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ABSTRACT

The populations of the Eurasian black grodssrao tetrix show different
patterns of variability in different parts of Eumpat cause of the complex
interplay between endogenous and exogenous factorthe regulation of
population growth rates. In this study, a blackuge population was censused
annually during autumn by the same observer intsont Alps, within the
Tende’s shooting ground (French department of Aldasitimes). During the
31-year study period (1967 — 1997), the populaibandance index remained
constant as assessed by TRIM (Trends and Indicea lonitoring Data)
analysis. In addition, this population did not sheigns of regular cyclicity (i.e.
statistically periodicity), as it has been obserueadther southern populations
of black grouse. Simulation tests and autoregressigving average (ARMA)
modeling showed that direct density dependence neagonsible for about
40% of the variation in population growth rates,ileitthe total amount of
spring rainfall (April — June) explained 10% of theriability due to exogenous
factors. The hunting pressure, that was reducex si®74, and the creation of
a national protected area adjacent to the study isit 1979, showed no
significant effect on the black grouse populatitrgt apparently was already
fluctuating near its environmental carrying capacit
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INTRODUCTION
The Eurasian black grousketrao tetrix (Linnaeus, 1758)s a
non-migratory bird belonging to the subfamily Temmae of the family
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Phasianidae (Drovetsky, 2002) found throughout &arawith a

continuous distribution from Great Britain to sow@ifistern Siberia in
the North, and from Kyrgyzstan, North Korea andnéte and Italian

Maritime Alps in the South. In western and cenEalope populations
are fragmented and isolated and ongoing declines been reported in
most of European countries (e.g., Loneux and Rul&d/; Ludwig et

al., 2008), while the species became recently extin Denmark

(BirdLife International, 2009). In the Alps, blagtouse densities are
declining mainly because of changes in land usetipes (Bernard-

Laurent, 1994; De Franceschi, 1994).

Black grouse populations show different levels afiability in
different parts of the species distribution ranigegeneral, in northern
Europe there is evidence of regular and sometimgghsonous
population cycles lasting 4-7 years (reviewed imtRaet al., 2006),
while in Southern Europe, and in particular in tadian Alps, there is
only a weak tendency to display regular fluctuagtidn abundance
(Ellison et al., 1984; De Franceschi, 1985; Cattiadiod Hudson, 1999;
2000). These different patterns of population \@lity are mainly due
to different types of population regulation resuitifrom the complex
interactions between endogenous (i.e. density dkpdn and
exogenous (i.e., climatic) factors (Cattadori anddsbn, 2000). In
North Europe, black grouse populations appear atedl by the
interaction between strong delayed density-depared@md spring or
summer weather conditions, that induce regular -higiplitude
fluctuations in abundance while, in Southern Eurape in particular in
populations from the lItalian and Swiss Alps, thevatence of a strong
first order direct density-dependent regulation rupgrowth rates
coupled with a relatively high level of local enuimmental stochasticity
are suggested as the causes of the absence ofracgtdic dynamic
patterns (Cattadori and Hudson, 1999; 2000).

In this study, a black grouse population from tbetsern French
Alps of was counted within a reference area foy&ars, from 1967 to
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1997, by the same observer. The dynamics of thulpon was

analyzed be means of simulation tests and aut@sigee moving

average (ARMA) modeling, and the contributions te tobserved
population dynamics of climatic factors and locahting regulations
could be also evaluated. The results from the Teagelation, which is
the southernmost black grouse populations analigedutoregressive
modeling (see, Cattadori and Hudson, 1999; 2008)ewlso compared
with those from other regions such as the Frenchl&atian Alps and

northern Europe.

STUDY AREA

The study site is located in the Tende’s shootirguigd (French
department of Alpes Maritimes, south-western Alpisat has a surface
of about 11 600 ha and altitudes ranging from 1602200 m a.s.l. This
shoot lies on the Roya Valley, between the Vallefasterino (1567)
and Col de Tende (1870 m). During the study peti@dshooting rules
changed. Up to 1970, shooting occurred first aténginning then at the
end of September with only 4 shooting days per druahd per week.
Since 1991, hunting was further reduced and closa® set at the ]
of November with only one kill per day per huntenlfy in year 2000, a
shooting plan was implemented on the basis of dnspang and
autumn censuses). Black grouse cocks and henscaerged annually
within a 350 ha area characterized by a latarix decidug forest on
the northern slopes and by pine woods (arolla pimeis cembraand
mountain pinePinus uncinatg on the southern slopes. Trees were
interspersed with a shrub vegetation including dumhdron
Rhododendron ferruggineym bilberry Vaccinium mirtillus and
belonging to the Rodoreto-Vaccinietum Br.-Bl. asaton. In this area
the black cock density was estimated to be 4.9%ithgals per 100 ha,
by a previous long-term study (Spano and Borgo1199
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MATERIALS AND METHODS

During the period 1967-1997, from the end of Sepimnio the
end of October, the same observer (S. Spano) wailkeide the
reference area of 350 ha with a pointing dog (Bhgbetter) and noted
all black grouses by sex and age. Each samplingegeid about ¥4 of
the reference area and lasted about six hours.nidéen number of
sampling days per year was six. The black grousmianpopulation
index was obtained as the mean number of animalsk¢cplus hens)
observed per day (Spano and Borgo, 1991). Thisxindi@ges not
consider the possible effects of juvenile mortaliyuring winter,
however the sampling method was highly consistesgr dhe entire
period and thus may generate adequate data to stadérthe local
dynamics of the black grouse population.

STATISTICAL ANALYSES

The overall population trend was assessed by Tranddndices
for Monitoring Data (TRIM), a software that uselg-linear regression
model with Poisson error terms and that takes etoount over-
dispersion and serial correlation in the data (Bkoek and van Strien,
2005). Models with different change points (i.e.ithwsignificant
changes in slope at different years) based on \Wstdmay be tested,
and the most parsimonious model selected trough AhGex
(Pannekoek and van Strien, 2005). This is of palerdnterest, since in
1974 the hunting effort (i.e. the number of huntitays per hunter) was
reduced by the reserve managers, while in 1979, Mieecantour
national Park (Parc national du Mercantour) waategtin proximity of
the study site. Thus it was also possible to evaltize effects of two
events on black grouse population abundance arahags.

The presence of density dependence in the timeessexias
assessed by simulation by means of the parametatstoap likelihood
ratio test (Dennis and Taper, 1994) and randonoizatest (Pollard et
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al., 1987), with 10000 replications in both cas€ke black grouse
population dynamics was analyzed by a linear agtessive moving
average (ARMA) modeling. These models take intosaeration both
the effect of abundances in previous years (AR) @nldgged random
external shocks (MA). This method is consideredammarforming than
just fitting the autoregressive term AR to expliEigged environmental
effects, because the MA term accounts for diredtiadirect effects of
stochasticity on the population dynamics (Abbottaét 2009). The
ARMA was fitted by the general model (Royama, 19@atfield,

2004):

In(N) = a + byIn(Ne.y)+ ...... +BpIN(Nep)+ CiUpat ... +GUip + &

where a is the maximum per capita growth rate,and c are the
autoregressive parametel$,is the population abundange.andq are
the order of autoregressive parameteis,the sampling interval) is
the external shock and is random variation. The dimension of the
feedback structure was analyzed by autocorrelddd@F) and partial
rate correlation (PRCF) functions (Berryman andchur, 2001) and
statistical significance of both ACF and PRCF wassessed by
Bartlett’s 95% confidence intervals: +\®, where n is the number of
years in the time series (Berryman and Turchin,1200he most
parsimonious ARMA model was selected by the minimAkaike’'s
information criterion corrected for small samplesl@.;) and model
residuals were checked for autocorrelation by thend-Box test
(Chatfield, 2004). Climate variables were seledtedrder to describe
environmental conditions that could influence blagouse mortality
and reproduction. The North Atlantic Oscillatiordéx, measured from
December to March (NA{) www.cru.uea.ac.uk), was used as a large-
scale climatic variable describing winter climaMAO,, is calculated
from the normalized pressure difference betweenrédsz@nd Iceland.
NAO,, positive values determine dry winter condition$iiles negative
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values correspond to a humid climate in the Meditezan region
(Stenseth et al. 2003). Local weather during bregdhatching and
chick raising has been reported an important enuiental factor
influencing grouse dynamics in different black gseupopulations in
Central Europe (e.g. Loneux, 2001; Loneux and lags@003), and in
particular in the Iltalian Maritime Alps (Provenzal@008). Thus
monthly rainfall during April, May and June (Rain, Rainsy, and
Rainu.g, the first two weeks of July (Raip) and the entire spring
period (Raimying Were considered. Rainfall data were obtained from
two stations near Limone Piemonte, located abott4l&m from the
study site. Unfortunately, no temperature data weeeglable from these
stations. Local rainfall data and NgQvere regressed on the residuals
of the selected ARMA model to obtain insights oa thle of exogenous
factors in addition to endogenous feedback (Lima akt 2002;
Bommarco et al. 2007). The software Poptools 3.1 waed in
simulation tests, all other analyses were performetheans of Minitab
15.1 software.

RESULTS ANDDISCUSSION

The black grouse relative abundance index displayederate
interannual variations, ranging from 3 to 14.5 cogler year (Fig. 1)
with a mean value of 5.77 + 2.23 standard deviatod a coefficient of
variation of 0.39. According to TRIM analysis, thest parsimonious
models were those with a change point in 1994 86X8lope becoming
positive according to Wald test with P < 0.001 othocases, AlC= —
45,02 and —-45.47 respectively). There was no etiettie reduction of
hunting effort in 1974 (Alg = —38.47), or of the Institution of the
Mercantour national Park in 1979 (AI€ —39.02) or of the combination
of these two events (AIC= -38.00). The time series overall
multiplicative slope was 1.0068 with standard er@od052, and the
black cock population trend remained constant dveB1-study period.
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Fig. 1. a) Black grouse population time series;abjocorrelation function

(ACF) of the time series; ¢) partial rate corralatfunction (PRCF) of the time
series, see text for explanation. Stippled lineb)imnd c) are 95% confidence
intervals.
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Both simulation tests showed the presence of agtdensity-
dependent regulation in the black grouse populatamtlard’s test P =
0.003 and Dennis and Taper test P = 0.001. The ACEe log-
transformed time series was not significant (P £0)).while the PRCF
indicated that only the first-order negative feearbainfluenced
significantly the population growth rate [PRgGE — 0.64, d.f. = 30, P <
0.05, F = 0.41]. The two most parsimonious ARMA models evboth
first-order autoregressive models: ARMA(1,0) and MA&(1,1) with
AIC. = — 62.604 and — 61.3460 respectively. These rsodeld no
autocorrelation in the residuals (Ljuing-Box teBt,> 0.05, in both
cases). The climatic variables were normally distied (Anderson-
Darling test, P> 0.05, in all cases) and did no show any significa
autocorrelation (P > 0.05, in all cases). The regjom analyses using
the residuals from both the selected ARMA modeld #re climatic
variables evidenced that only the total amountaaifall fallen during
spring showed a significant negative correlation:— 0.468P = 0.018,
r?=0.19 and = — 0.506,P = 0.010,r? = 0.22 for ARMA(1,0) (Fig. 2)
and ARMA(1,1) respectively.

The temporal trend of the black cock populatiomfrdende’s
shooting ground remained constant over the 31-gaaty period, as
assessed by TRIM analysis. This evidence is ofréstefor different
reasons. Firstly because the French populationstbeeMaritime Alps
have been considered stable during the period 2096- (Bernard-
Laurant, 2007). Therefore, if the population fronenfie can be
considered indicative of the overall situation st southern Alps
sector, black grouse populations remained congtaring almost 40
years (i.e., from 1967). Indeed, it seems that thisck grouse
population was apparently fluctuating near the mmwnental carrying
capacity, within a highly favorable habitat wellftwe the change in the
hunting regulations adopted in 1994.
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Fig. 2. Regression plot between residuals of thél/AR'1,0) model and total
spring rainfall (mm), in the period April-June.

The black cock population from Tende showed no sign
statistical cyclic dynamics. Population cycles hdesn observed and
analyzed in many northern and central European kblgmuse
populations, in which delayed density dependentletigpn is usually
present (Lindstrom et al., 1995; Ranta et al., 200®nversely, black
grouse populations from the Italians and Swiss Alpsregulated by a
first order negative feedback of population densitytheir growth rates
(Cattadori and Hudson, 1999; 2000; Provenzale, 200Bis is good
news for conservation, because populations regulayedirect density
dependence are less prone to extinction than fiticiy ones, at least in
absence of catastrophic environmental perturbat{®&wyama, 1992).
Indeed, the strong first order density dependegledion observed in
Tende’s shooting ground was similar to the regatateported for black
grouse populations in the nature reserve of Ordercciavre, in
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Southern Piedmont ltaly, during the period 1991&{Provenzale,
2008). The Piedmont grouse population was sampiethé Cottian
Alps, about 100 km northwards of the French poputagnalyzed in
this study. The dynamic structure of the Piedmooputation, also
analyzed by autoregressive modeling, showed a f&irder density
dependent regulation that explained 31% of thel taaiability (in
comparison to 41% in Tende), while rainfall durithg first two weeks
of June contributed significantly to the observemhainics, explaining
55% of the variation (Provenzale, 2008). In Terlde,influence of local
climate was apparently reduced, because rainfaitribmited to about
22% of the environmental variability (13% of théald. Finally, winter
climate, that plays a relevant role in populati@gulation in Central
Europe (e.g., Loneaux, 2001; Loneaux et al., 2@085), seemed to
have a negligible role on the Tende population dying, which is
located at the southern limit of the species distron and probably
benefits of the Mediterranean influence. This papah seems more
dependent on the complex interaction between ptipaldensity in the
previous year and local rainfall during the sprimghen eggs are laid
and chicks hatch.
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