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Vattenkemi och fiskbestindens sammanséittning i storlommens
Gavia arctica hackningssjoar, samt en jaimforelse med
smalommens Gavia stellata fiskesjoar

Water chemistry and the composition of fish stocks in the breeding lakes of Black-
throated Diver Gavia arctica, and a comparison with the fishing lakes of Red-

throated Diver Gavia stellata

MATS O.G. ERIKSSON & HEIDI PALTTO

Breeding performance of Black-throated Diver Gavia
arctica was compared to water chemistry, light penetra-
tion and density of fish in 122 breeding lakes in Sweden
with a total of 184 pairs (1.5 pairs per lake, about 3% of
the national population). The breeding lakes were on av-
erage nutrient-poor, and 12% of them had a low buffering
capacity (alkalinity <0.10 meq/1). Perch Perca fluviatilis,
roach Rutilus rutilus and pike Esox lucius, three species
characteristic for nutrient-poor lakes, were found in more
than 90% of the lakes. Salmonid fish occurred in half of
the lakes, compared to >90% of the fishing lakes used
by Red-throated Diver. Reproduction was related to high
abundance of Perch, and the survival of chicks to light
penetration. Poor nutrient status in combination with low

Abstract

pH or alkalinity in approximatively 10% of the breeding
lakes of Black-throated Diver and probably more than
30% of the fishing lakes of Red-throated Diver, indicate
susceptibility of exposure to methylmercury. This find-
ing should be considered in relation to recent reports of
increased contents of mercury in freshwater fish.

Mats O. G. Eriksson, MK Natur- och Miljékonsult,
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Lantbruksuniversitet, Box 7044, 750 07 Uppsala,
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Storlommen Gavia arctica livnidr sig till storsta
delen pa fisk och hédckar framst vid néringsfattiga
klarvattenssjoar med en i regel gles och artfattig
fiskfauna. Ungarna matas foretradesvis med fisk,
men dven med vattenlevande insekter under de for-
sta levnadsveckorna, och bytena fangas vanligtvis
i hiackningssjoarna. I Sverige uppskattas det hick-
ande bestandet till 5500—7000 par, och tillsammans
med populationer i ungefir samma storleksord-
ning i Finland och Norge aterfinns dver 95% av
det europeiska bestandet (utanfor Ryssland) i de
nordiska ldnderna. Arten beddms under de senaste
10-15 dren ha okat i numerér i Sverige och Fin-
land, medan den har minskat i Norge under samma
period (BirdLife International 2004, Ottvall m.fl.
2008). Storlommens europeiska framtid &r dérfor
i hog grad beroende av hur de nordiska bestanden
utvecklas. Ur det perspektivet kan en béttre forsta-
else av hur hiackningsframgangen varierar mellan
olika sjoar med hénsyn till vattenkemi samt fiskbe-
standens storlek och sammanséttning vara av bety-
delse for inriktningen av vard- och skoétselinsatser.

Syftet med den hidr studien &r tvafaldigt, dels

att relatera storlommens hédckningsutfall i ett antal
sjoar spridda Over landet till uppgifter om vatten-
kemi och fiskforekomst, dels att jamfora storlom-
mens hidckningssjoar och smédlommens Gavia stel-
lata fiskesjoar i dessa avseenden. Totalt omfattar
undersokningen 122 storlomssjdar som inventerats
inom ramen for arbetet i Projekt LOM (t.ex. Eriks-
son 2006a), och for sméalomssjdarna har vi anvént
oss av data hdmtade fran en tidigare publicerad
undersdkning omfattande 34 fiskesjoar (Eriksson
2006b). Den kanske mest patagliga skillnaden i
de tva lomarternas hiackningsbiologi ar att sma-
lommen, till skillnad fran storlommen, hackar vid
sma och ofta fisktomma skogstjdrnar och myrgélar
(oftast mindre &n 1 ha), och att bytesfisk till ung-
arna hdmtas i storre klarvattenssjoar pa upptill ett
avstdnd av 9-10 km frdn hickningstjarnen (t.ex.
Eriksson 1994, Eriksson & Johansson 1997).
Storlommens hdckningsutfall har relaterats till
olika egenskaper i hdckningssjoarna ocksa i tidi-
gare undersokningar; t.ex. forekomsten av fisk
(Eriksson 1986, 1987), sjdareal och forekomst av
bebyggelse ldngs strinderna (Eriksson 1987, Er-
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iksson m.fl. 1995) samt vattenkemi (Eriksson &
Hake 2000). Alla dessa undersdkningar bygger
emellertid pa uppgifter fran ett farre antal sjoar dn
i den foreliggande studien och med en koncentra-
tion till landets sydvistra delar. Ingen av de tidigare
studierna analyserar den sammantagna effekten av
béde fiskforekomst och vattenkemi.

Vattenkemin i lomsjdarna dr av betydelse for
bedomningar av risker forknippade med expone-
ring av kvicksilver via fodointaget, och i ett ldngre
perspektiv kan klimatbetingade foréndringar i de
vattenkemiska forhdllandena paverka lommarnas
framtid. Dessa aspekter berdrs avslutningsvis.

Material och metoder

Urval av sjéar och antalet storlomspar som ingdr
i undersékningen

Urvalet har gjorts bland drygt 1800 sjdar dar fore-
komst av minst ett stationdrt (revirhallande) stor-
lomspar har kunnat faststéllas under minst ett ar
under perioden 1994-2008 genom rapporteringen
till Projekt LOM samt kompletterande avstim-
ningar mot rapporteringen till Artportalen/SVA-
LAN, www.artportalen.se/birds/default.asp. Mi-
nimikravet for att ta med en sjo i undersdkningen
var att det fanns uppgifter om hickningsresultatet
for minst fem ar for atminstone ett par som har up-
pehallit stadigvarande i sjon under hickningstid,
eftersom detta bedémdes vara ett minimum for att
kunna beddma det genomsnittliga hickningsutfal-
let i sjon. Detta krav uppfylldes i 243 sjoar. Vidare
skulle uppgifter om vattenkemiska forhallanden
och/eller forekomsten av fisk finnas tillgédngliga.
Efter denna gallring aterstod 122 sjdar (primérdata
redovisas 1 appendix A).

Totalt representerar de 122 sjdarna bara 0,1% av
landets 6ver 95.700 sjoar som &r storre dn 0,01 km?
(enligt SMHI 1996). Men bara en liten del av lan-
dets storlommar hickar i sjdar som dr mindre &n 0, 1
km? (tre sjoar i det undersokta materialet, appendix
A), och darfor dr det mera relevant att relatera de
aterstdende 119 sjoarna i undersokningen till lan-
dets drygt 24.000 sjoar som ér storre 0,1 km?, dvs.
undersokningen omfattade 0,5% av dessa sjoar.

Antalet storlomspar som berdrdes av undersok-
ningen har beréknats med ledning av rapportering-
en till Projekt LOM. For sjoar dir antalet rappor-
terade par har varierat mellan olika ar har i regel
medianvirdet anvénts (med justeringar for ett fatal
sjoar, appendix A). Totalt bedoms undersdkningen
ha omfattat 184 par eller 1,5 par per sjo, och sva-
rande mot ungefdr 3% av det hickande bestandet
i Sverige. Tédckningen varierade emellertid mel-
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lan olika delar av landet; 113 par i Gotaland och
svarande mot ungefdr 7% av storlomsbestandet,
52 par eller 3% av bestdndet i Svealand och bara
19 par eller 0,7% av storlomsbestandet i Norrland.
Aven om sjdarna inte har valts ut strikt slumpvis,
torde de ge en representativ bild av de studerade
forhallandena atminstone i Gotaland och Svealand,
medan resultaten for Norrland kan ha paverkats av
en Overrepresentation av sjoar i Visternorrlands
lan (appendix A).

Berdkning av hickningsresultatet.

For varje sjo har ungproduktionen berdknats som
medelantalet "stora" ungar per stationdrt par och
ar for perioden 1994-2008, enligt tidigare be-
skrivna féltarbetsmetoder (t.ex. Eriksson & Hake
2000, Hake m.fl. 2005). En beddmning av ungar-
nas dverlevnad tills de blivit flygga gjordes genom
att berdkna den genomsnittliga %-andelen ungkul-
lar med 2-3 stora ungar per dr, och i dessa berék-
ningar ingér hackningar som inte uppticktes forrdn
ungarna hade klackts. Normalt ldgger storlommen
tva dgg (ytterst séllan 3 dgg, 1-2% av alla kullar
enligt finska undersokningar; Lehtonen 1970), och
i de flesta fall kldcks tva ungar. Det &r emellertid
vanligt att bara ena ungen dverlever till flygg alder,
och ungarnas 6verlevnad r till stor del avhingig av
fordldrafaglarnas mojligheter att finna bytesfisk till
ungarna (Jackson 2003, 2005). Andelen ungkullar
med 2-3 stora ungar kan séledes ge en indikation
pa fodosoksforhallandena i de olika fiskesjoarna.
Primérdata redovisas i appendix A.

Vattenkemi och ljusforhdllanden i fiskesjéarna

For information om vattenkemin har i forsta hand
data frén den nationella miljédvervakningens riks-
inventering av sjoar och vattendrag anvénts. Inom
ramen for detta program har ett stort antal sjoar i
landet undersokts fran 1970-talet och framat; i
regel med fem 4rs intervall men fran 2007 &ndrat
till arliga provtagningar enligt ett rullande schema.
Resultaten &r tillgéngliga via en databas vid Insti-
tutionen for miljoanalys vid Sveriges Lantbruksu-
niversitet (http://infol.ma.slu.se/db.html, se dven
Wilander m.fl. 2003 for metodik m.m.). Dérutéver
har kompletterande information erhéllits for sjoar
i Vistra Gotalands 1dn. Genom att 1 huvudsak be-
grinsa oss till den s.k. riksinventeringen har vi for-
sdkrat oss om att vattenproverna har samlats in och
analyserats med en konsekvent metodik.
Lommarna reagerar naturligtvis inte direkt pa
forandringar och variationer i sjdarnas vattenkemi,



men olika vattenkemiska faktorer kan paverka for-

héllanden som dr av betydelse for forekomsten i

olika sjoar och for hiackningsutfallet. Mot denna

bakgrund har ungproduktionen i de olika sjdarna
relaterats till f6ljande parametrar:

* pH-viirdet, som &r ett matt pa sjons surhet. Flera
av sj0arna var paverkade av forsurning under
mitten och slutet av 1900-talet, med utglesade
fiskbestand och okat siktdjup som de mest pa-
tagliga effekterna av betydelse for lommarnas
fodosok (t.ex. Eriksson 1991, 1994, Brodin
1995). Manga av sjoarna dr sedan 1980-talet
foremal for kalkning, men man bor rdkna med
bestaende ekologiska fordndringar under lang
tid &ven om pH-virdet efter kalkning legat pa
en hogre niva (t.ex. Appelberg 1995, Henrikson
& Brodin 1995).

» Alkalinitet, som dr ett méatt pa sjons buffertkapa-
citet eller formaga att motsta surt nedfall.

» Totalfosforhalt, som &r ett matt pa sjons narings-
status och produktivitet.

*  Absorbans, som dr ett matt pa genomslapplighe-
ten av ljus i vattnet. Ljusforhallandena paverkas
i forsta hand av humushalten och grumligheten.
I den svenska miljodvervakningen anvénds ab-
sorbansen av ljus vid vaglangden 420 nm som
ett standardiserat matt, och en for dgat pataglig
brunfirgning av vattnet upplevs vid en absor-
bans pa ungefir 0,2 f,, ;.

 Siktdjup, som ér ett alternativt matt pa ljusfor-
hallandena. Métningar med siktdjupsskiva gors
regelméssigt i samband med provfisken. Lom-
marna &r s.k. visuella predatorer som lokaliserar
sina byten med hjilp av synen, och i tidigare
undersokningar har man funnit att siktforhal-
landena kan vara av stor betydelse for storlom-
mens forekomst i olika sjoar (t. ex. Eriksson
1985, Eriksson & Sundberg 1991, Kauppinen
1993). Det kan ocksa vara virt att nimna att i
samband med undersdkningar av planktonfo-
rekomsten i mellansvenska sjoar pa 1950-talet
gjorde limnologen Bengt Pejler 4ven noteringar
av observerade fagelarter, och han noterade en
tydlig koppling mellan néringsfattiga forhallan-
den, stort siktdjup och forekomsten av storlom
(Pejler 1962).

Bedomning av de vattenkemiska forhallandena i

fiskesjoarna har gjorts med ledning av de bedom-

ningsgrunder som tillimpas av Naturvardsverket

(1999), pé basis av medelvirdet fér métningarna

1995, 2000, 2005 och 2007 och med minimikravet

att mitdata skall finnas tillgéngliga for atminstone

tvd av de fyra dren (for siktdjup accepterades en

mitning). Data fanns tillgéngliga for 74 sjoar (58

sjoar vad giller totalfosfor och 54 sjoar for sikt-
djup; primérdata aterfinns i appendix B, appendix
D f6r siktdjup).

Fiskbestdnden i de undersokta sjéarna

Bedomningar av antalet fiskarter och titheten av
fisk har gjorts med ledning av provfiskeresultat
inom nationell och regional miljéévervakning,
som finns samlade i databasen NORS (NatiOnellt
Register for Sjoprovfisken, www.fiskeriverket.se,
sok under statistik och databaser).

Information om antalet fiskarter bygger pa prov-
fisken under perioden 1979-2008, med uppgifter
for totalt 80 hidckningssjoar (primérdata i appendix
Q).

For bedomningar av fisktdtheten har provfisken
fran perioden 1994-2008 anvénts, dvs. samma
period som técks av inventeringarna inom Projekt
LOM. Materialet omfattar totalt 54 hickningssjoar
(appendix D). Ett relativt matt pa forekomsten har
berédknats som medelantalet fiskar per nitanstrang-
ning, enligt de metoder som rekommenderas av
Fiskeriverket (Kinnerbdck 2001). Skattningarna
redovisas pa basis av provfiske med bottennét, och
inga justeringar har gjorts med hénsyn till eventuell
nétselektivitet.

For berdkningarna av eventuella samband mel-
lan fiskbestandens tidthet och ungproduktionen
delades materialet upp med avseende pa abborre
Perca fluviatilis, mortartad fisk, laxartad fisk, gers
Gymnocephalus cernua, gidda Esox lucius och
ovriga fiskarter (se Tabell 2 eller Appendix C for
sammanfattning av de fiskarter som redovisats un-
der mortartad och laxartad fisk samt ovrig fisk).
Uppdelningen betingades bland annat av att man i
tidigare undersokningar noterat smalomsungarna i
stor utstrdckning matas med laxartad och mortartad
fisk (Eriksson m.fl. 1990), och att deras dverlevnad
ar kopplad till forekomsten av dessa grupper i fis-
kesjoarna (Eriksson 2006b). Forekomst av gidda
har i tidigare unders6kningar patalats som en nega-
tiv faktor for storlommen, med tanke pa risken for
predation av ungar (t.ex. Lehtonen 1970, Jackson
2003). Slutligen har man funnit att gers utgér en
viktig del i dieten for smalommar som dvervintrar i
brackvattensmiljoer i Ostersjon (Guse m.fl. 2006).

Statistiska analyser

Med hjilp av multipla linjéra regressionsmodel-
ler analyserade vi hur lommarnas hiackningsutfall
(dels medelantal ungar per par och ar, dels andel
ungkullar med 2-3 stora ungar) i de olika sjoarna
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Tabell 1. Vattenkemi och ljusforhallanden i hackningssjoar for storlom (data fran appendix C och D) och (for
jamforelse) fiskesjoar for smalom (data fran Eriksson 2006b, Tabell 3 and appendix C).

Water chemistry and light conditions in the breeding lakes of Black-throated Diver (data from appendices C and
D) and (for comparison) fishing lakes for Red-throated Diver (data from Eriksson 2006b, Table 3 and appendix C).

A. Alla sjoar i de tva undersokningarna. A/l lakes from both studies.

Hackningssjoar for storlom Fiskesjoar for smalom
Breeding lakes for Fishing lakes for
Black-throated Diver Red-throated Diver
Medel  Max-Min N Medel  Max-Min N
Mean Range Mean Range
pH 6,9 6,1-8,0 74 6,5 5,8-6,9 20
Alkalinitet, mekv/l 0,31 0,04-2,3 74 0,11 0,03-0,20 20
Alkalinity, meq/l
Totalfosfor, mg/1 0,012 0,005-0,032 58 0,010 0,005-0,019 15
Total phosphorus, mg/l
Absorbans, f,ss 0,11 0,03-0,39 64 0,12 0,05-0,19 19
Absorbance, f5,s
Siktdjup, m 3,7 0,8-10,5 54 2,9 2,5-4,0 7

Transparency, m

B. Fem sjoar som ingick bade i undersokningen av smalommens fiskesjoar och i den foreliggande studien har
uteslutits (not a). Dessutom har hickningssjoar for storlom i Skane, Kalmar, Sédermanlands, Stockholms och
Uppsala ldn uteslutits eftersom sméalom inte héckar i dessa 14n°®.

Five lakes included both in the study of fishing lakes of Red-throated Diver and in the present study have been
exclude (note a). In addition, the breeding lakes of Black-throated Diver in the Counties of Skane, Kalmar,
Sodermanland, Stockholm and Uppsala have been excluded as Red-throated Diver does not breed in these
counties®.

Héackningssjoar for storlom Fiskesjoar for smalom Mann-
Breeding lakes for Fishing lakes for Whitney
Black-throated Diver Red-throated Diver U-test,
Medel Max-Min N Medel Max-Min N tvasidigt®,
Mean Range Mean Range two-tailed®
pH 6,8 6,1-7,4 52 6,4 5,8-6,9 15 P<0,001
Alkalinitet, mekv/l 0,23 0,04-0,72 52 0,11 0,03-0,20 15 P<0,001
Alkalinity, meq/l
Totalfosfor, mg/1 0,010 0,005-0,032 37 0,010 0.005-0,019 11 ej sign.
Total phosphorus, mg/l N.S.
Absorbans, f,ss 0,11 0,03-0,39 52 0,14 0,06-0,19 14 P=0,03
Absorbance, f5s
Siktdjup, m 3.9 0,8-10,5 37 2,9 2,5-4,0 6 ej sign.
Transparency, m N.S.

a Fegen, Viaredssjon, Ostra Nedsjon, Stora Le och Tisjon (detaljer i appendix A och B). Lakes Fegen, Viareds-
sjon, Ostra Nedsjon, Stora Le and Tisjon (details in Appendices A and B).

b Resultatet blir likartat men P-vérdena ldgre om storlommens hdckningssjoar i samtliga ldn innefattas i testen.
The result will be similar but all P values are lower if breeding lakes for Black-throated Diver from all coun-
ties are included in the tests.



paverkades av vattenkemiska variabler (pH, alkali-
nitet, absorbans och totalfosforhalt) och fiskfore-
komst (abborre, mortartad fisk, laxartad fisk, gers,
gédda, ovrig fisk samt siktdjup). Siktdjup ingick i
fiskanalysen eftersom data insamlades vid provfis-
ketillfallet. En samlad analys av hur medelantalet
ungar per par och ar paverkades av bade vattenke-
miska variabler och fiskforekomst gjordes for 18
sjoar med kompletta data. Dessutom gjordes sepa-
rata analyser av sambandet mellan fiskforekomst
och medelantal ungar per par och ar for 51 sjoar,
samt sambandet mellan vattenkemiska variabler
och medelantal ungar per par och ar for 56 sjoar.
For andelen ungkullar med 23 stora ungar gjordes
ingen samlad analys innefattande bade vattenkemi
och fiskforekomst, eftersom bada typerna av data
fanns tillgéngliga for bara sex sjoar. Darfor redo-
visas endast separata analyser for vattenkemi (21
sjoar) respektive fiskforekomst (12 sjdar) for ande-
len kullar med 2-3 stora ungar.

For alla analyser med fisk gjordes tva parallella
analyser; for hela fangsten respektive fiskar mindre
dn 22 cm, eftersom storlomsungarna knappast kan
hantera bytesfiskar av storre storlek (t.ex. Jackson
2003, 2005).

For regressionsanalyserna anvindes funktionen
”Im” i programmet R 2.8.1. (The foundation for
statistical computing, 2008). En stegvis algoritm
(kallas ”’step” i programmet; Hastie & Pregiborn
1992, Faraway 2006, s. 21) anvindes for att steg-
vis minska antalet forklaringsvariabler och ddrmed
minska modellens AIC (Akaike Information Cri-
terion), som &r ett matt pa modellpassning (Burn-
ham & Anderson 2002). Forenklat kan man séga
att AIC-mattet &r ett index som optimerar modellen
sa att dess forklaringsgrad (ofta uttryckt som R?)
blir s& hogt som mdjligt under forutsittningen att
modellen fortfarande forblir statistiskt signifikant.
Parvisa korrelationsanalyser gjordes for att testa
samvariationen mellan de ingaende variablerna
i analyserna. Alkalinitet var genomgéende starkt
korrelerad till pH (Spearman r = 0,8), varfor denna
variabel utesldts ur samtliga analyser. Ovriga vari-
abler som var starkt korrelerade till varandra togs
med i modellen i ett forsta steg. Om béada variab-
lerna aterfanns i den reducerade modellen testades
den reducerade modellen forst utan den ena varia-
beln och sedan utan den andra variabeln. Endast
modellen med ldgst AIC-vérde redovisas i resultat-
delen.

Jamforelser med smalommens fiskesjéar

For jamforelser mellan storlomssjéarna och sma-

lommens fiskesjoar anvédnde vi oss av uppgifter
fran den inledningsvis omndmnda undersdkningen
av sméalommens fiskevatten (Eriksson 2006b); med
uppgifter om de vattenkemiska forhallandena i 20
sjoar och med information om fiskbestdndens sam-
mansittning i 18 sjoar. Fem sjoar (Fegen, Viareds-
sjon, Ostra Nedsjon, Stora Le och Tisjén), som in-
gick bade i smalomsstudien och i den foreliggande
undersdkningen av storlomssjoar uteslots i de sta-
tistiska analyserna. Skillnader i sjéarnas egenska-
per undersdktes med Mann-Whitney’s U-test.

Resultat

Vattenkemi och ljusforhallanden

Flertalet av sjoarna var ndringsfattiga. Laga total-
fosforhalter (<0,013 mg/l) noterades i ungefér tva
tredjedelar av dem, men bredden i néringsstatus
var stor och 7% av sjdarna kunde bedémas som ni-
ringsrika (totalfosforhalt >0,025 mg/1). Naringsfor-
hallandena var likartade i smalommens fiskevatten,
med en totalfosforhalt pa i medeltal 0,010 mg/1 i
bade storloms- och smalomssjéarna (Tabell 1).

Ungefir 40% av sjoarna bedomdes som svagt-
mattligt sura med pH-vdrden mellan 6,2 och 6,8,
och 6% av dem var sura med pH-vdrden under
6,2. Alkaliniteten var god i de flesta sjdarna, men
12% av dem hade en lag buffertkapacitet (<0,10
mekv/l). Bade pH-vidrden och alkalinitet var ldgre
i smalommens fiskesjoar, jamfort med storloms-
sjoarna; med pH-vérden pa i medeltal 6,4 resp. 6,8
och en genomsnittlig buffertkapacitet pa 0,11 resp.
0,23 mekv/1 (Tabell 1).

Med ledning av absorbansvirdena kan man sluta
sig till att ungefar 70% av storlomssjdarna hade ett
svagt-mattlig fargat vatten, och att 4% av dem var
sa starkt fargade att de torde ha haft en for dgat
tydlig brunfirgning (absorbans >0,2 f,, ). 18% av
sj0arna hade ett stort siktdjup (>5,0 m). Smalom-
mens fiskesjoar hade genomgaende mindre klart
vatten dn storlomssjdarna, med en genomsnittlig
absorbans pa 0,14 resp. 0,11 £, (Tabell 1, primér-
data i Appendix B och D).

Fiskbestdindens artsammansdttning

Totalt noterades 26 fiskarter i de 80 storlomssjoar-
na med uppgifter om férekomsten av olika fiskarter
(Tabell 2, primérdata i Appendix C). Artsamman-
sittningen var den karakteristiska for niringsfat-
tiga sjoar; med abborre, mort Rutilus rutilus och
gidda i minst 90% av sjdarna. Laxartad fisk fanns i
ndrmare hdlften av de undersokta sjéarna; med sik
Coregonus sp., sikldja Coregonus albula och nors
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Osmerus eperlanus som de mest spridda arterna.
Al Anguilla anguilla torde forekomma i betydligt
fler dn de tva sjoar dédr den noterades, men arten
fangas sillan med de provfiskemetoder som nor-
malt anvdnds. Medelantalet fiskarter per sjo var
6,0, men spannvidden var stor, fran lagt artantal
(1-2 arter) till ver tio arter i en del sjoar (Figur 1).

Det genomsnittliga antalet fiskarter skiljde sig
inte mellan storlommens hickningssjéar och sma-
lommens fiskevatten, i medeltal 5,8 resp. 5,9 ar-

ter pd basis av data frdn 75 storlomssjoar och 14
smalomssjoar (Mann-Whitney U-test, ej sign.; de
fem sjoarna som dven ingick i den tidigare nimnda
undersokningen av smélomssjdarna borttagna).
Didremot fanns det en markant skillnad vad géller
forekomsten av laxartad fisk (Figur 1), som note-
rades i 13 av de 14 (93%) smélomssjdarna men i
bara 35 (47%) av de 75 storlomssjoarna ((*=8,36,
df=1, P<0,01).

Tabell 2. Fiskarter i storlommens héckningssjoar (data i appendix C) och (for jamforelse) fiskesjoar for smalom

(data fran Eriksson 2006b, tabell 5 and appendix D).

Fish species in breeding lakes of Black-throated Diver (data from appendix C) and (for comparison) fishing
lakes for Red-throated Diver (data from Eriksson 2006b, Table 5 and appendix D).

Fiskart Hackningssjoar for Fiskesjoar for
storlom (80 sjoar) smalom (18 sjoar)
Fish species Breeding lakes for Fishing lakes for
Black-throated Red-throated
Diver (80 lakes) Diver (18 lakes)
N % N %
Mortartad fisk Cyprinids 73 91 16 89
Obestidmd karpfisk Cyprinidae non. det. 5 6 - -
Ruda Carrassius carrassius 5 6 - -
Karp Cyprinus carpio 1 1 - -
Braxen Abramis brama 33 41 5 28
Loja Alburnus alburnus 24 30 3 17
Bjorkna Blicca bjoerkna 4 5 1 6
Stam Leuciscus leuciscus 1 1 - -
Elritsa Phoxinus phoxinus 3 4 1 6
Mort Rutilus rutilus 73 91 16 89
Sarv Scardinus erythrophtalmus 22 28 2 11
Sutare Tinca tinca 22 28 4 22
Laxartad fisk Salmonids 40 50 17 94
Nors Osmerus eperlanus 16 20 3 17
Sik Coregonus sp. 18 23 10 56
Sikloja Coregonus albula 24 30 15 83
Oring Salmo trutta 3 4 2 11
Regnbagslax Oncorynchos mykiss - - 1 6
Roding Salvelinus alpinus 2 3 2 11
Ovriga arter Other species
Al Anguilla anguilla 2 3 - -
Nissoga Cobitis taenia 1 1 - -
Gidda Esox lucius 72 90 16 89
Lake Lota lota 21 26 9 50
Obestdmd spigg Gasterostidae non. det. 1 1 - -
Stensimpa Cottus gobio 2 3 - -
Bergsimpa Cottus poecilopus 3 4 1 6
Gers Gynmocephalus cernus 35 44 6 33
Abborre Perca fluviatilis 79 99 18 100
Gos Stizostedion lucioperca 10 13 4 22
Medelantal arter per sjo 6,0 6,6

Mean number of species per lake
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Figur 1. Fordelningen av hdcknings-
sjoar for storlom (data fran appendix
C) och fiskesjoar for smalom (data fran
Eriksson 2006b, appendix D) med av-
seende pa antal arter och forekomsten
av laxartad fisk.

The distribution of breeding lakes for
Black-throated Diver (data from Ap- 4

pendix C) and fishing lakes for Red-

throated Diver (data from Eriksson

2006b, Appendix D) with reference to 04
number of species and the occurrence 1 2
of salmonid fish.

Number of lakes

Antal sjoar
~

Hdickningsutfallet i relation till vattenkemi,
ljusforhallanden och fiskforekomst

Den sammanslagna regressionsmodellen omfattan-
de 18 sjoar med information om savél vattenkemi
som fiskforekomst och siktdjup forklarade en avse-
vérd del av variationen i hdckningsutfallet mellan
de olika sjoarna (anpassat R?> = 50% resp. 49% for
totalfangsten av fisk resp., "smaéfisk” <22 cm, P =
0,027 1 bada fallen, Tabell 3 samt Figur 2b, 2d, 2f).
Sambandet var positivt f6r abborre och negativt for
totalfosfor och siktdjup (Figur 2), och forklarings-
graden var ungefdr densamma vare sig regressions-
modellen var baserad pa totalfangsten av fisk eller
”smaéfisk” (<22 cm) i den storlek som storlomsung-
arna kan hantera. Enkla regressionsanalyser mellan

18% 14%

Storlom Black-throated Diver

[ Utan laxartad fisk Without salmonid fish

B Med laxartad fisk With salmonid fish

11%

9
11% 10%

9%
8%

4%

2% 2% 2%

3 4 5 6 7 8 9 10 1 12 13
Antal arter Number of species

Smalom Red-throated Diver
28%
W Utan laxartad fisk ~ Without salmonid fish
22%

B Med laxartad fisk With salmonid fish

3 4 5 6 7 8 9 10 1" 12 13

Antal arter Number of species

hickningsutfallet och de ovanndmnda forklarings-
variablerna var inte statistiskt signifikanta (sam-
band mellan hackningsutfall och abborre: p=0,073,
anpassat R?=14%; samband mellan hackningsutfall
och fosforhalt respektive siktdjup: p>0,200, anpas-
sat R*=0%; Figur 2a, 2c, 2¢e).

De multipla regressionsanalyserna avseende
enbart vattenkemi (56 sjoar) respektive fisk (inkl.
siktdjup, 51 sjoar) var inte signifikanta eller hade
en avsevirt lagre forklaringsgrad.

Procentandelen ungkullar med 2-3 stora ungar
var hogre i sjoar med laga absorbansvérden, dvs.
sjoar med forhallandevis klart vatten (Figur 3, R?=
26%, regressionskoefficient = —171,00£S.E. 66,00,
P =0,018; 21 sjoar, data fran Appendix A och B).
Déaremot fanns det inte nagra indikationer pa att
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Tabell 3. Utfallet av en multipel regressionsanalys av variationen i ungproduktionen (medelantalet stora ungar
per par och ar) i relation till vattenkemi, fiskforekomst och siktdjup i 18 hickningssjoar for storlom (data fran

appendix A, B och D).

The result of a multiple regression analysis of the variation in the production of young (mean number of large
chicks per pair and year) in relation to water chemistry, occurrence of fish, and water transparency in 18 bree-
ding lakes for Black-throated Diver (data from appendices A, B and D).

Forklaringsvariabler Variables Anpassat P (hela Regressions- P (enskilda

R? modellen) koefficient £+S.E.*  variabler)
Adjusted P (whole Regression P (single

R’ model) coefficient +S.E.a  variables)

Total fiskfangst Total catch of fish 50 % 0,027

Abborre (medelantal per nitanstringning) 0,023+0,006 0,002

Perch (mean number per catch effort)

Totalfosfor Total phosphorus —-0,038+0,008 0,008

Siktdjup Water transparency —0,101+0,042 0,035

Laxartad fisk (medelantal per nitanstringning) 0,080+0,050 0,14

Salmonid fish (mean number per catch effort)

pH 0,39+0,29 0,20

Absorbans Absorbance —4,0£3,2 0,25

Fisk <22 em Fish <22 ¢cm 49 % 0,027

Totalfosfor Total phosphorus —0,035+0,012 0,012

pH 0,59+0,21 0,017

Abborre (medelantal per nidtanstringning) 0,019+0,008 0,027

Perch (mean number per catch effort)

Siktdjup Water transparency —-0,050+0,027 0,091

Gédda (medelantal per ndtanstringning) 4,1+£2,7 0,15

Pike (mean number per catch effort)

Laxartad fisk (medelantal per nédtanstrangning) 0,046+0,036 0,22

Salmonid fish(mean number per catch effort)

a Forvintad forandring i ungproduktionen per en enhets fordndring i forklaringsvariabeln. Expected change in
the production of young per one unit change of the variable.

procentandelen ungkullar med 2-3 stora ungar var
kopplad till titheten av fisk eller siktdjup (anpas-
sat R? = 9%, regressionskoefficient for siktdjup =
0,174+S.E. 6,2, P=0,17; 12 sjoar, primédrdata i Ap-
pendix A och D).

Diskussion

Sammanfattande karakteristik av storlommens
héickningssjoar

Storlommens hédckningssjoar kan karakteriseras
som ndringsfattiga, oftast med ganska klart vat-
ten. Ungefidr en tiondel av sjdarna har en svag buf-
fertkapacitet. Fisksamhillenas artsammansittning
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ar typisk for néringsfattiga sjoar, d&ven om antalet
fiskarter kan variera fran bara ett fatal till dver tio
arter. Forekomsten av abborre ér viktig for hick-
ningsutfallet, medan ljusférhallandena dr av be-
tydelse for fordldrataglarnas mojligheter att finna
bytesfisk till ungarna och darmed indirekt for ung-
arnas 6verlevnad.

Forekomsten av ett negativt samband mellan
sjoarnas ndringsstatus (i den hdr undersdkningen
miétt som totalfosfor) och ungproduktionen var for-
véntad mot bakgrund av vad vi sedan tidigare kéin-
ner till om storlommens forekomst i olika sjotyper
(t.ex. Nilsson & Nilsson 1978, Kauppinen 1993).

Det negativa sambandet mellan siktdjupet och
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Figur 2. Medelantalet stora ungar per par och ar i relation till totalfangsten av abborre (a, b), totalfosforhalt (c, d) och siktdjup
(e, f) 1 18 héckningssjoar for storlom (data fran appendix A, C och D). Figurerna a, ¢, och e visar ett samband mellan medel-
antalet ungar och en forklaringsvariabel i taget utan hénsyn tagen till andra forklaringsvariabler. Figurerna b, d och f visar det
forvantade medelantalet ungar vid fordndring av en forklaringsvariabel, under forutsattning att de andra variablerna i model-
len halls konstanta (multipel linjar regression: Anpassat R? = 50%, P = 0,027, se dven Tabell 3). De heldragna linjerna visar
medianvardet av modellen for de 18 sjoarna och de streckade linjerna ett 95% konfidensintervall baserat pa kvantiler, ett matt
som hor ihop med medianvirden. De enkla sambanden ér inte statistiskt signifikanta.

The mean number of large chicks per pair and year in relation to total catches of Perch (a, b), total phosphorus (c, d) and
Secchi disc transparency (e, f) in 18 breeding lakes for Black-throated Diver (data from Appendices A, C and D). The figures
a, ¢ and e show univariate relationships between the number of chicks and the environmental variable. The figures b, d and f
show the predicted number of chicks as response to a change in one environmental variable, while holding the other environ-
mental variables in the model constant (multiple linear regression model: Adjusted R> = 50%, P = 0.027, see also Table 3).
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Figur 3. Procentandelen ungkullar med
2-3 stora ungar (medelvdrde per ar)
i relation till absorbansen (f,5,s) 1 21
hackningssjoar for storlom (data fran ap-
pendix A och B; multipel linjér regres-
sion: R? = 26%, regressionskoefficient =
-171,00+£S.E. 66,00, P = 0,018). Linjér
trendlinje inlagd.

The percentage of broods with 2-3 large
chicks (mean per year) in relation to the
absorbance (f5,5) in 21 breeding lakes
for Black-throated Diver (data from ap-
pendices A and B; multiple linear regres-
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ungproduktionen (Tabell 3) var ddremot ovéntat,
mot bakgrund av att man i tidigare undersékningar
noterat att storlommen framst forekommer i sjoar
med stort siktdjup. Aven om ungarnas Sverlev-
nad dr kopplad till goda ljusforhéllanden (eller
lag absorbans), torde ljusférhallandena likval inte
ha nagon positiv paverkan pa medelantalet stora
ungar per par och ar i de olika sjéarna, rimligtvis
beroende pa att huvuddelen av de misslyckade
héckningarna avbryts redan under ruvningen (t.ex.
Hake m.fl. 2005).

Predation pa lomungarna fran gddda, som i ti-
digare studier (Lehtonen 1970, Jackson 2003) ut-
pekats som en riskfaktor, torde inte ha varit av sa
stor omfattning att det paverkat hiackningsutfallet.
Forekomsten av gédda tycks inte ha paverkat varia-
tionen mellan olika sjdar, vare sig med avseende pa
ungproduktionen eller pd procentandelen ungkul-
lar med 2-3 stora ungar.

Tatheten av abborre och sjdarnas vattenkemis-
ka status forklarade hélften av den observerade
variationen i ungproduktionen trots att endast 18
sjOar ingick i analysen. Anledningen till detta &r
formodligen att bade vattenkemiska variabler och
fiskforekomst ingar i analysen, till skillnad fran
manga tidigare studier som oftast har beaktat en-
dast en av dessa aspekter at gangen. Att storlom-
mens forekomst inte later sig enkelt att forklaras
av en enda miljofaktor at gangen stdds av de enkla
regressionsanalyserna dér ingen av de tre signifi-
kanta forklaringsvariablerna fran den multipla reg-
ressionsanalysen var signifikanta var for sig. Den
sammanlagda forklaringsgraden av de tre variab-
lerna, nér de testades var och for sig, var bara en
tredjedel sé stor, jamfort med forklaringsgraden i
den multipla regressionsmodellen. Slutligen bor
man halla i minnet att den multipla regressions-
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sion: R? = 26 %, regressions coefficient
=-171.00£S.E. 66.00, P = 0.018). Linear
trend line inserted.

0,25 0,30

modellen inte vigde in svarmétbara men férmodat
viktiga variabler kopplade till problemfaktorer som
identifierats i andra undersdkningar, sdsom vatten-
stdndsvariationer, predation och storningar fran
friluftslivet (t.ex. Hake m.fl. 2005, Eriksson m.fl.
2005).

Skillnader i storlommens och smdalommens
forekomst i olika sjéar

Aven om flera av smalommens fiskesjoar ocksa
nyttjas av storlommen for hickning och f6dosék
finns det skillnader i savél sjoarnas vattenkemi och
ljusforhallanden som fiskbestdndens sammansitt-
ning. Med viss grad av generalisering géller att
smalommen dr bunden till ett smalare och mer “ex-
klusivt” spektrum av sjoar dn storlommen:

* Smalommens fiskesjoar har genomgaende ldgre
pH-vérden, sdmre buffertkapacitet och mindre
klart vatten (Tabell 1).

* Smalommen har en uttalad preferens for sjoar
med laxartad fisk (bl.a. siklgja), vilket har pa-
talats 1 en rad undersdkningar. Paul Rosenius
uppmérksammade detta samband i sitt bokverk
om ”Svenska faglar och fagelbon” som kom
ut i flera band under bérjan av 1900-talet och
som byggde pa en omfattande dokumentation
av faunistisk information som fanns tillgénglig
vid den tidpunkten (Rosenius 1942 vad géller
lommarna). Senare har kopplingen mellan sma-
lomsforekomst och sjéar med goda bestand av
laxartad fisk noterats i inventeringar av regio-
nal eller lokal karaktir (t.ex. Andersson 1988,
Borgstrom 1995), och detta forhallande har
verifierats ytterligare i den hédr undersokningen
(Figur 1).

* Smalomsungarnas dverlevnad tills de blir flyg-



ga dr bland annat kopplad till forekomsten av
smavuxen laxartad och mortartad fisk i de sjoar
dér fordldrarna hdmtar sin bytesfisk (Eriksson
2006b), medan ljusforhallandena och mojlighe-
ten for fordldrafaglarna att lokalisera fiskbytena
tycks vara av storre betydelse for en framgangs-
rik matning och storlomsungarnas verlevnad.
Det faktum att smalommens forekomst i olika sjoar
inte dr lika tydligt kopplat till ljusférhallandena har
diskuterats av bl.a. Eriksson (1994, 2006b). Vikt-
skillnaden mellan de tva arterna &r inte ovésentlig,
och med ledning av handboksuppgifter kan man
sluta sig till att en smdlom véger ungefdr 40% min-
dre 4n en storlom (t.ex. Cramp & Simmons 1977).
Med hédnvisning till att man inom andra grupper av
fiskdtande faglar (t.ex. alkor) har funnit ett sam-
band mellan kroppsvikten och dykningens lingd
hos olika arter (t.ex. Piatt & Nettleship 1985, Wan-
less m.fl. 1988, Barrett & Furness 1990), kan man
saledes anta att den mindre och léttare smdlommen
inte har samma fordel som storlommen av att kun-
na lokalisera fiskbyten pa storre djup (som torde
kréva lingre dykningstider, t.ex. Boyd 1997). Detta
kan kanske forklara varfor smalommen dr hinvisad
till laxartad och mortartad fisk, som upptriader pe-
lagialt och néra vattenytan i storre utstrackning dn
t.ex. abborre (Stenson 1979, Persson 1987).

Avvikelser fran “normen” vad gdller storlommens
val av sjéar for hickning och fodosék

Aven om det helt dominerande ménstret ir att stor-
lommen soker foda och matar ungarna med byten
fangade i fiskesjon, kan arten uppvisa en viss flexi-
bilitet och ibland soka foda i andra vattendrag &n
héckningssjon pd “smélomsmanér”. Exempelvis
har utbyggnaden av de norrldndska dlvarna for
vattenkraftsproduktion i méanga fall lett till att flod-
strdckorna ersatts med serier av vattenmagasin. I
Skelleftedlven har frdn 1960-talet och framat stora
bestand av smavuxen sik etablerats i nagra av ma-
gasinen, och de utgér idag en viktig fodobas for
de lokala bestdnden av bade storlom och smélom.
Variationerna i vattenstandet ar emellertid sé stora
att storlommens hackningsforsok oftast misslyck-
as. Arten har i stéllet etablerat sig som hickfagel
i kringliggande mindre sjoar, men bytesfisk till
ungarna hamtas i stor utstrackning fortfarande i de
reglerade vattenmagasinen. I nagra fall bedomdes
storlommen ha drivit bort hiackande knipor Bucep-
hala clangula och vigg Aythya fuligula i de sjoar
déir den bosatt sig (Bildstrom 2006). Aven i Norge
har man noterat att storlommen ibland har etablerat
sig vid sma hickningssjoar (mindre dn 0,10 km?)

till f61jd av brist pa boplatser vid stérre och ofta
reglerade sjoar ddr de fortfarande hdamtar bytesfis-
ken till ungarna (Dunker & Elgmork 1973).

I sydvéstra Sverige har i nagra fall mycket goda
héckningsresultat noterats for storlomspar hack-
ande vid forsurade sjoar dér fiskbestanden minskat
eller helt slagits ut. Man beddémde att lommarna till
viss del kunnat kompensera bristen pa bytesfisk ge-
nom ett okat siktdjup (och dédrmed béttre mdjlighet
att lokalisera bytena) och att i storre utstriackning
mata ungarna med vattenlevande insekter, som ofta
gynnas i franvaron av predation frén fisk (Eriksson
1986, 1991, 1994). Det finns ocksa exempel pa att
bytesfisk hdamtats fran kringliggande sjoar, upptill
atminstone 3—4 km fran héackningssjon (Ahlgren
1996).

Storlommen i Skottland och en annorlunda sam-
mansdttning av fiskbestanden i hédckningssjoarna

Skottland hyser ndrmare 200 storlomspar (Bird-
Life International 2004) som framforallt hackar i
de nordvistra delarna. Storlommens forekomst och
héckningsutfallet i olika sjdar visar i manga styck-
en en annan bild 4n vad som géller for svenska for-
hallanden. I en undersdkning omfattande 90 sjdar
(67 med uppgifter om héckande storlommar under
perioden 1985-1994 samt 23 sjdar utan hdckande
storlommar, Jackson 2005) framgick bland annat
att arten ndstan uteslutande hiackade vid sjoar med
goda bestand av smavuxen laxartad fisk, i huvud-
sak oring Salmo trutta, och att flertalet av de par
som hickade vid sjoar utan laxartad fisk hdmtade
bytesfisk fran nérliggande sjoar med laxartad fisk.
Elritsa Phoxinus phoxinus och storspigg Gas-
terosteus aculeatus forekom ocksé i flera av under-
sokta sjoarna, och de utgjorde vid sidan av laxartad
fisk en viktig del i storlomsungarnas diet. Abborre
fanns bara i fem (6%) och giddda i tolv (13%) av
de undersokta sjoarna. Gdddan dr inte naturligt f6-
rekommande i Skottland men har satts ut i ménga
sjOar, och fortsatt utplantering bedémdes som ett
hot mot storlommen, badde med hénsyn till risken
for predation av sma ungar (se dven Lehtonen
1970) och konkurrens om bytesfisk.
Héckningsframgangen var hogre i sjoar dér
ungarnas i huvudsak kunde fodas upp pa fiskdiet,
jamfort med sjoar ddr ungarna dven matades med
vattenlevande insekter (Jackson 2003, 2005). Den
sjotyp dédr huvuddelen av de svenska storlomspa-
ren aterfinns, dvs. sjdar med dominans av abborre,
mort och gddda, och dér ungarna regelméssigt dven
matas med sldndlarver och andra vattenlevande in-
sekter under de forsta levnadsveckorna (Lehtonen
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1970, Sjolander 1978), dr saledes ovanlig i Skott-
land och bedomdes i de skotska undersdkningarna
som en suboptimal storlomsmiljo.

Fiske- och vattenvard i storlommens
héickningssjoar och smdalommens fiskevatten

Manga lomsj6ar har en naturligt 1ag alkalinitet och
de har i stor utstrickning varit pdverkade av for-
surning under mitten och slutet av 1900-talet, med
utglesade eller helt utslagna fiskbestand som foljd
(t.ex. Eriksson 1991, 1994). Som tidigare namnts
har flera av sjoarna varit foremél for fortlopande
kalkningsinsatser med syftet att aterskapa och vid-
makthélla gynnsamma livsbetingelser for fisk efter
paverkan av sur nederbord. Aven om man under de
senaste aren har inlett en utfasning av kalknings-
verksamheten bedémer man att fortsatta insatser
under ytterligare ett antal artionden dr ndodvéndiga i
ménga forsurningspéverkade sjdar for att vidmakt-
hélla de ofta goda resultat som erhallits vad géller
den ekologiska aterhdmtningen (t.ex. Henrikson
& Brodin 1995, Warfwinge & Bertills 2000). Med
avseende pa fagelskyddet bor i1 forsta hand sma-
lommens fiskevatten prioriteras, men dven stor-
lommens hdckningssjoar kan komma ifraga, i den
fortsatta kalkningsverksamheten och vid risk for
aterforsurning (se dven Eriksson 2006b). Man bor
emellertid undvika att utfora sjdlva kalkningsarbe-
tet under hackningstid for att undvika stdrningar
av savil hickande lommar som andra sjofagelar-
ter. Man bor inte heller kalka i smalommens hick-
ningstjarnar, med tanke pé risken for paverkan pa
kringliggande myrvegetation och boplatserna kva-
litet.

Kvicksilverbelastning och de vattenkemiska
forhallandena i lomsjéarna

Lommarna befinner sig slutindan av en nérings-
kedja med flera mellanled, fran primérproducen-
terna i form av vixter och vixtplankton via djur-
plankton och vattenlevande insekter till den fisk
som lommarna livnér sig pa. Man kan alltsd utifran
generella kunskaper om hur giftiga &mnen ackumu-
leras i ndringskedjorna forvénta sig att lommarna
ar sérbara for exponering av miljogifter. Allmént
anser man for fiskdtande faglar i sotvattensmiljoer
att det dr tungmetaller, och i forsta hand kvicksilver
som bor beaktas, bland annat mot bakgrund av att
kvicksilvret i fisk nédstan bara upptrader i form av
metylerade foreningar (t.ex. Scheuhammer 1991).
Gifteffekterna tar sig uttryck i forsdmrad fortplant-
ning, och vid hogre belastning neurologiska stor-
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ningar och beteenderubbningar. Hos adulta faglar
riskerar man storningar i fortplantningen i koncen-
trationer som &r ungefiar 20% av de som krévs for
att beteendefordndringar skall uppsté (t.ex. Scheu-
hammer 1987).

Det finns emellertid fa jamforande studier av hur
olika fagelarter pdverkas av exponeringen av kvick-
silver i nordiska sétvattensmiljder. P4 1970-talet
undersoktes spridningen av miljogifter i Finlands
nidst storsta sjo, Pdijinne, och man analyserade
bland annat halterna i muskel- och leverprover frin
ett 10-tal fagelarter (Sarkkda m.fl. 1978). Fiskdtan-
de faglars sarbarhet demonstrerades tydligt genom
att kvicksilverinnehéllet i prover fran storlom och
storskrake Mergus merganser lag langt 6ver de ni-
vaer som uppmittes for dvriga arter. Analyser av
lomégg insamlade pa skilda hall i Sverige under
1980- och 1990-talen visade pa generellt hogre hal-
ter av kvicksilver i d4gg fran smalom jamfort med
storlom (i enstaka fall med mycket hoga varden dar
reproduktionsstdrningar inte kan uteslutas). Halter-
na i storlomsédgg insamlade vid sjoar paverkade av
forsurning var genomgaende hdgre &n i andra sjoar
(Eriksson & Lindberg 2005).

I den enskilda sjon paverkas kvicksilverinnehal-
let i fisk pa ett ganska komplicerat sitt av savél
vattenkemin som markforhdllandena och mark-
anviandningen i tillrinningsomradet. Under det
senaste artiondet har fragor om lackage till grund-
och ytvatten av kvicksilver som deponerats fran at-
mosfariskt nedfall i skogs- och myrmark, fatt 6kad
uppmérksamhet. Under denna transport omvandlas
oorganiskt kvicksilver till fettlosligt och darmed
biotillgéngligt metylkvicksilver (t.ex. Skyllberg
2003, Evers m.fl. 2007). I Sverige har fragan aktu-
aliserats i samband med rapporter om att kvicksil-
verhalterna i insjofisk ater har stigit under senare ar
efter en lang tids nedatgdende trend fran 1960-talet
fram till 1990-talet (Akerblom & Johansson 2008).

Riskerna for exponering av kvicksilver for vat-
tenlevande organismer dr néra knuten till de vatten-
kemiska forhallandena. Pa basis av undersokningar
i nordostra USA har man bedomt att riskerna for
bioackumulering av metylerat kvicksilver ar storst
i lagproduktiva sjoar; med totalfosforhalt lagre dn
0,03 mg/l i kombination med pH-virde under 6,0,
alkalinitet under 0,10 mekv/l eller en halt pa 16st
organiskt kol (DOC) 6ver 4 mg/l som riktvirden
for vattenkvalitén i sjoar i riskzonen (Driscoll m.fl.
2007).

Huvuddelen av de héckningssjoar for storlom
som omfattas av den foreliggande studien hade en
totalfosforhalt lagre eller i niva med griansvérdet pa
0,03 mg/1 (56 av totalt 58 sjdar med information om



totalfosfor, appendix B), och for alla de undersokta
fiskesjoarna for smalom (Tabell 1) lag totalfosfor-
halterna under detta grinsvirde. Det finns sdledes
anledning att anta att huvuddelen av de undersokta
sjoarna ligger i riskzonen for en dkad exponering
for kvicksilver som kan sparas till atmosfariskt
nedfall, om de samtidigt ar sura eller har en svag
buffertkapacitet. I alla de undersokta hicknings-
sjoarna for storlom lag pH-vérdet dver det ovan-
ndmnda gransvérdet pa 6,0 (Tabell 1, appendix B)
men for sju av sjdarna (ndrmare 10%) registrerades
en alkalinitet under gransvirdet pa 0,10 mekv/l
(data fran appendix B). For smalommens fiske-
sjoar noterades pH-varden under 6,0 i tva (10%) av
20 undersdkta sjoar och sju (35%) av sjdarna hade
en alkalinitet under 0,10 mekv/l (primérdata fran
Eriksson 2006b, appendix C). Forutsatt att dessa
resultat kan generaliseras gdller sdledes for ndr-
mare 10% av landets héckningssjoar for storlom
och kanske mer dn 30% av fiskesjéarna for smd-
lom att de dr sarbara for en okad exponering for
kvicksilver som deponerats i skogs- och myrmark
och ddrefter urlakats till grund- och ytvatten och
samtidigt metylerats.

Huvuddelen av det kvicksilver som numera pa-
verkar sjoar och vattendrag kan hérledas till for-
bréanning av fossila brinslen. Anstringningar for
att minska beroendet och forbrukningen av olja av
klimatpolitiska skél torde alltsé pé sikt ocksa kunna
bidra till en minskad exponering for kvicksilver for
lommar och andra toppredatorer i sdtvattensmil-
joer. Utfallet av nordamerikanska modelleringsstu-
dier visar att d&ven begransningar av lokala utslapp
kan ge positiva effekter (Evers m.fl. 2007).

Klimatbetingade fordndringar i lomsjoarna

I ett langsiktigt perspektiv kan fragor om hur lom-
marna paverkas av framtida klimatforandringar
inte undvikas. I prognoser 6ver den europeiska fa-
gelfaunans langsiktiga utveckling har man for flera
arter med sin huvudsakliga utbredning i norra Eu-
ropa forutspatt att hackningsomradet kommer att
krympa genom att sydgrinsen forskjuts ytterligare
norrut. Om prognoserna slar in kan bade storlom-
men och smélommen vara forsvunna som héck-
faglar i landets sddra och mellersta delar, liksom
fran storre delen av Finland, pa 2090-talet (Huntley
m.fl. 2007).

Sett till hur lomsjoarna kan komma att fordnd-
ras dr det ganska enkelt forutse att faktorer som
ar viktiga for lommarna, sasom fiskférekomst och
siktforhallanden kommer att paverkas. Effekterna
ar emellertid extremt svara att forutsdga mera i de-

talj i den typ av néringsfattiga sjoar dar lommarna
i forsta hand forekommer (t.ex. Nordiska Minis-
terradet 2005) och i hog grad beroende pa utfallet
av den samlade paverkan av bland annat kortare
isldggningsperioder, hogre vattentemperaturer och
dndrade sprangskiktsforhallanden. En langre véxt-
sdsong kan gynna makrofytfloran, med bibehallna
ljusforhallanden och en mattlig fordndring 1 né-
ringsstatus som f6ljd. Alternativt kan fordndring-
arna ge upphov till en 6kad produktion av alger och
en utveckling mot mer néringsrika forhdllanden
och forhojda halter av organiskt 16sta &mnen, med
atfoljande forsdmrade ljusforhallanden. Detta kan i
sin tur leda till fordndringar i fisksamhéllenas sam-
manséttning, med en utveckling som missgynnar
bland annat abborre och giddda men gynnar olika
arter av mortartad fisk. I sjoar som utvecklas i den-
na riktning kan man parékna patagligt fordndrade
forutséttningar for lommarna.

1 det langsiktiga fagelskyddsarbetet avseende
lommarna maste man alltsd beakta risken for for-
andringar i sjoarnas niringsstatus och ljusforhal-
landen som goér dem mindre attraktiva eller lamp-
liga for hackning och fodosok. Ett framtida arbete
som syftar till att bibehalla eller aterskapa goda
betingelser for lommarna sdvil som deras bytesfisk
bor vara en langsiktig utmaning bade for fagel-
skyddsarbetet och for fiskevarden under de kom-
mande artiondena, ldmpligen inom ramen for en
nationell eller europeisk strategi som &r vél forank-
rad inom olika intressegrupper.

Tack

Undersokningen har genomforts inom ramen for
Projekt LOM, som under perioden 1994—1999
drevs gemensamt av Svenska Naturskyddsforen-
ingen och Sveriges Ornitologiska Forening och
dérefter som en fristdende ideell forening. Upp-
gifterna om lommarnas héckningsresultat i de un-
dersokta sjoarna har samlats in genom ett omfat-
tande faltarbete. Ungefar ett 70-tal personer har pa
frivillig och ideell basis medverkat med uppgifter
om lommarnas hidckning i de undersokta sjdarna,
ofta genom upprepade insatser under flera ar. Utan
deras samlade insats hade det inte varit mdjligt att
genomfora den hér studien.

Ekonomiskt stdd for arbetet med att relatera
uppgifter om vattenkemiska forhallanden och fis-
keforekomst till lommarnas héckningsutfall har
erhallits fran Naturvardsverket, inom ramen for ett
bidrag som verket utbetalat till Sveriges Ornitolo-
giska Forening for att redovisa och utvérdera arbe-
tet inom Projekt LOM. Bidrag har dven erhéllits
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fran Alvins Fond, Virldsnaturfonden-WWF och
Bingolotto-Atervinsten.

Uppgifter om vattenkemiska forhallanden har i
forsta hand hédmtats fran den nationella miljodver-
vakningens riksinventering av sjoar och vattendrag
via hemsidan for Institutionen for miljdanalys vid
Sveriges Lantbruksuniversitet (http://infol.ma.slu.
se/db.html), och information om fiskbestanden i de
undersokta sjoarna har i framst erhallits via Fiske-
riverkets provfiskedatabas (http://www.fiskeriver-
ket.se). Dérutover har Dan Hellman bidragit med
uppgifter om vattenkemi i Vistra Gotalands lédn.
Vikki Bengtsson har granskat de engelsksprakiga
textavsnitten. Borje Ekstam har gett vérdefulla
synpunkter som forbéttrat innehallet i uppsatsen.
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Summary

Northern Europe is a key area for the Black-
throated Diver Gavia arctica. 5500-7000 pairs
breed in Sweden, and together with populations of
a similar size in Finland and Norway, more than
95% of the European population (outside Russia)
breed in the Nordic countries. The species has in-
creased in numbers in Sweden and Finland during
the last decades, while it has decreased in Norway
(BirdLife International 2004, Ottvall et al. 2008).

The aim of the present study is to relate the
breeding success of the Black-throated Diver in
122 fresh-water lakes in Sweden to water chemis-
try and abundance of fish in the breeding lakes, and
to compare these factors with fishing lakes used by
Red-throated Diver Gavia stellata, using data from
a previous study of 34 lakes (Eriksson 2006b). The
Black-throated Divers feed their chicks mainly
with fish (but also aquatic insects during the first
weeks after hatching) caught in the breeding lake.
In contrast, the Red-throated Diver breeds in small
lakes and pools (mostly <1 ha), often devoid of
fish, and the chicks are fed with fish brought by the
parent birds from neighbouring larger lakes up to a
distance of 9—10 km.
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The water chemistry is of importance for assess-
ing the level of risks related to exposure to meth-
ylmercury, and in a longer-term perspective, the
potential impact of climate change.

Materials and methods

The study lakes were selected from a total of 1800

lakes where the presence of at least one station-

ary (territory-holding) pair during at least one year
during the period 1994-2008 had been confirmed,
based on data from voluntary surveys (Projekt

LOM, Eriksson 2006a). The criteria for selection

were that data on the breeding success should be

available for at least five years over the study pe-
riod, in combination with access to information
about water chemistry and/or occurrence of fish.

These criteria were met for 122 lakes (primary data

in Appendix A), which were assessed to contain

184 breeding pairs (3% of the Swedish popula-

tion). The results are assumed to be representative

for the southern and central parts of Sweden, but
with some reservation for the northern parts.

For each lake, the production of young was es-
timated by calculating the mean number of large
chicks per stationary pair and year, according to
published methods (e.g. Eriksson & Hake 2000,
Hake et al. 2005). The survival of chicks until
fledged was assessed by calculating the mean per-
centage of broods with 2—3 large chicks per year.
As the chick survival is largely related to the par-
ent birds’ capacity to catch fish for the young (e.g.
Jackson 2003, 2005), this measure is an indication
of the foraging conditions in the different lakes
(primary data in Appendix A).

Water chemistry and light penetration informa-
tion was primarily collected from national moni-
toring programmes, including large-scale surveys
of lakes that are carried out with 5-years intervals
(http://infol.ma.slu.se/db.html, Wilander et al.
2003 for methods etc). The parameters considered
were:

* pH, as an indication of acidity. Many of the
lakes were affected by acid precipitation dur-
ing the 20™ century, with declines in fish stocks
and increased water transparency being impor-
tant effects on the foraging success by divers
(e.g. Eriksson 1991, 1994, Brodin 1995). Sev-
eral lakes have been limed regularly since the
1980’s, in order to counteract the negative im-
pacts, although ecological changes may remain
for a long time even if pH conditions have re-
covered (e.g. Appelberg 1995, Henrikson &
Brodin 1995).
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» 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.

o Secchi disc transparency, i.e. an alternative
measure of light penetration and mostly done
in connection to gill-net fishing. As the divers
are visual predators, light conditions have been
found to be of importance for the selection of
lakes (Eriksson 1985, Eriksson & Sundberg
1991, Kauppinen 1993).

The assessments of water chemistry followed the

guidelines developed by the Swedish Environmen-

tal Protection Agency (Naturvardsverket 1999); on
the basis of mean values from at least two measure-
ments during the period 1995-2007 (one measure-
ment was accepted for Secchi dish transparency).

Data was available for 74 lakes (58 lakes for total

phosphorus, 54 lakes for Secchi disc transparency;

primary data in Appendix B and D).

Fish stock information was collected from the
database provided by the Swedish Board of Fish-
eries (NORS, www.fiskeriverket.se, search under
“statistik och databaser”). For information about
fish species, data from gill-net fishing with bottom
nets during 1979-2008 was used (80 lakes, pri-
mary data in Appendix C). The abundance of fish
was estimated on the basis of results from gill-net
fishing during the period 1994-2008 (i.e. the same
period as covered by “Projekt LOM”; 54 lakes, pri-
mary data in Appendix D). The mean number of
fish per catch effort was used as an indirect meas-
ure of the density of fish, as recommended by the
Swedish Board of Fisheries (Kinnerback 2001, no
corrections were made with reference to potential
net selectivity). For the analyses of any relation-
ships between abundance of fish and the breeding
result, the fish data was split up with reference to
catches of Perch Perca fluvialitis, cyprinid fish,
salmonid fish, Ruffe Gymnocephalus cernua, Pike
Esox lucius and “other fish” (Table 2 and Appendix
C for details).

Relationships between breeding performance
and abundance of fish were investigated using mul-
tiple regression analyses. For an analysis including
data both of water chemistry and fish abundance,
information from 18 lakes was available. In ad-
dition, separate analyses were carried out for the
production of young and the percentage of broods
with 2-3 large chicks in relation to abundance
of fish (51 and 12 lakes, respectively) and water
chemistry (56 and 21 lakes, respectively). For fish,



parallel analyses were done for the total catch and
for small-sized fish (<22 cm), as the chicks have
difficulty handling larger fish prey (e.g. Jackson
2003, 2005).

For the regression analyses, the function “lm”
in R 2.8.1. (The foundation for statistical comput-
ing, 2008) was used. A step-wise algorithm (Hastie
& Pregiborn 1992, Faraway 2006, p. 21) was ap-
plied in order to reduce the number of variables
and thereby improving the fit of the model. This
procedure is based on the AIC (Akaike Informa-
tion Criterion, Burnham & Anderson 2002). This
procedure optimizes the model both according to
the degree of explained variation in the data set, R?,
and the level of statistical significance. Pair-wise
correlations were carried out in order to test the de-
gree of co-variation between variables. Generally,
alkalinity was strongly correlated with pH and thus
excluded from all analyses.

A comparison of the breeding lakes of Black-
throated Diver and the fishing lakes of Red-throat-
ed Diver comprised 20 lakes with information
about water chemistry and 18 lakes with informa-
tion about fish stocks (Eriksson 2006b). Five lakes,
included in the Red-throated Diver study as well
as in the present study of the Black-throated Diver
were excluded from the statistical analyses. The
Mann-Whitney U test was used for the compari-
sons between the two kinds of lakes.

Results

Most of the breeding lakes of the Black-throated
Diver were nutrient-poor. Low levels of phospho-
rus (<0.013 mg/1) were recorded in about one third
of them, but the range was large and 7% of the lakes
were classified as rich in nutrients (>0.025 mg/l).
Nutrient status was similar in the fishing lakes of
Red-throated Diver, with a mean level of 0.010
mg/I in both kinds of lakes (Table 1, primary data
in Appendix B). Around 40 of the lakes were mod-
erately acidic (pH 6.2-6.8), and 6% of them were
acidic (pH<6.2). Alkalinity was satisfactory in
most lakes, but low (<0.10 meq/l) in 12% of them.
Both pH and alkalinity were lower in the fishing
lakes of the Red-throated Diver, compared to the
breeding lakes of the Black-throated Diver, with a
mean pH of 6.4 and 6.8, respectively, and alkalinity
of 0.11 and 0.23, respectively (Table 1, after exclu-
sion of the five lakes included in both studies). Ap-
proximately 70% of the Black-throated Diver lakes
had moderately coloured water, as evaluated by ab-
sorbance values, and 4% of them were so strongly
coloured that a brownish tint should be detectable

by a human eye (>0,2 f,505). Transparency was high
(>5.0 m) in 18% of the lakes. The fishing lakes of
Red-throated Diver had on average less clear water
than the lakes of Black-throated Diver; the absorb-
ance was 0,14 and 0,11 £, 5, respectively (Table 1,
primary data in Appendices B and D).

The species composition was typical for nutri-
ent-poor lakes. In total, 26 species of fish were re-
corded from the 80 lakes investigated for this pur-
pose (Table 2, primary data in Appendix C) with
Perch, Roach Rutilus rutilus and Pike in at least
90% of them. Salmonid fish occurred in almost
half of the lakes, with Whitefish Coregonus spp.,
Vendace Coregonus albula and Smelt Osmerus
eperlanus being the most wide-spread species. Eel
Anguilla anguilla is presumably found in almost all
the investigated lakes, but it is rarely caught with
the standardized methods used for gill-net fish-
ing. The average number of species per lake was
6.0 but with a wide range, with some lakes having
only 1-2 species and others having more than ten
species (Figure 1). The mean number of fish spe-
cies did not differ significantly between the Black-
throated Diver lakes and the fishing lakes used by
Red-throated Diver, but salmonid fish occurred
much more frequently in the Red-throated Diver
lakes; 13 (93%) of 14 of the fishing lakes used
by Red-throated Diver compared to 35 (47%) of
75 Black-throated Diver lakes (Figure 1; x*=8.36,
df=1, P<0.01, after exclusion of five lakes included
in this investigation as well in the study of Red-
throated Diver’s fishing lakes).

Water chemistry and abundance of fish explained
a substantial part of the variation in breeding suc-
cess between the lakes (18 lakes; adjusted R? =
50% and 49%, respectively, for the total catch and
small-sized fish, P = 0.027 in both cases; Table 3).
There was a positive relationship for abundance
of Perch and negative relationships for both total
phosphorus and Secchi disc transparency (Figure
2). The regression analyses including only data on
water chemistry (56 lakes) or only fish data (51
lakes) were not significant or could only explain
a much smaller amount of the variation between
lakes. The percentage of broods with 2-3 large
chicks was highest in lakes with low absorbance,
i.e. lakes with clear water (Figure 3, R?> = 26%, P
=0.018; 21 lakes, primary data from Appendices A
and B). There were no indications that the percent-
age of broods with 2-3 large chicks was related to
the abundance of fish or water transparency (ad-
justed R? = 9%, regression coefficient for Secchi
disc transparency = 0.174+£S.E. 6.2, P = 0.17; 12
lakes, primary data from Appendices A and D).
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Discussion

The breeding lakes of Black-throated Diver are
generally nutrient-poor, mostly with fairly clear
water. Around one tenth of them have a low buffer-
ing capacity. The species composition of the fish
communities is typical for nutrient-poor lakes, al-
though the number of fish species is highly vari-
able; from only a few up to more than ten. The
abundance of Perch is important for the breeding
success, while light penetration affects the likeli-
hood of the parent birds to find fish prey for the
chicks and thereby to the survival of the young.

The negative relationship between breeding suc-
cess and nutrient status (as indicated by total phos-
phorus) is in accordance with previous studies re-
garding the occurrence of Black-throated Diver in
various lakes (e.g. Nilsson & Nilsson 1978, Kaup-
pinen 1993). However, the indication of a negative
relationship between Secchi disc transparency was
unexpected, considering previous results show-
ing a preference for lakes with high transparency.
Although light penetration affects the survival of
chicks, this factor does not seem to influence the
overall production of young significantly, presum-
ably because most of the breeding failures are re-
lated to the incubation period (e.g. Hake et al. 2005).

The abundance of Pike did not affect the vari-
ation between lakes in breeding success; i.e. any
predation pressure by Pike on diver chicks (Lehto-
nen 1970, Jackson 2003) was not to the extent that
it affected the production or survival of young.

Although many of the fishing lakes of Red-
throated Diver are also used by Black-throated
Diver for breeding and foraging, there are over-
all differences in water chemistry and the species
composition of the fish communities. Everywhere,
the Red-throated Diver is bound to a narrower and
more “exclusive” spectrum of lakes than the Black-
throated Diver. Generally, the fishing lakes used by
Red-throated Diver have lower pH and alkalinity,
and less clear water (Table 1). The preference of
Red-throated Diver for lakes with salmonid fish
was indicated in studies dating from the early 20th
century (Rosenius 1942), later in various local and
regional surveys (e.g. Andersson 1988, Borgstrom
1995), and further verified in this study (Figure 1).
The survival of Red-throated Diver chicks is re-
lated to the abundance of salmonid and cyprinid
fish in the fishing lakes used by the parent birds
(Eriksson 2006b), while light penetration is more
important for the Black-throated Diver parents in
their search for fish prey for the chicks, and thus
indirectly for their survival.
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Although foraging and feeding of the chicks with
prey caught in the breeding lake is the dominant
behaviour by the Black-throated Diver, there is
some flexibility with reference to foraging in other
water-bodies than the breeding lake. Following
the large-scale exploitation of most large rivers in
Northern and Central Sweden for hydro-electric
power production during the 20th century, many
lakes in the catchment areas are now used as water
reservoirs with water-level fluctuations of unnatu-
rally high amplitude. In the River Skelleftedlven,
abundant stocks of small-sized whitefish have been
established in some of the reservoirs and become
an important food resource for both species of
divers. The amplitude of water-level regulation is
often too high to make successful breeding pos-
sible, but the Black-throated Diver has colonised
surrounding smaller lakes for breeding while fish
prey is still collected from the reservoirs (Bild-
strom 2006). Reports from Norway also confirm
that there are Black-throated Divers that have col-
onised small lakes (<0.10 km?) because of a lack
of nesting sites at larger, mostly regulated, lakes
from where the fish prey is still collected (Dunker
& Elgmork 1973).

In Southwest Sweden, a surprisingly high breed-
ing success has been reported for Black-throated
Diver pairs from lakes affected by acid precipita-
tion and with substantially reduced fish stocks.
The birds may have been able to compensate for
the low abundance of fish by increased light pen-
etration which makes it easier to find fish prey,
and they may also have increased the proportion
of aquatic insects in the diet (Eriksson 1986, 1991,
1994). Also, collecting fish from adjacent lakes up
to a distance of at least 3—4 km has been recorded
(Ahlgren 1996).

Scotland harbours a population of about 200
breeding pairs, concentrated in the north-western
parts of the country. In many cases, the forag-
ing pattern differs from that found in Sweden. In
a study including 90 lakes (Jackson 2005), the
Black-throated Diver bred almost entirely at lakes
with a high abundance of small-sized salmonids,
primarily Trout Salmo trutta, and most pairs breed-
ing at lakes without salmonid fish collected fish
prey for chicks from adjacent lakes. Also the fishes
Minnow Phoxinus phoxinus and Three-spined
Sticklebacks Gasterosteus aculeatus were abun-
dant in the breeding lakes, and they constituted an
additional important part in the chicks’ diet. The
breeding success was higher in lakes where the
chicks were fed primarily on fish, compared to
lakes were they were also fed on aquatic insects



(Jackson 2003, 2005). The most common kind of
breeding lakes used by the Black-throated Diver
in Sweden, i.e. lakes where Perch, Roach and Pike
are abundant and where chicks are regularly fed on
aquatic insects during the first weeks after hatching
(Lehtonen 1970, Sjolander 1978), are less common
in Scotland and were considered to be suboptimal
habitats.

Several lakes used by the two species of diver
have a naturally low alkalinity, and many of them
were affected by acid precipitation during the 20th
century with a decline in fish stocks as the main
consequence (Eriksson 1991, 1994). Lime treat-
ment has been widely applied in order to restore
the water quality and fish stocks. A successive
phasing-out of the lime-treatment scheme has been
initiated during recent years, however, continuous
treatment for some decades will remain necessary
in several lakes if the overall positive results with
reference to ecological recovery of acidified lakes
is to be safeguarded in the long-term (e.g. Henrik-
son & Brodin 1995, Warfwinge & Bertills 2000).
With reference to the management of waterbird
populations, priority should be focussed primarily
on the fishing lakes of the Red-throated Diver, but
also the breeding lakes of the Black-throated Diver
should be considered for continued lime treatment
when at risk of re-acidification (Eriksson 2006b).

Divers are top predators at the end of an aquatic
food-chain and they are thus susceptible to bioac-
cumulation of toxic substances. For fish-eating
birds, heavy metals and primarily methylmercury
have been recognised as potentially dangerous
(e.g. Scheuhammer 1991). There are, however, few
studies from the Nordic countries that reflect this
problem. In the 1970s the exposure to birds of vari-
ous toxic elements was studied at Lake Péijanne,
the second largest lake in Finland, and from ap-
proximately ten bird species, contents of mercury
in samples from Black-throated Diver and Com-
mon Merganser Mergus merganser were much
higher than from other species (Sérkké et al. 1978).
Analyses of diver eggs collected in Sweden during
the 1980s and 1990s indicated higher mean levels
of mercury in eggs of Red-throated Diver than in
Black-throated Diver (with very high contents and
possible risk for reproductive impairment in some
cases). The contents in Black-throated Diver eggs
collected at lakes affected by acidification were
generally higher compared with eggs from other
lakes (Eriksson & Lindberg 2005).

More recently, leakage of air-borne mercury (re-
lated to emissions from fossil fuels) from terrestrial
to aquatic habitats has attracted increased attention

(e.g. Skyllberg 2003, Evers et al. 2007). In Sweden
there are recent reports of an increase in the amount
of mercury in freshwater fish, breaking a continu-
ously declining trend since the 1960s (Akerblom &
Johansson 2008). The risk of exposure to methyl-
mercury is closely related to the water chemistry.
Recent studies in North-eastern USA suggest that
the risk for top predators is substantial in nutrient-
poor lakes; with proposed indicators of total phos-
phorus <0.03 mg/l in combination with pH<6.0,
alkalinity<0.10 meq/l or dissolved organic carbon
(DOC)>4 mg/l for lakes being susceptible (Dris-
coll et al. 2007). In the present study, total phos-
phorus was at or below the above indicated limit
of 0.03 mg/l in the majority of the breeding lakes
of Black-throated Diver (56 of 58 lakes with phos-
phorus data, Appendix A) and all fishing lakes of
Red-throated Diver investigated (Table 1). Based
on data on pH and alkalinity, and by assuming that
the results can be generalised for the whole of Swe-
den, we assumed that almost 10% of the breeding
lakes of Black-throated Diver and more than 30%
of the fishing lakes used by Red-throated Diver are
at risk for high exposure to methylmercury related
to leakage from forest and wetland habitats in the
catchment areas.

Both the Black-throated and the Red-throated
Diver are forecasted to have disappeared from the
southern and central parts of Sweden and large
parts of Finland by 2090 because of climate change
(Huntley et al. 2009). With reference to the breed-
ing and foraging lakes, it is very likely that factors
important for divers, such as light penetration and
abundance of fish will be affected, but it seems to
be extremely difficult to make more precise pre-
dictions for the kind of nutrient-poor lakes where
the birds are primarily found (e.g. Nordiska Min-
isterrddet 2005). Shorter periods of ice-cover in
winter and higher water temperature may lead to
consequences of relevance for the divers. A pro-
longed vegetation period may be beneficial for
the macrophyte vegetation, with only a moderate
change in light penetration and nutrient status as
consequences, but alternatively an increased algae
production may result in more nutrient-rich con-
ditions, increased contents of dissolved organic
material and hence reduced light penetration. This
might have impact on the species composition of
the fish communities with decreased abundance of
Perch and Pike while various species of cyprinid
fish may benefit. In lakes following this scenario,
foraging conditions for both species of divers may
be substantially affected.
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Appendix A.
Undersokta hackningssjoar for storlom.
Breeding lakes for Black-throated Diver, included in the present study.

Sjo Lins- Koordinater Vatten- | Fisk- | Prov- Antal stora % kullar med | Antal | Areal- | Areal
kod* Rikets nat kemi arter | fiske ungar per par | 2-3 stora ungar | par’ kod® km’
och ar per ar
Lake County Coordinates Water | Fish Gill | Number of large | % broods with No. | Surface | Surface
code’ national grid chem- | species | net chicks per pair 2-3 large of area area
istry Sfishing and year chicks per year | pairs® | code” fem®
X Y App. | App. | App. | Medel Ar | Medel | Ar
B C D Mean Years | Mean | Years
Store Damm M 622349 | 135317 X X 0,50 6 - 3 1 C 1,31
Raslangen KM | 623815 | 141620 X X 0,80 5 - 3 1 C 4,54
Liarkesholmssjon M 624178 | 134911 X X 0,00 6 - 0 1 D 0,76
Immeln M 624180 | 141251 X X X 0,00 5 - 0 1 B 24,28
Rossjon M 624598 | 133125 X X X 0,20 10 - 2 1 C 3,71
Viirsjo M 624606 | 135677 X X X 0,84 15 33% 15 3 C 3,00
Fedingesjon M 625371 | 135680 X 0,33 6 - 2 1 D 0,94
Skéravattnet G 626277 | 142200 X X 0,00 5 - 0 1 D 0,50
Getsjon G 626407 | 142157 X X 0,17 6 - 2 1 D 0,70
Vinen G 627275 | 142183 X X 0,36 7 - 2 2 C 3,15
Ovden G 627654 | 141929 X X 0,80 5 - 4 2 C 1,21
Skirsjon, Dagsés N 633344 | 130068 X X 0,00 6 - 0 2 C 2,80
Valasjon, Dagsas N 633503 | 130204 X X X - 4 40% 5 1 D 0,74
Hurven F 633911 | 134035 X X X 0,44 9 - 4 1 C 1,69
Svarten N 634039 | 130685 X X 0,00 6 - 0 1 C 1,30
Stora Neten N 634378 | 130353 X X X 0,11 9 - 1 1 C 3,17
Norra Svansjon (6] 634451 | 133674 X 0,21 6 - 4 2 D 0,86
Furesjon, Nosslinge N 634529 | 130569 X X 0,17 6 - 1 1 D 0,43
Barken N 634751 | 130909 X X 0,20 5 - 1 1 C 1,20
Sdvsjon, Arndsholm F 635030 | 135088 X X 0,25 12 - 3 1 C 1,50
Fegen ON,F | 635040 | 133900 X X X 0,33 13 10% 9 15 B 23,70
Skirsjon, Karl-Gustav N 635198 | 130537 X X 0,50 8 - 3 1 D 0,41
Grysjon o 636289 | 134951 X X X 0,18 11 - 2 1 D 0,59
Yittre Alvsjon (6] 636452 | 134376 X 0,30 10 - 2 1 D 0,31
Algsjon, Oxabick (6] 636479 | 132039 X 0,70 10 40% 5 1 D 0,36
Stora Horredsjon ON | 636512 | 129668 X X X 0,20 10 - 4 1 C 593
Helsjon N,O |[636522 | 129475 X X 0,40 5 - 2 1 D 0,17
Oxasjon o 636696 | 131979 X 0,83 12 44% 9 1 D 0,30
Algutstorpasjon F 636801 | 136926 X X 0,50 6 0% 5 2 C 1,04
Lovsjo N 636911 | 129516 X X 0,11 9 - 1 1 D 0,57
Fagerhultasjon F 637469 | 147319 X X 0,33 12 - 4 1 C 1,69
Stora Bellen F 637794 | 147338 X X 0,50 6 20% 5 2 C 6,92
Lagmanshagasjon (0] 638014 | 136892 X X 0,50 6 - 2 1 C 3,08
Mycklaflon F 638146 | 146910 X X 0,63 9 80% 5 2 B 11,55
Gissen H 638315 | 150078 X X 0,14 7 - 1 1 C 1,67
Skedesjon F 638513 | 146360 X X 0,64 6 - 3 2 C 3,48
Hjélten F 638963 | 147247 X 1,42 6 50% 6 1 D 0,50
Sodra Vixen F 639017 | 144472 X X X 0,76 12 40% 10 2 C 5,10
Frisjon F 639134 | 132882 X 0,30 15 28% 9 3 C 6,85
Vistra Ingsjon (6] 639243 | 128795 X 0,83 6 - 4 1 C 2,30
Norra Vixen F 639254 | 144481 X 0,35 14 33% 6 3 C 1,71
Forsjon F 639260 | 145910 X X 0,31 15 18% 10 4 C 2,62
Lovsjon F 639266 | 146764 X 0,60 5 - 3 1 D 0,39
Nissjasjon F 639313 | 147403 X X 0,40 5 - 1 1 D 0,32
Storsjon, Viskafors F 639330 | 132199 X 0,36 14 - 4 1 C 1,54
Hunsnésen F 539412 | 145078 X 0,60 15 13% 8 1 D 0,76
Vistre Sjon F 639489 | 146510 X 0,40 5 - 1 1 D 0,39
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Sj6 Lins- Koordinater Vatten- | Fisk- | Prov- Antal stora % kullar med | Antal | Areal- | Areal

kod® Rikets nat kemi arter fiske ungar per par | 2-3 stora ungar | par’ kod" km?

och ar per ar

Lake County Coordinates Water | Fish Gill | Number of large | % broods with | No. | Surface | Surface

code* national grid chem- | species | net chicks per pair 2-3 large of area area

istry fishing and year chicks per year | pairs® | code” Jem’
X Y App. | App. | App. | Medel Ar | Medel | Ar
B C D Mean | Years | Mean | Years

Finnsjon (0] 639565 | 128173 X 0,55 11 - 4 2 C 1,06
Yxsjon (0] 639716 | 128396 X 0,14 14 - 1 1 C 1,04
Trehorningen, Komosse 0] 639725 | 137271 X 0,00 6 - 1 1 C 1,61
Harstensbosjon F 639944 | 145257 X 0,00 5 - 0 1 D 0,83
Viaredssjon (0] 640086 | 131710 X X 0,43 14 0% 6 1 C 3,79
Pickesjon (0] 640128 | 132565 X 0,79 14 33% 9 1 D 0,28
Ostra Nedsjon (6] 640458 | 130232 X X 0,44 9 - 4 1 C 7,40
Hornasjon (6] 640473 | 129112 X X 0,35 10 - 3 1 C 1,36
Sandsjon, Harryda (6] 640497 | 128906 X 0,40 5 - 2 1 D 0,89
Stora Sturven (6] 640619 | 129618 X X X 0,20 15 - 4 2 C 1,04
Stora Stamsjon (0] 640680 | 128957 X X 0,62 13 60% 5 1 D 0,67
Tvérsjon (0] 640773 | 129726 X 0,07 14 - 1 1 D 0,89
Vibosjon (6] 640980 | 130033 X X 0,36 11 - 3 1 D 0,57
Uspen (0] 641068 | 129720 X 0,47 15 40% 5 1 C 1,40
Vistra Lagern EJF | 641225 | 145772 X X X 0,40 5 - 2 1 B 11,34
Silsjon (6] 641649 | 131981 X 0,60 10 20% 5 1 D 0,18
Bringen O,F | 641863 | 137912 X 0,17 15 - 3 1 C 2,60
Stora Tranningen (6] 642059 | 132162 X X 0,67 6 - 2 1 C 1,02
Stora Ojasjon, Hokensas (6] 643887 | 139802 X 1,20 5 - 3 1 D -
Vristulven O 649519 | 137757 X X 0,22 13 - 4 2 C 4,54
Stora Holmevatien, o |es1960| 126302 x | x | x | o064 | 14 | 11% | o 1 c | 100
Kynnefjall
Lév, Kynnefjall (0] 652129 | 126593 X X 0,38 13 - 4 1 D 0,37
Silesjon, Kynnefjall (0] 652280 | 126317 X X 0,40 5 - 1 1 D 0,40
Skottbackatjarn (0] 653480 | 127241 X 0,70 10 57% 7 1 D 0,18
Fjittersjon AB | 653600 | 162119 X 0,75 6 - 4 1 D 0,49
Sottern T 654370 | 148479 X X 0,27 15 25% 14 15 B 26,75
Stora Tresticklan (6] 655209 | 126937 X 0,15 13 - 2 1 C 1,08
Valsebotjarn (6] 655651 | 127926 X 0,54 13 50% 6 1 D 0,29
Teen T 655681 | 143519 X 0,32 14 14% 7 2 C 6,00
Stor-Bjorken T 655695 | 142624 X X 0,10 5 - 1 1 C 4,32
Acksjon D 655707 | 155934 X 0,43 14 20% 5 1 D -
Lilla Ulvattnet (6] 655830 | 127145 X 0,54 13 40% 5 1 D 0,20
Gravdalssjon (0] 656749 | 127081 X 1,65 10 63% 12 1 C 1,36
Stensjon, Tyresta NP AB | 656419 | 164404 X X 0,29 7 - 1 1 D 0,42
Altaren D 656521 | 155820 X 0,42 12 - 3 1 D 0,28
Arsjon AB | 656612 | 164132 X X 0,40 5 - 1 1 D 0,21
Ostra Magsjon D 656614 | 156319 X 0,54 9 0% 6 1 C 1,53
Stora Grytsjon D 656828 | 154713 X X 0,17 6 - 2 1 D 0,31
Néshultasjon D 656853 | 152800 X 0,66 9 31% 7 3 B 10,23
Albysjon AB | 656984 | 164254 X X 0,83 6 - 4 1 D 0,70
Flaten AB | 657143 | 163427 X X 0,40 5 - 2 1 D 0,64
Bornsjon AB | 657245 | 160890 X X X 0,07 7 - 1 1 C 6,78
Kullatrasket AB | 657424 | 165233 X 0,33 6 - 2 1 D 0,20
Aspvikstrisket AB | 658291 | 164891 X 0,33 6 - 1 1 E -
Stora Le 0,S | 658500 | 127455 X X 0,52 14 20% 9 3) B 86,19
Trisksjon AB | 658943 | 163638 X X X 0,14 7 - 1 1 E 0,10
Sibysjon AB | 659147 | 161733 X 0,35 10 20% 5 2 D 0,77
Nedre Hurr S 660550 | 127332 X X - 1 33% 6 1 D 0,90
Térnan AB | 660688 | 164478 X X X 0,50 6 - 2 1 C 1,12
Malmsjon AB | 661173 | 164515 X X X 0,50 6 - 2 1 D 0,27
Rinnen (Haltebyrinnen) S 661549 | 128928 X - 1 80% 5 1 C 1,24
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Sjo Léns- Koordinater Vatten- | Fisk- | Prov- Antal stora % kullar med | Antal | Areal- | Areal

kod® Rikets ndt kemi arter fiske ungar per par | 2-3 stora ungar | par® kod® km?

och ar per ar

Lake County Coordinates Water | Fish Gill | Number of large | % broods with | No. | Surface | Surface

code national grid chem- | species | net | chicks per pair 2-3 large of area area

istry fishing and year chicks per year | pairs® | code” e’
X Y App. | App. | App. | Medel Ar | Medel | Ar
B C D Mean | Years | Mean | Years

Saxen S 662551 | 142470 X - 4 33% 6 1 C 6,84
Osmaren AB 664222 | 166844 X 0,00 6 - 0 1 C 1,43
Mellan-Lersjon N 664310 | 129762 X - 1 80% 5 1 D 0,72
Hosjon C 664693 | 163935 X 0,50 7 - 3 1 C 2,41
Borgsjon S 664974 | 131426 X - 1 50% 6 1 D 0,98
Sangen w 671769 | 144429 X X - 2 40% 5 1 C 1,39
Ovre Valsan w 672215 | 147386 X 0,78 9 33% 6 1 C 1,21
Siljan w 673490 | 145597 X X X 0,17 6 - 1 ?2) A 316,50
Tisjon w 676158 | 129183 X X X 0,11 9 - 4 3) B 22,93
Annsjon X 688945 | 156402 X 0,00 10 - 1 1 C 1,20
Ojen Y 690199 | 158016 X X 0,30 15 - 3 2 C 7,54
Klockesjon Y 697440 | 160924 X 0,11 9 - 1 1 D -
Stor-Habborn Y 697633 | 158415 X 0,00 7 - 0 1 D 0,28
Vigsfjarden Y 698062 | 162600 X X 0,43 7 - 2 1 C 3,63
Kindborgstjarnen Y 698112 | 163389 X 0,00 11 - 0 1 E 0,08
Nistvattnet Y 698133 | 159294 X 0,55 11 33% 6 1 C 1,26
Lovsjon, Gallsiter Y 698203 | 161598 X 0,64 11 40% 5 1 D -
Mellan-Kroksjon Y 698404 | 157587 X 0,33 6 - 2 1 D -
Valasjon Y 698918 | 158665 X 0,65 13 60% 5 1 C 1,59
Lovsjon, Forsed Y 699031 | 158799 X 0,73 11 60% 5 1 C 1,04
Lill-Akersjon Y 699356 | 161493 X X 0,38 8 - 2 1 D 0,42
Idsjon Y 699867 | 160746 X 0,80 10 33% 6 1 D -
Galsjon Y 700135 | 161219 X 0,06 9 - 1 2 C 3,34
Nydalasjon AC | 708712 | 172291 X 0,34 7 - 1 3) C 1,59

a Antalet par har bedomts med ledning av rapporteringen till Projekt LOM. Uppgifter inom parentes avser mi-
nimiskattningar, och rimligtvis finns fler stationéra par i dessa sjoar. The number of pairs has been assessed
with reference to the reporting from Projekt LOM. Figures in parentheses refer to minimum estimates, and it
is quite likely that there are more resident pairs in these lakes.

b A=>100km? B=10-100 km? C=1-10 km?>, D =0,1-1 km? E = 0,1-0,01 km?, enligt Svenskt Sjoregister
(SMHI 1996). Ref. The Swedish National Lake Directory (SMHI 1996).

¢ Linskoder County codes: AB=Stockholm, AC=Visterbotten, C=Uppsala, D=S6dermanland, E=Ostergotland,
F=Jonkoping, G=Kronoberg, H=Kalmar, K=Blekinge, M=Skane, N=Halland, O=Vistra Goétaland,
S=Virmland, T=Orebro, W=Dalarna, X=Givleborg, Y=Visternorrland.
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Appendix B.

Vattenkemi och absorbans (medelvirden fran provtagningar 1995-2007, antal provtagningar inom parentes).

Water chemistry and absorbance (mean values of samplings from 1995-2007, number of samples in parenthe-

ses).

Sjo pH Alkalinitet, mekv/l Totalfosfor, mg/l Absorbans, £,
Lake Alkalinity, meq/l  Total phosphorus, mg/l ~Absorbance, f;s,5
Raslangen 6,54 (2) 0,144 (2) 0,008 (2) 0,099 (2)
Immeln 6,73 (3) 0,122 (3) 0,010 (3) 0,110 (3)
Rossjon 6,96 (3) 0,178 (3) 0,017 (3) 0,089 (3)
Virsjo 6,84 (2) 0,140 (2) 0,011 (2) 0,062 (2)
Fedingesjon 6,38 (3) 0,094 (3) 0,023 (3) 0,384 (3)
Valasjon / Dagsas 6,17 (3) 0,077 (3) 0,006 (3) 0,049 (3)
Hurven 6,82 (3) 0,157 (3) 0,007 (3) 0,127 (3)
Stora Neten 6,79 (2) 0,128 (2) 0,005 (2) 0,037 (2)
Norra Svansjon 6,48 (2) 0,114 (2) 0,010 (2) 0,109 (2)
Fegen 6,46 (2) 0,112 (2) 0,008 (2) 0,155 (2)
Grysjon 6,97 (3) 0,287 (3) - 0,387 (3)
Yttre Alvsjon 6,10 (2) 0,070 (2) - 0,210 (2)
Algsjon / Oxabiick 7,17 (3) 0,590 (3) - 0,057 (3)
Stora Horredsjon 6,91 (2) 0,251 (2) 0,007 (2) 0,059 (2)
Oxasjon 7,20 (3) 0,413 (3) - 0,180 (3)
Lovsjo 6,12 (3) 0,036 (3) 0,006 (3) 0,061 (3)
Mycklaflon 7,23 (3) 0,318 (3) 0,007 (3) 0,053 (3)
Gissen 6,86 (3) 0,271 (3) 0,008 (3) 0,052 (3)
Sodra Vixen 7,21 (4) 0,380 (4) 0,013 (4) 0,035 (4)
Frisjon 6,43 (3) 0,130 (3) - 0,167 (3)
Vistra (Yttre) Ingsjon 6,75 (2) 0,157 (2) 0,008 (2) 0,127 (2)
Norra Vixen 7,22 (2) 0,722 (2) 0,015 (2) 0,043 (2)
Nissjasjon 7,00 (3) 0,308 (3) 0,016 (3) 0,278 (3)
Storsjon / Viskafors 6,51 (2) 0,121 (2) 0,008 (2) 0,148 (2)
Hunsnésen 7,05 (2) 0,522 (2) 0,021 (2) 0,201 (2)
Finnsjon 6,53 (3) 0,144 (3) - 0,137 (3)
Yxsjon 6,81 (2) 0,257 (2) 0,007 (2) 0,106 (2)
Trehorningen / Komosse 6,95 (2) 0,317 (2) 0,013 (2) 0,161 (2)
Viaredssjon 6,76 (3) 0,206 (3) 0,009 (3) 0,123 (3)
Pickesjon 6,80 (2) 0,175 (2) - 0,060 (2)
Ostra Nedsjon 6,85 (2) 0,195 (2) - 0,060 (2)
Hornasjon 6,95 (2) 0,270 (2) - 0,110 (2)
Sandsjon / Harryda 6,77 (3) 0,177 (3) - 0,087 (3)
Stora Sturven 6,97 (3) 0,234 (3) 0,006 (3) 0,089 (3)
Tvérsjon 6,86 (2) 0,179 (2) 0,005 (2) 0,062 (3)
Vibosjon 6,77 (3) 0,247 (3) - 0,113 (3)
Uspen 7,30 (3) 0,350 (3) - 0,063 (3)
Vistra Lagern 7,22 (3) 0,343 (3) 0,007 (3) 0,065 (3)
Silsjon 6,87 (2) 0,354 (2) 0,007 (2) 0,096 (2)
Bréngen 7,14 (3) 0,313 (3) 0,012 (3) 0,128 (3)
Stora Ojasjon / Hokensis 6,78 (4) 0,205 (4) 0,008 (4) 0,068 (4)
Stora Holmevatten / Kynnefjall 6,05 (2) 0,115 (2) - 0,090 (2)
Skottbackatjarn 7,00 (3) 0,207 (3) - 0,070 (3)
Fjattersjon 7,01 (3) 0,331 (3) 0,021 (3) 0,059 (3)
Sottern 7,41 (3) 0,564 (3) 0,020 (3) 0,079 (3)
Valsebotjarn 6,80 (3) 0,183 (3) - 0,117 (3)
Teen 6,43 (4) 0,100 (4) 0,023 (4) 0,237 (4)
Acksjon 6,84 (3) 0,245 (3) 0,009 (3) 0,131 (3)
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Sjo pH Alkalinitet, mekv/I Totalfosfor, mg/1 Absorbans, f)5s

Lake Alkalinity, meq/l  Total phosphorus, mg/l Absorbance, f,s,,;
Lilla Ulvattnet 6,67 (3) 0,177 (3) - 0,157 (3)
Gravdalssjon 7,00 (3) 0,190 (3) 0,007 (2) 0,029 (3)
Nashultasjon 6,93 (3) 0,460 (3) 0,025 (3) 0,106 (3)
Bornsjon 7,77 (3) 1,275 (3) 0,032 (3) 0,025 (3)
Kullatrasket 6,86 (2) 0,340 (2) 0,010 (2) 0,094 (2)
Aspvikstrasket 7,54 (3) 1,297 (3) 0,029 (3) 0,061 (3)
Stora Le 6,74 (3) 0,091 (3) 0,005 (3) 0,049 (3)
Trésksjon 7,71 (3) 0,982 (3) 0,019 (3) 0,067 (3)
Térnan 7,03 (3) 0,334 (3) 0,010 (3) 0,074 (3)
Malmsjon 7,37 (2) 0,410 (2) 0,024 (2) 0,053 (2)
Saxen 6,76 (3) 0,199 (3) 0,005 (3) 0,073 (3)
Osmaren 7,96 (3) 2,290 (3) 0,030 (3) 0,082 (3)
Hosjon 7,64 (3) 1,361 (3) 0,018 (3) 0,057 (3)
Ovre Valsan 6,92 (3) 0,165 (3) 0,010 (3) 0,069 (3)
Siljan 6,99 (2) 0,154 (2) 0,008 (2) 0,083 (2)
Tisjon 6,67 (2) 0,081 (2) 0,010 (2) 0,085 (2)
Annsjon 6,94 (3) 0,194 (3) 0,020 (3) 0,178 (3)
Ojen 7,00 (2) 0,250 (2) 0,010 (2) 0,101 (2)
Klockesjon 6,69 (2) 0,136 (2) 0,012 (2) 0,083 (2)
Végsfjarden 7,00 (3) 0,274 (3) 0,014 (3) 0,041 (3)
Nistvattnet 6,95 (2) 0,156 (2) 0,007 (2) 0,112 (2)
Lovsjon / Gallsiter 6,91 (3) 0,200 (3) 0,010 (3) 0,118 (3)
Mellan-Kroksjon 6,65 (4) 0,083 (4) 0,010 (4) 0,217 (4)
Lovsjon / Forsed 6,82 (2) 0,152 (2) 0,008 (2) 0,131 (2)
Idsjon 6,62 (2) 0,086 (2) 0,014 (2) 0,160 (2)
Nydalasjon 6,46 (2) 0,157 (2) 0,010 (2) 0,063 (2)
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Appendix D.
Siktdjup och provfiskeresultat med bottensatta nit (data fran 1994-2008).
Secchi disc transparency and results from gill net fishing with bottom-placed nets (data from 1994-2008).

Sj6 Sikt- | Antal | Antal Medelantal per nitanstringning, all fisk Medelantal per nitanstringning, fisk <22 om
djup | prov- | it Mean number per catch effort, all fish Mean number per catch effort, fish <22 cm
fis- Total Abb- Mart- Lax- Gers Gidda | Ovrig Total Abb- Mért- Lax- Gers Gidda | Ovrig
ken orre artad artad fisk orre artad artad fisk
Lake Secchi | No. | No.
disc of | of | Towl | Perch | Cwpr- | Sam- | Ruffe | Pike | Other Total | Perch | Cypr- | Salm- | Ruffe | Pike | Other
wransp- | fish- | nets inid onid fish inid | onid fish
arency | ings
m.
Store Damm 120) | 3 16 | 4015 | 1496 | 2504 | 000 0,00 015 | 0,00 3541 | 1064 | 2477 | 000 | 000 | 000 | 000
Larkesholmssjon 17¢) | 4 | 24 | 2656 | 1212 | 142 | 006 0,00 016 | 000 234 | 1146 | 1082 | 006 | 000 | 000 | 000
Immeln 390 | 1 s6 | 2020 | 1229 | 399 154 2,36 002 | 000 19,06 | 1156 | 3,70 154 | 236 | 000 | 000
Réssjon 300 | 1 48 | 2706 | 1275 | 134 | 113 0,00 008 | 006 2086 | 11,57 | 810 113 | 000 | 002 | 004
Viirsio 304 | 4 | 24 | 7000 | 3509 | 2685 | o000 7,68 028 | 000 6650 | 3330 | 2543 | 000 | 768 | 009 | 000
Skiravattnet 5 | 1 6 | 1376 | 669 6,69 0,00 0,00 038 | 000 1030 | 494 | 537 | 000 | 000 | 000 | 000
Getsjon 280) | 3 |1624| 2751 | 1237 | 1485 | 000 0,00 029 | 000 2527 | 1105 | 1412 | 000 | 000 | 000 | 000
Vinen 3 | 1 24 | 2917 | 1383 | 1050 | 054 413 017 | 000 2650 | 1141 | 1046 | 050 | 413 | 000 | 000
Ovden 280) | 2 |1624| 2761 | 1647 | 895 0,00 2,04 015 | 000 2471 | 1565 | 702 | 000 | 204 | 000 | 000
Skirsjon, Dagsas 85() | 1 48 | 3097 | 2098 | 753 113 129 004 | 000 2418 | 1623 | 558 1,08 129 | 000 | 000
Valasjon, Dagsas 59G) | 3 | 834 | 2089 | 1335 | 734 0,00 0,00 020 | 0,00 2026 | 13,2 | 700 | 000 | 000 | 004 | 000
Hurven 276) | 3 38 | 1960 | 1109 | 530 323 0,00 006 | 001 1758 | 1065 | 369 | 323 | 000 | 001 | 000
Svarten s4G) | 3 | s40 | 1932 | 1646 | 259 0,08 0,00 019 | 000 1700 | 1480 | 225 | 000 | 000 | 004 | 000
Stora Neten 873) | 3 |1656| 1508 | 9.62 440 0,99 0,00 007 | 000 1308 | 914 | 352 | 051 000 | 001 | 000
Furesjon, Nosslinge | 98(2) | 2 4 | 2013 | 1975 | 000 038 0,00 000 | 000 1588 | 1588 | 000 | 000 | 000 | 000 | 000
Barken 290) | 2 B 1815 | 1382 | 426 0,00 0,00 007 | 000 1651 | 1238 | 413 | 000 | 000 | 000 | 000
Sivsjon 350 | 1 32 | 2541 6,84 1,03 | 738 0,00 016 | 0,00 2423 | 633 | 1079 | 711 000 | 000 | 000
Fegen 316) | 3 |3280| 3492 | 161 | 775 417 593 003 | 030 3353 | 1612 | 727 | 406 | 593 | 000 | o015
21:'2:" Karl- 34Q) | 2 | 48 | 3004 | 2460 | 507 0,00 0,00 038 | 0,00 2832 | 2344 | 481 000 | 000 | 007 | 000
Grysjon 08 | 1 24 | 1304 | 500 7,96 0,00 0,00 008 | 000 1207 | 442 | 775 | 000 | 000 | 000 | 000
Stora Horredsjon 66(2) | 2 | 48 | 2804 | 2085 | 592 1,07 0,00 015 | 005 2449 | 1940 | 427 | 077 | 000 | 002 | 003
Helsjon 1051 | 1 4 1950 | 1950 | 0,00 0,00 0,00 000 | 0,00 1925 | 1925 | 000 | 000 | 000 | 000 | 000
Algutstorpasio am | 1 24 | 1733 | 538 7,33 092 3,58 008 | 004 1500 | 349 | 700 | 092 | 358 | 000 | 000
Fagerhultasjon 310 | 1 24 | 3633 | 2820 | 708 0,38 0,00 008 | 000 3358 | 2587 | 683 | 088 | 000 | 000 | 000
Stora Bellen 250 | 1 48 | 2784 | 867 426 152 1331 008 | 0,00 2735 | 84l 413 150 | 1331 | 000 | 000
Lagmanshagasion 182 | 2 |3840| 198 | 1055 | 399 428 0,00 004 | 1,03 1765 | 968 | 343 | 428 | 000 | 002 | 024
Mycklaflon S8y | 1 s6 | 2810 | 913 3,54 3,96 136 | 002 | 009 2507 | 804 | 281 372 | 1136 | 000 | 004
Gissen 36(1) | 1 32 | 1875 | 1294 | 559 0,00 0,00 022 | 000 1660 | 1263 | 397 | 000 | 000 | 000 | 000
Skedesjon 18 | 1 32 | 3878 | 1684 | 1647 | 000 531 016 | 000 3505 | 1584 | 148 | 000 | 531 000 | 000
Sdra Vixen 402 | 2 | a0 | 34901 | 1708 | 1761 | o004 0,00 016 | 002 3251 | 1509 | 1724 | 004 | 000 | 002 | 002
Forsjon a5 | 1 40 | 969 583 2,40 133 0,00 005 | 008 892 | 533 | 223 130 | 000 | 000 | 006
Stora Sturven 400 | 1 40 | 1412 | 653 623 133 0,00 003 | 000 1258 | 570 | 555 133 | 000 | 000 | 000
Stora Stamsjon 26(1) | 1 24 | 3138 | 2633 | 492 0,00 0,00 013 | 000 27,63 | 2338 | 425 | 000 | 000 | 000 | 000
Vistra Ligern 320 | 1 s6 | 2407 | 1280 | s18 0.86 5,16 005 | o12 2350 | 1232 | 509 | os6 | si6 | 000 | 007
Stora Trinningen 140 | 1 24 | 3655 | 2425 | 11,92 | 000 0,00 038 | 0,00 3375 | 2296 | 1079 | 000 | 000 | 000 | 000
Vristulven 25 | 1 32 | 4800 | 2934 | 1209 | 000 6,34 0,13 | 0,00 47,19 | 2875 | 12,00 | 000 | 634 | 000 | 000
St. Holmevatten, 47(1) 1 2 20,69 20,55 0,00 0,00 0,00 0,14 0,00 1805 | 18,05 0,00 0,00 0,00 0,00 0,00
Kynnefjll
Lov, Kynnefjall 35 | 1 16 | 3844 | 1844 | 1994 | 000 0,00 006 | 0,00 3637 | 1681 | 1956 | 000 | 000 | 000 | 000
Silesjon, Kynnefiall | 1,6(1) | 1 16 | 2620 | 1504 | 938 0,00 0,00 038 | 000 243 | 1287 | 956 | 000 | 000 | 000 | 000
Stor-Bjorken 2200 | 1 7 | 5014 | 643 1900 | 1957 | 500 014 | 000 5014 | 643 | 1900 | 1957 | 500 | 014 | 000
Stensjon, Tyresta | 3.9(15) | 15 | 24 | 3632 | 781 2407 | L7 3,08 009 | 0,00 3260 | 684 | 21,50 | LI7 | 308 | 001 | 000
Arsjon 398) | 8 8 | 2115 | 1994 | 000 0,00 1,16 005 | 000 1979 | 1861 | 000 | 000 L6 | 002 | 000
Stora Grytsjon L |1 s | 3438 | 1250 | 1875 | 000 3,13 000 | 000 3276 | 1138 | 1825 | 000 | 313 | 000 | 000
Albysjon 08(1) | 1 24 | 7380 | 1113 | 6125 | 021 1,04 004 | 013 4956 | 976 | 3855 | 021 104 | 000 | 000
Flaten 600) | 7 | 24 | 5179 | 214 | 3565 | 000 0,63 005 | 002 52,67 | 1879 | 3324 | 000 | 063 | 000 | o001
Bomsjon S7@) | 4 | 40 | 5206 | 2783 | 1528 | 212 6,67 0,11 0,05 4805 | 2728 | 11,92 | 212 | 667 | 001 | 005
Triisksjon L7 | o1 s | 7576 | 000 | 7576 | 000 0,00 000 | 000 7538 | 000 | 7538 | 000 | 000 | 000 | 000
Nedre Hurr 2701 | 1 24 | 2142 | 1488 | 475 0,00 150 029 | 0,00 1924 | 1387 | 387 | 000 150 | 000 | 000
Timan 33@4) | 4 | 24 | 4579 | 1757 | 2549 | o000 2,54 019 | 000 4460 | 1707 | 2506 | 000 | 254 | 002 | 000
Malmsjon 43 | 1 16 | 8208 | 3838 | 4051 0,00 3,13 006 | 0,00 78,08 | 3525 | 3970 | o000 | 313 | 000 | 000
Sangen 200 | 1 40 | 1248 | 1095 143 0,05 0,00 005 | 0,00 1055 | 1030 | 125 | 000 | 000 | 000 | 000
Siljan s0() | 1 24 | 2020 | 888 125 1,99 8,00 000 | 008 19,11 | 808 120 179 | 800 | 000 | 004
Tisjon 26(1) | 1 40 | 1987 | 1248 | 625 1,08 0,00 003 | 003 1763 | 1047 | 618 | 098 | 000 | 000 | 000
Lill-Akersjon 41) | 4 424 | 1502 | 834 5,60 035 0,64 007 | o012 1231 | 571 558 | 035 | o064 | 000 | 003

a Antal métningar inom parentes. Siffrorna avser medelvarden for sjdar med mer dn en métning.
Number of measurements is given in parentheses. The figures represent the mean values for lakes with more
than one measurement.
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Species trends, turnover and composition of a woodland bird
community in southern Sweden during a period of fifty-seven years

Arternas trender, omsdttning och andelar inom ett skogligt fagelsamhdille i sodra

Sverige under femtiosju ar

SOREN SVENSSON, ANN MARI THORNER & N. ERIK I. NYHOLM

The number of small passerine bird territories was de-
termined annually during 57 years (1953-2009) in a 13
ha broadleaf deciduous wood with several grazed glades,
surrounded by crop farmland in southernmost Sweden.
Only marginal habitat changes occurred. Both number
of species and number of territories increased. Resident
species and short-distance migrants tended to increase
whereas tropical migrants declined. Many of the changes
were similar to trends recorded by the national Breed-
ing Bird Survey, suggesting that they were due to re-
gional population trends. Notable changes were: former
dominant Willow Warbler now rare but closely related
newcomer Chiffchaff now well established, Garden War-
blers replaced by Blackcaps, Tree Pipit strong recent
decline, increase of cavity-nesting Great and Blue Tits,

Abstract

locally extinct Yellowhammer recovered. Species turno-
ver between adjacent pair of years was without trend but
turnover increased with increasing distance between pair
of years predicting complete turnover by about 2190. A
comparison with a larger oldgrowth wood nearby indi-
cated no obvious effects of the small size and narrow
configuration of the study site on its community.
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Fagelsangsdalen (literal translation: Birdsong val-
ley) is a 13 ha broadleaf deciduous wood surround-
ed by farmland and bordering the small town of
Sodra Sandby in Scania, the southernmost province
of Sweden (55°43'N, 13° 20" E). The small passer-
ine birds that were keeping territories in the breed-
ing season have been counted annually since 1953
(i.e. all passerines except corvines). The data from
the first forty years were analysed by Enemar et
al. (1994). The survey has continued without inter-
ruption and with the same method as before. Here
we present the results of another seventeen years,
through 2009, making the time series fifty-seven
years long, the longest breeding bird survey in the
world known to us. It is most probably unique in
having been conducted with the same standardized
method through all years.

In this paper we describe and discuss the changes
that have occurred during the most recent seven-
teen years, evaluate whether the new data affect the
patterns identified by Enemar et al. (1994), name-
ly that long distance migrants tended to decline
whereas short distance migrants tended to remain

stable or increase in numbers, and that species
turnover rate tended to increase with increasing
distance between pair of years although turnover
between pairs of adjacent years showed no trend.

Scientific species names are found in Appendix
1 and 2.

The study plot

Fdgelsdangsdalen (called “the valley” through this
paper) is a narrow nature reserve with a matrix of
broad-leaved deciduous woodland and areas of
open land with grass and herbs (habitat map in
Enemar et al. 1994; for the current situation see
also aerial photographs in http://www.eniro.se/
and http://maps.google.se). The valley has been
grazed by cattle but somewhat less regularly and
less intensively in recent decades than earlier. This
has resulted in moderate expansion of bushes and
patches of taller herbs. However, the ratio between
wood and open land has remained almost the same
throughout the survey period. Starting in the 1980s,
the valley went through a period of die-off of elm
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trees due to the Duch elm disease. The effect was
particularly apparent in the southern part where
elm was the predominant canopy species. A dense
secondary wood with a number of remaining old
trees has now developed in this part. A small stream
runs in the bottom of the valley. Farmland with
annual crops surrounds most of the plot, and the
nearest woods, Réften and Linnebjér, one to two
kilometres away, are also small. A somewhat larger
wood is the nature reserves Maryd and Skrylle,
two to three kilometres away. For a description of
the study plot and its history we refer to Enemar et
al. (1994) where also a time series of photographs
from selected points of the plot is given.

Methods

The same territory mapping method as used by
Enemar et al. (1994) was applied also during the
additional seventeen years. For a recent general
description and discussion of the method we refer
to Bibby et al. (2000). The method is also called
“spot mapping” after William (1936), and it is
similar to the method used in the Common Bird
Census in the UK (Marchant et al. 1990) and the
Breeding Bird Census in North America (Robbins
1970). The observer walks slowly through the plot
putting down all bird observations in their proper
positions on a map, paying particular attention to
recording simultaneous presence of males in adja-
cent territories. Species maps are then constructed
from the visit map records. The species maps are
used to evaluate the number of distinct clusters of
records which are believed to represent territories.
The method is of course prone to errors both when
recording the birds in the field and when evaluat-
ing the number of territories from the species maps.
Furthermore, the number of territories is never sta-
ble throughout the breeding season: some birds die,
some fail to breed successfully and leave their ter-
ritories, and some arrive late and establish new ter-
ritories. However, for our analysis it is not essential
to know the exact number of territories in every
particular part of every breeding season. Instead,
standardization (recording birds and evaluating the
species maps in the same way every year) is the
key to reliable comparisons, and we did our best
to achieve this.

We made ten visits per year in all but two years
(nine visits in 2007 and 2009). They were distrib-
uted from April through June (always after 9 April
and before 18 June) but with variation according
to the arrival of spring. All surveys were made by
the same person, one of the authors (Ann Mari
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Thorner). Since AMT also carried out all surveys
in 1987-1992, there is now a series of no less than
twenty-one years with the same observer. This en-
sures that the new results are comparable with the
data from before 1993. Each visit took between
two and three hours so the minimum annual survey
effort was twenty hours. A cluster of records was
accepted as a territory if it contained at least three
records (for a few very late arriving species two
records was considered sufficient; cf. Svensson
1978). Adjacent clusters were accepted as different
territories either if they were distant enough from
each other (in relation to typical territory size) to
make it likely that they belonged to different males
or if they contained simultaneous records (a male
recorded in both at the same time).

A special study on inter-specific competition
with a large number of nest-boxes was conducted
in the valley in 1963-1966 (Enemar et al. 1972).
The populations of Great Tit, Blue Tit and Pied
Flycatcher were artificially enhanced these years.
We removed the effect of the experiment by reduc-
ing the numbers to a proportion equal to the mean
proportion in the four years before and the four
years after the experiment. The number of Great
Tits was reduced from 9, 10, 19, 16 pairs to 6, 6,
12, 10, respectively. The number of Blue Tits was
reduced from 6, 4, 7, 5 pairs to 3, 2, 4, 3 pairs. The
number of Pied Flycatchers was reduced from 15,
18, 18, 13 pairs to 4, 5, 5, 4 pairs. These modified
values are used in all calculations in this paper.

Species turnover rate between two different years
was calculated by dividing the total of new and lost
species with the number of species in year one plus
the number of species in year two. This gives the
value one hundred percent (that is complete) turno-
ver when no species are common between the two
compared years. This is different from the turno-
ver calculation by Enemar et al. (1994), where the
sum of new and lost species was divided by the
mean number of species in the two years. The latter
method gives one hundred percent turnover when
half of the species have been lost and replaced with
new ones (the methods are identical in principle
but give results that differ by a factor of two). In
the same way, we calculated turnover between two
years different number of years apart (from adja-
cent years to a maximum of fifty-six years apart,
that is 1953 and 2009).

Altogether, forty-one small passerine species
were recorded as territorial in at least one of the
fifty-seven years. Eighteen of these species were
keeping territories in all or almost all years (the
first eighteen species in Appendix 1, also listed in



Table 1). These eighteen species are called “regu-
lar” in this paper. The final twenty-three species of
Appendix 1, that is those with zero values in many
or almost all years, are called non-regular species.
Eight of these latter species were recorded in less
than four of the fifty-seven years, and these spe-
cies are not at all tested for population change. For
the remaining fifteen non-regular and the eighteen
regular species, we calculated and compared the
average number of territories during the first forty
and the last seventeen years, respectively. The dif-
ference between the two periods for the regular
species was tested using a two-tailed t-test (Micro-
soft Excel) and the logarithms of the original val-
ues (with a small number of zeros replaced with the
value 0.1 to permit calculation of logarithms). The
differences for the non-regular species were tested
using frequencies, namely the number of years
with different number of territories (i.e. with 0, 1,
2, 3, and so forth, territories). When the number of
frequency classes was larger than four, frequencies
were pooled to form exactly four classes, the same
ones for both periods, giving a 2x4 cell matrix.
The Fisher exact test was then applied using the
Vassar Stats package (home page of Vassar Col-
lege, Poughkeepsee, NY). For the regular species
we also calculated the trends across all fifty-seven
years using the logarithm of abundance and stand-
ard linear regression (Microsoft Excel), also here
with zeros replaced with the value 0.1. The same
method was used when we calculated trends for
parts of the full time series in these species. When
calculating correlations between species we used
the Spearman rank correlation module of STATIS-
TICA (version 6.1; StatSoft®).

Results

The number of territories of small passerines re-
corded in 1953-2009 is shown in Appendix 1, with
the data from the most recent seventeen years in
part 3 of it. Although we mainly deal with “small
passerines”, that is the same species that were ana-
lysed in Enemar et al. (1994), we give data for the
other species as well (available for only the most
recent years; Appendix 2).

Both the number of species and the number of
territories increased remarkably during the last sev-
enteen years (Figure 1). During the previous forty
years there was no significant trend of either spe-
cies richness or total density. The mean values in
1993-2009 were 151 territories (s.d. 14.9) and 24
species (s.d. 1.8) versus 125 (s.d. 15.3) territories
and 20 (s.d. 2.2) species in 1953—-1992. Both differ-
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Figure 1. Number of species and number of territories of
small passerines in Fagelsangsdalen. The vertical line indi-
cates the border between the first forty and the subsequent
seventeen years.

Antal arter och antal revir av smd tdttingar i Fagelsangsda-
len. Den vertikala linjen markerar grinsen mellan de forsta
fyrtio och de senaste sjutton dren.

ences (26 territories and 4 species) are highly sig-
nificant (t-test, two-tailed; p<0.001). These higher
values during the recent period cause the trends of
both territories and species to become significant-
ly positive for the full period of fifty-seven years
(p<0.001 for both; linear regression).

Among all thirty-three species that we compared
(Table 1), twenty-three of them were more abun-
dant and ten less abundant during the last seven-
teen than during the first forty years (irrespective
of whether the difference was significant or not).
The proportion of increasing species was about the
same among the non-regular species (73%) and
the regular ones (67%). Of the latter, whose trends
were also tested by regression analysis (Table 1),
fourteen had significant trends (nine positive and
five negative ones). Table 1 also shows that the
trends found during the first forty years remained
the same during the recent seventeen years in elev-
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Table 1. Number of years with at least one territory, mean number of territories in the first forty (1953—-1992) and
the last seventeen (1993-2009) years of the study, and average annual change for the eighteen “regular” species.
The eight species that kept territory in less than four of the fifty-seven years are not included in this comparison
(cf. Appendix 1). Significance levels: *p<0.05, **p<0.01, ***p<0.001. English species names in Appendix 1.
Antal ar med minst ett revir, medeltalet revir under de forsta fyrtio och de sista sjutton aren av studien samt den
genomsnittliga arliga fordndringen for de arton “regelbundna” arterna. De dtta arter som hade revir under fdr-
re dn fyra av alla femtiosju dren har inte tagits med i jamforelsen (jfi. Appendix 1). Signifikansnivder:*p<0,05,
**p<0,01, ***p<0,001. Svenska artnamn i Appendix 1.

No of years Mean no of Diff- Trends
with at least territories erence Mean % change per year
one territory
Antal ar Medeltal Skill- Trender
med minst revir nad Medeldndring % per ar
ett revir
First Last First Last All First Last
40yrs 17yrs 40yrs 17 yrs 57 yrs 40 yrs 17 yrs
Forsta  Sista Forsta Sista Alla Forsta Sista
40ar 17ar 40ar  17ar 57 ar 40 ar 17 ar
1 Fringilla coelebs 40 17 1877  22.88 HAHE +0.4%**  +0.6%** 0.0
2 Phylloscopus trochilus 40 17 13.95 9.06 —k* —0.8%**k Q. 9¥Hkx D 1%
3 Sylvia borin 40 17 13.53 8.82 —kAE —0.6%*%* 0.3 -1.1
4 Parus major 40 17 8.65 12.35 A +0.8%**  +1.0%**  +0.3
5 Luscinia luscinia 40 17 11.60 5.59 —rE* —1.0%**  —0.4* -2.6
6 Turdus merula 40 17 9.15 10.65 +* +0.3%**  +0.4%*  +0.5
7 Sylvia atricapilla 40 17 470  12.82 A +1.2%%%  +0.3 +1.2%%
8 Parus caeruleus 40 17 3.68 9.47 Ak +].3%H%k 4 QFFF ] 3k
9 Erithacus rubecula 38 17 4.66 5.41 +* +0.2 -0.6 -0.5
10 Sylvia communis 38 17 4.38 4.82 + -0.3 —1.5%*  +0.5
11 Troglodytes troglodytes 24 17 2.34 8.06 AE 2. 7%k +1.2 +0.6
12 Hippolais icterina 39 16 3.48 4.36 + +0.2 +0.8 =5.1%*
13 Anthus trivialis 37 2 491 0.32 —kkk —4.0%** 2 5%** DD
14 Acrocephalus palustris 35 15 3.71 2.78 - +1.0* +3.2%%F%  +0.2
15 Prunella modularis 37 17 2.83 4.47 AAH +0.8% +0.5 +0.2
16 Sturnus vulgaris 26 17 2.48 4.76 A F2.9%F% 4 4xxx 15
17 Ficedula hypoleuca 39 17 2.66 0.97 —xE —-1.0%* +1.5 -3.5
18 Parus palustris 34 12 2.23 2.59 + 0.1 —1.3%% 43 4%%*
19 Emberiza citrinella 2 17 0.05 1.53 AHE
20 Sitta europaea 15 17 0.58 3.12 Rkl
21 Carduelis chloris 14 13 0.80 247 Ak
22 Phylloscopus collybita 0 12 0.00 3.35 AE
23 Carduelis cannabina 22 0 1.10 0.00 —kEE
24 Turdus pilaris 5 10 0.35 1.29 k%
25 Muscicapa striata 7 10 0.18 1.47 AE
26 Motacilla alba 17 2 0.65 0.12 —*
27 Turdus philomelos 13 7 0.45 0.59 +
28 Carduelis carduelis 6 6 0.20 0.94 +
29 Phoenicurus phoenicurus 1 10 0.03 1.29 HEE
30 Certhia familiaris 5 10 0.13 0.88 +A*
31 Passer montanus 11 0 0.48 0.00 -
32 Emberiza hortulana 5 0 0.35 0.00 -
33 Sylvia curruca 6 4 0.15 0.29 +
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Table 2. Number of significant correlations (Spearman Rank; p<0.01) between the eighteen regular species in
relation to wintering area and population trend. T = Highly significant overall positive (+) or negative (—) trend
(Table 1). For each species 17 correlations were calculated; those with a significance level of p<0.01 are sum-

marised in the table.

Antal korrelationer (Spearman rank) mellan de arton regelbundna arterna i forhallande till Gvervintringsom-
rade och populationstrend. T = Hoggradigt signifikant positiv eller negativ trender (Tabell 1). For varje art
berdknades 17 korrelationer; de med en sannolikhet for signifikansen om p<0,01 summeras i tabellen.

Winter- Trend Positive correlations Negative correlations
ing area with other species with other species
wintering in wintering in
Vinter- Positiva korrelationer Negativa korrelationer
omrdde med andra arter med med andra arter med
vinteromrdde i vinteromrdde i
Europe Africa Europe Africa
Turdus merula Europe + 6
Parus caeruleus Europe + 6 5
Troglodytes troglodytes Europe + 6 5
Parus major Europe + 6 4
Sturnus vulgaris Europe + 5 1! 2
Fringilla coelebs Europe + 5 3
Sylvia atricapilla Europe + 3 5
Prunella modularis Europe 1
Parus palustris Europe 12
Erithacus rubecula Europe
Hippolais icterina Africa
Sylvia communis Africa 13
Acrocepahlus palustris Africa 14
Ficedula hypoleuca Africa 2 3
Sylvia borin Africa - 3 4
Phylloscopus trochilus Africa - 3 5
Luscinia luscinia Africa - 4 6
Anthus trivialis Africa - 4 6

Y Acrocephalus palustris, *) Sylvia communis, *) Parus palustris, *) Sturnus vulgaris

en of the species, although they were less often sig-
nificant. In only one species, the Marsh Tit, the two
trends were both different and significant; a nega-
tive trend turned into a positive one, and this made
the fifty-seven year trend non-significant.

Among the fifteen non-regular species (the eight
species with fewest territories excluded), different
patterns could be observed when the last seventeen
years were compared with the previous forty years
(Table 1, Appendix 1). Three species had gone
extinct in the valley (Linnet, Ortolan Bunting and
Tree Sparrow). One species, the Chiffchaff, estab-
lished itself for the first time and increased sub-
stantially. Four species became regular with strong
population increase (Nuthatch and Yellowhammer)
or almost regular (Redstart, Treecreeper, Spotted
Flycatcher and Greenfinch). The Fieldfare was
keeping territories in 1988-2004 but was absent
both before and after this period. The remaining
four species showed little or no significant change.

Enemar et al. (1994) found that in terms of trends
there was one main divide among the species.
Residents and short distance migrants (wintering
in Europe and northern Africa) had mainly posi-
tive trends whereas tropical migrants (wintering in
Africa south of the Sahara) had mainly negative
ones. With seventeen more years added, the pat-
tern tends to remain the same (Figure 2). Table 2 is
a summary of a Spearman rank correlation matrix
for the eighteen regular species (Table 1), the same
species as in table 5 in Enemar et al. (1994) ex-
cept Linnet that has been absent after 1980. Out of
153 possible correlations 106 were significant at a
p-level of <0.01. Species wintering in Europe and
northern Africa correlated positively with other
species of their category and negatively with spe-
cies wintering in tropical Africa. The tropical mi-
grants showed the reverse pattern. There were only
two deviations from this pattern. One was a posi-
tive correlation of Whitethroat (tropical migrant)
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Fringilla coelebs (Europe) Residents Stannfaglar
Phylloscopus trochilus (tropical Africa)

1953 1963 1973 1983 1993 2003

—&— Parus major —B— Parus caeruleus
—&— Fringilla coelebs —®— Phylloscopus trochilus —&— Parus palustris

1953 1963 1973 1983 1993 2003

Europe Europa Europe Europa

20

0 4 \/
1953 1963 1973 1983 1993 2003 1953 1963 1973 1983 1993 2003
—&— Turdus merula —B—T. troglodytes —&— Sylvia atricapilla —®— Erithacus rubecula
—&— Sturnus vulgaris —&— Prunella modularis
Tropical Africa Tropiska Afrika Tropical Africa Tropiska Afrika
20

0+
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—8B— Sylvia communis —&— Hippolais icterina —&— Sylvia borin —8— | uscinia luscinia

—&— Acrocephalus palustris —&— Anthus trivialis ~ —%— Ficedula hypoleuca

Figure 2. Abundance of the eighteen species that were breeding in Fagelsangsdalen in all or almost all years. A verti-
cal line indicates the border between the first forty years and the subsequent seventeen years.

Antal revir av de arton arter som héckade i Fagelsangsdalen alla eller néstan alla ar. En vertikal linje visar grinsen
mellan de forsta fyrtio och de senaste sjutton dren.



versus Willow Tit (resident) and the other a posi-
tive correlation between the Starling, wintering in
western Europe, and the Marsh Warbler, wintering
in tropical Africa. This latter correlation was a con-
sequence of both species being rare in the early and
late years of the survey period but more common in
the middle of the period.

Average species turnover rate during the latest
seventeen years was not significantly different
from that of the preceding forty years, and average
turnover rate between successive adjacent years for
the full fifty-seven year period was 11% without
any trend (p>0.05; linear regression). Enemar et al.
(1994) found that species turnover rate increased
with increasing distance between pair of years.
We found that this increase continued and was
over 30% for two years that were about fifty years
apart (Figure 3), for example 36% between 1953
and 2009, the most distant years (10 new and 6 lost
species and with 20+24 species these two years).

We compared the local trends of the valley with
the Swedish trends for the period 1975-2008, the
period covered by the Breeding Bird Survey (Lind-
strom et al. 2009), a national project similar to the
Breeding Bird Survey of North America (Sauer
et al. 2008), both using point routes. Thirty-eight
species of small passerines could be compared (the
trend sign of Fagelsangsdalen first): 24 species
had the same trends (12 +/+, 12 —/~) and 14 spe-
cies had different trends (12 +/—, 2 —/+). The 24/14
outcome was, however, not significantly different
from equal numbers (19/19; Fisher exact test).

We also compared the passerine community of
the valley with that of a larger and more mature
wood only four kilometres to the south, namely
Dalby Soderskog National Park, a 37 ha oldgrowth
deciduous wood (Svensson 2009). The general
structure of the two communities was very similar
(all species, also non-passerines and corvines were
included in this comparison; Figure 4). At the spe-
cies level the main difference was that there were
two very abundant species in Dalby Soderskog
(Starling and Chaffinch) but only one (Chaffinch)
in the valley. In spite of the overall similarity be-
tween the two communities there were several
other differences in density of individual species,
and the species had different positions along the
abundance order axis.

Discussion

Both species richness and total number of territo-
ries of the valley increased during the fifty-seven
years of the survey. The trends were already posi-
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Figure 3. Species turn-over rate between two years different
number of years apart (from adjacent years to fifty-six years
apart), with a projection to when one hundred percent tur-
nover will be attained. Dotted lines = two standard errors.
Artomsdttningen mellan tva dar som ligger olika antal ar frdn
varandra i tidsserien (fran ndrliggande till femtiosex ar isdr)
samt en framskrivning till ndr hundra procents omsdttning
forvintas ha skett. Streckade linjer = tvd standardfel.
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Figure 4. Structure of the bird community of Fagelsangsda-
len compared with that of Dalby Soderskog. The species are
sorted in order of abundance and the values are each spe-
cies’ percentage of the whole community. The vertical scale
is logarithmic. All species, also non-passerines and corvines
are included here (using averages for years when surveyed;
Appendix 2).

Fdgelsamhdillets struktur i Fagelsangsdalen i jimforelse med
det i Dalby Soderskog. Arterna dr sorterade i ordning efter
talrikhet och virdena anger varje arts procentuella andel av
hela fagelsamhdllet. Den vertikala skalan dr logaritmisk.
Alla arter, dven icke-tdttingar och krakfaglar inkluderas hér
(med medelvdrden fran ar da de inventerats; Appendix 2).
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tive during the first forty years (Enemar et al. 1994)
although not significant. With the additional seven-
teen years the positive trends became significant,
and the rate of increase even accelerated. The posi-
tive development of the community is probably a
combination of local and large scale events. The
comparison with the national bird survey showed
that several species fared better in the valley than
regionally. The comparison with Dalby Sdderskog
indicated no obvious effects on the bird community
of the valley because of its small size and narrow
configuration. The fifty-seven year survey convinc-
ingly documents that Fdgelsangsdalen has retained
the rich bird life that made it famous and that it still
deserves its name.

The main long term pattern of community
change, identified by Enemar et al. (1994) and
confirmed by us for the full fifty-seven year pe-
riod, namely declines among tropical migrants and
stable or increasing populations of short-distance
migrants, is not just a local phenomenon. The same
has been recorded by the Swedish Breeding Bird
Survey (Lindstrom et al. 2009, Ottvall et al. 2009).
Enemar et al. (1994) suggested that milder winter
conditions in Europe governed the growth of this
category of birds. They then tentatively explained
the decline of the tropical migrants by competi-
tive exclusion. If this explanation is correct the
latest seventeen years provide no contradiction.
Wintering conditions in Europe have continued to
ameliorate and populations of species wintering in
Europe have continued to grow. The competition
experiment from 1963-1966 (Enemar et al. 1972),
using numerous nest-boxes to drastically increase
the population of the Pied Flycatcher, a tropical mi-
grant, gave no evidence whatsoever of any effect
on the rest of the community. If this result can be
generalized, tropical migrants are weak competi-
tors, and when a tropical migrant tries to co-exist
with non-tropical migrant with a similar niche in
the breeding season, the former should fare worst.
The valley provides a few such examples. Garden
Warbler versus Blackcap and Willow Warbler ver-
sus Chiffchaff represent two pairs of closely relat-
ed species with presumably similar ecologies and
with one of the species being a tropical migrant.
In both cases it was the tropical migrant that was
the loser. In the valley there were also a number of
ground (litter) feeding species: the tropical migrant
Thrush Nightingale declined but Robin, Blackbird
and Dunnock, with European winter ranges, re-
mained stable or increased. Increasing populations
of resident Blue and Great Tits may have ousted
the late arriving Pied Flycatcher from the valley,
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Figure 5. Cumulative number of small passerine species re-
corded as territorial in Fagelsangsdalen after different num-
ber of years, with a projection for a period of two hundred
and fifty years.

Kumulativt antal sma tdttingarter som registrerats som re-
virhallande i Fagelsangsdalen efter olika antal dr, samt en

framskrivning for de ndrmaste tvahundrafemtio dren.

all three being cavity nesters. Although these ex-
amples are suggestive, one cannot exclude that the
declining population trends of the tropical migrants
have independent origin. They may well depend on
deterioration of wintering habitats in sub-Saharan
Africa or along the migration routes rather than on
competition in the breeding habitat. A series of se-
vere winters in Europe, reducing the populations
of the short distance migrants, could possibly pro-
vide hints about which of the two alternatives that
is most important.

Enemar et al. (1994) predicted that with the spe-
cies turnover rate found for the first forty years,
only a few of the species with territories in 1953
would still remain in the valley after one hundred
years. This statement was followed by the reser-
vation that the steady rise is expected to level
off, a process that was indicated in their figure 9.
However, the new analysis of all fifty-seven years
shows no levelling off. Instead it supports the origi-
nal projection: turnover will continue to grow at
the same rate as before. But our modified calcula-
tion of the turnover rate indicates that the time of
complete turnover will be 240 years from the start
of the study, in contrast to the original projection
of 100 years. This implies that by about 2190 all
the species present in the 1950s will be gone and
replaced with new species. Note, however, that the
error of this projection is considerable.



Related to the species turnover rate is the cumu-
lative number of species that has been resident in
at least one year. After the first forty years, thirty-
nine species of small passerines had been recorded
as territorial in the valley. During the next seventeen
years two new species were added making the new
total forty-one. The cumulative number of species
versus number of survey years follows a straight line
in a logarithmic diagram. This has also been found
in several other bird communities (Svensson 2006).
Figure 5 demonstrates the relation with a projection
for a period of 250 years. After one hundred years,
i.e. after another forty-three years, six new species
are suggested to be added up to a total of forty-
seven, and after 250 years almost sixty species are
suggested to have been recorded as territorial in the
valley. Such an increase in species numbers would
not be surprising. With the current pool of woodland
species in the wider region our projection is quite
realistic, considering also the dynamics of histori-
cal gains and losses of species in northern Europe
(Jarvinen & Ulfstrand 1980) and current predictions
for the next century (Huntley et al. 2007). The model
we use suggests an eternal addition of new species
with time without any asymptotic limit and no ex-
haustion of the species pool. However, the exact
form of the curve may prove to be different.
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Sammanfattning

Fagelsdngsdalen &r en 13 hektar stor blandldvskog
med flera Oppna partier bevuxna med grds och
orter, beldgen vid Sodra Sandby 6ster om Lund i
Skéne och omgiven av jordbruksmark med ars-
grodor. Alla tittingar utom krakfaglar har invente-
rats arligen sedan 1953. Resultaten fran de forsta
40 aren har tidigare redovisats av Enemar m.fl.
(1994), i det foljande kallad 40-arsanalysen. In-
venteringsmetoden har varit revirkartering och den
har varit identisk och lika noggrant genomford alla
ar. I denna uppsats redovisas de resultat som till-
kommit under de senaste 17 aren. Dessutom gors
analyser pa de kompletta tidsserierna med alla 57
aren. Vi studerar ocksé en del monster som fram-
tradde i 40-arsanalysen for att se om de fortfarande
star sig. Inventeringen av Fégelsangsdalen dr den
ldngsta kdnda i hela vérlden som utan avbrott ge-
nomforts med sa stor noggrannhet och jamforbar-
het i en miljo som fordndrats mycket litet. En av
forfattarna, Ann Mari Thorner, har ensam gjort alla
inventeringar under de senaste 21 aren.

Dalen ér naturreservat sedan 1963 och de skog-
bevuxna delarna har i huvudsak fatt utvecklas spon-
tant. Man har dock stravat efter att halla gldntorna
Oppna med hjilp av kreatursbete men intensiteten
av betet har varit mindre under senare decennier.
Viss buskrdjning har ocksé skett. Trdd och buskar
har expanderat nagot, men forandringarna &r inte
drastiska, och fordelningen mellan skog och 6ppen
mark har forblivit ungefdr densamma genom aren.
Almddden drabbade en del av dalen, men vegeta-
tionen aterhdmtade sig snabbt.

Fagelsangsdalen dr liten och isolerad, vilket man
kan ténka sig begrdnsar artsammansittningen och
fageltitheten. En jamforelse med den nidra lig-
gande, storre och mera aldriga Dalby Soderskogs
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nationalpark ger dock inga sédana indikationer.
Fagelsamhillenas struktur &r likartad (Figur 5) och
bortsett fran staren &r de totala titheterna av tétt-
tingar ocksa lika.

Totalt har 41 arter av sma tattingar hallit revir 1
Fagelsangsdalen. Arton av dessa var néstan arliga
och ritt talrika, femton arter var fataligare eller
mindre regelbundna och éatta arter var rent tillfdl-
liga. Vi analyserade mest detaljerat de arton van-
ligaste arterna och inte alls de tillfdlliga. Invente-
ringsresultatet fran de tillkommande sjutton aren
redovisas 1 Appendix 1 och dessutom redovisar vi
de arter, som aldrig tidigare redovisats, 1 Appendix
2. Dessa arter studeras dock inte ndrmare och ingar
bara i jamforelsen med Dalby Soderskog. De arton
vanligaste arternas trender sammanfattas i Tabell
1, ddr den tidigare 40-arsperiodens trender ocksa
jamfors med den nya 17-arsperiodens.

Totalt har det skett en 6kning av savil antal ar-
ter som antal revirhdllande hanar (Figur 1), en ut-
veckling som hade borjat tidigare men som dnnu
inte var signifikant i 40-arsanalysen. Aven bland
de enskilda arterna dr det fler som 6kat 4n minskat.
Det ir alltsa inte ndgon enda dominerande art som
svarar for den positiva numerdra utvecklingen. I
40-arsanalysen identifierades tva grupper av arter,
ndmligen stannfaglar och kortflyttare, som 6kade,
respektive tropikflyttare, som minskade i antal.
Detta monster kvarstar efter ytterligare sjutton &r
(Figur 2, Tabell 1, Tabell 2). Den senare tabellen
visar hur arterna med positiva trender dr Europa-
flyttare och inbordes korrelerade. Detsamma géller
Afrikaflyttarna med negativa trender. Nagra arter
utan signifikanta trender faller déremellan utan
starkare korrelationer med varandra.

Orsaken till de olika trenderna for kort- och
langflyttare ansags i 40-arsanalysen vara forbatt-
rade Overvintringsforhallanden for kortflyttarna
och att detta lett till att [angflyttarna konkurrerades
ut. Eftersom vinterforhdllandena fortsatt att for-
battras finns inget som motsdger denna tolkning.
Stod for denna tolkning ger ocksa ett experiment
som gjordes i dalen (Enemar m.fl. 1972). Med hol-
kar okades antalet svartvita flugsnappare radikalt,
men detta orsakade inga méitbara fordndringar i
fagelsamhdllet i 6vrigt; denna tropikflyttare verkar
alltsd inte konkurrera ut andra arter. Tre exempel
pé nérbeslaktade arter med liknande ekologier dar
det gétt sdmst for tropikflyttaren ar 16vsangare i
jamforelse med gransangare, tridgardssangare i
jamforelse med svarthdtta samt niktergal jAmfort
med rodhake, koltrast och jarnsparv. Tropikflyttare
kanske dr svaga konkurrenter for att de kommer
sent nédr kortflyttarna redan ar vél etablerade i hédck-
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ningsomradet. Emellertid finns dnda mdojligheten
att langflyttarnas sjunkande bestandsstorlekar be-
ror pd faktorer i deras tropiska vinterkvarter eller
under flyttningen och som inte har nigot att gora
med konkurrens i hackningsmiljon.

Omsittningen av arter mellan aren har inte for-
dndrats; den har om dn med en hel del variation le-
gat pd 11% (berdknat mellan tvé &r som summan av
nya och forsvunna arter dividerat med summan av
antalet arter det ena och det andra aret, darefter ut-
tryckt i procent). I 40-arsanalysen noterades att ju
langre det var mellan de jamforda aren, desto hogre
var artomséttningen. Denna utveckling har fortsatt
linjért och visar inga tecken pa att avta (Figur 4). I
40-arsanalysern gjordes en forutsdgelse om att alla
arter skulle ha bytts ut om ungefér hundra ar. Vi
har omtolkat resultaten och slutsatsen blir i stéllet
att det drgjer till ar 2190 innan alla arter som fanns
1953 har bytts ut mot nya arter.

En egenskap hos ett fagelsamhille ar att det
kumulativa antalet arter dkar med tiden. Sedan
40-4rsanalysen har det tillkommit tvd nya arter och
det totala antalet arter som hackat minst ett &r dr nu
uppe i 41 stycken. Med en sé lang serie som 57 ar
kan man vaga sig pa vissa framskrivningar rorande
utvecklingen. I Figur 6 har vi anvidnt modellen att
det kumulativa antalet arter dkar linjart med loga-
ritmen av antalet ar. Nar rdkningarna i Fagelsangs-
dalen firar hundraarsjubileum bor ytterligare sex
arter ha haft revir i dalen, totalt saledes 47 arter.
Efter 250 ar forutsdgs antalet registrerade hackfag-
lar ha okat till ndstan 60. Denna 6kningstakt &r inte
sdrskilt kontroversiell om man tar hénsyn till bade
den existerande artpoolen i storregionen och de
manga faunaforiandringar som skett i historisk tid
i var del av vérlden. Kurvans form kan vara annor-
lunda &n den vi valt och vi fér i forsta hand vénta
och se vad som hént vid 100-arsjubileet om 43 ar.

Vart att ndmna hér i den svenska sammanfattning-
en dr slutligen foljande. Fagelsangsdalen tillkom en
gadng som Overvakningsomrade i ett projekt som
Sveriges Ornitologiska Forening startade i borjan av
1950-talet. Franvaron av inventeringsmanual och or-
ganisation gjorde att av de startade provytorna kom
bara den i Fagelsangsdalen att bestd, och det enbart
genom Anders Enemars insatser. Han inventerade
fram till 1967. Under Gvriga ér har endast tre perso-
ner fére Ann Mari Thorner gjort méngériga insatser,
nidmligen Erik Nyholm, Berith Cavallin och Inga
Rudebeck. Det formella ansvaret for inventeringens
framtid har dvertagits av Skanes Ornitologiska For-
ening och alla originaldokument sdsom besoks- och
artkartor frén inventeringarna och fotodokumenta-
tionen fran fasta punkter finns i féreningens arkiv.



Appendix 1, part 1.
Number of territories of small passerines. Grey cells: modified values; see text. English names in Appendix 3.
Antal revir av sma tdttingar. Gra celler: justerade virden; se texten. Svenska namn i Appendix 3.

Period 1953-1972 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72

—_
~

19 14 10 14 12 12 13 17 17 18 22 17 15 19 17 19 15 12 15
Phylloscopus trochilus 23 22 20 20 23 23 17 18 13 13 17 15 13 11 16 14 12 11 10 11

1 Fringilla coelebs

2

3 Sylvia borin 16 14 16 18 19 14 13 14 16 12 13 9 15 11 14 12 14 11 11 9
4 Luscinia luscinia 13 17 14 15 16 14 13 10 10 13 13 16 15 12 14 13 12 10
5 Parus major 2 4 7 7 8 10 11 9 6 6 12 10 9 7 7 10 5
6 Turdus merula 7 8 9 6 11 8 11
7 Sylvia atricapilla 5 3 2
8

Parus caeruleus
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9 Erithacus rubecula
10 Sylvia communis
11 Troglodytes troglodytes
12 Hippolais icterina
13 Anthus trivialis
14 Acrocephalus palustris
15 Prunella modularis
16 Sturnus vulgaris
17 Parus palustris
18 Ficedula hypoleuca
19  Emberiza citrinella
20 Sitta europaea
21 Carduelis chloris
22 Phylloscopus collybita
23 Carduelis cannabina
24 Turdus pilaris
25 Muscicapa striata
26 Motacilla alba
27  Turdus philomelos
28 Carduelis carduelis
29 Ph. phoenicurus
30 Certhia familiaris
31 Passer montanus
32 Emberiza hortulana
33 Sylvia curruca
34 Acrocephalus scirpaceus
35 Phylloscopus sibilatrix
36 Saxicola rubetra
37 Regulus regulus
38 C. coccothraustes
39  Passer domesticus
40 Locustella naevia
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Appendix 1, part 2.

Number of territories of small passerines. Antal revir av smd tdttingar.

Period 1973-1992 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 8§89 90 91 92
1 Fringilla coelebs 17 21 20 27 20 17 16 25 25 22 27 19 21 26 20 19 22 27 23 23
2 Phylloscopus trochilus 7 13 14 14 14 11 13 18 10 12 13 12 16 16 12 10 7 13
3 Sylvia borin 11 13 13 17 14 14 13 14 16 18 18 14 11 16 18 12 11 5
4 Luscinia luscinia 11 11 11 9 1316 9 9 9 6 10 8 9 13 14 6
5 Parus major 10 10 12 10 14 14 10 12 8 15 7 7 13 1
6 Turdus merula 12 16 15 11 8 11 8 12 1 12 11
7 Sylvia atricapilla 32 3 4 2 4 4 9 1
8 Parus caeruleus 11
9 Erithacus rubecula 10

10 Sylvia communis 1
11 T troglodytes 11
12 Hippolais icterina 2

13 Anthus trivialis

14 Acrocephalus palustris

15 Prunella modularis
16 Sturnus vulgaris

17 Parus palustris

18  Ficedula hypoleuca
19  Emberiza citrinella
20 Sitta europaea

21 Carduelis chloris

22 Phylloscopus collybita

23 Carduelis cannabina
24 Turdus pilaris

25  Muscicapa striata
26 Motacilla alba

27  Turdus philomelos
28 Carduelis carduelis
29  Ph. phoenicurus

30 Certhia familiaris
31 Passer montanus
32 Emberiza hortulana
33 Sylvia curruca

34 Acrocephalus scirpaceus
35 Phylloscopus sibilatrix

36 Saxicola rubetra

37 Regulus regules

38 C. coccothraustes
39  Passer domesticus
40 Locustella naevia
41  Aegithalos caudatus
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Appendix 1, part 3.
Number of territories of small passerines. Antal revir av smd tdttingar.

Period 1993-2009 93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09 >
1 Fringilla coelebs 23 28 19 24 28 18 17 21 28 25 24 27 27 20 22 18 20 1140
2 Phylloscopus trochilus 7 10 12 13 13 12 12 15 7 9 2 9 7 9 6 4 17 712
3 Sylvia borin § 10 7 & 12 9 11 & 11 10 6 11 11 10 9 & 2 692
4 Luscinia luscinia 8§ 7 5 8 o1 s 7 5 2 3 2 1 5 7 73 559
5 Parus major 11 12 15 14 10 11 10 10 13 11 12 13 18 13 11 12 14 556
6 Turdus merula 8 9 7 9 12 14 9 10 14 13 11 13 13 12 8 11 8 547
7 Sylvia atricapilla 7 11 10 14 12 10 14 15 14 13 11 12 16 15 15 17 12 406
8 Parus caeruleus 7 7 6 10 9 6 11 8 11 11 9 12 12 12 7 11 12 308
9 Erithacus rubecula 8 5 4 3 4 7 6 6 5 3 4 7 6 4 5 6 9 278

10 Syvlvia communis 3 4 2 6 7 8 4 3 3 5 5 7 7 5 4 7 2 257
11 T troglodytes w8 7 4 5 7 913 7 7 8 911 7 6 8 11 229
12 Hippolais icterina 35 7.9 4 2 6 3 7 8 6 7 3 1 0 2 1 213
13 Anthus trivialis o 0 0 0 0 0O O O 3 0 O I 0O 0 O 0 O 200
14 Acrocephalus palustris o 3 6 5 5 2 2 4 1 2 1 0 1 5 5 4 1 195
15 Prunella modularis 2 3 7 2 S5 7 3 8 6 2 3 7 7 5 2 4 3 189
16 Sturnus vulgaris 4 5 7 7 8 512 1 2 1 2 4 5 5 2 8 3 179
17 Parus palustris 1 r 2 2 2 1 2 2 3 3 5 3 2 3 4 3 5 133
18  Ficedula hypoleuca 2 1 1 2 1 2 0 2 0 0 O 1 1 1 1 1 0 122
19  Emberiza citrinella 1 1 1 4 3 1 7 5 6 6 612 9 8 4 6 5 87

20 Sitta europaea 21 3 1 3 3 3 4 4 3 3 2 2 6 5 5 3 76

21 Carduelis chloris 0o 1 6 4 4 2 2 3 3 4 4 4 3 0 0 0 2 74

22 Phylloscopus collybita o o0 o 1 1 1 1 0 2 0 6 9 6 3 8 910 57

23 Carduelis cannabina o 0 0 0 0 o0 o0 0 o0 O O O 0o 0O 0 0 O 44

24 Turdus pilaris 2 4 2 2 0 0 16 1 2 3 4 1 0 0 0 0 O 36

25  Muscicapa striata 31 0 2 0 1 O O 3 5 4 0 4 1 0 1 0 32

26 Motacilla alba o 0 0 0 0 0O 1 0 0 O O O 0O O o0 0 1 28

27  Turdus philomelos o o0 1 o0 o o0 o0 o o 1 2 2 2 0 0 1 1 28

28 Carduelis carduelis o 0 o o o o0 o0 2 2 4 5 2 0 0 1 0 O 24

29  Ph. phoenicurus o o0 o0 1 o 1 0 o0 1 2 0 3 2 1 3 4 4 23

30 Certhia familiaris 4 0 0 1 3 1 1 0 1 0 O 1 1 1 0 O 1 20
31 Passer montanus o 0 o o0 o o0 o0 o0 o o 0 o0 o0 o O o0 o 19

32 Emberiza hortulana o 0 0 0 0 0O O O O O O O o O O O0 O 14

33 Sylvia curruca o o0 o0 1 o0 2 0 0O O O o0 1 0 0 o0 1 O 11

34 Acrocephalus scirpaceus 0 0 0 0 0O O 1 0 O 1 0 O O O O O O 3

35 Phylloscopus sibilatrix o 0 0 0 0 o0 O O o0 O O O o o0 O 0 O 3

36 Saxicola rubetra o 0 0 0 0 0O 0O O O O O O o0 o0 0 o0 O 2

37 Regulus regules o o0 o o0 o o o0 o0 o o O o o0 o 0 o0 o 1

38 C. coccothraustes o o0 o o0 o o o0 o0 o o O o0 o o O o0 o0 1

39  Passer domesticus o o0 o0 o0 o o0 o0 o0 o o o0 o o o o0 0 o0 1

40 Locustella naevia o o0 o0 o0 o o o0 o0 o o O o o o o0 o0 o 1

41  Aegithalos caudatus o 0 0 0 0 0 O I O O O O O O O o0 O 1

Species Arter 21 22 22 26 22 25 24 23 26 25 24 27 25 23 21 24 24 41

Territories Revir 124 137 137 157 160 144 150 152 164 154 146 182 177 152 135 158 140 7501




Appendix 2.

Number of territories of non-passerine and corvine species. These species were not surveyed in 1953-1992
(Hooded Crow, Mallard and Pheasant not until 1999). Magpie was reported regular with 1-3 territories in
1953-1992 but has since only occasionally visited the valley.

Antal revir av icke tdttingar och krdakfaglar. Dessa arter inventerades inte 1953—1992 (krdka, grdsand och fasan
inte forrdn 1999). Skatan rapporterades som darlig med 1-3 revir 1953—1992 men har ddrefter bara tillfilligt

besokt dalen.

19 19 19 19 19 19 19 20 20 20 20 20 20 20 20 20 20
93 94 95 96 97 98 99 00 01 02 03 04 05 06 07 08 09

Corvus cornix

Hooded Crow Krdka ?
Columba palumbus
Wood Pigeon Ringduva 4

Dendrocopos minor
Lesser Spotted Woodppecker Mindre hackspett 0
Dendrocopos major

33 3 3 2
77 6 7 6 6 7 9 8 6 9 91010
1 0 020000 O0O0O0OT1O01

11110 2 11112220

Great Spotted Woodpecker Storre hackspett 1
Buteo buteo

Common Buzzard Ormvrak 1
Cuculus canorus

Cuckoo Gok 0
Anas platyrhynchos

Mallard Gréisand ?
Strix aluco

Tawny Owl Kattuggla 0
Phasianus colchicus

Pheasant Fasan ?
Appendix 3.

List of species with English and Swedish names in the same order as in Appendix 2.
Artlista med engelska och svenska namn i samma ordning som i Appendix 2.

Fringilla coelebs Chaffinch Bofink

Phylloscopus trochilus Willow Warbler Lovsangare
Sylvia borin Garden Warbler Trddgardssangare
Luscinia luscinia Thrush Nightingale Ndktergal
Parus major Great Tit Talgoxe

Turdus merula Blackbird Koltrast

Sylvia atricapilla Blackcap Svarthdtta

Parus caeruleus Blue Tit Blames

Erithacus rubecula Robin Rédhake

Sylvia communis Whitethroat Térnsangare
Troglodytes troglodytes Wren Gdrdsmyg
Hippolais icterina Icterine Warbler Hdarmsangare
Anthus trivialis Tree Pipit Trddpipldrka
Acrocephalus palustris Marsh Warbler Kdrrsangare
Prunella modularis Dunnock Jéarnsparv

Sturnus vulgaris Starling Stare

Parus palustris Marsh Tit Entita

Ficedula hypoleuca Pied Flycatcher Svartvit
fugsnappare

19 Emberiza citrinella Yellowhammer Gulsparv

20 Sitta europaea Nuthatch Notvicka

0N N kWD —

— o e e
00 AN LN AW~ OO

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

Carduelis chloris Greenfinch Gronfink
Phylloscopus collybita Chiffchaff Gransdngare
Carduelis cannabina Linnet Hampling

Turdus pilaris Fieldfare Bjorktrast

Muscicapa striata Spotted Flycatcher Grd flugsnappare
Motacilla alba White Wagtail Sddesdrla

Turdus philomelos Song Thrush Taltrast

Carduelis carduelis Goldfinch Steglits

Phoenicurus phoenicurus Redstart Rodstjdrt
Certhia familiaris Treecreeper Trddkrypare

Passer montanus Tree Sparrow Pilfink

Emberiza hortulana Ortolan Bunting Ortolansparv
Sylvia curruca Lesser Whitethroat Artsdngare
Acrocephalus scirpaceus Reed Warbler Rorsdangare
Phylloscopus sibilatrix Wood Warbler Gronsdangare
Saxicola rubetra Whinchat Buskskviitta

Regulus regulus Goldcrest Kungsfagel
Coccothraustes coccothraustes Hawfinch Stenkndick
Passer domesticus House Sparrow Grdasparv
Locustella naevia Grashopper Warbler Grdshoppsangare
Aegithalos caudatus Long-tailed Tit Stjdrtmes
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Evaluation of the analysis of distance sampling data: a simulation

study

Utvirdering av avstandsanalys av inventeringsdata: en simuleringsstudie

ROBERT EKBLOM

Distance sampling is used to estimate number of indi-
viduals in an area of interest. The idea is that with known
distances to the observed individuals, one can model the
probability of detection in relation to distance and thereby
account for individuals that were not detected. Distances
can be recorded either exactly or in discrete categories.
In this study I validated the method using simulated dis-
tance sampling data for two hypothetical bird species and
compared the estimated density values to the known true
densities. Generally the true densities and numbers of
individuals were very similar to (and always within the
95% confidence interval of) the parameter estimates from
the analysis of the simulated data. The analyses were also
robust to modifications of the data such as truncation and
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grouping of the distances into discrete categories. The
confidence intervals increased, however, when using
only two distance groups. Given that critical assumptions
of the model can be met in the field situation, distance
data can thus be used in a wide range of bird studies to
calculate reliable density estimates.
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Introduction

Distance sampling is a biological survey method
aimed to provide estimates of density and number
of individuals in the sampled area. The method can
be applied to point and line transects for a wide
variety of systems and species (Sutherland 1996).
In addition to recording the number of individuals
and species identity, one also registers the distance
between each identified individual and the line or
point (either as exact measurements or grouped
into discrete distance ranges). This procedure en-
ables the investigator to account for individuals
present but not detected in the survey, provided that
they are potentially observable during the census.
More specifically the distances recorded are visu-
alised in a histogram and a detection function is
modelled onto the data. This detection function is
then used to estimate the proportion of individu-
als in the effectively surveyed area that were not
detected and an estimate of the true density of indi-
viduals is calculated. The density estimate can then
be multiplied by the total size of the area of interest

to obtain a measure of the true number of individu-
als (Bibby et al. 2000).

Application to bird studies

Distance sampling has been applied successfully to
a large number of bird species in different environ-
ments (see for example Marsden 1999, Cimprich
2009, Handel et al. 2009), and has been shown to
give more robust estimates of population trends
than relative estimates of bird densities, for exam-
ple line or point transect counts without distance
recording (Norvell et al. 2003). This is because the
assumption for relative density estimates, that the
probability of detection function remains constant
between different time points, is often likely to be
violated because of changes in conditions such as
observers, weather, or habitat. However, other stud-
ies have also emphasised practical and theoretical
problems with distance sampling applied to bird
surveys and in many cases more sophisticated pro-
tocols like multiple observer surveys are advised
to be able to control for violations of the various
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assumptions of distance sampling methodology
(Kissling & Garton 2006, Southwell & Low 2009).

Important practical considerations

Before performing a distance sampling survey
there are a number of practical limitations to con-
sider. There are several assumptions regarding the
data collection that need to be met in order to get
reliable density estimates from the analysis; some
of these are discussed below. In general these as-
sumptions require a well planned study and care-
fully performed field work with well trained field
workers (Buckland et al. 2001).

Correct measurement of distances

One important assumption is that the distances are
measured correctly. Bias in the distance measure-
ment will inevitably lead to bias in the estimate of
individual densities. This is especially important
for point counts since measurement errors will
increase geometrically with distance (Bibby et al.
2000). Laser rangefinders can be helpful for meas-
uring distances to the birds or to the vegetation
patches from which they are singing. Also note that
for line transects the measure analysed is the clos-
est distance from the bird to the line and not to the
observer. This can be calculated by trigonometry
by also recording the angle between the line and
the bird from the observation point (Figure 1a). If
the exact measurement of distances is impractical
there is also an option to record distances into two
or more discrete categories (Figure 1b—c).

Representative sample

In order to extrapolate the density estimates from
the sampled transects into the entire study area it
is important that the transects are representative of
the area as a whole (Ekblom 2007). This can be
achieved using a variety of randomisation or sys-
tematic sampling methods. For more information
about sampling theory and survey design, please
consult a statistics textbook (for example Fowler et
al. 1998). It is recommended that the sample con-
tains at least 20 different lines or points across the
study area to obtain a reliable estimate of variance
(Buckland et al. 2001).

Birds do not move in relation to the observer

If birds are attracted to or move away from the
observer before detection, the distances will be
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systematically biased, causing an underestimate
or overestimate of the species density. Also for
point counts it is important that counting periods
are short enough that random movements of birds
around the study area will not cause the number of
detections close to the observer to be biased high
(Buckland 2006).

Birds on the transect are always detected

To get reliable estimates of the detection function
it is important that individuals on or very close to
the line (or point) have a 100% detection probabil-
ity. If this assumption is likely to be violated it is
possible to account for missed birds by having two
transect lines parallel to each other being censused
simultaneously (Buckland et al. 2001), or by hav-
ing two observers counting simultaneously at a
point (Kissling & Garton 2006). There is also an
option to left-truncate the data during analysis if
this assumption seems to have been systematically
violated.

Correct species identification

It is also important that the species are correctly
identified for all individuals registered. If the dis-
tance is too large, or observation too brief, for
correct species identification such an observation
should not be registered. Recordings of bird songs
are available for many geographic areas and can be
used to learn to identify species that are more often
heard than seen.

Large number of observations

In order to reliably fit a detection function to the
data, it is generally advised that sample sizes are
rather large. As a rule of thumb 60 to 80 observa-
tions are a minimum to produce reliable density
estimates (Buckland et al. 2001). In many inves-
tigations this number of observations may be hard
to obtain for uncommon species. However, species
with similar detection probabilities may be pooled
in the analysis to increase the sample size and pro-
vide a more robust model fitting for the probability
of detection function. Sample lines or points may
also be surveyed multiple times during a season to
obtain the number of detections required for analy-
sis. For some species or restricted study areas,
however, it may be necessary to choose a different
census method (for example a territory mapping
scheme).



Figure 1. Different possible strategies for sampling ~ a)
distance data in a line transect survey. The thick
arrow indicates the transect line and the direction
of travel. a) The exact distance (d;) between the

bird and the transect line (thick arrow) is calcula-
ted using the measurement of distance (d) between
bird and observer (O) and the angle from the ob-
server between the line and the bird (). b) Estima-
ting the distance between the bird and the line in

four discrete distance groups (in this case 0—10 m,

10-25 m, 25-50 m and further away than 50 m). ¢)

Estimating the bird to be close to or far away from

the line (in this case with a cut-off value of 30 m).

Olika tiankbara strategier for att for att samla in

avstandsdata vid en linjeinventering. Den tjocka

pilen representerar linjen. a) Det exakta avstandet
(d;) mellan fageln (Bird) och linjen kan riknas ut
genom att mdta avstandet (d) mellan fageln och
observatiren (O) samt vinkeln frdan observatoren
mellan linjen och fageln (6). b) Uppskatining av  c)
avstandet mellan fageln och linjen i fyra diskreta

avstandsklasser (i detta fall 0—10 m, 10-25 m, 25—

50 m och ldngre bort én 50 m). c) Uppskattning om
fageln dr ndra eller langt bort fran linjen (i detta

fall med ett grinsvirde pa 30 m).

Aim of this study

The aim of the present investigation was to evalu-
ate the analysis of distance sampling data, using a
simulated line transect study of two hypothetical
bird species with different densities and probabili-
ties of detection. I also investigated how truncat-
ing and grouping of the distance data affected the
analyses and estimates.

Materials and methods

Study area and species

The simulated study area was 5 km? large with an
approximately rectangular shape and homogenous
environment (similar probability to record an indi-
vidual of a certain species and at a certain distance
throughout the whole area). For each of the two
bird species (A and B) territories of irregular shape
and size were plotted covering the whole area and
one singing male was placed randomly in each ter-
ritory. The birds were not allowed to move during
the simulated survey. The total number of singing
males in the area was 185 for species A and 66 for
species B.

Line transect census

Twenty transect lines were systematically spread
over the study area and each line was surveyed

Bird
o d d4 =d *sin(6)
. -
b) 50 m
Bird 05
m
.O 10m
P 10m
25m
50 m
Bird F
5 ir ar away 30m
Close
. Close >
Far away 30m

once for each of the two bird species. The lines
were 1 km long and spaced approximately 250 m
apart. The exact distance from the transect line to
every singing bird in the area was measured with
an accuracy of one meter. Two (one for each spe-
cies) sigmoid probability functions (arbitrarily
drawn on a grid paper) was used to determine the
likelihood of an individual of being detected at a
certain distance. For both species the probability to
detect an individual decreased nonlinearly with the
distance from the line. For species A there was a
50% probability of detecting an individual at a dis-
tance of 40 m from the line and for species B this
distance was 130 m from the line. Species A thus
corresponds to a rather cryptic species whereas
species B was easy to observe also at longer dis-
tances. For both species the probability of detect-
ing an individual on, or very close to (A: 0—15 m,
B: 0-30 m) the transect was set to 1 (see criteria
for reliable analysis of distance data in the Intro-
duction). Zero probability of detection was reached
at 90 m for species A and at 180 m for species B.
For each distance measured between the transect
and the bird, the probability of detection was reg-
istered from the probability function of the species
in question (see above). A random number between
0 and 1 was then drawn, and if this was lower than
the probability of detection the bird was defined as
observed.
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Analysis of distance data

Distance data generated by the simulation de-
scribed above were analysed using the software
Distance 5.0 (Thomas et al. 2005). For each
analysis and species I fitted each of three differ-
ent key detection functions (uniform, half-normal
and hazard rate), with an additional optional series
expansion (simple polynomial, cosine or hermite
polynomial). The model with the smallest Akaike
Information Criterion (AIC) value was chosen. In
addition I also inspected the fit of the functions to
the data manually using the histograms produced
in Distance. For truncated analyses I discarded all
observations further than 50 m from the line for
species A and further than 125 m for species B. For
analyses with data in four intervals I chose bins of

0-10 m, 11-25 m, 26-50 m and further away than
50 m for species A and 0-25 m, 26-50 m, 51-100
m and further than 100 m away for species B. When
analysing data using only two intervals (close and
far away) I set the cut-off point to 30 m for species
A and 50 m for species B.

Results

Results from the distance sampling

A total of 70 singing males of species A (mean 3.5
per transect line) and 69 of species B (mean 3.45
per transect line) were observed during the simu-
lation. Mean observed distance between the line
and the bird was 26.6 m (range 1 to 77) for species
A and 66.0 m for species B (range 0 to 157). For
species A the observations fell into a rather smooth
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Figure 2. Histograms of the detection

probability plotted against distance bet-
ween the transect line and the observed
birds. Fitted to the data is the modelled
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Table 1. Summary of the true and estimated (with 95% confidence intervals) densities (D, number of singing
males per km?) and total number of singing males (N, number of individuals) of the two simulated species (A

and B) using different analysis specifications.

Sammanfattning av de verkliga och uppskattade (med 95% konfidensintervall) individtitheterna (D, antal
sjungande hanar per km?) och antalet sjungande hanar (N, antal individer) av de tvd simulerade arterna (4 och

B) med olika typer av avstandsanalyser:

Species Analysis D N
A True values 37.0 185
Verkliga virden
Exact distances 37.2 (27.2-50.7) 186 (136-254)
Exakta avstand
Right-truncated data 37.3 (27.0-51.5) 186 (135-257)
Hogerkapade data
Data in 4 distance bins 37.9 (28.2-50.8) 189 (141-254)
Data i 4 avstdandskategorier
Data in 2 distance bins 39.3 (28.2-54.7) 197 (141-274)
Data i 2 avstandskategorier
B True values 13.2 66
Verkliga vérden
Exact distances 14.2 (11.3-17.8) 71 (57-89)
Exakta avstand
Right-truncated data 12.4 (10.6-14.6) 62 (53-73)
Hégerkapade data
Data in 4 distance bins 14.7 (11.1-19.6) 74 (55-98)
Data i 4 avstandskategorier
Data in 2 distance bins 16.0 (11.7-21.9) 80 (58-110)

Data i 2 avstandskategorier

sigmoid distribution (Figure 2a) whereas for spe-
cies B the observations were more randomly scat-
tered (Figure 2b).

Estimates of density and absolute numbers

When using the original data for species A (all
measured distances between transects and the
birds) the hazard-rate key function (with no series
expansion used) gave the smallest AIC of the dif-
ferent models and was thus the best fit to the data
(Figure 2a). According to this model the density
of birds was 37.2 singing males per km? and the
number of singing males in the whole study area
was 186 (Table 1). This is strikingly similar to the
true values of 185 singing males and 37 individu-
als per km?. For species B the uniform key func-
tion with a simple polynomial adjustment term was
chosen based on AIC (Figure 2b). The analysis
produced an estimate of 14.2 singing males per
km? and a total of 71 singing males in the area as a
whole (Table 1). These are slight overestimates but
the true values (13.2 and 66) are still well within
the 95% confidence limits of the estimates.

Effect of truncation of the data

For some datasets it is advised to use right trun-
cation to decrease the effect of a few outliers on
the model fitting. For species A the right truncation
removed seven observations with observation dis-
tances exceeding 50 m. Again the hazard rate key
gave the best fit to the data. According to this mod-
el the density of birds was 37.3 per km? and total
number of singing males was still estimated to 186
(Table 1). For species A the right truncation thus
had very little effect on the estimated parameters,
but the confidence intervals around the estimates
were increased slightly due to the smaller sample
size (Table 1). With species B the right truncation
led to seven observations with distances exceed-
ing 125 m being removed. The model now best
fitting the data was the uniform key without any
adjustment terms (basically a straight line). The
density was estimated to 12.4 singing males per
km? and total number was 62, thus an underestima-
tion (Table 1). These estimates for species B were
highly dependent on the cut-off value used for the
truncation, however, and when truncating a larger

49



number of the observations the density was gener-
ally instead overestimated (data not shown).

Effect of data in intervals

Under many circumstances it is impractical or even
impossible to measure the distances from the line to
the birds exactly. In such cases distance sampling
can still be applied using discrete distance catego-
ries. Also in cases where exact measurements have
been taken but measurement or rounding errors oc-
cur it may be advisable to group the data into bins
before performing the model fitting. I tested this
approach for analysing the simulated dataset by
grouping the data into four or two discrete distance
categories. For species A grouping into four dis-
tance categories gave an estimated density of 37.9
singing males per km? and a total number of 189
(Table 1). The model with the best fit to the data
in this case was the uniform key with simple poly-
nomial adjustments. For species B the best model
for data in four categories was the uniform key us-
ing one cosine adjustment term. Now the estimated
density was 14.7 per km? and the estimated number
was 74 (Table 1).

The simplest approach for distance data collec-
tion is to group the distances into only two bins,
close and far away, with a predetermined cut-off
value. For species A this cut-off was set to 30 m. In
this analysis several of the models had similar AIC
values and the uniform key with simple polynomial
adjustments was chosen after manually inspecting
the fit to the histogram (the hazard rate functions
cannot be fitted to datasets in only two distance
categories due to lack of degrees of freedom). In
this analysis the density (39.3 per km?) and number
of singing males (197) were slightly overestimated.
The true values were still, however, well within the
95% confidence limits (Table 1). Species B was
analysed using a cut-off value of 50 m. Several dif-
ferent models had the same AIC values and again
the uniform key with one simple polynomial ad-
justment term was chosen based on manual inspec-
tion of the fit to the data. Here the estimates were
again slightly overestimated with a density of 16.0
per km? and number of singing males of 80 (Table
1). Also, the confidence intervals were larger than
for the full data analysis. The estimates changed
substantially when altering the cut-off value of the
distance bins (data not shown).
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Comparison of distance analysis with uncorrected
counts

For species A the maximum distance of detection
was 77 m and for species B it was 157 m. This
means that the effective sampled areas were 3.08
(77%2x20) km? and 6.28 (157x2x20) km? for the
two species, respectively. Dividing the number of
males detected by the area sampled for each spe-
cies, one would estimate uncorrected densities of
22.7 singing males per km? for species A (true val-
ue 37) and 11.0 per km? for species B (true value
13.2). This shows how density estimates that are
not corrected for the probability of detection may
be severely biased, especially in cryptic species.

Discussion

This study validates the use of analysis of distance
sampling data to calculate estimates of density and
absolute numbers of birds. The true density values
generally fell very close to the estimated densi-
ties and well within the estimated 95% probability
ranges. The results were generally rather robust
against variations in the analyses used. For species
B, however, the density estimates fluctuated some-
what depending on the specificities of truncation
or grouping of the data (the true parameter values
were always within the confidence limits though).
In most real situations the efficiency of this kind
of analysis will probably be limited by the need to
meet the critical assumptions for distance sampling
outlined in the Introduction. In particular great
care should be taken to make observations of all
individuals on or close to the transect (Bibby et al.
2000). To evaluate if this assumption is met in a
real field study it may be wise to apply a double-
observer approach, at least for part of the collected
data (e.g., Kissling & Garton 2006).

If it is not possible to measure exact distances to
areasonable degree of accuracy it is recommended
to collect distance data in discrete distance ranges
instead. This simulation study indicates that such
an approach will produce estimates of densities
similar to those from exact distance data even in
the case when only two distance ranges are applied
(close and far away). The confidence intervals
around the density estimates were however gener-
ally larger for grouped distance data than for exact
measurements. It is also of crucial importance to
choose the cut-off distance with care, to avoid bias-
ing the results. The cut-off should be selected at a
distance at which detectability is starting to decline
for a species. Also, as highlighted by this study, dif-



ferent species may need different cut-off values for
grouped data.

Right-truncation of the data generally had a rath-
er small effect on the density estimates. This means
that in a field situation it is more important for the
observer to be careful about finding birds close to
the transect and make good distance measurements
to these, rather than to spend time finding and iden-
tifying individuals very far away.

In the case of species B the maximum distance
of observation was 157 m and the distance between
transect lines was 250 m. Thus it was sometimes
possible for the same individual to be observed
from more than one line. In theory this should not
affect the density estimate as long as there is no
double counting on the same line (Buckland et al.
2001). However, there is a chance that the confi-
dence intervals around the estimates are slightly
underestimated due to presence of dependent data
points (pseudo replication).

Another simulation assessment analysis per-
formed by Cassey & McArdle (1999) also vali-
dated the use of the Distance software for analysis
of distance sampling data as long as the critical
assumptions for such analysis were not violated.
They also emphasised the importance of a carefully
designed survey protocol and proper stratification
and sampling of the study area to avoid biases in
parameter estimates.

In conclusion this study has shown that den-
sity estimation using distance sampling along line
transects generally performs very well as long as
critical assumptions of the model are met. Both
exact distance measurements and distance data
grouped into discrete categories were useful for
density estimations. Even if data were collected
using only two categories (close or far away), the
analyses produced reasonable estimates of true
densities of birds. Such simple distance sampling
is applicable to a large range of bird surveys and
would prove valuable when analysing and evaluat-
ing the data. It is worth noting that this is a simu-
lation study and that many practical issues arise
when distance sampling is performed in the field
(see Introduction). For example in this study, all
distances between the transect and the bird was
measured without error (an important assumption
of the analysis model) but this may be very difficult
to accomplish in a field situation. Proper training
of the field workers is essential to minimise such
errors during a real survey (Buckland et al. 2001).
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Sammanfattning

Genom att mdta avstdnden till de observerade
fdglarna under en inventering kan insamlade data
anvindas for att rdkna ut tithet och totalt individ-
antal i det inventerade omradet (avstdndsanalys).
Med hjélp av avstandsdata rdknar man forst ut hur
stor sannolikhet man har att uppticka en individ av
den aktuella arten vid ett visst avstand. Med hjilp
av denna sannolikhet kan man sedan ridkna ut ett
absolut matt pa individtithet och antalet individer
i det inventerade omrddet. Man kan saledes alltsd
ta hansyn till de individer som inte observerats un-
der inventeringen men énda finns i studieomrédet.
Analysmetoden gar att anvdnda vid bade punkt-
och linjeinventeringar. Avstdnden kan antingen
matas exakt eller uppskattas i tva eller flera av-
standskategorier (Figur 1).

Nér man samlar in avstdndsdata dr det véldigt
viktigt att vara noggrann. Metoden att samla in inte
bara antal faglar av varje art, utan dven avstandet
till varje individ, dr ganska arbetsintensiv. For att
fé tillrackligt bra data for att kunna analysera krévs
oftast att man forst trénat tillrackligt pd metoden
och har stor erfarenhet av fagelinventeringar. Det
finns ett antal antaganden man gér niar man ana-
lyserar avstandsdata och slarvigt faltarbete medfor
ofta att ett eller flera av dessa antaganden inte upp-
fylls. De viktigaste antagandena for avstandsanalys
ar:

1) Avstanden dr korrekt mdtta. Det ér viktigt att
man ar mycket noggrann nir man maéter avstindet
till den plats ddr fageln uppticktes. Observera att
det, nér det ar fraga om linjeinventeringar, ar det
kortaste avstandet mellan fageln och linjen (alltsa
avstandet vinkelrdtt fran linjen) som skall anvén-
das. Det finns flera olika sitt att fa fram detta av-
stand (Figur 1). Antingen noterar man den plats dér
man forst upptickt fageln och miter avstndet dit
forst nar man kommit fram sa langt att man befin-
ner sig mitt for punkten. Man kan ocksa maéta det
exakta avstandet fran den plats didr man befinner
sig till fdgeln samt vinkeln till linjen och sedan
med hjdlp av trigonometri rikna ut det ritvinkliga
avstandet. En annan mdjlighet &r att man pé en kar-
ta prickar in exakt var man upptickte figeln och
sedan madter avstindet i efterhand. Exakta avstdnd
mits ldmpligen med ndgon form av lasermétare.
Om man inte har mojlighet att méta exakta avstand
gér det ocksa att bara beddma avstanden i tva el-
ler flera intervall (exempelvis 0—-10 m, 10-25 m,
25-50 m, 50-100 m och 6ver 100 m).

2) Linjer eller punkter utgor ett representativt
urval av den inventerade ytan. For att linjerna el-

52

ler punkterna skall utgdra ett statistiskt representa-
tivt stickprov av den totala inventerade ytan &r det
viktigt att dessa dr slumpmassigt eller systematiskt
utplacerade i studieomradet. Om detta inte dr upp-
fyllt kan man bara dra slutsatser om fageltdtheten
kring linjerna och inte uppskatta det totala antalet
individer i studieomradet.

3) Fdgeln har inte rért sig innan upptdckt. Det dr
viktigt att fageln inte hunnit rora sig i forhallande
till observatdren innan den upptdcks. Om fageln
till exempel hinner fly bort en bit frén observato-
ren innan upptickt kommer man att notera ett for
stort avstand till fageln och ddrigenom blir ocksa
titheten och antalet individer i studieomrédet dver-
skattat.

4) Faglar pa linjen upptdcks alltid. For att pa ett
sdkert satt kunna rdkna ut sannolikheter for att upp-
ticka individer av en viss art vid ett visst avstdnd
("upptéackbarhetsfunktion™) &r det viktigt att man
uppticker alla individer som befinner sig pa (eller
rakt ovanfor) linjen eller punkten. Det dr dven bra
om funktionen far en sa kallad “’skuldra”, dvs att
dven en stor andel av de individer som befinner sig
néra linjen upptacks.

5) Arten dr korrekt identifierad for alla indivi-
der. Det dr viktigt att ha tillracklig artkunskap om
den eller de arter som skall inventeras for att sa-
kert kunna identifiera de individer som observeras.
Om man &r osdker pa artbestimningen av nagon
enstaka individ dr det béttre att utelimna den ob-
servationen helt én att gissa vilken art det &r.

6) Tillréckligt stort antal observationer. For att
kunna gora en rimlig uppskattning av upptéackbar-
hetsfunktionen och ddrigenom erhalla ett bra matt
pa individtithet ar det viktigt att ha tillrackligt
manga observationer. Som en tumregel bor antalet
observationer inte understiga 60.

Denna studie syftade till att utvdrdera avstands-
data for att berdkna absoluta titheter och antal indi-
vider i ett studieomrade. Jag har sjidlv kunnat se till
att samtliga ovan ndmnda kriterier varit uppfyllda
tack vare att jag arbetat med simulerade data. Jag
simulerade en inventering av tva pahittade fagelar-
ter (A och B), med olika tdthet och létthet att upp-
tdcka. For att utvdrdera analyserna jimforde jag
de beriknade tdthetsvardena med de kdnda sanna
titheterna i omradet. Det pahittade studieomradet
var 5 km? stort och i omradet hade 20 inventerings-
linjer lagts ut enligt ett systematiskt monster med
slumpmadssig startpunkt. Linjerna lag 250 m ifrdn
varandra och var 1 km langa. Varje linje inventera-
des en gang och avstandet fran linjen till alla sjung-
ande hanar av arterna A och B noterades.

Totalt observerades 70 hanar av arten A (i ge-



nomsnitt 3,5 per linje) och 69 hanar av arten B (i
genomsnitt 3,45 per linje, Figur 2). Enligt den bés-
ta versionen av avstandsanalysen fanns totalt 186
sjungande hanar av arten A i studiecomradet (tithet:
37.2 hanar per km?). Detta virde ligger mycket
nira det verkliga antalet som var 185 sjungande
hanar. For art B uppskattades antalet sjungande ha-
nar i omradet till 71 (tdthet: 14.2 hanar per km?),
medan det verkliga antalet var 66.

Pa det hela taget visade det sig saledes att de
berdknade vdrdena lag mycket nédra de sanna tét-
heterna for bada arterna (Tabell 1). Konfidensin-
tervallen runt uppskattningarna inneslot i samtliga
fall de sanna vérdena. Uppskattningarna var ocksé
relativt robusta mot olika typer av modifieringar av

data, sdsom uteldmnande av observationer gjorda
pa valdigt stora avstand (hogerkapning) och grup-
pering av avstanden i diskreta kategorier. Nar ana-
lyserna gjordes med avstdnden indelade i bara tvd
kategorier blev dock uppskattningarna osdkrare
(storre konfidensintervall).

Sa ldnge de kritiska antagandena for avstands-
analys uppfylls under planering och féltarbete vi-
sar denna studie att avstdndsdata kan anvindas for
att gora goda skattningar av individtitheter i olika
typer av fagelinventeringar. I de fall da det inte ar
praktiskt genomfOrbart att mita exakta avstdnd
med tillrdcklig noggrannhet, rekommenderas det
att i stillet uppskatta avstanden i tva eller fler dis-
kreta avstandsklasser.
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Korta rapporter — Short communications

Blastjéart Tarsiger cyanurus
sjunger som talltita Poecile
montanus

Red-flanked Bluetail Tarsiger cyanurus
singing like a Willow Tit Poecile
montanus

HENRIK LIND

Under natten 16-17 juni 2007 uppticktes en nor-
malt sjungande blastjért Tarsiger cyanurus i Lapp-
land, Sverige. Fageln sjong néra berget Koivuvaare
480 m.0.h. beldget 10 km NNO Kiruna. Den sjung-
ande fageln var honfargad vilket indikerade en ung
hane (andra kalenderaret, 2k). Under de ndrmaste
veckorna kunde fageln detaljstuderas da midnatts-
ljus radde. Till och med 18-19 juni sjong fageln
som en normal blastjart — men borjade sedan allt
oftare sjunga som en talltita Poecile montanus.
Fran och med den 22 juni var talltitesdngen helt
dominerande (Figur 1). Ingen typisk blastjirtssang
hordes alls fran individen efter detta datum. Fageln
videofilmades da den sjong talltitesang av flera
observatdrer sa inget tvivel rader om att det var
blastjarten som sjong den mycket talltiteliknande
sangen. I Kirunaomradet ar talltita vanlig, medan
den hér beskrivna blastjarten av allt att doma var
den enda pa lokalen.

Vid studier av sonogram ser man att normal tall-
titesang inte paminner sérskilt mycket om normal
blastjartssang, till vare sig struktur, sangléngd el-
ler amplitud (frekvensomrade). Blastjarten har en
liten, men for det ménskliga 6rat svaruppfattad, va-
riabilitet inom sitt védldiga nordliga utbredningsom-
rade. Alltsa en sang med liten variation men utan
utpriaglade dialekter (Krister Mild, pers. medd.).
Talltitans sang dr inte alls variabel utan ndrmast
monotypisk.
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Vi har inte funnit ndgra beskrivningar i till-
ginglig litteratur (Glutz & Bauer 1988, Cramp
& Perrins 1993, Rabitsjev 2001) att hdrmningar
skulle forekomma hos blastjért eller nagon annan
av virldens fem Tarsiger-arter (del Hoyo et al.
2006). Men arter inom familjen Muscicapidae, dit
bléstjért raknas (Clements 2007) och som normalt
inte hdrmar, kan avvika i detta avseende. Rodstjart
Phoenicurus phoenicurus kan hirma mycket bra
(Lindstrom 2003), men detta &r sdllan noterat. Hos
rodstjért dr det konstaterat att dven 2k figlar kan
uppvisa precisa harmningar (Lindstrom 2003), sa
som ocksa var fallet med blastjarten vid Kiruna.

Den talltiteliknande sangen som Kiruna-fageln
presterade har diskuterats med auktoriteter pa pa-
learktiska fagelarters sang (Per Ahlstrom, Krister
Mild och Lars Svensson). Ingen har tidigare stott
pa en liknande sang eller hairmning hos blastjart.
Inte heller Annika Forsten kdnner till liknande
fynd i Finland eller Ryssland (David Erterius,
muntl.). Ingen har heller nagon tolkning av or-
saken till detta fenomen. Men intressant att no-
tera dr att figeln borjade sjunga som en normal
blastjart for att sedan ga over till att sjunga som
en talltita. Fordndring av sang sa att den anpas-
sas till omgivande hanars sdng (dock inom arten)
har observerats hos 2k hanar under deras forsta
hickningssdsong hos den vilstuderade indigo-
sparven Passerina cyanea i USA (Payne 1987,
1988). Kanske var det en sddan anpassning, dvs.
att fordndra sangen sa att den anpassas till de om-
givande hanarnas sang, som “lurade” blastjartha-
nen utanfor Kiruna att véxla over till att sjunga
sang fran fel art. Blastjarten kan ha lart sig tallti-
tesangen pa plats i Kiruna (om blastjart ar en sk.
“open-ended learner”) men en annan forklaring
skulle kunna vara att denna blastjarthane lart sig
bdde artegen och talltitelik sdng under den nor-
mala sanginldrningsperioden som brukar infalla
vid 1-3 manaders alder och att denna siang legat
latent i minnet fran individens forsta levnadsar
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Figur 1. (Ovre Sonograms) Exempel pa normal sing frén talltita Poecile montanus (vénster) och talltitelik sing sjungen av en
blastjért Tarsiger cyaneus (2-k hane) vid Koivuvaare, Kiruna juni 2007 (hdger), inspelning av forfattaren. (Nedre Sonogram)
exempel pa normal sang fran en blastjart, Nakkajarvi, Norrbotten, Sverige 1996, inspelning av Teus Luijendujk.

(Upper Sonograms) Example of a normal song from a willow tit Poecile montanus (lefi) and willow tit-like song from a
red-flanked bluetail Tarsiger cyaneus (2k male) at Koivuvaare, Kiruna, Sweden June 2007 (right), recordings by the author.
(Lower Sonograms) Two examples of a normal song from a red-flanked bluetail at Nakkajdrvi, Sweden 1996, recording by

Teus Luijendujk.

och sedan hdmtats upp da blastjirten bara horde
talltitesang fran sina grannar utanfor Kiruna.

Kanske &r det sé att fler arter inom Muscicapi-
dae &r skickliga hdrmare? Fenomenet kan vara un-
derskattat. En sa skickligt hirmande individ som
blastjarten vid Kiruna &r ju mycket létt att missa
eftersom den i de allra flesta fall skulle bestimmas
fel och i det hér fallet tas for talltita!

Tack till Lidia Hakkebo for overséttning av ryska
texter och Hans-Georg Wallentinus for utformning
av sonogramen.
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Summary

A second year male Red-flanked Bluetail Tar-
siger cyanurus was discovered outside the normal
breeding range at Koivuvaare, Kiruna, Lappland,
Sweden 16—17 June 2007. The individual was first
singing the specific typical song for the species, but
soon switched to a song very similar to the typical
song of a Willow Tit Poecile montanus, and from
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22 June onwards only the Willow Tit-like song
was heard from this 2 k male Red-flanked Bluetail
(Figure 1). Other Red-flanked Bluetails were not
observed in this area, but Willow Tits were com-
monly singing from neighboring territories. Spe-
cies identification of the singing birds during the
night where easy due to the midnight sun condi-
tions in this northern area.

None of the world’s five Tarsiger species are
known to mimic other species’ song (del Hoyo et
al. 2006). We have been discussing the aberrant
song of the Red-flanked Bluetail with several au-
thorities on song of eastern Palaearctic birds (Per
Ahlstrom, Christer Mild and Lars Svensson), but
no previous example of song mimicking in Red-
flanked Bluetails seems to be known. However,
there are odd records of mimic song in species
within the same family (Muscicapidae). For ex-
ample, second year male Redstarts Phoenicurus
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phoenicurus can produce excellent mimic songs
of the Common Rosefinch Carpodacus erythrinus
(Lindstrom 2003). Interestingly, the well-studied
Indigo Bunting Passerina cyanea in USA has a
song system where second calendar year males
change their song during their first spring of breed-
ing, adapting their song to the common song type
sung by surrounding males in the area where they
set up their first territory (Payne 1987, 1988). If
the Red-flanked Bluetail has a similar system and
is an open-ended learner where second calendar
year males have the ability to adapt their song to
the local song types in the area where they set up
their first breeding territory, then the male at Koi-
vuvaare, Kiruna may mistakenly have adapted its
song to another, in the area common, species and
switched to a Willow Tit-like song.

Henrik Lind, Hjortgatan 164, 223 50 Lund, Sweden
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