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SUMMARY

Although black grouse (Tetrao tetrix L.) are considerecl as hi-qhly susceptible to
..human disturbiuce>>, they still occasionally can be observed nert to evcn the busiest ski

runs. To illustrate that this is no contradiction, but a result c:l'the ecological and ethological
plasticity of thc species, observations of black grouse in popular skiing areas in thc

Bavarian Alps, Gcrrnany, are pl'escnted and discussed. Over a period of I I years, thc beha-

viour and spacing of black grousc durin,e the wintcr and thc disptay season wcre studied irt

l'elation to disturbances in an intensively used downhill skiing area. For cotttparisolt. obser-

vations of black grouse display sites are repofted ll'om a ski-touring area adjacent t() ano-

ther downhill ski resort and tiom an undeveloped ski-touring area. Dependent variablc was

the temporal and spatial pattern of habitat use by the black grouse . explanat<try vitl'iables

inclr-rded the temporal and spatial distribution of skiers and snow-boarders on and off
pistcs. ski-run maintenance activities, snow-conditions and weather. Responses o1'black
grouse to ctrcounters with people or machines within distances ol'>10 nt ranged from

escape flights over interruptions of lèeding. resting, or display behnviour to a continuation

of the previous activity. Over the years, shifts became obvious in the use of winter feeding

and rcsting sites and the nuntbers of wintering birds declined. At times and in areas with
intcnsive disturbances. traditional lek sites were abandoned, ancl the cocks displayed solita-

rily ancl dispersed over large lrees ut temporary sites. The observatiot.ts indicate that the

fèwer undisturbed patches with -eood 
habitat suitability remain in an area, the rnore critical

huntan disturbance ol'black grouse has to be seen. The study resulted in recomtnendatiot.ts

to the relevant agencies, private orgarrisations, and ski resort operators to establish unclis-

turbed protection zones firr black grouse within skiing areas.

(*) Contmunication prcscnted at the European mecting devoted to the Fatc of Black Grouse
(Tetruo tetrix) in European Moors and Heathlands. Liège, Bclgium ,26-29 th September 2000

I Rothenlelsstrasse 7, t17509 Intnrcnstod.t, Gennanv
ul bi tt: c i t I e nti ld b io I o g ie @ hotmu i l. c om
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lntroduction

Disturbances by human outdoor activities are considered one of the most
serious threats to gr()use in central Europe (Sro«cH 2000). With black grouse in
the Alps, disturbances durir.rg winter are regarded as particularly critical: snow
layers several m high restrict suitable habitats to a few patches, fbod and cover
are scarce, and escape flights are energy-consuming. The presence of humans
in black grouse wirrter habitat may result in a negative energy budget; the birds
die I'rom stetrvation or. ()nce weakened, are an easy prey to predators. In
addition. disturbance at the traditional leks, which are often located at sites such
as ridges, hilltops, or t-lats also attractive for winter sports, can negatively the
social system of the birds and thus their reproductive success (e.g. MÉNoNr and
MRcNaNr 1997 , Zt tr.tlrn and GlÀNzEB 1997).

The potential consequences of human presence in black grouse habitats
range fiont short-term changes in individual behaviour over longcr-term shifts
in habitat use and spacing patterns to the decline and extinction of local
populzrtior-rs. However, because "disturbance" is only one among a variety of
interrelated factors (e.g. climate, predation, habitat) that influence a population,
causal relatior.rships bctween the presence of humans and the dynan.rics of
wildlife are difficult if not impossible to prove analytically. For the black
grouse, studies in Switzerland and France (Merle 1982, Mlquer 1988, Mrquer
1990, MÉNoNr and MccNeNr 1997) as well as this study demonstrate that the
development of ski rcsorts can lead to serious declines of local populations.

The Bavarian Alps, Germzrny, are among the most heavily fiequented
recreational landscapes of Europe. At a regional scale, there is not a single
mountain range or black grouse area not used fbr ski touring, snow-boarding,
downhill skiing, or snow-shoeing (Znrrlen and Gr-ÀNzv,x 1997). To limit the
negâtive consequences of winter sports and leisure activities fbr black grouse
and other wildlitè is an inrportant concern of Bavarian conservationists. The
Bavarian state Ministry r>f the Environment has initiated a project to identify
and to irnprove contlict areas between skiing and grouse by spatial and
temporal separation of ski routes and impoftant winter habitats; measures are
in.rplemented in cooperation between the agencies and all relevant private
organisations, particularly the German Alpine club (Deutscher Alpenverein)
(Zertp.p. 1996, Zenutr< and GlÀNznR l99l). For operators of ski resorts,
governmental regulations require measures to reduce disturbances or other
nelliltivc eflects on the environment as mandatory part ol'any renovalion or
development of resort i nfiastructure.

Thus, the problem of human disturbance of grouse is taken seriously.
one the other hand, observations such as black grouse resting on ski-lift masts,
Ièeding next to snow grooming vehicles, or tolerating downhill skiers at even
short distances, seem to question the supposed sensitivity of the birds and thus
the sense cll' the measures and regulations mentioned above. To allow for a
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differentiated interpretation of the many contradictory anecdotes about
«susceptibility» versus «adaptability», it is important to document the
behaviour of black grouse according to standard methods and over longer
periods in at least a few skiing areas, and to relate the results to the ecology and
ethology of the species. Therefbre, in this article, observations of the behaviour
and spacing of black grouse during the winter and the display season over a
period of I I years in a ski resort in the Bavarian Alps, Gcrmany, are reported.
For comparison, observations of black grouse display sites fiom two further
areas are presented.

Study areas and methods

Area 1: Fellhorn

Observations of black grouse in the Fellhorn (2038 rn) area near
Oberstdorf, Allgâu, Bavarian Alps, which is part of the largest German
downhill-skiing area, have been continued fbr ll years since I989/1990. Up to
5000 people per day were transported into the skiing area via cable car. From
mid December to late April, lifts were operating fiom 8:45 a.m. to 4:4-5 p.m.
daily. Since 1999, snow-generators operated along the prepared ski runs up to
the summit ridge according to temperatures. Ski-slope maintenance by eight
(1999/2OOO) snow-grooming vehicles continued for several hours after the
closing of the lifts, and sometimes until after midnight. After nights with
snowfall, pistes were prepared also in the early morning. The Fellhorn area is
covered by an extended network of pistes and off-piste runs. In snow-rich
winters and before the establishment of a protected area closed fbr skiers, the
criss-cross of skiing tracks became so dense that no quadr:lte of a l0-m grid
remained untouched within three days after snowfàll.

Within the Bavarian Alps, Fellhorn is one of the areas with the best
structural habitat quality fbr black grouse. The area is characterized by acidic
soils, east to south-eastern aspect, a pronounced relief with gullies, hill-tops,
ridges, and crests, extended slopes covered by ericaceaous shrubs such as
Rhododendron and Vaccinium, alder (Alnus viridis), or dwarf-pine (.Pinus
mugo), and scattered dense rows of spruce trees (Picea abies). These features
provide a great variety of feeding and resting places for black grouse, including
snow conditions suitable fbr snow-burrows to roost. Snow layers of up to
several rn high cover the area from at least December through April. Thus, the
availability of food and cover in winter is closely related to the amount and
distribution of snow. The structurally best winter habitats for black grouse
coincided with the areas most heavily frequented by skiers.

Within an area of c. 500 ha that could be overseen from the cable car
stations, black grouse were observed for at least24 hrs several times per year in
the winters and springs 1989/90 to 1998/99, and at least once per week in the
winter and spring 1999/2OOO. ln 1999/2OO0, a total of 6844 black grouse
observations were collected. One «observation» was the sishtins of one
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individual during a 15 min interval (e.g.3 cocks seen for 25 rnin = 3

individuals x 2 intervals = 6 observation units). The behavioural categories
distinguished were feeding, resting, locomotion, and male display. During
encounters of black grouse with people or machines, the birds' behaviour and
the distances between birds and disturbances were noted continuously; fbr this
paper responses were classified as remaining (birds did not move away fiom
source of disturbance), retreating (birds moved away short distances, mostly
slowly walking into cover), and escaping (birds hurriedly moved away, mostly
flights over longer distar.rces). The availability of food was measured in relation
to the height of the snow-cover. With each observation. locations used by black
grouse were described as ground layer, ericaceous shrubs, shrub layer, and tree
layer. If possible from the distance, important plant species such as Alrtu.ç
virirlis, Pinus rttugo, Sorbu.s aucuparia, and Pi<'ea abie.s were noted. ln
addition. all structures within a l5 m radius around the observed bird were
described in relation to the bird's behaviour (e.g. feeding on plants of the
ground layer next to a patch of ericaceous shrubs with single spruce trees).

To exclude biases due to the presence of observers in the behaviour of
black grouse or their interactions with other species such as red fox Vulpe.s
vulpes or golden eagle Aqttilo c'hry.çaetos, outdoor observations were restricted
to the times skiers were present in the area; at other times, observations were
exclusively made fiom existing buildings.

Area 2: Botsterlang

Several days each May between 1990 and 2000, displaying black grouse
were recorded by several observers within a c. 600 ha area of alpine pasture in
1500-1800 m altitude, Allgâu, Bavarian Alps, Gerrnany. Of a total o1'48
observation days, 30 were without and l8 with human disturbances.
Disturbances during the morning display or the evening before were recorded
either by direct sightings of people, or by fresh footprints or ski-tracks on the
1ek.

Area 3 : Oberstaufen/lmmenstadt

Several times each May between 1990 and 2000. displaying black
grouse were recorded by several observers within a c. 300 ha area of alpine
pasture in 1350-1800 m altitude, Allgâu, Bavarian Alps, Germany. Of atotal ol'
zl5 observation days, 20 were without human disturbances. On 2-5 days.
disturbances by herdsmen, cabin visitors, or hikers were observed. In May
2000, a hybrid between a male black grouse and a female capercaillie (Tetrao
ttrogcrllus) caused disturbances of black grouse males at the lek, which resulted
in similar dispersion patterns as human disturbances. Red fbxes were regularly
observed within the surroundings of the lekking area. but they affected the
display of the black grouse only on rare occasions.
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Results

Response to disturbances

On Fellhorn, black grouse used major pafis of the 440 ha study arezr in
winter. At intervals of one or several days to two weeks, the birds moved
between 3l dif-ferent locations that ofïèred tbod and cover, or snow suitable for
snow-burrows. Exogenous factors such as weather, snow cover, snow
conditions, and disturbances appeared to trigger movements. However, black
grouse also seemed to change betwcen sites independently of noticeable
external factors (Fig. l).

ln total, the responses ol 3856 black grouse to human disturbances were
observed (Tab. I). Observations comprised one to maximally l7 black grouse;
the mcan number of simultaneously observed birds was seven. In total, 496
interactions between one or several birds and disturbances were observed.
Frequently, two or severiil simultaneous stimuli were recorded, e.g. skier and
snow generator or skier and snow-groomer and snow-scooter.

The behaviour of the black grouse varied with distances and situations
(compare Tab. I). The birds tolerated a tangential passing of skiers or snow-
gr()omers on pistes and on regularly used oflpiste runs while feeding or resting
in trees (mostly sprr-rce), ancl while moving on the ground. When in good cover,
thcy continued their behaviour until the person or machine approached to
distances ol'<10 to 30 m. In the open, however, response distances increased to
>30 to 100 m. Closer approaches were either fbllowed by slowly walking aside
and hiding, or, most often, by escape flights over distances of 50 m to >1.5 km.
Frontal approaches to 5 to >100 m usually led to escape flights into the nearest
cover or over long distances. The birds frequently first perched on a spruce top
for olientation after an initial, short escape flight, and continued shortly
afterwards over distances of up to 3 km.

To unusual events, such as touring skiers climbing uphill after the
opel'ating hours of the ski-lifs, the birds responded already at distances of with
>150 m with hurried and long escape flights. The receptional conditions fbr the
black grouse were always the same, i.e., the birds used fàmiliar fèeding and
resting sites, which almost always offered food and cover within short
distances, which they r-rsually covered on foot or in short flights between
ground and trees. Motionless ..fi'eezing, for up to one hour, as repeatedly
observecl as a response to disturbances during the snow-fiee season, was never
observed in winter. Also. behavior-rral diffèrences between males and females
wele nol observecl in winler.

In contrast to the behaviour of rock ptarmigan in the area, black grouse
did not use tree-less sites in winter; their habitat use depended on the presence
of at least single dense spruce trees or groups of dwarf pines. Except during
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flights between fèecling or resting sites or during display in spring, black grouse
never used locations without cover-providing spruce or dwarf pines. On a few
occasions, black grouse used alder or rowan fbr daytime resting; in most cases,

however, they perched on spruces. Overnight roosting on deciduous trees was
never observed. Once, three black cocks were recorded to spend the night
perched on a ski-lift support mast.

Black grouse did not keep any distance from non-operating technical
structures such as snow-grooming vehicles or snow generators. Males regularly
r"rsed ski-lift masts for display in spring; however, females were never seen
sitting on masts. During the flrst winter after their installation, 1999/2OOO.

black grouse kept distances of at least 150 m to operuting sn()w generators.
Further observations regarding the responses to snow makers were not pctssible
during this winter, as generators next to actual fèeding and resting sites of black
grouse were not operated to avoid disturbances. At some particularly sensitive
locations, snow makers were generally stopped between 06:00 and 09:00 a.m.

Table I. Responses ol black grouse to diflèrent anthropogenous disturbance stimuli in the
Fellhorn skiing area, Germany. Frontal approaches by humans or machines caused
escape flights liom distances of 5 to >100m in all cases; therelbre, stimuli considered
here are tangential passings only. Results are based on a total of 496 interactions of I tcr

l7 black grouse (3856 observation units) between 1990 and 20O0, and are structured in
relation to behavioural context (behaviour), kind of disturbance (stimulus). response of
the birds (S= total number; remain, retreat, escape as defined above; n= number of
observations, m= number of males. f=females) and distance between bird and stimulus.
Many interactions involved several stimuli, e.g. skiers and snow-groomers, which were
recorded separately.
Réactions des Tétras lvres à tli/]ërents stimuli perturbateurs d'origine humaine dans
I'uire de ski de Felllutrrt, en Allemagne. [)es appntc:hes fronktles par des honunes ou
des machine,v à des di.stances de 5 à plu.s de 100 m ont provoqué duns tous les cas
I'anvol et la.t'uite rles oiseaur. Dès lors, les stimuli considérés ici sont uniquentettr les
possages tongenîiels. Les résultttts reposent sur un totdl de 496 interu(tions av'et de I r\
l7 Tétras lyres (3856 unités d'ob.çertation) entre 1990 et 2000, et,x;nt organi.sés en

.fonctiort du contexte comportemental (nature du contporternent), du ttpe du
dérangement (stimulus), de lu nature de la réaclion des oi.çeaux (S -- nombre total :
reste sur pluce, se retire, s'enfuit en wtl : n = nombre d'observatiotts, m= nonil)re de
m.âles,.l'=.femelle.s) et distunce séparant I'oiseau et le stimulus. De nombreuse.ç
interacrions impliquaient plu.tieurs stitnuli, par e.remple des skieurs et du personnel
d'enîretien, qui ont été répertoriés séparément.
Verhalten t,on Birkhühnern auJ vers<'hiedene anthropogene Stôrreize in Skigebiat
Fell.horn. Frontalanntiherungen vitt Menschen oder Maschinen aul Birkhühner.führîe,l
immer :,ur Flucht aus Entfernungen von 5 bis > l00m: detlrcr sind als Stcirreize hier nur
Pas-sagen bertitk"'ichtig. Die Ergebnis.te basieren auf 496 Interaktionen tr»t I bis l7
Birkhiiltnern (-1856 Einzelbeobachtungen) von l99O bis 20O0 und,sind gegliedert naclt
Konte.xt (Verlrulten), Arr des Sttirrei:.es (Rei:), Reaktion des Birkhiihner (Reaktion: S=
Geomtzltal, V=Verbleiben, A=Ausweichen, F= Fliit'ltten, n=Anzaltl, m=Htihne,
u'=Hcnnen) und Entfernung. Bei vielen Interraktionen waren ntehrere Reize, :-8.
Skilàhrer und Pislenraultett beteiligt, die aber getrennt aufgenomnten wurden.
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1lm

M PIste

t= otï.pt§le ski run

* protected area

Fig. l Black grousc used -3 I diffèrent locations (see numbers) within the,14O lra study arcu in
the Fellhorn ski resorl. Allgliu. Gcrnrany, from November 1999 to May 20(X). - Thc
surrounding line delineates the study area, bold lines indicate cable crr (longcst line)
and ski-lif'ts. Cross-hatched zlreas are prepared pistes. hatched areas ol'l'-pistc slopcs
used by skicrs, blank areas are r.rndisturbcd by skiing activities. including a -50 ha
reserve closed fbr skiers (Schutzgebiet).
Entre novembre 1999 et nui 2000, les Tétr«s lrrc,s ont utilisé -ll posres di.f'férettt.s
(lot'alisuble.s par les chiJlrcs) att.rein des 140 lru de I'airc tl'étude (délimitéa pur ltr
ligne brisée e-ttenrc ) du site de lu statiotl dcski de Fellhont, Allgttii t,rt Alla»rugne. Lcs
lignes épui.sses joignant les certles ttoirs localisertt les rem(»tte-pentc.t poLtr cubine.s (lu
plus longue) ou skieurs. Las espaces qruulrillé.s t'rtrresporttlertt.tu.\ pisl('s prt;purées, la.s
espo(es lurchurés à des pcntes hor.s-piste.t utilisét.y par le.t .skieurs, les -1»tc.y blunt hcs
enfin ù des espu('es rton perrurhé.s par lc.t attivités de sporl.s de ncige, ert < t' r-t'tttpri.t
rtne ri.tr rvc i t t t" nli I e tt tt.t. .: kie tt r-y.

Birkhiilmer nul:cn a.wisthen Not,enber 1999 und Mai 2000 -ll y'er.schieden('['eilgebicî(
inner hulb de .r 110 lta ,qrof3en Llnrersut hungsge biets itn Skigebict Fellltrtnt. Allglitr.
Deut.çclrlctnd,:.yt,i.çclten denert.sie in tiiglic'ltctt, mehrttigigen bi.s TtLt'ittiitlti,qcrt
Abstiintlen vt,cchscllcn. - I)ie Utttrisslirtic begreua.t d«,r 41O ltu,qro[3c
Unterstrclturt,q.tgebiet, .lette Lirtian bedautut dic Scilbulttt (ltirtg.stL Linie) turtl Skililic,
Kreu:.schrallitr beleicltnet dic ltrtipurierren Pisîen, Scltra.l'lilr Voriuntattub.fùhrt<,n.
oflenc Fltichcrt blieben yon regcltnri[3i,qcn Wintcrsport-Aktiriîtiren trnberiihrî

1km
cable car i lin
plsle

ot-plst. ski run

winter core area

fîg.2. Winter core areas (Ü) within the Fcllhorn skiing area. Allgiiu. Gernuny. regularly uscd
by black grouse during the I 989/90. Observed w inter popu lation sizc was I 6 rnales lnd
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l3 f'cmales. For map symbols see Fig. l.
Répurtition des sites hivernuur 1Ü) régulièrement J'ré.!uenté.\ Jtar les Tétras lvres en
1998/1999à la staiion de.sports de neige de Fellhctrn en Allemagne. La populcttion
hiyernale «ttrtptttit l6 rnâles et l-3fentelle.s. Voir les symboles de lu carte à lttJigura l.
S<'hnerpunkta in der Winter nur:.ung (Ü) von Rirkhulut-Gruppen im Skigcbiet Fellhorn
im Winter 1989/90. lngesant v'urdert l6 Htihne und l-l Hennen gez.tihlt. Signoturen
,siehe Abb. l.

1km cable car / lin

pl§l§

ofT-plste ski run

wlnt€r cor€ area

* prôtected area

Fig 3. Winter core areas (Ü) wltfrin the Fellhorn skiing area rcgularly used by black grouse
during the l9t)9/00.Observed winter population size was l3 males and 9 Îèrnales. A 50
ha black grouse protecti()n arca closed lirr skiing activities had becn established in I996
(Schutzgebict).The replacement of one o1'the lifis in thc south-wcstem part of the area
with a chair-lift with doublecl capacity (compare Fig.2) and the installation of
snowmakers coincided with the dcsertion of one of the Inost regularly used fèeding
places by black grouse.
Répartition des sire.s hiverntu.r 1Ü) rigutiùrentent.lréquentés pur les Tétras lyre.t
durant I'hit,er 1999/2OOO. Lu ltoltulatiott Lonptuit l3 mûles er 9 _lemell(.t. Une aone
reJltge pour le.y térras tla 5O ha et.fermée uur activité s tle ski avail été crééc en 1996.
Le rentplucemertt d'un des re»tonte-penîc.s dan.s lu zone sud-ouesl par un auîre de
double ctrpacilé (t:TfiS.2) et I'in.stullation le crnon.s à neigc u c'oirtt'itlé avet'I'abanckm
d'une des Tones dc nourri.ssage lc.s plus régulièremant utilisécs par Ies Tétru.t.
S< h*'erpunkte in tler Wintcrnutzung (Ü) wtrt Birkhulut-Gruppen im Skigebiet Fellhont
i»t Wintar 1999/2000. lrtsgesont v'urden l-J Hühnc urtd 9 Hennen.fe.rt gestellt. Ein 50
ha grqfScs, .für Wintersprtrtl(r geslrerrtes Scltutz.gebiat w'urtlc 1996 cingericltîet. Naclt
dcrn Erstta.en eine.s Schlepplifts irn Süd--estern des Gebiet tlurch eine Sessellxilrn rnit
vero;tpelter Kapda.iraft (vgl. Abb.2) und dem Btut cirter Bescltteiurtl1sttnlagc v'urde
cirtes der ant regelntti-fiigsîcn genuta.te tt Naltrutrgsgebiare ruu lt Beginrt des Skibctriebes
t,t»t dett Birkhiihtrcnt uuîg,ege ben. Si,qnuturen .siehe Abb. l.
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Chances in winter spacing and population size

In all winters between 1989/90 and 1999/2000, black grouse on Fellhorn
used some locations particularly often and regularly. In the following. such
areas were termed winter core areas. Some of these cores remained stable over
years, others shified, partly with and partly without obvious relation to skiing
activities. The locations of black grouse winter core areas in the Fellhorn skiing
area in 1989/90 are showr.r in Fig.2. Around one of these core areas, a 50 ha
reserve closed for all skiing activities was established in 1996 (Fig. 3). After the
replacement of a ski-litï in the southwestern part of the area with a chair-lift
with doubled capacity (2200 persons/h) (l'ig. 3, compare Fig. 2), one of rhe
core areas most regularly used fbr fèeding and resting was deserted by black
grouse. The observed number of wintering black grouse on Fellhorn decreased
tiom 16 rnales and 13 tèmales in 1990 to I I males and 9 fèmales in 2000. As a
major single cause of this decline an insufficient number of undisturbed lèeding
and resting sites is hypothesised.

Changes in the use of display areas

On Fcllhorn, the skiing season ends variably between late March and late
April. The Ionger the skiing season in spring, the more significant become
distr-rrbances of the display season. Compared to experience fiom other black
grouse areas and with descriptions in the literature, the distribution of
displaying males at Fellhorn appeared to be more variable and related to
disturbances.

In May 1990, l1 black grouse males displayed in the 44Oha the trellhorn
study area. As the ski season ended particularly early that year. the black grouse
display remained largely undisturbed. Three leks already known from previous
years were regularly used by several males, ernd one site by a solitary male. In
addition. two further sites were occasionally r:sed by solitarily displaying males
(Fig. 4). Over the following years, the ski seasons extended into the display
period, disturbances became more frequent, and the use of the traditional leks
decreased continuously. In May 2000, I I displaying males were observed in
the study area (Fig.5). None of the lbrmer lek sites was still used. Only one site
in the undisturbed north of the area was regularly used by l-2 displaying males.
All other males displayed at various temporary sites among which they
switched between and even during mornings.

The impression of a causal relationship between the frequency of
disturbances and the stability of leks was supported by observations in the twcr
other study areas. In the Bolsterlang area, a 600 ha ski-touring area adjacent to
a downhill ski resort, up to l8 males displayed collectively at the largest and 4
males each ilt two smaller leks; in addition, two sites were regularly used by
solitary males. In 1990-1994. after rare disturbances by skiers, males dispersed
over a large number of temporary display sites; however, they returned to their
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traditional leks within hours or days. After the construction of a chair-lift in
close vicinity in 1995, thc frequency of disturbances multiplied. The total
number of displaying males decreased to l2 to 14. The number of males
displaying at the traditional leks varied between 0 and 6; only on exceptional
occasions up to l2 males could still be observed. The remaining 8-10 males
displayed solitarily or in small groups at temporary sites distributed over -560 ha
(see Fig. 6). A causal relation between human distulbances, the population
decline and the instability of display sites appears to be likely.

cable car r litl
plste

olÏ-piste ski run

protected ar.a

lek {n males}

-:-l*

A t.rporu.y rfisplay stre (I mate)

I srable dlsptay §ite (1 mate)

1km

Fig. 4. Dist'ibution of the l7 black gror-rse males displaying in a 440 ha part of thc Fellhorn
skiirrg area in May, 199O. Three locations were regularly used as leks by scvcral rnalcs
(circles). and two sites by solitary males (squares). In addition, two sites were used
temporarily by solitarily malcs (triangles). For funhcr nrap symbols see Fig. l.
Répartition des l7 Tétra.ç lyras niilas paradattt sur l'uirc de 140 lta du,çila dc la
station.le ski de Fellhorrt en nuti 1999. Trois sires éraietü ré,qulièrement.fréqttcnté.s lxtr
plu-sieurs <'ot1.s orgotisés ett arèrte (cercle.s), et deux;tar tles cot1.t ,solitaires (ttrrris). De
plu.r, tleu.t sitc.; trluienl utilisé.s retnpot'uirement par de.s <ttq.s soliktires (triartglc.r). L<,.s

autres st'tttlxtlcs sonl préserttés èt lu.figttre I ).
Verteiluttg vott l7 lrtlz.enden Birkhtinut in dern 110 ha grutf)ctt Utttersuclturtgsgebitt inr
Skigebiet Fellltortt, Mtti 1990. Durclt tlus.frühe Ertdc dtr Skisuisort ttttr du,s
Bal:.geschelrcn 1990 weitestgehentl .stiirungs.frei. Drei traditiortcllc Btrl:,plcit:e t'urdett
v'on meheren Htiltnen (Kreise) und ein Plat: vott eirtern airt:elrtett Haltn (Quudrut)
ragelmàJ3si14 []enut:1. Zuclent bctl:.lett ein:lne Htirte cut Lwei tcrttprtrüren Bal:.pltitz.en
(Dreiet:ke). Weilcre Signtrturen sielrc Abb. l.

Experience from the Oberstaufèn study area confirmed the impressions
from Fellhorn and Bolsterlang. In undisturbed situations during the black
grouse display seasons in May 1990-2000, up to nine males displayed
collectively on a traditional lek of 0.4 ha; in addition, one site was regularly
used by a solitary male. After disturbances, males were distributed over 180 ha
and varying temporary display sites. From 1997 to Mai 2000, no more than 7
males were simultaneously seen at the lek (Fig. 7). In 2000, a hybrid Tetroo
retrix x Tetruo urogallu.s attended the lek and had similar effects on the spatial
distribution of displaying black grouse males as had hurnan disturbances: black
grouse used temporary display sites and returned to the traditional lek within
hours or days.
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cable car / l,R

plste

otï-piste run

prolected area

A
former leks (deserted)

temporâry dasplay slte (t male)

stable di§plây §ite (, male)

1km

Distribution of'thc ll black grouse nrales displaying in a 4210 ha part of the Fellhorn
skiing arca in May, 2000. None ol'thc lirrnrer arena sites (circles: scc Figurc 4) was still
used. Only onc site ir.r the north ol'the arca was re_sularly used by l-2 displaying nralcs
(square). All other rnalcs displaycd at various temporary sitcs (triangles) anong which
they switchccl between and even within mornings. For map symbols see Fig. l.
Répurtitiott des ll Tétras l:'re.s niilc.s ltarudttnt sur l'oire da 140 h« tlu site de lu sttttit)n
de ski tlt Ftlllrrtrtt en ttttti 20O0. Autun des siles dc.s urèna.s.l-récluertttts l'ttnrtIa
1trécétlcnîc (t<,nle.r,.fig- 4) tt't;lait erttore utilisé. Un scul .tite dans la partie uonl dc
I'uirt éltulile éktit encore uîilisé régtrlièremenl pdr utt orr deu.r coqs (curré). Torts l<,.s

aulres tnûle.y pcrmutaienî d'utt.jottr à l'autre ou (n (()ur.\ d'une ntêne tttttlinéa uttre
tlit'ar.t silcs lcntporaires de punulc (lriengle.t). Pour lcs utrtre.s sttttboles, wtir lu lig. l.
Verrcilrtng rr»t I I balz.enden Birkhiihnen in dern 410 lru grof3ett Unrer.sutltungs,qebier
itn Skigcbict Fellltorn, Mui 20OO. Keitter der truditiortcllut Bal;plët:.e (Krei.ra, ,s. Abb.
4) rrurdt noclt getlltt:.t. Nur an ainem stôrungs.fi'eicn llul:.1tlat: int Norde'n dcs Gebiets
wurdert re,qelntti/3ig l-2 Hiilur beobuchtet (Qucttlrat). Alle ancleren Hiihrta bul:.tert nrcitt
eitt:.ltt urt lctnporairen Bul:ltliit:.crt (Dreier:ke), ?.\'i,xh?n welt:hen sie t,on 7'ug :.u Tag utttl
uuclt u.'iihren eines Bul:rttrtrgcrts trecltseltert. Wtitcre Signattrren ,siehc Abb. l.

FI:,-
*

T

F'ig. 5.
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,€l {n mal?§}

temporàry display slte (1 màla)

§t.blc dlsplây §irê ( t malr)

Ikm

Distribution ol'black grouse males displaying within 560 ha adjacent to skiing resort
Bolster-lang in the Allgâu Alps, Germany. From 1990 and 1994. up to l8 nrales
displayed collcctively on the largcst traditional lek ( I ha). two other leks were each
uscd by 4 malcs (circles), and two sites were regularly used by solitary ntales (squares).
After the construction ol a chair-lift in 1995 in close vicinity, the frequency of
disturbances by skicrs nrultiplicd. On undisturbetl days in 1997-2000. thc largest lek
was used by up to z1-6, and in rare cases up to l2 males, and 8-10 males displayed
solilalily or in pairs at teinporary sites (triangles). Alter disturbances, lhe traditional
leks wcre deserted. and up to 14 dis-playing nrales were dispersed over a large nuntbcr
of tcnrporary display sites within a 560 ha area; how-ever. they returned to thc
traditional display sites within hours ol days.
Réytrtition tles'l'étras ltres mîtles purudt:utt dorts une dire adju(ante de 560 ha de la
statiort de.ski de llol.çterlurtg clcuts lc secteur ulpestre de l'Allgiiu en Allentagne. I)c
199O ù l991..jrrst1u'it ltl coqs puntdttiettt <'ollectivctrterlï .\ur une lurge ctrètrt
trudili()ntlelle ( I ltu), tleu,t uutre.\ arèttes accueilluietû I ntâles (ccrcles), cl l(u-\ .titas
éraient régulièrement utili.té.s ltur de.t cotls solilaire.s- Aprà.s la conslruclion à proximité
d'un tllé.siàge ett 199-5, les ltertL.trbaliott.ç induite.ç par lc.;.ykieur.r st sont ntultipliées.
Perulattt lcs jour.s dc trttncluillité de 1997 it 2O00, lu 1tlus gnurcle aràrrc éraiî utilisée par
1it 6 cot1.s, et ett dc rare.t rtL'ttt.;iott.\ lrdr un rrut.r.itnuttt de l2 coq.s, ttuuli.s que 8-l0
autres ptnukrienl ut solitairc ou en duo sL.tr cles .sile.s tetttl)()roires (triangle.s). Lors de.s

p(rturbuti()ns, les uràttes îrudilionnellc.s élaietù abandottrtée-s et jusqu'it l0 rnûles -se

li.tpersuiertt.sur urt grand rttsntbre de sife,s tettll)oraires duns le.s litnite.s dc l'oire
tort.sidéréc de 560 ltu; toute.fois, ils ragagtttticrtt Ie.s sites habituel.t uprès quelques
lu'ttres oLt.jours.
Vcrteilrutg dcr bal:.etulert Birkliilurc in tlctn 560 ha gn{3en, un ein Pi.stertskigebict
uttgren1erult Skilourcrtgebiet Bolslerlang, AllgdLrer Alpen, Deut.sclilatul. Von l99O bis
I991 bal:tartbisz,u I8Htihneaul tlemgriifitattraditiortellenRul--.plat:.(Iltu), jeI
Hiilme balztur uuf :.t'ci weiterert Rul:.pltit:.c (Kreisc), uuf3erdem gab es:.wei
regalrntif3igc Eirt-el-Bul:1;ltû:t (Quodruî). Nuch detn IJuu eitter Sesselbulut 1995 itr
urrrrtittelbarar Nachbarx'ltaft t,ervielfachtc .vich die Frcquen.. dcr S|ôrurtgett- Att
sti)ruttg.sfreictt Tagen in 1997-2000 u'urcle dcr grcil3te Bul:.plat:. r'on 4-6, rrt'tt:l in sellenot
Ftillctt yon bis :tt l2 Hiihnen genri:l: 8-lO Hiilme bal:.ten einz.eln oder zu iteit cut

vvetlr.selrrderr î(ntl)ortiretl Pliit:,en (Dreiecke). Nach Stiirungen tvurden die lrudilir»rcllert
Bal:.1tliit:en lerlussen urut bis z.u ll Htihne bulzren eitt:.eln oder irt kleinert Gruyl;ten <tn

v'ecltsclnden l(tnporAren Pltitzen. t'(rstreuî iibcr eine Flaiclle lon 560 ha.

^
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lek (n males)

temporary display slte (n males)

temporary dlsplay stte (I mate)

stable dlsplay slte (1 mate)

lkm

Distribution of black grouse males displaying within a 180 ha part ol'ski touring area
Obcr-stautên in the Allgàu Alps. Gern.rany, 1990-2000. Between 1990 and 1996. on
days without disturbances. nine and three males, respectively, displayed ()n two
tritditional lcks (0.4 ha an<i 0.2 hai circles). Afier disturbances, malcs lefi the leks and
displayed distributed over varying temporary display sites (triangles)l thcy retr,rrned to
thc traditional leks within hours or days. From lc)97 through 2000. the tradi-tional leks
remained deserted. Only onc site was regularly r"rsed by a solitary male (square). Males
dis-played at varying temporary sites and mostly solitarily (triangles). Only one site
was ternporarily uscd by three males (hatched circle).
Répartition ert 1990-20O0 tles Tétrcn lyres mâlcs Jtarudattt tlons une aire de l8O lta du
site de.tki de l'Olrrstturfen dans le s?(Ieur ulpestre de I'Allgïu en Alletnustte. Etûrc
1990 et 1996, et pendattt les.jour.s de tranqLtillité,9 eî -) coqs purudaient
respe(tir'?tnent.yur deu-x urène.ç tmdiîionnelle.s (0,4 et 0,2 ltu : cercles). Lors tles
dérurtg<'ntent.s, le.ç rnâles quittaient Ic.r arènes ct se répurtissaient sur unc wrriété tl<'
sites tentporaira.s tle purude (trian,qle.ç) : il.r rejoignuienl leurs .tites.fàwtris dtms les
heure.s otr.jourr'suivants. De 1997 à 2000, les orènes truditionnelles restèrcnl déserte,s.
Un .saul .\ite Jùl cn(ore.fréquenté régulièrement par Ltn «)q soliktire (carré) : les autrt.s
ntâles puradaient sur une vuriété de site,y tempordires, le plus souvetrt t:rt solituire
(triuttgle-s) ; Lut seul .siî<' (cercle huchuré) Jùt cncore utilisé , ottosionnellement, par -l
mûlc.s.
Verteiluttg von balz.enden Birkhtihncn in eincm 180 hu grrlfienTeil des Skikturengebiets
ObersîauJett irt den ull,qtiuer Alpen. Deut.schlantl, 1990-2OO0. Von l99O bis 1996
bal:.tcrt an Ru,qen ohrte Stôreinllii.sse neutt bzw,drci Htihne uuf zwei traditionellen
Bul:plàtzen und verteilten sich iiber wethsclnde tetnlrortire Pltit:e (Dreieck). Von 1997
bi,s 2000 bliclrcn die bciden traditionellen BalT.plàt:.e verlas.sen. Ansonsten balz.ten die
Hiiltrte ttn »'cchselndert Pltit:en und ntei.çtens ein:eln, lediglich eitt Plat: wurde
galcgentli<:h von drei lliihnen genul:t (stltruffierter Kreis).
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Discussion

Response to disturbances

The observed responses in this study illustratcd the breadth and the limi-
tations of the adaptation of black grouse to «disturbance stimuli» typical fbr
skiing areas. The characteristics of the area. such as its orography and vegeta-
tion structure (4. Zelrlan unpubl. data), and the spatial and temporal fiequency
and regularity of the stimuli appear to be the determinants of the birds'beha-
viour. In safe cover, black grouse tolerate disturbances that occur within the
normal spatial and temporal patterns. Black grouse roosting on spruce trees
next to a ski run may tolerate uphill heading touring skiers among hundreds of
downhill skiers; a single touring skier, however, climbing uphill the same run
afterthe closing of the ski-lifts in the evening. i.e., outside the normal temporal
pattern, will most likely cause ern escape.

The relatively short response- and escape distances of black grouse
towards passing skiers or snow-groomers were observed only as long as

disturbances remained restricted to one side of the birds. Stimuli from two or
more directions, e.g. from the front and the back, inevitably led to long (>200
m) escape flights. For the interpretation of the behavioural responses reported
here, one should also keep in mind that the hunting of grouse has been banned
in Germany, and thr-rs also in the study areas, since the early 1970s; in hunted
populations, longer escape distances towards humans should be expected.

The response- and escape distances observed in this study should not be
regarded as generally suitable guidelines for the establishment of black grouse
protection areas within ski resorts. However, they point to possibilities to
develop regulations that allow to maintain black grouse populations and tcr

minimize further habitat losses cven in intensively used skiing areas. The most
important approach is a strict spatial and temporal separation of skiing activities
and the feeding and resting sites of black grouse. This is of particular
significance in the Bavarian Alps: at a regional scale, there is not a single
mountain range or black grouse area without downhill ski resorts or popular ski
touring route nctworks (Zetrlen and GI-ÀNzen 1997), Success of regulations
implenrented to reduce disturbances of black grouse can only be evaluated in
the course of the skiing season. Factors influencing black grouse during
display, incubation, or chick rearing will affect the population in addition to
disturbances in winter; also. larger-scale factors operating at the
metapopulation level may significantly al'lect local population dynamics.

Chances in winter spacing and population size

As elsewhere, black grouse populations in the Alps may show
pronounced fluctuations between years (e.g. BossEnr 1996, Bossetr er al.
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1999, Htss 2000). The str-rdy areâs at the northern slope of the Alps are rich in
precipitation, and chick survival may strongly depend on the weather during the
I'irst 2-3 weeks after hatching. Also, a late snow-melt may cause poor physical
condition in fernales during the pre-breeding period, and rray thus contribute to
poor reproductive success (e.g. Bosse*r et al. 1999). ln downhill skiing areas,
cleaning-up activities related to the resort's closing fbr the summer, as well :rs

an early start ol the summer hiking season may cause disturbances t:lf black
grouse during incubation and brood rearing. Also, livestock, herdsrren and their
activities may threaten clutches and broods.

There is the risk that skiing areas that of'fer habitat stnrctures attractive
for incubation and brood rearing such as Fellhorn develop into "ecological
traps" (G.t't'us and Cysel 1978, s. ar"rch Br.Rcrr,rANN ?r ul. lL)96): Thc periocl
between the closing of the ski runs in late spring and the onset of livestock
pasturing and mass hiking (FelluonN: some hiking routes continuously used by
up to 700 persons per km) in early summer are relatively quiet, ancl coincide
with the periods o1' mating, egg laying, and early incubation of black grousc.
Thus, conditions that seem firvourable for breeding, good habitat structure and
few disturbilnces, may attract females t() invest in clutches, ol'which the
majority will get lost later. Disturbances may also cause losses among chicks:
the time available lbr fèeding and fbr brooding ol'the chicks by the fèmale is
reduced; in cold and wet weather this may lead to the death ol'chicks.

In this context, Fellhorn rnight have developed l'rom a fbrn.rer sollrce
population into a sink area; as no juveniles have been observed in summer or
autumn for years (4. Zurrlnn, r"rnpubl. data), rr.rortality is likely to exceed
reproduction. The f'luctuations in the nur.nbers ol'birds observed over the eleven
years of study indicate an overall negative population trend. Perhaps the decline
of the Fellhorn populati«rn is to some degree bul'fèred by immigration ol'birds
from neighbouring areas, which, compared to Fellhorn, are all structurally
suboptimal habitats.

Changes in the use of display areas

The interpretation of the observations during the display season is based
on the following assumptions: in general, many males at large leks and fèw
solitarily displaying males indicate good populations (Bosscnr 1996). and
accordingly, an increase in the proportion of solitary trales and small leks is a
symptom of declining or low-density populations. The results of this str"rcly
supporl this hypothcsis.

Within the I l-year study period, the observecl changes in the r,rse ot'leks
versus temporary display sites appeared to be reversible. Longer undisturbed
periods in the course of the lekking season were associated with â temporary
increase in the number of males at the traditional leks ir.r the Bolsterlang and
Oberstaufên study areas, whereas distr-rrbances were followed by consiclerable
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shifts in the spatial distribution of nrales. Of anecdotic natlrre, but nevertheless
worth rrentioning, is the observation that a male black grouse x capercaillie
hybrid at a black grouse lek caused changes in the spatial distribution of
displaying black grouse males similiu' to those caused by human disturbar.rces.
Three of seven black grouse males retreated opportunistically to a dense patcl.r

of alder in 400 m distance, where the aggressive attacks of the hybrid male
were less effèctive than on the open lek. The remaining fcrur cocks of the lek
displayed solitarily on hill tops in up to I km distance (three observation days
in May 2000).

Hôc;luN» and SlouR (1997) discuss the hypothesis of genetic
diff'erences between solitarily and collectively (i.e. lekking) displaying black
grouse marles. Although these authors favour other factors (age structure,
habitat, low population density.l as the most likely explanatiorts of a population
of non-lekking black grouse observed in Sweden, the genetic hypothesis is
interesting with regard to developments in frequently disturbed black grouse
habitats. Although during the eleven years of observatit>n at Fellhorn,
Bolsterlang. and Oberstauf'en, shifts between lekking and solitary display
appeared to be reversible, there was an overall tendency towards an increasing
proportion of solitarily displaying males. Apparently, the mating system shified
liom hens visiting males at leks towards males individually searching fbr and
displaying in habitats r-rsed by females. If fèn-rales avoid open leks in areas with
frequent disturbances, and as a consequence, solitary males achieve greater
reproductive success than do lekking males, a genetic disposition tbr solitary
display would lead to a decline in the proportion of traditionalistic lekking
males and an increase in the numbers of opportunistic solitary rnales within
populations in clisturbed areas. It should be stressed, however, that these
considerations are speculative and could not be tested within the fiamework of
the present study.

Conclusions for conservation concepts and
criteria of success

In an applied conservation context, this study indicates that even
intensive use of skiing areas can be compatible with black grouse conservation
as long as sufficient undisturbed time and space is secured, and if skiing
activities can be strictly and reliably excluded tiom a sufficient number of
feeding and resting areas.

On Fellhorn, black grouse appzrrently shifted between a valiety of
preferred winter feeding and resting places also ir.rdependently of disturbances.
This «rotation>, of winter groups took place within a -500 ha area; exchangc
with bircls from neighbouring areas can be anticipated within much larger areas

of c. 3,000 to 20,000 ha. Thr-rs, to el'fèctively provide tbr the recluirements of ;r

krcal black grouse population, more than just a few reliably undisturbed habitat
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patches must be secured within the surroundings of at last a few thousancl
hectares. The only presently existing protected area on Fellhorn, which was
establisl'red as a result of this study in 1996, measured 50 ha. At least l0 further
areas within the Fellhorn study area urgently require the exclusion of all skiing
activities in order to allow the black grouse to maintain their movements
between ditferent lêeding and resting locations.

Recent trends in winter sports indicate, however, that equipment will be
developed and prornoted fbr all terrains and all interest groups. As a result, the
physical lirnitations to human accessibility of black grouse winter habitats
decline rapidly. Snowboards as ,,lun eqr-ripment" can be used in even the most
difficult terrain inaccessible on conventional skis, and with almost all kinds of
snow conditions; on the other hand, snowshoes are presently becoming popular
in the Alps and lead to a pronounced increase of winter hiking in the quietest
and least disturbecl areas (see MÉNoNr and MncNeNt 1997).

In an applied conservation context, the fbllowing criteria of success are
suggested:

A sufticient number and size of undisturbed patches to allow for local-
scale movements of black grouse between difïerent feeding and resting habitats
of high quality,

The reliable closing of these patches for humans and a general
acceptance of protected areas by skiers, and, as a longer-term effect, an
increasing proportion of lekking males and the stabilisation of lek traditions.
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ZUSAMENFASSUNG : Menschliche Stôrungen, Verhalten und Raum-
nutzung von Birkhühnern in Skigebieten der
Allgâuer Alpen*

Birkhühner (Tetrao tetrix L.) gelten als «stôrungsempfindlich", andererscits kôn-
nen sie gelegentlich unmittelbar am Rand stark befàhrencr Skipisten ber>bachtet werden.
Um aufzuzeigen, dass dies kein Widerspruch ist, sondern in der ôkologischen und etholo-
gischen Plastizitàt der Art begründet ist. werden in diesem Artikel Beobachtungen in
Skigebieten der Allgâuer Alpen, Deutschland, dargestellt und diskutiert. Das Verhalten
uncl die Raumnutzung von Birkhühnern im Wintel und wâhrend der Balz in Abhângigkeit
des Auftretens von Stôrungen wurden in einem intensiv genutzten Pisten-Skigebiet Liber

einen Zeitraum von elf Jahren untersucht. Zum Vergleich werden Balzzeit-Beobachtungen
aus einem Skitourengebiet am Rand eines Pislen-Skigebiets und aus einem unerschlosse-
nen Skitouren-Gebiet der Allgâuer Alpen berichtet. Abhângige Variable war das Raum-
Zeit-Muster der Tiere^ unabhângige Variablen waren die konkurrierenden Raum-Zeit
Muster des Skibetriebs auf und abseits der prilparierten Pisten, Pistenpflege und Skif'ahren
sowie Schneeverhâltnisse und Wetter. Beim Kontakt mit Menschen und Maschinen wurde
eine Verhaltenspannc beobachtet, die von lJnterbrechungen des aktuellen Verhziltens und
Fluchtflügen bis zu einem Beibehalten des aktuellen Verhaltens bei einer Entf'ernung der
Tiere von >10 m von Menschen oder Maschinen reichte. Lângerfiistig zeigte sich eine
Verschicbung der winterlichen Raumwahl in Abhângigkeit vom Skibetrieb bei gleichzeitig
abnehmender PopulationsgrôBe. Zt Zeiten und in Gebieten mit starker Belastung durch
Stôrungen wurden traditionelle Balzplàtze aufgegeben, die Hâhne balzten einzeln und über
groBe Flâchen verstreut an wechselnden Orten. Nach den Beobachtungen sind
Stôrereignisse um so kritischer zu bewerten, je weniger Ausweichriiume rnit guten
Habitateigenschaften vorhanden bleiben. Die Ergebnisse führten zu Emptèhlungen an die
relevanten Behôrden. privaten Organisationen und Betreiber. in Skigebieten Ruhezonen ftir
Birkhühner einzurichten.

* Bine vollstàndige deutsche Fassung des Artikels kann vom Autor bezogen wer-
den (albinzeitlerwi ldbiologie @hotmail.com ).

Schlüsselwôrter: Alpen, Balzplatz, Birkhuhn, menschliche Stiirung, SchutzmaBnahmen
Ski, Tetrao lelrlr. Winter.
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RESUME ; Dérangements d'origine humaine, comportement et
répartition spatiale des tétras lyres (Tetrao tetrix) dans les
zones skiables des Alpes bavaroises.

Bien clue les tétras lyres soient considérés comme très susceptibles aux
dérangements d'origine humaine. ils sont occasionneller-nent observés près de pistes de ski
parrni les plus fréqr.rentées. Pour m()ntrer quc ceci n'cst pas une contradiction, mais le

résullat de la plasticité comportementale et écologique de l'espèce. nous présent()ns et

discr.rtons les résultats d'observations clc ces oiseaux dans des sites poprllaires clcs sports de

glissc dans les Alpes bavaroises, en Allemagne. Lc comportement t:t la répartition des

tétras lyres y ont été étudiés pendant I I ans, durant la saison hivernale et la période des

parades, en relation avec les dérangcrnents liés à l'activité d'une piste de descer.rte ir skis

intensivement fréquentée. Ces données sont comparées aux ()bservations fàites sur des sites

de parade dans une autre station touristiqLlc proche d'une autre piste de clcscente à skis

d'une part, et dans une zone oti les sports de neige sont peu développés d'autt'e part.

La variable dépendante était le patron temporel et spatial de l'utilisation de

l'habitat, tandis que les variables explicatives comprenaient la répartition temporelle et

spatiale des skieurs et autres utilisateurs de neige, sur les pistes préparées ou hors-piste, les

activités d'entretien des pistes. les conditions climatiques et l'abondance de neige. Les

réactions des tétras à des rencontres avec des gens ou des nrachines à des distances

supérieures ou égales à l0 m allaient de la continuation de I'activité en cours repos.

alimentation, parade 
- 

à l'interruption de celle-ci et ce pour une durée de maxiruum une

heure, et à des f uites en vol vers un point situé à des distances variirnt de -50 m à 3 km.

Au fil des années, des changements devinrent perceptibles quant à l'utilisation des

zones hivernales d'alimentation, et les sites de repos et les eflèctifs des oiseaux hivernarrt

cléclinèrent. À des moments et en des lieux de fortes perturbations, les arènes
traditionnelles furent abandonnées, et les coqs paradèrent en solitaire sur des sites

tempt>raires. Il se dégage de l'étude que moins il subsiste dans une zone donnée de petits

espaces d'habitats convenables et non perturbés, plus critiques et dommageables pour les

coqs sont les perturbations occasionnées par les dérangements d'origine humaine. L'étude
a abouti à la formulation de recommandations aux agences, administrations, organisations
privées et opérateurs touristiques concemés, en vue de la préservation et de I'aménagcrnent

de zones de protection non perturbées en fàveur des tétras lyres dans les zones skiécs des

stations de sports d'hiver.

Mots-clés : Alpes, Tétraonidés, Tetroo tetrix, Conservation, Dérangements anthropiqr-res,

Hiver. Parades. Sporrs de neige.
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