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SOCIAL BEHAVIOUR, REPRODUCTIVE BIOLOGY AND BREEDING
SUCCESS OF ALPINE ROCK PTARMIGAN LAGOPUS MUTUS
HELVETICUSIN NORTHERN ITALY

GIOVANNI C. SCHERINE, GUIDO TOSE & LUC A. WAUTERS?

Scherini G.C., G. Tosi & L.A. Wauters 2003. Social behaviour, reproduc-
tive biology and breeding succes of Alpine Rock Ptarmigayopus mutus
helveticusn northern Italy. Ardea 91(1): 11-23.

We monitored social behaviour, nest site selection, clutch size and survival,
and breeding success (number of fledglings per successful hen in late
August) in two Alpine Rock Ptarmigdragopus mutus helveticp®pula-

tions in the South-central Alps, Italy, 1992-97. Phenology of flock forma-
tion and territory occupancy was similar as in northern populations, and, in
spring, cocks outnumbered hens in most years. Not all cocks found a part-
ner, but all paired cocks appeared to be monogamous. Few hens that lost
their eggs during incubation laid a repeat brood. Adult hens (more than one
year old) laid larger clutches than yearlings and clutch size was larger for
first than for repeat broods. Nest losses were high (50%) and mainly due to
predation of the incubating hen or her eggs. Probability of nest loss was not
significantly affected by the amount of cover around the nest or nest type.
Average clutch size, nest predation rates, and breeding success fluctuated
annually, and clutch losses were higher in years with poor weather during
incubation, suggesting that stochastic factors (weather, predators) strongly
influenced brood survival in Alpine Rock Ptarmigan.
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INTRODUCTION tic and alpine grouse populations, the hen’s con-
dition and the microclimate around the nest also

Adult hens of ground-nesting game birds araffect nest site selection (Wiebe & Martin97,
known to be vulnerable to predators while laying.99&a).
or incubating (e.g. Angelstan®8g Cotter1999. In northern populations of grouse and ptarmigan
Therefore, selecting a safe nest site has been capecies, annual variation in breeding success
sidered an important component of fithess fostrongly affects the size of autumn stocks, and the
ground-breeding birds (e.g. Latk6g Wiebe & size of the breeding population in the following
Martin 1998). Since incubating hens of ground-year (Choatel963 Hannon & Smith1984 Myr-
nesting grouse are cryptic and their nests are gemerget 1984 Watsonet al. 1984 199§. Clutch
erally well hidden, nest site selection, nest buildsize, clutch survival and egg hatchability (% eggs
ing behaviour and inconspicuous movements arttiat hatch and produce chicks), and chick survival
foraging of incubating hens are considered antare important components of breeding success
predator behaviour (Watson972 Giesen & (Steen & Unander1985 Watson et al 1998
Braun1979 Wiebe & Martin199&). In high-arc- Rgrvik et al. 1999. In Scottish Rock Ptarmigan
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Lagopus mutus scoticulsreeding success waslarge rocks, around the nest and of various envi-
determined by annual variation in clutch size andbnmental parameters on clutch survival, clutch
chick survival, which varied with the hen’s condi-size and brood size.
tion, and there was a positive feedback between
recruitment of young in one year and the next
(Watsonet al 1999. Delayed density dependence METHODS
of clutch size, breeding success and summer loss
occurred on poorer soils, while grouse numberRock Ptarmigan were studied from 1992-97 in
fluctuated more erratically on rich soils (Watsortwo sites in the Bormio Hunting District (27650
et al. 1999. Although, rises in predator numbersha) in the Lombardian Alps, in northern Italy. The
and predation can increase losses of entire clutcimain study area Monte Sobretta of 890 ha con-
es and thus lead to lower ptarmigan numbersisted of a high-altitude alpine valley, Valle del-
(Moss & Watson 1984 Cotter 1999, cyclic [I'Alpe, and the northeastern slopes of Monte
changes in Scottish Rock Ptarmigan populationSobretta at elevations of 2200m to 3090m
living on rich or poor soils were inconsistent with(46°24'N, 10°26'E). The substrate was moraine
expectations from predator-prey hypotheses fand other detritus formed by surrounding glaciers
cycles (Watsoret al. 1998). and their streams, with podzol soils at lower ele-
The Alpine Rock Ptarmigahagopus mutus vations. Six main vegetation types occurred:
helveticuss a small (adult body mass in autumrmountain ridges, unstable detritus and cliffs with-
about 350-525¢), territorial and mainly socialout vegetation (11.1%), or partially covered by
monogamous tetraonid (Bosser®77 Desmet patches of different pioneer vegetation types
1988.The alpine population is a glacial relict, and27.6%); natural alpine meadows (28.1% of the
the Italian Alps constitute the southern border oftudy area); secondary degraded grasslands, due
the distribution area of Rock Ptarmigan. Theo grazing by domestic lifestock, boags and a ski-
species occurs as a sedentary breeding bird frgoiste with artificial grassland (16.2%); alpine
the Maritime Alps in the southwest to the Alpishrubland (9.6%), dominated by Alpine Rose
Giulie in the east, with a discontinuous distribuRhododendron ferrugineuand BilberryVaccini-
tion in favourable habitats, determined byum myrtilluswith variousErica spp. and abun-
bedrock and soil composition, elevation and oridant JuniperJuniperus nanaand dwarf-shrub
entation of mountain slopes and alpine meadowsegetation (7.4%), characterised by Crowberry
(De Fransceschi99?. In contrast with popula- Empetrum hermaphroditumMountain Avens
tions studied on subarctic and arctic grounds iBDryas spp. and Alpine Azalealoiseleuria
Scotland, Iceland and northern FennoscandjgocumbensThe climate was of the continental
(Watson1972 Moss & Watsoni984 Mortensen intra-alpine type, characterised by annual precipi-
et al. 1985 Steen & Unande985 Unander & tation of 800 to 1000mm, mean minimum month-
Steen1985 Nielsen & Péturssom995 Watsonet ly temperature (Jan) around -10°C and mean
al. 1998 Cotter1999), the social organisation and maximum monthly temperature (Jul) around
reproductive biology in these alpine populations-10°C, >180 days of snow cover per year above
are poorly known, and there is no information or2000m, and between 6 and 8 months per year
the relationship between nest site selection, nesith frost. Permanent snow occurred above
predation, clutch size, and final breeding succe€900m, and snow depth varied strongly monthly
of individual hens. In this paper we describend annually.
social behaviour of Alpine Rock Ptarmigand Additional data on brood size and number of
nest site selection and foraging habitat of incubathicks per hen in autumn were gathered in a sec-
ing hens. We then investigate the effects of thend study area, Val Federia (851 ha), a high-alti-
amount of cover, formed by high vegetation andude valley at elevations of 2300-2794m (Monte
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Blesaccia), near Livigno (46°32'N, 10°06'E). Dis-3m high) in close proximity within a male’s terri-
tance between the two sites was 27 km. Substratery, and a group of four drivers chased the local
soil and vegetation types were similar to studyair towards the nets. All caught birds £ 28)
area Monte Sobretta, but with slightly differentwere aged and sexed based on plumage character-
proportions of the main vegetation categoriedstics (Weeden & Watsotp67). Atotal of 22 adult
Potential predators of eggs, chicks and/or aduRock Ptarmigan (9 males, 13 females) were fitted
birds occurred in both study areas: Alpinewith necklace radio transmitters (Cotter & Gratto
Chough Pyrrhocorax graculus Raven Corvus 1995 (type RI-2B, diameter 25 mm, width 11
corax, Peregrine FalcoRalco peregrinusGold- mm, weight 13.6 g about 3-3.5% of adult body
en EagleAquila chrysaetoshlpine MarmotMar-  mass; Holohil Inc., Canada). Transmitter range
mota marmota Fox Vulpes vulpes and Stoat (ground to ground) in our study area was 450m
Mustela ermineaDisturbance related to humanand battery lifetime was 18 months. A RX-81
presence in different seasons was higher in Va¢ceiver (151-152 Mhz, Televilt, Sweden) and a
Federia than in Monte Sobretta. The population dfand-held 3- or 4-element Yagi antenna were used
Rock Ptarmigan in Monte Sobretta, within theto locate the radio-tagged birds. In late Aug-early
Stelvio National Park, has been protected sincgep a count was made of hens on the study areas
1978, while only one bird was shot during theand the chicks accompanying them using trained
study period in Val Federia. Population size in thelogs and drivers. We used these counts to calcu-
whole Bormio Hunting District is among the late two measures of breeding success: the num-
largest of the Lombardian Alps, with a long-termber of chicks per hen in autummchicksh hens)
average autumn stock of 400 to 450 birds (densignd brood sizen(chicksh hens accompanied by
1.45-1.63 kird). chicks). Direct observations were made of the
We located territorial pairs in spring (early behaviour of single birds and of social interac-
May-mid Jun) by seeing and hearing territoriations between individuals when occurring in
cocks, which crowed frequently during the firstflocks. In the latter case, flock size and flock
hours after sunrise and could be heard for 1 kneomposition were described.
In summer (early June to first decade of July), A total of 24 nests were monitored in 1992
nests were found by (1) observing male parentand from 1995-97, and additional data of a repeat
care, which consisted of males defending the nelstood, with 2-3 day old chicks were gathered in
site and showing distraction display (‘walking in1997 (Appendix 1). The date for initiation of egg-
a circle’, Watson1972; and (2) looking for laying (laying date) was determined by observing
‘clocker’ droppings, the large pellets left by thethe hens’ behaviour from the last week of May
female during the laying and incubation periocbnwards, using a 30x telescope and/or by locating
(Watson 1972 Giesen & Braun1979. When a radio tagged birds (1995-97). The radio necklace
nest was located, we recorded date, exact locatidid not affect the behaviour of the birds (Scherini
(on a 1:10 000 map), and nest type. Each nest waspubl. data; see also Cotter & Graté®5. Four
assigned to one of two types: (1) exposed nestests were found on the day the first egg was laid
that had no boulders or rocks nearby and were n@aying date). These nests were checked every
overhung by plants and partly sheltered nests the¢cond day to determine an average laying-rate of
were made in a slight depression near a ting9 + 7h which corresponded with literature data
mound or against a rock, or were partly sheltere@4-36h, De Franceschb9?. The remaining 21
by plants; and (2) completely sheltered nests thaests were found at different stages of the laying
were made in a small cavity and completely ovemperiod. Counting the number of eggs already laid
hung by rocks or plants (see also Wats@r9). In  and using the average laying-interval of 29h-tgg
Monte Sobretta, we trapped birds in May-earhallowed us to calculate the laying date for 21
Jun by setting three sets of mist nets (15m longests. The mean incubation period in the wild was
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23d (= 7 nests, see also Watson 1972, Moss &nd its cock until the hen returned to the nest or
Watson1984 21-23d for Rock Ptarmigan in cap- moved out of our observation field.
tivity). Clutch size and clutch survival until  Variables expressed as proportiong (pere
hatching (not depredated clutches) were detearcsinevp; transformed before analyses. Because
mined by checking nests every second dagf annual variation in laying dates, normalised
throughout the incubation period in 1992 andaying dates per year were calculated for first
1995. We took care to visit nests when the heclutches, giving for each clutch the divergence
was off foraging, and when no predators wer&om the mean annual laying date. In a set of nor-
seen in the vicinity. During the 3-4h after wemalised data, the mean = 0 and SD = 1. All other
checked nests, no predators were observedntinuous dependent and independent variables
approaching the nest-sita £ 32). Although we that were used in the analyses were normally dis-
can not exclude that night-active predators, mairtributed (Shapiro-Wilk test abt > 0.1, SAS1989,
ly foxes, may have been attracted by our scerthus multivariate, parametric tests were used. If
we feel confident that study methods did nohot specified otherwise data are presented as
interfere with behaviour of the incubating hens, omeans + SD. We used multiple ANCOVA models
with the probability a nest would be found by(Proc gim, SAS1989 to investigate the effects of
predators. In 1996-97 all monitored hens=(13) continuous independent variables and categorical
were radio tagged allowing to check whether theyariables (factors) on a continuous dependent
were still incubating from a distance. (0O0m). variable. In a first step a full model was calculat-
Nests were visited only two times during the layed containing all the parameters tested. In a sec-
ing phase, the second visit to determine clutcbnd step a stepwise backward procedure was usec
size, and a third time at 21-23d after incubatioto select a final model containing only significant
started, or when the hen’s behaviour suggeste@riables and/or factors with the level of signifi-
the nest had been predated to determine clutclnce set &< 0.05. We used a logistic regression
survival. Egg predators could be recognised btp test the effects of nest-type (exposed or partly
signs left on broken egg shells. Direct observasheltered versus sheltered) and of several envi-
tions of predation on real or artificial nestsronmental variables on the probability of nest loss
(unpubl. data) revealed that Alpine Chough typiversus nest survival. In grouse species, several
cally left some eaten eggs near the nest, with @nsecutive days of extreme weather conditions
hole where the bill perforated the shell. Marmotfiave negative effects on both egg and juvenile
left teeth marks (incisors) on broken shells in andurvival (e.g. Moss & Watsom984). Therefore,
around the nest, while Foxes normally carrie@n index of weather conditions during incubation
away entire eggs without breaking them. Twdperiod between earliest date a hen started incu-
predation attempts by a Stoat were directlpating and latest date of hatching) was derived
observed. from the occurrence of at least two periods of
After hatching, the structure and compositiormore than three consecutive days of bad weather
of the habitat around a nest site was describéthaximum daily temperature below 10°C with
using a 10x10m sampling plot, with the nest akeavy rain- or snowfall). This way, weather was
centre (see Appendix 1). Throughout the entirelassified as ‘bad’in 1992 and 1997, as ‘good’ in
incubation period, nest sites were monitored fot995 and 1996. Since several variables were
half a day (from sunrise till midday, or from mid- intercorrelated, they could not be fitted in the
day till sunset) using a 30x telescope from a hidnodel simultaneously. Therefore, we first tested
den position about 100m from the nest. In 18 cashe effect of each variable or class on the binary
es, we observed the incubating hen leaving thdependent variable separately, and then used a
nest to feedn(= 13 different nests), and recordedstepwise forward procedure to produce a model
the position and behaviour of the foraging hetthat best fitted the data (Baker & Neld78).
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Model building was stopped when addition ofwhile none of the three to six unpaired cocks pre-

another variable no longer significantly increasedent between 1994 and 1997 were observed call-

the total deviance (Table 2). ing or defending a territory. At Val Federia, one
unpaired cock was found calling in 1992, 1993
and 1994 (respectively, 33%, 25% and 50% of all

RESULTS unpaired cocks), but none in 1995. All paired
cocks appeared to be monogamous, and all hens,
Seasonal changesin social behaviour yearlings included, joined a territorial cock and

Observations (= 6) of Rock Ptarmigan in laid eggs.
Oct-Nov suggest the formation of large groups,
with both immature and adult birds of both sexed\est building and nest site selection
consisting of about 30-50ind, with maximum  One or a few days before starting to lay, all the
group size in the Bormio Hunting District of 87hens ( = 4) were observed scraping a small
birds (mean + SD = 45 * 22). By Dec, smallerdepression for a nest. Cocks were alert, often
groups of about four to ten Rock Ptarmigan oftanding on a main lookout point. All 24 nests
both sexes were formed € 6, 7 + 2 birds). Two were in a natural or a scraped hollow, lined with
cases (9%) of pair formation were observed in Jaiiry grasses, lichens and sometimes dry leaves of
or Feb, when the birds still moved around in smaNacciniumor Rhododendronand some moulted
winter groups (see also De Francesrd8?. By feathers. Four (17%) were exposed nests, five
the end of Mar-early Apr, cocks started to occupy21%) partly sheltered nests, and 15 (62%) com-
and defend territories, frequently with ‘song inpletely sheltered nests. The partly sheltered and
flight’ displays, and in a few cases attacking andompletely sheltered nests that were found at
driving off an intruder while uttering a short, lower elevations were hidden among bushes of
sharp and rapid ‘kwa-kwa-kwa’' (‘attack call’ Alpine Roses or Junipers. Most nests (65%) faced
Watson1972). Territorial behaviour became moresouth-west or south, 23% faced north-west or
intense by early May, continuing throughout Maynorth, 8% east and 4% west, which did not differ
and the first part of Jun, with calling frequency offrom the expected distribution (one-sample good-
cocks concentrated during the first 2-3h after sumess-of-fit tes}(23 =0.87,P = 0.83). Twenty-five
rise and just before sunset. Twenty out of 22 casessts of Rock Ptarmigan were found between ele-
of pair formation (91%) occurred within the vations from 2310-2780m, with an additional nest
cock’s territory when hens joined territorial cockg(not included in further analyses because the fate
in Apr-May. In our study areas, hens engagedf the clutch was unknown) at 2895m. Number of
very little in calling activity, remaining mostly nests per 100 m intervals was similar between
silent. No female - female interactions for territo2300 and 2800m (appendix 1). For statistical
rial cocks were observed, probably because theamalysis, we pooled categories and distinguished
was little competition among hens for territorialthree elevation classes, from 2200-2499m, 2500-
cocks probably due to male-biased sex-ratio8699m, and above 2700m. The observed nest dis-
(between 1.3 and 2.1 males per female in springjbution according to elevation did not differ
mean 1.5) throughout the study period. Courtshifsom the expected distribution (one-sample good-
behaviour and mate-guarding by cocks was venyess-of-fit tesle;2 = 1.33,P = 0.52). Nest sites
intense from May-early Jun. Because of malewere not randomly distributed in the six main
biased sex-ratios in both study areas in all yeargegetation types. No nests were in areas with bare
there were always unpaired cocks in May—Jun. ldetritus rocks or gravel, or in dwarf shrubland
1992 and 1993, respectively, three out of foufappendix 1), only one nest was in artificial grass-
(75%) and five out of six (83%) unpaired cockdand (ski piste; Ivlev's electivity inde& = -0.60).
called and defended territories at Monte Sobrettdhe proportions of nests in patchy pioneer vege-
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tation types E = 0.02) and natural alpine mead-ing in a circle’ distraction display. All cocks &
ows E = 0.10) were close to the expected valued,3) followed their incubating hens (94%= 18
but a significantly higher proportion of nests tharobservation bouts) when they left the nest for
expected was ihoiseleuria-Vacciniunshrubland feeding bouts and in all cases remained on the
(Appendix 1,E = 0.55). lookout while the hen was foraging, during feath-
The amount and type of vegetation coveer preening or dust bathing. Cocks displayed dif-
around the nest varied strongly (percentile rangéerent degrees of brood attentiveness. Of eight
herbs 4-100, bushes 0-72, patchy vegetation @ecks, six left the nest site five to seven days after
49), and the amount of ground covered by smaithcubation started, while two stayed until, respec-
(range 0-50%), or large rocks (range 0-48%), vatively, three and four days after the eggs hatched.
ied greatly in relation to the main vegetation type
at the nest (Appendix 1). Several environmentdBreakdown of territorial behaviour in summer
variables were intercorrelated, as a result of the In the Italian Alps, from June onwards, single
typical zonation of the main vegetation types, oadult cocks that did not defend a territory and
due to the effects of slope steepness on vegetatimmained unpaired, aggregated in groups of two
development. The amount of cover around a ne&i three birds. In July, these birds were joined by
was strongly correlated with the proportion ofterritorial, paired cocks that had abandoned the
shrubs (Spearman rank correlatig10.78,df = incubating hen, and by adult hens that had lost
22,P < 0.001), and there was a negative correldgheir brood. Hens with chicks remained within the
tion between the amount of nest cover and elevéerritory at least until the chicks were 14d old, and
tion (r,=-0.61,df = 22,P < 0.01). The steepnesscould be considered fledglings. Until late August-
of slopes where nests were found ranged from Jarly September, family groups composed of the
to 50° with a mean of 27.2%(11.0°). Most nests adult hen with her chicks remained separated
were on slopes (19 of 25 nests, 76%), with thom the groups of adult cocks and unsuccessful
remainder in the valley bottom (12%), on mound&ens. Thus, counts carried out in this period gave
(8%) and in hollows (4%). No nests were foundjood estimates of annual breeding success (brood
on mountain ridges. For two repeat broods, theize, number of chicks per successful hen).
second nest site was 620m (with an elevation dif-
ference of 200m), and 380m (elevation difference aying date and clutch size
60m) away from the first nest site. The nest site of We gathered brood size data for 24 nests, with
one hen was located in three consecutive yearmplete information on 22 broods: 19 first
and that of two others in two consecutive yeardroods (86.5%) and 3 repeat broods (13.5%). The
Distances between sites were 570, 350 and 220mn’s age (yearling or adult) could be determined
(elevation difference 50m), 280m (elevation difin 18 cases: 15 first broods and 3 repeat broods.
ference 30m), and 185m (elevation differenc@he earliest repeat brood had 29 June as laying

only 5m), respectively. date. Mean laying dates of 15 first broods differed
significantly between years but not between age
Behaviour during egg-laying and brooding groups (two-way ANOVA, year effeck, ; =

All four nests with eggs checked during egg5.00,P = 0.03, age effedt, ;; = 0.25,P = 0.63;
laying were covered with loose grass and/oone-year old birds, 10 June + 8dz 7; >1-year
lichens when the hen was off the nest. Afteold birds, 11 June * 6dn = 8), with the laying
clutch completion, cocks defended the nest sitgate in 1995 significantly later than in other years
during the first week of incubationn(= 8p (Table 1, Tukey test on differences between
observed). They positioned themselves on a lookaeans). In three out of 22 cases, incubation was
out point from where they could see the nest, anditiated the day before the last egg was laid, in
when approached by an observer, showed ‘wallthe other cases when the clutch was complete. We
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Tablel. Rock Ptarmigan breeding success at two study areas in the Lombardian Alps. Annual averages for first
broods and repeat broods (mean + SD, sample size between brackets) of laying date (date first eggs was laid) at
clutch size (number of eggs) for Monte Sobretta. Mean broodrsiz@mber of hens accompanied by chicks in
August) and mean number of young per hen {otal number of hens counted in August) for both study sites.

Year Mean laying date Mean clutch size  Mean brood size ( Young per henn)

Monte Sobretta  Monte Sobretta

MSobr Val Fed MSobr Val Federia

1992 (2) 10 Jun + 6d. (4)8.0+1.6 6.3 (3) 7.0(2) 3.8 (5) 2.8 (5)
1993 5.0 (1) 5.0 (2) 1.0 (5) 2.0 (5)
1994 5.0 (4) 7.5(2) 3.3(6) 5.0 (3)
1995 (4) 17 Jun = 5d. (4)6.3x0.5 3.5(2) 3.7(3) 0.6 (11) 1.8 (6)
1996 (8) 6 Jun = 5d. (8)6.5+1.2 4.0 (3) 0.9 (14)
1997 (3) 8 Jun * 4d. (3)8.0+1.0 4.0 (3) 0.9 (14)

Repeat broods  (3) 9 Jul + 10d. (3)5.0£1.0

Table2. Logistic regression model predicting nest loss (nest lost versus not lost)of Alpine Rock Ptarmigan. Mod-
els B-1 were compared with model A (the selected model), using the difference in total deviance explained by
adding another variable, by computing a goodness-of-fit test for each variable Adéedth Adf, see methods).

Model Variables included Total deviance (%)  Ax2 Adf P

A Weather 20 6.511 1 0.012

B Weather + nest type 20 0.13 1 0.72
C Weather + elevation 20 0.22 1 0.64
D Weather + large rocks 20 0.01 1 0.92
E Weather + shrubs 20 0.20 1 0.66
F Weather + herbs 20 0.22 1 0.64
G Weather + patch 20 0.09 1 0.76
H Weather + nestcover 22 0.74 1 0.40
| Weather + nestcover 22 0.69 1 0.41

X elevation

tested the effects of normalised laying date, veg®Ider ( > 1-year-old) hens laid, on average, larger
tation cover (independent variable), nest-typeslutches than yearlings (yearling= 9, 5.8 £ 0.8
year, brood (first versus repeat brood) and ageggs per clutch, adults,= 9, 7.2 £ 1.2 eggs per
(factors) on clutch size of 18 hens of known agelutch, age-effectF, ,; = 7.37, P= 0.02), and
using an ANCOVA model. The partial effects ofmean clutch size was larger in 1997 than in 1995
laying date, vegetation cover and nest-type wetgnd 1996 (see also Table 1, year effégt, ;=

not statistically significant (alP > 0.1). Aselect- 4.14, P= 0.04, and Tukey test on differences
ed model with age, year and brood explained 74%etween means).

of variation in clutch size. Mean clutch size of

first broods over all years was higher than foClutch survival

repeat broods (15 first broods, 6.8 + 1.1; three Of 24 clutches checked until hatching, 12
repeat broods, 5.0 + 1.5; ;3= 12.9,P= 0.003). were lost prior to hatching (11 because of preda-
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tion, one clutch incubated for 36 days with o areans ]
dead chick and five unhatched eggs), and or area VF [
hatched. One hen was taken by a Peregrine 60 —
con and two by a Stoat. Of the other eight clut
es lost due to predation, two were taken by Alp
Choughs and six by mammals (three probably
Foxes, two by Alpine Marmots, one by a Stoz
In the logistic regression predicting the probab

50

40}

30

% hens with young in August

ty of nest loss, only weather during the incubat 20

period (‘good’ in 1995 and 1996, ‘bad’ in 19¢ 10k |/

and 1997, see methods) had a significant effec

the probability of nest loss (Table 2). In yee 0 1992 1993 1994 1995 1996 1997
when weather condans during incubation wer: year

bad eight out of ten nests (80%) were predate '
(60% in 1992, 100% in 1997, appendix 1), buFig.1. Annual percentages of Alpine Rock Ptarmigan
only four out of 14 nests (29%) were lost in yearhens with fledged young in late August at two study
with better than average weather in June — miareas in the Lombardian Alps. See Table 1 for sample
July (20% in 1995, 33% in 1996, appendix 1). ThSizes.
effect of nest type, 33% of 15 sheltered nests were
robbed, against 67% (6 out of 9) partly sheltereMonte Sobretta, the proportion of hens that raised
or exposed nests, was not significant (Table 2a brood varied between 18 and 67% (Fig. 1). In
four out of six years only about one fifth of
Chicks hatched and brood size in late August female Rock Ptarmigan fledged chicks, while in
The number of hatched chicks, countedwo favourable years this increased to about two-
between the first and third day after hatching, ithirds of all hens (Fig. 1). At Val Federia about
12 nests that escaped nest predation ranged fre@d% of hens fledged chicks in three years, and
3 to 6 for yearlings and from 4 to 10 for older67% in one year (Fig. 1). Mean clutch size per
hens (yearlingsn = 7, 4.7 £ 1.4 chicks; older year and mean brood size tended to vary in paral-

hensn=75, 6.2 + 2.5 chickgstestt,,= 1.33,P = lel, but with a sample size of only four years at
0.21). Clutch size and number of eggs hatchddonte Sobretta, the correlation was not signifi-
were positively correlated & 0.59,n=12,P = cant (Table 1, Spearman rank correlatiQn=

0.044), but hatchability of a clutch, the proportior0.83,n=4,P = 0.17).

of eggs that hatched, was not related to clutch size

(r¢=-0.01,n=12,P = 0.98). Hatchability varied

between 44% - 100% and did not differ between DI SCUSSION

yearling and older hens (yearlings 84 + 17%, old-

er hens 76 £ 27%; Mann-Whitnay-testU = Phenology of flock formation and of territory
0.15,P = 0.67). The two measures of breedingpccupancy by male and female Alpine Rock
success, the number of chicks per adult hen Ptarmigan did not differ from the behaviour
August and mean brood size in August, weréescribed in northern populations (Watsi®72
strongly correlated (Table 1, combining data ofJnander & Steen985 Cotter1999. As in Sval-
both study sites = 0.85,n = 10, P = 0.002). bard, Scotland and the Canadian Arctic (Unander
Dividing the number of hens with chicks counted® Steen1985 Watsonet al. 1998 Cotter 1999,

in August by the total number of hens countedocks outhnumbered hens in most years and these
(see Table 1), we calculated the proportion afhale-biased sex-ratios, ranging from 1.3 to 2.0
hens that were successful in raising a brood. Atocks per hen, seemed to result in strict
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monogamy of Rock Ptarmigan in the Lombardiarwock, when the hen is incubating, and staying on
Alps. This was in contrast with Rock Ptarmigarthe lookout while his partner is foraging, might
populations in northern Alaska and Svalbarderve to protect the hen (and the eggs) from mam-
where polygynous cocks occur (Bart & Earnsmalian predators (e.g. Artiss & Martim995).
1999. Similar as in northern ptarmigan popula-However, most cocks (75%) abandoned the nest
tions (Watson1972 Bart & Earnst1999 Cotter site after the first week of incubation, leaving nest
1999, several cocks in our study areas remainedefence exclusively to the hen. In one case, an
without a partner. In contrast with arctic Rockincubating hen stayed on the nest while attacked
Ptarmigan populations (e.g. Unander & Steeby a Stoat and successfully defended her clutch
1985, hens with chicks in our alpine populationby hissing and pecking at the predator: during a
remained within the natal territory until chickssecond attack the following day, however, the
were fledged, although their partner had alread$toat succeeded in killing the hen.
left its territory and thus showed no brood care. In
contrast with Scottish Rock Ptarmigan (Watsorractors affecting nest predation
1972, Alpine Rock Ptarmigan did not engage in  Placing nests near suitable feeding sites may
territorial behaviour in autumn, and autumn flockreduce time away from the nest for foraging. This
formation was similar as on Svalbard (Unander &ehaviour may be an adaptation to reduce clutch
Steen1985). predation by avian predators hunting by sight
In our study area, Rock Ptarmigan nests wer@icozzi 1975 Erikstad et al. 1982, and/or to
found on arctic-alpine ground, above the treemaximise incubation time (Wiebe & Martin
line, at elevations between 2300 and 2800 m997. In fact, only 27% of all predation events
Other alpine populations also occur above theccurred while the hen was away from the nest:
tree-limit, at elevations from 1500 to 1900 m inone was killed during the incubation period while
the eastern part of the Italian Alps, where mourreturning from the feeding site by a Peregrine Fal-
tains are less high, up to 2850 m in the central armbn (direct observation); and in another two cases
western Italian Alps, the French and Swiss Alpghe nest site was discovered and the clutch predat-
on mountain chains reaching well over 3000 ned by Alpine Choughs. These birds are incapable
(Marti & Bossert1985 Desmet1988 De Fran- of driving off an incubating hen and can only pre-
ceschi199). Most nests were on southwest- ordate unattended nests. On grouse moors in Scot-
south-facing slopes, where snow-cover disagand and NE England where predator-control was
peared early. These microhabitat, and thus micraatensive, losses of brooding hens due to preda-
climate, preferences of nesting sites were algton were low (e.g. Watsoet al. 1984 Hudsonet
found in other studies on Rock Ptarmigan andl. 1999 suggesting that site-related differences
White-tailed Ptarmigan in mountainous areas (D& predator density can have a strong effect on
Franceschi992 Wiebe & Martin199&a), and for clutch survival. In our population of Alpine Rock
grouse and ptarmigan in areas or years with latarmigan, only three of 24 incubating hens
snowmelt, indicating that nest site selection i$12%) were predated and another eight clutches
related to site exposure (Chodi@s3 Giesen & were lost due to predation of the eggs. Since in
Braun 1979 Steen & Unandet985 Unander & one clutch no eggs successfully hatched, total
Steen1985 Clarke & Johnson992). nest-loss during the brood period was 50%, com-
All nests were covered with loose grass and/grarable with the 54% to 67% nest-loss found for
lichens when the hen was off the nest. This behaWhite-tailed Ptarmigan in alpine habitats (Giesen
iour, also found in Scottish Rock Ptarmigan (Wat& Braun 1979 Wiebe & Martin199&), and with
son 19729, is considered a typical anti-predatorthe 52-56% of clutch losses documented for Sval-
behaviour, but it may also serve to protect thbard Rock Ptarmigan (Steen & Unande®sgs).
eggs from frost. Distraction behaviour by theSimilarly as on Svalbard, the proportion of nest
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loss in our population (mainly due to predation®& Unander1985, and in nordic Willow Grouse
differed between years, and was higher whefMyrberget1985, a high proportion of females
weather conditions during incubation (June-earliay a repeat brood (40 - 100%). In our population,
July) were worse than average. Number of pred&owever, only three out of nine females (33%)
tor sightings per day (our unpubl. data) was corthat lost their clutch during incubation and could
stant throughout the years, suggesting that predaave produced a repeat brood did so. Also in oth-
tor densities remained stable. We hypothesise that grouse and ptarmigan populations, renesting by
annual variation in weather conditions duringhens that had already initiated incubation was rare
incubation affects the probability of a nest beinde.g. Watsor972 Giesen & Brauri979 Myrber-
predated in relation to a hen’s condition: whemet 1985 1986 Wiebe & Martin 199¢; Cotter
weather is bad, hens will be forced to increase thg99.
duration of incubation recesses (feeding bouts) to
prevent a strong decrease in body mass, leavi@utch size and breeding success
the nest unattended for longer periods of time As for Rock Ptarmigan in Scotland and on
than during good weather (see also Wiebe & MaiSvalbard (Moss & Watsorp84 Steen & Unander
tin 1997). 1985, and White-tailed and Willow Ptarmigan in
The proportion of nests robbed according tdNorth-America (Wiebe & Martin199&), older
nest-type, 33% of 15 sheltered nests robbduens with larger clutches produced more chicks.
against 67% of nine partly sheltered or exposellor our Alpine Rock Ptarmigan population, we
nests, were not significantly different. Hence, ouhave no complete data on survival of individual
data did not confirm the hypothesis that direchatchlings from hatching to fledging (15-days
cover decreases a predator’'s chances of findirgd) in the wild. However, the three cases in
and robbing a nest. Since the lack of statisticalhich chick corpses were found by monitoring
significance might be a consequence of only 2vadiotagged hens, suggest that extremely bad
nests being monitored, larger sample sizes mighteather conditions, for three or more days during
confirm that completely sheltered Rock Ptarmithe first week of life, can cause high mortality
gan nests are less likely to be found and robbed leyen of complete broods (Scherini, unpubl. data).
predators, as was the case for White-tailedlso predators may take several chicks from a
Ptarmigan,Lagopus leucurusliving in similar  single brood before they fledge. Consequently,
alpine habitats in North-America (Wiebe & Mar-the proportion of hens that successfully raised a
tin 199&). However, for the latter species, conbrood, varied markedly between years, confirm-
cealed sites, with fewer escape routes, were moirgg that environmental factors (weather, preda-
risky for the incubating hen, suggesting a fithessrs) seemed to have a strong influence on brood
trade-off with the amount of cover at the nessurvival in this Alpine Rock Ptarmigan popula-
(Wiebe & Martin199&). tion. Similarly, predation of eggs or young, and
Also in Rock Ptarmigan populations in Scot-extremely harsh weather conditions determined
land and on Svalbard, the proportion of henannual variation in breeding success of White-
accompanied by chicks in August varied greatlyailed Ptarmigan in naturally fragmented high
between areas and years (Moss & Wats@8t  alpine habitats in the Colorado Rocky Mountains
Steen & Unandet985), and decreased strongly at(Martin et al.2000.
one Scottish site (from 35 - 92% of hens with  Older ( >one-yr of age) Alpine Rock Ptarmi-
chicks, to a low of only 11%; Moss & Watsongan hens did not initiate egg-laying earlier than
1989 in a year when many Crows appearedyearlings. This was in contrast with arctic Rock
When predation occurs during egg-laying, whictand Willow Ptarmigan and White-tailed Ptarmi-
is found regularly in Rock Ptarmigan populationggan, where adult hens, that were heavier, laid
in Scotland (Watsom972 and on Svalbard (Steen eggs earlier and produced larger clutches with
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Appendix 1. Brood success data of 25 nests of Alpine Rock Ptarmigan. For each nest the following data are giv-
en: year of nesting attempt (r = repeat brood) , clutch size and a hen’s age (? = unknown, y = yearling, a = adult)
fate (hen or eggs predated or not), number of eggs hatched, nest type, and 10 nest site habitat characteristics (det
mined in a 10 x 10 m sampling plot with nest as centre): elevation, slope steepness, geomorphological type (cliff,
crest, slope, mound, hollow, or valley bottom), % soil covered with large rocks (> 20 cm diameter), % small rocks
(< 20 cm diameter), % ground covered by herbs and grasses (Herb cover), % shrub cover, % ground covered b
patchy, pioneer vegetation of prostrate small bushes or by patches of lichens (patchy vegetation), nest cover (sut
of large rocks and shrub cover), and general alpine habitat type. Nest cover was defined as the sum of large rock
and shrubs, since rocks and shrubs larger than 20 cm give sufficient cover to allow Rock Ptarmigan to leave o
return to the nest without easily being spotted by predators.

Year clutch pred- eggs nesttype  elevation slope geomor- large  small herb shrub patchy nest habitat
size ated hatched (mas.l) (°) phology rocks rocks cover cover veg. cover type

1992 8(?) no 4 sheltered 2633 38 slope 15 0 81 0 4 15 meadows
1992 8(?) vyes 0 partly sh. 2685 18  slope 10 5 85 0 0 10 meadows
1992 6(?) vyes 0 exposed 2690 28  mound 5 20 26 0 49 5 patchy
1992 10(?) no 10 exposed 2730 26 mound 6 19 49 0 26 6 meadows
1992 ?(?) vyes 0 exposed 2780 10  slope 3 2 57 0 38 3  meadows
1995 6(y) no 5 sheltered 2350 30 slope 18 17 39 20 7 38 shrubland
1995 6(y) no 6 partly sh. 2555 42  slope 25 50 16 8 1 33 meadows
1995(r) 4(y) no 3 sheltered 2720 45  slope 45 30 6 0 19 45 patchy
1995 6(a) yes 0 exposed 2485 18  hollow 0 0 100 0 0 0 meadows
1995 7(a) no 7 sheltered 2720 23  slope 48 12 40 0 0 48 meadows
1996 6(y) no 6 sheltered 2330 15  valley bottom 15 5 32 40 8 55 shrubland
1996 6(y) no 4 sheltered 2515 22  valley bottom 30 15 19 36 0 66 shrubland
1996 6(y) no 6 partly sh. 2310 25  slope 5 5 41 45 5 50 shrubland
1996 9(a) no 4 sheltered 2555 16  slope 10 5 64 17 4 27 meadows
1996 6(a) yes 0 sheltered 2750 50 slope 40 25 18 0 18 40 patchy
1996 7(a) no 6 sheltered 2608 25  slope 30 20 10 0 40 30 patchy
1996 6(y) yes 0 sheltered 2440 20  slope 35 5 30 30 0 65 shrubland
1996 7(a) vyes 0 sheltered 2345 20 valley bottom 15 0 9 72 4 87 shrubland
1996(r) 5(y) no 3 sheltered 2315 25  slope 10 10 8 56 16 66 shrubland
1997 7(y) yes 0 partly sh. 2460 30 slope 15 5 12 32 36 47 patchy
1997 9(a) vyes 0 sheltered 2353 45  slope 5 25 4 49 18 54 shrubland
1997 8(a) yes 0 sheltered 2590 10  slope 20 0 72 0 8 20 meadows
1997 ?2(?) vyes 0 partly sh. 2660 35 slope 45 35 6 0 14 45 patchy
1997(r) 6(a) yes 0 sheltered 2412 26  slope 25 25 28 18 5 43 meadows
1997 ?2(?) no 4 ? ? ? ? ? ? ? ? ? ? ?







