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The browsing index: new tool uses
browsing pressure to monitor deer

populations

Nicolas Morellet, Stéephane Champely, Jean-Michel Gaillard.

Philippe Ballon, and Yves Boscardin

Abstract Usual counts of deer populations generally show low reliability, especially at the high-
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density levels deer have recently reached in most parts of Europe. Since 1990,
researchers and managers have looked for index methods to replace counts. Monitoring
vegetation changes over time in response to deer browsing could be useful for managers
to index deer abundance. We assessed the feasibility of using Aldous-derived vegetation
surveys to monitor the population-habitat interaction over time. We first developed an
original statistical procedure 1o define a reliable measure of deer browsing. Then we
applied our browsing index to a case study involving a roe deer (Capreolus capreolus)
population that was monitored intensively over 18 years and increased 5-fold in size,
Our browsing index closely tracked the roe deer population size, the species-specific
browsing rates differed widely, and bramble (Rubus sp.) could be reliably used (o assess
total browsing pressure of roe deer. Because it is an easy tool to use and involves much
lower casts than traditional counts, our browsing index can be viewed as an efficient and
reliable indicator of ecological change according to deer population status.

Bayesian statistics, browse-deer interaction, browsing pressure, browsing index, Capreo-
lus capreolus, France, monitoring population, roe deer, winter feeding

Roc deer (Capreofus capreolus) populations
have increased in Europe since 1980 (Gill 1990,
Andersen et al. 1998). High-density populations are
now widespread, and managers require new tools
to monitor them (McShea et al. 1997, Warren 1997).
Most deer populations are hunted according 1o
quotas that require a reliable assessment of popula-
tion status, In the past, deer populations have been
maonitored using census methods (Caughley 1977,
Scher 1982). Total counts of individuals in the
entire arca occupicd by the population or on sam-
pling plots using drives or hunting-related methods
have been the most popular way to assess popula-
tion size of deer (Cederlund et al. 1998). However,

tests of reliability of counts have highlighted 3 main
prablems that limit the uscfulness of census as a
monitoring ool for deer populations (Andersen
1953, Gaillard et al. 1992, Gaillard and Boisaubert
1995}, First, interpretation of changes in popula-
tion size is ambiguous because density-dependent
and density-independent factors may cause varia-
tion in population size. Second. accuracy of counts
is low, especially at high density, when counts are
often underestimations (Van Laere et al. 19993,
Third, precision of counts is low (a coefficient of
variation <20% is almost impossible 1w reach,
Caughley 19771, Because of these problems, new
tools w0 manage abundant deer populations are
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essential (Waller and Alverson 1997).

Roe deer is the most abundant deer species in
Europe (Andersen et al. 1998) and is one of the
mast difficult to count {Cederlund et al. 19933,
Thus, since 19940, researchers and managers have
looked for index methods to replace counts as the
basis for longterm population monitoring. Among
these indices, a kilometric index of number of deer
observed/km of transect sampled on foot (Vincent
et al. 1991 the females' reproductive  success,
measured as number of fawns/female (Vincent et
al. 1995 or as number of fwnsfsuccesstul female
(i.e., females with fawns at heel; Boutin et al, 1987y,
winter body mass of fawns (Maillard et al. 1959, Vin-
cent et al. 1995, Gaillard et al. 1996); adult cohort
jaw length (Hewison et al. 1996); and group size in
winter (Bideau et al. 1983, Vincent et al, 1995) all
provide reliable information on the status of roe
deer populations (from colonization 1o saturation).
All these indices are based on direct field observa-
tions of animals. When a population increases from
colonization to saturation, the habitat is expected
to change with the deer population. Indecd, man-
agers aim to find an equilibrium between the deer
population and its habitat that corresponds to the
objectives fixed by society (Sinclair 1997). An indi-
rect approach of monitoring this equilibrium based
on vegetation surveys could therefore be useful for
managers. This concept has led Guibert (1997) to
propose a measure of the consumption of woody
plants by deer in winter as a new monitoring tool,
In fact, Aldous (1944 was the first 1o propose the
consumption of woody plants to monitor deer pop-
ulations, and several studies have been conducted
on this topic in the last few years (Eiberle and
Wenger 1983, Ballon et al. 1992, Picard et al. 1993,
Guthorl 1994, Odermatt 19963, However, a central
problem remains unsolved: how to measure among-
year changes in woody plant consumption by deer
in a given arca. To answer this question, one needs
to consider the entire population=habitat system
rather than either the vegetation component or the
deer component separatcly.  Some authors have
worked on the dynamics of plant use by deer dur-
ing winter and have established relevant but time-
consuming approaches o deer impact surveys ol
only limited value for managers (Brown and Doucet
1991, Doenier et al. 1997). Here, we propose a new
method (o measure browsing pressure on woody
plants during winter (following Aldous 1944) and
report a field application that suggests our method
may allow managers to monitor deer populations

Example of the sampling plot, a quacdrai,

reliably over a large range of ecological situations.

Study area

The study occurred in the state forest of Dour-
dan, located near Paris, France, The elevation of the
study area, an 830:-ha forest, varied from 100 to 164
m. The climate was typical of mild temperate arcas,
with quite hot summers (i. €., mean temperature in
July =207 C) and cool winters (mean temperature
in January around 5% C). The forest was composed
of oak (Quercs sessiliflora, 90%) and Norway pine
(Pinus silvestris, 1004, The study arca was delin
cated by a highway (A 10) to the west and by the
Orge Vallev to the east, which limited exchanges
with other roe deer populations.

The size of the roe deer population of this forest
has been monitored intensively by capture-
mark-recapture methods (with ca 10 marked deer
between 1980 and 1982, 30 berween 1982 and
1985, and 65 between 1986 and 1989) for 10 years
(1980-1989) and by a kilometric index for 18 years
(1980-1997, =120 km of trails covering the whole
forest were sampled between 2 and 6 times within
a vear [Vincent et al. 1991]), Prior to 1979, the roe
deer population was hunted intensively, but total
cessation of hunting between 1979 and 1990
allowed the population o increase steadily. Subse-
quently, between 1990 and 1994 the population
decreased due to intensive hunting and since 1995
the population increased (based on the kilometric
index) to the high-density level observed during
1980-1989, A few rod deer (Cervus elapbus) have
been occasionally observed in the florest since
1990, but no precise data are available on their st-
tus in this forest.



Methods

Sampling procedures

We used the method developed by Guibert
C1997) to sample vegetation, We based sampling on
a systematic procedure applied on a 200-m grid net-
work, We defined the grid network in 1991 and
marked it permanently in the field using wooden
stakes, We performed sampling yearly from 15 1o 31
March, just prior to vegetation growth, from 1991 to
1997 o obtain a measure of consumption over the
entire winter. At each corner of a grid cell, we sam-
pled woody plants on a 40-m? plot (radius of 3.57
m). We sampled 200 plots annually. For cach woody
species occurting on the plot and reachable by deer
(less than 1.2 m and having some live parts that
could be caten by deerd, we noted ocourrence of
consumption by looking for presence of scars (i ¢,
particular cut plane left by the deer teeth) on twigs,
We ignored nonwoody plants because the herbivore
species that ate those plants could include roe deer,
hares (Lefris enropaens), or rodents. In contrast, for
woody specics, the cut plane allows easy differenti-
ation between deer and small mammals. We consid-
ered all woody species found on plots except ivy
(Hedera belix) because consumption is often diffi-
cult to determine on this species. We considered a
woody plant species as consumed when >5% of the
twigs available o deer were cut by deer. The same
welltrained person conducted sampling cach year
except 1991, We then calculated an index of feed-
ing pressure for the entire forest o monitor the
browse-deer interaction. We calculated the brows-
ing index as number of sampling units (i. e, the 40
m? plots) with =1 browsed/number of units with
=1 woody plant species present. To understand
trends better, we also calculated the species-specific
browsing index for individual species that were
present on > 10% of sampling units.

Browsing index
A systematic sampling scheme with »# plots was
uscd. Number of plots with =1 species available
was counted and denoted n,. Number of plots
with =1 species browsed was denoted ny,
Number of plots with =1 specics available is a
random variable N, and is such that

N, =~ B(n,x®,)

from a binomial distribution of index » and param-
eler M, %M, is the probability that we observed >1

species in a given plot. We can note that this spe-
cific distribution is not really important for the fol-
lowing developments and we could use, for exam-
ple, a more dispersed one,
We use also a (conditional) binomial distribution
with index rr, 1o model number of browsed plots m;:
Ny | Ny, =n, ~B(n,m,) (1)
where m, is the parameter of interest that hereafier
will be called the browsing index. m, is the proba-
bility that a plot will be considered to be browsed
provided a species was available on that plow.

A Bayesian approach

The basic idea of Bayvesian statistics is 1o use an o
it probability distribution for the parameters of
interest Chere my, and incidentally 7, ). By means of
Baves formula, we can use the likelihood function
(and the data) o improve our knowledge of the
parameters. The result gives a posterior probability
distribution for the parameters.

To represent our prior information about the
browsing index, we assumed that it has an uniform
distribution. We had indeed no reason o prefer any
one value over any other. This kind of distribution
is called a non-informative prior. We also assumaed
that the prior of ©, is independent from that of m,

Another name for the uniform distribution is the
betal 1, 1) distribution. The beta is a versatile family
of distributions on [0,1] driven by 2 parmeters
(Figure 1)

Ty, ~ beta(l,1). (2)
In our context the Bayes formula becomes
By, | 02, 10, Y% (T
PRy Ingimy)= 20 1 0 TR X MRy) 3

P 1ng )

with iy ln,my) the posterior density of the
browsing index, p(n,) the prior density (Eq. 2),
Mg,y the likelihood corresponding o the
conditional distribution of Ny, (Eq. 1), and pimg e )
is here to ensure that the area under the posterior
density is 1.

This framewerk is appropriate because one
wints o estimate the binomial parameter using a
beta distribution for prior. The beta prior is called
the natural conjugate of the binomial likelihood.
That is, the posterior distribution remains in the
Family of beta distributions (Lee 1997:77),
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Figure 1. Four shapes of beta icontinuous line) representing the possible results for the posterior distribution of the browsing index.
Thee paint estimation is given by the dotied line, and the shaded area is the 95% high-density inlerval.

The parameters of the resulting posterior beta
distribution are

gl 0,00, = beta(l + my, 1+ 1, - ny). (4)

A point estimator for the browsing index

The usual estimator in Bayesian inference is the
posterior mean. For the beta distribution it reduces
1o the simple analytical expression:

- 5+H‘b
2+n,

My )

The behavior of the estimator of the browsing
index is interesting, especially in extreme results of
sampling:

1. 1, = 0 (no species observed), here f&,=1/2. The
data provide no additional knowledge about the
browsing index, We use a safe estimation.

2. n, # 0 and sy, = 0 (no observed browsing on the
set of plotsy: here fi,= 1/(2+n,,). This quantity can
become very low, but it will never be zero. It is not
realistic to consider that the probability of obscrv-
ing a browsed plot is zero. With other plots, a dif-

ferent plot size, or more plots, we would probably
abtain a different result.
3. n, = 0and ny, = n, @l plots are browsed): here,

" 1+n 1
Ty = - =]- i
2+, 2+n,
This quantity can converge to 1. This is the reverse
situation of the previous once.
4. 0<n <ny,: here,

i 1+my,
b 2+m,

is similar to the naive estimator ny,/n, which pres.
ents problems in the 3 previous cases, The usual
confidence limits for a proportion are not suitable
to this estimator, This is because the denominator
1, is a random guantity.

A statistical interval for the browsing
index

Several definitions of a Bavesian confidence inter-
val exist in the literature. We use the very classical
approach of the high-density interval. At a given



{1 =c) probability level, we look for an interval such
that the density of the posterior distribution of the
parameter Ty, al any point inside it is greater than
the density at any point outside it. One advantage
of the Bayesian approach is the clear probabilistic
interpretation of the resulting confidence interval.
The selected values of the parameters are siriclo
sensy the most probable values.

Statistical intervals are computed using 5-Plus®
routines available from the authors. The most cur-
rent situation is that the beta distribution is uni-
maxlal (O<ny=<n,). In this case, the algorithm is a
search in the family of intervals [L{/] correspon-
ding to the given confidence level, One selects the
one with pULN=p0L) where p is the probability den-
sity function of beta,

In the continuous monitoring situations {c.g..
Dourdany, it seems advisable to use the resulis of
the preceding vears to improve the ongoing esti-
mation. This can easily be done in a Bayesian frame-
work. The important point is to determine an
informative prior;

beta(at® - D pik - 15

that summarizes the information from the preced-
ing year (& - 1).

To elarify the meaning of such prior information,
it is important w consider that first, the mean of the
distribution et = Dy (gl® - D - 13 ig the estimated
value of the browsing index obtained in the previ-
ous vear and second that the quantity (at® - 13 - 1)+
(Bt - -1y is in a sense the number of observations.

Then using the Bayves formula (Bg. 3), one can
update this prior information by the likelihood cor-
responding to the current year k (where nﬂ” is the
number of plots with at least 1 species available
and #n,*) is the number of browsed plots both in
vear k) to obtain a posterior distribution

beta@™® + nff? ; 5% = D 4 qlh) _ il (6)

The new estimator of choice will be again the

Pﬂ‘.\'[t‘fil}l‘ meian

a k=Dl
g = 5 ™D
b k-1 k=1 Ly
P e R

Several methods can be imagined to provide ade-
quate values for a® -1 and 6% -1, We propose (o
compute these values from 2 easily perceived
quantitices:

I. The estimation of the browsing index from the
preceding year #° 7. This value is defined auto-
matically.

2. A credibility a(0<o<1) of the value of this index
in terms of pereentage of cquivalent available plots
in the current year. For instance, if number of avail-
able plots in the current year k is n”=200 and
credibility is ¢=25%, the information of the year
(k- 1) worth an®=50 available plots.

A little algebra shows that

at% =V = (and® + 2 (8a)

and

B0 = (@n® + 21 -1F ) @8

The choice of this credibility is indeed a subjec-
tive one. We decide 1o choose o 1o improve our
estimator (Eg. 7) from 2 points of view. The first cri-
terion is o maximize the correlation berween the
reliable kilometric index and the new estimator of
the browsing index computed from =0 (a very
flat prior) to =1 (the prior information is equiva-
lent to the current year information). This correla-
tion is maximum around 30-40% (Figure 2a). The
second criterion is to reduce the confidence limits
of the browsing index. We consider the average
length (for the 6 vears observed in Dourdan) of the
confidence limits of the new estimator from again
=0 to =1, The more information, the narrower
the limits (Fig. 26). By using o= 1/3, this average
length is reduced by 8%. Figure 3 is the dircet com-
parison of the estimator with c=0and the one with
w=1/3. Clearly, the main effect is a smoothing of
the evolution coupling with a small reduction of
the confidence limits,

Results

The browsing index changed markedly over the
study (Figure 3). The level of the browsing pressurc
tended to decrease slightly between 1992 and
1995, whereas it increased significantly between
1995 and 1997 (0.63 [95% HDI: 0.57-0.68] in 1995
versus (.86 [95% HDL 0.82-0.90] in 1997). Yearly
variation in the browsing index was related linearly
to the kilometric index (=093 and sce Figure 4).
Because it has been assessed previously that kilo-
metric index closely fit vearly variation in popula-
tion size (Vincent et al. 1991}, we can conclude that
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Figure 2. {2) Correlation between the kilometric index and the estimation of the browsing index computed froma=0toa = 1;
i) Average length o the 6 years) of the confidence limits of the same estimation also from @ = 0o o= 1.

browsing pressure tracked the roe deer population

We identificd 35 browse species during the
study. Variations of the specicsspecific browsing
index differed widely (Figure 5).  Some specics
(e.g., oak) were consumed little by roe deer and did
not react to the increase of population size after
1995 (browsing index of 0,03 [95% HDEO.01-0.06]
in 1995 and 1997). On the other hand, hornbeam
(Carfpinus betulus, browsing index of 0,06 [95%
HDE 0.02-0011] in 1995 versus (L33 [95% HDI
0.25-0.42] in 1997), common honevsuckle
(Londcera peryclimens, browsing index of 0.48
[95% HDI: 0.41-0.55] in 1995 versus 0.81 [95%

ol 1
E i i
21 LL J:I‘

Figure 3. Comparison of 2 estimations of the browsing index
computed with ¢ = 0 {solid line) and o = 1/3 {dotted ling) for 6
years (1992-1997) in Dourdan forest, France, Bars indicate
95% high-density intervals,

HDI: 0.76-0.87] in 1997), and bramble (browsing
index of 0.57 [95% HDI: 0.0.50-0.63] in 1995 ver-
sus (L84 [95% HDI:0,79-0.89] in 1997 had variable
consumption in close relation to the size of the roe
deer population (correlation between species-spe-
cific browsing index and ol browsing index of
0.97, 0,95, and 0.98 for hornbeam, common honey-
suckle, and bramble, respectively).

Honeysuckle and bramble were the most inten-
sively browsed species,  Moreover, bramble and
honeysuckle are important items of roe deer dict
during winter (see Tixier and Duncan 1996 lor a
review). Thus, monitoring the bramble browsing
index provided a reliable way to assess total brows-
ing pressure at Dourdan,

Discussion

The browsing index appears to be a very useful
tool o monitor the browse-deer interaction. This
index closely tracked the [luctuations of a roe deer
population over time, so that the changes in brows-
ing pressure were partly accounted for by changes
in roe deer population size in the Dourdan forest,
However, browsing pressure reflects changes in
herbivore population size and  availability of
resources. Monitoring a speciesspecilic browsing
index also may provide a means to better under-
stand temporal trends of browsing pressure,  For
instance, we found a close relationship between
the bramble browsing index and the overall
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browsing index. Therefore our approach provides tude of browsing pressure on the most available
a means to track the variation of deer impact on  species during winter, The idea of using individual
woody plants over time and to assess the magni-  browse species to track deer population is not a

Carpinus betulus Quercus sp.

1.0

PROPOATION

00 02 04 06 08
..{

00 02 04 06 08 10

% 5 7

T9a2 1993 1864 1995 1996 1967 1982 1983 1804 1985 1894 1957

Lonicera periclymenum Rubus sp.

1.0
1.0

1
{

—

t
b

FROPORTION
n.anzn-ln‘ﬂna
Fed
4
i
i
F
6o 02 04 06 08
|
|
141
|

1982 1883 1934 1995 1996 1997 1982 1993 1994 1895 1998 1967
Yoar Yoar

Figure 5. Changes in the browsing index (@ = 1/3) of the 4 most available browse species (hombeam, oak, honeysuckle, and bram-
blel over & years (19921997} in the Dourdan forest, France. Bars indicate 95% high-density intervals.



new one but parallels the mnge management con-
cept of using key species in making stocking-rate
determination (Bonham 1989, As a ool for moni-
toring deer pressure on vegetation, our browsing
index corresponds exactly to that which Waller and
Anderson (1997:223) define as “efficient and reli-

able indicators capable of serving as 'carly warning
signs’ of impeding ecological change” This index
could therefore be a decision-making tool for the
deer manager. A browsing index can thus be added
to the preliminary list of indicators of ecological
changes that reflect roe deer-forest relationships,
such as the kilometric index (Vincent et al, 1991)
and juvenile body mass (Gaillard et al. 1996).
Because plant species may vary in palatability
depending on the plint community, using individ-
ual species such as brambles may not be recom-
mended as a general ol to monitor roe deer over
its entire geographic mnge. However, brambles are
widespread in western Europe and have been
shown to markedly affect roe deer population
dynamics under a large range of ecological con-
texts,  For example, Gill (19943 reported that a
marked decrease in bramble cover was associated
with a decrease in body weight and recruitment
rate in a roe deer population of southern England.
Therefore, although further work is required o
assess the suitability of the browsing index method
as a ool w monitor roe deer populations in
Fennoscandian  or  Mediterrancan  ccosyvstems
where brambles are not widespread, we are confi-
dent that our technigue can be adopted by man-
agers in most roe deer habitt of western Europe.
We used the same a friori non-informative uni-
form distribution o describe the browsing index.
However, as soon as 1 sampling year had been col-
lected, it would have been possible to use the pre-
vious year's data to build informative distributions
for the prior. One consequence of this idea is the
possibility of keeping the amount of final informa-
tion constant while reducing sampling effort by
using annually renewed informative priors. The
cquilibriuvm between the prior information and the

tigation.

In this study we considered measurements from
I observer. For broader applications, some modifi-
cations can be easily incorporated. First, reducing
the area of the sampling unit to 1.0 m? would offer
a better sampling design by allowing a larger range
of people o collect field data. Second, by using
such a small area, the 5% threshold of consumprion

uscd to categorize the browsed or unbrowsed
classes can be removed, Thus, a species would be
classed as browsed when =1 sign of browsing is
noted and as unbrowsed when no sign of con-
sumption by deer can be detected. Using this mod-
ification would ensure a simple binary coding. In
association with other wildlife indicators, our
method could be used o monitor deer population
trends and their impact on vegetation during win-
ter. Cur methodology provides an easy to use tool,
from a statistical and practical viewpoint, and its
much lower costs compared to traditional counting
techniques enhances its feasibility.
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Appendix: an example of computing
e Browsing index

The daica

Let's say that data are available for vears 1 and 2.
The number of available plots is (respectively for
year 1 and year 2) nt7=196 and 1t =195 and the
corresponding number of browsed plots is ;;}J”=
142 and n§>'=128 (these are data from Dourdan in
1992 and 1993),

Using a non-informative prrior

For the first year, there is no previous informa-
tion, so the a fwiord distribution for the browsing
index is beta(l,1). Then, combining with the data
nﬂ’: 196 and ::L“':l-i'z, one obtains a posterior
beta(l14142,14+196 - 142) [see Eq. 4], that is to say
beta(143,55).

The mean of this distribution, which is our poing
estimator of the browsing index, is

<13 _ 1+142

="t 50722 [See Eq.5l.
b 24196 L

Computing the 95% high-density interval is more
difficult because one needs to consider the density



function pO) of the beta(143,55) and 10 determine
two values L and & with p(Ly=p(0), and include
95% of the density. Our $-Plus® function gives L=
0.659 and U=0.783 with p(L)=p({N=1.861. The
probability of the beta(143,55) to the left of L is
0.0278 and to the right of I/ is 0.222, which sums
o 5% outside our high-density interval.

Using an informative prior

For the second year, we use the information from
the preceding year—that is to say, ﬁ,‘lau.nz. With
a credibility o= 1/3 and a number of available plots
n$?=195 for the current year, one obtains a corre-
sponding information of an’?=195/3=65 available
plots for the previous year. Using the given formu-
la |See Egs. 8a and 8b], one computes

) = (65 + 2) % 0.722 = 48.4
and
B = (65 + 2y x (1 - 0.722) = 18.6.

So the informative a priori distribution for the
browsing index is beta(48.4,18.6), and, combining
with nf_.n= 195 and nEf’: 128, one obtains a posteri-
or ber(48.4+ 128, 18.6+ 195 - 138) distribution [See
Eqp. 6], that is to say betad176.4,85.6).

The resulting point estimator is

=02y _ 484 +128 e
o = ABA+18.6+195 ROATS DEEET)
The 95% high-density interval [L=0616, /=
0.729] computed using the SPlus™ routine is such
that pl=p00=2.03 where £0O is the density func-
tion of the betad176.4,85.6) giving 0.026 1o the left
of L and 0,024 1o the right of I/, summing to 5%.
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