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Abstract

A new approach for studying browsing impact on the regeneration of rowan (Sorbus aucuparia L.) and Norway spruce (Picea

abies (L.) Karst.) is presented. This approach can be a useful, complementary tool to damage surveys because it helps to identify

possible underestimation of damage in cases where the most palatable species are likely to have completely disappeared due to

browsing. The impact of wild ungulates on the height structures of the populations of these two species was studied at four sites

in the Trentino area (Italy). The recorded height structures (affected by ungulate browsing) were compared with predicted

structures and then residuals were calculated from power function models. The residuals of the most palatable species (rowan)

showed that in all study sites there is a decrease in regeneration individuals in the height classes most affected by browsing.

Indeed, the greater the density of wild ungulates, the greater the decrease, and in the site with the highest density (Paneveggio),

there is a total absence of rowan individuals with a height between 100 and 160 cm. On the contrary, among the Norway spruce

we did not observe a high number of residuals in the height classes affected by browsing. In order to better define the temporal

dimensions of the browsing, a dendroecological study was conducted. Abrupt growth releases in the tree rings indicate exactly

when the leader of a single tree escapes from intense browsing. An abrupt growth release chronology for each site and each

species was thus constructed and the differences, in terms of the length and intensity of browsing, were evidenced. The

dendroecological study did not show particular differences in the temporal distribution of abrupt growth releases in the Norway

spruce, whereas it did show a significant difference for the rowan between the first three study sites and the Paneveggio site. After

1985, no further releases from suppression were observed in Paneveggio and we can therefore hypothesize that following that

date, the browsing was so intense that it prevented any rowan individuals from growing beyond browsing height. The fact is that

in Paneveggio, the impact from wild ungulates is splitting the rowan population in two: one part established and grew above

browsing height before the recent wild ungulate population increase, while the second is made up of those trees that established

after the wild ungulate population explosion and which at the time of measurement had either not yet reached browsing height or

had been kept suppressed in the lower vegetation layers by browsing.
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1. Introduction

Ungulate browsing can strongly influence the struc-

ture, composition, growth and succession of forest

Forest Ecology and Management 181 (2003) 139–150

* Tel.: þ39-011-6708640; fax: þ39-011-6708734.

E-mail address: rmotta.selv@iol.it (R. Motta).

0378-1127/$ – see front matter # 2003 Elsevier Science B.V. All rights reserved.

doi:10.1016/S0378-1127(03)00128-2



stands as a result of the intensity and the selectivity of

damage (Anderson and Loucks, 1979; Frelich and

Lorimer, 1985; Risenhoover and Maass, 1987; Brand-

ner et al., 1990; McLaren and Peterson, 1994a). It can

compromise regeneration processes, both in cultivated

forests and in natural or old growth forests. In culti-

vated forests, wild ungulates can reduce or compro-

mise the profitability of wood production in artificially

regenerated forests as well as in forests where close-

to-nature silviculture has been applied. In the latter,

ungulates can compromise natural regeneration and

render silvicultural treatments inefficient or even use-

less (Bernhart, 1988; Ammer, 1996; Motta, 1999). In

old growth forests, ungulate impact can compromise

regeneration processes and biodiversity (Abrams et al.,

1996; Linder et al., 1997).

Mountain forests are more vulnerable to damage

than lowland forests to ungulate damage (Eiberle and

Nigg, 1987; Ott, 1991; Motta, 1996). In these forests,

regeneration is only possible every few years as it is

linked to climate and seed production (Mencuccini

et al., 1995); as a consequence, natural regeneration is

divided into cohorts with a few years of distance

between each one. At the upper-mountain and sub-

alpine levels, the early growth of trees is very slow and

young trees need an average period of 20–60 years

(varying among diverse sites and species) to reach a

height of 150 cm (Motta, 1996). This means that the

trees are inevitably exposed to browsing for a long

period and therefore just a few years of ungulate

overpopulation, or a few severe winters when animal

populations are concentrated in a limited area, are

enough to endanger a recruitment process of decades.

Ungulates damage forest regeneration in three main

ways: fraying (limited to deer species), bark stripping,

and browsing (Gill, 1992a). Previous studies (Motta,

1996; Motta, 1999) have shown that fraying damage in

the Italian Alps only occurs with a high incidence in

the deer rutting range and in the event of exceptional

deer densities, while bark stripping is limited to

emergency winter foraging and only takes place with

high red deer densities and during winters when deep

snowcover restricts the range of animal movement.

Letality rates (dead/damaged trees) are low for bark

stripping, and though they are higher for fraying, they

are almost always associated with a low overall inci-

dence of damage. The letality rates for browsing are

null or very low when ungulate density is low; they

can, however, reach very high levels (also associated

with a high incidence) in the most palatable species

when ungulate density is high.

Ungulate browsing does not affect all species of

trees throughout the forest in equal measure, but rather

exhibits a marked preference for the most palatable

species. Altered species composition due to selective

foraging is a general feature of plant-ungulate inter-

action that extends across the temperate and boreal

forests (Augustine and McNaughton, 1998). It is

generally accepted that the incidence and intensity

of browsing are causally associated with ungulate

density (Tilghman, 1989; Maizeret and Ballon,

1990; Welch et al., 1991; Augustine and McNaughton,

1998), although ungulate density estimates are often

imprecise no matter what method is used and no

matter how competent wildlife managers are. Brows-

ing takes place in a defined range of tree height from

approximately 0 to 300 cm, depending on the ungulate

species involved (Gill, 1992a).

Wild ungulate impact on forest regeneration is a

relatively recent problem in the Italian Alps because,

except for sporadic cases, the exponential increase of

the ungulate population has largely occurred over the

past 2–3 decades. For this reason there is a lack of

long-term studies in the field and thus the effects of

ungulate overpopulation are still relatively unknown.

In the last 10 years, some forest damage surveys

have been carried out in the Italian Alps (Motta, 1999)

and, in particular, in the Parks of the Autonomous

Province of Trento (Motta and Franzoi, 1997; Armani

and Franzoi, 1998).

Thanks to these surveys, important information has

been collected about the incidence, type, selectivity

and spatial distribution of ungulate damage. In addi-

tion, some general features common to all of the areas

studied were observed and recorded. In terms of the

incidence of damage in relation to ungulate density,

an increase in damage was linked to an increase in

ungulate density. A similar pattern was observed for

most of the forest species, though an anomalous

situation among some of the most palatable species

was noted: indeed in some highly palatable species a

stable value or an actual reduction in the incidence of

damage was observed with increases in ungulate

density. Based on these findings, we hypothesized

that there was some underestimation of damage in the

most browsed species and that this underestimation
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could be related to the intensity of browsing (Gill,

1992a). A high intensity in browsing could mean in

effect that some individuals were completely browsed

or had been kept suppressed in lower vegetation layers

(and therefore not considered in the study figures); we

also hypothesized that the length of time that the

ungulates have been affecting forest regeneration

could be related to the phenomenon of underestima-

tion. In addition, we noted that the non-browsed

individuals were those situated in ‘‘safe sites’’ (Har-

per, 1977), which provide them with protection from

ungulate browsing. Therefore, it may well be that a

simple measurement of browsing incidence alone

can give rise to an underestimation of browsing

impact.

There are two principal questions to be addressed:

(1) how can the cumulative effect of past browsing be

measured? (2) if some saplings have been completely

browsed, is it possible to date the beginning of the

period of intense browsing that produced their disap-

pearance?

In order to answer these questions, we investigated

two species: rowan (Sorbus aucuparia L.) and Norway

spruce (Picea abies (L.) Karst.). The former is com-

mon in montane and sub-alpine forests in the Alps. It

is an edaphically unspecialized light-demanding pio-

neer species (partially shade tolerant during seed

germination and juvenile stages) which colonizes

clearings following natural and anthropogenic distur-

bances, although it rarely forms pure populations

(Kullman, 1986; Zerbe, 2000). The Norway spruce,

on the other hand, is one of the most widespread and

important species in the Alps. It is commonly found in

montane and sub-alpine forests and may be considered

a shade tolerant late seral species.

The rowan is highly attractive to wild ungulates and

consequently is much browsed (Ahlén, 1975; Miller

et al., 1982; Szukiel, 1986; Eiberle and Bucher,

1989). Indeed, inventories of wild ungulate damage

in various areas of the Italian Alps show that the

rowan is generally the species most subject to brows-

ing, and the incidence of browsing of the terminal

leader shoot varies from 12.6 to 86.8% during regen-

eration.

On the contrary, the Norway spruce is among the

least preferred species and is browsed only when more

palatable species have been depleted or when there are

no other species available. Inventories of wild ungu-

late damage in various areas in the Italian Alps show

browsing damage in the terminal leader shoot whose

incidence varies from 0.0 to 33.8% (Motta, 1999).

As an indicator of the cumulative effects of past

browsing, we analyzed the height structure of the

two species. Browsing damage influences many

structural parameters of a forest stand, e.g. age, size

and height structures. Among these structural para-

meters, height structure has proven particularly effi-

cient for evaluating ungulate browsing impact.

Browsing reduces vertical growth and, when sus-

tained, it can prevent vertical development of the

saplings by keeping them for decades in a non-

reproducing state at a height vulnerable to browsing

(Thomson et al., 1992; McLaren and Janke, 1996;

Motta and Puppo, 2001).

It is possible to precisely define the height range of

browsing for each specific ungulate species (Gill,

1992a) and then to subsequently identify which trees

are potentially vulnerable to browsing and which have

reached a height that puts them out of browsing danger

(Gill, 1992b).

In order to investigate the temporal aspect, tree

rings can be used to analyze the suppression effect

of browsing (McLaren and Peterson, 1994b; Vila and

Guibal, 2001; Vila et al., 2001; Chouinard and Filion,

2001). If the suppression is a result of browsing, then

the release corresponds to the leader’s reaching a

height that is above browsing height. If the browsing

is intense and prolonged, then the trees are either kept

at a constant height which is low enough to be reached

by browsing ungulates or else they are completely

browsed and/or die.

Therefore, the aims of the present study were:

� to measure the incidence of wild ungulate browsing

on the rowan and Norway spruce leader shoots in

four study areas situated at the sub-alpine level with

varying densities of wild ungulate populations;

� to record the actual height structures of the rowan

and the Norway spruce populations and to quantify

the impact of wild ungulates on these structures by

evaluating the differences between the theoretical

and actual structures under different wild ungulate

densities;

� to reconstruct the impact of wild ungulate popula-

tions on the growth of young trees in recent decades

by means of a dendroecological analysis.
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2. Materials and methods

2.1. Site descriptions

The study was conducted in four sites situated in the

sub-alpine belt at an altitude range varying between

1620 and 1820 m a.s.l. The sites are representative of

the most typical sub-alpine forests of the Trentino area

and are dominated by Norway spruce. The first site

(PAN) is located in the Paneveggio Forest in the

municipalities of Predazzo and Siror. The second site

(SMA) is located in the S. Martino forest (munici-

pality of S. Martino di Castrozza). Both forests are

owned by the Province of Trento and are part of the

Paneveggio–Pale di S. Martino Provincial Park. The

third site (ADA) is located in the municipality of

Madonna di Campiglio (Adamello) and the fourth

(BRE) is located in the municipality of Pinzolo

(Brenta), both of which are located in the Ada-

mello–Brenta Provincial Park. The four sites are

comparable with respect to altitude, tree density and

growing stock (ranging between 250 and 300 m3/ha).

According to their Forest Management Plans, the sites

have developed without silvicultural influence for

several decades. The stand structures are generally

mono-layered with a few small gaps. In the Paneveg-

gio and S. Martino sites, the forests are made up

almost exclusively of Norway spruce. In the Ada-

mello–Brenta area, while the Norway spruce is the

dominant species, it coexists with other sub-alpine

conifers.

The ungulates present at the sites are red deer

(Cervus elaphus L.), roe deer (Capreolus capreolus

L.) and chamois (Rupicapra rupicapra L.). The four

sites show different ungulate densities (Table 1): red

deer were re-introduced to the Paneveggio forest in the

early 1960s whereas they have appeared more recently

in the S. Martino and in the Adamello–Brenta forests;

roe deer and chamois have always been present in all

of the sites studied. The total number of all wild

ungulates species has increased sharply in recent years

(Armani and Franzoi, 1998).

The impact of the wild ungulates on forest regenera-

tion was analyzed in a previous study by means of a

systematic inventory of the damage caused by wild

ungulates to forest species in the four sites (Motta and

Franzoi, 1997; Armani and Franzoi, 1998). The purpose

of these damage inventories was to describe the damage

status of the studied areas: type of damage, quantity,

forest species selectivity, and spatial distribution. In

these inventories, ‘‘browsing damage’’ was defined

only as the removal of the terminal leader, because this

type of damage negatively influences both the future of

the individual (there is a positive correlation between

average height increment loss and mortality) (Eiberle

and Nigg, 1987) and timber quality (Welch et al., 1991).

Owing to the methodology adopted, the uprooting of

small seedlings was not considered.

2.2. Height structures

Three transects were delineated at each site; each

transect started from a small group of seed-producing

rowan and ran along the contour lines of the respective

hill slopes. The transects were 4 m wide, varied in

length from 127 to 568 m, and were divided up in such

Table 1

Characteristics of the study sites

Altitude (m a.s.l.) Forest composition

(dominant layer)

Ungulate density

indexa (UDIb)

Paneveggio 1620–1760 Picea abies >95% 14.3

S. Martino 1740–1810 Picea abies >95% 6.0

Adamello 1640–1820 Picea abies >70%, Abies alba, Larix decidua 5.9

Brenta 1700–1780 Picea abies >70%, Larix decidua, Abies alba 6.8

a Data available for the whole area (Paneveggio, S. Martino, Adamello and Brenta, respectively) and not referred to the studied sites. The

ungulate density in the Adamello and in the Brenta area is estimated from data related to municipalities only partially included in the

Adamello–Brenta Park.
b Ungulate density index (UDI): red deer density þ 1/4 chamois density þ 1/5 roe deer density (all densities refer to 100 ha). This index

represents the overall burden of all ungulate species present since it is not possible to identify the species responsible. Each ungulate species

was taken into account using a relative weight proportional to the mean impact of a single animal on forest regeneration based on feeding

requirements and the ratio of woody vegetation to total diet (Motta, 1996).
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a way so as to include 200 rowan and Norway spruce

individuals between 10 and 310 cm height in each

transect. The minimum height was chosen in view of

the fact that at a height of less than 10 cm it becomes

very difficult to observe regenerating plants comple-

tely and accurately (Eiberle and Nigg, 1987); the

upper height limit was chosen as it is the maximum

height at which the wild ungulates were able to reach

with their mouths, even in heavy snow conditions.

Each Norway spruce and rowan specimen within the

transects was examined for browsing damage in the

terminal leader (Gill, 1992a), and its height was

measured. The data from the three transects were than

added up and height structures were calculated for all

the individuals in each site. The power function (Hett

and Loucks, 1976; Harper, 1977; Broad, 1998) is the

most common equation used to characterize size

structures in forest science. It is defined as:

y ¼ y0x�b

where y is the frequency of individuals of a given height

class, x the height class and a and b are the parameters

that control the slope and the shape of the curve,

respectively. We used a coefficient of determination

to assess the aptness-of-fit of the models. In order to

reduce the site-induced wildlife influence in the mod-

eling, one model was built using a curve fitted to all four

rowan populations sampled. This model does not repre-

sent a reference curve in the absence of browsing

(almost impossible to find in the Alps) because it

includes the ‘‘average’’ effects of browsing in the four

sites. The power function assumes a constant recruit-

ment rate but allows for a changing mortality rate with

age (Ågren and Zackrisson, 1990; Szeicz and MacDo-

nald, 1995). Actually, at the sub-alpine level, forest

regeneration does not occur every year but rather in

cohorts every few years (at least for the Norway spruce).

This pattern is accentuated in the age structure,

although size and age structures are influenced not only

by the date of establishment, but also by many other

factors (e.g. light availability, nutrients, competition,

etc.). Thus saplings that have the same date of germina-

tion may show a different growth rate, resulting in a

continuous distribution among size and height classes

for seedlings and saplings (Motta and Puppo, 2001).

Deviations of the actual structures from the modeled

structure may reflect a changing pattern of recruitment/

survival over time and were calculated using residuals

(Kaennel and Schweingruber, 1995). The residuals

represent the noise of the system as well as any signal

not accounted for by functional relationships (Fritts,

1976), and were used to highlight how and where the

data measured were incoherent with the model. The

residuals were calculated by subtracting predicted

height frequencies (using the power function) from

observed height frequencies after log-transformation.

A value of 1 was added to each class frequency before

log-transformation so as to be able to take empty classes

into account (Ågren and Zackrisson, 1990).

2.3. Abrupt growth releases

An increment core was extracted at a height of 40 cm

from 15 saplings of each species in each transect with a

height >310 and <500 cm (a total of 45 saplings for each

species and each site). All the cores were fixed to

wooden supports and smoothed with a razor blade or

by sanding until optimal surface resolution allowed

annual rings to be measured. Ring-width was measured

to within 0.01 mm and data were collected and stored

using the LINTAB device and the TSAP package (Rinn,

1996). Due to multiple factors such as age, disturbance

from browsing and heterogeneous growth, it was pos-

sible to cross-date only 40% of the chronologies. There

were no missing rings in any of the cross-dated chron-

ologies. Both the rowan and the Norway spruce produce

distinct rings and therefore the accuracy of the ring

count is high. Abrupt growth releases in radial growth

(releases from suppression) were identified in all of the

cores. We defined an abrupt growth release as a sudden

increase in ring-width >166% relative to the previous 4

years (Schweingruber et al., 1990). Data from the three

transects in each site were pooled, and an abrupt growth

release chronology was constructed for each site.

3. Results

3.1. Incidence of browsing in the terminal leader

The ungulate population densities observed in the

foursitesareshowninTable1.Theincidenceofungulate

damage observed in the transects was higher than that

recorded in previous forest damage inventoriescovering

the total surface area of the two parks (Motta and

Franzoi, 1997; Armani and Franzoi, 1998; Table 2).
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Damage was not uniformly distributed over all height

classes, but rather concentrated in those at the browsing

height of the wild ungulates present in the area, i.e.

between 20 and 200 cm above ground level (Fig. 1).

3.2. Height structures

Height distributions of both species at all four sites

showed a reverse J-shape (Fig. 2).

Table 2

Tree densities and browsing incidence in the terminal leader (BITL) at the study sites

Norway spruce

density (m3/ha)

BITLa Norway spruce

forest surveys (%)

BITLa Norway spruce

study sites (%)

Rowan density

(m3/ha)

BITLa rowan

forest surveys (%)

BITLa rowan

study sites (%)

Paneveggio 3250 16 25 1430 45 52

S. Martino 2890 12 17 2924 50 58

Adamello 2416 10 16 1820 42 55

Brenta 2680 11 19 1166 51 60

a The browsing incidence is for regeneration between 10 and 150 cm height.

Fig. 1. Frequency of browsing damage incidence in the terminal leader by height class for Norway spruce (a) and for rowan (b).

Table 3

Coefficient of determination for power function models fitted to the

height structure data by linear regression of log-transformed data

Norway spruce Rowan

Paneveggio 0.98 0.56

S. Martino 0.97 0.84

Adamello 0.98 0.89

Brenta 0.98 0.93

The data were analyzed by height classes.
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For the Norway spruce, the power function model

accounts for over 97% of the total variance of height

structures at all four sites. For the rowan, the model

accounts for over 84% of the total variance of height

structures at the SMA, ADA and BRE sites, but for

only 56% at the PAN site (Table 3) where no rowan

individuals were found.

The Norway spruce residuals are very small and

have a random distribution (Fig. 3a). On the con-

trary, in the rowan, the distribution of the residuals

Fig. 2. Height structures of the total of the four Norway spruce populations (a) and of the four rowan populations (b). For the total sample the

regression equation for the power function is given with its coefficient of determination.
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is not random, and the 80–120 height classes are

under-represented in all four sites (Fig. 3b). The

most anomalous values were observed in the PAN

site.

3.3. Abrupt growth releases

An analysis of the abrupt growth releases in the

Norway spruce shows that the majority of saplings

(55%) underwent a period of suppression. The relea-

ses (Fig. 4a) exhibit a distribution that is relatively

continuous during recent decades, with some years

that have a larger number of release events distributed

randomly within the chronology.

The rowan data also show that many saplings in

the study areas experienced a period of suppression

(44%). As for the release chronologies (Fig. 4b), two

distinct situations are observable: in the SMA, ADA

and BRE sites, the releases show a distribution that is

relatively continuous over time during recent dec-

ades, but with increased frequency since approxi-

mately 1988–1990. In the PAN site, on the other

hand, all of the observed releases took place before

1985.

Fig. 3. Residuals, deviations of the present height structure from the modeled structure and from the power function model. Norway spruce (a)

on the left and rowan (b) on the right. The residuals were calculated by subtracting predicted height frequencies (using the power function)

from observed height frequencies after log-transformation. A value of 1 was added to each class frequency before log-transformation so as to

be able to take empty classes into account.
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4. Discussion

The incidence of browsing in the terminal leader

was much greater in the rowan than in the Norway

spruce, as expected. In all of the areas studied and in

both species, the height structures show a typical

reverse J-shape. However, whereas the height struc-

tures of the Norway spruce correspond well to the

theoretical model (Fig. 2a), the height structures of

the rowan deviate from it (Fig. 2b). The analysis of the

rowan residuals (Fig. 3b) shows that they are con-

centrated in the height classes within the browsing

range. The residuals in the PAN site, as expected,

present the greatest deviations in height structures

from the theoretical model (Fig. 4b). Based on our

results, I hypothesize that in the Norway spruce and

rowan populations in the sites studied, deviation of the

observed height structures from the theoretical model

is mainly attributable to the activity of wild ungulates.

A comparison between these two species, one not

particularly palatable (Norway spruce) and the other

very appetizing (rowan), offers some interesting

Fig. 4. Abrupt growth releases chronology for the two species in the four sites. Norway spruce (a) and rowan (b). The arrow shows the end of

abrupt growth release in Paneveggio that could be explained with the increase of ungulate density and browsing intensity. The level of

browsing intensity inhibit the terminal leader of the rowans to grow above the height browsing range.
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insights into the impact of wild ungulates on forest

regeneration. In the rowan, when an increase in

ungulate density with a consequent increase in brows-

ing incidence and intensity occurs (Gill, 1992a), the

number of individuals in the highly browsed height

classes decreases. In the present study, it is particu-

larly evident that the ungulate impact in the PAN site

corresponds to a total lack of rowan saplings in the

100–160 cm height class. This absence may be due

either to the complete consumption or death of indi-

viduals, or to the constant browsing of the part of the

tree that is outside the protective limits of grassy and

shrubby vegetation (and of snow in winter).

As far as the abrupt growth release data are con-

cerned, there is an important ecological difference in

the behavior of the two species: the rowan is a pioneer,

shade intolerant early seral species (partially shade

tolerant during seed germination and juvenile stages),

while the Norway spruce is a shade tolerant late seral

species. The presence of trees that show abrupt growth

releases among the Norway spruce is very common in

sub-alpine forests (Schütz, 1969; Piussi, 1976) and the

cause of this is difficult to link to one precise factor

(i.e. increased availability of light or cessation of

browsing) because the Norway spruce can establish

under canopy cover and may remain suppressed for

decades until natural or anthropogenic disturbances

permit an increase in growth rate. On the contrary, the

abrupt growth releases in the rowan may be linked to

the cessation of wild ungulate browsing in the terminal

leader (Kullman, 1986; Sperens, 1997; Zerbe, 2000).

At any rate, it is not possible to establish a direct

cause–effect relationship for each abrupt growth

release and the dendroecological analysis may involve

some unavoidable subjectivity, as is often the case in

studies dealing with past disturbances in forest stands.

The analysis of the abrupt growth releases in the

Norway spruce shows that the releases are randomly

distributed over recent decades. Certain years with a

high incidence of releases (e.g. 1991 in the PAN and

ADA sites) can be linked to windthrows, but it is not

possible to discriminate between the releases due to

increased light availability and those due to a cessation

of browsing in the terminal leader.

Regarding the release chronologies, two different

and distinct situations emerge in the rowan: in the

SMA, ADA and BRE sites, the releases are quite

evenly distributed over past decades, with a somewhat

higher frequency in recent years. On the contrary, the

releases registered in the PAN sites all took place

before 1985. We can hypothesize that the absence of

releases in over the last 15 years in the PAN site is due

to the heavy browsing of the terminal leader by wild

ungulates, which prevents the leader from attaining a

level above browsing height. Indeed, the impact of

wild ungulates in the PAN site seems to be splitting the

rowan population in two: one part established and

grew above browsing height before the recent wild

ungulate population increase, while the second one is

made up of those trees that established after the wild

ungulate population ‘‘explosion’’, and which at the

time of measurement had either not yet reached

browsing height or had been kept suppressed in lower

vegetation layers by browsing. The starting date of this

division in the PAN rowan population can be fixed at

about 1985. This division, already marked, is likely to

become even more pronounced over the next few

years. Given that the rowan is not a long-lived species,

a possible scenario is that in a few decades there will

simply be no more fruit-bearing rowans in the site.

Although the rowan appears to be particularly resilient

to browsing, often surviving clipped to ground level

(Miller et al., 1982), and has a great capacity for

vegetative regeneration and survival without seedling

establishment, its survival should not be entirely

entrusted to these capacities alone.

5. Conclusions

Damage inventories, conducted in any manner,

may underestimate browsing impact (Gill, 1992a).

Browsing damage in the terminal leader acts as an

important factor that limits the height growth of the

forest regeneration. The ungulates browse the term-

inal leader, which reduces vertical growth, and in the

case of sustained browsing, this can prevent vertical

development, maintaining saplings for decades in a

non-reproducing state and at a height vulnerable to

browsing. Height structure is a useful tool for evi-

dencing underestimation because there is a vertical

damage range and most browsing occurs at an inter-

mediate level between the ground and full reach; the

most vulnerable height range varies among the dif-

ferent ungulates. In the areas studied, the most

affected height classes are those between 80 and
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140 cm. Depending on the palatability of the species

and on the density of the ungulates, the importance of

browsing as a limiting factor for the growth of forest

regeneration may vary, but in the worst conditions,

like those observed for the rowan in the PAN site, it is

capable of completely obstructing the growth of the

saplings.

A site’s current situation in terms of regeneration

density and damage also depends on the length of time

that forest regeneration has been exposed to browsing.

A dendroecological approach, based on the detection

of abrupt growth releases, can be used to add a

temporal perspective when historical data on ungulate

impact on forest regeneration are scarce or completely

missing.

Both height structures and abrupt growth release

chronologies can be a useful complement to tradi-

tional and extensive browsing surveys (especially

those associated with forest surveys) in order to

evidence the impact of browsing on the population

dynamics of the most palatable species and in order to

detect, if present, an underestimation of ungulate

impact on the forest regeneration of the most palatable

species.
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