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in the United States
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University, Oxford, United Kingdom, 3Department of Botany, University of Wisconsin —
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Forests in the United States continue to lose biodiversity and many fail to regenerate

due to high deer (family Cervidae) abundance. Declines in biodiversity and overall

ecosystem health due to high deer populations increases prevalence of wildlife and

human diseases associated with increasing tick abundances and decreases forest

resilience and the ability to deliver benefits provided by healthy ecosystems. In the

eastern andmidwestern United States, white-tailed deer (Odocoileus virginianus) are

the main stressor, while in the western U.S. elk (Cervus elaphus) and black-tailed and

mule deer (Odocoileus hemionus) can become equally problematic. Federal and

State Wildlife Agencies are responsible for environmental stewardship and

management of deer, migratory and endangered species, yet they lack authority

to address human health concerns or commercial interests (we acknowledge tribal

authority to manage wildlife as an important contributor to conservation).

Furthermore, State Wildlife Agencies have retained their traditional focus to

manage wildlife for recreational hunters while neglecting their obligations to

manage wildlife in the interest of all citizens rather than special interest groups.

Fragmented institutional arrangements and widely scattered responsibilities for

human health, environmental conservation and management, agriculture, and

commerce among tribal, federal, and state agencies have allowed deer impacts to

grow into nationwide conservation and human health crises. Given that local,

regional, and state-level initiatives have failed to provide appropriate remedies,

federal leadership is now essential to integrate concerns among disciplines, policy

domains, regions, habitats, and biota.We recommend developing aNational Strategy

to build strong collaborative efforts and diverse and inclusive relationships across

environmental, human health and economic interests. These should reach beyond

state boundaries to comprehensively address interrelated deer, human health, forest,

and conservation crises. A well-coordinated and collaborative approach has the

potential to overcome traditional turf battles between tribal, state, and federal

interests by recognizing joint responsibilities and obligations to manage wildlife as

a public trust resource. This collective approach can protect species before they

become endangered, avoiding further declines in environmental and human health.
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Introduction

Older residents of Cayuga Heights and Lansing, small villages in

Central New York adjacent to Cornell University, remember gorges

full of wildflowers. Graduate students from Cornell’s Botany,

Ecology, and Entomology departments used their bicycles to get

to local study sites in the 1950’s. These times are long gone— today

these gorges are mostly devoid of native wildflowers, shrubs and

saplings, and often entirely barren (Figure 1), except for the slowly

dying old trees that are not being replaced. Memories of abundant

wildflowers in local gorges disappear as human residents age, move,

or die. New residents consider current conditions ‘normal’ and

often have difficulties imagining what local gorges looked like only a

few decades ago. Pauly (1995) described this loss of generational

knowledge of previous ecological conditions as a ‘shifting baseline

syndrome’. While Pauly (1995) was referencing memories of

fisheries scientists and fishermen, his concept gained prominence

as a basis for recognizing how sustained environmental degradation

is limiting today’s expectations and perspectives for a different

future (Alleway et al., 2023).

Archeologists and historians who rely on evidence preserved in

sediments and pollen records have pieced together the regional

waxing and waning of species and ecological communities (Gill

et al., 2009; Oswald et al., 2020). Such information exists for trees,

some grasses, and even megaherbivores (Gill et al., 2009), but we

lack information how wildflower abundance has changed over

generations and centuries. Evidence collected by botanists over
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the last 150 years indicate that across the eastern U.S., forest

understory carpets of trilliums, lilies, orchids, and other

charismatic wildflowers, have been replaced by near monocultures

of sedges, ferns and, increasingly, introduced plants (Horsley et al.,

2003; McGraw and Furedi, 2005; Knapp and Wiegand, 2014;

Gorchov et al., 2021). Canada yew (Taxus canadensis) — once so

common that its Ojibway name, ‘ne’bagandag’, is ‘the shrub that

grows everywhere’ — has vanished from much of its range. In most

instances, like in the gorges around Cornell, the species have not

been entirely lost but are now confined to refugia on cliff edges, in

the steepest parts of gorges, or on boulders (Comisky et al., 2005).

These remaining individuals represent the potential for a return and

a better and healthier future.

Protecting and restoring local and regional biodiversity requires

recognizing the important stressors that lead to species declines.

White-tailed deer (Odocoileus virginianus), whose populations have

increased beyond their ecological carrying capacities, have been

implicated as the main reason for widespread forest devastation

(Côté et al., 2004; Miller et al., 2023). This is not only a problem in

the Northeast, nor is it only wildflowers that have vanished. Entire

cohorts of tree seedlings in forest understories — representing

future forests — face poor survival odds and forests in the Great

Lakes, Mid-Atlantic and Northeast (including National Parks and

Monuments) are in imminent danger of recruitment failure

affecting landscapes for decades to come (Patton et al., 2018;

Rogers and McAvoy, 2018; Alverson et al., 2019; Miller and

McGill, 2019; Miller et al., 2023). In western North America,
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FIGURE 1

(A, B, D) Barren forest floor devoid of seedlings, saplings or wildflowers adjacent to gorges in the Village of Lansing, New York. Note lack of leaf litter
and abundant earthworm middens (D). (C) Recruitment of tulip tree (Liriodendron tulipifera) in a local deer exclosure. (E) Display of white wood aster
(Eurybia divaricata) and blue stem goldenrod (Solidago caesia). (F) Examples of seedling and sapling recruitment in an area with intensive deer
management. Photo credits: (C) by Andy Zepp, all others by Bernd Blossey.
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black-tailed or mule deer (Odocoileus hemionus) and elk (Cervus

elaphus) create similar problems (Porter and Underwood, 1999;

Binkley et al., 2006; Martin et al., 2011; Rogers and McAvoy, 2018;

Chollet et al., 2021) in western forests. The oldest National Park in

the U.S., Yellowstone, has for decades been under severe elk browse

pressure eliminating aspen (Populus tremuloides) and willow (Salix

spp.) growth and recruitment (McNulty et al., 2020). Only recently

has there been some relief associated with declines of the elk

population (Brice et al., 2022). Some of these problems have been

recognized for nearly a century (Leopold et al., 1947; Flader, 1974;

Binkley et al., 2006), while others have been coming into focus

recently due to purposeful deer introductions or range expansions

(Martin et al., 2011; Sterba, 2012). However, beyond evidence often

associated with research investigations, we do not fully comprehend

the full extent of deer impacts (family Cervidae, including elk,

white-tailed, black-tailed, and mule deer) at local or regional scales

because we lack appropriate long-term monitoring (Quirion and

Blossey, 2023).
Impacts of high deer populations

Environmental health

When Europeans arrived in North America, eastern forests had a

diverse large herbivore assemblage including bison (Bison bison

bison), woodland caribou (Rangifer tarandus caribou), moose (Alces

alces), and elk (Foster et al., 2002), but we know little about how these

large herbivores shaped abundances of trees, grasses, ferns and

wildflowers. As European settlements expanded, persecution of

large carnivores and unregulated market hunting drove deer, other

large herbivores, and their predators to near extinction in the late

1800’s (Halls, 1984). Conservation efforts, enforcements of hunting

laws, and abundant nutrition in the regrowing forests in the East, and

subsidies provided by forestry operations, farming and gardening

allowed deer (but not their predators) to quickly return to their

traditional ranges and increase in abundance (Leopold et al., 1947).

Deer are selective browsers (although elk consume a higher

proportion of grasses) and at low abundance limit recruitment of

species they prefer to consume; at high abundance, deer can

eliminate herbaceous and woody recruitment entirely (Figure 1),

a process that plays out over decades. Island and exclosure studies

implicate deer as the main driver of differences in plant community

composition regardless of climate or previous land-use (Mudrak

et al., 2009; Goetsch et al., 2011; Martin et al., 2011; Frerker et al.,

2014; Alverson et al., 2019; Kelly, 2019; Dobson et al., 2024).

Wildflowers and many shrubs never escape deer browsing and so

tend to disappear first. Mature trees beyond the reach of deer,

however, continue to produce many seeds and seedlings. These

often grow to 10–20cm but then recurrent deer browsing prevents

further heigh growth, often resulting in death (Kelly, 2019).

Continued browse pressure leads to eventual seedling death

creating a permanent regeneration debt (Russell et al., 2017;

Vickers et al., 2019; Miller et al., 2023). These effects can last for

decades (Knauer et al., 2023).
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Impacts of high deer populations extend beyond the individual

plants and species they consume. Insects, birds (including

neotropical migrants), small mammals, nutrient cycling and forest

carbon storage capabilities can all be negatively affected (Côté et al.,

2004; Martin et al., 2011; Nuttle et al., 2011, 2014; Schweitzer et al.,

2014; Chips et al., 2015; Mo et al., 2023; Phillips and Cristol, 2024).

Introduced plants and earthworms thrive where deer are abundant

(Dávalos et al., 2015a, b; Gorchov et al., 2021). High earthworm

populations eliminate leaf litter (see Figure 1D), which decreases

litter invertebrate abundance, which, in turn, leads to collapse of

salamander and ground nesting bird populations (Maerz et al.,

2009; Loss and Blair, 2011).
Climate change

Climates have always fluctuated, and species respond in three

general ways: move, tolerate in place, and evolve. Deer can affect all

three, interfering with inherent climate resiliency of other species.

Mobile animals can move and actively search for new residences —

wildflowers, shrubs, and trees disperse passively via seeds, fruits and

vegetative fragments. Effective dispersal requires plants to produce

large numbers of seeds that can find suitable safe sites to germinate

and grow. By reducing local abundance, flowering, and seed output

(Figure 2), deer limit reproductive efforts of wildflowers leading to

shrinking populations (Mooney and McGraw, 2007; Knight et al.,

2009; Flaherty et al., 2018) and reduced dispersal capabilities.

Reduced population size and reproductive effort also curtails the

ability of species to respond to climate change with rapid

evolutionary adaptations (facilitated by large gene pools) and

increases risks of inbreeding depression (Lankau, 2011; Williams

et al., 2016). Propagules that disperse will find few safe places to

germinate and grow because deer and their high browse pressure

are ubiquitous. Even for species able to tolerate climate change in

place, old individuals will need to be replaced by new recruits, but

deer curtail or prevent this option for palatable species. In

summary, deer appear to be a larger threat to wildlflowers,

shrubs, and trees than climate change, curtailing their ability to

respond via dispersal, phenotypic plasticity or rapid evolution.
Human health

When forest biodiversity declines, infection rates of diseases

affecting wildlife and humans increase (Civitello et al., 2015;

Keesing and Ostfeld, 2015; Ostfeld and Keesing, 2017). At high

deer abundance, plant and animal diversity decreases while the

abundance of black-legged (deer) ticks (Ixodes scapularis) and the

incidence of Lyme and other tick borne diseases increase (Raizman

et al., 2013; Werden et al., 2014). Deer are the main host for adult

ticks and risks of tick-borne diseases (e.g. Lyme, Ehrlichiosis,

Babesiosis, Anaplasmosis, Rocky Mountain spotted fever, Powassan

virus) are steadily increasing across the U.S. (Telford, 2017). But

where deer abundance is low, for example in urban parks, I.

scapularis is absent or occurs only in extremely low abundance
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(VanAcker et al., 2019). When deer reduce plant and animal diversity

overall, the opposite response is observed in generalist species. White

footed mice (Peromyscus leucopus), eastern chipmunks (Tamias

striatus) and American robins (Turdus migratorius) thrive in

altered systems and are all competent hosts of Borellia burgdorferi,

the spirochaete causing Lyme disease. While deer-tick-disease

dynamics are complex (Kilpatrick et al., 2017), the focus on white-

footed mice as the main driver of tick and Lyme disease dynamics

overlooks many other competent bird and mammalian hosts (Zikeli

and Zohdy, 2020; Goethert and Telford, 2022). Experiments

attempting to lower tick abundance by targeting ticks directly using

the biopesticide Met52 (F52 strain of the fungus Metarhizium

brunneum) and bait boxes attracting small rodents and applying

tick-killing fipronil, failed to reduce tick abundance or the number of

tick-borne diseases reported by humans (Ostfeld et al., 2023). In

contrast, experimental deer reductions dramatically decreased tick

abundance and Lyme disease incidence (Stafford et al., 2003;

Kilpatrick et al., 2014).

High deer populations facilitate the emergence and spread of

other diseases with serious consequences for human, wildlife and

livestock health. One example is chronic wasting disease (CWD) a

debilitating disease of the nervous system (ataxia), facilitated by high

deer populations, that results in slow agonizing deaths in affected

ungulates. Shipments of infected animals from captive deer herds led

to its rapid spread (Escobar et al., 2020; Maloney et al., 2020). CWD

receives enormous attention as a potential threat to human health,

because it is broadly similar to Creutzfed-Jacob (or BSE) disease,

although there are no reported cases of deer-human transmission

(Williams et al., 2002). Management agencies spend significant

resources on public awareness campaigns and hunter education but
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these efforts have failed to reduce deer populations or CWD spread

and infection rates (Jennelle et al., 2014). Modelling exercises indicate

that abundant large predators might reduce CWD prevalence in wild

herds by selectively removing weak individuals (Wild et al., 2011), but

these predators remain absent over much of the U.S. White-tailed

deer in North America are also a reservoir for SARS-CoV-2 with

potential negative consequences for livestock and human health, but

the virus has not been detected in European deer (Mallapaty, 2022).
Economic interests

High deer populations also threaten economic productivity and

livelihoods. Two decades ago, Conover (2002) estimated that

annual crop losses due to deer in the U.S. exceeded $900 million

and wildlife damage compensations were estimated at >$4 billion.

More recent and comprehensive data on economic costs of deer

have not been published, but a recent study in New Jersey estimated

that just 27 small farms incurred $1.4 million in financial losses due

to deer impacts in 2019 (Paulin et al., 2022). This included direct

losses in marketable crops, but also costs to install and maintain

physical protections (fences) and the inability to grow preferred

crops. There is no national approach or methodology to help

quantify economic losses due to deer impacts in forestry,

gardening, agriculture, tourism or conservation. Losses are likely

greatly underestimated due to lack of reliable assessment methods

(Kovacs et al., 2020). Substantial health and economic losses also

occur on U.S. highways where 2.1 million deer are killed annually,

often in gruesome ways, injuring nearly 60,000 people with >400

human fatalities at a cost of >$10 billion (Cunningham et al., 2022).
B CA

FIGURE 2

Examples of charismatic understory species that are preferred by deer and their reproductive effort and output (N = 100 individuals) with and
without deer access in 2015 at Bobolink Hill, Richford, New York. Depicted are (A) Trillium grandiflorum; (B) Maianthemum racemosum; and
(C) Trillium erectum. For M. racemosum these are fruits/plant containing 1–3 seeds/fruit. Photo credits: Bernd Blossey. Deer icon by Tracy Heath
(phylopics.org); fence icon from vectorstock.com.
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Depending on the region, 2–4% of state residents participate

in hunting with economic benefits estimated at $26 billion in

2016; 60% of this is associated with deer and other big game

hunting (U.S. Fish and Wildlife Service, 2018). In contrast,

26–35% of state residents participate in wildlife watching

activities contributing $75 billion to the U.S. Economy in 2016

(U.S. Fish and Wildlife Service, 2018). The Bureau of Economic

Analysis estimates that outdoor recreation contributed $454 billion

to the U.S. GDP in 2021 (https://www.bea.gov/data/special-topics/

outdoor-recreation) and non-consumptive outdoor activities by far

outperform hunting as an economic driver. This overview, even

without comprehensive accounting, suggests that economic costs of

high deer populations are likely to greatly outweigh their benefits.
Humans, wolves, bears, cougars, and
coyotes as deer population regulators

When Europeans arrived in eastern North America, large

herbivores existed with large carnivores, specifically wolves (Canis

lupus) and cougars (Puma concolor). Grizzly or brown bears (Ursus

arctos) roamed from Alaska to Mexico but were restricted to areas

west of the Mississippi (Hall, 1981). Coyotes (Canis latrans) were

western species occupying the grasslands but expanded into eastern

forested landscapes more recently (Hody and Kays, 2018). Black

bears (Ursus americanus) occurred through much of North America,

as did bobcats (Lynx rufus). Deer were also hunted for food, clothing

and tools by Native Americans but effects of human and other

predators, together with climate and disease on North American

deer populations before European arrival are unclear as are estimates

of historic deer abundance (McCabe and McCabe, 1984).

As Europeans pushed westward, unregulated market hunting

decimated deer and other wildlife. Conservation efforts then

allowed deer to make a remarkable comeback. Populations of

their predaotr than also stsarted to rebound slowly. By the 1930’s

and 40’s, deer reached high local abundances with overbrowsing

evident on preferred species, resulting in poor nutrition, starvation

and winter mortality (Leopold et al., 1947; Severinghouse and

Brown, 1956). Ecosystems started to decline with accumulating

negative impacts soon reaching crisis levels.. These negative impacts

have now reached crises level. The question then is, what factors can

achieve deer population control that recreational hunting, as

presently practiced and regulated, has been unable to achieve?

Many conservationists believe that more successful deer

management requires the return of large predators, which might

initiate a trophic cascade (Estes et al., 2011; Ripple et al., 2014). Wolf

reintroduction to Yellowstone National Park in 1995 to reverse

impacts of enormous elk populations are often referenced for such

effects. Yellowstone’s ecosystems may be recovering, but it is

uncertain whether wolves actually played a key role as selective use

of evidence may have overemphasized role (Ford and Goheen, 2015;

Fleming, 2019; Brice et al., 2022). Although wolves and other large

predators in Yellowstone (and elsewhere) kill large herbivores,

particularly the very young and the very old, mortality due to

human hunting during winters spent outside the park was likely
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were released (Smith et al., 2020; Brice et al., 2022). Reports of coyotes

reducing deer populations in the eastern U.S. are disputed (Robinson

et al., 2014; Bragina et al., 2019; Kilgo et al., 2019). Even in the absence

of predators, early fawn mortality may reach 50% without causing

deer populations to decline (Dion et al., 2020).

Can wolves and other predators keep deer populations at low

abundance? We cannot reject this possibility, but evidence for such

effects is limited (Blossey and Hare, 2022). Instead, wolf abundance

itself may be a function of available prey biomass (mostly ungulates,

but also beavers, rodents and fruit) and their social structure

(Pimlott, 1967; Fuller, 1989; Neufeld et al., 2021). Half a century

ago, Pimlott (1967) argued that wolves would be unable to control

(i.e. reduce) deer populations where deer abundance exceeds

7–8/km2, a density exceeded over much of the U.S. today

(Williams et al., 2013). For example, New York’s deer population

is about 1.2 million; annually hunters kill about 220,000 and cars

70,000. Managers typically consider removing about 40% of adult

does sufficient to stabilize a herd but up to 60% may need to be

removed annually to cause population declines (Matschke et al.,

1984; Merrill et al., 2003). Unfortunately, the vast majority of

hunters continue to prefer to shoot antlered males — in 2022

only 12% of New York hunters shot an antlerless deer (this includes

male fawns) and only 4% shot more than two antlerless deer

antlerless deer despite antlerless tags being available, (https://

content.govdelivery.com/accounts/NYSDEC/bulletins/3766de2).

Even if we assume that half of the car and hunter killed deer in New

York are females, this annual mortality removes only 20% of the doe

population in the state, half of what would be required for herd

stabilization and much less than required to induce a population

decline. Nationwide, hunter success varies widely by state and

region but typically <50% of license holders actually shoot a deer

(https://deerassociation.com/2024-deer-report/). Individual adult

wolves consume about 20 deer/year (Fuller, 1989). For wolves to

aid in stabilizing or help begin herd reductions in New York, they

would need to kill at least as many deer as hunters and cars

combined, should they return. This would require >20,000

wolves, more than currently occur in the entire U.S. (including

Alaska). This is neither biologically feasible, nor socially acceptable,

and not unique to New York.

Hope for enabling predator dispersal, or reintroduction efforts,

to help manage local deer herds faces insurmountable ecological

and social problems. Wolves or other large predators might help

maintain deer populations once they decline to lower levels, but this

is, at present, a distant possibility. It is our opinion that wolves

should be allowed to return to their traditional range in the eastern

U.S. because they are keystone species, but not because we expect

them to manage deer populations for us.

If natural and human hunters do not limit deer populations, what

does? The role of quantity and quality of nutrition is critical but often

overlooked. Large winter mortalities in the 1930’s–1950’s were linked

to starvation with deer having exhausted their food supplies

(Matschke et al., 1984). This becomes particularly important in the

northern portions of the deer range with longer, colder winters and

deep snow (Van Deelen et al., 2010; Olson et al., 2021). Climate
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change, however, is rapidly reducing winter severity and large

winter kill events across North America. Furthermore, females

under nutrient stress have lower fecundity, abort fetuses, and low

birthweights increase early fawn mortality (Verme and Ullrey, 1984;

Dion et al., 2020). This central role of nutrition in determining

population dynamics occurs in other cervids including woodland

caribou (Schaefer et al., 2016), moose (Jesmerr et al., 2021;

Oates et al., 2021), mule deer (Bishop et al., 2009), and elk

(Coughenour and Singer, 1996; Lukacs et al., 2018), but is rarely

considered of importance in deer management. Before European

settlement, deer populations were likely food limited in the uncut

contiguous forests of the eastern U.S. Populations were only as

large as could be sustained during the most nutritionally limiting

season. Fall masting events of American chestnut (Castanea dentata),

American beech (Fagus grandifolia) and oaks (Quercus spp.) likely

provided nutritional supplies for deer to survive winters — deer

were mostly absent in the conifer forests around the Great Lakes,

for example, until forests were cut and hardwoods regrew

(Rogers et al., 1981). Spring wildflowers, now scarce in many

eastern woodlands, could probably persist previously at high

abundances and tolerate the lower browse pressure (like mast

fruiting events in trees that overwhelm seed predators). Agriculture,

forestry operations, gardens, and supplemental feeding now subsidize

deer nutrition through much of the year, elevating deer populations

and browse pressure that may have led to the demise of the

wildflowers we no longer see today.
Current deer management responsibilities
in the United States

Responsibilities for conservation and stewardship of species and

their habitats in the U.S. are scattered depending on ownership

(federal, state, tribal, and private), taxon (plants, invertebrates,

vertebrates), and status (i.e., migratory or not; endangered,

threatened or not; wildlife with a hunting, fishing, or trapping

season or not, etc.). The federal government owns nearly 30% of the

terrestrial surface area of the U.S. (Vincent et al., 2020) overseen

and managed by the National Park Service (NPS; National Parks

and Monuments), the U.S. Fish and Wildlife Service (USFWS;

National Wildlife Refuges), the Bureau of Land Management

(BLM; grazing lands, wilderness areas, National Monuments, and

National Conservation Lands including Wild and Scenic Rivers and

National Scenic and Historic Trails), the U.S. Forest Service (USFS;

national grasslands, national forests and wilderness areas), and the

Department of Defense (DoD; military installations). Federal lands

provide major habitats for many species listed under the

Endangered Species Act (ESA) and the vast majority of elk,

mountain goat (Oreamnos americanus) and bighorn sheep (Ovis

canadensis) habitat (Williamson, 2011). High populations of native

and introduced ungulates can create major ecological and

management problems in many National Parks and an updated

policy indicates that abundance reductions of 50–90% in native elk

but particularly for white-tailed deer are necessary to protect park

resources (Plumb et al., 2014). The National Park Service is actively
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engaged in ungulate management using contractors (hunting or

trapping is not allowed in U.S. National Parks, but fishing is, unless

specifically outlawed in individual parks), for example in Old Forge

(https://parkplanning.nps.gov/document.cfm?documentID=29135)

or Gettysburg (https://www.nps.gov/gett/learn/news/deer-

management-22-23.htm) The authority to manage wildlife on

federal lands has repeatedly been challenged by states, claiming

their constitutional and legal authority includes federal lands within

their jurisdiction. We do not have the room to explore these

arguments in detail here but refer readers to a comprehensive

analysis of constitutional and legal arrangements for land and

wildlife management. Nie et al. (2017) review how courts have

repeatedly interpreted the legal and constitutional arrangements

rejecting state supremacy claims for federal lands. They summarize

their findings as follows:

‘Federal land management agencies have an obligation, and

not just the discretion, to manage and conserve fish and wildlife

on federal lands. We debunk the myth that “the states manage

wildlife and federal land agencies only manage wildlife habitat.”

The myth is not only wrong from a legal standpoint, but it leads to

fragmented approaches to wildlife conservation, unproductive

battles over agency turf, and an abdication of federal

responsibility over wildlife. Another problem exposed is how the

states assert wildlife ownership to challenge the constitutional

powers, federal land laws, and supremacy of the United States.

While the states do have a responsibility to manage wildlife as a

sovereign trust for the benefit of their citizens, most states have

not addressed the conservation obligations inherent in trust

management; rather, states wish to use the notion of sovereign

ownership as a one way ratchet— a source of unilateral power but

not of public responsibility. Furthermore, the states’ trust

responsibilities for wildlife are subordinate to the federal

government’s statutory and trust obligations over federal lands

and their integral resources.’

States and State Wildlife Agencies (SWAs) have well established

historical responsibilities over wildlife management within their

borders and federal agencies have traditionally deferred to the states

regarding hunting, fishing, or trapping seasons and bag limits. But

managing wildlife (typically defined as mammals, birds and fish) as

a public trust resources for all citizens is an obligation that goes well

beyond establishing hunting seasons or methods (Nie et al., 2017).

When SWAs were established in the early 20th century, their main

focus was to help recover deer populations (Halls, 1984) as well as

populations of other huntable species that had declined due

commercial and recreational overexploitation. Funding for these

efforts was largely derived from hunting and fishing licenses and

SWAs have maintained a focus on consumptive uses and sustaining

high deer populations for recreational hunting (Jacobson et al.,

2007; Freyfogle and Goble, 2009). This historic association of SWAs

with consumptive users of wildlife led to the articulation of the

North American Model of Wildlife Conservation, NAMWC

(Mahoney and Geist, 2019), leading to claims that hunting is

conservation. This claim continues to be perpetuated by hunting

advocates, their organizations and SWAs (https://www.rmef.org/

hunting-is-conservation/).
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However, only a small proportion of U.S. residents (typically

<10%) hunts, and participation is declining while participation in

other non-consumptive outdoor activities is increasing (U.S. Fish

and Wildlife Service, 2018). Hunters, their advocacy, and funding

was important in advancing conservation of many species and these

contribution are widely recognized, but the continued promotion,

breeding and release for example of non-native species such as

European brown trout (Salmo trutta) and ring necked pheasant

(Phasianus colchicus) constitute threats to many native species and

cannot be considered to advance conservation (Bixby, 2020).

Furthermore, the narrow focus on consumptive uses as the

cornerstone of conservation explicit in the NAMWC has come

under strong criticism as marginalizing the more widespread public

interest in non-consumptive uses and conservation of species

without hunting or fishing seasons (Feldpausch-Parker et al.,

2017; Bixby, 2020). The policies, practices, and values of SWAs

and their mostly white and male employees thus have failed to

adjust to changing social values (Sullivan et al., 2022), prohibiting

bridge building to other environmental conservation groups

(Feldpausch-Parker et al., 2017). Consequently, SWAs fail to

deliver outcomes that satisfy societal expectations for healthy and

diverse environments (Hare et al., 2017; Manfredo et al., 2021),

leading to calls for agency reform (Jacobson et al., 2010; Decker

et al., 2016).

Although most SWAs do not have authority to manage plants

or invertebrates such as molluscs, these are among the taxa with the

most significant declines and risk of extinction. Of the >1,300

species listed under the Endangered Species Act in the U.S. 942

are plants and 287 are invertebrates (ESA; https://www.epa.gov/

endangered-species/endangered-species-species-information-

factsheets). Furthermore, how can SWAs achieve better

conservation and human health outcomes when their core

responsibilities remain restricted to wildlife? Public trust

obligations expand SWAs responsibilities beyond wildlife, but

their legal authority is limited, even if SWAs were willing to

embrace fundamental change. SWAs have no legal authority in

health care, agriculture, transportation, or across state boundaries.

Even within SWAs, responsibilities for wildlife, forestry, or

conservation often rest in different units.

When SWAs were established, it made sense to give them

authority to develop appropriate management of wildlife according

to differences in habitats and wildlife species across the nation. Today

deer populations that exceed ecological carrying capacities are

widespread across different regions and habitats, although the

severity may differ. The currently fragmented ‘landscape’ of deer

management has failed to deliver a healthy future for wildlife and

humans alike. Federal leadership to develop an improved and

collaborative approach to deer management while recognizing

local, state, tribal, and regional stakeholders appears essential to

fulfill federal and state public trust obligations. This will need to

include development of clearly articulated responsibilities across

sectors, metrics to assess goals and outcome of management, and

increased funding to overcome current inertia and constraints to

address the breadth and severity of deer impacts across the nation.
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The need for a national deer
management strategy

Without substantial changes to deer management, the U.S. will

be unable to fulfill its obligations under international treaties on

climate change, invasive and endangered species, and national

priorities to protect the nation’s biodiversity and forest resources.

The >1,300 species listed under the ESA are already a federal

responsibility, although they occur on federal, state, tribal, and

private lands. Only collaborative efforts (led by federal authority)

stand a chance to safeguard their future existence. Of the >700 bird

species that breed in North America, >50% are Neotropical

migrants and thus also fall under federal management authority.

Deer strongly influence songbird community structure by thinning

ground cover and low shrubs and saplings, reducing foraging

habitat quality and insect abundance (Nuttle et al., 2014; Chips

et al., 2015; Rushing et al., 2020; Phillips and Cristol, 2024).

Dramatic declines in bird and insect abundance have raised alarm

(Rosenberg et al., 2019; van Klink et al., 2023). While many factors

play a role, the available evidence points to a strong contributing

factor of high deer abundance, particularly in forest habitats.

Without changes in deer management that can successfully

reduce deer populations where needed, the ability of agencies to find

solutions in nature to restore and conserve the nation’s forests to

provide habitat and sequester carbon, as outlined in Executive

Orders 13990 and 14072 (The White House, 2021, 2022), will be

severely curtailed. Thriving forests require that trees that are cut or

die be replaced by a diversity of new recruits. Tree diversity

increases forest carbon sequestration potential, but deer limit, or

even prevent, diverse forest regeneration across the nation (Reed

et al., 2022; Miller et al., 2023). At current densities, deer are making

this climate change adaptation strategy in the U.S. difficult, if not

impossible. Detrimental deer impacts will come into sharper focus

with the development of environmental-economic statistics to

quantify and enhance the value of natural assets (The White

House, 2023). Maintaining or enhancing the values of the

nation’s natural assets will require effective deer management as

the staus quo continues to erode asset values. These national

problems require a National Strategy.

Our call for federal leadership in deer management is not

unique — federal leadership for issues or problems of national or

regional scope are commonplace. Federal leadership, coordination

(and funding) has tackled many agricultural pests and human

diseases (Wyss, 2006). For example, screwworms, the flesh-eating

larvae of the fly Cochliomyia hominivorax, a species native to the

southern U.S., once caused widespread problems in cattle, wild

animals, and the occasional human from Florida to California.

Rather than leaving this as a problem for states or individual

ranchers to solve, federal leadership with state and international

partners mass reared and released sterile males and eradicated this

fly from North and Central America (Zhang, 2020). New accidental

introductions, such as recently in Florida, are quickly and effectively

dealt with. The program requires continued releases to maintain
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flies south of an invisible border in Panama (Zhang, 2020). Similar

federal, state, and local partnerships eradicated malaria and yellow

fever from North America. Unfortunately, such leadership has not

yet materialized for tick-borne diseases, and is cited as a major

problem preventing an effective response (Rochlin et al., 2019;

Eisen, 2020).

The North American Waterfowl Management Plan (https://

www.fws.gov/birds/management/project-assessment-tools-and-

guidance.php) provides a precedent for wildlife management

decisions across ecological and political boundaries and

collaborative efforts involving federal, tribal and state cooperation.

The U.S. Fish and Wildlife Service partners with tribal

governments, Mexico and Canada to conduct annual aerial

monitoring of waterfowl breeding grounds to collect information

on population sizes, recruitment, and to calculate acceptable harvest

recommendations. States are assigned quotas and implement their

own regulations and seasons. Waterfowl hunters are required to

purchase Duck Stamps annually to fund these monitoring efforts.

This has worked well for most species with waterfowl one of the few

bird groups not showing dramatic recent declines (Rosenberg et al.,

2019). Similar ambitious National Strategies are developed in the

National Feral Camel Action Plan in Australia (Woolnough et al.,

2016), New Zealand’s Predator Free 2050 Strategy (New Zealand

Department of Conservation, 2023), and are proposed to help

address deleterious kangaroo impacts in Australia (Read

et al., 2021).

A National Strategy should be developed collaboratively with

the aim to reduce adverse human and wildlife health impacts

associated with high deer abundance. Conservation and climate

change adaptation does not happen on a state-by-state basis, and

neither can conservation and health inspired deer management —

federal leadership appears to be essential given the current impasse.

Congress or the White House could initiate the development of a

National Strategy by establishing a commission or council.

Developing a National Strategy needs to be an iterative, inclusive

and participatory process sensitive to local socio-cultural and

ecological conditions. Historically underserved and marginalized

residents such as Black, Indigenous, and People of Color, and

diverse non-consumptive advocacy groups wil l need

representation in addition to experts integrating technical and

policy expertise from conservation, wildlife, forestry, agriculture,

economic development, and public health. Hunters, ranchers and

animal welfare groups need to be part of the deliberations but their

currently outsized influence on wildlife management decisions

(Pomeranz and Decker, 2017) needs to be curtailed.

Reducing deer populations and deer impact at regional scales will

likely require lethal control as other means (sterilization, fertility

control) have failed to deliver long-term benefits even when paired

with recreational hunting (Blossey et al., 2019). Many examples of

successful lethal control reducing local deer populations exist

including in Rock Creek National Park (https://www.nps.gov/rocr/

learn/management/white-tailed-deer-management.htm) in the U.S.

capitol, and in the small village of Cayuga Heights in central New

York (https://cayuga-heights.ny.us/projects-2/deer-management/).

Good political leadership, funding and endurance can overcome
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well-funded and organized opposition (Sterba, 2012), but isolated

local efforts cannot reduce deer populations at regional scales. Public

support for such efforts may be strong. For example, over 70% of

respondents in a New York State survey supported lethal deer

management when justified to protect human health, plants, or

animals (Blossey et al., 2024). This support was equally strong

among different racial and ethnic groups, rural and urban

residents, and regardless of whether respondents self-identified as

hunters, animal protectionists, or conservationists. This widespread

consensus among the general public provides a solid foundation to

develop and implement a National Strategy.

Implementing a National Strategy will benefit all members of

society and will likely require additional resources. Neither

implementation, nor financing of this strategy, should be the

responsibility of recreational hunters. SWAs have experimented

with many different approaches to increase participation in hunting

and encourage removal of additional females including Earn-a-

Buck (where hunters must take a female before males can be shot),

nearly unlimited antlerless deer tags, special tags to reduce deer

damage, extending seasons, and approving new weapons. None of

these have made much difference in improving forest health

(Blossey et al., 2019; Nagy et al., 2022). Many municipalities use

external federal or private contractors and the USDA’s Wildlife

Services program may offer important financial and technical

resources. However, we still lack an effective ‘blueprint’ to reduce

deer impacts at the landscape scale. The development of a bounty

system, or regulated market hunting (Vercauteren et al., 2011), plus

other potential alternatives, need to be evaluated for their ability to

deliver the desired improvements in human and environmental

health. This will require additional research and experimentation.
The importance of evidence and
assessment of outcomes

The Evidence-Based Policymaking Act of 2018 recognizes that

federal decision makers need evidence about whether federal

programs achieve intended results (Government Accountability

Office, 2021). Unfortunately, methodologies to track how policy

decisions impact outcomes are poorly developed and agency

capacity (staff, expertise) is often limited (Government

Accountability Office, 2021). The development of a National

Strategy to reduce deer impacts will face similar issues. Despite a

long history of research documenting deer impacts, we still lack

scientifically validated and standardized methods to track deer

impacts on human and environmental health at appropriate spatial

and temporal scales (Quirion and Blossey, 2023). Deer management

is further entangled in value systems, financial interests, and emotions

of different interest groups (Sterba, 2012). To overcome these

obstacles, a National Strategy should develop goals and metrics that

articulate environmental and human health outcomes, and not only

focus on local deer abundance to reduce conflicts.

Assessing whether current deer management is delivering

beneficial outcomes for people and the environment requires

development and validation of both rapid response and long-term
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monitoring metrics (social, human health, ecological and financial).

Important advancements assessing ecological impacts have been

made recently (Waller et al., 2017; Quirion and Blossey, 2023).

Metrics able to gauge immediate monthly or annual impacts, for

example of large winter kills, regulated market hunting, culling

operations, or diseases on human and environmental health are

essential. Management agencies require, and residents and interest

groups will demand, this rapid-response capability to maintain

accountability and the ability to quickly adjust management

means. Exclosure studies, plant monitoring, and the Forest

Inventory and Analysis (FIA) program can all deliver information

on long-term changes over decades and centuries (Patton et al.,

2018; Miller et al., 2023), but are unable to deliver rapid annual or

monthly response metrics (Nuzzo et al., 2017; Knauer et al., 2023).

A National Strategy could specify metrics, benchmarks, and

deliverable goals for states to meet to remain eligible for federal

funding. Federal funding derived from Pittmann-Robertson (excise

tax on guns, ammunition, and archery equipment) and Dingell-

Johnson Acts (excise taxes fishing tackle, boats and small engine

fuel) already provides important funding for SWAs (approx. 25% of

annual budgets). The currently pending bipartisan Recovering

America’s Wildlife Act (RAWA) would dedicate >$1 billion to

conservation efforts led by states, tribes, and territories (Branch

et al., 2022) and aims to use these resources towards proactive

conservation, and keeping species from being listed under the

Endangered Species Act (ESA). Reducing deer herds will be

essential to safeguard many species whose populations are

currently declining, and thus aligns well with the ambitions

outlined in RAWA. This ‘power of the purse ’ linking

performance of state deer management and agreed upon metrics,

to federal funding eligibility is a cornerstone of other management

programs. Those appreciating non-consumptive uses of the nation’s

fields and forests and the beauty of wildflowers, pollinators and

birds should also be asked for additional contribution to fund deer

management to enhance conservation efforts, even beyond RAWA.

Potential funding streams include surcharges on recreational and

commercial use of wildlife and habitats by bikers, bird watchers,

boaters, climbers, hikers, hunters, motorized vehicle users,

photographers, and skiers, as well as the tourism, film, and TV

industries. This diversified funding model should replace and

enhance the outdated ‘user-pay, user-benefit’ funding model that

has privileged consumptive users and their interests, while ignoring

conservation efforts targeting the vast majority of biodiversity. It

may also help uncouple SWAs from their emphases on

consumptive users while providing increased and more stable

resources without privileging particular interests.
Conclusion: a moral imperative to
address the deer crisis

We propose federal leadership to develop a National Strategy to

improve human and environmental health that will likely require

significant reductions in deer populations over large areas. How these

reductions are achieved and how to structure and fund collaborative

efforts among federal, state, tribal, and other interests need careful
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thought and development. A commission or task force could develop

and test how best to reduce deer populations and measure impacts.

They could also recommend how best to assign responsibilities among

federal, state, tribal, and private land owners, agencies, and managers

and what additional legislation might be necessary. Current

institutional arrangements are fragmented among state and federal

agencies, preventing them from being able to develop forward-looking

solutions to limit and reduce deer impacts. Current institutional

arrangements are fragmented among state and federal agencies,

preventing them from being able to develop forward-looking

solutions to limit and reduce deer impacts. Coordinated killing

could be emotionally distressing and morally difficult for some

individuals, but we also find widespread public support for such

efforts, as long as this is done to improve human and environmental

health outcomes (Hare et al., 2021; Blossey et al., 2024).We emphasize

our moral responsibilities to humans and other species reliant on

vibrant and diverse ecosystems. Understory plants, tree seedlings,

songbirds, amphibians, insects, and many mammals are all negatively

impacted by high deer densities. Our emotional connections to these

organisms — as well as our scientific understanding — drive our

recommendations. We do not make our proposals for lethal means

lightly— but we are not willing to leave the killing to cars, disease, and

starvation. The return of large predators, where feasible, will not

absolve us of our responsibilities of trying to correct problems we

created in the first place. Doing nothing to address the deer crisis will

condemn many organisms to continued suffering, death and

sometimes local or global extinction (Figures 1, 2).
Author contributions

BB: Conceptualization, Visualization, Writing – original draft,

Writing – review & editing. DH: Conceptualization, Writing –

review & editing. DW: Conceptualization, Writing – review

& editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Acknowledgments

Comments from the Blossey lab group, Victoria Nuzzo, Eli

Arnow, Avalon Bunge and two reviewers improved earlier versions

of this manuscript. Sarah Markes assisted with figure designs.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
frontiersin.org

https://doi.org/10.3389/fcosc.2024.1382132
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org


Blossey et al. 10.3389/fcosc.2024.1382132
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated
Frontiers in Conservation Science 10
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
Alleway, H. K., Klein, E. S., Cameron, L., Douglass, K., Govia, I., Guell, C., et al.
(2023). The shifting baseline syndrome as a connective concept for more informed and
just responses to global environmental change. People Nat. 5, 885–896. doi: 10.1002/
pan3.10473

Alverson, W. S., Lea, M. V., and Waller, D. M. (2019). A 20-year experiment on the
effects of deer and hare on eastern hemlock regeneration. Can. J. For. Res. 49, 1329–
1338. doi: 10.1139/cjfr-2019-0071

Binkley, D., Moore, M. M., Romme, W. H., and Brown, P. M. (2006). Was Aldo
Leopold right about the Kaibab deer herd? Ecosystems 9, 227–241. doi: 10.1007/s10021-
005-0100-z

Bishop, C. J., White, G. C., Freddy, D. J., Watkins, B. E., and Stephenson, T. R. (2009).
Effect of enhanced nutrition on mule deer population rate of change. Wildl. Monogr.
172, 1–28. doi: 10.2193/2008-107

Bixby, K. (2020)Why hunting isn’t conservation, and why it matters. Available online
at: https://rewilding.org/hunting-isnt-conservation/.

Blossey, B., Brice, E., Dalaba, J., and Hare, D. (2024). When dogma meets reality:
perspectives of New York State residents to deer management, hunting, and predator
reintroductions. Sci. Rep.

Blossey, B., Curtis, P., Boulanger, J., and Dávalos, A. (2019). Red oak seedlings as
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Dávalos, A., Simpson, E., Nuzzo, V., and Blossey, B. (2015b). Non-consumptive
effects of native deer on introduced earthworm abundance. Ecosystems 18, 1029–1042.
doi: 10.1007/s10021-015-9881-x
Decker, D., Smith, C., Forstchen, A., Hare, D., Pomeranz, E., Doyle-Capitman, C.,
et al. (2016). Governance principles for wildlife conservation in the 21st century.
Conserv. Lett. 9, 290–295. doi: 10.1111/conl.2016.9.issue-4

Dion, J. R., Haus, J. M., Rogerson, J. E., and Bowman, J. L. (2020). White-tailed deer
neonate survival in the absence of predators. Ecosphere 1, e03122. doi: 10.1002/
ecs2.3122
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