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Abstract: White-tailed deer (Odocoileus virginianus) popu-
lations are currently extremely bigh in the upper Great Lakes
region, and browsing may bave severe negative effects on
many forest species, including the eastern hemlock (Tsuga
canadensis), a former forest dominant. We suggest that this
problem must be examined in an expanded spatial and tem-
poral context. It may be incorrect to generalize from limited
evidence on one scale of observation (stand level) to explain
a regional, long-term failure of tree species regeneration. We
reviewed hemlock life-bistory characteristics, its long-term
bebhavior on a regional scale, and evidence from recent stud-
ies in the context of long-term forest ecosystem processes. We
then conducted 400-year computer simulations within a
neutral model framework (see Caswell 1976), relative to
browsing, to test whether other factors might adequately ex-
Dplain the lack of bemlock regeneration in the northern lake
states. The results suggest that browsing is not the critical
step blocking bemlock forest re-establisbment on a regional
scale. We suggest that the interaction of climate, disturbance,
bemlock life bistory, ecosystem processes, and bistorical land
use produce positive feedbacks that prevent bemlock regen-
eration usually before deer browsing can occur. There is need
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Regeneracion del abeto del este y ramoneo por ciervos en
la regioén norteiia de los Grandes Lagos: Una reexaminacion
y un modelo de simulaciéon

Resumen: Las poblaciones actuales de ciervos Odocoileus
virginianus estdn muy arriba en la region superior de los
Grandes Lagos, y el ramoneo puede tener severos efectos neg-
ativos para muchas especies forestales incluyendo el abeto
del este (Tsuga canadensis), un exdominador del bosque. Sin
embargo sugerimos que este problema debe ser examinado
en un contexto espacial y temporal expandido. Seria incor-
recto generalizar evidencias limitadas a una escala de ob-
servacion (nivel de stand) para explicar el fracaso de regen-
eracion a largo plazo de una especie de drbol. Hemos
revisado las caracteristicas de la bistoria de vida del abeto,
comportamiento a largo plazo a una escala regional, y ev-
idencia a partir de estudios recientes en el contexto de pro-
cesos a largo plazo de ecosistemas forestales. Luego simu-
lamos 300 anos usando el contexto del modelo neutral
(sensu Caswell 1976), en relacion al ramoneo, para testear
si otros factores podrian explicar adecuadamente la falta de
regeneracion de abetos en el norte de los Estados de los La-
gos. Los resultados sugieren que el ramoneo no es el paso
critico que liga el reestablecimiento del bosque de abeto a
una escala regional. Sugerimos que la interaccion del clima,
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to modify current single-species forest management and sil-
viculture, and to manage forests at a landscape scale in a
way that maintains regional biodiversity and sustainable
Jorest ecosystems. These modifications should include re-
duced deer levels and maintenance of larger patches of ma-
ture ecosystems. But we caution against broadly invoking
the negative effects of any single factor such as browsing as
a basis for management changes without a thorough assess-
ment of all factors.

Introduction

Critical factors influencing the early stages of plant es-
tablishment (especially for long-lived trees) are some-
times overlooked in vegetation studies that focus on the
influence of a single detrimental factor such as her-
bivory. The complexity of ecosystems implies that many
factors are involved in determining the patterns of forest
succession and community development. Therefore, an
analysis based on a multiple hypothesis approach
(Chamberlin 1892) appears more appropriate than re-
striction to a single factor.

Recently, Alverson et al. (1988) suggested that heavy
browsing resulting from high white-tailed deer
(Odocoileus virginianus) populations is the primary
factor preventing the regeneration of eastern hemlock
(Tsuga canadensis) in northern Wisconsin and neigh-
boring areas. Hemlock is of particular interest because it
has been reduced from its former position as a regional
dominant in the northern lake states to where it now
occupies only 0.5% of the landscape (Eckstein 1980).
We believe that the question of hemlock regeneration
requires a critical examination in an expanded spatial
and temporal context, especially since hemlock utilizes
several modes of establishment and occurs in several
different situations. In attempting to explain the current
greatly reduced role of hemlock, we will consider the
life-history characteristics of hemlock and the long-term
behavior of the species on a regional scale and in the
light of long-term forest ecosystem processes. Since
“... early stages of growth are especially critical for the
establishment and survival of hemlock” (Olson et al.
1959), a conclusion which Coffman (1978) and others
have further demonstrated, we will document the im-
portance of site conditions, developmental biology, and
past establishment patterns to indicate the vital role of
these factors in hemlock regeneration.

With the background developed in this review, we
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Derturbaciones, bistoria de vida del abeto, procesos eco-
sistémicos, y uso bistorico de la tierra produce retroalimen-
taciones positivas que previenen la regeneracion del abeto
usualmente antes que el ramoneo por ciervos pueda llegar a
ocurrir. Es necesario modificar el manejo y la silvicultura
monoespecificos, y manejar los bosques a una escala del
Daisaje de forma tal que mantenga la biodiversidad regional
y los ecosistemas forestales sostensibles. Estas modifica-
ciones deberian incluir niveles reducidos de ciervos y el
mantenimiento de patches mdas grandes de ecosistemas ma-
duros. Sin embargo, prevenimos contra la invocacion am-
Dlia de los efectos negativos de cualquier factor en particu-
lar, tal como el ramoneo, como la base de los cambios de
manejo sin una exhaustiva evaluacion de todos los factores.

will examine current evidence on the role of white-
tailed deer in the failure of hemlock regeneration (Al-
verson et al. 1988). We will develop a neutral model
framework (see Caswell 1976) in relation to browsing
effects. In this context we propose that a variety of in-
trinsic ecosystem processes and hemlock life-history
characteristics interacting within climatic constraints
explain the failure of hemlock recovery both regionally,
and to a considerable extent locally, without invoking
the effects of browsing. We will then examine the re-
sults of this neutral model using computer simulations
of forest succession.

Clearly, herbivores can have a major impact on veg-
etation. In north temperate regions of eastern North
America, white-tailed deer population densities above
3—5 animals/km? can seriously affect the reproduction
or survival of several woody species. The occurrence
and effects of browsing are well documented (see Swift
1948; Stoeckeler et al. 1957; Jordan & Sharpe 1967;
Anderson & Loucks 1979; Frelich & Lorimer 1985), but
consideration of all evidence concerning hemlock re-
production suggests that many factors are involved in
preventing its recovery as a regional dominant. Exami-
nation of the evidence suggests that Alverson et al.
(1988), among others, have erred in part by mixing
scales of observation (Allen & Starr 1982) in invoking
site-specific phenomena as explanations for regional
conditions.

There is no direct evidence that deer populations in
some manner reduced to 2/km® (or eliminated com-
pletely) will result in the widespread regeneration of
hemlock forests (Alverson et al. 1988). Certainly, in a
limited number of favorable sites and with favorable
stochastic events, elimination of browsing will permit
more regeneration. However, hemlock—which in pre-
settlement time was a major component of several for-
est types (Godman & Lancaster 1990 }—is most unlikely
ever again to reach its earlier extent as a major codom-



