten av ljus i vattnet. Ljusforhallandena paverkas
i forsta hand av humushalten och grumligheten.
Eftersom lommarna dr s.k. visuella predatorer
som lokaliserar sina byten med hjélp av synen,
kan siktforhallandena i sjon vara av stor betydel-
se for valet av sjoar (Eriksson 1985, Eriksson &
Sundberg 1991 for storlommen). I den svenska
miljodvervakningen mits absorbansen av ljus
fotometriskt i filtrerat vatten i 5 cm kuvett vid
vaglangden 420 nm med ett standardiserat matt
betecknat fi,0s (Naturvardsverket 1999). En for
Ogat pataglig brunfargning av vattnet upplevs vid
en absorbans péd ungefar 0,2 fi¢s.

o Siktdjup, som &r ett alternativt matt pa ljusfor-
héllandena. Mitningar med siktdjupsskiva gors i
regel i samband med provfiske.

De vattenkemiska forhallandena i fiskesjéarna
bedomdes med ledning av de riktlinjer som till-
lampas av Naturvardsverket (1999); pa basis av
medelvérdet for médtningarna 1990, 1995, 2000 och
2005, och med minimikravet att méatdata skall fin-
nas tillgdngliga for d&tminstone tva av de fyra aren.
For att bedoma om sjon varit forsurningspaverkad
har dessutom maétdata f6r 1972, 1975 och 1985 an-
vints. Vattenkemiska data finns for 20 sjdar, och in-
formation fér beddmning av forsurningsstatus for
30 av de undersokta sjoarna (primirdata aterfinns
i Appendix C). Information om siktdjup finns bara
for sju sjoar.

Eventuella samband mellan sjéarnas vattenkemi
och hickningsresultatet undersoktes med hjélp av
linjdra regressionsmodeller (Chambers 1992); med
medelantalet stora ungar per par och ar respektive
den genomsnittliga procentandelen ungkullar med
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tva stora ungar per ar som responsvariabler och pH-
virde, totalfosforhalt, absorbans och medelavstand
till héckningstjdrnarna som forklaringsvariabler.
Data avseende alkalinitet utesldts ur analysen efter-
som denna faktor var starkt korrelerad till pH-vér-
det (Spearman r=0,74, P<0,005, 15 sjéar med in-
formation om alla vattenkemiska parametrar, data
frdn Appendix C). Forst testades responsvariab-
lerna mot férklaringsvariablerna var for sig i enkla
regressionsmodeller. Dérefter utfordes en multipel
regressionsanalys dir antalet forklaringsvariabler
minskades manuellt och successivt genom att min-
dre betydelsefulla variabler (1agt R2-virde och/eller
hoga P-virden) valdes bort stegvis tills modellen
blivit (om mojligt) statistiskt signifikant. Med detta
forfaringssétt kan man lyfta fram potentiellt vik-
tiga forklaringsvariabler vars effekt d6ljs av andra
faktorer. De linjdra modellerna omfattade endast
sjoar med information om alla de undersokta vari-
ablerna, d.v.s. 15 sjdar vad géller ungproduktionen
och 14 sjdar for procentandelen ungkullar med tva
stora ungar.

Fiskbestdinden i de undersdékta sjoarna

Uppgifter om fiskbestdnden i de undersokta sjo-
arna har i forsta hand erhéllits via Fiskeriverkets
provfiskedatabas (http://www.fiskeriverket.se/
databas/s_bas3.htm), med kompletterande uppgif-
ter om sjdar i Vistra Gétalands, Orebro och Da-
larnas ldn. For bedomningar om antalet fiskarter
i de olika sjoarna har provfiskedata frdn perioden
1979-2003 anvints (primérdata i Appendix D).
Eventuella samband mellan fiskbestdndens stor-
lek och hickningsresultatet har undersokts for elva
sjoar med provfiskedata tillgdngliga for minst ett
ar under perioden 1990-2003 (primérdata i Appen-
dix E). Ett relativt matt pa forekomsten har berék-
nats som antalet fiskar per nétanstrangning, enligt
de metoder som rekommenderas av Fiskeriverket.
Skattningarna av fisktdthet har redovisats pa basis
av provfiske med bottennit, och inga justeringar
har gjorts med hénsyn till eventuell nitselektivitet
(Kinnerbdck 2001). Eftersom smélommen i forsta
hand matar ungarna med mortartad och laxartad
fisk som i stor utstrackning aterfinns i de fria vat-
tenmassorna av en sjo, dr det beklagligt att resultat
fran provfiske med pelagiska nit bara fanns till-
géngliga for tre av de undersokta sjoarna (Majsjon,
Fegen och Viaredssjon). Med data fran pelagiska
nit for fler sjoar skulle det ha varit mgjligt att med
storre precision beddma forekomsten av smavuxen
fisk av de fiskarter som dominerar i smalomsungar-
nas diet, &ven om fangsten med bottennét bedom-



des ge ett tillrickligt underlag for relativa jamforel-
ser mellan sjéarna.

Berdkningarna av eventuella samband mel-
lan fiskbestdndens tithet och héckningsresultatet
gjordes dels for hela fangsten, dels uppdelat med
avseende pé abborre Perca fluviatilis, gers Gymno-
cephalus cernus, mortartad och laxartad fisk samt
oOvriga fiskarter (se Tabell 5 for en oversikt av vilka
arter som ingéar i de olika grupperna). I mer detal-
jerade studier av hur smalomsfordldrarna matade
sina ungar i ett antal sydsvenska hackningstjarnar
(198688, Eriksson m.fl. 1990) dominerade mort-
och laxartad fisk (i forsta hand mort Rutilus rutilus
resp. sikldja Coregonus albula) stort bland bytes-
fiskarna. Daremot utgjorde abborren bara en ytterst
liten del, trots att det 4r en av de vanligaste och mest
spridda fiskarterna i svenska insjoar (och oftast den
mest talrika arten i provfiskena). Gers har inte no-
terats i bytesfisken till ungarna, men i en undersok-
ning av lommarnas val av sjoar i sydvéstra Sverige
1986—1987 noterades ett svarforklarligt samband
mellan férekomsten av smélom och hog tithet av
denna fiskart (Eriksson & Sundberg 1991).

Eventuella samband mellan fiskférekomsten och
hickningsresultatet undersdktes med hjdlp av lin-
jéra regressionsmodeller pé liknande sétt som for
vattenkemin; med medelantalet stora ungar per
par och ar respektive den genomsnittliga procent-

andelen ungkullar med tva stora ungar per ar som
responsvariabler och med forekomsten av abborre,
mortartad fisk, laxartad fisk, gers och dvrig fisk som
forklaringsvariabler. Det forsta steget med tester av
de enskilda responsvariablerna mot forklarings-
variablerna 1 enkla regressionsmodeller omfat-
tade dven totala antalet fiskar per nitanstringning.
Tva parallella analyser gjordes, for hela fingsten
respektive fiskar mindre &n 20 cm, eftersom sma-
lomsungarna knappast kan hantera bytesfiskar av
storre storlek (Eriksson m.fl. 1990). Det fanns inga
starka korrelationer mellan antalet fiskar av olika
arter eller artgrupper inom en och samma multipla
regressionsmodell (R*>>50 %, svarande mot Sper-
man r>0,71).

Resultat och diskussion

Antalet smalomspar som fiskar i de undersokta
sjoarna

De undersokta fiskesjoarna bedomdes forsorja
smalomspar fran 1-21 héckningstjarnar (Tabell
1, Appendix A), men for flera av sjdarna &r siff-
ran sidkerligen en minimiskattning eftersom det
omgivande omradet (upptill 10 km fran sjon) sil-
lan har totalinventerats med avseende pa hickande
smalommar. Det hickade inte mer 4n ett par vid
négon av tjirnarna (med undantag for Ostra Ned-

Tabell 1. Antal undersokta hackningstjdrnar och fiskesjoar samt antal smalomspar som bedomts fiska i de un-

dersokta fiskesjdarna.

Number of investigated breeding tarns and fishing lakes, and the number of Red-throated Diver pairs judged to

forage in the lakes.

Antal Antal inventerade Uppskattat antal Totalt antal % som
fiske- héckningstjérnar par som fiskar i par i den ingér i
sjoar per fiskesjo* sjdarna varje ar® aktuella undersok-
No. of Number of surveyed Assessed number delen av ningen
fishing breeding tarns of pairs that landet®
lakes per fishing lake* forage in the lakes Total number % in this
each year® of pairs in study
Min.-max.  Medel Medel Totalt this part of
Range Mean Mean Total the country”©
Sydsvenska 10 1-7 3,3 22 22 75-90 24-29 %
Hoglandet
Svealand & 24 1-21 6,8 4,5 108 370440 25-29 %
Dalsland
Alla data 34 1-21 5,8 3,8 130 445-530 25-30 %
All data

* Data fran Appendix A. Data from Appendix A.

® Ungefar en tredjedel av tjirnarna har bedomts varit bebodda varje ar (Dahlén & Eriksson 2002). Approximately

two thirds of the tarns have been assessed to have been inhabited each year (Dahlén & Eriksson 2002).

¢ Data fran Eriksson & Lindberg (1998). Data from Eriksson & Lindberg (1998).



sjon, dir tva par hickade i en av de omgivande
tjdrnarna 1994—1996). Men alla hiackningstjdrnar
nyttjas naturligtvis inte varje &r. Med ledning av
mer noggranna inventeringar av sméalomsbestdndet
i trakten kring Malung (Dalarnas 1dn) 1991-2000
(Dahlén & Eriksson 2002) bedomdes att ungefar
tva tredjedelar av tjdrnarna varit bebodda varje ar.
Efter denna korrigering kan man sluta sig till att
de undersokta sjéarna forsorjde minst 130 par eller
3,8 par per sj6 (2,2 par pa Sydsvenska Hoglandet
och 4,5 par i Svealand/Dalsland, Tabell 1). Detta
svarar mot ungefdr en fjardedel av smélomsbe-
standet i de aktuella delarna av landet och ungefar
10% av det svenska bestandet i sin helhet, om den
géngse skattningen pa 1200-1400 héckande par i
landet (Eriksson & Lindberg 1998, SOF 2002) ar
korrekt. Undersokningen kan alltsd anses ge en
representativ bild av de studerade forhéllandena,
dven om sjOarna inte har valts ut strikt slumpvis.
Om medelvérdet pd 3,8 smalomspar per fiskesjo ar
representativt for hela landet, och om man réknar
bort uppskattningsvis 200 smalomspar som hickar
utefter Norrlandskusten och fiskar i havet (Botten-
havet, Bottenviken), bor ungefar 300 néringsfattiga
sjOar i Sverige vara av betydelse som fiskevatten
for smalommen.

1,6 1
1,4 4
1,2 4
1,0 4
0,8 -

0,6 4

0,4 4

0,2 4

Medelantal stora ungar per par och ar
Mean number of large chicks per pair and year

0,0 T T T T T T J
0% 10% 20% 30% 40% 50% 60% 70%

Medel-% ungkullar med tva stora ungar
Mean percentage of broods with two large chicks

Figur 2. Medelantalet stora ungar per par och ér i relation till
%-andelen ungkullar med tvé stora ungar i 32 av de under-
sokta sjoarna (data fran appendix B). Linjar trendlinje inlagd
(Spearman r,=0,44, N=32 sjoar, 0,01<P<0,05).

The mean number of large chicks per pair and year in relation
to the percentage of broods with two large chicks at 32 of the
investigated lakes (data from Annex B). A linear trend line is
inserted (Spearman r,=0,44, N=32 lakes, 0,01<P<0,05).
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Hdckningsresultat

Medelantalet stora ungar per par, ar och sjo var
0,82 (data fran 33 sjdar), och skillnaden mellan
Sydsvenska Hoglandet (0,79 ungar per par, &r och
sjo, 10 sjoar) och Svealand/Dalsland (0,84 ungar
per par, ar och sjo, 23 sjoar) var inte signifikant
(Mann-Whitney U-test, P=0,54, tvasidigt, data fran
Appendix B). Den genomsnittliga ungproduktio-
nen lag alltsa néra den nivéa pa 0,86 ungar per par
som med ledning av aterfynd av ringmaérkta faglar
har berdknats vara tillrdcklig for att kompensera
for den érliga dodligheten (Hemmingsson & Eriks-
son 2002). Signifikanta tidstrender i enstaka sjoar
noterades inte i storre utstrackning dn forvéntat pa
slumpmaissiga grunder.

Den genomsnittliga andelen ungkullar med tva
stora ungar per ar och sjo var 38%, och pé ungefar
samma niva for sjoarna pa Sydsvenska Hoglandet
(40%, 9 sjoar) och i Svealand/Dalsland (37%, 24
sjoar; Mann-Whitney U-test, P=0,60, tvésidigt,
data frdn Appendix B). Férekomsten av ett statis-
tiskt signifikant samband mellan ungarnas &verlev-
nad och den genomsnittliga ungproduktionen i de
undersokta sjoarna (Figur 2) styrker antagandet att
fodosoksforhdllandena i fiskesjdarna var av bety-
delse for hackningsresultatet.

Avstand till héckningstjdrnarna

Det genomsnittliga avstandet mellan fiskesjoar och
hickningstjdrnar varierade mellan 0,2 och 7,1 km,
och hickningsresultatet var inte sdmre for par fis-
kande i sj6ar med ett forhallandevis 1dngt medelav-
stand till hackningstjdrnarna (Tabell 2).

Inte heller i tidigare undersokningar dér man re-
laterat hackningsframgangen for enskilda par till
avstandet till den mest frekvent anvinda fiskesjon
har man funnit att hickningsframgangen &r bero-
ende av avstandet till fiskesjon, upptill ett troskel-
véirde pa ungefdr 9 km (Dahlén & Eriksson 2002
for referenser till olika undersdkningar). Medelav-
standet 1ag under detta troskelvirde for alla fiske-
sjoarna (Appendix A).

Vattenkemi, forsurningsstatus och ljusforhdllanden

Fiskesjoarna var genomgéende néringsfattiga, med
laga-mattligt hoga totalfosforvirden. Sjdarna pa
Sydsvenska Hdoglandet kan bedomas som svagt-
mattligt sura, med pH-védrden mellan 6,4 och 6,9,
och alkalinitetsviardena 1 intervallet 0,10-0,18
meq/l indikerar en god buffertkapacitet (Tabell 3).
De genomsnittliga pH- och alkalinitetsvdrdena var



ldgre i Svealand/Dalsland (5,8-6,8 resp. 0,03-0,20
meq/l), dir enstaka sjoar kan betecknas som sura
och med svag-mycket svag buffertkapacitet. Flera
av sj0arna, bade pa Sydsvenska Hoglandet och i
Svealand/Dalsland, dr emellertid féremal for fort-
l6pande kalkningsinsatser for att vidmakthalla
goda livsbetingelser for fisk efter paverkan av sur
nederbord. Om inte dessa sjoar kalkades skulle
flera av dem sikerligen vara sura och ha en svag
buffertkapacitet.

Det fanns inga indikationer pd ndgra samband
mellan ungproduktionen eller andelen ungkullar
med tva stora ungar och sjéarnas vattenkemi (Ta-
bell 2), och inte heller vid den multivariata analysen
kunde négra signifikanta samband med de under-
sokta forklaringsvariablerna faststdllas (R>=28%,
P=0,14 for modellen avseende medelantalet stora
ungar per par och ar och med forsurningspéaver-
kan (P=0,07) och pH-virde (P=0,08) som forkla-
ringsvariabler, resp. R>=69%, P=0,52 for modellen
avseende procentandelen ungkullar med tva stora
ungar och med totalfosforhalt (P=0,30) och férsur-
ningspaverkan (P=0,87) som forklaringsvariabler).

Ungefir en tredjedel av de undersokta sjdarna ér

forsurningspaverkade i den meningen att pH-vér-
den under 5,5 har noterats innan sjéarna blev fore-
mél for kalkning, men det finns inga indikationer
pd négra skillnader i hickningsresultatet for sma-
lomspar som fiskar i forsurningspaverkade resp.
icke forsurningspaverkade sjoar (Tabell 4).

Med ledning av absorbansvirdena kan man sluta
sig till att smdlommens fiskesjoar har ett mattligt-
betydligt fargat vatten, och det fanns inga skill-
nader mellan sjéarna pa Sydsvenska Hoglandet
resp. Svealand/Dalsland (Tabell 3). Avsaknaden av
samband mellan absorbans och hickningsresultatet
(se ovan) indikerar att ljusforhallandena i vattnet
inte har inverkat pa fodosoket i sddan omfattning
att hackningsutfallet p&verkats. For de sju sjoarna
med siktdjupsmétningar noterades ett méttligt sikt-
djup med en variationsbredd pa bara 2,5-4,0 m.
(data frén Appendix C).

En jdmforelse med de vattenkemiska forhallan-
dena i hdcknings- och fiskesjoar for storlom i sddra
Sverige 1994—1997 (Eriksson & Hake 2000) visa-
de att pH-vdrden och néringsstatus (totalfosforhalt)
for storlomssjoarna pa Sydsvenska Hoglandet (un-
gefdr samma omrade som redovisats som sydvéstra

Tabell 2. Samband mellan vattenkemiska parametrar, ljusférhillanden samt medelavstand till hackningstjér-
narna och hidckningsresultatet for smalomspar som fiskar i de undersokta sjdarna (data from Appendix A, B och

C,).

Relationships between water chemistry parameters, light penetration, mean distance to the breeding tarns, and
breeding result by Red-throated Diver pairs foraging in the investigated lakes (data from Appendices A, B and

0.

Forklarad variation i Regressions- P
héckningsframgang (R?) linjens lutning
Explained variation Slope of

in breeding success (R?)

regression line

Medelantal stora ungar per par, sjo och

ar (15 sjoar)

Mean number of large chicks per pair, lake and
year (15 lakes)

-pH 4 % 0,20 0,50
- Totalfosfor Total phosphorus 9% -26,2 0,27
- Absorbans Absorbance 0% 0,15 0,95
- Medelavstand till hickningstjdrnarna 10 % 0,049 0,26
Mean distance to breeding tarns

Medel-% ungkullar med 2 stora ungar per sjo och

ar (14 sjoar)

Mean percentage of broods with 2 large chicks per

lake and year (14 lakes)
-pH 4% 0,12 0,49
- Totalfosfor Total phosphorus 18 % -28,6 0,13
- Absorbans Absorbance 6% -1,05 0,39
- Medelavstéand till hickningstjdrnarna 9% 0,027 0,29

Mean distance to breeding tarns
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Tabell 4. Hackningsframgéangen f6r smalomspar som fiskade i forsurningspaverkade och icke forsurningspéaver-
kade sjdar (data from Appendix B och C).
The breeding success of Red-throated Diver pairs foraging in lakes affected and not affected of acidification

(data fromAppendix B and C).

Ej paverkade Paverkade Mann-
Not affected Affected Whitney
Medel- Antal Medel-  Antal U test, P,
vérde sjoar vérde sjoar tvasidigt,
Mean  Number Mean  Number two-tailed
of lakes of lakes
Medelantal stora ungar per par, 0,75 19 0,91 11 ¢j sign.
sjo och ar N.S.
Mean number of large chicks per (P=0,16)
pair, lake and year
Medel-% ungkullar med 2 stora 33% 18 44 % 11 ej sign.
ungar per sjo och ar N.S.
Mean percentage of broods with (P=0,13)

2 large chicks per lake and year

Tabell 5. Fiskarter i de undersokta sjdarna (data fran Appendix D).

Fish species in the investigated lakes (data from Appendix D).

Fiskart
Fish species

Antal (%) sjoar
Number (%) of lakes

Sydsvenska Hoglandet Svealand & Dalsland

Hela materialet

Whole data set
Antal sjoar Number of lakes 7 11 18
Mortartad fisk Cyprinids
Braxen Abramis brama 4 (57 %) 1.(9 %) 528 %)
Bjorkna Blicca bjoerkna 1 (14 %) - 1 (6 %)
Loja Alburnus alburnus 1 (14 %) 2 (18 %) 3(17 %)
Elritsa Phoxinus phoxinus 1 (14 %) - 1(6 %)
Sarv Scardinus erythrophtalmus 2 (29 %) - 2 (11 %)
Mort Rutilus rutilus 7 (100 %) 9 (82 %) 16 (89 %)
Sutare Tinca tinca 4 (57 %) - 4 (22 %)
Laxartad fisk Salmonids
Nors Osmerus eperlanus - 3 (27 %) 3(17 %)
Oring Salmo trutta 1 (14 %) 1(9 %) 2 (11 %)
Regnbégslax Oncorynchos mykiss 1 (14 %) - 1 (6 %)
Roding Salvelinus alpinus 1 (14 %) 19 %) 2 (11 %)
Sik Coregonus sp. 4 (57 %) 6 (55 %) 10 (56 %)
Siklja Coregonus albula 6 (85 %) 9 (82 %) 15 (83 %)
Ovriga arter Other species
Gidda Esox lucius 7 (100 %) 9 (82 %) 16 (89 %)
Lake Lota lota 2 (29 %) 7 (64 %) 9 (50 %)
Bergsimpa Cottus poecilopus 1 (14 %) - 1 (6 %)
Abborre Perca fluviatilis 7 (100 %) 11 (100 %) 18 (100 %)
Gos Stizostedion lucioperca 3 (43 %) 1(9 %) 4 (22 %)
Gers Gynmocephalus cernus 2 (29 %) 4 (36 %) 6 (33 %)
Medelantal arter per sjo
Mean number of species per lake 7,7 5,8 6,6
Median 7 5 7
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Sverige av Eriksson & Hake 2000) 1lag pa samma
niva som i smalommens fiskesjoar, medan alkali-
niteten var lagre i smalomssjoarna (Tabell 3). Vi-
dare var spidnnvidden mellan de ldgsta och hogsta
virdena som noterats for enstaka sjoar storre bland
storlomssjoarna dn bland smalommens fiskevatten.
Ljusforhéllandena i storloms- och smélomssjoarna
var likartade, men &terigen med en stdrre varia-
tionsbredd bland storlomssjoarna.

Fiskarter och fisktdthet

En beddmning av antalet fiskarter har gjorts for
18 av sjoarna (sju sjoar pa Sydsvenska Hoglandet
och elva i Svealand/Dalsland), pa basis av prov-
fiske mellan 1979 och 2003 (Tabell 5, Appendix
D). Totalt noterades 19 fiskarter, 18 i sjéarna pa
Sydsvenska Hoglandet och 13 i sjdarna i Svealand/
Dalsland. Medelantalet fiskarter var 6,6 arter per
sjo, dvs. ett hogt artantal enligt Naturvardsverkets

100% 1
90% 4
80% 4

%
70% @ Storeken @ Fegen

60% 4

50% 9 Famten

40% o * Holmsjén/Kappsjon
Kvien ~ Naren
L 2K 2K
Petsjon *
Rénnhallsjon/Nyckelhallsjon

@ Viaredssjon

30% 4
’ ¢ Usken

20% 1
10% 4

Medel-% ungkullar med tva stora ungar
Mean percent broods with two large chicks

bedémningsgrunder (Naturvardsverket 1999). Det
genomsnittliga artantalet var hogre pa Sydsvenska
Hoglandet men inte signifikant skilt frén Svealand/
Dalsland (Tabell 5, P=0,16, tvasidigt, Mann-Whit-
ney U-test).

Artsammansittingen var den som kan forvéntas
och &r karakteristisk for néringsfattiga sjoar. Ab-
borren pétriffades i alla de undersokta sjdarna,
och i flertalet fanns ocksa mort, gddda Esox lucius
och siklja. I de flesta sjdarna torde dven finnas
al Anguilla anguilla, men arten fingas ytterst sil-
lan med de metoder som standardmissigt anvinds
vid provfiskena. Laxartade fiskarter, som i tidigare
undersokningar (Eriksson m.fl. 1990, Eriksson &
Sundberg 1991) bedémts vara viktig bytesfisk for
smilommen under héckningstid, noterades fran
alla de undersokta sjéarna i Svealand/Dalsland och
sex av de sju sjoarna pa Sydsvenska Hoglandet.
Gers fanns i sex (32%) av de undersokta sjoarna
(detaljer i Appendix D).

& Majsjon

0% T T T T T T T
0 1 2 3 4 5 6 7

8 9 10

Medelantal per natanstrangning, moértartad fisk, <20 cm
Mean number per catch effort, cyprinid fish, <20 cm

100% 1
90%

80% 4
70% Storeken
b Maisié
* & Masien & Fegen
60% A
50% o ’Fém(en
40% o * Holmsjén/Kappsjon

Narerb Viaredssjén

30% oty Usken @ Petsion

o, J Kvien @
20% Ronnhallsjon/Nyckelhéllsjon

10% 4
0% T T T T T T T

Medel-% ungkullar med tva stora ungar
Mean percent broods with two large chicks

Figur 3. Procentandelen ungkullar med
tva stora ungar per ar i relation till fore-
komsten av smavuxen mort- och laxartad
fisk (<20 cm; R>=41 %, P=0,03 f6r mort-
artad fisk, R?=46 %, P=0,02 for laxartad
fisk).

The percentage of broods with two large
chicks per year in relation to the abun-
dance of small-sized cyprinid and sal-

0 1 2 3 4 5 6 7

8 9 10 monid fish (<20 cm; R*=41 %, P=0,03
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for cyprinid fish, R°=46 %, P=0,02 for
salmonid fish).



Tabell 6. Samband mellan provfiskedata och hdckningsframgangen for smalomspar som fiskar i de undersokta

sjoarna (data from Appendix B, C och E).

Relationships between gill net fishing data and breeding success by Red-throated Diver pairs foraging in the

investigated lakes (data from Appendix B, C and E).

Totalt Total

Fisk <20 cm Fish <20 cm

Forklarad Regres- P Forklarad Regres- P
variation i sions- variation i sions-
hécknings- linjens hécknings- linjens
framgéng (R?) lutning framgéng (R*) lutning
Explained Slope of Explained Slope of
variation in regression variation in  regression
breeding line breeding line

success (R?)

success (R?)

Medelantal stora ungar

per par, sjo och ar (10 sjdar)
Mean number of large chicks
per pair, lake and year (10 lakes)

- Totalt Total 0% 0,0 1,00 0 % 0,0 0,99
- Abborre Perca fluviatilis 4% 0,9 0,56 4% 0,8 0,57
- Gers Gymnocephalus cernua 0% 0,7 0,81 0% 0,7 0,81
- Mortartad fisk Cyprinid fish 13% 2,7 0,30 13% -2,9 0,32
- Laxartad fisk Salmonid fish 2% 2,1 0,71 2% 2,3 0,70
- Ovriga fiskarter Other fish 6 % 53,8 0,48 - - -
Medel-% ungkullar med 2 stora

ungar per sjo och ar (11 sjdar)

Mean percent broods with 2 large

chicks per lake and year (11 lakes)

- Totalt Total 9% 0,6 0,37 11% 0,7 0,33
- Abborre Perca fluviatilis 1% -0,4 0,76 0% 0,0 0,94
- Gers Gymnocephalus cernua 4% 0,0 0,58 4% 0,0 0,58
- Mortartad fisk Cyprinid fish 40 % 42 0,04 41 % 4.7 0,03
- Laxartad fisk Salmonid fish 45 % 9,4 0,02 46 % 9,9 0,02
- Ovriga fiskarter Other fish 31 % 104 0,08 - - -

Procentandelen ungkullar med tva stora ungar
var kopplad till férekomsten av mortartad och lax-
artad fisk (Figur 3), medan fisktdtheten totalt eller
forekomsten av abborre eller gers inte var av ndgon
betydelse. Beddmningen blev densamma vare sig
man relaterade till fAngsterna i sin helhet eller be-
gransade sig till fiskar <20 cm (enkla regressioner,
Tabell 6). Resultaten stdds ocksd av den multiva-
riata analysen (R?=64 %, P=0,02 for hela model-
len avseende den totala fangsten av fisk), med mort
(P=0,03) och ovrig fisk (P=0,05) som kvarvarande
forklaringsvariabler. Sambandet till smavuxen
fisk, mindre 4n 20 cm, var ndgot sdmre (R*=51%,
P=0,06 for hela modellen) och med mortartad och
laxartad fisk som kvarvarande forklaringsvariabler;
P=0,42 resp. 0,25). Diaremot fanns det inga sam-
band mellan fiskbestdndens tithet och medelantalet
stora ungar per par och ar (Tabell 6).

Sammanfattande bedémning

Eftersom unders6kningen omfattar ungefér en fjér-
dedel av smalomsbesténdet i sddra och mellersta
Sverige bor resultaten vara representiva och kunna
fungera som underlag fér beddmningar av behovet
av olika naturvardsinsatser. Den genomsnittliga
ungproduktionen for de smalomspar som fiskade i
de undersokta sjdarna bedémdes vara tillrdcklig for
att kompensera for den arliga dédligheten, 4ven om
den for enstaka fiskevatten kan ha varit for 1ag for
att det lokala smélomsbestdndet langsiktigt skall
kunna behalla sin numerér utan tillskott av faglar
fran annat hall.

Smalommarnas ungproduktion var inte kopplad
till vare sig vattenkemin, ljusférhéllandena eller
totala tdtheten av fisk i de olika fiskesjoarna. Dé-
remot var andelen ungkullar med tva stora ungar
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kopplad till tillgangen av mort- och laxartad fisk
(Figur 3). Detta resultat, tillsammans med tidigare
uppgifter om den bytesfisk som ungarna matas med
(Eriksson m.fl. 1990) och foréldrafiglarnas val av
fiskesjoar (Eriksson & Sundberg 1991) pekar pa
att fiskevatten med goda bestand av dessa fiskarter
dr en viktig och kanske avgorande faktor for sma-
lommens hédckning. Betydelsen av sjoar med goda
bestand av bland annat sikldja uppmarksammades
redan under borjan av 1900-talet (Rosenius 1942)
och har under senare artionden ocksd pépekats i
lokala och regionala inventeringar i bland annat
Vistmanland (Andersson 1998) och Virmland
(Borgstrom 1995).

En del av sjoarna ér att beteckna som sura med
en svag buffertkapacitet, och smdlommens tillba-
kagang i sydvéstra Sverige under bdrjan och mit-
ten av 1900-talet kunde bland annat kopplas till
utglesade eller utslagna fiskbestand i forsurade
sjoar (Eriksson m.fl. 1988). Genom sin inriktning
pa mort- och laxartad fisk dr smalommen mera sar-
bar dn storlommen for de ekologiska fordndring-
arna 1 forsurade sjoar (Eriksson 1991, 1994). Man
bedomer att fortsatt kalkning under ytterligare ett
antal artionden dr nédvindig om man skall kunna
vidmakthalla de ofta goda resultat som man hit-
tills har uppnatt i den ekologiska aterhdmtningen
av forsurningsskadade sjoar (Henrikson & Brodin
1995, Warfvinge & Bertills 2000). Férekomsten av
fiskande smalommar bor vdgas in som en priorite-
ringsfaktor vid valet av sjdar for fortsatta och fram-
tida kalkningsinsatser, om det finns risk for att sjén
annars kan aterga till ett forsurat tillstand. En sadan
prioritering torde séllan sta i konflikt med andra na-
tur- och fiskevéardsintressen.

Resultatet av lommarnas fodosdk dr inte bara
beroende pa fisktillgangen utan ocksa ljusforhal-
landena i vattnet och mdjligheten att uppticka by-
tesfisken. En anledning till att storlommen anpassat
sig battre &n smélommen till de ekologiska forénd-
ringarna i forsurade sj0ar &r att den gynnats av ett
okat siktdjup som gjort det enklare att uppticka
bytesfisken dven om titheten péd fisk minskat (Er-
iksson 1985, 1991, 1994). Bland andra fiskédtande
faglar (t.ex. alkor) har man funnit ett samband mel-
lan kroppsvikten och dykningarnas langd (t.ex. Pi-
att & Nettleship 1985, Wanless m.fl. 1988, Barrett
& Furnesss 1990), och mdjligen kan den mindre
och littare smalommen inte dra fordel av ett 6kat
siktdjup pd samma sitt som storlommen. Detta
skulle ocksa kunna forklara varfor smalommen é&r
hénvisad till mdrt- och laxartad fisk, som upptrader
pelagialt och nédra vattenytan i storre utstrackning
dn t.ex. abborre (Stenson 1979, Persson 1987).
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Man bor slutligen uppmérksamma den generella
6kning av humus och annat organiskt material, och
didrmed forsdmrade ljusforhéllanden (och hojda
absorbansvirden), som noterats i skandinaviska
sjéar under de senaste artiondena (t.ex. Wilander
m.fl. 2003). Denna utveckling har bedémts vara en
effekt av 6kad nederbord, inom ramen for ett mons-
ter som 1 sin tur kan vara kopplat till mer storska-
liga klimatférandringar (t.ex. Hongve m.fl. 2004).
Fragan om denna utveckling framledes kommer att
paverka lommarnas mojligheter till fodosok och
matning av ungarna méste hallas dppen.

Tack

Undersokningen har genomforts inom ramen for
Projekt LOM, som under perioden 1994—1999 drevs
gemensamt av Svenska Naturskyddsforeningen och
Sveriges Ornitologiska Forening och dérefter som
en fristdende ideell forening. Ekonomiska bidrag
har erhéllits from Alvins Fond, Vérldsnaturfonden-
WWF och Bingolotto-Atervinsten. Rapporteringen
pa frivillig och ideell basis av hickande sméalom-
mar pd skilda hall i landet har varit en helt avgo-
rande forutsittning for arbetet, och totalt har ett
30-tal personer bidragit med uppgifter som kommit
till anvéndning i undersékningen: Mats Andersson,
Torbjorn Andersson, Owe Arnoldsson, Anders
Bergkvist, Bruno Classon, Bérje Dahlén, Anders
Ericsson, Per-Olof Ericksson, Borje Flygar, Mikael
Hake, Lennart Jansson, Dan Johansson, Henrik Jo-
hansson, Ingemar Johansson, Sigvard Lundgren,
Dan Mangsbo, Hans Norelius, Stig Olausson, Sture
Orrhult, Claes Persson, Harald Persson, Per Peters-
son, Per-Martin Ramberg, Uno Skog, Rune Stolpe,
Johnny Tegin, Mats Trillkott, Ulla Wallin, Per Zet-
terlund, och Hasse Osterman.

Kompletterande information om provfiske och
vattenkemi, utéver vad som varit tillgéngligt via
offentliga hemsidor, har erhéllits av Dan Hellman
(for Vistra Goétalands 14n), och Borje Dahlén och
Andreas Béackstrand (for Malungs kommun i Da-
larnas 14n). Vidare har personal vid Hushallnings-
sillskapet i Orebro lin assisterat med att ta fram
resultat fran provfiske av sjdar i lanet. Anders Kin-
nerbick och Bodil Kajrup vid Fiskeristyrelsen har
tillhandahéllit kompletterande information om
provfiskena, utdver de resultat som varit tillging-
liga via Fiskeriverkets hemsida.

Borje Dahlén, Lennart Henrikson, Digger Jack-
son, Peter Lindberg, Leif Nilsson och Pia Romare
har medverkat med kommentarer pé tidigare text-
utkast, och Heidi Paltto har utfort regressionsana-
lyserna.
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Summary

A most striking difference exists in the feeding bi-
ology during breeding of the two species of divers
(Gaviidae) breeding in north-western Europe. The
Black-throated Diver Gavia arctica breeds at fairly
large oligotrophic freshwater lakes and chicks are
usually fed with fish caught in the breeding lake.
In contrast, the Red-throated Diver Gavia stellata
breeds at small lakes and tarns (mostly <lha) of-
ten devoid of fish, and the non-fledged chicks are
fed with fish caught by the parents in neighbouring
larger lakes or at sea up to a distance of almost 10
km. Furthermore, the Red-throated Divers are more
restrictive in their choice of fishing lakes than the
Black-throated Divers; the chicks are primarily fed
with cyprinid and salmonid fish, and abundance of
prey fish is as important as distance to alternative
foraging lakes (Eriksson et al. 1990, Eriksson &
Sundberg 1991, Eriksson & Johansson 1997). For
pairs breeding in coastal areas, e.g. along the coast
of Gulf of Bothnia in Northern Sweden, most of
the prey fish is taken from the sea (Skyllberg m.fl.
1999).

The aim of the this study was to compare breed-
ing performance of Red-throated Diver Gavia stel-
lata in relation to water chemistry, light penetration
and density of fish in 34 freshwater lakes used for
foraging in South and Central Sweden. The data
has primarily been collected from voluntary sur-
veys done within the framework of “Projekt LOM”
during 1994-2005 (Eriksson 2004, for some lakes
data was available from 1990 and onwards).

Material and methods

The selection of foraging lakes for the study

The study is based on information of the breeding
performance of Red-throated Divers foraging in 34
freshwater lakes (0.2-86.2 km?, details in Annex
A) in South and Central Sweden, with data avail-
able for at least five years for at least one pair us-
ing a given lake (Figure 1, primary data in Annex
A). For pairs that were reported to use more than
one lake for foraging, all information was related
to the lake assessed to be the one most frequently
used, considering that most of the foraging flights
are directed to the same lake (Eriksson et al. 1990).
Breeding Black-throated Divers occurred in at least
21 (62%) of the investigated lakes, and no indica-
tions of interspecific interactions have been found
in previous studies of the selection of lakes (Eriks-
son & Sundberg 1991).
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Assessment of the breeding result

The production of young by pairs foraging in the
various lakes was measured as the mean number
of large (at least half-grown) chicks per breeding
pair and year, breeding being confirmed with the
finding of a nest, eggs or incubating bird (Dahlén
& Eriksson 2002, for details). Furthermore and as
divers usually have a clutch of two eggs, the mean
percentage of broods with two large chicks was
used as an indication of the survival of chicks and
hence of the opportunities for the parents to find
fish to feed the chicks (as has been shown for the
Black-throated Diver; Jackson 2003, 2005). Trends
over time was assessed with the Spearman rank
correlation coefficient (Spearman r,; primary data
in Annex B).

Water chemistry and light penetration

Information about water chemistry was primarily

collected from the national environmental moni-

toring programmes, including large-scale surveys
done in 1972, 1975, 1985, 1990, 1995, 2000 and

2005 (http://infol.ma.slu.se/IMA/huvud.html; Wi-

lander et al. 2003 for methods), with additional in-

formation from lakes in Vistra Gétaland and Dalar-
na Counties. The parameters considered were:

* pH, as an indication of acidity. As in previous

studies (e.g. Eriksson & Hake 2000) lakes with

pH<5.5 (before liming) were classified as affect-
ed by acidification. Many of the lakes have been
targeted for liming since the 1980’, in order to
counteract the negative impact of acid precipita-
tion on water chemistry and fish stocks (Henrik-

son & Brodin 1995).

Alkalinity, as a measure of the capacity to buffer

the impact of acid precipitation.

Total phosphorus, as a measure of the nutrient

status of the lake.

* Absorbance, as a measure of the light penetra-
tion. As the divers are visual predators, light con-
ditions have been found to be of importance for
the selection of lakes (Eriksson 1985, Eriksson
& Sundberg 1991 for the Black-throated Diver).

» Secchi disc transparency, i.e. an alternative
measure of the light penetration.

The assessment of the water chemistry followed

the guidelines applied by the Swedish Environmen-

tal Protection Agency (Naturvdrdsverket 1999); on
the basis of mean values from at least two of the
four years 1990, 1995, 2000 and 2005 (data from

20 lakes), and for the judgement of any impact of

acidification also data from 1972, 1975 and 1985



was used (30 lakes, primary data in Annex C).
Information about Secchi disc transparency was
available only for seven lakes.

Fish stocks

Information about fish stocks was primarily col-
lected from the database provided by the Swedish
Board of Fisheries (http://www.fiskeriverket.se/da-
tabas/s_bas3.htm), with complementary informa-
tion from lakes in Vistra Gétaland, Orebro and
Dalarna Counties. For the assessment of the number
of fish species, information from 1979-2003 was
used (primary data in Annex D). Relationships be-
tween fish abundance and breeding performance
were investigated for 11 lakes with information
from gill-netting during 1990-2003 (primary data
in Annex E), using the mean number of fish per
catch effort with bottom nets as a relative measure
of the abundance of fish, as recommended by the
Swedish Board of Fisheries (Kinnerbéack 2001, no
corrections were made with reference to potential
net selectivity).

Any relationships between the breeding result,
water chemistry parameters and abundance of fish
were investigated with multiple linear regression
models.

Results and discussion

The number of Red-throated Diver pairs foraging
in the investigated lakes

The fishing lakes were assessed to support pairs
from 1-21 breeding tarns (Table 1), and there
was only one pair breeding at each tarn (with one
exception). The lakes were assessed to support a
minimum of 130 pairs in total or 3.8 pairs per lake
(Table 1); i.e. around one quarter of the breeding
population in South and Central Sweden or 10 %
of Swedish population as a whole. If results from
the present study are representative and consider-
ing the current estimate of 1200-1400 breeding
pairs in Sweden (Eriksson & Lindberg 1998, SOF
2002), around 300 freshwater lakes in the country
are judged to be of importance as foraging sites for
Red-throated Divers during the breeding season.

Breeding result

The mean number of large chicks per pair, year and
lake was 0.82 (data from 33 lakes), and the differ-
ence between the South Sweden population (Syds-
venska Hoglandet, 0.79, 10 lakes) and the core
area of the population in Central Sweden (Svea-

land/Dalsland, 0,84, 23 lakes) was not significant
(Mann-Whitney U test, P=0.54, two-tailed, data
from Annex B). The average production of young
was close to the level of 0.86 young per pair es-
timated to be required in order to compensate for
the annual mortality (Hemmingsson & Eriksson
2002). The number of significant temporal trends
for individual lakes did not exceed the level ex-
pected by random.

The mean percentage of broods with two large
chicks was 38 % per year and lake; again on the
same level in South Sweden (Sydsvenska Hoglan-
det, 40 %, 9 lakes) and in Central Sweden (Svea-
land/Dalsland, 37 %, 24 lakes; Mann-Whitney U
test, P=0.60, two-tailed, data from Annex B). The
existence of a significant relationship between
chick survival and the mean number of large young
(Figure 2) supports the assumption that the forag-
ing conditions were of importance for the breeding
success, even if most of the breeding failures are
related to impact during the incubation (e.g. Dahl-
én & Eriksson 2002).

Distance to the breeding tarns

The average distance from the fishing lakes to the
breeding sites varied between 0.2 and 7.1 km, and
there were no indications of relationships between
distance and breeding success (Table 2). This find-
ing is consistent with previous studies where no
indications of any impact on the breeding perform-
ance have been found up to a distance of around
9 km (Dahlén & Eriksson 2002 for further refer-
ences).

Water chemistry and light penetration

The foraging lakes were overall nutrient-poor, with
low to moderately high values of total phosphorus.
In South Sweden (Sydsvenska Hoglandet) the pH
values were in the range of 6.4-6.9, i.e. weakly
to moderately acid, and alkalinity in the range of
0.10-0.18 meq/l indicate a good buffering capacity
(Table 3). Average pH and alkalinity was lower in
Central Sweden (Svealand/Dalsland, 5.8-6.8 and
0.03-0.20 meq/l, respectively), and some lakes
were acidic and had a weak buffering capacity.
Since the 1980’s, many lakes exposed to acidify-
ing pollution have been limed in order to maintain
or restore favourable water chemistry conditions
for the fish stocks. Without these measures most
of them would presumably have continued to have
low pH and weak buffering capacity.

There were no indications of relationships be-
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tween the breeding result and the water chemistry
in the fishing lakes; neither with reference to single
regressions (Table 2), nor the result of the multivar-
iate analysis indicate any significant relationships
(R?=28 %, P = 0.14 for the mean number of young
per pair and year, R>=69 %, P=0.52 for the percent-
age of broods with two chicks).

Around one third of the lakes were affected
by acidification, but there were no indications of
any differences in breeding performance by Red-
throated Diver pairs foraging in lakes affected and
not affected by acidification (Table 4).

The absorbance values showed that the water of
the foraging lakes was moderately to substantially
coloured, but there were no relationships to breed-
ing performance (Table 2).

The average nutrient status (total phosphorus),
pH-values and light penetration in the fishing lakes
in South Sweden (Sydsvenska Hoglandet) were
similar to those found in breeding and foraging
lakes used by Black-throated Divers in the same re-
gion (Eriksson & Hake 2000), while alkalinity was
lower (Table 3). Furthermore, the range between
the minimum and maximum values was larger for
the Black-throated Diver lakes.

Fish abundance and breeding success

In total, 19 species of fish were recorded in the for-
aging lakes (Table 5, Annex D), with an average
number of 6.6 species per lake. The species com-
position was characteristic for nutrient-poor lakes.
Perch Perca fluviatilis was recorded in all the lakes,
and most also had Roach Rutilus rutilus, Pike Esox
lucius and Vendace Coregonus albula. In addition,
Eel Anguilla anguilla might occur in most of the
lakes but the species is very rarely caught with the
standardised methods used for gill-net fishing. Sal-
monid fish, which are known to be important prey
fish for breeding Red-throated Divers (Eriksson et
al. 1990, Eriksson & Sundberg 1991), were found
in all the lakes except one.

The percentage of broods with two large chicks
was correlated to high abundance of cyprinid and/
or salmonid fish (Figure 3), although total density
of fish or the abundance of Perch was of no im-
portance (single regressions, Table 6). The result
were supported by the multivariate analysis (R>=64
%, P=0,02 for total number of fish and R?>=51 %,
P=0.06 for small-sized fish, <20 cm). However,
there were no significant relationships between
the abundance of fish and the mean production of
young by Red-throated Divers (Table 6).
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Conclusions

As the study included about 25 % of the Red-throat-
ed Diver population in South and Central Sweden,
the results should be regarded as representative.
The average production of young by pairs foraging
in the investigated lakes is considered sufficient in
order to compensate for the annual mortality, al-
though it might have been too low for maintain-
ing the local breeding populations for single lakes
without immigration of birds from elsewhere.

The mean production of young by Red-throated
Divers was not related to water chemistry, light
penetration or the abundance of fish. But the cor-
relation between abundance of cyprinid and/or sal-
monid fish and brood size (Figure 3), in connection
with previous information about the kind of fish
prey delivered to the non-fledged chicks (Eriksson
et al. 1990) and choice of foraging lakes (Eriks-
son & Sundberg 1991), indicate the importance of
foraging lakes with abundant stocks of these fish
species for breeding Red-throated Divers.

Some of the lakes are acid and have a poor buff-
ering capacity, and the decrease of the Red-throat-
ed Diver population in South-west Sweden during
the 20th century has been linked to the reduced
abundance of prey fish in acidified lakes (Eriks-
son et al. 1988). Due to the preference for cyprinid
and salmonid fish, the Red-throated Diver has
been considered to be more susceptible than the
Black-throated Diver for the ecological changes in
acidified lakes (Eriksson 1991, 1994). Liming dur-
ing the decades to come is probably necessary in
order to assure the continued ecological recovery
of lakes affected by acidification (Henrikson &
Brodin 1995, Warfvinge & Bertills 2000). In this
perspective, foraging lakes for the Red-throated
Diver should be prioritised for continued and fu-
ture treatment, if at risk of reverting to an acidified
status. Such a prioritisation should rarely be in any
conflict with other nature conservation and fishery
interests.

There are also reasons to watch the trend of in-
crease in water colour (and absorbance) and dis-
solved organic carbon in Scandinavian lakes during
the recent decades (e.g. Wilander et al. 2003). These
changes have been linked to increased precipitation
and possibly also more large-scale climatic changes
(e.g. Hongve et al. 2004). The potential implication
of these large-scale changes on the foraging condi-
tions for the divers merits further investigations.



Appendix A.
Undersokta fiskesjoar for smalom.
Fishing lakes for Red-throated Diver, included in the present study.

Sj6 Karta Koordinater Lan® Areal N*  Av-  Vatten- Fisk-  Prov-
(Rikets nit) km? stand®  kemi arter  fiske
Lake Map Coordinates County*  Area Dist-  Water Fish  Gill net
(national grid) km? ance® chemistry species fishing
Appen- Appen- Appen-
dixC dixD dix E
y X
SYDSVENSKA
HOGLANDET
Flaren S5SDSO 631542 139354 Jo, Kr 35,05 1 3,3 X
Fegen 6C SO 635040 133900 VG, 23,79 6 2,4 X X X
Ha, Jo
Majsjon 6D SV 635334 135239 Jo 2,78 2 4,7 X X X
Favren 6C SO 635900 130291 Ha 4,19 4 52 X X
Ojasjon 6CSV 636744 131612 VG 1,30 5 6,1 X
Stensjo 6BNO 638030 128212 Ha 3,00 7 7,1 X X
Viaredssjon 7CSV 640086 131710 VG 3,79 1 2,1 X X
Ostra Nedsjon 7CSV 640458 130232 VG 7,40 4 2,7 X X
Oren 7CSV 641330 130671 VG 1,44 2 3.8 X X
Séven 7CNO 642608 132524 VG 12,10 1 5,1 X
SVEALAND &
DALSLAND
Astjirnet 9BNO 653631 128429 VG 0,19 2 4,1
Boksjon 9BNV 654899 126380 VG 8,13 1 39 X
Stora Lee 10BNV 658500 127455 VG 86,19 9 1,9 X X
Tannsjon 11IBNO 664343 128386 \%! 6,20 5 1,2 X
Helgesjon 11IBNO 664403 128799 \! 4,30 2 1,4 X
Nordsjon-Riakoken 11CNV 664652 131335 Vi 1,60 4 1,8 X
Storeken 12CSV 665533 131763 Vi 3,40 1 32 X X
Ostersjon 1IESV 660790 141302 \%! 9,39 9 3,7
Lersjon IIESV 662351 140731 \% 3,52 3 2,3 X
Daglésen 1IESV 661391 141175 \% 7,10 4 1,3 X
Stora Horssjon 11IENV 662853 141207 Vi 5,62 1 0,3 X
Usken 11F SV 661066 115568 Or 7,73 4 4,1 X X X
Rasvalen 11F SV 661191 146638 Or 12,40 4 5,1 X
Stora Kloten IIFNV 664173 147095 Or 5,35 5 2,9 X X
Naren 12DNO 667817 139109 Da,Va 12,09 2 0,8 X X X
Bredsjon I12DNO 668028 139334 Da 722 11 0,8 X
Kvien 12D NO, 669437 138966 Da 17,94 20 0,9 X X X
13D SO
Holmsjon-Kappsjon 13D SO 671301 138338 Da 10,49 15 1,5 X X X
Glamsjon 13D SO 671963 138080 Da 2,81 3 0,5 X
Petsjon I13DNV 672639 136886 Da 1,20 5 0,7 X X
Ronnhéllsjon- I3DNV 673649 136631 Da 4,14 11 0,4 X X X
Nyckelhillsjon
Famten I3DNV 673671 135906 Da 5,24 1 0,7 X X X
Ojen I13DNO 674350 139682 Da 19,12 21 1,3 X
Tisjon 14CSO 676158 134299 Da 22,80 ¢.20 02 X

* Totalt antal undersokta hackningstjdrnar; alla tjdrnar har inte besokts varje ar. Total number of investigated tarns, all
tarns have not been visited every year.

® Medelavstand frén fiskesjon, km Mean distance from fishing lake, km

¢ Lansforkortningarna ar The county codes are: Da=Dalarna, Vd=Virmland, Or=0Orebro, VG=Vistra Gotaland,
J6=Jonkoping, Kr=Kronoberg, Ha=Halland.
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Appendix B.
Hackningsframgangen for smalomspar som fiskar i de undersokta sjoarna
The breeding success by Red-throated Diver pairs, foraging in the investigated lakes.

Antal stora ungar per par % ungkullar med 2 stora ungar
Number of large chicks per pair % of broods with 2 large chicks
Sjo Medelvirde Trend, Antal P? Medelvirde Trend Antal ar P?
Lake per par och &r Sperman ar per ar Sperman r
Mean per No. of Mean per No. of
pair per year years year years
SYDSVENSKA
HOGLANDET
Flaren 0,40 0,87 5 - - 2
Fegen 1,00 0,03 14 65 % 0,07 13
Majsjon 0,50 -0,03 13 67 % 0,21 6
Favren 1,08 0,10 8 31 % -0,04 8
Ojasjon 0,65 0,44 11 28 % 0,19 9
Stens;jo 0,47 -0,21 12 31 % -0,40 9
Viaredssjon 1,00 -0,34 12 33% -0,18 9
Ostra Nedsjon 0,63 -0,20 15 14 % 0,00 11
Oren 0,83 0,29 12 56 % 0,34 8
Séven 1,38 -0,28 8 38 % -0,28 8
SVEALAND &
DALSLAND
Astjérnet 1,25 0,25 8 38% 0,51 8
Boksjon 1,33 0,83 6 *) 67 % 0,41 6
Stora Lee 0,66 -0,14 12 22 % -0.09 11
Tannsjon 1,40 0,00 5 57 % -0,45 9
Helgesjon 0,89 -0,44 9 33% 0,41 6
Nordsjon-Rikdken 0,84 0,03 12 34 % -0,68 12 wx
Storeken - - 4 67 % 0,41 6
Ostersjon 0,69 0,46 10 34 % -0,14 10
Lersjon 0,83 0,20 10 46 % -0,09 9
Daglésen 0,91 -0,46 10 35% 0,09 9
Stora Horssjon 0,71 0,32 7 60 % 0,00 5
Usken 0,57 0,00 7 28 % -0,68 10 *
Rasvalen 0,47 -0,11 5 29 % -0,18 7
Stora Kloten 1,08 -0,44 6 44 % 0,00 9
Naren 0,89 -0,60 14 *) 29 % -0,35 12
Bredsjon 0,58 -0,29 13 23 % -0,52 15 *)
Kvien 0,54 -0,29 14 29 % -0,42 16
Holmsjon-Kappsjon 0,87 0,08 15 43 % -0,18 16
Glamsjon 0,77 -0,42 14 27 % -0,01 14
Petsjon 1,01 -0,44 14 28 % -0,37 15
Ronnhéllsjon- 0,84 -0,53 11 21 % -0,42 16
Nyckelhillsjon
Famten 1,00 -0,38 8 50 % 0,00 8
Ojen 0,66 -0,24 15 18 % -0,45 16 *)
Tisjon 0,48 0,07 8 25% -0,62 9 *)

a tvasidig test two-tailed test: (¥) = 0,05<P<0,10; * = p<0.05; ** =P<0,02; P>0,10 i alla 6vriga fall in all other cases
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Appendix C.

Vattenkemi och ljusfoérhédllanden (medelvérden fran provtagningar, 1990-2005, antal prover inom parentes)

Water chemistry and light penetration data (mean values of samples, 1990-2005, sample sizes in parentheses).

Sjo pH Alkalinitet ~ Totalfosfor =~ Absorbans  Siktdjup Forsurnings-
mekv/l mg/l fioss m? paverkad
Lake Alkalinity Total Absorbance Secchi disc  Affected by
meq/l phosphorus, Jazos transpar-  acidification
mg/l ency m*
SYDSVENSKA
HOGLANDET
Fléren 6,76 (4) 0,12 (4) 0,019 (3) 0,12 (4) - 0
Fegen 6,48 (3) 0,10 (3) 0,008 (2) 0,12 (3) 3,0 1
Majsjon 6,44 (3) 0,13 (3) 0,010 (3) 0,13 (3) 2,9 0
Févren 6,91 (4) 0,18 (4) 0,015 (3) 0,06 (4) - 0
Ojasjén 6,63 (3) 0,11 (3) - 0,15 (3) - 1
Stensjo - - - - - 0
Viaredssjon 6,77 (4) 0,20 (4) 0,009 (3) 0,12 (4) - 0
Ostra Nedsjon 6,87 (3) 0,16 (3) - 0,05 (3) - 0
Oren 6,50 (3) 0,15 (3) 0,007 (2) 0,19 (3) - 1
Séven 6,63 (3) 0,11 (3) 0,009 (2) 0,15 (3) - 0
SVEALAND &
DALSLAND
Boksjon - - - - - 1
Stora Lee 6,63 (4) 0,08 (4) 0,005 (3) 0,06 (4) - 0
Tannsjén 6,52 (4) 0,08 (4) 0,006 (3) 0,12 (4) - 1
Helgesjon - - - - - 0
Nordsjon-Rékoken - - - - - 0
Storeken - - - - 4,0 -
Lersjon - - - - - 1
Daglosen - - - - - 0
Stora Horssjon 6,77 (4) 0,12 (4) 0,005 (3) 0,08 (4) - 0
Usken - - - - - 0
Rasvalen 6,82 (4) 0,20 (4) 0,012 (3) 0,13 (4) - 0
Stora Kloten - - - - - 0
Naren - - - - 3,0 0
Bredsjon - - - - - 0
Kvien 5,79 (3) 0,03 (3) 0,009 (3) 0,18 (3) 2,7 1
Holmsjon-Kappsjon 5,95(2) 0,10 (2) - 0,18 (2) - 1
Glamsjon 6,05 (3) 0,07 (3) 0,008 (3) 0,15 (3) - 1
Ronnhéllsjon- 6,41 (3) 0,11 (3) 0,010 (3) 0,18 (3) 2,5 1
Nyckelhillsjon
Famten 6,00 (2) 0,05 (2) - - 2,5 1
Ojen 6,20 (2) 0,07 (2) - 0,12 (2) - 0
Tisjon 6,37 (3) 0,06 (3) 0,010 (2) 0,09 (3) - 0

2 Siktdjupsméitningarna har gjorts i samband med provfiske vid tidpunkter som redovisas i appendix E.
The Secchi disc readings of transparency were done in connection to gill net fishing at times indicated in Annex E.
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Appendix D.
Fiskarter (data fran provfiske 1979-2003)".
Fish species (data from gill net fishing, 1979-2003)".

Sjo Prov- Antal
Lake fiske % arter
o 5 £l x N;'
ish- § g g - 2 on "é £ & 8 BN 2
in E 5 & E g 5 £ E £ @3B 2 8 2 2 2 » 2 spec-
A N R E R EREEEEEE R EE R
Fegen 1980 X X X X X X X X X X X X X 13
1981
1983
1995
2003
Majsjon 1993 X X X X X X X X X X 10
2003
Favren 1980 X X X X X X X 7
Stensjo 1980 X X X X X X 7
Viaredssjon 1996 X X X X X X X 7
Ostra Nedsjon 1983 X X X X X X X X 8
Oren 1981 X X X 3
Boksjon 1989 X X X 3
Stora Lee 1984 X X X X X X X X X 9
Storeken 1991 X X X X X X X X 8
Usken 1998 X X X X X X X X 8
Stora Kloten 1979 X X X X X 5
Naren 1990 X X X X X X X 7
Kvien 1996 X X X X X 5
Holmsjon- 1998 X X X X X 5
Kappsjon
Nyckelhillsjon- 1999 X X X X X 5
Roénnhillsjon
Petsjon 1993 X X X X 4
Famten 1998 X X X X X 5
Medelvirde 6,61
Mean
Median 7

2 Fiskarternas latinska namn &terfinns i Tabell 5. The scientific names of the fish species are given in Table 5.
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Ornis Svecica 16 (2006)

Korta rapporter — Short communications

Storlommens aggression mot
dykéinder vid hickplatser kring
Skellefteilven, sodra Lappland

Aggression by Black-throated Diver
Gavia arctica on diving ducks at
their breeding lakes around river
Skelleftedlven, southern Lapland

LEIF BILDSTROM

Under manga ar har jag funderat ver varfor knipan
minskat sd kraftigt i mina hemtrakter i Mala kom-
mun, sddra Lappland (Bildstrom 2005). Tidigare
kénda fagelsjoar har under senare ar varit helt tom-
ma pé savil hiackande knipa, som andra dykédnder.
Orsakerna kan naturligtvis vara flera, men sa sma-
ningom boérjade jag misstinka att hickande storlom
hade en hel del med saken att gora (Bildstrom 2001).
Det drdjde dock flera ar innan pusselbitarna borjade
falla pa plats, men efter mer riktad forskning ar jag
nu helt sdker pa att mina misstankar var befogade.

Storlommen etablerar sig och dykinderna
forsvinner

For drygt ett halvt sekel sedan fanns storlom en-
dast mycket sparsamt inom kommunen, déir den
framforallt hickade i de storsta sjdarna (Larsson
1941). Innan Skelleftedlven reglerades 1964 fanns
fa lampliga lokaler i strtommande vatten. Den dérpa
foljande framvéxten av enorma méngder sméavuxen
sik i de nyskapade regleringsmagasinen, gjorde att
den uppddmda dlven ganska snabbt blev ryggraden
i de lokala populationerna av bade storlom och nu-
mera dven smélom.

I en spegeldamm anlagd &ver en annars uttorkad
dlvbotten vid byn Sandfors, en dryg kilometer sdder
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om élven, hickade knipa med nagra par under flera
ars tid. Eftersom dammen endast ar pd 25 ha, och
sonderstyckad av nagra smaholmar, var det ovéntat
att storlom skulle etablera sig dér 1982, och finnas
kvar 4n idag. Det finns inte mycket matnyttigt dar,
sa fordldrarna maste komplettera genom att himta
sik i den nérbeldgna dlven och flyga ner den till
ungarna. Trots att det efter den forsta sommaren
med storlom aldrig pévisats en enda hickning av
knipa dér, var det inte forrén flera ar senare, som
jag borjade ana ett samband.

Fem kilometer séder om Sandforsdammen ligger
ett gammalt slattertrisk, i folkmun kallat Tjarnen.
Det har under storre delen av 1900-talet varit en
fantastisk fagelsjo, bade for rastande och hickande
arter (Larsson 1940-1960, egna obs.). Visserligen
har en viss minskning noterats genom &ren, men
aven 1 sen tid har atskilliga par hickat i de kon-
trollerade knipholkarna, savil knipa som en del sal-
skrake. Grahakedopping héckade i flera ar, och en
hickning av skdggdopping noterades. Sommaren
1998 uppticktes ett storlompar i den helt fisktom-
ma sjon, men det drdjde till 2001 innan den forsta
hickningen bekriftades. Fisk till ungarna flygs fran
den fem kilometer bort beldgna dlven. Med undan-
tag for 2004 och 2006 (se nedan) har efter storlom-
mens etablering varken knipa, vigg eller grahake-
dopping hickat pa denna lokal.

Endast 500 meter fran Tjarnen ligger Langtris-
ket, en langsmal halvannan kilometer 14ng sjo, nés-
tan helt utan skymmande uddar, vilket medger sikt-
falt i hela dess ldngd. Har har emellanét Tjarnens
storlommar forbéttrat matransonerna med abborre.
Sjon har normalt haft en stabil men sparsam popu-
lation av knipa, vigg och bldsand, samt under flera
ar 56 par bergand i den nordvéstra bredare delen
av sjon. Sedan storlommarna borjade fiska i sjon
hyser den ej lingre hickande knipa eller bldsand.
Eftersom lommarna mest haller till i den nordvést-
ra delen, har vigg sporadiskt lyckats hicka i den
sOdra dnden av sjon.



Sjons storlek och form

Hicksjons séavil storlek som form &r synbarligen
av stor betydelse for storlommarnas beteende,
och dédrmed ocksa knipornas hickresultat. En stor
sj6 med uddar, 6ar och vassruggar dr for en lom
svér att overblicka och bor dérfor kunna hysa bade
storlom och knipa. Detta bekréftas av egna besok
till den typen av sjoar, i vilka béda arterna regel-
bundet befunnits hicka. I mitt undersékningsom-
rade ar det dock vanligt med flackt beldgna mindre
sjoar, vilka oftast saknar bade 6ar och vassruggar.
Vegetationen utgdrs vanligtvis mest av starrvix-
ter, vattenklover och nédckrosor lings strinderna.
Detta betyder en stor vattenspegel, vilken gynnar
lom i samma utstrdckning som dykédnder missgyn-
nas. Sannolikt beroende pa att den ringa storleken
medfor problem for lommarna att lyfta, hyser sjoar
pa mindre &n tio hektar sdllan storlom. Finns det
daremot hickande storlom i ndgon av de mellan-
stora Oppna sjéarna, de med en areal pad 10-50
ha, kan man numera vara néstan helt sidker pa att
hickande knipa saknas. Ibland kan en sadan enkel
sak som avsaknad av knipholkar vara orsaken. Nar
bade holkar och lamplig hickmiljo finns diremot,
men med storlom som enda hickfagel, dterkommer
dock misstankarna. Overgivna dggkullar i holkar
vid dessa sjoar kan bero pa unga knipors sdmre
ruvningsinstinkt, eller liknande orsaker, men ocksa
pa att kniporna attackerats nir de rastat fran ruv-
ningen och pa s sitt tvingats ldmna sjon. I denna
del av landet ldgger kniporna ofta dgg fore isloss-
ningen, varfor eventuella stérningar av storlom
uppstar i ett senare skede.

Storlommens aggressiva beteende

Vid en av mina spaningar fran Langtriaskets strand
trodde jag mig ha upptidckt en mink. Nigot rorde
sig ndmligen mycket forsiktigt i den spegelblanka
vattenytan och dok nistan omérkligt. Efter en halv
minut uppstod ett fruktansvért tumult nér storlom-
men, som det visade sig vara, underifran anfoll tre
rastande knipor. Vattnet sprutade och kniporna kom
vettskrimda farande rakt mot mig. Storlommen
kom sakta simmande efter, som for att forvissa sig
om att kniporna inte atervinde. En svirta som so-
vande rastade inne i storlommens revir i Malatrés-
ket fick ett bryskt uppvaknande, nédr en dykande
storlom rammade den underifran.

I Skelleftedlven ségs aldrig nagra aggressiva be-
teenden forrdn sommaren 2002. Ovéntat anfoll da
en storlom den av mig just upptackta smalommen.
Taktiken var densamma; en néistan omérklig dyk-
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ning fran langt hall, varpa offret rammades underi-
frén. Den géngen var det inte fraga om nagot direkt
revirhdvdande, ty det var atminstone ett par kilo-
meter till ndrmaste bo. I nérheten av denna plats
fann jag nigra ar tidigare en dod smalom. Aven om
ett djupt sar kunde anas i brostet var fageln i sadant
skick att dodsorsaken inte gick att faststidlla. Hade
den dodats av storlom? Inte uteslutet, ty frdn Skott-
land &r ként att storlom sdval attackerat som dodat
sméalom (Mee 1991).

Sommaren 2003 sig jag i Skelleftedlven nagra
knipungar som vettskrimda sprang in mot, och upp
pa land for att diar gobmma sig. Efter ungarna kom
en raskt simmande storlom dnda fram till stran-
den. I Malan jagade i borjan av september 2004 ett
storlompar en knipunge, som springande for sitt
liv rdddade sig upp pa stranden (Mats Bildstrom
muntl.). I Bruntrésket bevittnades hur ett storlom-
par systematiskt drinkte en kull knipungar. Lom-
marna dok och drog ner ungarna genom att ta tag
i deras ben (NN muntl.). Annu flera ar efter den
hindelsen finns bara storlom hickande i den sjon.
Augusti 2006 iakttog jag en storlom som kraftigt
attackerade och jagade bort en smalom med en just
flygfardig unge i sillskap, i sjon Lilla Skdpptrask
néra Mala.

Flera hdckningar av knipa konstaterades samma
ar i samma sj0, men ungarna bara férsvann och
inga ungar sags uppna vuxen dlder. Misstankarna
riktas dven i det fallet mot storlom som forutom ett
héckande par ofta hyser mindre flockar av storlom
i sjon. Dokumenterade observationer fran lokaler
utanfér Mald kommun ar sillsynta, men fran Umea
rapporteras om en knipa som dédades av storlom
(Arne Higer enligt brev.). Efter en i &mnet publi-
cerad artikel, meddelades att en sjo utanfor Pited
uppvisade liknande karaktir som de beskrivna;
efter storlommens etablering forsvann de tidigare
hickande kniporna (L. Sandberg).

Avgorande bevis

Sommaren 2004 hinde antligen vad jag véntat pa
de senaste dren. Storlommarna Gvergav Tjdrnen
och hickade istéllet for forsta gangen i Langtrésket.
Resultatet ldt inte vénta pd sig. I Tjarnen konstate-
rades minst en hackning av knipa, en kull salskrake
och minst en kull vigg. Salskrakarna och viggarna
lag ofta och dok mitt ute pa det oppna vattnet, en
omdjlighet nir storlom hdckade didr. Sommaren
2005 hickade storlom ater i Tjarnen och inga hick-
ande dykédnder fanns att skada. 2006 sags ruvande
storlom under junis borjan, men av okénd anled-
ning Overgavs hédckplatsen ganska snart.Trots &t-
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skilliga besok under resten av sommaren sags efter
1 juli inga storlommar i Tjirnen.

Minst tva kullar vigg samt en hickning av knipa
konstaterades. Flera adulta knipor fanns dven so-
vande ute pa den Oppna vattenspegeln vid olika
tillféllen.

Sammanfattning

Jag anser det vara stillt utom allt tvivel att hick-
ande storlom &r orsaken till att knipa och andra dy-
kinder forsvunnit som hickfaglar i vissa av Malés
sjoar. I flera av dessa sjoar rastar knipa bade var
och host, men saknas under sommaren. Siménder
berérs inte alls pd samma sdtt som knipan, da de
oftast simmar inne i strandgréset, dir storlommen
aldrig vistas. Aven salskraken, som oftast vistas i
strandgréset, verkar klara sina hickningar dven om
sjon delas med storlom. De iakttas i sddana fall
dock aldrig ute pa det 6ppna vattnet, dir storlom-
men oftast ligger. Smalommen diremot verkar inte
ha négot emot dykénder som grannar.

En orsak till storlommarnas nya revir i det hir
omradet kan vara att Skellefteélven under de senas-
te dren har uppvisat kraftiga vattenstandsfluktuatio-
ner. Vissa somrar drénks dggen, andra hamnar de
sd hogt att lommarna inte kommer at sina reden nér
vattnet sjunker. Kraftverksdammarna bildar nume-
ra en tjugo mil lang kedja av nya sjoar langs Skel-
leftedlven, varfor ett stort antal par kan beroras av
varierande vattennivaer. Detta i kombination med
konkurrens om boplatser kan ha gjort att storlom-
marna sokt sig till nivasikra sjoar, och likt smélom
flyger fisk frdn élven till ungarna. Den allt storre
populationen pressar sannolikt storlommar till att
dven soka sig till mindre vatten for hdckning.

De i denna rapport redovisade aggressiva bete-
endena hos storlom, 1 likhet med deras inverkan
pa vissa dykdnders héckplatser, tycks endast vara
sparsamt kidnda bland forskare och filtornitolo-
ger (tex. Sjolander 1978). Genom forfattarens
muntligt och skriftligt stéllda fragor till atskilliga
ornitologer, har endast tva liknande hindelser rap-
porterats vilka har redogjorts for ovan. Kan det
forhalla sig sé att det huvudsakligen mest ror sig
om en geografiskt begrinsad foreteelse? Knappast!
Mer troligt ar att det s smaningom visar sig vara
nagot som forst konstaterades lokalt for att senare
bekriftas vara allméngiltigt. Mdjligen kommer det
kanske att utgora ett parallellfall till en annan fore-
teelse som forst rapporterades fran Mald kommun
— sangsvanens inverkan pa taigasiddgisens hick-
platser (Kampe-Persson m.fl. 2005). Innan dess
krévs dock betydligt mer ingdende studier. Speku-
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lationer gillande konkurrens om fodan som orsak
for storlommars aggressioner skapar nya funde-
ringar, da en del attacker dven har skett i mycket
fiskrika sjoar t.ex. Lilla Sképptriask och Skellefte
ilv, vilka bada for stora bestind av smavuxen sik.
Fortfarande finns alltsd en hel del oklara saker att
forska vidare om.

Ett speciellt tack gar till Elis Wides Fond, som
gjorde min mer detaljerade forskning ekonomiskt
mojlig.
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Summary

This report is based on observations made, mainly
by the author, in the rural district of Mala, southern
Lapland. In 1964, the regulation for energy produc-
tion of the River Skelleftedlv created a number of
dams, making up a 200 kilometres long chain of
new lakes. Gradually, large populations of small
Whitefish Corogonus sp. developed in these dams.
Quite soon, thanks to this food resource, the regu-
lated river became the backbone of the local popu-



lations of both Black-throated Diver Gavia arctica
and Red-throated Diver Gavia stellata.

Formerly, the Black-throated Diver bred only
sparsely in this district, mainly in the largest
lakes. After the regulation of the river the species
increased its breeding range, at first to the dams,
later also to medium-sized lakes situated in the
neighbourhood of the river. As these lakes were
devoid of food, the parents fished in the river and
transported the food to their young. Wherever the
Black-throated Diver settled, the Goldeneye Bu-
cephala clangula disappeared as a breeding spe-
cies, and most other diving ducks, such as Tufted
Duck Aythya fuligula and Smew Mergellus albel-
lus, as well. A suspicion started to grow, that these
disappearances in fact were caused by breeding
divers. The crucial test came in 2004, when the
Black-throated Diver stopped breeding in one the
lakes, Tjarnen. That year, Goldeneye, Tufted Duck
and Smew bred in Tjdrnen. Next year, the divers
were back and no diving ducks were seen. In 2006
there were no Black-throted divers breeding in the
same lake, and Tufted Duck and Goldeneye, again
were breeding .

A plausible explanation for the observed disap-
pearance of diving ducks from certain lakes is ag-
gression from the divers. Aggressive behaviours
of breeding Black-throated Divers against diving
ducks, and Red-throated Diver, were observed on
several occasions. In most cases, it involved a long
dive followed by a sudden attack from below. In
one of the lakes, a pair of Black-throated Diver
drowned an entire Goldeneye brood. The divers
dived and dragged down the ducklings by grasping
hold of their legs. A possible reason for the aggres-
sion between Black-throted Divers and Goldeneye,
might in some cases be competition for common
food (aquatic insects) to the non-fledged chicks.
However, this aggressive behaviour even exists in
fish- rich lakes with abundance of food, which cre-
ates more questions.

The size and form of the breeding lake seem to
be of crucial importance for the behaviour of the
Black-throated Diver, and by that also the breeding
result of the Goldeneye and other diving ducks. A
large lake with capes, islands and clumps of reeds
is difficult for a diver to survey, making it possi-
ble for the species to coexist. Probably becuase of
problems of taking wing, there are rarely any divers
in lakes smaller than ten hectares. In the medium-
sized lakes, those with an area of 10-50 ha, on the
other hand, problems of coexistence are frequent,
especially in the open ones. In the district of Mala,
it is nowadays extremely rare to find breeding
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Goldeneye in a medium-sized lake housing breed-
ing Black-throated Diver.

Leif Bildstrém, Smultronstigen 33, 930 70 Mala. E-
mail: calidris55@hotmail.com

Om knipans Bucephala clangula
hickningsbiologi i mellersta
Virmland

On the breeding ecology of the
Goldeneye Bucephala clangula in
middle Virmland

ERIK BORGSTROM

Knipans héckningsbiologi har i Sverige inte be-
handlats i ndgon storre utstrackning. Forutom Ro-
senius (1942) finns endast smérre redogdrelser och
notiser rorande artens hackningsbiologi. I Norden
ar det Finland som ligger vdl framme. Flera finska
undersokningar har publicerats (t.ex. Sirén 1952
och Grenquist 1962).

Material och metoder

Sedan 1968 har hickningsbiologiska studier av
knipa bedrivits i mellersta Varmland. Undersok-
ningsomradet &r till ytan ca 100 km? och &r belaget
i och omkring N. Réda (60.00° N). Knipholkarna
har varit av géingse typ och vedertagna matt med
undantag av ett antal holkar konstruerade av natur-
stammar och ibland med ingéngshél overstigande
de vanliga matten for knipholkar. Antalet holkar
under studien har varit timligen konstant, 3040 st.
Niéstan alla har varit uppsatta vid Klardlven och i
anslutning till Radasjon. Naturligtvis var holkarna
i regel placerade i omedelbar nérhet av vattendra-
gen och vanligen pa en hojd av 1,5-3 m. Vid nagra
tillfdllen har héckning i holkar skett langt fran
nirmaste vatten. Det storsta avstand till ndrmast
for knipan lampliga vatten fran dessa boplatser ar
drygt 1,6 km.

I botten pa holkarna har fore varje hackningssa-
song hillts ett 5-10 cm tjockt lager bomaterial (och
det gamla tagits bort) i form av kutterspan eller an-
nat lampligt material som underlag for knipdggen
eftersom honan sjdlv inte drar in ndgot bomaterial.
Under dggldggningen och ruvningen plockar ho-
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nan successivt av sig sjdlv dun, vilket under dgg-
laggningsperioden anvénds for att ticka over dggen
nédr honan befinner sig utanfoér holken och under
ruvningen for att halla dggen varma under honans
bortavaro pa grund av naringssok.

Agg och dggliggning

Tidpunkten for knipans start for dggldggning har
registrerats i 305 kullar. I en kull lades det forsta
dgget redan 20 mars (1989) och ytterligare 13 hick-
ningar har i studien noterats starta i mars manad. [
litteraturen forekommer veterligen inga uppgifter
om sa extremt tidiga hiickningar av knipa. Aven
mycket sena dggliaggningar har férekommit: en
hona lade en omlagd kull (endast tre dgg) med start
3 juni (1986) och i fyra andra héckningar, vilka
ocksé torde ha varit omléggningar, lades det forsta
dgget i senare delen av maj. Tidpunkten for 1aggan-
det av forsta d4gg i 305 kullar har i genomsnitt varit
24 april. Néra 85% av samtliga hdckningar pabor-
jades under perioden 8§ april-12 maj, och detta vi-
sar att dgglaggningen hos knipa dger rum betydligt
tidigare dn vad som hittills uppgetts i litteraturen.

I Tabell 1 visas genomsnittsvédrden for storleken
av knipdgg enligt olika undersokningar, varav tvd
ar tyskt material. De matt som anges i foreliggande
studie baseras pa 160 knipkullar under perioden
1979-2000. Knipans &dgg dr bldgrona (gronbld)
till fargen och &r i foérhallande till honans storlek
mycket stora. Dvirgégg har pavisats i kullar vid tva
tillfallen. I en kull pa sex dgg 1987 fanns ocksa ett
dvirgégg (33,3%28,3) och bland en rekordkull pa 18
agg 1993 14g dessutom ett dvirgigg (33,0x27,1).

Knipan lagger sina dgg med i genomsnitt 1,5
dagars mellanrum. For att faststdlla vid vilken
tidpunkt det forsta dgget laggs maste man besoka

holken under dgglaggningsperioden. Detta har en
avgorande betydelse om man skall kunna rikna ut
ndr det dr dags for kldckning av dggen. Enligt flera
uppgifter ruvar knipan 29-30 dagar (27-32). Trots
denna vetskap krdvs det ibland ritt manga besok
till de holkar, déar klackning forvéntas ske. Ungarna
ligger ndmligen kvar i holken blott i ett dygn for att
torka och fa krafter, si det géller att passa pa.

Aggvolymen har bestimts genom Tatum’s (1975)
index: mxdgglangdxbredd*/6000. Den allra storsta
volymen hade ett d4gg med maétten 62,8x46,7, som
var 71,67 cm’, och den allra minsta hade ett dgg
med matten 52,7x38,9 och volymen 41,73 cm? (se
Tabell 1).

I Tabell 2 fortecknas de olika kullstorlekarna.
Medelkullen uppgér till 8,78 dgg. I en undersok-
ning i Finland var medelkullen for 63 kullar 9,3
med spridningen 5-17 dgg (Linkola 1962) och i en
annan studie fran samma land var medelkullen for
128 kullar 9,0 med spridningen 611 dgg (Gren-
quist 1963). Glutz von Blotzheim & Bauer (1969)
uppger den normala kullen vara 8—11 (5-13).

Foreliggande studie kénnetecknas av ett stort
spann for de fullagda kullarna(3—18 dgg). Det bor
da framhallas att kullarna pa 3 och 4 d4gg med stors-
ta sannolikhet d4r omlagda kullar (i en av trekullar-
na konstaterades detta). De stora kullarna med 13
dgg och uppét ar besvérligare att forklara. Det dr
ett vilkédnt faktum att tva eller flera kniphonor kan
ldgga dgg 1 samma holk. I denna undersokning har
detta pévisats flera ganger trots att holktétheten till
synes har ansetts tillracklig for att alla honor skulle
fA ha sin egen holk i fred. And4 har beteendet fore-
kommit. I de flesta fall nér flera honor ldgger dgg
i samma holk &verges kullen av den ursprungligt
héckande honan och dggen forblir oruvade. Sale-
des har 38 &vergivna knipkullar med extremt stort

Tabell 1. Aggstorlek och dggvolymer enligt olika undersokningar hos knipa.

Egg size and volume from different Goldeneye studies.

Genomsnittsvarden Maximi- och minimimatt n Referens
Mean values Max. and min. values
60,1x42,6 (57,08 cm?) 67,0%39,9 och 60,0x45,0 42 Bau 1923

52,0%41,0 och 55,0x39,4

58,8x43,1 (57,16 cm?®)

59x43 (57,09 cm’) 52-67%39-45

59,2x42,9 (57,02 cm’)

64x43 och 59,7x46
52x42,8 och 59%x41

66,2%40,5 och 62,8x46,7
50,9%42,8 och 52,7x38,9

174 Rosenius 1942

200 Schonwetter 1967

1071 denna studie

this study
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Tabell 2. Frekvensfordelningen av olika kullstorlekar och antal uthoppade ungar fran 261 fullagda kullar av

knipa i mellersta Varmland 1968-2000.

Frequency distributions of different number of eggs and different number of young leaving nest in 261 completed
clutches of Goldeneye in middle Virmland in 1968—2000.

Antal 4gg eller
uthoppade ungar
No. of eggs or
young leaving nest

Antal bon med
olika dggantal
No. of nests with
different egg clutch size

Antal bon med olika
antal uthoppade ungar
No. of nests with
different no. of young leaving nest

3 2 7

4 1 6

5 12 25

6 35 41

7 41 43

8 46 48

9 40 33

10 30 24

11 17 11

12 14 14

13 3 3

14 8 2

15 6 3

16 2 0

17 3 0

18 1 1
Summa bon Total 261 261
Medel Mean 8,78 7,88
S.D. 2,68 2,44

antal d4gg med stor sdkerhet Gvergivits pa grund
av att den kniphona som forst lagt dgg i en holk
fatt pdspadning av en annan hona eller flera honor.
Samtliga dessa 38 kullar har givetvis uteslutits i det
hir redovisade materialet (Tabell 1 och 2).

Trots det ovan sagda kan man inte helt utesluta
att en kniphona sjélv kan lagga ovanligt stora kul-
lar. Rekordkullen pa 18 dgg (déartill med ett dvarg-
dgg) i N. Rada 1993 resulterade i 18 ungar, vilka
alla lamnade holken. Utan att ha klara bevis finns
det indikationer pé att det var en och samma hona
som genomforde denna hickning. Detsamma gél-
ler for ovriga redovisade hickningar med 13 dgg
eller fler (22 hiackningar). Dessa 23 hickningar star
for 10% av samtliga hdckningar i studien. Hos en
underart av knipa i Nordamerika har for 6vrigt kul-
lar upp till 14—19 dgg uppenbarligen lagda av en
enda hona patalats (Brewster 1900).

Ruvning, kléickning och hiickningsresultat

Nir dggkullen ar fullagd vidtar ruvningen, som
normalt omfattar 30 dagar. Efter det att forsta dgg-
get lagts (eller de forsta dggen) och man séledes
kénner till nér dgglédggningen startat besoktes inte

holken utan honan fick i lugn och ro ruva sina dgg.
Forst mot slutet av ruvningsperioden, d.v.s. infor
den forvantade klackningen av dggen, kontrollera-
des honan. I forekommande fall blev honan ring-
mérkt. Med tiden har de allra flesta honor blivit
ringmérkta och dirfor har kontrollerna oftast inne-
burit att man last av ringarna. Knipan 4r i hog grad
individuell. En del honor var ytterst storningskéns-
liga. Vid minsta missljud flog hon ut s& snart man
bara nirmade sig holken. Ibland kunde det gé sa
langt att man maste nirma sig holken nér det reg-
nade eller blaste hért for att honan inte skulle hora
att man kom. I andra fall 14g honan hart pa dggen
och ldt sig latt plockas upp och hanteras. Nagon
gang kunde hon liggas tillbaka i holken utan att
hon sen flog ut. Honor som pé detta sétt kontrolle-
rats ar efter ar, ofta i samma holk, tenderade att bli
sd ”vana” av behandlingen att de efter kontrollen
och frisldppandet bara flog ivdg en kort bit och lade
sig pa vattnet utanfor i vintan pa att fridstéraren
skulle avldgsna sig. Samtidigt som honan kontrol-
leras rdknades nu kullstorleken.

Nar den forvintade klickningen skall ske gil-
ler det att passa holken sd att ungarna inte hinner
hoppa ut. Har man tur kommer man dit pa exakt
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ratt dag. Oftast blev det dock flera besok under da-
garna innan kldckning sker. Om dggen uppvisade
sprickor eller “rosor” visste jag att kldckning &r
omedelbart forestdende och kunde d& dagen dérpa
aterkomma for att f4 se ungarna ligga dér.

I Tabell 2 visas frekvensen av uthoppade ungar
ur holkarna. I hela materialet utgjordes drygt 9%
av okldckta dgg (211 st) och 1% av doda dunungar
(24 st). Hackningsframgéangen uppgick till 89,7%.
I en undersokning i Virmland sammanstilld av
Fredga 1962 i Svensk Jakt och citerad av Gren-
quist (1963) var klidckningsfrekvensen under tre pa
varandra foljande ar 72%, 78% resp. 82%. I finska
undersokningar av klackningsfrekvens ar resultatet
visentligt ldgre, men i dessa tycks man ha utgatt
fran lagda knipdgg oavsett om de Overgivits eller
inte.

Ortstrohet och alder

Eftersom de allra flesta kniphonorna ringmérkts
under studieperioden har ménga kontroller av fag-
larna kunnat géras. Det har da visat sig att manga
honor ir mycket ortstrogna. Atskilliga kontroller
har gjorts i ndromradet och ofta i ndrheten av de
holkar de tidigare hickat i och upprepade génger i
samma holk aret efter forsta hackningen eller under
flera efterfoljande ar. Rekordet sitts av tva honor.
Den forsta hickade i en holk i N. Rada vid Rada-
sjon 1978 och direfter varje &r i samma holk dnda
fram till och med 1990. Eftersom knipan hdckar
forst vid tva &rs dlder maste denna hona ha nétt en
alder av minst 14 ar (15K+). Exakt lika gammal
var den hona som sedan 1988 hickade i en holk
vid Edsforsens kraftstation, NNV N. Réda. Den
dldsta kénda knipa i hela Europa &r en rysk fagel
som hittades 16 ar och 11 manader efter ringmark-
ningen. I denna studie har sammanlagt 195 honor
ringmaérkts. Férutom de ovan nimnda gamlingarna
har kniphonor kontrollerats med en alder av minst
12 ar i ett fall, 10 ar i tva fall, 9 ar i tva fall samt
flera med en 4lder av minst 8 4r.

Sedan 1987 har dven alla dunungar ringmaérkts
med en speciell metod (Borgstrom 2000). Den gar
ut pa att placera en bit tdtningslist, s.k. Tesa, pa in-
sidan av ringen fore mirkningen. Detta forfarande
forhindrar att ringen ramlar av den hos dunungen
dnnu alltfor klena tarsen. Metoden har visat sig
fungera bra. I takt med att ungen véxer till nots lis-
ten bort eller ramlar av efter en viss tid i kontakt
med vatten. Fram till och med 2000 har samman-
lagt 937 dunungar ringmérkts med denna metod.
Vid ett 15-tal tillfdllen har forstagangshéckare kon-
staterats 1 undersdkningsomradet. En hona markt
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som dununge aterkom till och med och héckade i
samma holk, i vilken hon tidigare ar klackts fram
ur dgget.

Knipan dr i mellersta Vdrmland néstan undan-
tagslost flyttfagel och de flesta dterfynden kommer
frin Danmark (Limfjorden-omradet). En knipa
ringmérkt som dununge har bland annat patréaffats
i Storbritannien. Under de senaste tvéd—tre aren har
tyvérr en minskning av knipbestandet i undersok-
ningsomradet kunnat konstateras, forhoppningsvis
ar denna trend av tillfallig karaktér.

Tack

Fran Stiftelsen Alvins fond har jag erhallit ett bi-
drag pa 5000 kronor for tickning av resekostnader
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Summary

This nest-box study of the breeding ecology of the
Goldeneye Bucephala clangula was made within
an area of about 100 km? surrounding N. Rada in
central Varmland (60.00° N) and covered the period



1968 through 2000. The number of nest-boxes was
30—40. They were placed 1.5-3 m above ground,
usually close to the water edge of a lake or along
a river. A few were up to 1.6 km away from wa-
ter suitable for Goldeneyes. Before every breeding
season old nest material was removed and replaced
with a 5-10 cm layer of cutter shavings.

Date of first egg was recorded in 305 clutches.
The earliest was on 20 March 1989 and 13 other
clutches were initiated in March. This is very early
compared to dates found in the literature. There
were also some very late initiations. One clutch
with three eggs was started on 3 June 1986, and
four other clutches were started in late May. All
were probably replacement clutches. The average
date of the 305 clutches was 24 April, and almost
85% of all clutches were started between 8 April
and 12 May.

Table 1 shows egg measurements collected from
160 clutches from the period 1979-2000. Two
dwarf eggs have also been found: one of six eggs
in 1987 measured 33.3x28.3 mm, and one egg in a
clutch of 18 in 1993 measured 33.0x27.1 mm. Egg
volume was calculated with Tatum’s (1975) index:
nxlengthxbreadth’/6000. The largest volume was
71.67 cm? (62.8%46.7 mm), and the smallest 41.73
cm?® (52.7x38.9 mm).

Table 2 shows the frequency of different egg
clutch sizes for all completed clutches. Mean
clutch size was 8.78 eggs. Compared to some other
studies my population had a larger range (318
eggs). However, some of the small clutches were
probably replacement clutches, and in one case this
was confirmed. It is more complicated to explain
the large clutches with 13 eggs or more. Laying
by more than one female in the same nest-box has
been given as the explanation, but I have not been
able to confirm this. Very large clutches are nor-
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mally deserted. I found 38 such very large clutches,
all of them were deserted, and they have been ex-
cluded from this study.

When the estimated day of hatching approched,
the nest-box was visited every day in order to de-
termine the number of hatched young that left the
nest-box alive. The result is shown in Table 2. Of
all eggs, 9% did not hatch (211 eggs), and 1% (24)
dead nestlings remained in the nest-box. Breeding
success in terms of nestlings leaving the nest-box
alive was 89.7%. This is higher than values given
from Finland, but the difference may depend on
that deserted clutches were included in the Finnish
studies.

The females were ringed, and successively most
of the females in the population were ringed and
could be checked in the nest-box (total 195). One
female was ringed in 1978 and bred in the same
nest-box every year until 1990. Since Goldeneyes
do not start to breed until they are two years old,
this female must have been at least 14 years. The
same age was reached by another female ringed
in 1988. The oldest female in Europe is one from
Russia, found after 16 years and 11 months. Other
old females in my study were one at least 12 years
old, two at least 10 years, two at least 9 years, and
several older than 8 years. Using Tesa-tape between
the ring and tarsus, 937 nestlings were also ringed.
About fifteen of them were recovered as breeders in
the area. One female returned to breed in the same
nest-box where she had hatched.

Editorial note. When Erik Borgstrom died on 15
August 2006, he left this manuscript, that was al-
most finished for submission. Lars Schiitt, Karl-
stad, sent it to Ornis Svecica. It is published here
with only marginal editing.
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