
1) Les herbivores modifient la structure des plantes 
consommées et transforment le paysage forestier

2) Objectif: estimer l’effet du broutement sur la                                                                               
croissance à partir de la structure de juvéniles
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Fig 2. Mesure d’importance de variables produites avec une forêt décisionnelle qui supporte la compréhension de 
l’arbre de classification. 
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Fig 1. Classification préliminaire selon le taux de croissance de juvéniles broutées à partir d’un arbre de régression 
décisionnel (individus réalisés n = 38 et attendus n = 150). Le broutement et une faible disponibilité lumineuse sont   
les principales pressions pouvant diminuer la croissance et modifier significativement l’architecture. Des mesures 
environnementales seront ajoutées à l’été 2016.

3) Mesures d’indicateurs structuraux sur les juvéniles 
sapins baumiers et mesures environnementales

I. Analyses structurales pour trouver des indicateurs de 
la croissance en hauteur annuelle et utilisation de la 
dendrochronologie comme outil de validation
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II. Analyse architecturale comme proxy de l’historique de 
broutement : l’apex pour les pressions récentes et la 
tige principale pour les pressions anciennes
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Pression de broutement
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4) Classifier les sapins juvéniles à l’aide d’indicateurs structuraux selon la 
croissance, l’environnement et l’historique de broutement.

5) Perspectives
a) Appliquer la classification à la population de sapin de la Seigneurie de Beaupré et 

estimer le retard causé par l’orignal de la régénération forestière.
b) Introduire la classification au suivi de la végétation au Québec lors des inventaires 

du réseau de placettes permanentes.

Indices structuraux :
- Pression de broutement
- Croissance (âge et hauteur)

Classification

Taux de croissance

Environnement 
(Ouverture lumineuse)

Type architectural avec un arrêt de la croissance en hauteur
dû à un broutement intense et chronique 

Pression lumineuse
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III.Inventaire de données environnementales concernant 
la densité du peuplement et l’ouverture lumineuse  

Effet sous-estimé du broutement sur la régénération
et la production forestière

4

Recent field experiments with birches have demon-
strated that their responses to herbivore attacks
during different periods of the same season (e.g. early
or late summer) can also differ (K. Danell, unpubl.
obs.).

To conclude, data accumulated so far clearly demon-
strate that module growth responses to herbivory are
significant, and highly dependent upon the intensity and
timing of the herbivore attack. The module populations

display a high degree of dynamic behaviour, at least at
high herbivore densities.

4. Consequences of ungulate activity on
tree modules

Within the same tree and its population of modules
we notice that the modules closest to the herbivore

Fig. 1. Stand of Scots pine (P. sylvestris) on poor soils on alluvial sediments used by high densities of moose (A. alces) for winter feeding for
many years (Photo K. Danell).
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3.3. Effect of deer on ocean spray architecture

Deer browsing had a dramatic impact on the architecture of
ocean spray, transforming shrubs from full-bodied plants with fo-
liage distributed from near ground level to their tops, into umbrel-
la-like shrubs with no foliage under c 1.5 m in height, above which
foliage escaped browsing by deer (Fig. 5). We used the ratio of the
diameter of the shrub at 1 m and 2 m in height to quantify this
structural change and found that low deer density islands had
the highest mean ratio of 0.65 (95%CI 0.44–0.89); whereas moder-
ate and high deer density islands had mean ratios of 0.29 (95%CI
0.16–0.45) and 0.27 (95%CI 0.11–0.54), respectively.

The total number of dead stems also increased significantly
with deer density, as did the number of browsed stems, reaching

up to 140 stems per shrub on high deer density islands (Fig. 6).
Likewise, the total number of stems 0–5 cm in diameter increased
substantially with deer density (Fig. 6), reflecting ocean spray’s
coppicing response to browsing pressure. The number of stems
at larger diameters was similar between islands grouped by deer
density. The mean height of ocean spray was also similar across is-
lands (low deer density, mean estimate 3.2 m (95%CI 2.4–4.0);
moderate, 3.2 m (95%CI 2.3–4.4); high, 3.8 m (95%CI 2.2–5.9). We
found too few ocean spray seedlings to relate recruitment of ocean
spray to deer density.

3.4. Effect of deer on bird species

Of a total of 53 bird species recorded on 18 islands, 34 were de-
tected often enough to undergo analysis. Equal numbers of resi-
dent and migrant species were classified a priori as strongly and
moderately dependent on understory vegetation, whereas the
majority of species classified as having a low dependence on
understory vegetation were resident species (Table 3). As hypoth-
esized, the indirect effects of deer density on bird abundance, via
its direct effects on vegetation structure, were most evident in bird
species that depend on understory vegetation for feeding or nest-
ing (Table 3). We used a priori understory dependence scores
(Table 3) to identify ten species likely to be most strongly reduced
by deer browsing. As predicted, density estimates for all of these
species were highest on islands with low density or no deer
(Table 3). Fox and song sparrow, rufous hummingbird, spotted to-
whee, Bewick’s wren and orange-crowned warbler showed the
strongest preference for low deer density islands (see Table 3 for
birds species scientific names).

We expected nine species to be moderately negatively affected
by deer browsing, based on their reduced reliance on understory
vegetation or use of both closed and open habitats (Table 3). The
response for this group was variable. As predicted, golden-crowned
kinglet, ruby-crowned kinglet, white-crowned sparrow and varied
thrush, were all most abundant on islands with low to moderate
deer densities. In contrast, Pacific slope flycatcher, chestnut-
backed chickadee and American goldfinch were equally abundant
across all deer densities (Table 3). Of the 15 species predicted to
be indifferent to browsing based on having no clear link to under-
story vegetation, most varied little in abundance with deer density.
Only one species, the dark-eyed junco, known to favor open-forest
habitats, exhibited a strong preference for islands with moderate
and high deer densities. Two species predicted to be indifferent

Fig. 3. Deer browsing impact on forest vegetation cover; (A) no deer (Patos Island),
(B) moderate deer density (Wallace Island,) and (C) high deer density (Sidney
Island).
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Fig. 4. Percent vegetation cover for total trees, shrubs and herb/grasses as well as
two common native shrubs salal and ocean spray across low (L), moderate (M) and
high (H) deer density islands. Bars represent 95% credible intervals.
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Fig. 4. Percent vegetation cover for total trees, shrubs and herb/grasses as well as
two common native shrubs salal and ocean spray across low (L), moderate (M) and
high (H) deer density islands. Bars represent 95% credible intervals.
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Fig. 4. Percent vegetation cover for total trees, shrubs and herb/grasses as well as
two common native shrubs salal and ocean spray across low (L), moderate (M) and
high (H) deer density islands. Bars represent 95% credible intervals.
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