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Abstract

The Svalbard rock ptarmigahdgopus muta hyperborg& an endemic sub-species of rock ptarmigan
inhabiting the high-Arctic archipelagos of Svalbartl Franz Josefs Land. This ptarmigan specietseatisow
population densities, with little interannual vaigas in population numbers, and limited habitatdceeding
with less than 5% of the land area in Svalbard ttisig medium to high quality breeding habitanhdhder and
Steen (1985) hypothesized, based on a descrifitidg,2hat territories sufficiently attractive foreeding could
be a limiting factor of the Svalbard rock ptarmigapulation. Here we use experimental data frohreetyear
removal experiment (1984-1986) to test their hypsth by comparing breeding density, demography dselx
age ratios) and body mass of birds between expataheemoval plots and control locations. We found
evidence of surplus birds by showing that both sefeSvalbard rock ptarmigan replaced quickly inarst
territories after removal of the resident birds) #imat breeding densities were similar for the expental and
control populations. Replaced males in the breedamulation weighed less than males in the iniiialeding
population, and tended to be younger. Experiméraatest during the preceding spring had no effaahale
body mass, population sex-ratio or the proportibjuenile males in the pre-breeding population fiblowing
spring. The documented surplus of male and femed¢b&rd rock ptarmigan and a lack of impact on tireg
densities from removal of birds, leave a proportwailable for harvest.

Key words Lagopus muta hyperboremanagementemoval experimensurplus birds.
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Introduction
The role of territorial behavior as a mechanisnitlimg population size is central in avian populat&cology
(Newton 1992). Charles Darwin noted the presenc¢evahdering males” rapidly replacing mates if oneipair
was lost (Darwin 1871). Because a territory oritelt pre-requisite for breeding gnousespecies, territorial
behaviour in both the breeding and non-breedingaseaan limit the density of breeders (Newton 1982&)Ys
lacking a territory, often called ‘floaters’ or th@on-breeding surplus’, must either find a temjtelsewhere to
breed (e.g., in poorer habitat) or remain non-beezd/Nhether territorial behaviour in grouse spetaits the
breeding density has been debated in the literdiimanon 1986; Bergerud et al. 1985; Watson andsilos
1987), and many studies have addressed the intpogiulation regulation hypothesis related to spaci
behaviour (Wynne-Edwards 1962). Results vary withcges and timing of the study (see Newton 1992), b
removal experiments of rock ptarmigdragopus mutpand willow ptarmiganl{agopus lagopyshave given
almost consistent results with the intrinsic popialaregulation hypothesis (e.g., Watson 1965; \Watsnd
Jenkins 1968; Hannon 1983; Pedersen 1984; UnandeBteen 1985; Pedersen 1988). However, Blom and
Myrberget (1976) and Gardarsson (1977) found thiéddw and rock ptarmigan were not replaced after a
removal experiment or after natural removal byspecialist predator, gyrfalcofdlco rusticolus.

The rock ptarmigan is a circumpolar herbivore sgeaihabiting alpine and arctic tundra regions
(Storch 2007a; Watson and Moss 2008). The higheaaothipelago, Svalbard, Norway, houses the entlemi
sub-species, the Svalbard rock ptarmidaagbpus muta hyperborgavhich is the only resident terrestrial bird
within the archipelago (Lavenskiold 1964). The $aatl rock ptarmigan is migratory and uses sepaigats
in the winter and the breeding season (UnandeSaeeih 1985; Fuglei and Pedersen 2011). When raturni
from the wintering grounds in April, the males &ditth and defend a territory ranging from 3 to ®@tares
(Unander and Steen 1985). The males show terfiitoetzavior until hatching of chicks in July (Unandad
Steen 1985), which is in contrast to other groypszies (e.g. red grousagopus lagopus scotiand willow
ptarmigan), defending a territory in both springl @utumn (Watson and Jenkins 1968; Pedersen 1984).
Svalbard, the ptarmigan has been a popular smalégénce the island was first discovered in thH @éntury
(Lavenskiold 1964). Currently, the ptarmigan is thest popular small game species in Svalbard andadn
harvest varies between 500 and 2300 individuals¥€Bwr of Svalbard 2012). Knowledge of factors ictpay
population dynamics is scarce (Pedersen et al.&0%%en and Unander (1985) described nest predaton f
the main predator, the arctic foXylpes lagopus(see also Prestrud 1992), and weather condifies snow

falls during incubation and right after hatching)important factors impacting reproductive succksss than
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5% of the land area in Svalbard constitute mediatmgh quality breeding habitat (Pedersen et @)720and
rock ptarmigan densities in spring are low (1 —@aw/knf) with limited interannual population size variatyil
(Pedersen et al. 2012). There is no evidence dicqyapulation dynamics (Pedersen et al. 2012pasd in
other parts of the breeding distribution rangehefitock ptarmigan (Nielsen 1999; Weeden and Theb&9F2;
Watson et al. 2000). Low population densities réigequestion whether the Svalbard rock ptarmigardcbe
regulated by male spacing behaviour to the sameneas other ptarmigan species with much highexding
densities (e.g., Watson 1965; Watson 1968; Han®8&3;1Pedersen 1988). Males compete for accessalds,
but females can also compete for resources negessancubation or care of their young with otliemales
(Hannon 1983). Svalbard rock ptarmigan males cdaddtative polygynous (Unander and Steen 1988) an
given that habitats are limited and both malesfanthles defend resources, the effect of removidiyituals
should be similar for both sexes even if populatensities are low.

Unander and Steen (1985) described, based on getavaexperimental removal study of males and
females in spring, the presence of surplus Svallmrkl ptarmigan individuals of both sexes in thedoling
season and recruitment of birds to vacant teragori hus, they concluded that shortage of malefoand
territories sufficiently attractive for breeding sva limiting factor of the breeding population (Wdar and Steen
1985). However, their study did not include statedtanalyses of possible changes in breeding tgensi
demographic composition and body mass as an imdichphysical condition. Here we use unpublished
experimental data from a three-year field experini@d84-1986) conducted by S. Unander to re-exatthieie
hypothesis. If territoriality is a limiting factdor Svalbard rock ptarmigan, we predicted thatraaeal
experiment would have little impact on the populatbreeding density or sex-ratio if vacant teriésmwere
quickly re-occupied. We further predicted that ekpentally harvested populations would be comprised
younger males and females with lower body mass eoadpwith birds in the non-harvested populations.
Study area
In the high-arctic archipelago of Svalbard, Norw@g 700 k), only 15% of the land area is vegetated, the
remaining being covered mostly by glaciers anddraground (Johansen et al. 2012). During 1980-1982
(Unander and Steen 1985; Steen and Unander 1985)%84-1986 S. Unander conducted observational and
experimental studies on the Svalbard rock ptarmigdhe region of Kongsfjorden and the Brggger psula
(78°55°N, 11°56” E). The study area is situatethehigh- Arctic tundra zone where the landscapmminated
by alpine, steep mountains, glaciers and barrekyrocsparsely vegetated ground, except for thie hisi cliff

vegetation (Walker et al. 2005). Plants are shattised and rarely taller than 5 cm, except fongnaids, and



89 the vegetation is dominated by mosses, lichensrfdmiiow Salix polaris purple saxifrag&axifraga
90 oppositifoliaand graminoids (Elvebakk 1999; Hansen et al. 200/@ four study locations included two
91 experimental areas (locations with removal of ptgams), Dyrvika (hereafter DY) and Ossian SardjdlDS),
92  and two control areas (locations without removaptairmigans), Blomstrandhalvgya (BL) and Engelskiuk
93  (EN) (Fig.1). The study locations are surroundedéy and glaciers and were isolated from otheosnding
94  areas. Based on a habitat suitability model faitteral Svalbard rock ptarmigan males (Pederseal.e2012b;
95 see also Pedersen et al. 2007), the study locatmmgrised 29% high, 26% fair, 11% low and 34% itable
96  ptarmigan habitat, respectively (see Table 1 feaitkeon the locations). During the time the remasperiment
97  was conducted (1984-1986), the overall autumn Isatwe hunters in the study locations and surroundieas
98 ranged from 40 to 130 ptarmigans (S. Unander, uighdd data). Presently, there is no harvest ohmtsan in
99  the area.

100 Methods

101  Study Design and Field Protocol

102  We mapped territories of the Svalbard rock ptarmigs occupied by pairs or single males in the $bualy

103 locations in May by observing agnostic behavioaritorial display and boundary disputes according

104  Unander and Steen (1985). Birds settled and paiyate end of May were considered to belong tqtiee

105 breeding population (i.e. population before egdrgy The removal experiment was conducted in tivine

106  four study locations, OS and DY (Fig. 1, Table & & after the pre-breeding census. However, ir6198

107  removal experiment was extended to a third locatin(see Table 2 for details). During two-weekipds

108  between May 28and June 14, pairs or only males or females were shot andréaments differed between

109 the four study locations and the three study yaecsrding to Table 2 and 3. After the removal eixpent (late

110  June and July) both males and females which hadiyrestablished in the vacant territories were syedeby

111  mapping territories.

112 We obtained demographic data on individual ptarmsg@ex, age and body mass) from the shot birds

113 and by catching newly settled individuals in thedstlocations. Birds were captured by placing h fist in a V-

114  shape close to the birds, herding them into it, @atdhing them by hand or a dip net. Birds werekeduby

115 patagial wing-tags with 7x1 cm coloured plasticd®on either one or both wings (Hoglund 1952; §dfdg

116  Company of America). Different colour bands weredim each study location and year for individual

117  identification. Chicks were marked with a foot-ring one of the legs. All birds were aged (Bergezudl.

118 1963), sexed by inspecting the plumage and weidlatéte nearest 1 g. Age of the birds (adult year or



119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

145

146

147

148

juvenile< 1 year; born previous year) was determined bytgmentation method (Bergerud et al. 1963) by
comparing the amount of dark pigment on primari@s® 9. Adults had the same amount or less pigomrent
primary 9 than 8 whereas juveniles had more onamr than 8. Unander and Steen (1985) and (Pag&5)
showed that age determination by this method aleageunreliable, resulting in an overestimate ofitaoiuds.
We used an additional criterion to reduce the ois&rroneous age determination by visually inspecthe
amount of wear on primary 9 and 10, which appedetonore pronounced for juveniles than for ad@taming
from wintering grounds. We always classified biagsadults when they had moulted the primaries duhair
second summer.

Data Analysis

Breeding density

We calculated breeding density (pairfirfor the four study populations, based on the nemath occupied
territories by pairs (or a male with several feraglsurveyed in the time period between replacemeat
hatching of chicks (see Table 2). We studied tffecebf harvest on the breeding density using eairmixed
effect model, usinpreeding densitas response variable andrvest of males during the same sprinith
levels ‘yes’ and ‘no’as a fixed predictor variable. In addition, we ugd year (three levels) and study
locations (four levels) as random predictor vaeatih the model. We were not able to test the effefemale
harvest on breeding density because of the low kasige (Table 3).

Replacement of ptarmigans

We calculated the mean number of days betweertdhieo$ the experimental harvest and the arrivad obw
individual to vacant territories to assess how fagts re-occupy territories after the experimehtavest. Birds
that arrived after July 1 were excluded becausé&tlabard rock ptarmigan starts incubation on ayerduring
the latter half of June (Steen and Unander 198%)sTwe assumed that birds arriving in July didawottribute
to the breeding population. For males, we calcdl#te proportion of juveniles in both the pre-briegd
population (hereafter ‘primary males’) and the aggld population. We were not able to analyse #éionship
because we lacked adequate sample size fromthiéaftudy locations populations (see Fig. 4). ukack of
information on dates for newly established femadgg-ratio before and after the experimental hacasd not
be compared.

Population sex ratio

We studied the effect of previous year’s experiraeharvest on population sex ratio (see Table Rigus

binomial generalized linear models (GLM) with lokjitk where the populatiosex-ratio(proportion of females



149 inthe pre-breeding population before treatment tha response variable. Five different models vested,
150 four of them including one of the following factakipredictor variablesvales harvested previous yefeEmales
151 harvested previous yegrairs harvested previous yearany harvest previougear (i.e., either males, females
152  or pairs harvested previous yeésge Table 2). All of these variables had two Ievgies’ and ‘no’. The fifth of
153 the tested models was a null model without anyiptedvariable. We assessed model support using an

154  information theoretic approach (Akaike’s InformattiGriterion corrected for small sample size (AICc);

155 Burnham and Anderson 2002) and considered predietgables to be meaningful if 95% confidence s
156  of thep coefficients did not overlap zero.

157  Population age ratio

158 We studied the effect of previous year’s experiraenarvest on the age of males and females sepabagte

159 using the pre-breeding population data (see colpmnbreeding’ in Table 2). We used binomial GLMtwvi

160 logit link wheremale age raticandfemale age ratigproportion of juveniles of all observations oétbex in

161 question) were the response variables. We testethehthe age ratio was affectedfrgvious year's

162  experimental harvest of malesfemalesrespectively, where the factorial predictor valés had two levels;
163 ‘yes’and ‘no’. For the analysis of males, we exldd OS (1984) and DY (1986) because < 30% of nields
164  been aged. We fitted the models using a quasi-tisdaror structure because both models were oigredsed
165 (residual deviance being larger than residual degoé freedom).

166  Male body mass

167 To assess the effect of previous year's experinhbatzest on male body mass, we used data frons bird

168 observed in the pre-breeding populations (colume-hreeding’ in Table 2). Body mass was not avéelédx
169 all birds and we therefore excluded the BL stuayatmn due to low sample size £ 1). We used a linear mixed
170 effects model, individual male as the sampling anii malébodymassas the response variable. As fixed

171  predictor variables, we used two factorial variabége (levels ‘adult’ and ‘juvenile’) angrevious year’'s

172  experimental harvest of malés. whether or not the male came from an arezrevimales had been harvested
173  the year befor@evels ‘yes’ and ‘no’). Initially, we included anteraction term between the predictor variables
174  in the model, but as this was not significant waaeged it. We includedtudy locatiorandyearas random

175  predictor variables in the models.

176 We also assessed whether males that had estabdigbettory in spring (column ‘pre-breeding’ in
177  Table 2) were heavier than males which replaca@aant territories (column‘replaced’ in Table 2}l

178 experimental populations. We used a linear moddiyidual male as sampling unit and malale bodymassas
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the response variable. We used two factorial ptediariablespird status(levels ‘primary’ or ‘replaced’) and
age(‘adult’ and ‘juvenile’). We initially included amteraction between the predictor variables inrttoglel, but
as this was not significant we removed it. We adempted includingtudy locatiorandyearas random
variables using a linear mixed effects model. Hosvevariance related to both of these variablesagasssed
to be zero, and we therefore removed the randotrapdrpresent a linear model.

Common aspects for all models

The statistical software R version 2.14.0 (R Depgient Core Team 2012) was used for all analysés. Al
binomial models were implemented using gim-functiéithe R-package nimer (Pinheiro et al. 2013) |evall
linear mixed effects models were implemented ubimgy-function of the R-package Ime4 (Bates et a08).
We used diagnostic plots, i.e., constant variamceagpproximate normality of residuals as well asspnce of
outliers, to check model fit and assumptions. Wes@tered a coefficient to have a statistically Bigant effect
when its 95% CI did not include zero. For all mixeftect models we calculated 95% confidence intsr{@l)
for the fixed parameters using Markov Chain Mongl€ estimation (with 100 000 replicates), impleteein
with mcmcsamp —function in R (Bates et al. 2008y. &l binomial models, we first attempted to irdduthe
effects of year and study location as random vaaghitting the models as generalized mixed effectels
(GLMM) using the glme-function of the R-package #r(Bates et al. 2008). However, several of thesdaiso
estimated the random variable contribution to varéato be zero, indicating that the data set didenoompass
a long enough time frame or enough study siteppoapriately assess temporal or spatial variaBased on the
limited size of our dataset and in order to keeprtiodels comparable, we chose to analyze all obmamial
models without random effects. Goodness of fittfimomial or quasi-binomial models was assessed by
calculating Nagelkerke’s Rwhich quantifies the proportion of the total earie explained by the model
(Nagelkerke 1991).

Results

Experimental harvest of males during spring hagigaificant effect on breeding density in the swujsnt
summer. Non-harvested populations had a mean (93%r&=ding density of 1.65 (0.82, 2.07) pairsikithe
effect of harvest was a slight non-significant @ase of pairs/kf(effect size [95% Cl]; 0.13 [-0.22, 1.51]).
Both study location and year had an effect on teeding density (Fig. 2; the standard deviancd@fandom

effect variance being 0.58 for area, 0.16 for yeat 0.10 for residual). Hence, area explained 98&uyaar 7%
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of the variance in the breeding density (calcula®sgroportion of the variance not accounted fofixad effect
[harvest of males during the same spring], see uat. 2009).

A total of 65 males replaced in vacant territoaéter removal of 88 primary males from the pre-
breeding populations in the experimental studytiooa over the study years (Table 3). The mean ¢@yal
for replaced males was 9.32 (x 4.33) days 65) after experimental harvest commenced. Sdrds brrived
shortly after primary male was removed, as dematesirby 25% of the new males were replaced witldays
after beginning of the experimental harvest. Beedhs experimental harvest was conducted over aedays
(see Table 3 for successive removal dates), vaderitbries appeared also at later dates thamilialistart date
of the experiment since the observations were ottediby one person, hence, all study sites couléb@o
visited every day. Thus, the average of 9.32 dagsdonservative estimate and probably higher tiimactual
number of days elapsed between a territory becordangnt and re-occupied. A total of 32 females were
removed over the study years. We were able to mé@terthat 161§ = 3 [DY 1985];n =4 [DY 1984];n=9
[EN1986]) females established themselves at thantaerritories within the breeding season (Tabde@ 3).
For these females, the mean arrival date was 2.2463) daysif = 16) after the experimental harvest
commenced. We were only able to document breedingrfe replaced female (DY 1985) due to limited ham
of marked females. During the same time-period, @#er the removal experiment), no new maleyvedio the
control study locations which were not harvested.

All of the study populations consisted of more realean females in the territories during the pre-
breeding population census (Table 2). None of ¢lue fested predictor variables had significantaft: the
population sex ratio (Table 4, Fig. 3). Neither mazlevidence for any of the models being bettem tha others
(Table 4). AIG for all models with a predictor variable rangedwssen 55.5-55.7, whereas the null model AIC
was 53.8 (i.e. approximately two units lower). Roeg year’s experimental harvest had no effecherage
composition of either males or females in the me=Hing population the year after the experimemayest
(Table 5, Fig. 4 and 5).

Juvenile males weighed less than adult males (Taldee also Steen and Unander 1985), and newly
established males weighed less than primary méescntrolling for age in the models (Table 53.F6).
However, previous year’s harvest had no effect aterindividual body mass (Table 5, Fig. 6).

Discussion
This study documents the presence of surplus birttee Svalbard rock ptarmigan populations bechasle

sexes replaced quickly in vacant territories afenoval of the resident birds, and breeding desssitiere
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similar for the control and experimental populatioReplaced males had lower body mass comparedI|&s im
the pre-breeding population, and were mainly julesniExperimental harvest in the preceding spridg) o
effect on male body mass, population sex ratidhemproportion of juvenile males in the populatiba
following spring.

The rapid replacement of both males and females tfe removal experiment (i.e., surplus of both
sexes) and no changes in the breeding density batthe experimental and control areas supportheisg
behaviour hypothesis (Wynne-Edwards 1962). Ourlresafirm the earlier findings by Unander and $tee
(1985), and correspond to results from other rdekrpigan removal experiments demonstrating teraility to
be a limiting factor for this species (Watson 196%dersen et al. (2012a) found limited inter-ahpoaulation
size variability, which is a characteristic of bsgecies limited by territorial behaviour (Newtd®02). Our
removal experiment fulfils several conditions esisgto demonstrate that territorial behaviour lisnthe
breeding population of ptarmigans (Hannon 1986; tdevt992). First, a proportion of the potentialduters
(i.e., surplus ptarmigans) were prevented fromadistaing a territory, as indicated by the replacetadter
removal. Second, when resident males were remagpthcement males established themselves quickly in
vacant territories. Third, all potential territagjeas expressed by limited change in breeding geredated to
experimental manipulation, were occupied. And lde,effect of removals was similar for both mades
females. Subsequently, we conclude that surplub8&scarock ptarmigans of both sexes exist in these
density populations.

Few removal experiments have attempted to deterwivether surplus birds of both sexes exist (but
see Bendell et al. 1972; Zwickel 1972, 1980), ras the effect of removal of one sex on the demditiie other
been investigated (but see Hannon 1983). Here weudstrate a surplus of both sexes by replacemehinwi
approximately 9 days after experimental removabiebreeding in spring. Hannon’s (1983) removal
experiment on willow ptarmigan indicates a largenber of females, primarily yearlings, availableéplace
resident hens and breed, and most of them camedtioen areas than from territories on or directigreunding
the removal areas. Most removal experiments omaspacies are made in high quality habitats wheze t
density of animals is high, and a general criticisrthat the origin and fate of the replacemerdsare
unknown (Hannon 1986; Newton 1992). The limitedilabdity of breeding habitat in Svalbard makes it
reasonable to assume that few of the surplus bieds able to breed elsewhere. Dispersal is ofteibsesed in
grouse and females move longer distances than rfeatps Schroeder 1986; Martin and Hannon 1987;liSma

and Rusch 1989; Warren 2002; Holmstad et al. 20648 valbard, Unander and Steen (1985) found thist o

10
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4% of marked Svalbard rock ptarmigan juvenilesrredd to the same breeding grounds in the follovsimgng.
Knowledge about rock ptarmigan movements betweascsss is limited, but some subspecies in Iceland,
Greenland, Russia and Italy move long distance$dd©00 km) (Gudmundsson 1972; Del Hoyo et al4199
Favaron et al. 2006; Storch 2007b). Observatioatd @Unander and Steen 1985), anecdotes (Lavedsl9ai4)
and a recent pilot study using satellite transmstten Svalbard rock ptarmigan (Fuglei and Pedersen
unpublished) indicate that the Svalbard rock ptgamidisperse over large areas. Our data indicatéatal
intensive harvest in spring is compensated witklatively short time. We lack data to investigdte t
mechanisms behind this response (e.g., heterogenéitherent mortality risk (Sedinger et al. 208&dinger &
Herzog 2012)), but it is most likely due to immitioa from surplus birds because there were no amairgthe
density of the breeding population the same sunanérthe replacement happened shortly after removal.
In our study replacement males had lower body riess males before removal, indicating that the
newly established population consisted of youngailem(Unander and Steen 1985), which corresponoithés
studies of ptarmigan (e.g., Pedersen 1984). Howewen if the replacement males were lighter andhger we
cannot be certain whether they were of lower qudatiain the territorial males before removal, anddeaot
know if they could have bred elsewhere if the ekpent had not occurred. The body mass of ptarmigarales
relates to reproductive success (Steen and Undi9@sr, but see Cotter 1999, Wilson et al. 2007 t&3i1.988),
start of egg-laying, clutch size and chick body sng&teen and Unander 1985; Robb et al. 1992),lend t
likelihood of re-nesting after failure (Wiebe andaiin 1998). The Svalbard rock ptarmigan has aumapility
to build fat reserves (Grammeltvedt and Steen 18nfl)the fat storage dynamics corresponds witlhtbeding
biology of the species (Steen and Unander 198B6¢rsand Unander (1985) found body mass of juvéweiies to
be less than for adult Svalbard rock ptarmiganapdsitive correlation between body mass and clsitzdh
Here, we were only able to show that the replacakksnweighed less than the males in the pre-brgedin
population, and males are less likely to impactréproductive success and recruitment. Althoughynfiemales
were individually marked in our study, we were abte to estimate the reproductive success forge lanough
sample to compare the control and experimentatimta Our results do, however, suggest that the
experimental spring harvest only had short-terractff on the demography of breeding Svalbard rock
ptarmigan; age structure of the population and budgs of males the same year were altered, bt wene no
effect on the demographic parameters the followiar. Due to lack of data we were not able to assbgther

the removal experiment caused changes in femafedaptive success at a short term (i.e. within@ens

11
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The limited human impacts in our remote study liores still makes our experimental data
representative of ptarmigan demography, even if there collected in the mid-1980’s. Our breedingsiiges
(Fig. 2) are unchanged compared to the newly redarhes by Pedersen et al. (2012a) in a 10-yedy ftom
2000-2009. Thus, this study clearly show the eristeof surplus birds of both sexes in Svalbard rock
ptarmigan, and hence limitation of the breedingsitgrby territorial behaviour.

Management implications

A prevailing assumption for the management of geaspgecies has been that as long as surplus bitsieis
possible to harvest from that surplus by compeosdtr other types of mortality. How wild animalgadation
sizes vary in response to harvest mortality mayeddmn life-history strategies and density regofeti(Péron et
al. 2012). Timing of harvest is important for tHéeet of the removal of individuals (Brgseth et2012). We
conducted intensive spring harvest right beforeépeoductive season and documented compensatibhimai
relatively short time. A documented surplus of meadel female Svalbard rock ptarmigans and a ladgpéct
on breeding densities from removal of birds, leav@soportion available for harvest. Harvest mdstalan be
substantial in hunted ptarmigan populations, afférdint studies have suggested that harvest is leteiyp or
partially compensated (e.g., Jenkins et al. 196@bkrget 1985; Ellison 1991; Sandercock et al. 2@ ®ven
completely additive (e.g., Smith and Willebrand 99Pedersen et al. 2004; Sandercock et al. 20htly E
studies report that removal of up to 40% of th&knptarmigan autumn populations did not affect gpbineeding
densities (Weeden 1972; McGowan 1975), but autuannest led to a higher proportion of yearlingshe t
spring breeding population (McGowan 1975). Howelsgnisson et al. (2004) argued that increasedharv
pressure of the Icelandic rock ptarmigan is thdabde cause behind population declines from 198l an
onwards. Despite contradictory effect of harvesttadiy, it seems likely to assume that when strdegsity
dependence acts in the breeding season and exdoesbirds from breeding, moderate harvest lesgdsns to
be completely compensated (Ellison 1991).

Models for red grousd_@gopus lagopus scoticusuggested harvesting of almost all males that
potentially joined the non-territorial (surplus) le@opulation to obtain maximum yield and a safeglterm
strategy (Chapman et al. 2009). Chapman (2009edrthat this threshold would depend on; 1) the rarob
territories the landscape can contain, 2) the linggoroductivity and 3) seasonal survival rates.evéhthis
threshold is for the Svalbard rock ptarmigan pogaiteis not known, and we lack detailed informatam
breeding productivity, recruitment (including disga) and survival from autumn to spring to detewnthis

threshold. To provide evidence-based advice, wemetend future studies to focus on demographic petens

12



327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

which will influence the number of surplus birdsadable for hunting. Estimates of demographic paat@ns are
essential to integrate in harvest models to evalaatl predict results from different harvestingtsigies (e.qg.,
Chapman et al. 2009; Brgseth et al. 2012). Althotlgh present knowledge about the demography of the
Svalbard rock ptarmigan is insufficient to suggespecific upper maximum threshold for harvestmpe
sustainable, our results still suggest that thisspecies of the rock ptarmigan, despite its lonsitees, can
sustain harvesting at present levels in Svalbanday most harvest takes place in the vicinity efldrgest local
settlement, Longyearbyen (78°20°N, 15°60" E), wiafy@ — 300 hunters annually harvest 500 — 2300
ptarmigans during the hunting season (10 SeptemB8rDecember; however, the hunting season lasesality
to mid November due to the Polar night with 24 tkdass; Fuglei and Pedersen 2013). Annual mongasfn
males in spring for more than 10 years, in thesavd@dere most ptarmigan are hunted, shows no censist
declining trend in numbers (Pedersen et al. 20X2aj).conclusion might be conservative because the
experiments removed adult birds with high intensitgpring, in contrast to the autumn harvest wizelarge
proportion of offtake is chicks with expected highatural mortality (Steen and Unander 1985; Cdt899).
Normally, removing an individual late in the harvesason causes a larger reduction in the popnlttan if
the individual had been removed earlier in autukwkko 2001). The fact that removal of birds in sgridid not
affect the size of the breeding population givesrsj support for the existence of surplus malefanthle
Svalbard rock ptarmigan. Our results have limitedsequences for harvest planning of Svalbard rtekrpgan
since harvest of the autumn population likely \wdive little effect on the breeding population.

Still, the rapid ongoing climate change might ham&nown effects on this high-arctic ecosystem, thed
ptarmigans’ ability to tolerate harvest. Indeede@ent study has shown that the entire residettivete
community in Svalbard, is strongly impacted by @tio events (Hansen et al. 2013). Therefore, ault® must
be treated with precaution and may not apply irftiere, which suggests that the Svalbard rocknpitzan

population should be monitored annually.
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FIGURE CAPTIONS

Fig. 1 The study areas in Blomstrandhalvgya (BL), Dyr\iR&), Engelskbukta (EN) and Ossian Sarsfjellet
(OS), Svalbard, Norway (1984-1986). The removahsu@®S and DY) are marked dark grey and the control
areas (BL and EN) light grey on the map. lllustratiOddveig @ien @rvoll, Norwegian Polar Instit@@13.
Fig. 2 Breeding density (number of territories occupigdalpair or a male with several females pef)kof
Svalbard rock ptarmigans in the four study areas-@Bomstrandhalvgya and EN=Engelskbukta [control];
DY=Dyrvika and OS=0ssian Sarsfjellet [experimentahvalbard, Norway (1984-1986). Symbols referdo n
treatment (denoted by ‘no’) or the experimentalbat treatment the same spring (denoted by ‘y8g%. Table
2 and 3 for details regarding sample sizes andnezats.

Fig. 3 Effect of the experimental harvest the precediearyn Svalbard rock ptarmigan population sex ratio
(proportion of females in the population), Svalhaidrway (1984-1986). The labels on the X-axis rédethe
type of experimental harvest conducted previous giem, only males, only females, pairs or anyhafse
treatments). The black line represents median, $fisst and third quartiles, whiskers either maximualues or
1.5 times inter-quartile range whichever is smalderd points outliers. The numbers in parenthdasissghe
sample sizes.

Fig. 4 Age composition of the pre-breeding populatiorseélbard rock ptarmigan in the four study locatjons
Svalbard, Norway (1984-1986). Left panel shows shaled right panel females. The study areas arewlbed
at the x-axis (BL=Blomstrandhalvgya and EN=Engelsita [control]; DY=Dyrvika and OS=0ssian Sarsfjelle
[experimental]). Bars marked with * denote popula where the sex in question was harvested tivéopse
year, and bars marked with ‘R’ denotes where datsnemoved from the statistical analysis owingte |
sample size of males with known age.

Fig. 5 Age composition of Svalbard rock ptarmigan matalbard, Norway (1984-1986). Each pair of bars
represents one study area during one year. Teth@rarked with P) are males belonging to the prirspring
population and to the right (marked with S) arg@laged males (i.e., males which established teiegafter the
removal experiment). The study locations are abated at the x-axis; DY=Dyrvika and OS=0ssian SJellst.
Fig. 6 Body mass (g) of Svalbard rock ptarmigan maleséfour study locations, Svalbard, Norway (1984-
1986). The upper panels compare body mass datagfopulations where males were not harvested the
preceding year (left) and populations where expental removal of males was conducted the preceding
(right). The lower panels compare body massof iddizl males which had established a territory eaggimary

spring population (left) and replaced males whicived to the location after the experimental reaidvight).
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521 Black line represents median, boxes first and thirdrtiles, whiskers either maximum values or hes inter-
522  quartile range (whichever is smaller) and pointiens. Numbers in parenthesis below the boxesaneple

523  sizes of males.
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524  Table 1 Habitat quality, based on a predictive habitat nhbgePedersen et al. (2012a) for territorial malegercent of total area surveyed during the peztling census in

525 the four study locations, Svalbard, Norway (1988d)9Type’ denotes treatment.

Study area Type Area (Kin Habitat quality

High Fair Low Very low Unsuitable
Ossian Sarsfjellet Experimental 8.75 25.7 28.8 7.1 1.4 37.0
Dyrvika Experimental 5.45 18.7 6.2 55 11.4 58.2
Blomstrandhalvgya Control 16.4 30.6 37.6 17.7 5.0 29
Engelskbukta Control 9.39 34.1 16.4 5.8 11.2 32.6

526
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528

529

530

531

532

Table 2 Overview of the Svalbard rock ptarmigan removalezkment in the four study locations in SvalbardyiMay (1984-1986). ‘Type’ denotes whether the papoih
was experimental (E) or control (C). ‘Pre-breedirefers to number of territorial males and femalesng the spring population census (25 May - Z2Jamd the number in
parenthesis gives the number of removed individugkx-ratio’ gives the proportion of females ire tpre-breeding population. ‘Replacement’ referBitds that established
a territory after the removal experiment commereed the number in parenthesis denotes the numbeplaiced birds that further were removed by expental harvest.
See Table 3 for details on the timing of the experital removal. ‘Reproductive’ gives the numbeteofitories occupied by a pair (or a male with sal/&males) surveyed

after the experimental harvest and birds had reglac
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Area Type Year Removal treatment Pre-breeding raea-  Replaced Reproductive
3 ? §) ?
Ossian Sarsfiellet ~ Experimental 1984  Females 19 (2) 18 (14) 0.49 £ -c -
1985 Males 31 (17) 22 0.42 11 (7) 4 21
1986 Males 28 (18) 22 0.44 21(13) 0 23
Dyrvika Experimental 1984  Pairs 19 (13) 8 (8) 0.30 10 (8) 3(2) 1
1985 Pairs 9(8) 9(7) 0.50 9(2) 4 (1) 8
1986  None 12 9 0.43 2 -2 9
Blomstrandhalvgya Control 1984 None 18 13 0.41 - - 14
1985 None 16 9 0.36 - - 15
1986 None 24 18 0.43 - - 20
Engelskbukta Control 1984 None 27 17 0.39 - - 17
1985 None 21 16 0.43 - - 15
1986  Both 25 23 0.48 14 9 P7
533 1. The population was not surveyed before the endlgfahd information on the replaceded populatios wat available.
534 2. Here the entire pre-breeding population was egtioved in spring. The reproductive populatiors wat surveyed during summer 1986. The
535 reproductive population reported here is that dbkeeremoval experiment, from 24 May. We treatethdia the analyses of breeding density as a
536 population which had not been harvested.
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537 Table 3 Number of Svalbard rock ptarmigan removed atW@dxperimental study locations in Svalbard, Non{#§84-1986).

Female
Area Year Date Adult Juvenile Unknown age Adult ehile Unknown age
Ossian Sarsfjellet (OS) 1984 June 1-2 2 8 6 0
1985 May 28-30 18 4 0 0 0
June 7 1 1 0 0 0
1986 May 25-26 2 11 0 0 0
May 30 2 3 0 0 0
June 3-5 5 6 0 0 0
Dyrvika (DY) 1984 May 31 9 4 5 3 0
June 10 6 2 1 0 1
1985 May 27 7 0 3 3 0
June 1 2 0 0 1 0
June 11 0 1 1 0 0
Total 54 32 18 13 1

538
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539 Table 4 Effect of previous year’s harvest on the Svalbaigk ptarmigan population sex ratio (proportiorfarhales in the population) in the experimental gtiodctions,

540  Svalbard, Norway (1984-1986). The table shows effize estimates for the intercept and the predigdables, with 95 % confidence interval in pahesis. Ris

541  Nagelkerkes pseudo”R

Predictor variable Intercept Predictor estimate  sifReal (Df) Residual deviance ‘R AlCc
Null model 0.30 (0.11, 0.50) - 11 4.24 0.00 53.80
Males harvested previous year 0.33(0.12, 0.54) 13-00.59, 0.35) 10 3.97 0.08 55.55
Females harvested previous year 0.31(0.10, 0.53) 0.054-0.51, 0.42) 10 4.20 0.01 55.77
Pairs harvested previous year 0.32 (0.11, 0.52) 16-00.82, 0.51) 10 4.01 0.06 55.59
All types of harvest previous year 0.33(0.09, .56  -0.07 (-0.47, 0.34) 10 413 0.03 55.70

542
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544

545

546

547

548

549

Table 5 Effects of experimental harvest on the Svalbaok ptarmigan male age (adultl year; juvenile< 1 year) and body mass in Svalbard, Norway (198619
Estimates are differences (contrasts) betweemtkecept and the estimated effect. Statisticatipificant effects (95% CI not crossing zero) ami¢ated with bold. For the
quasi-binomial models (population level modelsg tolumn ‘Residual’ represents residual degredéseetiom and residual deviance and the colunthrépresents
Nagalekerke’s pseudo?RFor the linear mixed effect model (third modaeirfr the top), the column ‘Residual’ represents reslidtandard deviation; at the intercept line is
noted the actual residual standard deviation ofribdel and at the random effect lines are the st@hdeviations related to each of these. For tsientdel,

the column ‘Residual’ represents residual degréézedom and residual standard deviation and ¢henan 'RPrepresents adjusted?RStatistically significant estimates are

indicated by bold.
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Sampling unit Response Coefficient Estimate (99% C Residual R
Male population Proportion of juveniles Intercept 0.87 (0.21,1.61) 8, 24.54 0.40
Males harvested previous year (yes) -0.95 (-4E)
Female population Proportion of juveniles Intercept -0.07 (-0.60, 0.45) 10, 23.24 0.14
Females harvested previous year (yes) 0.43 (-0.89)
Individual male Body mass Intercept 589.56 (547624,75) 31.21
Age (juvenile) -28.53 (-42.91, -12.89)
Males harvested previous year (yes) -0.12 (-22.287)
Random: year 6.66
Random: area 0.000001
Individual male Body mass Intercept 568.26 (554581,.81) 84, 33.03 0.10

Age (juvenile)

Primary male (yes)

-18.51 (-33.08, -3.95)

15.63 (0.76, 30.49)

550
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