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ABSTRACT.-We examined seasonal movements of radio-marked Black Grouse (Tetrao tetrix) in the
southern French Alps during 1990-1996. Many hens migrated between summer and winter ranges,
whereas males exhibited strong attachment to a single area. Average distance traveled from the winter
range to the summer range differed significantly according to sex (males: 1.5 km, females: 2.95 km), and
age (yearlings: 4 km, adults: 1.36 km). Birds of all ages displayed strong site fidelity to winter and
summer areas. We found no statistical difference between median date of fall dispersal of juveniles (26
October) and median date of migration of birds older than 12 months from summer to winter areas (19
October). Similarly, spring dispersal of yearlings and spring migration of adults from their winter area
occurred at the same time (14 April vs. 18 April). Furthermore, dates of movements, including dispersal,
were highly repeatable for a given individual. Thus, timing of movements along with data on site fidelity
support the view that dispersal and migration are tightly linked in Black Grouse. This is the first study in
any Eurasian grouse species demonstrating that migratory movements of adults retrace the spring dispersal

route taken when they were 9-11 months old.



Many bird species exhibit both partial and differential migration. Partial migration refers to
populations or races in which some individuals migrate and others do not, whereas differential migration
concerns differences between sexes, age classes or populations in the timing and/or distance of migration
(Lack 1944, Ketterson and Nolan 1983, Terril and Abble 1988). In facultative partial migration,
movements may be triggered by changes in carrying capacity of the habitat (e.g. in the Blue Tit Parus
caeruleus, Smith and Nilsson 1987). In obligate partial migration, movements are under endogenous
control (e.g. in the Blackcap, Sylvia attricapila, Berthold 1991, 1993).

Several hypotheses have been formulated to explain the evolution of partial migration in birds
(Lack 1968, Gauthreaux 1982, Lundberg 1988). Attempts to test them have been performed on long-
distance migrants, especially small passerines. Many studies have shown that the migratory behavior has a
strong genetic basis (Berthold and Querner 1981, Biebach 1983, Berthold 1984, 1991, see also Berthold
and Pulido 1994). But this does not exclude the possibility that non-genetic (environmental) factors
influence the decision to migrate or not (e.g. Hildén 1982, Adriaensen and Dhondt 1990).

Formerly, partial migration was considered to be an "evolutionary stable state" only if lifetime
reproductive success (LRS) of migrants and non-migrants was equal (Lack 1954, 1968, von Haartman
1968; Berthold 1984, Gauthreaux 1982, Newton 1989). Only recently did Lundberg (1988) suggest that
partial migration can evolve even though payoffs of the two strategies may be unequal. Indeed, some field
studies have shown that LRS is higher in residents than in migrants (e.g. Adriaensen and Dhondt 1990).

Although there are few studies on seasonal movements in grouse (7etraonidae), several North
American species exhibit either partial migration (Zwickel et al. 1968, Hoffman and Braun 1975, Herzog
and Keppie 1980, Schroeder 1985, Schroeder and Braun 1993) or differential migration of the sexes
(Weeden 1964, Bendell and Elliott 1967, Irving et al. 1967, Cade and Hoffman 1993). Seasonal
movements of Eurasian tetraonids have been less thoroughly studied, but partial migration has been
documented in the Capercaillie Tetrao urogallus (Rolstad 1989, Storch 1993), and in two populations of
Black Grouse Tetrao tetrix (Willebrand 1988, Ellison et al. 1989). Migration in grouse differs from long
distance partial migration of passerines by shorter distances, greater variation in individual distances,
direction and timing of movements. However, like in long-distance partial migrants, more female grouse

than males migrate, and hens travel longer distances (but see Cade and Hoffman 1993). Although partial



migration may be the rule rather than the exception in tetraonids (Schroeder and Braun 1993), in some
populations all individuals migrate (Bendell and Elliott 1967), and in others none migrate (Eng and
Schladweiler 1972).

Two hypotheses, not mutually exclusive, have been advanced to explain partial migration in
grouse. First, where habitats preferred for breeding and wintering are separated, the tendency for some
individuals to migrate might reflect differences in habitat selection (Zwickel et al. 1968, Herzog and
Keppie 1978, Cade and Hoffman 1993). Second, migratory movements might be related to differences in
the tendency of individuals to disperse in spring from the first winter range to the first breeding range,
followed by fidelity to the two ranges (Herzog and Keppie 1980, Schroeder 1985, Schroeder and Braun
1993). However, because of the difficulty in marking large numbers of birds, few studies provide evidence
supporting either of these hypotheses (but see Herzog and Keppie 1980, and Schroeder 1985).

None of the two studies on seasonal movements of Black Grouse (Willebrand 1988, Ellison et al.
1989) explained why some individuals migrated and others did not. Furthermore, Marjakangas et al.
(1991) did not find any fidelity of yearling Black Grouse hens to their first winter range, but he did not
exclude the possibility that some birds were migratory.

Earlier studies of black grouse movements in the French Alps concerned only marked adults
(Ellison et al. 1989). Here, we examine seasonal movements of radio marked adults and juveniles. The

aim of our study was to determine if migratory movements retrace natal spring dispersal routes.

STUDY AREA AND METHODS

The study was conducted from 1991 to 1996 in the southern French Alps at Ristolas (44°47' N,
6°57" E). There, black grouse occur in discontinuous subalpine forest (1700-2400m) dominated by larch
(Larix decidua), arolla pine (Pinus cembra) and a few mountain pines (Pinus uncinata). Ground
vegetation consists mainly of bilberries (Vaccinum myrtillus), rhododendron (Rhododendron
ferrugineum) and grasses (Calamagrostis sp, Festuca sp).

Birds were captured on a 500-ha area in spring, summer, and autumn using three methods. First,
drop-nets were used on leks during spring display. Second, grouse were caught in lily-pad traps (Liscinsky

and Bailey 1955) spaced over feeding grounds (20 trappings sites over an area of 250 ha). Third, pointing



dogs were used to locate broods, and young were then flushed into nets. Age of birds captured was
determined by the method of Helminen (1963). Following Herzog and Keppie (1980), we recognized
three age classes: juveniles (0 to 9 months), yearlings (9 to 21 months) and adults (> 21 months).
Juveniles become yearlings on 1 April.

Twenty-five males (11 adults, 3 yearlings, 11 juveniles) and thirty females (16 adults, 2 yearlings,
12 juveniles) were equipped with necklace tags with an expected lifespan of 1 to 2 years. Grouse were
located from the ground at least once a week, using a portable receiver and a hand-held Yagi antenna.
Radio-determined locations were plotted on a 1:25,000 map to the nearest 50 meters. For some birds
wintering in inaccessible areas, birds were located from distances of 500 to 1,500 meters, and map
locations were therefore approximated. When signals were lost, emigration outside the study area was
controlled for by aerial searches.

Seasons were defined a priori as winter (1 December to 31 March), summer (1 June to 31 August),
with spring and autumn in between. Summer includes the laying, incubating and brood period.

We defined spring dispersal as movement of yearlings from their first winter range to first summer
range (breeding range). In our terminology, spring dispersers are therefore yearlings. We defined
migration as subsequent movements of yearlings and adults between a summer and a wintering range (the
birds are termed migrants). Autumn dispersal was movement of juveniles from brood range, or summer
range, to winter range. We do not treat the details of autumn dispersal in this paper.

The straight-line distance between winter and summer ranges (migration and spring dispersal) was
measured by plotting the bivariate median values of all locations in winter and all locations in summer (X
and Y UTM coordinates, zone 32). Summer and winter home ranges were plotted by the convex polygon
method (Mohr 1947). The minimum number of locations used to define these ranges was ten. We included
in the analyses data from two adult females with incomplete records, but of known winter range and nest
site (both migrated respectively 8.5 and 4 km).

Movements between winter and summer areas were classified as follows (Fig. 1):

(1) Long distance movements: the distance between the summer and the winter range (a) exceeded

the average distance between the most widely separated points within the winter and the summer ranges

((b+0)/2).



(2) Short distance movements: ((b+c)/2)>a, with no overlap between winter and summer ranges, or

((b+c)/2)<a, with a slight overlap between the winter and the summer ranges.

(3) No movements (sedentary birds): when both winter and summer ranges overlapped and

((b+c)/2)>a.

This method avoids an arbitrary distinction of migrants or dispersers vs. sedentary birds, which
may occur if one tries to distinguish the two classes by the distribution of distances moved between winter
and summer ranges. This latter method would lead to classifying some short-distance migrants or
dispersers as sedentary birds. But, a limitation of our method is that some birds with partially overlapping
winter and summer ranges may have erroneously been considered to be migrants, and migration is
assumed to occur only if ranges do not overlap (Baker 1978). Therefore, we performed the same analysis
using the proportion of birds with non-overlapping and overlapping winter and summer ranges.

Site fidelity was assessed using the distance between the bivariate medians of locations of
successive winter or summer ranges. We tested for possible differences in site fidelity according to
season, sex, age and status (migrants or dispersers vs. sedentary or residents). Additionally, we examined
whether or not home ranges in winter and summer overlapped in different years.

Dates of dispersal of juveniles in autumn, of yearlings in spring and dates of migration were taken
as the mid-point of the dates between the last successful search on a given range and the next unsuccessful
search on that same range. Date of movement of two adults hens were added to the analyses as if they
were migrants, even though they occasionally visited their breeding area during winter.

We used a General Linear Model (GLIM package, NAG 1986) with a:

1) Poisson Error distribution (multinomial analyses) to compare proportions of birds belonging to
the following classes: long-distance or short-distance migrants or spring dispersers, non-migrants, and
non-dispersers.

2) Binomial Error distribution (logit link) to compare proportions of birds with overlapping and
non-overlapping winter and summer ranges, and to compare proportion of migrants among adults to
proportion of dispersers among yearlings.

3) Normal Distribution to compare distances (distance of migration or spring natal dispersal, and

distance between consecutive winter or summer ranges) (In+1 transformed distances).



All tests were performed with stepwise backward deletions of variables with non significant effects.

RESULTS
Thirteen birds (6 males, 7 females) were tracked from their winter range to their summer range, 11
(5 males, 6 females) from their summer range to their winter range, and 13 (4 males, 9 females) were
followed in both directions.
Site fidelity.-Fidelity to winter and summer areas varied independently of age, sex, and status of movement
(migratory or spring dispersers vs. sedentary). However, there was a trend toward higher fidelity for the

summer than for the winter range (/" 7 23 = 4.19, P = 0.05).

Distances between successive summer ranges of yearling and adults were small ( X =368 +96 m,
range 50-965 m, n = 4 males and 6 females). In fact, the summer ranges of all of these birds overlapped in
consecutive years.

Inter-nest distance of hens monitored in consecutive years averaged 240 m + SE of 45 m (n = 10).
These distances varied independently of age (yearlings = 246 m, range 71 - 428 m, n = 4) vs. adults = 234
m, range 10 - 405 m, n = 6), and status (migrants or spring dispersers = 199 m, range 71-327 m, n =4 vs.
sedentary = 265 m, range 10 - 428 m, n = 6) (ANOVA with In+1 transformed distances, P > 0.05).
Distance between nests in consecutive years did not differ from distance between first nest and second
nests (replacement clutches) within the same year (mean =200 m + 60 m, #» = 4)(Mann Whitney U-test, U
=15, P=0.48).

The average distance between successive winter ranges was 1.3 + 0.4 km (range 0.035-2.855, n =7
males and 7 females). The consecutive winter areas of all of these birds overlapped. In addition, two hens
(one adult, one yearling) returned to their previously occupied winter area in autumn but were lost or died
before winter. Therefore, three yearling females that dispersed in spring (respectively ca. 4, 10 and 14 km)
returned to their original wintering site occupied as juveniles. One additional juvenile female that
dispersed in autumn but not in spring, spent two consecutive winters (and summers) in the same area.

To sum up, all age classes exhibited a strong fidelity to both their winter and summer range.
Proportions of migrants.-More females than males exhibited both long distance (7/22 females vs. 1/15

males) and short distance (7/22 females vs. 2/15 males) movements between winter and summer areas



2
(X2 = 5.85, P =0.053) (Table 1). Long and short distance spring dispersal of yearlings occurred at the

2
same rate as long and short distance migration of adults (X2: 4.261, P > 0.10). In other words, the

proportions of yearlings that were sedentary, dispersed a short distance or dispersed a long distance did
not differ from the proportions of older birds that were sedentary, migrated a short distance or migrated a

long distance. The results remained unchanged either by pooling long and short distance movements (age

2
X SeX, ns; age, ns; sex le =5.03, P=10.025), or by comparing proportions of birds with overlapping and

2
non-overlapping winter and breeding ranges (age x sex ns, age ns, sex Xl =4.53, P=0.03) (Table 2).

Distance of movements.-Distance between winter and summer ranges ranged from 0.09 to 13.7 km (mean
=2.95+£0.76 km, n = 22) for females and from 0.18 to 3.6 km (mean = 1.5 £+ 0.34 km, n = 14) for males

(F1,34 =549, P=0.027) (Fig. 2). Spring dispersal distance of yearlings exceeded distance of migration

(spring natal dispersal: X =4.0+ 0.98 km, range 0.49-13.7 km, n = 7 females and 7 males vs. migration:

X =1.36,+ 0.38 km, range 0.09-8.165 km, n = 15 females and 7 males, F; 33 =18.5, P <0.001).
Timing of movements.-Birds left their winter ranges between 2 April and 6 May (median = 18 April)(Fig.
3). Departure date from the winter area was independent of age (yearlings vs. adults)(Mann Whitney U-
test, U = 24.5, P = 0.46) and status (short vs. long distance movements)(Mann-Whitney U-test, U = 23.5,
P =0.39). There was no difference in the variance of departure dates from the winter range for yearlings
vs. adults (Test for Equality of Variances Fg ¢ = 1.4, P = 0.32) or for birds moving short vs. long distance
between winter and summer ranges (£g 6 = 1.64, P = 0.28).

If we exclude two females that left their breeding range prematurely, that is just or soon after predation of
their clutch on 19 June or 6 July, all birds (n = 18) undertook the migration to winter range (adults) or
autumn dispersal (juveniles) between 4 October and 24 December (Fig. 3). Departure dates did not differ
between dispersing juveniles and migrating adults (Mann-Whitney U-test, U = 24, P = 0.67). Neither did
departure dates differ for birds moving short vs. long distances (Mann-Whitney U-test, U = 46, P = 0.76).

There was no significant effect of age or status of movement on the variances of departure dates from



birth area for juveniles, or departure from summer range for adults (¥ ;3 3=2.359, P> 0.1 and F 9 9 =
1.109, P > 0.1) respectively.

Birds apparently completed dispersal and migration rapidly: eight movements between winter and
summer ranges or the opposite, were completed within a maximum of 72 h, even though some individuals
migrated or dispersed more up to 14 km. One female completed a 9-km migration between her destroyed

nest and her winter range within a maximum of 24 h.

DISCUSSION

Like Ellison et al. (1989), we found that the black grouse in the southern French Alps is a partial
migrant according to the terminology of Terril and Abble (1988). Some individuals migrated or dispersed
up to about 14 km between winter and summer (breeding) ranges, while others remained in more or less
the same area all year round.

Willebrand (1988) reported partial migration in a Swedish population of black grouse. In his study,
migration was frequent in females, whereas males tended to stay in the vicinity of their lek all year round.
We also found that more females than males migrated or dispersed between winter and summer ranges,
and that females moved farther. Other studies have reported migration biased toward females in grouse
(Bendell 1955, Kobriger 1965, Hoffman and Braun 1975, Herzog and Keppie 1980, Schroeder 1985,
Hines 1986, Rolstad 1989, Schroeder and Braun 1993). Migration favoring females is consistent with the
pattern of segregation of sexes observed in winter in several grouse species (Weeden 1964, Irving et al.
1967, Beck 1977, Ellison et al. 1981). Moreover, female grouse move farther than males during natal
dispersal (Bowman and Robel 1977, Keppie 1979, Jamieson and Zwickel 1983, Dunn and Braun 1985,
Schroeder 1986, Martin and Hannon 1987, Small and Rusch 1989, Keppie and Towers 1992, Beaudette
and Keppie, 1992, Giesen and Braun 1993). These movements biased toward females correspond to the
general pattern found in birds, whereas in mammals males are more likely to disperse (Greenwood 1980,
Greenwood and Harvey 1982).

Our results suggest that the higher frequency of migration in hens vs. cocks, and the longer
distances migrated by hens, are a consequence of higher spring dispersal rates and longer dispersal

distances of yearling hens (Herzog and Keppie 1980, Schroeder 1985, Schroeder and Braun 1993). Four
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lines of evidence support this idea. First, we found that the proportion of yearlings dispersing long and
short distances in spring was not different of the proportion of older birds migrating long and short
distances. Second, birds exhibited strong site fidelity to the first winter range occupied as a juvenile and
the first summer range occupied as a yearling, and older birds returned each year to their former winter or
summer range. Recall that the two ranges of some birds were separated by more than 14 km. Third, spring
dispersal of yearlings occurred at the same date that adults migrated from their winter range to their
summer range. Fourth, young that later became migrants (i.e. with separate winter and summer ranges as
adults) continued to leave their winter range at about the same date in spring at which they had dispersed
as yearlings. However, we found that distances moved were somewhat longer for spring natal dispersal
than for migration. We believe that this difference was due to an artifact resulting from small sample sizes,
because the juveniles that we followed a year or more, and that dispersed as yearlings, later retraced their
spring dispersal route between summer and winter ranges (point two above).

Several authors have suggested that habitat selection may explain the differences in seasonal
movements of the sexes (Zwickel et al. 1968, Hoffman and Braun 1975, Ellison et al. 1989, Cade and
Hoffmann 1993). However, in our study, some radio tagged birds of both sexes were year round residents
on the trapping area, that moreover was used by radio-tagged birds of both sexes either in summer or in
winter. Moreover, among migrants, most individuals of both sexes passed over potential wintering or
summering habitats during their migratory movements (see also Willebrand 1988, Marjakangas et al.
1991). Therefore, differences in habitat preferences between males and females were probably of minor
importance in determining the pattern of movements that we observed. Other authors have also suggested
that habitat selection is not the main factor explaining sexual differences in the tendency to migrate in
grouse (Schroeder 1985, Willebrand 1988, Schroeder and Hoffmann 1993).

Among birds in general, three important questions remain unanswered. First, why do yearling
females disperse more frequently and farther than yearling males? Second, why do dispersing birds bypass
suitable habitats before establishing a winter and summer range? Third, why does a bird return to its first
winter range occupied as a juvenile, and its first summer range occupied as a yearling?

The differences in the sexes and the bypassing of suitable habitats may result from dispersal having

evolved in response to an interaction among four factors: habitat variability in space or time, competition



11

for resources, competition or mates, and inbreeding (Greenwood 1980, Dobson and Jones 1982, Pusey
1987, Johnson and Gaines 1990, Lidicker and Stenseth 1992, Clobert et al. 1994). In other words,
dispersal is probably at least under genetic control. However, studies in grouse have not yet shown
conclusively that dispersal behavior is inherited (Keppie 1980, Schroeder and Boad 1988).

As to the third question about fidelity to widely separated ranges, part of the explanation may be
that searching for a closer range would take more time and energy than returning directly to a known site
(Switzer 1993, Pért 1995). Moreover, return to a familiar habitat probably confers an advantage over
potential competitors (e.g. Krebs 1982, Lambrechts and Dhondt 1988) and may make both exploitation of
resources (food, nest sites, territories on lek) and predator avoidance more efficient (Hinde 1956,

Metzgard 1967).
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TABLE 1. Number of adults black grouse that were sedentary, migrated long or short distances, or number
of yearlings that dispersed long or short distances between their first winter range and their

first summer range.

Migrants Non-Migrants
or or Total
Dispersers Residents
Long Short
Distance Distance
Adults 0 0 8 8
Males Yearlings 1 2 4 7
Total 1 2 12 15
Adults 3 6 6 15
Females Yearlings 4 1 2 7

Total 7 7 8 22
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TABLE 2. Number fo black grouse captured as adult, yearling or juvenile, with overlapping and non-

overlapping winter and breeding areas.

No overlap Overlap
Adults 1 7
Males Yearlings 1 6
Total 2 13
Adults 6 9
Females Yearlings 4 3

Total 10 12
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TABLE 3. Estimation of dates of movements for 4 migrant females captured as juvenile or adult.

Age Bird n° Summer-Winter Winter-Summer
Adult 1 6 Oct., 20 Oct., 4 Oct. 15 Apr, 5 Apr.
Adult 2 30 Oct, 30 Oct. -
Juvenile 3 30(*) Oct., 9 Oct., 17 Oct. 24(**) Apr, 30 Apr.
Juvenile 4 18(*) Nov., 27 Nov. 9(**) Apr., 14 Apr.

(*) Fall natal dispersal.

(**) Spring natal dispersal.
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Fig. 1. Distances used to classify grouse into different categories of migrant or disperser (see methods): a
= distance between winter and summer range, b = distance between most widely separated points
of the winter range and c¢ = distance between most widely separated points of the summer range

(black dots represent the bivariate median values of locations).

Fig. 2. Distances between summer and winter ranges for 14 males (7 adults, 7 yearlings) and for 22

females (15 adults, 7 yearlings) black grouse at Ristolas, southern French Alps.

Fig. 3. Dates of movements of black grouse undertaking dispersal fall dispersal (juveniles), spring

dispersal (yearlings) or migration (adults).
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