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The white-tailed deer is an important part of North America’s forest
ecosystems. However, large deer populations are now causing widescale habitat changes and threatening biodiversity, economics,
and human health. Paul Curtis, Kristi Sullivan, Peter Smallidge
and Bernd Blossey from Cornell University have developed new
protocols for evaluating deer impacts on forest ecosystems and
the ability of different forest areas to regenerate and retain their
diversity. Where current methods for managing deer are failing,
they consider how data related to deer browsing could provide
the rationale for novel methods of reducing deer impacts to retain
healthy forests.

The White-tailed Deer
The white-tailed deer is one of New
York State’s largest mammals, and is
an important part of forest ecosystems.
Overexploitation and habitat changes
resulting from agriculture and forestry
practices almost wiped out the state’s
deer population in the late 1800s.
However, conservation efforts in the
early 1900s and changes in hunting
regulations helped deer herds rebound
to a point where their abundance now
has devastating consequences for
forest plant communities, agriculture,
and human health and safety – due
to a higher prevalence of tick-borne
diseases and deer-vehicle collisions.
Furthermore, deer prefer forest edges,
so populations now also thrive in
suburban areas where lawns and fields
are interspersed with forest patches,
where fewer hunters and a lack of major
predators allow deer populations to
grow unchecked.
Gaps in the forest canopy allow light to
reach plants on the forest floor, fostering
species diversity. However, in many
areas, deer browsing has become so
intensive that North American forests

are losing their previous biodiversity.
Deer are selective browsers, and many
of the tree species that they prefer to
consume are valued for timber, or as
food-producing trees for wildlife. Deer
also eat wildflowers to a point that
previously abundant species, such
as orchids, have suffered dramatic
population declines and have become
rare, threatened, or endangered. The
preference of deer for native wildflowers
and tree and shrub seedlings also
allows invasive plants and invasive
earthworms to thrive. Changes in the
shrub layer can reduce available food
and habitat for other wildlife, including
insects, small mammals, and songbirds.
When the variety of species in the forest
declines, so does the way that forest
ecosystems function. Fewer trees and
herbaceous plants can grow to maturity
and reproduce. Lack of reproduction
or recruitment from juvenile stages
(oaks and other trees) associated
with high deer browsing may prevent
the dispersal of tree and herbaceous
species in response to climatic
changes. This effect has large ecological
and economic consequences for
conservation and timber management,
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and limits potential for climate change
mitigation through reforestation.
Landowners, foresters, and conservation
and wildlife agencies across New
York State are becoming increasingly
concerned about deer impacts in their
woodlands. However, reliably assessing
the size and changes in local deer
populations is extremely difficult, time
consuming, and expensive. In addition,
it typically requires individually marking
deer. Also, there is no ‘one size fits all’
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optimum deer density that exists for
all areas. The ‘right’ number of deer a
forest can support without substantial
damage varies depending on factors
including soil fertility, winter severity,
and the amount of other food plants
available.
To evaluate deer impacts on the state’s
forest ecosystems, Paul Curtis, Kristi
Sullivan, Peter Smallidge and Bernd
Blossey from Cornell University and
their colleagues have developed two
different protocols that use vegetation
indicators to assess deer browsing
impacts. Evaluating deer impacts by
measuring survival and growth of
indicator plant species is a good way
to assess whether deer populations are
too high and threaten both the species
and available habitat. These protocols
are also useful for measuring the
potential of different deer management
approaches to reduce these threats.
An AVID Audience
‘Any index of deer impacts should
respond quickly to changes in the
local deer populations and browsing
pressure, be based on scientific
evidence, and be easily and accurately
applied by volunteers in different

conditions,’ says Dr Smallidge. ‘That’s
why we decided on spring wildflowers
and tree seedlings as bioindicators.’
Spring wildflowers have been found
to respond quickly to changes in deer
browsing pressure, and are effective
indicators under a variety of conditions.
Woody seedlings are available as a
measurement tool all year, and have
been popular with those interested in
tree regeneration.

‘The focus of this project is on helping
local landowners and land managers
recognise and understand the changes
that are happening on their land –
enabling them to play a role in local and
state-wide deer management efforts,’
says Dr Curtis. Volunteers can enter data
online on the AVID website, and through
a mobile app developed to provide field
portability of the resources developed
as part of the project.

One of the new methods for rapidly
evaluating deer impacts on forest
vegetation appropriate for volunteers,
foresters, landowners, and others is
known as ‘AVID’: Assessing Vegetation
Impacts from Deer. The researchers
recruited volunteer landowners
and land managers from across the
state, running training courses and
producing educational materials, to
enable them to begin to collecting data
on their land. The volunteers collect
information by individually tagging and
repeatedly measuring tree seedlings
that are known to be preferred and
non-preferred by deer. In addition, the
protocol asks for tagging and measuring
certain species of wildflowers broadly
distributed and preferred by deer –
for example, Trillium grandiflorum
or Trillium erectum, and Indian
cucumberoot.

Data collected by landowners using the
AVID protocol have provided important
insights into forest regeneration under
the pressure of deer browsing. The team
found that the annual average growth
of desired tree species, such as maple,
ash and oak, is less than one inch (2.5
cm) per year when unprotected from
deer. They also found that the average
annual height growth of unprotected,
less preferred tree species, such as hophornbeam and beech that have little
utility in the forest industry, may be ten
times greater than that of unprotected
valuable timber species – reaching more
than five inches (12.7 cm) of growth per
year.
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Standardisation and Legacy Effects
The AVID protocol uses existing plants in forests. However,
forests may differ in their tree and herbaceous species
composition, even those in close proximity. Decades of high
deer abundance have fundamentally changed which species
are retained in a forest. This leads to difficulties when foresters,
management agencies, or conservation organisations want to
assess deer impacts at the landscape level, or compare threats
on different parcels of land. Also, in some heavily-impacted
forests, including those in suburbia, there may be few native
species, creating difficulties in finding enough individuals to tag
for repeated measurements.
To provide a common indicator, the team uses repeated
plantings of red oak seedlings, or so-called ‘sentinels’,
to evaluate deer impacts on plants, and the efficacy of
management practices, including deer fertility control and
hunting. They found that oak seedlings protected in cages
grew well, but deer ate over 60% of unprotected seedlings
each year. They also found that neither sterilisation of female
deer, nor recreational hunting, sufficiently reduced browsing
rates. Consequently, these techniques were eliminated as
appropriate management practices in their study. Instead,
they found that allowing volunteer archers to shoot deer in a
culling programme resulted in a substantial reduction in the
population.
The researchers found that planting oak seedlings as
bioindicators was a useful and easy-to-implement protocol to
assess deer browsing pressure. However, additional indicator
species are needed because browsing rates on more sensitive
species of conservation interest, such as trilliums and orchids,
may still be excessive, when oak seedlings are not being
browsed. The team is currently experimenting with asters and
goldenrods to better gauge how deer browsing pressure differs
among woody and herbaceous species in the same forest.
A Holistic Approach
Data collected using the AVID protocol is intended to be used
to aid in deer management decision-making in New York
State. The project team’s aim is to achieve a network of AVID
participants collecting data from more than 2300 sites by
2024, and they are looking at ways of implementing strategies
to incentivise sustained annual monitoring. However, it is
also imperative to further assess whether this method alone
is sensitive enough to capture changes in deer browsing
pressure in response to changes in deer management. AVID,
as designed, cannot assess deer legacy effects because the
protocol relies on existing individuals. This is where AVID,
potentially in combination with the oak sentinel approach, can
help to establish what sustainable deer browse levels might
look like in different geographic areas. For example, under lowintensity deer browsing, the death rate of oak seedlings is low:
20% over a 6-year period in Wisconsin, and 3% per year in the

Appalachian Mountains. However, annual browsing rates of oak
seedlings exceeding 10–15% are unlikely to allow this species
to regenerate, and oaks need at least a decade to grow tall
enough to avoid being eaten by deer.
Acceptable rates of deer browsing for regenerating oak
seedlings will likely need to be reduced even further in order
to protect more sensitive plant species. ‘Wildflowers such as
Trillium grandiflorum continue to suffer browsing rates that will
lead to local extinction, even in areas where browsing rates of
oak seedlings fall below 15%,’ Dr Blossey says. ‘We recognise
that using oak sentinels alone will not suffice and that
additional indicator species, like those used in the AVID project,
will need to be used in assessments once deer populations
have declined through control methods.’ Therefore, the team is
experimenting with additional sentinel plantings and long-term
monitoring of individuals to be able to come up with future
recommendations to landowners and management agencies.
As is illustrated by the team’s research, deer numbers cannot
be controlled through fertility control and recreational hunting
alone – at least not to the levels required for sustainable forest
regeneration and conservation of herbaceous species. Recovery
requires substantial reduction in deer herds, but any drastic
changes in deer management, such as the introduction of
predator species, are likely to be controversial. The researchers
believe that their research is now providing the background
data required to guide changes in landscape management
and forest stewardship. Their work provides an evidencebased approach for making deer management decisions – a
potentially emotive subject.
At Cornell University’s Arnot Forest, the team is now also
working on a new project to examine the potential of novel
timber harvesting techniques, which involves the use of logging
debris, or slash, to create walls that exclude deer. They plan
to evaluate the impact that such techniques could have on
regenerating forests, and maximising forest carbon storage.
Initial results from the team’s experiments using these ‘slash
walls’ are promising, but further research into the dynamics
of forest regrowth and carbon sequestration utilising such
techniques is needed.
It is clear from the breadth and depth of the team’s research
that overall, a holistic approach to deer management is
necessary to promote forest regeneration in New York State and
across the eastern US as a whole. Any such approach should be
based on data from initiatives such as the AVID and oak sentinel
protocols, and take into account ecological, social, human
health, and economic metrics to create a portfolio of indicators
that can guide effective decision-making in deer and landscape
management. The researchers conclude that: ‘The future of
our forests, the biodiversity contained in them, climate change
mitigation, and human health, are closely linked to our ability
to embrace these large-scale changes in deer management.’
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