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Branch Vegetation Management Project 
 
 
Dear District Ranger Hahka: 
 
 With its Silver Branch proposal, the U.S. Forest Service is attempting to 
authorize an extraordinarily destructive project in an extraordinarily precious 
place. If the sprawling, 177,772-acre plan is allowed to move forward in the Ottawa 
National Forest: 
 

ú More than 25,000 acres of public land would be subject to “clearcuts,” 
removing “all or most” of their maturing trees and the essential habitat 
they provide;1 

 
ú Roughly 70,000 acres more would be subject to “selection” harvests, 

thinning, or other forms of logging, resulting in a further loss of trees and 
wildlife habitat;2 

 
1 Ottawa National Forest, Silver Branch Vegetation Management Project: 
Environmental Assessment and Finding of No Significant Impact (Dec. 2025) 
(“Silver Branch EA”), at 19 (stating that 1,589 of the Ottawa’s acres would be 
subject to “Clearcut Harvest,” and 23,954 acres would undergo “Clearcut Harvest 
with Leave Trees”). 
2 Id. at 19–20. 
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ú These logged areas would be prevented from undergoing “natural 

succession” and “transition,” further perpetuating the forest’s unnatural 
condition and the ecological problems it has caused;3 

 
ú The Northern long-eared bat—an endangered species—would “likely” 

suffer harm “due to the net loss of potential roost trees[,]” while other 
wildlife species could be displaced by “noise and human presence” for up 
to ten years and threatened with a “short-term risk for direct mortality 
especially during periods when rearing young”;4 

 
ú The construction of new logging roads would “permanently” scar 13 miles 

of forest, and the expansion of two gravel pits would “permanently” 
destroy 14 acres more;5 

 
ú The project’s “logging processes would increase the fuel loading on the 

forest floor[,]” creating an “unnatural load of hazardous fuels” that could 
“cause increased wildfire intensity and an increased rate of fire spread”;6 

 
ú And the “degree of soil impact from project activities” could prove 

dramatic, as “repeated entries without sufficient recovery intervals could 
push soil impacts beyond tolerable bounds” and cause “long-term impacts 
on soil structure, nutrient cycling, and microbial activity.”7 

 
Many of these effects would be alone enough to require careful consideration in an 
environmental impact statement. According to the Forest Service’s environmental 
assessment, however, the Silver Branch project would somehow avoid “significant 
impacts” altogether—a conclusion the assessment could only reach by arbitrarily 
disregarding the Service’s own record and a number of legally relevant factors, 
including cumulative effects.8 
 
 In order to satisfy the requirements of the National Environmental Policy 
Act—and to ensure that the Ottawa’s vital resources are sufficiently protected—the 
Forest Service must thoroughly evaluate the implications of the Silver Branch 
project in an EIS. And in doing so, the agency must consider other available 

 
3 Id. at 20. 
4 Id. at 47, 56. 
5 Id. at 58. 
6 Id. at 58, 59. 
7 Id. at 55, 58. 
8 Id. at 53. 
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alternatives, abandoning the 177,772-acres-or-nothing approach that has arbitrarily 
obscured the availability of better tailored options in the environmental assessment. 
By considering a reasonable range of alternatives, the Service will be able to assess 
the significant ecological benefits of protecting more of the Ottawa’s old growth, 
maturing stands, and wildlife. And it will also be able to address the specific 
benefits of prohibiting logging, roads, and motorized vehicles on the nearly 2,000-
acre Sturgeon River Gorge Wilderness Area addition, which a broad coalition of 
businesses and organizations—Keep the U.P. Wild—has proposed for designation 
and protection. 
 
 The legal problems with the Silver Branch project, unfortunately, are not 
limited to the Forest Service’s NEPA analysis, unfortunately. By proposing logging 
on roughly 30,000 acres of the Ottawa that have been designated as “not suitable” 
for logging, the agency has defied the National Forest Management Act and its own 
regulations.9 And by failing to undertake formal consultation regarding the impacts 
of the region’s logging on endangered wolves, the agency has violated the 
Endangered Species Act.10 
 

With these comments, the Environmental Law & Policy Center, Chicken 
Tramper Ultralight Gear, Environment Michigan, Keweenaw Charter Fishing Co., 
Keweenaw Youth for Climate Action, Michigan Environmental Council, Michigan 
League of Conservation Voters, Natural Resources Defense Council, Sierra Club 
Michigan Chapter, and the Upper Peninsula Environmental Coalition urge the 
Forest Service to undertake the required analysis and ensure the Ottawa’s 
extraordinary natural resources are sufficiently protected. 
 
I. The extraordinary scale—and significant effects—of the Silver 

Branch project must be thoroughly considered by the Forest Service 
in an environmental impact statement. 

For nearly sixty years, the National Environmental Policy Act has granted a 
vital set of protections to communities and lands across the country. Under Section 
101 of the statute, all federal agencies are required to carry out a critical “mandate”: 
“us[ing] all practicable means, consistent with other essential considerations of 
national policy,” to “fulfill the responsibilities of each generation as trustee of the 
environment[.]”11 And under Section 102, agencies must implement an “action-

 
9 See Section IV, infra. 
10 See Section V, infra. 
11 S. Rep. No. 91–296 (1969), at 14 (noting that NEPA “provide[s] all agencies and 
all Federal officials with a legislative mandate”); 42 U.S.C. § 4331(b) (further 
requiring every federal agency to “assure for all Americans safe, healthful, 
productive, and esthetically and culturally pleasing surroundings;” to “use all 
practicable means” to “attain the widest range of beneficial uses of the environment 
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forcing” set of procedures that are “designed to assure” NEPA’s environmental 
mandate is fulfilled.12 

 
At the center of NEPA’s action-forcing scheme is the environmental impact 

statement, or “EIS.” In the words of the statute, every federal agency must “include 
in every recommendation or report on … major Federal actions significantly  
affecting the quality of the human environment, a detailed statement” addressing 
five fundamental issues: 

(i) [the] reasonably foreseeable environmental effects of the 
proposed agency action; 
 

(ii) any reasonably foreseeable adverse environmental effects 
which cannot be avoided should the proposal be 
implemented; 
 

(iii) a reasonable range of alternatives to the proposed agency 
action, including an analysis of any negative environ-
mental impacts of not implementing the proposed agency 
action in the case of a no action alternative, that are 
technically and economically feasible, and meet the 
purpose and need of the proposal; 

 
(iv) the relationship between local short-term uses of man’s 

environment and the maintenance and enhancement of 
long-term productivity; and 

 
(v)  any irreversible and irretrievable commitments of Federal 

resources which would be involved in the proposed agency 
action should it be implemented.13 

 
without degradation, risk to health or safety, or other undesirable and unintended 
consequences;” to “preserve important historic, cultural, and natural aspects of our 
national heritage, and maintain, wherever possible, an environment which supports 
diversity and variety of individual choice;” to “achieve a balance between population 
and resource use which will permit high standards of living and a wide sharing of 
life’s amenities;” and to “enhance the quality of renewable resources and approach 
the maximum attainable recycling of depletable resources”). 
12 S. Rep. No. 91–296 (1969), at 9; 42 U.S.C. § 4332(C). 
13 42 U.S.C. § 4332(C) (emphasis added). See also id. § 4332(H) (directing every 
federal agency to “study, develop, and describe appropriate alternatives to 
recommended courses of action in any proposal which involves unresolved conflicts 
concerning alternative uses of available resources”). 
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 These requirements were reaffirmed by Congress less than three years ago. 
With the Fiscal Responsibility Act of 2023, each federal agency was directed, again, 
to “issue an environmental impact statement with respect to a proposed agency 
action requiring an environmental document that has a reasonably foreseeable 
significant effect on the quality of the human environment.”14 Environmental 
assessments, Congress emphasized, are accordingly sufficient only when “a 
proposed agency action … does not have a reasonably foreseeable significant effect 
on the quality of the human environment[.]”15 
 
 Remarkably, while the purpose of the Forest Service’s assessment was to 
determine whether the Silver Branch project would have a “reasonably foreseeable 
significant effect” on the environment, the document doesn’t fully quote—much less 
define—this statutory standard.16 A definition of “significant” can be found, 
however, in the Forest Service Handbook, which requires the agency’s EAs to 
evaluate and “describe the impacts of … [a] proposed action and any alternatives in 
terms of context and intensity[.]”17 
 

According to the Handbook, the “context” requirement “means that the 
significance of an action must be analyzed in several contexts such as society as a 
whole (human, national), the affected region, the affected interests, and the 
locality.”18 Significance accordingly “varies with the setting of the proposed 
action.”19 “[I]n the case of a site-specific action” like the Silver Branch project, for 
instance, “significance would usually depend upon the effects in the locale rather 
than in the world as a whole.” And in all cases, “[b]oth short- and long-term effects 
are relevant.”20 

 
14 Id. § 4336(b)(1). 
15 Id. § 4336(b)(2). 
16 Id. § 4336(b)(1)–(2); Silver Branch EA at 53 (concluding that the project “would 
not have a significant effect on the human environment” without defining 
“significant”—and without mentioning “reasonable foreseeability” at all). 
17 Forest Service Handbook 1909.15 § 41.23 (emphasis added). See also id. § 12.3(7) 
(directing responsible officials to “[d]evelop a strategy to estimate the significance of 
environmental effects using the context and intensity definitions in zero code, 
section 05”); id. § 15 (directing responsible officials to “be sure to consider the 
environmental effects in terms of their context and intensity” for “all alternatives”); 
Silver Branch EA at 34 (referencing Forest Service Handbook 1909.15 without 
mentioning its relevant definitions and requirements). 
18 Forest Service Handbook 1909.15 § 05. 
19 Id. 
20 Id. 
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“Intensity,” on the other hand, “refers to the severity of impact.”21 While 

they’re ignored in the Service’s environmental assessment for the Silver Branch 
project, the Handbook sets out a number of factors that “should be considered” by 
the agency “in evaluating intensity”: 

 
(1)  Impacts that may be both beneficial and adverse. A 

significant effect may exist even if the Federal agency 
believes that on balance the effect will be beneficial. 

(2)  The degree to which the proposed action affects public 
health or safety. 

(3)  Unique characteristics of the geographic area such as 
proximity to historic or cultural resources, park lands, 
prime farmlands, wetlands, wild and scenic rivers, or 
ecologically critical areas. 

(4)  The degree to which the effects on the quality of the human 
environment are likely to be highly controversial. 

(5)  The degree to which the possible effects on the human 
environment are highly uncertain or involve unique or 
unknown risks. 

(6)  The degree to which the action may establish a precedent 
for future actions with significant effects or represents a 
decision in principle about a future consideration. 

(7)  Whether the action is related to other actions with 
individually insignificant but cumulatively significant 
impacts. Significance exists if it is reasonable to anticipate 
a cumulatively significant impact on the environment. 
Significance cannot be avoided by terming an action 
temporary or by breaking it down into small component 
parts. 

(8)  The degree to which the action may adversely affect 
districts, sites, highways, structures, or objects listed in or 
eligible for listing in the National Register of Historic 
Places or may cause loss or destruction of significant 
scientific, cultural, or historical resources. 

 
21 Id. 
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(9)  The degree to which the action may adversely affect an 
endangered or threatened species or its habitat that has 
been determined to be critical under the Endangered 
Species Act of 1973. 

(10)  [And] [w]hether the action threatens a violation of Federal, 
State, or local law or requirements imposed for the 
protection of the environment.22 

 The Ottawa’s environmental assessment, again, fails to mention—much less 
apply—these standards. Both the nature of the proposal and the agency’s own 
record make clear, however, that the Silver Branch project would have significant 
environmental effects if it’s allowed to move forward. And the proposal’s 
significance is further confirmed by a number of foreseeable impacts the Service’s 
assessment ignored altogether. The agency must accordingly evaluate the project’s 
implications in an environmental impact statement—one that considers a full range 
of reasonable alternatives. 
 

A. The Forest Service’s plan to authorize logging across 94,863 
acres of the Ottawa will have clear and significant effects that 
must be analyzed in an EIS. 

The Forest Service’s finding of no significant impact is impossible to reconcile 
with the extraordinary scale of the Silver Branch project. As currently designed, the 
project will span a 177,772-acre area, “of which 127,828 acres are National Forest  
  

 
22 Id. These factors are echoed in the U.S. Department of Agriculture’s NEPA 
regulations, which are also ignored in the Ottawa’s environmental assessment. See 
7 C.F.R. § 1b.2(f)(3) (effective July 3, 2025). Under the rules, the Department’s 
agencies must “consider and analyze” both the “potentially affected environment” 
and the “degree of the effects of the action” when making a significance 
determination. Id. “Potentially affected environment” is defined to mean “the 
condition of the physical, biological, social, and economic factors that may be 
impacted by an action.” Id. § 1b.2(f)(3)(i). And “[i]n considering the degree of 
effects,” agencies “should consider the following, as appropriate to the specific action 
and in the context of the potentially affected environment: (A) Both short- and long-
term effects[;] (B) Both beneficial and adverse effects[;] (C) Effects on public health 
and safety[;] (D) Economic effects[;] [and] (E) Effects on the quality of life of the 
American people.” Id. § 1b.2(f)(3)(ii). The Service failed to provide this analysis in 
its environmental assessment. 
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System lands (Figure 1).”23 This amounts to more than ten percent of the Ottawa’s 
one-million acres: 

 

All told, nearly 100,000 acres of the Ottawa would be subject to logging and related 
activities over a thirty-year period—including more than 25,000 acres of “clearcuts” 
and close to 50,000 acres of “selection harvest.”24 

The notion that logging could occur at such a scale without causing 
significant environmental effects—in either the short- or long-term—simply defies 
common sense.25 It’s also at odds with the Ottawa’s previous determinations that 
much smaller projects required careful consideration in environmental impact 
statements. Before approving the Plantation Lakes Project, for instance—which 
only spanned an area of “approximately 17,700 acres within the Ottawa”—the 
Forest Service “prepare[d] an … EIS … to disclose the effects of timber harvest[;] 
site preparation for natural and artificial regeneration[;] planting[;] road 
management[,] including … road construction, reconstruction, temporary road 
construction, obliteration, and motorized vehicle closure; dispersed parking area 
installation and improvement[;] trail construction[;] maintenance of permanent 

 
23 Silver Branch EA at 4–5. 
24 Id. at 19 (calculating that the project would involve 94,863 acres of logging, 
including 1,589 acres of “Clearcut Harvest,” 23,954 acres of “Clearcut Harvest with 
Leave Trees,” and 46,074 acres of “Selection Harvest”). 
25 See 7 C.F.R. § 1b.2(f)(3)(ii). 
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openings for wildlife habitat[;] and classification of old growth[.]”26 And before 
approving the Baltimore Vegetative Management Project—which spanned all of 
3,360 acres—the Forest Service “prepare[d] an … EIS … to disclose the effects of … 
[t]imber harvest; site preparation for natural and artificial regeneration; tree 
planting; dispersed parking area improvement and development; trail construction; 
relocating a portion of an existing snowmobile trail; classification of old growth; 
maintenance of permanent openings and mowing roads for wildlife habitat; 
fisheries habitat improvement; expansion of an existing gravel pit; and 
transportation management that would include road construction, road 
reconstruction, temporary road construction, road maintenance, road 
decommissioning and obliteration, and road closure to passenger vehicles.”27 The 
Silver Branch project would authorize a similar set of activities—over a vastly 
larger area. In order to comply with NEPA’s requirements, the Forest Service must 
accordingly give thorough consideration to the project’s reasonably foreseeable 
effects—and potential alternatives—in an EIS.28 

B. The Forest Service’s own characterizations of the Silver 
Branch project and its foreseeable effects demonstrate the 
need to prepare an environmental impact statement. 

Though the Forest Service has failed to offer a meaningful evaluation of the 
Silver Branch project’s effects, the agency’s own characterizations of the proposal 
confirm that they would prove significant. This is most evident in the Service’s 
statements regarding the action’s likely impacts on vegetation, wildlife, waters, and 
soil within the Ottawa. 

Vegetation. The Silver Branch project is designed to have significant effects 
on the Ottawa’s natural vegetation by subjecting nearly 100,000 acres of land to an 
array of transformative “vegetation management actions.”29 These impacts will 
leave the Ottawa a changed forest: 

ú Under the project, again, more than 25,000 acres will be subject to 
clearcuts—eliminating “all or most” of their trees and artificially 

 
26 U.S. Forest Service, Notice of Intent to Prepare an Environmental Impact 
Statement: Ottawa National Forest’s Plantation Lakes Project, 65 Fed. Reg. 34,139, 
34,139–40 (May 26, 2000). 
27 U.S. Forest Service, Notice of Intent to Prepare an Environmental Impact 
Statement: Ottawa National Forest’s Baltimore Vegetative Management Project, 67 
Fed. Reg. 45,076, 45,076–77 (July 8, 2002). 
28 42 U.S.C. § 4332(C); 7 C.F.R. § 1b.2(f)(3). 
29 Silver Branch EA at 19–20. 
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“maintaining … [an] early successional forest type” that wouldn’t 
otherwise be present in the Ottawa at such a scale.30 

 
ú An additional 70,000 acres or so of the forest would be subject to other 

forms of “thinning” or “harvest,” which would prevent them from 
developing in a manner consistent with the forest’s natural ecology.31 

ú The project’s “logging processes would increase the fuel loading on the 
forest floor when unmerchantable limbs and branches are left after 
harvest[,]” leaving stands “significantly altered from … [their] historical 
conditions” and threatening “increased wildfire intensity and an increased 
rate of fire spread.”32 

 
ú The project could also “impact individuals of 17 species of vascular plant” 

that the Forest Service has identified as “sensitive.”33 
 
ú And “[t]he proposed timber harvest and road work would contribute to the 

spread of invasive plants.”34 

Wildlife. The widespread logging that would be authorized under the Silver 
Branch project also promises to have significant effects on many of the Ottawa’s 
wildlife species: 

ú The Northern long-eared bat—which is federally listed as endangered—
would be “likely” to suffer adverse effects as a result of the project “due to 
the net loss of potential roost trees and slight risk of direct effects for … 
bats if present[.]”35 

 
ú The tri-colored bat—which has been proposed for listing as an endangered 

species—could also be adversely affected, as “[t]here is a portion of the 
Forest and project area that falls within th[e] species[’] Area of 
Influence[,]” as determined by the U.S. Fish and Wildlife Service.36 

 

 
30 Id. at 19–20, 58, 59. 
31 Id. at 19–20. 
32 Id. at 58, 59. 
33 Id. at 56. 
34 Id. at 55. 
35 Id. at 47. 
36 Id. 
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ú The gray wolf—an endangered species—would be expected to suffer at 
least temporary disturbances if the project moves forward, and wolves 
may be forced to “use different areas of their territories when disturbance 
exceeds tolerance.”37 

 
ú The monarch butterfly—a candidate species for federal listing—may 

suffer individual impacts, given that it has “[s]uitable habitat … available 
throughout the Ottawa and surrounding lands.”38 

 
ú The project could also impact members of “18 animal species” and “17 

vascular plant species” included on the Regional Forester Sensitive 
Species list.39 

 
ú And the project “may incidentally result in impacts to migratory birds”—

birds protected under the Migratory Bird Treaty Act.40 

Waters. The proposed project’s foreseeable impacts on the Ottawa’s wetlands 
and waters would prove significant, too: 

ú “Risk to aquatic resources would occur every time vegetation is 
managed”—a risk significant enough to “persist for several years once the 
activities are completed until vegetation is re-established throughout the 
cutting units, wildlife openings, and along roadways.”41 
 

ú “Road development actions in or near aquatic habitat [would] result[] in 
unavoidable short-term impacts related to vegetation removal, stream 
channel disturbance, and construction induced bursts of sediment and 
turbid flow.”42 

 
ú And “short term adverse impacts … [would] also [be] unavoidable during 

instream work associated with road-stream crossing maintenance, 
removal or reconstruction.”43 

 
37 Id. at 48. 
38 Id.  
39 Id. at 49. 
40 Id. at 52. 
41 Id. at 54. 
42 Id. 
43 Id. at 57. 
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Soil. Finally, the machinery that would be required to log nearly 100,000 
acres of the Ottawa would result in significant and durable impacts on the forest’s 
soil: 

ú “Heavy equipment operations present risk of compaction, rutting, and 
displacement, with repeated entries potentially compounding long-term 
impacts on soil structure, nutrient cycling, and microbial activity.” During 
the thirty-year life of the project, “repeated entries without sufficient 
recovery intervals could push soil impacts beyond tolerable bounds.”44 

 
ú As these risks are significant enough to require significant mitigation, the 

Forest Service has attempted to emphasize “proactive measures such as 
reducing impacts in sensitive areas, employing skilled operators, and 
ensuring oversight by experienced personnel”—but it ultimately declares 
that such measures could only “be expected to limit the duration, 
distribution, and severity of soil disturbance” to “acceptable levels” or 
“sustainable limits,” whatever those might be.45 

 
ú Soil recovery could “potentially extend[] an additional 25 years beyond” 

the project’s “30-year implementation period”—meaning that harms to the 
Ottawa’s land could persist in the 177,772-acre project area until 2081.46 

 
ú And the Ottawa’s soil would be “permanently” lost on 14 acres of land, due 

to the proposed gravel-pit expansions, and along 13 miles of new roads, 
which would be built to facilitate logging.47 

All told, the Forest Service’s own statements make clear that the Silver 
Branch project would result in an array of significant and reasonably foreseeable 
environmental effects. As a result, the project must be thoroughly evaluated by the 
agency in an environmental impact statement before any “irreversible and 
irretrievable” damage is done.48 

 
44 Id. at 55, 58. 
45 Id. 
46 Id. at 54. 
47 Id. at 58. 
48 42 U.S.C. §§ 4332(C), 4336(b). See also, e.g., 7 C.F.R. § 1b.2(h) (noting that “while 
a NEPA review is ongoing a USDA subcomponent will take no action concerning a 
proposal that would have an adverse environmental effect or limit the choice of 
reasonable alternatives when alternatives are necessary”). 
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C. The Forest Service’s efforts to dismiss the foreseeable impacts 
of the Silver Branch project as insignificant were arbitrary and 
unsupported. 

In its environmental assessment, the Forest Service makes little effort to 
justify the conclusion that the proposed project’s effects wouldn’t prove significant. 
Indeed, the document doesn’t even mention the standard for “significance” that was 
adopted for use in EAs by the agency’s own Handbook. While the Forest Service 
ultimately suggests a few arguments in support of its finding of no significant 
impact, they are both unsupported and arbitrary. 

 First, the assessment repeatedly implies that environmental effects can be 
dismissed as insignificant whenever they might prove less than permanent. In 
discussing the project’s wildlife impacts, for instance, the EA emphasizes their 
“short-term” or “temporary” nature—and stretches “temporary” to include any 
effects that could last up to a decade: 

Short-term effects are the most immediate but also most 
temporary effects to individual animals. Temporary 
displacement due to noise and human presence is the most 
common short-term effect for almost all animal species. 
Displacement due to habitat alteration is also temporary (0 
– 10 years) with length of displacement depending on the 
stand type and management, but forest regeneration is a 
driving factor for chosen actions thus these changes are 
intended to be time-limited.49 

The problem with this approach, of course, is that NEPA requires the preparation of 
an environmental impact statement even when an action’s significant effects would 
not last forever. In the words of the Forest Service Handbook, “[b]oth short- and 
long-term effects are relevant” in determining significance.50 And in the words of 

 
49 Silver Branch EA at 56 (emphasis added). See also, e.g., id. at 48 (dismissing the 
project’s likely disturbance of endangered wolves as “temporary”); id. at 54 
(dismissing  “most adverse impacts to aquatic resources, including aquatic life, 
riparian areas, wetlands, stream and lake habitat, and water quality” as “minor and 
resultant of short-term impacts during project implementation related to roads and 
recreation where actions occur in or near aquatic habitat features”); id. at 56 
(dismissing “[v]isual impacts from harvest activities” as “short-term (less than 5 
years)”); id. at 58 (asserting that “the project’s design criteria and BMPs are 
expected to mitigate adverse effects, ensuring that most soil impacts are temporary, 
localized, and recoverable”); id. at 59 (dismissing the project’s “[a]dverse effects” to 
wildlife as “mostly temporary displacement of individuals”). 
50 Forest Service Handbook 1909.15 § 05. 
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the U.S. Department of Agriculture’s NEPA regulations, “[i]n considering the 
degree of effects,” agencies “should consider … [b]oth short- and long-term effects.”51 
The Forest Service’s persistent attempts to discount short-term (and other less-
than-permanent) impacts were accordingly arbitrary. 

 Second, the EA declares that “[c]onsistency with relevant laws, regulations, 
policies, and Ottawa Forest Plan direction” would somehow “ensure[] that the 
Proposed Action does not exceed thresholds for significance.”52 The document fails 
to support this conclusion with any meaningful analysis, however—leaving one to 
wonder what specific laws, impacts, and “thresholds for significance” the agency 
had in mind.53 This failure isn’t surprising. The laws governing our national forests 
are not guarantees against the occurrence of significant environmental effects. This 
is a key reason why NEPA requires agency decisionmakers to consider the 
environmental implications of actions they would be allowed to take under other 
statutes. As demonstrated above, the Silver Branch project—even if lawful—would 
have significant effects on the Ottawa National Forest and its natural resources. 
These effects have to be given careful consideration in an EIS—along with 
alternatives that might avoid them. 

 Third, the assessment repeatedly suggests, based on outdated science, that 
the overall effects of the proposed project would be beneficial in the long-term, and 
that this eliminates any need for an environmental impact statement. But the law 
says otherwise. In the words of the Forest Service Handbook, “[a] significant effect 
may exist”—and require preparation of an EIS—“even if the … agency believes that 
on balance the effect will be beneficial.”54 

 Finally, the Service’s assessment also places heavy reliance on the asserted 
protections of various “design criteria” and “Best Management Practices” by 
contending, for example, that: 

ú “Conservation measures and design criteria … [would be] in place to limit 
the risk for harm to wildlife”;55 
 

 
51 7 C.F.R. § 1b.2(f)(3)(ii). 
52 Silver Branch EA at 35. 
53 See id. 
54 Forest Service Handbook 1909.15 § 05. 
55 Silver Branch EA at 59. See also, e.g., id. at 40 (asserting that the Ottawa’s 
sensitive species “are not likely to be impacted by the proposed activities due to 
their locations away from proposed activities or having protective buffers (see 
design criteria)”). 
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ú While “[t]here is risk of adverse impacts associated with vegetation 
management actions, particularly as it relates to access roads and trails, 
… the application of design criteria and no harvest buffers around aquatic 
habitats [would] avoid[] or minimize[] the potential for adverse impacts to 
aquatic habitat from all vegetation management projects”;56 
 

ú “[T]he project’s design criteria and BMPs … [would be] expected to 
mitigate adverse effects [to soil], ensuring that most … are temporary, 
localized, and recoverable”—though “[p]ermanent losses from new roads, 
gravel pit expansion, and trail construction, along with uncertainties in 
peatlands and areas subject to repeated disturbance, highlight the need 
for strict adherence to safeguards and careful oversight to sustain long-
term soil productivity and ecosystem resilience”;57 
 

ú “Design criteria … [would be] used to limit the potential for increased 
[non-native invasive plant] spread”;58 

 
ú And “[t]here are no effects of the proposed action that would violate 

Federal, State, Tribal or local law, provided the design criteria are 
implemented as proposed.”59 

Despite all of this reliance, the Forest Service’s own record suggests that the 
project’s design criteria and BMPs won’t actually be “implemented as proposed.”60 
According to one of the agency’s expert reports, the Ottawa’s “BMP monitoring” has 
“identified numerous cases in which design criteria were not fully implemented, and 

 
56 Id. at 57. See also, e.g., id. at 33 (asserting that “[t]he riparian design criteria are 
intended to protect aquatic habitat from fragmentation, sedimentation, vegetation 
removal in riparian areas, and equipment rutting/erosion that can adversely impact 
water quality, aquatic species and their habitats”); id. at 54 (asserting that “[t]he 
application of design criteria and no harvest buffers around aquatic habitats avoids 
or minimizes the potential for short-term impacts to aquatic habitat from all 
vegetation management projects”). 
57 Id. at 58. See also, id. at 55 (asserting that “[t]he degree of soil impact from 
project activities would depend heavily on the consistent application of the included 
project design criteria and Best Management Practices (BMPs)”); id. at 57–58 
(asserting that “[c]ollectively,” the project’s “actions attempt to balance 
management objectives with soil protection through the application of design 
criteria, Michigan Best Management Practices (BMPs), and Forest Service 
oversight, though risks remain in sensitive areas and under repeated disturbance”). 
58 Id. at 56. 
59 Id. at 60. 
60 Id. 
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therefore, the project … [would] have risk of adverse impacts.”61 “Mistakes and 
errors during application of design criteria have [also] occurred,” the report admits, 
creating further “potential for effects … beyond those anticipated with application 
of design criteria.”62 The agency’s failure to acknowledge and address these risks 
was arbitrary—as was its persistent reliance on questionable protections in 
reaching its finding of no significant impact. 

 The arbitrariness of the Ottawa’s environmental assessment is further 
confirmed by the many “significance” factors it ignores—factors that underscore the 
need for an EIS: 

ú Under the Forest Service Handbook, the agency was required to consider 
the “[u]nique characteristics of the … [project] area such as proximity to 
historic or cultural resources, park lands, prime farmlands, wetlands, wild 
and scenic rivers, or ecologically critical areas.”63 Despite this and the 
agency’s additional obligations under the Wilderness Act, the EA makes 
no effort to assess the project’s potential effects on the Sturgeon River 
Gorge Wilderness Area, which sits alongside lands that have been 
designated for substantial logging.64  
 

ú The agency was also supposed to consider “[t]he degree to which the 
effects on the quality of the human environment are likely to be highly 
controversial”—a highly relevant factor given the opposition to logging 

 
61 Ryan J. Beatty and Blaze Budd, Silver Branch VMP: Aquatics Effects Analysis 
(Oct. 31, 2025), at 60. 
62 Id. at 44. 
63 Forest Service Handbook 1909.15 § 05 (defining “[s]ignificantly”) (emphasis 
added). 
64 See Silver Branch EA at 6 (Fig. 2). See also Izaak Walton League of Am., Inc. v. 
Kimbell, 516 F. Supp. 2d 982, 988–89 (D. Minn. 2007), aff'd, 558 F.3d 751 (8th Cir. 
2009) (noting that “[t]he text of [Wilderness Act] § 4(b) indicates that the [Forest 
Service’s] duty to preserve the wilderness is wholly independent of the source or 
location of that activity[,]” and thus the “agency’s duty to preserve … wilderness 
character … may apply to agency activity that occurs outside of the boundaries of 
the wilderness area”); Izaak Walton League of Am., Inc. v. Tidwell, No. CIV. 06-
3357, 2015 WL 632140, at *10 (D. Minn. Feb. 13, 2015) (same); Greater Yellowstone 
Coal. v. U.S. Forest Serv., 12 F. Supp. 3d 1268, 1279 (D. Idaho 2014) (holding that 
“the Forest Service failed to comply with NEPA, and acted in an arbitrary and 
capricious manner, when it did not consider indirect impacts to … [a recommended 
wilderness area] from having a trail within 1/2 mile of the boundary”). 



 
 

 
17 

within the Ottawa’s Sturgeon River Gorge Wilderness Area addition, old 
growth, mature stands, and other areas.65 But the EA ignores this. 

 
ú While the EA acknowledges “uncertainty [as] to long-term outcomes” and 

the project’s potential impacts on “endangered species,” it arbitrarily fails 
to recognize that these are both reasons to prepare an EIS.66 

 
ú And the Forest Service also should have evaluated whether the proposed 

project might result in “cumulatively significant impacts.”67 In the words 
of the Forest Service Handbook, “[s]ignificance exists if it is reasonable to 
anticipate a cumulatively significant impact on the environment”—and 
“[s]ignificance cannot be avoided by terming an action temporary or by 
breaking it down into small component parts.”68 Rather than 
acknowledging these provisions, the Service’s EA disregards the 
possibility of cumulatively significant impacts altogether—an indefensible 
omission given the large number of logging projects that are already 
moving forward on the forest and adjacent private lands.69 

All told, the Ottawa’s environmental assessment failed to demonstrate that 
the proposed project would “not have a reasonably foreseeable significant effect on 

 
65 Forest Service Handbook 1909.15 § 05 (defining “[s]ignificantly”) (emphasis 
added); Keep the U.P. Wild’s Scoping Comments on the Silver Branch Vegetation 
Management Project (July 18, 2025), at 1–3 (urging the Forest Service to exclude 
the proposed wilderness addition from the project area). 
66 Silver Branch EA at 47–48, 55 (emphasis added); Forest Service Handbook 
1909.15 § 05 (noting that “significance” determinations should address both “[t]he 
degree to which the possible effects on the human environment are highly uncertain 
or involve unique or unknown risks” and “[t]he degree to which the action may 
adversely affect an endangered or threatened species or its habitat that has been 
determined to be critical under the Endangered Species Act of 1973”). 
67 Forest Service Handbook 1909.15 § 05 (emphasis added). 
68 Id. 
69 Silver Branch EA (failing to acknowledge or evaluate the possibility of cumulative 
impacts). See also, e.g., Ottawa National Forest, Biological Assessment for the 
Silver Branch Vegetation Management Project (Nov. 13, 2025) (“Silver Branch BA”), 
at 11 (noting that “[a]side from Silver Branch, there are … adjacent … [projects] 
that may impact species’ migration, dispersal, or those with relatively large home 
ranges or territories[,]” including “the Mud Lake VMP, Sun Lake VMP, Aspen VMP, 
Drumloid VMP, Tepee VMP, Kitchie-TwoRiver/Bluff Divide VMP, Baraga 2 VMP, 
Pricket VMP, Rousseau East VMP, and Red Pine VMP”). 
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the quality of the human environment[.]”70 To satisfy its obligations under NEPA, 
the Forest Service must prepare an EIS now. 

II. The Forest Service’s EIS must address the many issues and impacts 
that were arbitrarily ignored in its environmental assessment. 

In preparing an EIS, the Forest Service will have a chance to address a 
number of additional issues that were arbitrarily ignored in its environmental 
assessment. Given the unreasonable limitations of the current comment period—
during which the agency failed to share relevant materials for weeks and refused to 
grant a compensatory extension—we cannot provide a comprehensive catalog of the 
Service’s analytical failures.71 A number of deficiencies are evident, however, in 
even a quick review of the agency’s materials: 

Climate. The Forest Service elliptically acknowledges the existence and 
implications of climate change in its environmental assessment, noting that the 
Silver Branch project’s thirty-year “timeframe introduces challenges tied to 
changing weather patterns, including more frequent intense rain events and shorter 
winter operating seasons.”72 It ultimately fails, however, to analyze the problem. 
This was arbitrary. Research has demonstrated that climate change will have 
profound effects on the Midwest’s forests.73 And it has further confirmed the 
importance of allowing maturing trees to remain upright on the landscape, given 
the vital roles they serve in both sequestering carbon and mitigating the impacts of 
rising temperatures.74 The Forest Service must address this research on carbon 
sequestration and climate-change mitigation in its environmental impact 
statement. And it must also ensure that its management of the Ottawa will help to 
lessen the effects of climate change—not make them worse. 

Regeneration. The environmental assessment repeatedly relies on failures of 
natural regeneration—by eastern hemlock, yellow and paper birch, northern red 
oak, and other trees—to justify its prescription of unnatural logging across nearly 
100,000 acres of the Ottawa National Forest.75 In doing so, however, the document 
ignores the primary driver of these failures: excessive browsing by the region’s 

 
70 42 U.S.C. § 4336(b)(2). 
71 See Christopher Kovala, Email to Sean Helle (Jan. 13, 2026) (reporting that the 
Forest Service would not grant an extension of the comment deadline, despite a 
multiweek delay in releasing documents that were expressly incorporated by the 
environmental assessment). 
72 Silver Branch EA at 54–55. 
73 See Attachment 1 (listing studies). 
74 See id. 
75 Silver Branch EA at 7–8, 11–12, 13, 16, 19–24, 56–57. 
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excessive deer population. Research in nearby areas has demonstrated that white-
tailed deer have consistently depressed forest regeneration for decades with heavy 
cumulative effects across the region.76 Given this fact, the Silver Branch project 
promises to make the regeneration problem worse by further increasing the size of 
the Ottawa’s deer population—and doing so intentionally. According to the Forest 
Service’s biological assessment, the project’s “clearcuts, shelterwood cuts and 
selective harvest”—which have been proposed on nearly 100,000 acres of land—
would “have beneficial effects on … white-tailed deer[.]”77 As the document explains: 

Deer rel[y] heavily on mast-producing trees and/or 
seedlings and saplings for food throughout the fall and 
winter months. Following a timber harvest, more space and 
light is available for seedling[s] and saplings to grow, 
which produces more food for deer. … Therefore, timber 
harvesting will result in a flush of new woody and 
herbaceous vegetation and increase the carrying capacity 
of [deer] for several years[.] … In most locations, positive 
… [deer] responses should begin within 1-3 growing 
seasons after harvests and persist for at least 10-20 years.78 

The Forest Service’s failure to acknowledge and address the environmental 
implications of further inflating the Ottawa’s deer population was arbitrary. The 
agency must confront this problem in its EIS. 

Wildfire. The environmental assessment also cites “the risk of catastrophic 
damage from wildfire” as justification for the Silver Branch project—but it 
ultimately and arbitrarily concedes that the project could amplify this risk even 
further.79 In the words of the EA, the proposed “logging processes would increase 
the fuel loading on the forest floor when unmerchantable limbs and branches are 

 
76 Bradshaw, L., and D.M. Waller. Impacts of white-tailed deer on regional patterns 
of forest tree recruitment. Forest Ecology and Management. 375: 1-11.  
http://dx.doi.org/10.1016/j.foreco.2016.05.019. 
77 Silver Branch BA at 15; Silver Branch EA at 19–20. 
78 Silver Branch BA at 15 (emphasis added). See also Silver Branch EA at 24 
(defending the Silver Branch project on the grounds that it would “enhance winter 
deer complexes”).  
79 Silver Branch EA at 12–14 (asserting that the Silver Branch project is driven, in 
part, by the “need to consider using all wildland fire suppression methods, including 
fire use (naturally occurring and prescribed) and mechanical fuels treatments to 
enhance ecosystem resiliency and function, lower hazardous fuel levels, protect 
public and private resources and values, and provide for public and firefighter 
safety”). 



 
 

 
20 

left after harvest[,]” which could “cause increased wildfire intensity and an 
increased rate of fire spread.”80 And “the opening of the canopy, while reducing 
crown-fire potential, [would] increase[] the temperature of the forest floor and 
allow[] more wind movement … [to] dr[y] out the forest floor”—further elevating fire 
risks.81 The Forest Service was right to acknowledge these issues, as research has 
shown that catastrophic fires are more likely to occur in areas that have been 
logged.82 But the Forest Service’s effort to sell logging as a solution to a problem it 
could actually worsen was arbitrary. The issue must be addressed in the agency’s 
EIS. 

Wetlands. The environmental assessment’s evaluation of wetland impacts 
was similarly arbitrary. According to the document, “[t]here are numerous wetlands 
across the entire project area, with 42,717 acres total and 31,784 acres on [Forest 
Service] lands only.”83 The EA further acknowledges the Service’s obligation to 
“avoid actions within [these] wetlands unless there are no practical alternatives, 
and the action includes all practicable means to minimize harm to wetlands.”84 But 
the assessment ultimately concludes that the Silver Branch project would somehow 
fulfill this duty “because the design criteria, including riparian protection measures, 
[would] minimize or avoid impacts to project area floodplains and wetlands.”85 In 
addition to ignoring the likelihood that the referenced design criteria would not be 
fully implemented, this assertion ignores the significant difference between 
“avoid[ing] actions within wetlands unless there are no practical alternatives” (as 
the law requires) and “minimiz[ing] or avoid[ing] impacts to … wetlands” (as the 
proposed action would purportedly do).86 The project’s wetland impacts must be 
more thoroughly evaluated and disclosed in the Forest Service’s environmental 
impact statement. 

Roads. In places, the Service’s assessment alludes to the significant 
environmental implications of road construction and maintenance—noting, for 
instance, that “[r]oad development actions represent the activities with the most 
potential for impacts to aquatic resources” as they “result[] in unavoidable short-
term impacts related to vegetation removal, stream channel disturbance, and 

 
80 Id. at 58. 
81 Id. 
82 See Attachment 1 (listing studies). 
83 Silver Branch EA at 35. 
84 Id. at 51 (emphasis added) (citing Executive Order No. 11,990). 
85 Id. (emphasis added). 
86 Id. (emphasis added); Section I.C, supra. 
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construction induced bursts of sediment and turbid flow.”87 Despite this, the 
assessment ultimately fails to offer a meaningful evaluation of the roads that would 
be required under the proposed action, repeatedly declaring, for instance, that the 
location and impact of the project’s temporary roads are “TBD.”88 More information 
and analysis regarding the Silver Branch project’s roads must be provided in the 
agency’s EIS. 

Gravel. The EA acknowledges that the Silver Branch project would authorize 
two gravel operations to “permanently remove[] 14 acres from the productive soil 
base” of the Ottawa.89 It makes no effort, however, to evaluate the environmental 
implications of this loss—or the further impacts that would result from gravel-
mining activities. This must be remedied in the Forest Service’s EIS.  

Old Growth. The EA similarly acknowledges the existence of vital old-growth 
stands within the proposed project area.90 But it makes no effort to discuss the 
potential implications of the Silver Branch project on them—either directly, through 
activities authorized within the stands, or indirectly, due to activities authorized 
nearby. Given the importance and scarcity of the Ottawa’s old growth, this analysis 
must be undertaken in the Forest Service’s environmental impact statement. 

Wilderness. As previously noted, the Silver Branch project would authorize 
clearcuts and other logging at the very edge of the Ottawa’s Sturgeon River Gorge 
Wilderness Area. The Forest Service’s assessment, however, arbitrarily fails to 
address the potential impacts of this activity on the area’s wilderness character. As 
the agency is obligated to protect wilderness character—even from activities that 
occur beyond a wilderness area’s boundaries—it must address the issue in its EIS.91 

North Country Trail. The federally designated North Country National 
Scenic Trail is located along the northern border of the proposed project. While the 
Forest Service must protect both the trail itself and the lands visible from it, the 
environmental assessment fails to meaningfully analyze this issue. The EIS must 
do better. 

Remote Habitat Areas. Under its forest plan, the Ottawa is required to 
“[m]anage the Remote Habitat Area”—“which is comprised of parts of several 
management areas in the southern part of the Ottawa, totaling about 256,000 
acres”—“to provide habitat for species that require some degree of remoteness from 

 
87 Silver Branch EA at 54. 
88 Id. at 28. 
89 Id. at 58. 
90 Id. at 10. 
91 See footnote 64, supra. 
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human activity, including [the] gray wolf, American marten, goshawk, red-
shouldered hawk and others.”92 The Forest Service’s environmental assessment 
makes no mention of this requirement and accordingly fails to demonstrate that the 
proposed project—which includes more than 50,000 acres of the Remote Habitat 
Area—would include the necessary habitat protections.93 The agency’s 
environmental impact statement must remedy this omission. 

Succession. Ultimately, the Forest Service’s assessment is premised on the 
misguided notion that the Ottawa’s lands are wholly dependent on human 
intervention and “management.”94 But recent research has confirmed the significant 
ecological benefits that come from letting forests mature into old growth and other 
successional communities.95 It has also documented the significant ecological costs 
that result from logging and other forms of active management.96 This research—
some of which is catalogued in the attached appendix—must be considered and 
addressed in the Forest Service’s EIS. 

III. In preparing its environmental impact statement, the Forest Service 
must also consider a reasonable range of alternatives that include 
additional resource protections. 

The deficiencies of the Ottawa’s environmental assessment aren’t limited to 
its analysis (or not) of the proposed project. The document also fails to evaluate a 
reasonable range of alternatives—a problem that must be remedied in the Forest 
Service’s EIS. 

Under NEPA, an agency’s environmental review must consider “a reasonable 
range of alternatives … that are technically and economically feasible, and meet the 
purpose and need of the proposal[.]”97 These options have to include “appropriate 
alternatives to recommended courses of action in any proposal which involves 
unresolved conflicts concerning alternative uses of available resources[.]”98 The 
Forest Service Handbook implements these requirements by directing agency 
officials to “[d]evelop … reasonable alternatives fully and impartially[,]” thereby 

 
92 Ottawa Forest Plan at 2-9. 
93 A GIS analysis mapping the Silver Branch project and the Ottawa’s “Remote 
Habitat Area” is attached. 
94 See, e.g., Silver Branch EA at 43 (cataloguing a host of “[f]orest health concerns” 
that would allegedly arise without the Silver Branch project). 
95 See Attachment 1 (listing studies). 
96 See id. 
97 42 U.S.C. § 4332(C)(iii). 
98 Id. § 4332(H). 
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“[e]nsur[ing] that the range of alternatives does not prematurely foreclose options 
that might protect, restore, and enhance the environment.”99 It further requires 
officials to “[d]evelop and consider alternatives that would resolve conflicts about 
the proposal.”100 And it notes that officials should “[b]e alert for alternatives 
suggested by participants in scoping and public involvement activities.”101 

The Ottawa’s assessment fails on each of these fronts. During scoping, the 
Keep the U.P. Wild coalition alerted the Forest Service to a significant conflict 
regarding the Silver Branch project and the extensive logging it would allow.102 The 
coalition also suggested a modestly modified alternative that would have addressed 
this conflict by protecting one of the Ottawa’s most cherished resources: the 
proposed Sturgeon River Gorge Wilderness Area addition, which lies at the 
northeastern edge of the project area and merits designation as wilderness.103 The 
Forest Service rejected this possibility out of hand, choosing to dedicate its entire 
assessment to a single action alternative: a 177,772-acre project that would 
authorize significant logging up to the very edge of the forest’s existing wilderness 
area.104 

 
99 Forest Service Handbook 1909.15 § 14. See also, e.g., id. § 12.3(6) (directing 
officials to “[d]evelop a framework to assure a range of reasonable alternatives will 
be analyzed”—one that “may include methods to ensure a variety of alternatives 
that depict the tradeoffs of resolving environmental issues, or a simple tracking 
table that shows all issues are addressed to some degree by at least one 
alternative”). 
100 Id. § 14. 
101 Id. 
102 Keep the U.P. Wild’s Scoping Comments at 1–3. 
103 Id. 
104 Silver Branch EA at 34 (offering the “No Action alternative” as the only 
alternative to the Forest Service’s proposed action); id. Map 10 (Proposed 
Treatments North) (copied below). 
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As a result of its binary, 177,772-acres-or-nothing approach, the assessment 
has arbitrarily obscured the availability of better tailored alternatives that would 
protect some of the Ottawa’s most cherished resources while also advancing the 
Forest Service’s stated purpose and need.105 The agency must not repeat this error 
in its environmental impact statement. The EIS should accordingly consider a 
range of feasible alternatives “that would resolve conflicts about the [Silver Branch] 
proposal.”106 These must include an alternative that would prohibit logging within 
the Sturgeon River Gorge Wilderness Area addition, as proposed by Keep the U.P. 
Wild.107 The Forest Service should also evaluate options that would permit more of 
the forest’s maturing stands to “naturally transition” into old growth and “other 
forest communities”—allowing more of the Ottawa to reclaim the ecological 
structure and processes that sustained it for thousands of years.108 And the agency 
should consider alternatives that would provide targeted protections for the 
Ottawa’s most vulnerable resources, including sensitive species and habitats. 

While the Forest Service seems to believe that the extraordinary scale of the 
Silver Branch project is required to fulfill its stated “purpose and need,” the 
agency’s own numbers indicate otherwise.109 According to the Service’s assessment, 
the Ottawa’s “vegetative composition” is largely within the ranges established 
under the forest’s current management plan.110 As a result, there appears to be 
little basis for the Forest Service’s conclusion that nearly 100,000 acres must be 
logged to address “the resource gaps, or the differences identified, between the 
existing conditions on the landscape and the range of desired conditions” on the 
forest.111 And even if such a conclusion could be justified, it hasn’t been in the 
agency’s conclusory assessment. 

 The Forest Service has an opportunity to remedy all of these failures by 
preparing an environmental impact statement that considers a reasonable range of 
alternatives. It must do so now. 

 
105 Id. at 34 (casting the Forest Service’s proposed action as the only way the 
“wildlife habitat improvements associated with th[e] project would be made” and 
the only way “designated motorized access modifications or recreation site 
improvements would occur[,]” among other things). 
106 Forest Service Handbook 1909.15 § 14. 
107 Keep the U.P. Wild’s Scoping Comments at 1–3. 
108 See, e.g., Silver Branch EA at 20 (arguing that clearcuts are necessary, for 
example, to prevent “[a]spen and birch stands … [from] naturally transition[ing] to 
other forest communities, especially northern hardwood types, without treatment”). 
109 See id. at 4, 6–18. 
110 Id. at 8–9 (Table 1). 
111 See id. at 4. 
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IV. The Silver Branch project’s extensive logging would defy the 
requirements of the Ottawa National Forest’s management plan and 
the National Forest Management Act. 

In addition to violating NEPA, a decision to move forward with the Silver 
Branch project would defy the requirements of both the Ottawa National Forest’s 
management plan and the National Forest Management Act. 

With its 2006 forest plan, the Forest Service determined that less half of the 
Ottawa’s lands—488,000 acres—are “capable of producing commercial volumes of 
timber on a sustained basis” and thus “suitable for timber production.”112 The rest 
of forest was accordingly designated as “not suited for timber production.”113 As the 
Service explained at the time, these not-suited determinations were based on a 
variety of considerations, including the absence of forested lands or “industrially” 
used tree species; the need to protect wilderness areas; the inability to undertake 
commercial harvests on particular lands without causing “irreversible resource 
damage to soils, productivity, or watershed conditions”; the importance of protecting 
old growth; and other “Forest Plan objectives[.]”114 

The Ottawa’s identification of “suitable” and “not suitable” lands had legal 
consequences. Under the National Forest Management Act, or “NFMA,” decisions 
about “the use and occupancy” of a national forest must be “consistent with” the 
forest’s management plan—including any determinations it has made about where 
logging may be allowed.115 And under the Forest Service’s regulations, “[n]o timber 
harvest for the purposes of timber production may occur on lands not suited for 
timber production.”116 

 Despite the prohibition on logging areas deemed “not suited for timber 
production,” the Silver Branch project would do just that—at a large scale. Based on 
an analysis of the Forest Service’s own GIS data, the project would authorize 
logging on more than 30,000 acres of unsuitable lands.117 And as illustrated in the 

 
112 Ottawa National Forest, Record of Decision: Final Environmental Impact 
Statement to Accompany the Land and Resource Management Plan (Mar. 2006), at 
8. 
113 Id.; Ottawa National Forest, Final Environmental Impact Statement to 
accompany the Land and Resource Management Plan (Mar. 2006) (“Ottawa Plan 
FEIS”), at A-13–A-15, A-19–A-20. 
114 Ottawa Plan FEIS at A-14–A-15, A-19. 
115 16 U.S.C. § 1604(i). 
116 36 C.F.R. § 219.11(d)(1). 
117 Non-suitable acres are dominated by single-tree selection cuts (16,858.75 acres; 
~56.1%) and stand clearcut with leave trees (9,870.80 acres; ~32.9%). Together, 
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map below, this logging would include more than 800 acres of clearcuts and 
selection harvests within the proposed addition to the Sturgeon River Gorge 
Wilderness Area. 
 

 
these two treatments account for about 89% of all non-suitable treatment acres. The 
remaining non-suitable acres are primarily associated with commercial thinning 
(2,298.04 acres; ~7.6%) and stand clearcut (713.43 acres; ~2.4%), with smaller 
contributions from other treatment types.  

Age-class distributions vary by treatment type. Single-tree selection cuts, 
which account for the largest share of non-suitable acres overall, are heavily 
associated with the 100+ age class (3,238.22 acres) and areas with age not 
available (12,326.99 acres), with additional acreage distributed across intermediate 
age classes. Stand clearcut with leave trees occurs across a broad range of age 
classes but is most prevalent in stands 41–60 years (2,056.24 acres), 81–100 
years (2,354.48 acres), and 100+ years (2,879.90 acres), with smaller amounts in 
younger age classes. Commercial thinning is concentrated almost entirely in older 
stands, particularly in the 100+ age class (1,470.93 acres) and 81–100 years (380.03 
acres), with comparatively limited acreage in younger classes.  

Within the Sturgeon River Gorge proposed wilderness addition, which 
encompasses 1,862.73 acres, proposed treatments in the SBVMP intersect 834.98 
acres of lands classified as non-suitable. This represents approximately 44.8% of the 
proposed addition area. Within the proposed wilderness addition, 335.42 acres 
(~40.2%) of non-suitable treatment acres fall within the Age Not Available category. 
Where stand age is available, non-suitable acres are concentrated in the 61–80 age 
class (352.39 acres; ~42.2% of total non-suitable acreage), followed by the 100+ age 
class (115.26 acres; ~13.8%). Stand clearcut with leave trees spans multiple age 
classes, occurring primarily in the 61–80 (108.70 acres) and 100+ (61.65 acres) age 
classes. Single-tree selection cuts are primarily associated with Northern 
Hardwoods (597.01 acres). 

A complete analysis of the logging planned in the Ottawa’s unsuitable areas 
is attached. 
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None of this can be allowed.118 The Forest Service must accordingly ensure that all 
unsuitable areas are excluded from any proposed logging. 

V. The Forest Service’s failure to initiate formal consultation regarding 
the Silver Branch project’s impacts on gray wolves was arbitrary 
and unlawful under the Endangered Species Act. 

The Service’s inadequate assessment of the Silver Branch project also defied 
the Endangered Species Act—at the expense of the region’s endangered gray 
wolves. 

Section 7 of the ESA requires the Forest Service to “insure”—“in consultation 
with” the U.S. Fish and Wildlife Service—“that any action [it] authorize[s], fund[s], 
or carrie[s] out … is not likely to jeopardize the continued existence of any 

 
118 16 U.S.C. § 1604(i); 36 C.F.R. § 219.11(d)(1). 
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endangered species or threatened species or result in the destruction or adverse 
modification of [a listed species’ critical] habitat[.]”119 Under federal regulations, 
this consultation must generally be “formal”—and result in the issuance of a 
biological opinion—whenever a Forest Service action “may affect listed species or 
critical habitat.”120 Formal consultation can only be avoided when the Forest 
Service “determines, with the written concurrence of the [U.S. Fish and Wildlife 
Service], that the proposed action is not likely to adversely affect any listed species 
or critical habitat.”121 

In its biological assessment on the Silver Branch project, the Forest Service 
acknowledged that “timber harvest and prescribed fire activities would result in 
short-term displacement [of endangered wolves] from harvest operations.”122 It also 
admitted that the project’s road authorizations could cause even greater harm to 
the species: 

New road construction and reconstruction would improve 
road conditions and may lead to increased traffic and 
access, which could increase potential direct effects [to 
wolves] such as higher risk of mortality from hunting or 
vehicle collisions. Indirectly, road work itself may cause 
intermittent displacement of individual wolves. Enhanced 
road systems for vehicle and OHV use could result in 
increased human/wolf interactions, particularly during the 
fall hunting seasons when OHV use is greatest. This could 
lead to wolves being temporarily displaced due to 
disturbance caused by vehicles.123 

While all of this should have led to formal consultation and a biological opinion, the 
Service decided to declare, instead, that the effects of the Silver Branch project 
“would be insignificant or discountable due to the wolf’s ability to move away from 
disturbance and the existence of large areas of deferred and undisturbed habitat 
within and around the project boundary.”124 This was arbitrary. 

 In attempting to rely on the availability of secure wolf habitat “within and 
around” the Silver Branch project, the Forest Service gave little consideration to the 

 
119 16 U.S.C. § 1536(a)(2). 
120 50 C.F.R. § 402.14(a). 
121 Id. § 402.14(b)(1). 
122 Silver Branch BA at 15. 
123 Id. at 15–16. 
124 Id. at 16. 
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many disruptive activities that are already underway on those lands.125 Elsewhere 
in its biological assessment, for example, the agency acknowledges that there are 
“[p]rojects adjacent to Silver Branch that may impact” species, like wolves, “with 
relatively large home ranges[,]” including “the Mud Lake VMP, Sun Lake VMP, 
Aspen VMP, Drumloid VMP, Tepee VMP, Kitchie-TwoRiver/Bluff Divide VMP, 
Baraga 2 VMP, Pricket VMP, Rousseau East VMP, and Red Pine VMP.”126 But the 
Service failed to evaluate where these projects are located, what they will involve, 
and how those activities could affect the ability of wolves to seek refuge from the 
Silver Branch project.127 The agency did even less when it came to the activities 
that are likely on the region’s private lands. According to the biological assessment, 
“[m]ost privately owned parcels [in the area] are residences and land used for 
recreation and timber harvests[,]” and “[t]ypical harvesting methods and cutting 
cycles by private owners are similar” to those used by the Forest Service.128 While 
this should have prompted an effort to determine what logging activities are 
currently planned or underway, the biological assessment punted, stating that 
“private land harvesting is only speculation at this time and the Forest does not 
know of any activities that are reasonably certain to occur on non-federal lands that 
will affect … wolf habitat or distribution.”129 The Endangered Species Act required 
much more than this. In order to “insure” the Silver Branch project “is not likely to 
jeopardize” the Ottawa’s wolves, the Forest Service must initiate formal 
consultation with the Fish and Wildlife Service and give serious consideration to the 
cumulative impacts of logging and other activities across the region.130 

 While the biological assessment reports, finally, that FWS ultimately 
concurred in the Forest Service’s “not likely to adversely affect” determination for 
wolves, it appears that this may have been based on inaccurate information 
regarding the duration of the Silver Branch project.131 In submitting the project for 
FWS’s review, the Forest Service answered “No” when asked if the action involves 
“the approval of a long-term (i.e., in effect greater than 10 years) permit, plan, or 
other action[.]”132 This was false, of course—the agency’s action would authorize 

 
125 Id. 
126 Id. at 11. 
127 See id. 
128 Id. at 16. 
129 Id. 
130 See 16 U.S.C. § 1536(a)(2); 50 C.F.R. § 402.14(a). 
131 Silver Branch BA at 16. 
132 U.S. Fish and Wildlife Service Michigan Ecological Services Field Office, 
Technical Assistance Letter for Ottawa NF Silver Branch Vegetation Management 
Project (Oct. 21, 2025), at 9 (Qualification Interview Question 3). 
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logging over a thirty-year period. The Forest Service must correct this error and 
ensure that the Fish and Wildlife Service understands the full scale of the Silver 
Branch project. 

VI. Conclusion 

The Silver Branch project would have significant and unlawful effects on the 
lands and wildlife of the Ottawa National Forest. The Forest Service must 
accordingly prepare an environmental impact statement evaluating lawful 
alternatives that would better protect the forest’s extraordinary resources. We 
would welcome the opportunity to work with the agency as it moves forward with 
this process. 

 
 

Sincerely, 

 
 

Sean M. Helle, Senior Attorney 
Environmental Law & Policy Center 
35 East Wacker Drive, Suite 1600  
Chicago, Illinois 60601 
(312) 673-6500 | shelle@elpc.org 
 
 

 
Kelly C. Thayer, Senior Policy Advocate 
Environmental Law & Policy Center 
831 James Street 
Frankfort, Michigan 49635 
(231) 944-3119 | kthayer@elpc.org 
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Analysis of Suitable and Non-Suitable Lands for Timber Production within the Ottawa 
National Forest’s Silver Branch Vegetation Management Project Area 

Conducted by the Environmental Law & Policy Center 

January 22, 2026 

This analysis was conducted by the Environmental Law & Policy Center to identify and summarize 
proposed vegetation management activities that occur on lands classified as suitable and non-
suitable for timber production within the Ottawa National Forest’s (ONF’s) Silver Branch 
Vegetation Management Project (SBVMP) area. 

The purpose of this work is to quantify the extent of proposed treatments that intersect suitable 
and non-suitable lands and to characterize those acres by treatment type, stand age class, and cover 
type across the SBVMP. Additional summaries were prepared for suitable and non-suitable acres 
within Wild and Scenic River (WSR) corridors and within the Sturgeon River Gorge proposed 
wilderness area addition. 

Data Sources 

Three primary datasets were used in this analysis: 

1. Ottawa National Forest Suitable Lands Dataset – This dataset identifies lands classified as 
suitable or non-suitable for timber management in the Ottawa National Forest. Areas 
identified as suitable or non-suitable were used as the basis for determining where proposed 
vegetation treatments intersect lands that are suitable or non-suitable for timber harvest or 
vegetation management activities. 

2. Silver Branch Vegetation Management Project Treatment Dataset – The Silver Branch 
Vegetation Management Project encompasses approximately 177,837 acres. The SBVMP 
treatment dataset includes spatial representations of proposed vegetation management 
activities across the project area. This dataset contains treatment attributes including 
proposed treatment type, stand age class, and cover type. The treatment dataset includes 
two components: 

o Treatments located outside Wild and Scenic River (WSR) corridors 

o Treatments located within WSR corridors, which include wildlife-specific 
treatment categories 

3. Sturgeon River Gorge Proposed Wilderness Boundary – A spatial boundary representing 
the proposed Sturgeon River Gorge wilderness area was used to identify and summarize 
non-suitable acres within this specific area. This boundary was used to clip the treatment 
dataset for wilderness-specific summaries. 
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Figure 1 shows the boundaries of the SBVMP, the proposed Sturgeon River Gorge Wilderness, 
and ONF lands suitable within the SBVMP: 

 

Figure 1- SBVMP boundary, ONF suitable lands, and the proposed Sturgeon River Gorge 
Addition 
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Methods 

The SBVMP treatment dataset was overlaid with the Ottawa National Forest suitable lands dataset 
to identify treatment areas that intersect lands classified as non-suitable. All treatment polygons 
intersecting non-suitable lands were selected and summarized. 

For the full project area, non-suitable treatment acres were summarized by: 

• Proposed treatment type 

• Stand age class 

• Plant cover type 

To evaluate suitable and non-suitable acres within the proposed Sturgeon River Gorge wilderness 
area, the SBVMP treatment dataset was clipped to the wilderness boundary. The resulting 
treatment areas were then intersected with the suitable and non-suitable lands dataset and 
summarized by treatment type, age class, and cover type. The analysis for non-suitable lands is 
presented below on pages 2-11 and for suitable lands on pages 12-18. 

Results: Non-Suitable Acres Within the Silver Branch Vegetation Management Project 

Overall Summary 

Across the SBVMP, proposed treatments intersect 30,044.47 acres of lands classified as non-
suitable. Non-suitable acres are dominated by single-tree selection cuts (16,858.75 acres; ~56.1%) 
and stand clearcut with leave trees (9,870.80 acres; ~32.9%). Together, these two treatments 
account for about 89% of all non-suitable treatment acres. The remaining non-suitable acres are 
primarily associated with commercial thinning (2,298.04 acres; ~7.6%) and stand clearcut (713.43 
acres; ~2.4%), with smaller contributions from other treatment types. 

Non-Suitable Acres by Treatment and Age Class 

Stand age classes were calculated using year-of-origin information from the proposed treatment 
dataset, with 2026 used as the reference year, and then grouped into the following age classes: 0–
19, 20–40, 41–60, 61–80, 81–100, and 100+ years. 

Across the SBVMP, non-suitable treatment acres are concentrated in older age classes, particularly 
stands 81–100 years old (3,708.45 acres; ~12.3%) and 100+ years old (8,253.20 acres; ~27.5%). 
Together, these two age classes account for nearly 40% of all non-suitable treatment acres. An 
additional 13,004.15 acres (~43.3%) are associated with areas where stand age was not available. 
Younger and mid-aged stands represent a smaller proportion of non-suitable acreage, including 
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41–60 years (2,205.03 acres; ~7.3%), 61–80 years (1,732.33 acres; ~5.8%), 20–40 years (796.60 
acres; ~2.7%), and 0–19 years (344.71 acres; ~1.1%). 

Age-class distributions vary by treatment type. Single-tree selection cuts, which account for the 
largest share of non-suitable acres overall, are heavily associated with the 100+ age class (3,238.22 
acres) and areas with age not available (12,326.99 acres), with additional acreage distributed across 
intermediate age classes. Stand clearcut with leave trees occurs across a broad range of age classes 
but is most prevalent in stands 41–60 years (2,056.24 acres), 81–100 years (2,354.48 acres), and 
100+ years (2,879.90 acres), with smaller amounts in younger age classes. 

Commercial thinning is concentrated almost entirely in older stands, particularly in the 100+ age 
class (1,470.93 acres) and 81–100 years (380.03 acres), with comparatively limited acreage in 
younger classes. Shelterwood establishment cuts are primarily associated with the 100+ age class 
(237.13 acres), with smaller amounts in intermediate age classes. Stand clearcuts occur primarily 
in the 81–100 and 100+ age classes, while sanitation cuts and group selection cuts contribute 
relatively small amounts of non-suitable acreage overall. 

Table 1 summarizes non-suitable acres by proposed treatment and age class; table cells are color-
coded using a graduated spectrum, where red indicates the largest acreage values, yellow and 
orange represent intermediate values, and green indicates the smallest acreage values. 
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Table 1- Non-Suitable Acres by Proposed Treatment and Age Class within the SBVMP 

 Age Class  

Proposed 
Treatment  0–19 20–40 41–60 61–80 81–100 100+ Age Not 

Available Total 

Commercial 
Thinning 

 19.26 47.32 66.93 380.03 1470.93 313.58 2298.04 

Group 
Selection Cut 

      0.06 0.06 

Sanitation Cut      6.99 20.24 27.22 

Shelterwood 
Establishment 

Cut 

 19.47  3.42 16.16 237.13  276.17 

Single-tree 
Selection Cut 

 51.55 101.48 398.53 741.98 3238.22 12326.99 16858.75 

Stand Clear 
Cut 

 61.20   215.80 420.04 16.39 713.43 

Stand Clear 
Cut with Leave 

Trees 
344.71 645.12 2056.24 1263.45 2354.48 2879.90 326.90 9870.80 

Total 344.71 796.60 2205.03 1732.33 3708.45 8253.20 13004.15 30044.47 

Non-Suitable Acres by Treatment and Cover Type 

By cover type, non-suitable treatment acres are concentrated in Northern Hardwoods (8,816.88 
acres; ~29.3%) and Aspen/Paper Birch (5,657.91 acres; ~18.8%), with additional large totals in 
Cover Type Not Available (6,213.21 acres; ~20.7%), Short-lived Conifers (4,993.37 acres; 
~16.6%), and Long-Lived Conifers (3,412.13 acres; ~11.4%). Hardwood/Hemlock represents 
888.19 acres (~3.0%), and Open cover types represent a very small amount (62.78 acres; ~0.2%). 

Patterns by treatment type include: 

Single-tree selection cut is concentrated in Northern Hardwoods (8,802.01 acres) and includes a 
substantial acreage where cover type is not available (6,213.15 acres), with smaller acreages in 
Hardwood/Hemlock (888.19 acres) and Long-Lived Conifers (710.91 acres). 

Stand clearcut with leave trees is concentrated in Aspen/Paper Birch (5,071.16 acres) and Short-
lived Conifers (4,363.96 acres), with smaller amounts in Long-Lived Conifers (403.68 acres) and 
Open (32.00 acres). 
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Commercial thinning is almost entirely within Long-Lived Conifers (2,245.33 acres), with minor 
acreage in Northern Hardwoods, Open, and Short-lived Conifers. 

Shelterwood establishment cut occurs primarily in Aspen/Paper Birch (230.96 acres) and Long-
Lived Conifers (45.21 acres). 

Table 2 summarizes non-suitable acres by proposed treatment and cover type; table cells are color-
coded using a graduated spectrum, where red indicates the largest acreage values, yellow and 
orange represent intermediate values, and green indicates the smallest acreage values. 

Table 2- Non-Suitable Acres by Proposed Treatment and Cover Type within the SBVMP!
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�V�X�E�V�W�D�Q�W�L�D�O�� �S�R�U�W�L�R�Q�� �R�I�� �:�6�5�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�H�V�� �G�R�H�V�� �Q�R�W�� �K�D�Y�H�� �D�J�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �D�Y�D�L�O�D�E�O�H���� �,�Q�� �W�R�W�D�O����
�������������������D�F�U�H�V�����a���������������R�I���Q�R�Q���V�X�L�W�D�E�O�H���:�6�5���W�U�H�D�W�P�H�Q�W���D�F�U�H�V���I�D�O�O���Z�L�W�K�L�Q���W�K�H���$�J�H���1�R�W���$�Y�D�L�O�D�E�O�H��
�F�D�W�H�J�R�U�\�����:�K�H�U�H���V�W�D�Q�G���D�J�H���L�V���D�Y�D�L�O�D�E�O�H�����Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�V���D�U�H���G�L�V�W�U�L�E�X�W�H�G���D�F�U�R�V�V���R�O�G�H�U���D�J�H���F�O�D�V�V�H�V����
�L�Q�F�O�X�G�L�Q�J�� �����±������ �\�H�D�U�V�� ���������������� �D�F�U�H�V���� �a�������������� ���������� �\�H�D�U�V�� ���������������� �D�F�U�H�V���� �a�������������� �����±�������� �\�H�D�U�V��
���������������D�F�U�H�V�����a���������������D�Q�G�������±�������\�H�D�U�V�����������������D�F�U�H�V�����a������������!

�$�J�H���F�O�D�V�V���G�L�V�W�U�L�E�X�W�L�R�Q�V���Y�D�U�\���E�\���W�U�H�D�W�P�H�Q�W���W�\�S�H�����:�L�O�G�O�L�I�H���F�O�H�D�U�F�X�W���Z�L�W�K���O�H�D�Y�H���W�U�H�H�V���L�V���H�Q�W�L�U�H�O�\���Z�L�W�K�L�Q��
�W�K�H���$�J�H���1�R�W���$�Y�D�L�O�D�E�O�H���F�D�W�H�J�R�U�\�����������������������D�F�U�H�V�������:�L�O�G�O�L�I�H���F�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J���R�F�F�X�U�V���S�U�L�P�D�U�L�O�\��
�L�Q���W�K�H�������±�����������������������D�F�U�H�V�����D�Q�G���������������������������D�F�U�H�V�����D�J�H���F�O�D�V�V�H�V�����Z�L�W�K���D���V�P�D�O�O�H�U���D�P�R�X�Q�W���L�Q�������±������
���������������D�F�U�H�V�������:�L�O�G�O�L�I�H���V�L�Q�J�O�H���W�U�H�H���V�H�O�H�F�W�L�R�Q���V�S�D�Q�V���P�X�O�W�L�S�O�H���F�O�D�V�V�H�V���Z�K�H�U�H���D�J�H���L�V���D�Y�D�L�O�D�E�O�H���������±��������
�����±�����������D�Q�G���������������D�Q�G���L�Q�F�O�X�G�H�V�����������������D�F�U�H�V���L�Q���W�K�H���$�J�H���1�R�W���$�Y�D�L�O�D�E�O�H���F�D�W�H�J�R�U�\��!

�3�O�D�Q�W�� �F�R�Y�H�U�� �W�\�S�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �Z�D�V�� �Q�R�W�� �D�Y�D�L�O�D�E�O�H�� �L�Q�� �W�K�H�� �:�6�5�� �W�U�H�D�W�P�H�Q�W�� �G�D�W�D�V�H�W���� �W�K�H�U�H�I�R�U�H���� �Q�R�Q��
�V�X�L�W�D�E�O�H���D�F�U�H�V���Z�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V���D�U�H���V�X�P�P�D�U�L�]�H�G���E�\���W�U�H�D�W�P�H�Q�W���W�\�S�H���D�Q�G���D�J�H���F�O�D�V�V���R�Q�O�\��!

�7�D�E�O�H�������V�X�P�P�D�U�L�]�H�V���Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�V���Z�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V���E�\���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W���D�Q�G���D�J�H���F�O�D�V�V����
�Z�L�W�K���W�D�E�O�H���F�H�O�O�V���F�R�O�R�U���F�R�G�H�G���X�V�L�Q�J���D���J�U�D�G�X�D�W�H�G���V�S�H�F�W�U�X�P���L�Q���Z�K�L�F�K���U�H�G���L�Q�G�L�F�D�W�H�V���W�K�H���O�D�U�J�H�V�W���D�F�U�H�D�J�H��
�Y�D�O�X�H�V�����\�H�O�O�R�Z���D�Q�G���R�U�D�Q�J�H���U�H�S�U�H�V�H�Q�W���L�Q�W�H�U�P�H�G�L�D�W�H���Y�D�O�X�H�V�����D�Q�G���J�U�H�H�Q���L�Q�G�L�F�D�W�H�V���W�K�H���V�P�D�O�O�H�V�W���D�F�U�H�D�J�H��
�Y�D�O�X�H�V��!
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!

!

!
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! ! !
!

!

�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

��! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

�7�D�E�O�H���������1�R�Q���6�X�L�W�D�E�O�H���$�F�U�H�V���E�\���3�U�R�S�R�V�H�G���7�U�H�D�W�P�H�Q�W���D�Q�G���$�J�H���&�O�D�V�V���Z�L�W�K�L�Q���W�K�H���6�%�9�0�3���:�6�5!

! �$�J�H���&�O�D�V�V!

�3�U�R�S�R�V�H�G���7�U�H�D�W�P�H�Q�W! �����±����! �����±����! �����±������! ��������!
�$�J�H���1�R�W��
�$�Y�D�L�O�D�E�O�H!

�7�R�W�D�O!

�:�L�O�G�O�L�I�H���&�O�H�D�U�F�X�W���Z�L�W�K���/�H�D�Y�H��
�7�U�H�H�V!

! ! ! ! ��������������! ��������������!

�:�L�O�G�O�L�I�H���&�R�P�P�H�U�F�L�D�O���7�K�L�Q�Q�L�Q�J! ����������! ������������! ! ����������! ! ������������!

�:�L�O�G�O�L�I�H���6�L�Q�J�O�H���7�U�H�H���6�H�O�H�F�W�L�R�Q! ! ����������! ����������! ����������! ������������! ������������!

�7�R�W�D�O! ����������! ������������! ����������! ������������! ��������������! ��������������!

!

�1�R�Q���6�X�L�W�D�E�O�H���$�F�U�H�V���: �L�W�K�L�Q���W�K�H���6�W�X�U�J�H�R�Q���5�L�Y�H�U���*�R�U�J�H���3�U�R�S�R�V�H�G���: �L�O�G�H�U�Q�H�V�V���$�U�H�D���$�G�G�L�W�L�R�Q!

�:�L�W�K�L�Q���W�K�H���6�W�X�U�J�H�R�Q���5�L�Y�H�U���*�R�U�J�H���S�U�R�S�R�V�H�G���Z�L�O�G�H�U�Q�H�V�V���D�U�H�D���D�G�G�L�W�L�R�Q�����Z�K�L�F�K���H�Q�F�R�P�S�D�V�V�H�V��������������������
�D�F�U�H�V�����S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V���L�Q���W�K�H���6�%�9�0�3���L�Q�W�H�U�V�H�F�W�����������������D�F�U�H�V���R�I���O�D�Q�G�V���F�O�D�V�V�L�I�L�H�G���D�V���Q�R�Q���V�X�L�W�D�E�O�H����
�7�K�L�V���U�H�S�U�H�V�H�Q�W�V���D�S�S�U�R�[�L�P�D�W�H�O�\���������������R�I���W�K�H���S�U�R�S�R�V�H�G���D�G�G�L�W�L�R�Q���D�U�H�D��!

�1�R�Q���V�X�L�W�D�E�O�H�� �D�F�U�H�V�� �Z�L�W�K�L�Q�� �W�K�H���S�U�R�S�R�V�H�G�� �Z�L�O�G�H�U�Q�H�V�V�� �D�U�H�D�� �D�G�G�L�W�L�R�Q���D�U�H�� �G�R�P�L�Q�D�W�H�G�� �E�\�� �V�L�Q�J�O�H���W�U�H�H��
�V�H�O�H�F�W�L�R�Q���F�X�W�V�����Z�K�L�F�K���D�F�F�R�X�Q�W���I�R�U�����������������D�F�U�H�V�����a���������������R�I���W�K�H���Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�D�J�H�����6�W�D�Q�G���F�O�H�D�U�F�X�W��
�Z�L�W�K���O�H�D�Y�H���W�U�H�H�V���U�H�S�U�H�V�H�Q�W�V���D�Q���D�G�G�L�W�L�R�Q�D�O�����������������D�F�U�H�V�����a�����������������Z�K�L�O�H���F�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J��������������
�D�F�U�H�V�����a�������������D�Q�G���V�K�H�O�W�H�U�Z�R�R�G���H�V�W�D�E�O�L�V�K�P�H�Q�W���F�X�W�����������������D�F�U�H�V�����a�������������D�F�F�R�X�Q�W���I�R�U���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O��
�D�U�H�D�V��!

�)�L�J�X�U�H�������V�K�R�Z�V���W�K�H���E�R�X�Q�G�D�U�\���R�I���W�K�H���6�W�X�U�J�H�R�Q���5�L�Y�H�U���*�R�U�J�H���S�U�R�S�R�V�H�G���Z�L�O�G�H�U�Q�H�V�V���D�U�H�D���D�G�G�L�W�L�R�Q���D�Q�G��
�W�K�H���V�S�D�W�L�D�O���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���S�U�R�S�R�V�H�G���6�%�9�0�3���W�U�H�D�W�P�H�Q�W�V���Z�L�W�K�L�Q���W�K�H���E�R�X�Q�G�D�U�\��!
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!

�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

��! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

!

�)�L�J�X�U�H�����������6�W�X�U�J�H�R�Q���5�L�Y�H�U���*�R�U�J�H���S�U�R�S�R�V�H�G���Z�L�O�G�H�U�Q�H�V�V���D�U�H�D���D�G�G�L�W�L�R�Q���E�R�X�Q�G�D�U�\���D�Q�G���S�U�R�S�R�V�H�G��
�6�%�9�0�3���W�U�H�D�W�P�H�Q�W�V!
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!

!

�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

����! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

�%�\���$�J�H���&�O�D�V�V!

�6�W�D�Q�G���D�J�H���F�O�D�V�V�H�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���\�H�D�U���R�I���R�U�L�J�L�Q���L�Q�I�R�U�P�D�W�L�R�Q���I�U�R�P���W�K�H���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W��
�G�D�W�D�V�H�W���� �Z�L�W�K�� ���������� �X�V�H�G�� �D�V�� �W�K�H�� �U�H�I�H�U�H�Q�F�H�� �\�H�D�U���� �Z�K�H�U�H�� �D�Y�D�L�O�D�E�O�H�����:�L�W�K�L�Q�� �W�K�H���S�U�R�S�R�V�H�G�� �Z�L�O�G�H�U�Q�H�V�V��
�D�U�H�D�� �D�G�G�L�W�L�R�Q���� �������������� �D�F�U�H�V�� ���a�������������� �R�I�� �Q�R�Q���V�X�L�W�D�E�O�H�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�H�V�� �I�D�O�O�� �Z�L�W�K�L�Q�� �W�K�H���$�J�H�� �1�R�W��
�$�Y�D�L�O�D�E�O�H���F�D�W�H�J�R�U�\�����:�K�H�U�H���V�W�D�Q�G���D�J�H���L�V���D�Y�D�L�O�D�E�O�H�����Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�V���D�U�H���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���W�K�H�������±������
�D�J�H�� �F�O�D�V�V�� ���������������� �D�F�U�H�V���� �a������������ �R�I�� �W�R�W�D�O�� �Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�D�J�H������ �I�R�O�O�R�Z�H�G�� �E�\�� �W�K�H�� ���������� �D�J�H�� �F�O�D�V�V��
���������������� �D�F�U�H�V���� �a���������������� �6�P�D�O�O�H�U�� �D�P�R�X�Q�W�V�� �R�F�F�X�U���L�Q�� �W�K�H�� �����±�������� �������������� �D�F�U�H�V���� �a������������ �D�Q�G�� �����±������
�������������D�F�U�H�V�����a�������������D�J�H���F�O�D�V�V�H�V��!

�$�J�H���F�O�D�V�V���G�L�V�W�U�L�E�X�W�L�R�Q�V���Y�D�U�\���E�\���W�U�H�D�W�P�H�Q�W���W�\�S�H�����6�L�Q�J�O�H���W�U�H�H���V�H�O�H�F�W�L�R�Q���F�X�W�V���D�U�H���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���W�K�H��
�����±�������D�J�H���F�O�D�V�V�������������������D�F�U�H�V�����D�Q�G���W�K�H���$�J�H���1�R�W���$�Y�D�L�O�D�E�O�H���F�D�W�H�J�R�U�\�������������������D�F�U�H�V�������Z�L�W�K���V�P�D�O�O�H�U��
�D�P�R�X�Q�W�V���L�Q���W�K�H�������������D�J�H���F�O�D�V�V�����6�W�D�Q�G���F�O�H�D�U�F�X�W���Z�L�W�K���O�H�D�Y�H���W�U�H�H�V���V�S�D�Q�V���P�X�O�W�L�S�O�H���D�J�H���F�O�D�V�V�H�V�����R�F�F�X�U�U�L�Q�J��
�S�U�L�P�D�U�L�O�\���L�Q���W�K�H�������±�����������������������D�F�U�H�V�����D�Q�G���������������������������D�F�U�H�V�����D�J�H���F�O�D�V�V�H�V�����Z�L�W�K���V�P�D�O�O�H�U���D�P�R�X�Q�W�V���L�Q��
�W�K�H�� �����±������ �D�Q�G�� �����±�������� �F�O�D�V�V�H�V���� �&�R�P�P�H�U�F�L�D�O�� �W�K�L�Q�Q�L�Q�J�� �D�Q�G�� �V�K�H�O�W�H�U�Z�R�R�G�� �H�V�W�D�E�O�L�V�K�P�H�Q�W�� �F�X�W�V�� �R�F�F�X�U��
�H�[�F�O�X�V�L�Y�H�O�\���L�Q���W�K�H�������������D�J�H���F�O�D�V�V��!

�%�\���&�R�Y�H�U���7�\�S�H!

�%�\���F�R�Y�H�U���W�\�S�H�����Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�V���Z�L�W�K�L�Q���W�K�H���S�U�R�S�R�V�H�G���Z�L�O�G�H�U�Q�H�V�V���D�U�H�D���D�G�G�L�W�L�R�Q���D�U�H���G�R�P�L�Q�D�W�H�G���E�\��
�1�R�U�W�K�H�U�Q���+�D�U�G�Z�R�R�G�V�����Z�K�L�F�K���D�F�F�R�X�Q�W���I�R�U�����������������D�F�U�H�V�����a���������������R�I���W�K�H���W�R�W�D�O���Q�R�Q���V�X�L�W�D�E�O�H���D�F�U�H�D�J�H����
�$�V�S�H�Q���3�D�S�H�U�� �%�L�U�F�K�� �U�H�S�U�H�V�H�Q�W�V�� �������������� �D�F�U�H�V�� ���a���������������� �Z�K�L�O�H�� �6�K�R�U�W���O�L�Y�H�G�� �&�R�Q�L�I�H�U�V�� �������������� �D�F�U�H�V����
�a���������������/�R�Q�J���/�L�Y�H�G���&�R�Q�L�I�H�U�V���������������D�F�U�H�V�����a���������������D�Q�G���D�U�H�D�V���Z�K�H�U�H���F�R�Y�H�U���W�\�S�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���Q�R�W��
�D�Y�D�L�O�D�E�O�H���������������D�F�U�H�V�����a�������������U�H�S�U�H�V�H�Q�W���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���S�R�U�W�L�R�Q�V���R�I���W�K�H���W�R�W�D�O��!

�6�L�Q�J�O�H���W�U�H�H���V�H�O�H�F�W�L�R�Q���F�X�W�V���D�U�H���S�U�L�P�D�U�L�O�\���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���1�R�U�W�K�H�U�Q���+�D�U�G�Z�R�R�G�V�������������������D�F�U�H�V�������Z�L�W�K��
�P�L�Q�R�U���D�F�U�H�D�J�H���L�Q���$�V�S�H�Q���3�D�S�H�U���%�L�U�F�K���D�Q�G���D�U�H�D�V���Z�K�H�U�H���F�R�Y�H�U���W�\�S�H���L�V���Q�R�W���D�Y�D�L�O�D�E�O�H�����6�W�D�Q�G���F�O�H�D�U�F�X�W��
�Z�L�W�K���O�H�D�Y�H���W�U�H�H�V���R�F�F�X�U�V���S�U�L�P�D�U�L�O�\���L�Q���$�V�S�H�Q���3�D�S�H�U���%�L�U�F�K�������������������D�F�U�H�V�����Z�L�W�K���D���V�P�D�O�O�H�U���D�P�R�X�Q�W���L�Q��
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! �$�J�H���&�O�D�V�V!
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�5�H�V�X�O�W�V�����6�X�L�W�D�E�O�H���$�F�U�H�V���: �L�W�K�L�Q���W�K�H���6�L�O�Y�H�U���%�U�D�Q�F�K���9�H�J�H�W�D�W�L�R�Q���0�D�Q�D�J�H�P�H�Q�W���3�U�R�M�H�F�W!
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�V�X�L�W�D�E�O�H���E�\���W�K�H���2�W�W�D�Z�D���1�D�W�L�R�Q�D�O���)�R�U�H�V�W�����5�H�V�X�O�W�V���D�U�H���S�U�H�V�H�Q�W�H�G���W�R���T�X�D�Q�W�L�I�\���W�K�H���H�[�W�H�Q�W���R�I���S�U�R�S�R�V�H�G��
�W�U�H�D�W�P�H�Q�W�V���R�Q���V�X�L�W�D�E�O�H���O�D�Q�G�V���D�Q�G���W�R���G�H�V�F�U�L�E�H���K�R�Z���W�K�R�V�H���D�F�U�H�V���D�U�H���G�L�V�W�U�L�E�X�W�H�G���E�\���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W��
�W�\�S�H���D�Q�G���V�W�D�Q�G���D�J�H���F�O�D�V�V��!

�2�Y�H�U�D�O�O���6�X�P�P�D�U�\!

�2�Q���O�D�Q�G�V���F�O�D�V�V�L�I�L�H�G���D�V���V�X�L�W�D�E�O�H�����S�U�R�S�R�V�H�G���6�%�9�0�3���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W���D���W�R�W�D�O���R�I�����������������������D�F�U�H�V����
�6�X�L�W�D�E�O�H���W�U�H�D�W�P�H�Q�W���D�F�U�H�V���D�U�H���G�R�P�L�Q�D�W�H�G���E�\���V�L�Q�J�O�H���W�U�H�H���V�H�O�H�F�W�L�R�Q���F�X�W�V�������������������������D�F�U�H�V�����a���������������D�Q�G��
�V�W�D�Q�G�� �F�O�H�D�U�F�X�W�� �Z�L�W�K�� �O�H�D�Y�H�� �W�U�H�H�V�� ���������������������� �D�F�U�H�V���� �a���������������� �7�R�J�H�W�K�H�U���� �W�K�H�V�H�� �W�Z�R�� �W�U�H�D�W�P�H�Q�W�� �W�\�S�H�V��
�D�F�F�R�X�Q�W���I�R�U���D�S�S�U�R�[�L�P�D�W�H�O�\�����������R�I���D�O�O���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W���D�F�U�H�V���R�Q���V�X�L�W�D�E�O�H���O�D�Q�G�V�����7�K�H���U�H�P�D�L�Q�L�Q�J��
�D�F�U�H�D�J�H�� �L�V�� �S�U�L�P�D�U�L�O�\�� �D�V�V�R�F�L�D�W�H�G�� �Z�L�W�K�� �F�R�P�P�H�U�F�L�D�O�� �W�K�L�Q�Q�L�Q�J�� �������������������� �D�F�U�H�V���� �a�������������� �D�Q�G�� �V�W�D�Q�G��
�F�O�H�D�U�F�X�W�����������������������D�F�U�H�V�����a���������������Z�L�W�K���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���F�R�Q�W�U�L�E�X�W�L�R�Q�V���I�U�R�P���R�W�K�H�U���W�U�H�D�W�P�H�Q�W���W�\�S�H�V��!

�6�X�L�W�D�E�O�H���$�F�U�H�V���E�\���7�U�H�D�W�P�H�Q�W���D�Q�G���$�J�H���&�O�D�V�V!

�6�W�D�Q�G���D�J�H���F�O�D�V�V�H�V���Z�L�W�K�L�Q���V�X�L�W�D�E�O�H���:�6�5���F�R�U�U�L�G�R�U�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���\�H�D�U���R�I���R�U�L�J�L�Q���L�Q�I�R�U�P�D�W�L�R�Q��
�I�U�R�P���W�K�H���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W���G�D�W�D�V�H�W�����Z�L�W�K�������������X�V�H�G���D�V���W�K�H���U�H�I�H�U�H�Q�F�H���\�H�D�U�����Z�K�H�U�H���D�Y�D�L�O�D�E�O�H�����$�F�U�R�V�V��
�D�O�O�� �W�U�H�D�W�P�H�Q�W�V���� �V�X�L�W�D�E�O�H�� �O�D�Q�G�V�� �D�U�H�� �F�R�Q�F�H�Q�W�U�D�W�H�G�� �L�Q�� �R�O�G�H�U�� �D�J�H�� �F�O�D�V�V�H�V���� �6�W�D�Q�G�V�� �������� �\�H�D�U�V�� �D�Q�G�� �R�O�G�H�U��
�D�F�F�R�X�Q�W�� �I�R�U�� �������������������� �D�F�U�H�V�� ���a���������������� �Z�K�L�O�H�� �����±������ �\�H�D�U���R�O�G�� �V�W�D�Q�G�V�� �D�F�F�R�X�Q�W�� �I�R�U�� ������������������ �D�F�U�H�V��
���a�����������������,�Q�W�H�U�P�H�G�L�D�W�H���D�J�H���F�O�D�V�V�H�V���L�Q�F�O�X�G�H�������±�������\�H�D�U�V�����������������������D�F�U�H�V�����a���������������D�Q�G�������±�������\�H�D�U�V��
���������������������D�F�U�H�V�����a���������������Z�K�L�O�H���\�R�X�Q�J�H�U���V�W�D�Q�G�V�������±�������\�H�D�U�V�����U�H�S�U�H�V�H�Q�W���D���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���S�R�U�W�L�R�Q���R�I��
�V�X�L�W�D�E�O�H�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�H�D�J�H�� �������������������� �D�F�U�H�V���� �a���������������$�� �V�X�E�V�W�D�Q�W�L�D�O�� �S�R�U�W�L�R�Q�� �R�I�� �V�X�L�W�D�E�O�H�� �W�U�H�D�W�P�H�Q�W��
�D�F�U�H�V�������������������������D�F�U�H�V�����a���������������I�D�O�O���Z�L�W�K�L�Q���W�K�H���$�J�H���1�R�W���$�Y�D�L�O�D�E�O�H���F�D�W�H�J�R�U�\��!

�$�J�H���F�O�D�V�V�� �G�L�V�W�U�L�E�X�W�L�R�Q�V�� �Y�D�U�\�� �E�\�� �W�U�H�D�W�P�H�Q�W�� �W�\�S�H���� �6�L�Q�J�O�H���W�U�H�H�� �V�H�O�H�F�W�L�R�Q�� �F�X�W�V�� �R�F�F�X�U�� �D�F�U�R�V�V�� �D�O�O�� �D�J�H��
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�6�W�D�Q�G�� �F�O�H�D�U�F�X�W�� �Z�L�W�K�� �O�H�D�Y�H�� �W�U�H�H�V�� �V�S�D�Q�V�� �D�� �E�U�R�D�G�� �U�D�Q�J�H�� �R�I�� �D�J�H�� �F�O�D�V�V�H�V���� �Z�L�W�K�� �W�K�H�� �O�D�U�J�H�V�W�� �D�P�R�X�Q�W�V��
�R�F�F�X�U�U�L�Q�J���L�Q���W�K�H�������±���������������������������D�F�U�H�V�����������±���������������������������D�F�U�H�V�������D�Q�G�������±���������������������������D�F�U�H�V�����D�J�H��
�F�O�D�V�V�H�V��!

�&�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J���R�Q���V�X�L�W�D�E�O�H���O�D�Q�G�V���L�V���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���R�O�G�H�U���V�W�D�Q�G�V�����S�D�U�W�L�F�X�O�D�U�O�\���L�Q���W�K�H�������±������
�������������������� �D�F�U�H�V���� �D�Q�G�� ���������� �������������������� �D�F�U�H�V���� �D�J�H�� �F�O�D�V�V�H�V���� �6�K�H�O�W�H�U�Z�R�R�G�� �H�V�W�D�E�O�L�V�K�P�H�Q�W�� �F�X�W�V�� �D�U�H��
�G�L�V�W�U�L�E�X�W�H�G���S�U�L�P�D�U�L�O�\���D�P�R�Q�J���W�K�H�������±�������D�Q�G�������������D�J�H���F�O�D�V�V�H�V�����Z�L�W�K���V�P�D�O�O�H�U���D�P�R�X�Q�W�V���L�Q���L�Q�W�H�U�P�H�G�L�D�W�H��
�D�J�H���F�O�D�V�V�H�V�����2�W�K�H�U���W�U�H�D�W�P�H�Q�W���W�\�S�H�V�����L�Q�F�O�X�G�L�Q�J���J�U�R�X�S���V�H�O�H�F�W�L�R�Q���F�X�W���D�Q�G���L�P�S�U�R�Y�H�P�H�Q�W���F�X�W�����D�F�F�R�X�Q�W���I�R�U��
�U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���D�F�U�H�D�J�H�V���R�Y�H�U�D�O�O����!

�)�L�J�X�U�H�� ���� �V�K�R�Z�V�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �V�W�D�Q�G�� �D�J�H�� �F�O�D�V�V�H�V�� �R�Q�� �O�D�Q�G�V�� �V�X�L�W�D�E�O�H�� �I�R�U�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�R�V�V�� �W�K�H��
�6�%�9�0�3��!
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�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

����! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

!

�)�L�J�X�U�H�����������6�X�L�W�D�E�O�H���/�D�Q�G�V���I�R�U���7�U�H�D�W�P�H�Q�W���E�\���6�W�D�Q�G���$�J�H���&�O�D�V�V���:�L�W�K�L�Q���W�K�H���6�%�9�0�3!
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�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

����! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

�7�D�E�O�H�����������6�X�L�W�D�E�O�H���$�F�U�H�V���E�\���3�U�R�S�R�V�H�G���7�U�H�D�W�P�H�Q�W���D�Q�G���$�J�H���&�O�D�V�V���:�L�W�K�L�Q���W�K�H���6�%�9�0�3!
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�6�X�L�W�D�E�O�H���$�F�U�H�V���E�\���7�U�H�D�W�P�H�Q�W���D�Q�G���&�R�Y�H�U���7�\�S�H$

�%�\�� �F�R�Y�H�U�� �W�\�S�H���� �S�U�R�S�R�V�H�G�� �6�%�9�0�3�� �W�U�H�D�W�P�H�Q�W�V�� �R�Q�� �V�X�L�W�D�E�O�H�� �O�D�Q�G�V�� �D�U�H�� �G�R�P�L�Q�D�W�H�G�� �E�\�� �1�R�U�W�K�H�U�Q��
�+�D�U�G�Z�R�R�G�V�����Z�K�L�F�K���D�F�F�R�X�Q�W���I�R�U�����������������������D�F�U�H�V�����a���������������R�I���W�K�H���W�R�W�D�O���V�X�L�W�D�E�O�H���W�U�H�D�W�P�H�Q�W���D�F�U�H�D�J�H����
�$�V�S�H�Q���3�D�S�H�U�� �%�L�U�F�K�� �U�H�S�U�H�V�H�Q�W�V�� �������������������� �D�F�U�H�V�� ���a���������������� �I�R�O�O�R�Z�H�G�� �E�\�� �/�R�Q�J���/�L�Y�H�G�� �&�R�Q�L�I�H�U�V��
�������������������� �D�F�U�H�V���� �a�������������� �D�Q�G�� �6�K�R�U�W���O�L�Y�H�G�� �&�R�Q�L�I�H�U�V�� �������������������� �D�F�U�H�V���� �a���������������$�U�H�D�V�� �Z�K�H�U�H�� �F�R�Y�H�U��
�W�\�S�H���L�Q�I�R�U�P�D�W�L�R�Q���L�V���Q�R�W���D�Y�D�L�O�D�E�O�H���D�F�F�R�X�Q�W���I�R�U�����������������������D�F�U�H�V�����a�����������������Z�K�L�O�H���+�D�U�G�Z�R�R�G���+�H�P�O�R�F�N��
�U�H�S�U�H�V�H�Q�W�V���D���U�H�O�D�W�L�Y�H�O�\���V�P�D�O�O���S�R�U�W�L�R�Q���R�I���V�X�L�W�D�E�O�H���W�U�H�D�W�P�H�Q�W���D�F�U�H�D�J�H�������������������D�F�U�H�V�����a������������!

�&�R�Y�H�U���W�\�S�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�V�� �Y�D�U�\�� �E�\�� �W�U�H�D�W�P�H�Q�W�� �W�\�S�H���� �6�L�Q�J�O�H���W�U�H�H�� �V�H�O�H�F�W�L�R�Q�� �F�X�W�V���� �Z�K�L�F�K�� �U�H�S�U�H�V�H�Q�W�� �W�K�H��
�O�D�U�J�H�V�W�� �V�K�D�U�H�� �R�I�� �V�X�L�W�D�E�O�H�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�H�D�J�H�� �R�Y�H�U�D�O�O���� �R�F�F�X�U�� �S�U�L�P�D�U�L�O�\�� �L�Q�� �1�R�U�W�K�H�U�Q�� �+�D�U�G�Z�R�R�G�V��
���������������������� �D�F�U�H�V���� �D�Q�G�� �L�Q�F�O�X�G�H�� �D�� �V�X�E�V�W�D�Q�W�L�D�O�� �D�U�H�D�� �Z�K�H�U�H�� �F�R�Y�H�U�� �W�\�S�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �L�V�� �Q�R�W�� �D�Y�D�L�O�D�E�O�H��
���������������������� �D�F�U�H�V������ �Z�L�W�K�� �V�P�D�O�O�H�U�� �D�P�R�X�Q�W�V�� �L�Q���$�V�S�H�Q���3�D�S�H�U���%�L�U�F�K���� �+�D�U�G�Z�R�R�G���+�H�P�O�R�F�N���� �D�Q�G�� �/�R�Q�J��
�/�L�Y�H�G���&�R�Q�L�I�H�U�V�����6�W�D�Q�G���F�O�H�D�U�F�X�W���Z�L�W�K���O�H�D�Y�H���W�U�H�H�V���L�V���F�R�Q�F�H�Q�W�U�D�W�H�G���L�Q���$�V�S�H�Q���3�D�S�H�U���%�L�U�F�K������������������������
�D�F�U�H�V�����D�Q�G���6�K�R�U�W���O�L�Y�H�G���&�R�Q�L�I�H�U�V�����������������������D�F�U�H�V�������Z�L�W�K���D�G�G�L�W�L�R�Q�D�O���D�F�U�H�D�J�H���L�Q���/�R�Q�J���/�L�Y�H�G���&�R�Q�L�I�H�U�V��!

�&�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J���R�Q���V�X�L�W�D�E�O�H���O�D�Q�G�V���R�F�F�X�U�V���D�O�P�R�V�W���H�Q�W�L�U�H�O�\���L�Q���/�R�Q�J���/�L�Y�H�G���&�R�Q�L�I�H�U�V����������������������
�D�F�U�H�V������ �Z�L�W�K�� �U�H�O�D�W�L�Y�H�O�\�� �P�L�Q�R�U�� �D�F�U�H�D�J�H�� �L�Q�� �R�W�K�H�U�� �F�R�Y�H�U�� �W�\�S�H�V���� �6�K�H�O�W�H�U�Z�R�R�G�� �H�V�W�D�E�O�L�V�K�P�H�Q�W�� �F�X�W�V�� �D�U�H��
�G�L�V�W�U�L�E�X�W�H�G���S�U�L�P�D�U�L�O�\���D�P�R�Q�J���$�V�S�H�Q���3�D�S�H�U���%�L�U�F�K�����1�R�U�W�K�H�U�Q���+�D�U�G�Z�R�R�G�V�����D�Q�G���/�R�Q�J���/�L�Y�H�G���&�R�Q�L�I�H�U�V����
�2�W�K�H�U���W�U�H�D�W�P�H�Q�W���W�\�S�H�V���� �L�Q�F�O�X�G�L�Q�J���J�U�R�X�S���V�H�O�H�F�W�L�R�Q�� �F�X�W���D�Q�G���L�P�S�U�R�Y�H�P�H�Q�W���F�X�W���� �F�R�Q�W�U�L�E�X�W�H���U�H�O�D�W�L�Y�H�O�\��
�V�P�D�O�O���D�P�R�X�Q�W�V���R�I���V�X�L�W�D�E�O�H���W�U�H�D�W�P�H�Q�W���D�F�U�H�D�J�H���D�Q�G���D�U�H���O�L�P�L�W�H�G���W�R���D���Q�D�U�U�R�Z���U�D�Q�J�H���R�I���F�R�Y�H�U���W�\�S�H�V��!

�)�L�J�X�U�H�� ���� �V�K�R�Z�V�� �W�K�H�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �S�O�D�Q�W�� �F�R�Y�H�U�� �W�\�S�H�V�� �R�Q�� �O�D�Q�G�V�� �V�X�L�W�D�E�O�H�� �I�R�U�� �W�U�H�D�W�P�H�Q�W�� �D�F�U�R�V�V�� �W�K�H��
�6�%�9�0�3��!



! ! !
!

!

�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

����! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

!

�)�L�J�X�U�H�����������6�X�L�W�D�E�O�H���/ �D�Q�G�V���I�R�U���7�U�H�D�W�P�H�Q�W���E�\���3�O�D�Q�W���&�R�Y�H�U���7�\�S�H���:�L�W�K�L�Q���W�K�H���6�%�9�0�3!
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�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�6�X�L�W�D�E�O�H���	���1�R�Q���6�X�L�W�D�E�O�H���/�D�Q�G�V!

����! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\��������������������!

!

�7�D�E�O�H�����������6�X�L�W�D�E�O�H���$�F�U�H�V���E�\���3�U�R�S�R�V�H�G���7�U�H�D�W�P�H�Q�W���D�Q�G���&�R�Y�H�U���7�\�S�H���:�L�W�K�L�Q���W�K�H���6�%�9�0�3!
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�6�X�L�W�D�E�O�H���$�F�U�H�V���: �L�W�K�L�Q���:�6�5���&�R�U�U�L�G�R�U�V!

�:�L�W�K�L�Q���:�6�5�� �F�R�U�U�L�G�R�U�V�� �R�Q�� �O�D�Q�G�V�� �F�O�D�V�V�L�I�L�H�G�� �D�V�� �V�X�L�W�D�E�O�H�� �E�\�� �W�K�H�� �2�W�W�D�Z�D�� �1�D�W�L�R�Q�D�O�� �)�R�U�H�V�W���� �S�U�R�S�R�V�H�G��
�6�%�9�0�3���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W���D���W�R�W�D�O���R�I���������������������D�F�U�H�V�����6�X�L�W�D�E�O�H���:�6�5���W�U�H�D�W�P�H�Q�W���D�F�U�H�V���D�U�H���G�R�P�L�Q�D�W�H�G��
�E�\�� �Z�L�O�G�O�L�I�H�� �F�O�H�D�U�F�X�W�� �Z�L�W�K�� �O�H�D�Y�H�� �W�U�H�H�V���� �Z�K�L�F�K�� �D�F�F�R�X�Q�W�� �I�R�U�� ������������������ �D�F�U�H�V�� ���a�������������� �R�I�� �W�K�H�� �W�R�W�D�O��
�V�X�L�W�D�E�O�H�� �:�6�5�� �D�F�U�H�D�J�H���� �:�L�O�G�O�L�I�H�� �V�L�Q�J�O�H���W�U�H�H�� �V�H�O�H�F�W�L�R�Q�� �U�H�S�U�H�V�H�Q�W�V�� �������������� �D�F�U�H�V�� ���a���������������� �Z�K�L�O�H��
�Z�L�O�G�O�L�I�H���F�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J���D�F�F�R�X�Q�W�V���I�R�U�����������������D�F�U�H�V�����a��������������!

�6�W�D�Q�G���D�J�H���F�O�D�V�V�H�V���Z�L�W�K�L�Q���V�X�L�W�D�E�O�H���:�6�5���F�R�U�U�L�G�R�U�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���\�H�D�U���R�I���R�U�L�J�L�Q���L�Q�I�R�U�P�D�W�L�R�Q��
�I�U�R�P�� �W�K�H�� �S�U�R�S�R�V�H�G�� �W�U�H�D�W�P�H�Q�W�� �G�D�W�D�V�H�W���� �Z�L�W�K�� ���������� �X�V�H�G�� �D�V�� �W�K�H�� �U�H�I�H�U�H�Q�F�H�� �\�H�D�U���� �Z�K�H�U�H�� �D�Y�D�L�O�D�E�O�H�����$��
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Comments of ELPC, et al. , on the EA and FONSI for the  
Silver Branch Vegetation Management Project  

 
 
 

Attachment 3: Remote Habitat Area Analysis  
 

 



�$�Q�D�O�\�V�L�V���R�I���W�K�H���2�Y�H�U�O�D�S���R�I���W�K�H���2�W�W�D�Z�D���1�D�W�L�R�Q�D�O���)�R�U�H�V�W�¶�V���6�L�O�Y�H�U���%�U�D�Q�F�K���9�H�J�H�W�D�W�L�R�Q��
�0�D�Q�D�J�H�P�H�Q�W���3�U�R�M�H�F�W���Z�L�W�K���W�K�H���2�1�)�¶�V���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D���D�Q�G��!

�:�L�O�G���D�Q�G���6�F�H�Q�L�F���5�L�Y�H�U���&�R�U�U�L�G�R�U�V!

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!
�-�D�Q�X�D�U�\������������������!

�7�K�L�V���D�Q�D�O�\�V�L�V���Z�D�V���F�R�Q�G�X�F�W�H�G!�E�\���W�K�H���(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!�W�R���F�R�Q�V�L�G�H�U���W�K�H���D�P�R�X�Q�W��
�R�I�� �D�F�U�H�D�J�H���D�Q�G�� �I�R�U�H�V�W�� �F�R�P�S�R�V�L�W�L�R�Q�� �R�I�� �W�K�H���R�Y�H�U�O�D�S�S�L�Q�J���O�D�Q�G�V�� �L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H�� �2�W�W�D�Z�D�� �1�D�W�L�R�Q�D�O��
�)�R�U�H�V�W�¶�V�����2�1�)�¶�V�����6�L�O�Y�H�U���%�U�D�Q�F�K���9�H�J�H�W�D�W�L�R�Q���0�D�Q�D�J�H�P�H�Q�W���3�U�R�M�H�F�W�����6�%�9�0�3�����D�Q�G���W�K�H���2�1�)�¶�V���5�H�P�R�W�H��
�+�D�E�L�W�D�W���$�U�H�D�����5�+�$����!

�7�K�H�� �6�%�9�0�3�� �L�Q�Y�R�O�Y�H�V���D�� �����������������D�F�U�H�� �D�U�H�D���R�I�� �0�L�F�K�L�J�D�Q�¶�V�� �:�H�V�W�H�U�Q�� �8�S�S�H�U�� �3�H�Q�L�Q�V�X�O�D�����R�I�� �Z�K�L�F�K��
�����������������D�F�U�H�V���D�U�H���2�W�W�D�Z�D���1�D�W�L�R�Q�D�O���)�R�U�H�V�W���O�D�Q�G�V�����7�K�H���5�+�$���L�V���D�������������������D�F�U�H���S�R�U�W�L�R�Q���R�I���W�K�H���2�1�)��
�P�D�Q�D�J�H�G�� �W�R�� �S�U�R�Y�L�G�H�� �K�D�E�L�W�D�W�� �I�R�U�� �V�S�H�F�L�H�V�� �W�K�D�W�� �U�H�T�X�L�U�H���V�R�P�H�� �G�H�J�U�H�H�� �R�I�� �U�H�P�R�W�H�Q�H�V�V�� �I�U�R�P�� �K�X�P�D�Q��
�D�F�W�L�Y�L�W�\���� �L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �J�U�D�\�� �Z�R�O�I�����(�Y�D�O�X�D�W�L�Q�J�� �Z�K�H�U�H���W�K�H���6�%�9�0�3�¶�V���S�U�R�S�R�V�H�G���O�R�J�J�L�Q�J�� �D�Q�G�� �R�W�K�H�U��
�Y�H�J�H�W�D�W�L�R�Q�� �W�U�H�D�W�P�H�Q�W�V�� �R�Y�H�U�O�D�S�� �W�K�H���5�+�$���L�V�� �L�P�S�R�U�W�D�Q�W�� �I�R�U�� �X�Q�G�H�U�V�W�D�Q�G�L�Q�J�� �S�R�W�H�Q�W�L�D�O�� �K�D�E�L�W�D�W���U�H�O�D�W�H�G��
�H�I�I�H�F�W�V�����7�K�H���5�+�$���G�D�W�D�V�H�W���X�V�H�G���L�Q���W�K�L�V���D�Q�D�O�\�V�L�V���Z�D�V���S�U�R�Y�L�G�H�G���E�\���W�K�H���2�1�)��!

�$�F�U�R�V�V�� �W�K�H���6�L�O�Y�H�U�� �%�U�D�Q�F�K���9�H�J�H�W�D�W�L�R�Q�� �0�D�Q�D�J�H�P�H�Q�W�� �3�U�R�M�H�F�W�����W�K�H���5�H�P�R�W�H�� �+�D�E�L�W�D�W���$�U�H�D���R�Y�H�U�O�D�S�V���D��
�W�R�W�D�O���R�I�����������������������D�F�U�H�V�����L�Q�F�O�X�G�L�Q�J�����������������������D�F�U�H�V���R�X�W�V�L�G�H���:�L�O�G���D�Q�G���6�F�H�Q�L�F���5�L�Y�H�U�����:�6�5�����F�R�U�U�L�G�R�U�V��
�D�Q�G���������������������D�F�U�H�V���Z�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V�����2�I���W�K�L�V���R�Y�H�U�O�D�S�������������������������D�F�U�H�V���R�I���S�U�R�S�R�V�H�G���Y�H�J�H�W�D�W�L�R�Q��
�W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W���W�K�H���5�+�$���R�X�W�V�L�G�H���:�6�5���F�R�U�U�L�G�R�U�V�����Z�K�L�O�H���������������������D�F�U�H�V���R�I���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V��
�L�Q�W�H�U�V�H�F�W���W�K�H���5�+�$���Z�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V��!

�)�L�J�X�U�H�������S�U�R�Y�L�G�H�V���D���V�S�D�W�L�D�O���R�Y�H�U�Y�L�H�Z���R�I���W�K�H���6�%�9�0�3���L�Q���U�H�O�D�W�L�R�Q���W�R���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D���D�Q�G���W�K�H��
�2�1�)�� �D�G�P�L�Q�L�V�W�U�D�W�L�Y�H�� �E�R�X�Q�G�D�U�\�����7�K�L�V�� �P�D�S�� �L�V�� �L�Q�W�H�Q�G�H�G���W�R�� �S�U�R�Y�L�G�H�� �R�Y�H�U�D�O�O�� �V�S�D�W�L�D�O�� �F�R�Q�W�H�[�W���� �G�H�W�D�L�O�H�G��
�V�X�P�P�D�U�L�H�V���R�I���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H���5�+�$���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���W�K�H���W�D�E�O�H�V���E�H�O�R�Z��!

!

�)�L�J�X�U�H�����������6�%�9�0�3���%�R�X�Q�G�D�U�\�����5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D�����D�Q�G���2�W�W�D�Z�D���1�D�W�L�R�Q�D�O���)�R�U�H�V�W��
�$�G�P�L�Q�L�V�W�U�D�W�L�Y�H���%�R�X�Q�G�D�U�\!



�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�2�Y�H�U�O�D�S���Z�L�W�K���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D!!

��! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!!
�-�D�Q�X�D�U�\������������������!!!

!

�3�U�R�S�R�V�H�G���9�H�J�H�W�D�W�L�R�Q���7�U�H�D�W�P�H�Q�W�V���,�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D���2�X�W�V�L�G�H���R�I���:�L�O�G���D�Q�G��
�6�F�H�Q�L�F���5�L�Y�H�U���&�R�U�U�L�G�R�U�V!

�:�L�W�K�L�Q�� �D�U�H�D�V���I�R�X�Q�G���R�X�W�V�L�G�H���R�I���:�L�O�G�� �D�Q�G�� �6�F�H�Q�L�F�� �5�L�Y�H�U���F�R�U�U�L�G�R�U�V���� �S�U�R�S�R�V�H�G�� �W�U�H�D�W�P�H�Q�W�V�� �L�Q�W�H�U�V�H�F�W��
���������������������D�F�U�H�V���R�I���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D�����7�K�H�V�H���D�F�U�H�V���D�U�H���G�R�P�L�Q�D�W�H�G���E�\���V�L�Q�J�O�H���W�U�H�H���V�H�O�H�F�W�L�R�Q��
���������������������� �D�F�U�H�V���� ���������������� �D�Q�G�� �V�W�D�Q�G�� �F�O�H�D�U�F�X�W�� �Z�L�W�K�� �O�H�D�Y�H�� �W�U�H�H�V������������������������ �D�F�U�H�V���� ������������������
�&�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J���D�F�F�R�X�Q�W�V���I�R�U���������������������D�F�U�H�V���������������������Z�K�L�O�H���V�W�D�Q�G���F�O�H�D�U�F�X�W���U�H�S�U�H�V�H�Q�W�V����������������
�D�F�U�H�V���������������������$�O�O���R�W�K�H�U���W�U�H�D�W�P�H�Q�W���W�\�S�H�V�����L�Q�F�O�X�G�L�Q�J���V�K�H�O�W�H�U�Z�R�R�G�����J�U�R�X�S���V�H�O�H�F�W�L�R�Q�����D�Q�G���L�P�S�U�R�Y�H�P�H�Q�W��
�F�X�W�V�����W�R�J�H�W�K�H�U���D�F�F�R�X�Q�W���I�R�U���O�H�V�V���W�K�D�Q���R�Q�H���S�H�U�F�H�Q�W���R�I���W�K�H���W�R�W�D�O���5�+�$���R�Y�H�U�O�D�S���R�X�W�V�L�G�H���R�I���:�6�5���F�R�U�U�L�G�R�U�V��!

�7�D�E�O�H�������V�X�P�P�D�U�L�]�H�V���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W�L�Q�J���5�+�$���R�X�W�V�L�G�H���R�I���:�6�5���F�R�U�U�L�G�R�U�V��!

�7�D�E�O�H�����������$�F�U�H�V���D�Q�G���3�H�U�F�H�Q�W�D�J�H�V���R�I���3�U�R�S�R�V�H�G���6�%�9�0�3���9�H�J�H�W�D�W�L�R�Q���7�U�H�D�W�P�H�Q�W�V���,�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H��
�5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D���2�X�W�V�L�G�H���R�I���:�L�O�G���D�Q�G���6�F�H�Q�L�F���5�L�Y�H�U���&�R�U�U�L�G�R�U�V!

"#$%$&'(!)#'*+,'-+ ! ./#'& ! "'#/'-+*0' !
"#$%&!'()$*!'+#! ,-./,. ! ./-0 !
"#$%&!'()$*!'+#!12#3!4)$5)!6*))7! 89:9-/,9 ! ;9/:- !
"3)(#)*1<<&!=7#$>(273?)%#!'+#! 0-/@A! 9/.A!
"2%B()C#*))!")()D#2<%!'+#! 8-:,,/.: ! @./;-!
E*<+F!")()D#2<%!'+#! 0/-A! 9/9-!
G?F*<5)?)%#!'+#! 8A/:: ! 9/90!
'<??)*D2$(!632%%2%B! 89-;/:, ! -/A: !
)$+*1! 23345674! 899!

�3�U�R�S�R�V�H�G���9�H�J�H�W�D�W�L�R�Q�� �7�U�H�D�W�P�H�Q�W�V���,�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H�� �5�H�P�R�W�H�� �+�D�E�L�W�D�W���$�U�H�D���:�L�W�K�L�Q�� �:�L�O�G�� �D�Q�G��
�6�F�H�Q�L�F���5�L�Y�H�U���&�R�U�U�L�G�R�U�V!

�:�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V�����S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W���������������������D�F�U�H�V���R�I���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D��
�D�Q�G�� �F�R�Q�V�L�V�W�� �H�Q�W�L�U�H�O�\�� �R�I�� �Z�L�O�G�O�L�I�H���R�U�L�H�Q�W�H�G�� �W�U�H�D�W�P�H�Q�W�� �W�\�S�H�V���� �:�L�O�G�O�L�I�H�� �F�O�H�D�U�F�X�W�� �Z�L�W�K�� �O�H�D�Y�H�� �W�U�H�H�V��
�F�R�P�S�U�L�V�H�V���W�K�H���P�D�M�R�U�L�W�\���R�I���W�K�L�V���R�Y�H�U�O�D�S�����������������������D�F�U�H�V�����������������������I�R�O�O�R�Z�H�G���E�\���Z�L�O�G�O�L�I�H���V�L�Q�J�O�H���W�U�H�H��
�V�H�O�H�F�W�L�R�Q�������������������D�F�U�H�V���������������������D�Q�G���Z�L�O�G�O�L�I�H���F�R�P�P�H�U�F�L�D�O���W�K�L�Q�Q�L�Q�J�������������������D�F�U�H�V������������������!

�7�D�E�O�H�������V�X�P�P�D�U�L�]�H�V���W�K�H���S�U�R�S�R�V�H�G���W�U�H�D�W�P�H�Q�W�V���L�Q�W�H�U�V�H�F�W�L�Q�J���5�+�$���Z�L�W�K�L�Q���:�6�5���F�R�U�U�L�G�R�U�V��!

�7�D�E�O�H�����������$�F�U�H�V���D�Q�G���3�H�U�F�H�Q�W�D�J�H�V���R�I���3�U�R�S�R�V�H�G���6�%�9�0�3���9�H�J�H�W�D�W�L�R�Q���7�U�H�D�W�P�H�Q�W�V���,�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H��
�5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D���: �L�W�K�L�Q���:�L�O�G���D�Q�G���6�F�H�Q�L�F���5�L�Y�H�U���&�R�U�U�L�G�R�U�V!

"#$%$&'(!)#'*+,'-+ ! ./#'& ! "'#/'-+*0' !
H2(&(2I)!'()$*D+#!12#3!4)$5)!6*))7! 8;.9/0; ! 08/09!
H2(&(2I)!"2%B()!6*))!")()D#2<%! -,:/;0 ! 8A/,@!
H2(&(2I)!'<??)*D2$(!632%%2%B! 8:8/.8 ! :/,@!
)$+*1! 89:8672! 8;;6;; !

!



�(�/�3�&���$�Q�D�O�\�V�L�V���R�I���6�L�O�Y�H�U���%�U�D�Q�F�K���9�0�3�¶�V��
�2�Y�H�U�O�D�S���Z�L�W�K���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D!!

��! �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���/�D�Z���	���3�R�O�L�F�\���&�H�Q�W�H�U!!
�-�D�Q�X�D�U�\������������������!!!

!

�)�L�J�X�U�H�������V�K�R�Z�V���S�U�R�S�R�V�H�G���6�%�9�0�3���Y�H�J�H�W�D�W�L�R�Q���W�U�H�D�W�P�H�Q�W�V���W�K�D�W���L�Q�W�H�U�V�H�F�W���W�K�H���5�H�P�R�W�H���+�D�E�L�W�D�W���$�U�H�D����
�L�Q�F�O�X�G�L�Q�J���W�U�H�D�W�P�H�Q�W�V���E�R�W�K���L�Q�V�L�G�H���D�Q�G���R�X�W�V�L�G�H���:�6�5���F�R�U�U�L�G�R�U�V��!

!

�)�L�J�X�U�H�����������3�U�R�S�R�V�H�G���6�%�9�0�3���9�H�J�H�W�D�W�L�R�Q���7�U�H�D�W�P�H�Q�W�V���,�Q�W�H�U�V�H�F�W�L�Q�J���W�K�H���5�+�$���: �L�W�K�L�Q���D�Q�G���2�X�W�V�L�G�H��
�:�6�5���&�R�U�U�L�G�R�U�V!



 

 
 
 
 
 
 
 
 
 
 

Comments of ELPC, et al. , on the EA and FONSI for the  
Silver Branch Vegetation Management Project  

 
 
 

Attachment 4: Bradsh aw and Waller (2016)  
 

 
 



Impacts of white-tailed deer on regional patterns of forest tree
recruitment

Lauren Bradshaw, Donald M. Waller !

Department of Botany, University of Wisconsin-Madison, 430 Lincoln Drive, Madison, WI 53706, USA

a r t i c l e i n f o

Article history:
Received 16 March 2016
Received in revised form 9 May 2016
Accepted 13 May 2016
Available online 20 May 2016

Keywords:
USFS FIA data
Tree demography
Tree regeneration
White-tailed deer
Quercus rubra
Thuja occidentalis

a b s t r a c t

Local, short- to medium-term studies make clear that white-tailed deer can greatly suppress tree growth
and survival in palatable tree species. To assess how deer have broadly affected patterns of tree recruit-
ment across northern Wisconsin, we analyzed recruitment success in 11 common trees species that vary
in palatability across 13,105 USFS - FIA plots sampled between 1983 and 2013. We also examined how
recruitment in these species covaried with estimated deer densities here. Saplings of Þve palatable spe-
cies were scarce relative to less palatable species and showed highly skewed distributions. Scarcity and
skew provide reliable signals of deer impacts even when deer have severely reduced recruitment and/or
no reliable deer density data are available. Deer densities ranged from 2.3 to 23 deer per km 2 over a
30 year period. Sapling numbers in two maples ( Acer) and aspen (Populus) with intermediate palatability
declined sharply in apparent response to higher deer density. Path analysis also reveals that deer act to
cumulatively depress sapling recruitment in these species over successive decades. Together, these
approaches show that deer have strongly depressed sapling recruitment in all taxa except Abies and
Picea. As these impacts are now propagating into larger sized trees, deer are also altering canopy compo-
sition and dynamics. The tools developed here provide efÞcient and reliable indicators for monitoring
deer impacts on forest tree recruitment using consistent data collected by public agencies.

! 2016 Elsevier B.V. All rights reserved.

1. Introduction

In the United States, forest products generate over $200 billion a
year in sales nationwide ( USDA Forest Service, 2014). To maintain
recreational and commercial use of these forests, managers must
sustain forest growth by ensuring the responsible harvest of forest
products and successful tree regeneration. Foresters often adjust
management practices to enhance natural regeneration of desired
species. Nevertheless, several ecological factors may act to inhibit
seedling establishment, growth, and sapling recruitment. These
factors include the often intense competition of seedlings and sap-
lings for water, soil nutrients, and light ( Aarssen and Epp, 1990;
Dalling et al., 2011 ). Thus, species traits like drought and shade tol-
erance strongly affect a treeÕs ability to persist and compete for
these resources. Seeds, seedlings, and saplings are also vulnerable
to seed predation and a broad spectrum of herbivores including
insects, birds, and mammals ( Kolb et al., 2007 ). For some species
like Betula alleghaniensis, a valuable timber species, the proportion
of seeds that survive and persist into the sapling size classes is so

low that these Þlters now serve to limit sapling recruitment and
population persistence ( Lorenzetti et al., 2008 ).

White-tailed deer ( Odocoileus virginianus) now act as a key her-
bivore across much of northeastern North America limiting regen-
eration in many tree species ( Rooney and Waller, 2003; C™tŽ et al.,
2004). Deer consume seeds, seedlings, and the buds, ßowers,
leaves, and sometimes bark and branches of saplings in palatable
woody species exerting strong impacts in winter and early spring.
They prefer to graze on graminoids and palatable understory forbs
in spring through summer ( Healy, 1971; Stormer and Bauer, 1980 ;
Berteaux et al., 1998 ). Even when deer do not consume whole
plants, their consumption of nutrient rich ßowers, terminal meris-
tems, and photosynthetic tissues tends to curtail growth and
reproduction. Collectively and cumulatively, deer consume consid-
erable understory biomass, strongly affecting energy and nutrient
pathways. Ungulates also tread on plants and paw at leaf litter,
destroying some plants and exposing mineral soil ( Hobbs, 1996;
Persson et al., 2000; Russell et al., 2001). Deer can also act as seed
predators and sometimes as vectors to disperse seeds ( Ostfeld
et al., 1996; Gill and Beardall, 2001 ).

Through the latter 20th century, populations of white-tailed
deer increased across much of the Eastern and Midwestern United
States. In Wisconsin, populations have increased several fold since

http://dx.doi.org/10.1016/j.foreco.2016.05.019
0378-1127/ ! 2016 Elsevier B.V. All rights reserved.
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the 1950s. Deer populations here now chronically exceed popula-
tion goals in most Deer Management Units ( WI DNR, 2015). Ecolo-
gists in the Upper Midwest (USA) Þrst drew attention to the threats
high deer populations pose to tree regeneration and forest plant
communities in the 1940s and 1950s ( Leopold et al., 1947 ;
Dahlberg and Guettinger, 1956 ). Later ecological studies conÞrmed
the reality of these threats by demonstrating shifts in the abun-
dance, height, and demographic proÞles of species sensitive to deer
herbivory ( Anderson and Loucks, 1979; Bratton, 1979; Marquis,
1981). In the Upper Midwest, the density and growth of several
slow-growing, palatable woody species like Tsuga canadensis, B.
alleghaniensis, and Thuja occidentalis have declined sharply in
regions with abundant deer ( Rooney and Waller, 2003; Rooney,
2001; Waller and Alverson, 1997 ). Understory forbs like Trillium
grandißorum, Clintonia borealis, and Maianthemum canadense also
show strong declines where deer are abundant ( Balgooyen and
Waller, 1995; Frerker et al., 2014 ).

Because trees take many years to mature, declines in long-lived
trees often occur long after deer herbivory occurs. This means we
may not witness its full impact for decades ( McGarvey et al.,
2013). Forests subjected to prolonged, elevated deer densities con-
tinue to reßect these impacts for 20Ð70 years after release from
deer browse pressure ( Nuttle et al., 2014; Anderson and Katz,
1993; Balgooyen and Waller, 1995 ). In addition, these shifts in
plant community structure and composition also strongly affect
the abundance of birds, small mammals, and other components
of diversity ( Allombert et al., 2005 ; Cardinal et al., 2012 ;
deCalesta, 1994; Fuller, 2001; Martin et al., 2012; McShea and
Rappole, 2000; Ostfeld et al., 1996 ). These long-lasting impacts of
deer herbivory could limit our ability to maintain and restore tree,
understory plant, and animal diversity within North American for-
ests. Such diversity supports signiÞcant ecological and economic
values including populations of other wildlife species, an array of
ecosystem services, recreational utility, and the timber value of
commercially valuable hardwood species.

Ecologists use several methods to study deer impacts. These
include tracking differences in growth rates, reproductive condi-
tion, the relative abundance of species, long-term shifts in commu-
nity composition, natural experiments ( Diamond, 1983 , e.g.,
islands with and without deer), and manipulative experiments
(e.g., fenced exclosures) (C™tŽ et al., 2004; Waller, 2013). Although
such studies provide valuable data, they are typically of short dura-
tion and apply primarily to the particular species that were studied
and the local areas where the work was done. Exclosure studies
that rigorously demonstrate strong deer effects on local plant com-
munities are also sometimes criticized for making an extreme
comparison between ambient deer effects and no deer at all. In
addition, building and maintaining many exclosures over many
years is expensive, often forcing us to rely on data from just a
few exclosures at particular locations, reducing the generality of
what we can infer. These concerns suggest that it would be useful
to assess impacts of deer on tree regeneration across larger areas
and a more natural range of variation in deer abundance. It would
also be ideal if we could study deer impacts across multiple forest
types, ages, and longer time periods, e.g., by linking local exclosure
studies to longer-term regional trends ( Frerker et al., 2014 ).

Here, we investigate regional variation in sapling abundance
(recruitment) in 11 tree species in relation to variation in deer den-
sity that occurred over a 30 year interval and across all of northern
Wisconsin. The broad scope of this study complements more inten-
sive local short-term studies by providing a big picture of how deer
are affecting tree recruitment in this region. To obtain this picture,
we use systematic surveys of forest conditions pursued by the U.S.
Forest Service in their Forest Inventory and Analysis ( FIA DataMart,
2015) program ( http://www.Þa.fs.fed.us/ ). The FIA program sur-
veys permanent plots arrayed on a regular grid at regular intervals

(about 5-years). The number and dispersion of these plots (cover-
ing all forest lands in the U.S. since 1999) provide data of high sta-
tistical power from an unbiased set of samples. This allows us here
to systematically compare variation in sapling recruitment among
the chosen taxa in our region. In particular, we assess recruitment
in 11 common tree species chosen to include taxa that differ in
their palatability. These range from species that deer avoid ( Picea)
to species known to be highly palatable and susceptible to deer
browsing impacts ( T. occidentalis and T. canadensis). We hypothe-
sized that saplings of species that are more palatable and suscepti-
ble to deer would be: (a) generally scarcer across the landscape, (b)
absent altogether from many sites, and (c) scarcer at sites and in
decades where they encountered higher deer densities. The deer
density estimates we use for (c) also derive from a public source,
namely the Wisconsin Department of Natural Resources (Wis-
DNR). Because the metrics and approaches we describe use only
publicly available data systematically collected by professional
agencies, they do not require forest or wildlife managers to acquire
new data or conduct local research.

Many local factors also affect patterns of tree recruitment
including local soil and light conditions, local canopy composition
and seed inputs, local deer browse preferences, and tree harvest
history. We lacked consistent data for these and also note that
obtaining such data would be impractical for most managers. In
addition, our goal here was to analyze variation in recruitment at
the coarser spatial scale of whole DMUs in order to obtain reliable
aggregated signals of deer impacts for making management deci-
sions. Our coarser scale of analysis ensures such averaging by Þl-
tering out much of the ÔÔnoiseÓ generated by the many variable
local factors also affecting tree recruitment and deer-tree
interactions.

2. Methods

2.1. Study region and estimates of deer density

Our study region encompasses the northern third of Wisconsin
dominated by mixed hardwood forestlands ( Fig. 1) providing a rel-
atively homogenous set of landscapes for testing how deer affect
tree recruitment. By limiting our study to this state, we could also
use a single consistent set of deer density estimates from the Wis-
DNR. They estimate annual post-hunt deer density using a Sex-
Age-Kill (SAK) model in each of the 48 Deer Management Units
(DMU) located in northern Wisconsin. Implementation of this
model by the Wis-DNR provides relatively robust and reliable esti-
mates of overwintering deer density with deÞned and limited
amounts of error and bias ( Millspaugh et al., 2009 ; VanDeelen,
pers. commun.). Comparing SAK estimates with more rigorous Sta-
tistical Age-at-Harvest estimates that explicitly incorporate chang-
ing age structure and harvest rates indicates that the SAK model, as
implemented in Wisconsin during our study period, tracked SAH
estimates very closely in the northern forested DMUs ( Norton
et al., 2013). In addition, we only use the deer data in a compara-
tive context to assess how variation in estimated deer numbers
over DMUs and decades affects patterns of sapling recruitment in
the chosen tree species.

The FIA plots occur at a density of about 1 plot per 1500 ha. We
spatially divided these FIA plots into groups according to DMUs.
The boundaries of these DMUs remained stable during the period
of this study except for two large DMUs that were each split into
two smaller units and one small DMU that was merged into a
neighboring unit. For these, we recalculated estimated deer densi-
ties to match the new DMU areas. Our approach to hypothesis (c)
assumes that enough variation exits in deer density among the
DMUs and study periods to alter the abundances of small saplings.
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Levels of variation in estimated deer density over these DMUs and
the 30-year period are ample ( Fig. 2), justifying the ÔÔnatural exper-
imentÓ approach we use here.

Studies typically assess the number or height of tree seedlings
or the incidence of deer browsing on seedlings and saplings within
the ÔÔmolar zoneÓ (generally taken to be 0Ð180 cm above the
ground). Such methods directly measure the immediate effects of

browsing on local populations. Here, we sought instead to assess
the cumulative impacts of prior deer browsing by instead tallying
the number of small saplings (>2.54 cm DBH). The Phase 2 FIA data
that we used ignores smaller saplings, making these the smallest
trees for which we could obtain data. Trees >2.5 cm DBH are well
established, 3Ð5 m tall, and have most of their foliage above the
point where deer browse occurs ( Kelty and Nyland, 1981 ), making
them far less vulnerable to deer impacts. These thresholds are
often used in deer browse studies ( White, 2012; McGarvey et al.,
2013; Bressette et al., 2012 ).

Because the number of FIA sampled saplings in a plot reßects a
history of past browsing rather than current levels of browsing on
smaller individuals in that stand, we analyzed variation in sapling
recruitment in relation to estimates of deer density during the pre-
vious survey period ( ! 10 years before the FIA sample year). The
actual interval between when deer browsing occurs and the fol-
lowing FIA survey could be longer or shorter than this (likely
longer in slow-growing species and perhaps shorter in fast-
growing species). Given the decadal sampling regime and the
broad scale of these surveys, we deemed 10 years to be the appro-
priate interval for evaluating deer effects. Analyses based on other
lags showed weaker relationships to estimated deer density.

2.2. Study species and palatability

We focused on 11 common tree species known from previous
studies to vary in their palatability to deer and sensitivity to
browsing ( Table 1). We speciÞcally included two unpalatable
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Fig. 1. Study area (shaded) in northern mixed hardwood region of Wisconsin. Note that this area does not include the Apostle Islands.
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Fig. 2. Variation in estimated deer densities (deer per km 2) among Deer Manage-
ment Units (DMUs) from 1983 to 2011. Note the high level of variation in estimated
deer densities across DMUs and periods.
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genera (Picea and Abies) in order to provide a control that would
allow us to detect any general spatial or temporal trend in tree
recruitment unrelated to deer herbivory. We assigned the taxa to
one of four palatability classes a priori based on published prefer-
ence results for our region (e.g., Dahlberg and Guettinger, 1956 ),
a local exclosure study ( Frerker et al., 2014 ), and our own expert
opinion (based on 25 years of Þeld work on deer impacts in Wis-
consin and wide reading of the relevant literature). As Picea glauca
and Picea mariana are similarly distasteful to deer and difÞcult to
distinguish, we combined these into the genus Picea.

2.3. Assessing variation in tree recruitment

To obtain data on the abundance and sizes of trees for these ten
taxa, we accessed the USDA National Forest Service Forest Inven-
tory Analysis (FIA) ÔÔDataMartÓ viawww.Þa.fs.fed.us/tools-data .
The FIA program resurveys long-term forest plots nation-wide. In
Wisconsin, these commenced with intensive periodic surveys in
1983 and 1996 (roughly 1 plot per 1000Ð1500 ha). They then tran-
sitioned to less-intensive (roughly 1 plot per 7000 ha) annual sur-
veys in 2000. We use tree data from 13,105 FIA plots in our region
spanning the period 1983Ð2013 divided into four periods. To
account for differences in sampling intensity across inventories,
surveys from 2000 to 2004 and 2009Ð2013 were aggregated
together to create similar plot densities (without duplication as
plots are resurveyed on a 5-year cycle). We refer to these aggrega-
tions as inventory year Ô2002Õ and Ô2011Õ, respectively. We divide
trees in the FIA surveys into three size classes: small (2.54Ð
5.08 cm DBH), medium (5.08Ð10.16 cm DBH), and large
(>10.16 cm DBH).

2.4. Statistical analyses

To address hypotheses (a) and (b), we Þrst tallied numbers of
saplings and trees in each of the three size classes within each
DMU and decade by species and palatability class. We averaged
values across all plots within each DMU and period. Because these
values varied widely and included many zeros, we add one to all
values and log transform the averages. This homogenized the
residual error variances among taxa and treatments, meeting
assumptions of our linear models and facilitating comparisons
among species, palatability classes, DMUs, and periods where
abundance counts differed greatly. These transformed numbers
of small saplings provide a primary indicator for tree regeneration.
On this scale, values of 0 reßect sites with no saplings: log(0 + 1).
This was the mode for the more palatable species. We assess
demographic inertia between the numbers of small and medium
saplings using simple correlations between these transformed val-
ues. We also compare the abundance of saplings and larger trees
among the palatability classes and decades. This allowed us to

evaluate whether saplings numbers in more palatable classes var-
ied independently of tree numbers, as expected if deer control their
numbers. We also compare patterns of recruitment among the
palatability classes to see whether recruitment in the palatable
taxa differs from recruitment in unpalatable Picea and Abies. We
plot and evaluate the distributions of sapling numbers in each spe-
cies to see whether these differed in shape in a diagnostic way
between more and less palatable species (hypothesis (b)). Note
the use of two controls here: the numbers of adult trees in the
same taxon and sapling numbers in the unpalatable taxa.

To address question (c), we compare the extent to which varia-
tion in sapling abundance within palatability classes and species
covaries with estimated deer densities within that DMU in the pre-
ceding time period. In more browse-sensitive species, we expect
the proportion of small saplings to decline in DMUs and decades
experiencing higher deer densities but little to no effect of deer
density in taxa that deer avoid. Here, we use two complementary
approaches. The Þrst used general linear models to evaluate the
effects of palatability class and decade on the abundances of small,
medium, and large size class trees (questions a and b). This
approach implicitly assumes independence in these tree numbers
among the DMUs and across the three successive decades of the
FIA data. To address the latter assumption, our second approach
modeled autocorrelation explicitly using path analysis (see below).
We plotted the adjusted means and error bars from the Þrst anal-
ysis to compare levels of recruitment among the palatability
classes and decades and overall changes in the abundances of
small, medium, and larger trees. If deer reduced the densities of
saplings in more palatable species, we expect a strong main effect
of palatability class on the abundance of small saplings. With
regional changes in deer density or another broadly acting ecolog-
ical factor, we also expect a main effect of decade. Finally, if num-
bers of small saplings (henceforth ÔÔsaplingsÓ) in more palatable
taxa decline more in decades with more deer, we expect a signiÞ-
cant decade by palatability class interaction.

We also tested for deer effects more directly by analyzing vari-
ation in small sapling recruitment in relation to both palatability
class and previous deer density using DMU estimates from the pre-
vious decade as a covariate. Here, again, we expected saplings of
more palatable species to be scarcer and for deer abundance to
affect sapling abundance more in palatable than in less palatable
species (tested using the palatability class ! deer interaction
term). We also analyzed models for individual species. Because
speciesÕ responses to deer varied greatly (deer density ! species
interaction term F = 8.11, p < 0.001), we analyzed separate models
for each taxon. We modeled sapling recruitment as a function of
deer density and deer density squared (to account for non-linear
effects. We then sequentially dropped non-signiÞcant effects in
each model to obtain a Þnal model for each species, always retain-
ing the deer effect.

Table 1
Assigned browse sensitivity classes for the 11 focal taxa. Class 1 includes the least palatable species and Class 4 those that are most palatable and vu lnerable to deer. Note the far
higher skew values (bolded) in the abundance distributions of the (log) number of small saplings in the more palatable taxa relative to less palatable taxa or larger trees of the
same species.

ScientiÞc name Common name Palatability class Skew in log (# of small saplings +1) Skew in log (# of large trees +1)

Abies balsamea Balsam Þr 1 0.02 0.0283
Piceaspp. Spruce 1 0.60 " 0.1476
Acer rubrum Red maple 2 0.82 " 0.501
Acer saccharum Sugar maple 2 0.02 " 0.41
Populus tremuloides Quaking aspen 2 0.04 0.3181
Pinus strobus White pine 3 2.18 " 0.2047
Quercus rubra Northern red oak 3 1.66 0.1289
Betula alleghaniensis Yellow birch 4 1.47 " 0.16253
Thuja occidentalis Northern white cedar 4 2.52 " 0.1387
Tsuga canadensis Eastern hemlock 4 2.00 0.25734
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Our Þnal approach analyzed deer effects using path analysis to
model tree recruitment in successive decades as a function of sap-
ling numbers and estimated deer densities in the preceding decade
(Fig. 7). Path analysis assumes that variables can be placed into
causal order, as is the case here given the sequence of events and
known effects of herbivory on plants. It also assumes that the mod-
eled predictor variables have linear and additive effects on the
dependent variable, assumptions we tested before applying the
model. In particular, we summed the (log) number of saplings in
palatability class 2 ( Acer rubrum, Acer saccharum, and Populus
tremuloides) within each decade and DMU and modeled these
abundance values as a function of estimated deer densities and
sapling numbers in the preceding decade. We applied the model
to this palatability class because these species produce abundant
seeds and seedlings that provide good indicators for evaluating
deer impacts in our region (see below). The path analysis explicitly
addresses sequential causal dependencies and the autocorrelation
present in these data. We used both R (RStudio: Integrated Devel-
opment for R, Boston, MA) and JMP (vers 11.2.1) for these analyses
(SAS Institute, Cary, NC).

3. Results

3.1. Variation in deer densities and sapling abundances

Deer densities varied widely across the region and over time,
providing the variance necessary to infer deer effects on sapling
numbers ( Fig. 2). We also observed substantial variation among
sapling numbers across sites within species ( Fig. 3). However,
these distributions differed in shape among species and palatabil-
ity groups. The Þve taxa in palatability classes 1 and 2 showed pos-
itive modes and approximately log-Normal distributions (e.g., A.
rubrum , Fig. 3a). In contrast, the Þve species in palatability classes
3 and 4 all showed modes of 0 (reßecting no saplings within the
plot) and highly skewed distributions relative to both the less
palatable species (Fig. 3b) and to adult trees in the same species.
The Þve more palatable species showed far more skewed distribu-
tions of (log) sapling numbers than the less palatable species
(means: 1.97 vs. 0.3, Table 1). Sapling numbers were also far more
skewed in palatable species relative to adult trees in the same spe-
cies (mean difference 0.44 in the Þve less palatable species vs. 1.99
in the more palatable species, paired t-test: t = 3.94, p = 0.003). The
presence of adult trees at most sites that lacked palatable saplings
suggests that site suitability is not limiting recruitment in these
species. We conclude that a syndrome involving very low mean
sapling abundance, a mode of 0, and a highly skewed distribution
provides a plain and useful signal for inferring strong deer impacts.
Surprisingly, this signal emerged for half the taxa studied here.
Skew was also noted in seedling counts of some tropical trees
and used to predict subsequent demographic dynamics ( Feeley
et al., 2007).

3.2. Palatability classes compared

The abundance of small saplings differed greatly among the
four palatability classes and across the four decades ( Fig. 4;
Table 2). Taxa known to be sensitive to browsing (palatability
classes 3 and 4) have far fewer small saplings than taxa that toler-
ate or repel browsing (classes 1 and 2). The abundances of
medium-sized saplings parallel those of the small saplings across
decades and the palatability classes (top and middle rows of
Fig. 4) where palatability class has a similarly large effect
(F = 78.2 vs. 66.4, Table 2). We conÞrmed demographic inertia
between size categories using correlations within each species
which ranged from +0.51 in Quercus to +0.85 in Abies (all

p < 0.001). In contrast, the abundance of larger trees only loosely
reßects palatability. The more palatable classes 3 and 4 had many
more adults than juveniles ( Fig. 4; Table 2). Thus, the scarcity of
saplings in these species does not reßect a lack of seed inputs.

Across decades, numbers of small saplings increased between
1983 and 1996 and then declined ( Fig. 4). This may reßect an initial
period of improving regeneration followed by declines in regener-
ation as increased deer populations ( Fig. 2) curtailed regeneration.
This apparent lag supports using previous decade deer densities to
infer deer effects. Remarkably, these two simple predictors, palata-
bility class and decade, together account for half of the observed
variation in sapling abundance ( Table 2).

In the models that explicitly include estimated deer density (at
the whole DMU level) as a predictor, deer have a strong negative
main effect (F = 75.8, p < 0.001) but their effect also varies signiÞ-
cantly among the palatability classes (deer ! palatability interac-
tion F = 12.5, p < 0.001, Table 3; Fig. 5). Analyses of individual
interaction terms show that dramatic declines in sapling numbers
as deer increase in palatability class 2 account for most of this
effect ( Table 3). We expected the relation between sapling num-
bers and deer density to disappear in unpalatable species but were
surprised to also see little response to deer in palatability classes 3
and 4. Again, a model that includes only the effects of DMU average
estimated deer density and palatability class accounts for a large
proportion (39%) of the total variation observed across sites and
decades in small sapling numbers ( Table 3). Models with more
local estimates of deer abundance would likely do even better.

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0 0.1 0.2 0.3 0.4 0.5 0.6

(a) Acer rubrum

(b) Thuja occidentalis

Fig. 3. Distributions of red maple and northern white cedar sapling numbers
among stands. Frequency histograms show the logarithm of the mean number of
small saplings (+1) in all stands. Note the approximately log-Normal distribution of
sapling abundances in red maple (a), a proliÞc seeder of intermediate palatability to
deer, and the highly skewed distribution in cedar (b) which is highly palatable and
susceptible to deer browse. Mean, variance, skew, and sample sizes for red maple:
0.236, 0.012, 0.816, N = 192, and cedar: 0.064, 0.013, 2.52, N = 163.
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3.3. Species-speciÞc responses

Analyses of individual taxa conÞrm that species of intermediate
palatability show the greatest sensitivity to estimated deer density
(Table 4, Fig. 6). Deer effects in Piceaand Abiesare negligible, con-
Þrming that they serve well as controls. Sapling numbers in Þve
species (mostly in palatability class 2) decline in apparent response
to increasing deer density. Sapling recruitment in A. rubrum and
saccharum and P. tremuloides all declined greatly as deer became
more abundant, accounting for the sensitive response to deer in
palatability class 2 ( Fig. 5). Sapling numbers in red oak ( Quercus
rubra) and yellow birch ( B. alleghaniensis) were lower but also
declined conspicuously in areas/times of higher deer density.
Although we classed balsam Þr ( Abies balsamea) as unpalatable, it
showed an almost signiÞcant decline in abundance in response

to deer ( Table 4). We were initially surprised to Þnd no apparent
response to deer in T. canadensisand T. occidentalis, two slow-
growing conifers known to be highly susceptible to deer browsing
(Table 4, Fig. 6). We also found an apparent positive effect of deer
on sapling numbers in Pinus strobus.These effects, however, were
small reßecting the absence of saplings at most sites in these spe-
cies and corresponding low power for detecting any deer signal.
Regeneration was so restricted in these species that intercepts of
their Þtted regressions (the numbers of small saplings expected
when deer are absent) did not differ signiÞcantly from zero.

3.4. Path analysis

The path analysis ( Fig. 7) allowed us to explicitly model sequen-
tial time dependencies and the autocorrelation present in our data
sets. Deer densities in each decade strongly affected deer densities
in the following decade (beta values: 0.64Ð0.75), as did sequential
sapling abundances in palatability class 2 (beta = 0.43Ð0.46,
Table 5). The direct effects of deer were always appreciable and
negative with beta values of ! 0.27 to ! 0.42. Interestingly, all the
2- and 3-step indirect effects were also negative and of the same
magnitude (betas from ! 0.32 to ! 0.43). Thus, over successive dec-
ades, as the model includes more information about deer densities
and sapling numbers in preceding decades, the indirect effects of
deer accumulate to become much larger than the direct effects
(Table 5). This strongly implies that the effects of deer analyzed
in the preceding GLM models substantially underestimate the
actual total effects of deer on tree regeneration in these forests.
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Fig. 4. Variation in the numbers of saplings and trees among palatability classes and decades. Values reßect the (log) mean number of trees per stand in all thr ee size classes
(small saplings 2.5Ð5.1 cm DBH, medium saplings 5.1Ð10.2 cm DBH, and large sapling >10.2 cm DBH). Values are adjusted means correcting for DMU and deca de. Error bars
show ± one S.E. Note different scale for the number of large trees.

Table 2
Variation in tree abundance among palatability classes. The table shows results from
analyses of variance of the logarithm of the number of small, medium, and large sized
trees (+1) analyzed over the four palatability classes (1 = least, 4 = most palatable)
and decade. The values shown are F-ratios. All values shown are signiÞcant at
p < 0.001. Adjusted means from these analyses appear in Fig. 3.

Factor DF F-ratios

Small Medium Large

Palatability 3 66.38 78.16 9.81
Decade 3 52.19 16.86 22.52
Decade Úpalatability 9 10.86 7.77 6.26
Overall r 2 values 0.503 0.484 0.21
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4. Discussion

The metrics and methods applied in this study all point to the
conclusion that browsing by white-tailed deer strongly limits pat-
terns of tree recruitment in the forests of northern Wisconsin. Deer
have considerably reduced regeneration in many tree species of
intermediate palatability and eliminated it altogether at most sites
in several conifer species known to be sensitive to deer browsing.
This is highly relevant for deer management in that stands of these
conifers provide key habitats for overwintering deer. These stands
will likely disappear given this regional failure in regeneration.
These effects are not local, temporary, or restricted to a few sensi-
tive species. Rather, they extend across all of northern Wisconsin,
cover a 30 year period, and affect most (8 of 10) of the tree species
examined. These effects have also begun to modify the composi-
tion and structure of the mid-stories of these forests. It will not

be simple to limit or reverse these impacts, but without these data
and analyses, we could not assess the full scale and extent of the
impacts deer are having.

The results of this study plainly indicate that we must use dif-
ferent indicators to detect and monitor deer impacts on forest tree
regeneration in different species in this region. Current and previ-
ous levels of deer browsing were so heavy in the Þve most palat-
able species that small saplings were scarce to absent at most
sites. Sapling densities were too low in the highly palatable coni-
fers to accurately measure regeneration or to relate variation in
regeneration to deer density. For these species, the absence of
small saplings is itself the best indicator, as quantiÞed by very
low means, modes of zero, and highly skewed distributions of sap-
ling numbers. Fortunately, these indicators are easily extracted
from the FIA data and can be used even when data on deer densi-
ties are suspect or lacking.

Species of lower palatability to deer had more abundant sap-
lings allowing us to examine how mean sapling abundance varied
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Fig. 5. Deer effects on the number of small saplings by palatability class. Deer
density estimates are for each DMU in the previous sampling period (about 10 years
earlier). Based on the model of sapling numbers in Table 3. The scarcity of small
saplings in Palatability classes 3 and 4 precluded signiÞcant deer density effects
there but class 2 shows a highly signiÞcant decline in sapling numbers in relation to
deer density (p < 0.001).

Table 3
Recruitment variation over palatability classes in relation to deer. The table shows results from the general linear model analyzing variation in th e (log) number of small saplings
in relation to assigned palatability class, estimated deer density during the previous study period, and their interaction. Note that although all f our palatability classes differ
strongly in small sapling abundance, only class 2 species show signiÞcant declines in saplings with increases in estimated deer density. Overall F = 1 23.3 (df = 7, 1343).

Df Sum Sq Mean Sq F value Pr(>F)

Palatability 3 429.24 143.081 249.897 <2.20E ! 16 ÚÚÚ

Deer density 1 43.38 43.375 75.757 <2.20E ! 16 ÚÚÚ

Deer density:palatability 3 21.42 7.141 12.472 4.79E ! 08 ÚÚÚ

Residuals 1343 768.95 0.573

Dependent variable: log(small + 1)

Estimate Std. error t value Pr(>|t|)

(Intercept) 0.450 0.032 14.124 <2.00E ! 16 ÚÚÚ

Palatability2 0.134 0.039 3.466 0.000546 ÚÚÚ

Palatability3 ! 0.291 0.053 ! 5.507 4.36E! 08 ÚÚÚ

Palatability4 ! 0.353 0.051 ! 6.977 4.71E! 12 ÚÚÚ

Deer density ! 0.003 0.001 ! 2.140 0.032572 Ú

Deer density:palatability2 ! 0.007 0.002 ! 4.071 4.95E! 05 ÚÚÚ

Deer density:palatability3 0.001 0.002 0.580 0.561692
Deer density:palatability4 0.003 0.002 1.166 0.244006
Observations 1350
R2 0.391 Adj R2 0.388

Table 4
Deer affect sapling recruitment within species. These results derive from the separate
models Þt to the number of small saplings (log of (number +1)) for each species (totals
within each DMU and time period). Species are listed in order of their palatability
classes (Table 1, with classes 1 and 3 marked on left). ÔÔDeerbÓ refers to standardized
partial regression coefÞcients for the linear effects of Wisconsin DNR estimates of
deer density within each Deer Management Unit (DMU) during the previous time
period (roughly 10 years earlier). Labels show levels of signiÞcance: ***p < 0.001,
**p < 0.01, and *p < 0.05, AS p < 0.10. The inßuence of quadratic (Deer 2 b) terms are
also shown and included in the model when these were signiÞcant. Average stand
basal area (weighted by each speciesÕ abundance across stands within each DMU) was
also included in the model when it was signiÞcant (in Picea, Populus, and Tsuga,
resulting in beta values of ! 0.279, ! 0.14, and 0.471, respectively). The r 2 terms show
overall coefÞcients of determination for each model. Intercept values show the
densities of saplings expected at a deer density (and basal area) of 0 given the model.
Values that do not differ signiÞcantly from 0 are bolded .

Species Intercept Deer b Deer2 b r2

Piceaspp. 0.463 ! 0.002 0.08
Abies balsamea 0.500 ! 0.158 AS 0.02
Acer rubrum 0.405 ! 0.342 ÚÚÚ 0.17 Ú 0.14
Acer saccharum 0.507 ! 0.379 ÚÚÚ 0.14
Populus tremuloides 0.952 ! 0.435 ÚÚÚ 0.19
Pinus strobus 0.042 0.119 Ú 0.179 Ú 0.03
Quercus rubra 0.249 ! 0.229 Ú 0.03
Betula alleghaniensis 0.165 ! 0.309 ÚÚ 0.10
Tsuga canadensis 0.012 0.045 0.241 ÚÚ 0.17
Thuja occidentalis ! 0.018 0.168 0.276 ÚÚ 0.09
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with respect to estimated deer density. In these species, we found
highly signiÞcant negative associations, strongly supporting
hypothesis (c) and providing an altogether different method for
inferring deer impacts. Having these two independent indicators
that apply to separate but overlapping sets of species that differ
in regeneration success adds range and ßexibility to the tools that
forest and wildlife managers can use to monitor and assess deer
impacts. Together, these metrics support all three hypotheses (a),
(b), and (c) that saplings of highly deer-palatable species are now
scarce to absent across much of our region and that deer densities
strongly affect sapling abundance in several species of lower
palatability.

Research in the eastern and Midwestern U.S. has already shown
that T. occidentalis, T. canadensis, and Q. rubra are highly palatable

to deer and have failed to regenerate in many forests ( Strole and
Anderson, 1992; Boerner and Brinkman, 1996; Waller et al.,
1996; Alverson and Waller, 1997; Rooney et al., 2000, 2002;
Collins and Carson, 2002). All these studies identify white-tailed
deer as the key factor limiting the density or size of seedlings or
saplings in these species. The limitation of these studies has only
been that they have focused on regeneration at a limited number
of sites and documented these failures over limited periods of time.
These limitations have allowed some to argue that these failures
are local, temporary, and/or only apply to a few highly palatable
species. In contrast, our study exploited the vast amount of infor-
mation contained in the FIA database to show that deer have cur-
tailed sapling recruitment in most of the tree species studied and
have had these strong impacts over at least 30 years and a huge
region reßecting a diversity of forest types, ownerships, and meth-
ods of management. Our results thus complement and amplify
results from more local studies by conÞrming that the common
evidence of local regeneration failure they have documented apply
much more broadly to multiple species, most sites, and an
extended period of time.

Numbers of tree saplings varied strongly among the palatability
classes. As predicted, we found many fewer saplings in classes 3
and 4 than in 1 and 2. Decade and palatability class alone account
for more than half (51%) of the total variation in regeneration suc-
cess observed across all tree species studied and all 13,105 sites.
For such simple predictors to provide such high explanatory power
is rare in complex ecological systems occupying a diverse and
heterogeneous region. Substituting estimated deer densities for

Table 5
Results from the path analysis model of recruitment in palatability class 2 ( Acer rubrum and saccharum and Populus tremuloides). ÔÔPathÓ refers to the paths labels inFig. 7 that
connect particular predictor and dependent variables. Beta values are the path coefÞcients (standardized partial regression coefÞcients). Signi Þcance labels for individual
predictors as in Table 4. The direct effects of deer on (log) sapling numbers in successive decades are shown in the ÔÔDirect effectÓ column. Indirect effects on bolded saplin g
numbers reßect the delayed effects of deer in an earlier decade as expressed through their effects on later deer abundance and sapling numbers. These i nvolve products of the
path coefÞcients (e.g., the b Úf + c Úg two-step indirect effects on saplings in 2002 and the e Úi + f Új effects on 2011 saplings). Note that total deer effects increase steadily over
time as these consistently negative indirect effects cumulatively affect the number of surviving saplings.

Path Predictor Dependent Var Beta Signif Direct effect Indirect (2 steps) Indirect (3 steps) Total deer effect

a Deer 83 Saplings 83 0.096 NS
b Deer 83 Deer 96 0.639 ÚÚÚ

c Deer 83 Saplings 96 ! 0.311 Ú ! 0.311 ! 0.311
d Saplings 83 Saplings 96 0.447 ÚÚÚ

e Deer 96 Deer 02 0.748 ÚÚÚ

f Deer 96 Saplings 02 ! 0.270 Ú ! 0.27 ! 0.317 ! 0.587
g Saplings 96 Saplings 02 0.465 ÚÚÚ

h Deer 02 Deer 11 0.723 ÚÚÚ

i Deer 02 Saplings 11 ! 0.417 ÚÚ ! 0.417 ! 0.429 ! 0.337 ! 1.183
j Saplings 02 Saplings 11 0.434 ÚÚ

Picea spp.

Abies balsamea

Acer rubrum

Acer saccharum

Populus tremuloides

Betula alleghaniensis

Quercus rubra

Pinus strobus

Tsuga canadensis

Thuja occidentalis

S
pe

ci
es

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

Intercept

-0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3

Deer beta

Fig. 6. Variation among species in sapling abundance and apparent deer effects. Species appear in order of their predicted palatability to deer from highly p alatable conifers
(top) to least palatable taxa ( Picea and Abies) at the bottom. The left side shows intercepts from the models Þtting (log) small sapling abundance to regional variation in
estimated deer densities (from Table 4). Intercepts close to zero (top) reßect species with very few small saplings even at relatively low deer densities. The right side shows the
estimated effect of deer ( b values) on variation in small sapling numbers by species. Direct deer effects are most easily detected in abundant species of intermediate palatabil ity.

Fig. 7. Path diagram showing effects of deer on patterns of sapling recruitment.
Tree data reßect sums of the average number of small saplings in palatability class 2
(Acer rubrum, A. saccharum, and Populus tremuloides) across all stands within a
particular DMU and decade. Deer densities are Wisc DNR estimates for each DMU
and decade. Path coefÞcients for each lettered path appear in Table 5.
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decade in these models still provided high explanatory power
(39%) despite the fact that these DMU estimates reßect spatial
averages that ignore all the local variation in deer densities and site
conditions affecting tree regeneration within these DMUÕs
(Wisconsin DNR, 2006 ). As judged by F values, palatability consis-
tently emerged as the most important predictor of sapling abun-
dance and one that always interacted strongly with the deer
effect, exactly as predicted. The fact that statistical models that
ignore all local variation in soil and light conditions known to
greatly affect patterns of tree regeneration had such high explana-
tory power strongly suggests that deer browsing has emerged as
the dominant force controlling patterns of tree sapling recruitment
in these forests.

Saplings became progressively scarcer in the higher palatability
classes (3 and 4) coincident with the emergence of conspicuous
skewed sapling abundance. This high skew with a mode of 0
demonstrates that some factor acted at most sites to eliminate
regeneration altogether. Saplings in browse-sensitive B.
alleghaniensis and Q, rubra were still abundant enough to show
strong deer effects (with betas of ! 0.31 and ! 0.23, respectively).
Their sapling distributions, too, however, show high skew and an
absence of saplings at many sites. Deer exclosures in our region
conÞrm that yellow birch seedlings become scarce where deer
are common ( Frerker et al., 2014 ). If saplings in Betula and Quercus
become even more scarce, it will become impossible to detect
direct deer effects from among-site variation in sapling abundance.

We are the Þrst to propose using a very low sapling abundance
and high skew in (log) sapling numbers relative to adult trees of
the same species as plain and simple signatures of deer impacts.
We observed that diagnostic signature in half the species studied
here, but only in species with higher palatability to deer. We fur-
ther note that anyone with access to FIA data for their area can
easily compute these metrics and that computing these to infer
deer impacts requires no data whatsoever on estimated deer den-
sities, local rates of browsing, local seedbed conditions, or any
other labor-intensive Þeld measurement. The mode of 0 saplings
with very high skew together provide a useful and reliable signa-
ture of deer impacts with skew (of log sapling number) emerging
as more diagnostic. Feeley et al. (2007) also identiÞed skew as a
useful metric as it correctly predicted the direction of population
change within two Malaysian forests for " 75% of the species. They
also found, however, that trends within one forest did not serve to
predict demographic changes at the other site. We expect that the
far broader sampling enabled by the FIA data should allow more
accurate inferences regarding regional trends. This conjecture
and the skew and mode metrics should, however, now be tested
in other systems.

Trends in our two controls (adults of the same species and the
unpalatable taxa) served well to conÞrm that the metrics we used
to infer deer impacts provide robust and reliable signals. The abun-
dances of larger trees were largely uncoupled from patterns of sap-
ling recruitment, conÞrming that trees are there to provide seed
inputs and that sites are indeed suitable for these species. Saplings
of unpalatable taxa ( Piceaand A. balsamea) occurred commonly at
most sites but their abundance did not covary with deer abun-
dance. These controls support the conjecture that deer rather than
some other factor has acted to limit tree recruitment in these for-
ests. Surprisingly, deer may even have acted to depress Abiessap-
ling abundance (beta = 0.16, p = 0.06). Deer generally only
consume Abies when other browse is scarce ( Dahlberg and
Guettinger, 1956; Tremblay et al., 2005 ).

We exploited natural variation in deer density across our region
as a ÔÔnatural experimentÓ to explore how deer affect patterns of
regeneration in our studied species. In our region, densities are
lowest in the larger Ojibway and Menominee Indian reservations
where densities usually remain less than 4 per km 2 (Wisc DNR

data, R. Rolley). Deer densities clearly also vary greatly in response
to local habitat conditions, current and recent hunting pressure,
and levels of predation ( Leopold, 1933). Despite this local variation
in deer abundance and the imprecision inherent in the Wis-DNR
SAK estimates of deer density, these whole DMU estimates of deer
density worked surprisingly well to predict regional variation in
the density of saplings in Þve of the ten taxa we studied ( Table 4).
These included two important sawtimber species ( Q. rubra and B.
alleghaniensis in palatability classes 3 and 4, respectively) as well
Acer and Populus with intermediate palatability. The historical
depth of the SAK deer estimates and abundance of these species
also allowed us to demonstrate both immediate effects of deer
on sapling numbers and how deer affected sapling recruitment
over successive decades using path analysis. These cumulative
impacts acted to multiply total deer impacts in these moderately
palatable tree species over the 30 years of this study. Results from
the path analysis also suggest that the recent deer effects exam-
ined in the simpler models actually underestimate total deer
effects by ignoring how deer impacts accumulate over successive
decades.

The species showing the strongest responses to deer abundance
had intermediate palatability (class 2, A. rubrum and saccharum
and P. tremuloides). These widespread trees often dominate sites
where they occur. They produce proliÞc numbers of seeds and
seedlings that then recruit to become the saplings counted in the
FIA surveys. The high numbers of seedlings these species produce
could help to swamp local herbivores like deer by improving sur-
vival odds for individual seedlings when many are present. Such
effects could also cause sapling numbers to decline non-linearly
as deer populations increase as many saplings could survive when
deer are low relative to seedling numbers but few to none may sur-
vive when deer become more abundant. Such effects probably con-
tribute to the high skew we observed in the more palatable species
as well as the steep declines in sapling recruitment with deer den-
sity in Acer and Populus. The abundant seedlings and saplings in
these species also give us a tool for tracking deer impacts even
when deer are dense enough to eliminate regeneration in more
palatable species.

Seedlings and saplings of P. strobus, T. canadensisand T. occiden-
talis are all highly vulnerable to deer that often browse preferen-
tially on these conifers, particularly in winter ( Dahlberg and
Guettinger, 1956; Alverson and Waller, 1997; Rooney et al., 2000,
2002; Cornett et al., 2000; Townsend et al., 2002; Vila et al.,
2003). Saplings of these species were so scarce across the region
that no saplings occurred at most sites. Their scarcity prevented
us from being able to detect any decline in sapling numbers as deer
densities increased. We even observed weak positive relationships
in two cases (though the intercepts in these cases were indistin-
guishable from zero). It would be useful in this context to do
numerical simulations to reduce (ÔÔrarifyÓ) sapling data to see when
clear negative relationships drop to the point of non-signiÞcance.

We did not examine the effects of management practices in this
study but know that management can enhance seedling establish-
ment in many of the palatable species, e.g., by providing substrates
suitable for germination and early growth ( Rooney et al., 2002;
Curtis, 1959; Doepker and Ozoga, 1990 ). Improving seedling estab-
lishment, however, does little to improve recruitment to size
classes above 2 m in height in the shade-tolerant evergreens we
studied as slow-growing seedlings must pass through a long period
of vulnerability to deer before they escape the ÔÔmolar zoneÓ
(Waller et al., 1996; Rooney and Waller, 1998; Rooney et al.,
2000). Silvicultural treatments that enhance light conditions, how-
ever, might accelerate seedling growth enough to improve recruit-
ment in some cases.

Accepting both the scarcity and skew of sapling numbers and
negative effects in the linear models as signals of deer impacts,
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we Þnd strong evidence for these in eight of the ten taxa we stud-
ied. Populations of slow growing tree species take 70+ years to
recover from prolonged browsing ( Frelich and Lorimer, 1985;
Anderson and Katz, 1993 ). Thus, deer impacts manifest now will
persist for many decades to a century or more ( McGarvey et al.,
2013). Once saplings have failed to regenerate for several decades,
the abundance of those species in the canopy will decline. This, in
turn, will reduce the input of seeds, further depressing seedling
recruitment. The slow rate of these processes delays both our abil-
ity to recognize that deer impacts are occurring and our ability to
reverse such declines already underway. Thus, we should be vigi-
lant in monitoring patterns of regeneration and addressing causes
of regeneration failure if we intend to sustain the diversity and rel-
ative abundance of trees that in these forests and the commercial
value they represent.

Tree regeneration across northern Wisconsin is now somewhat
limited by deer browsing in three of the ten taxa examined,
strongly limited in another two, and severely limited in three con-
ifer species. Different signatures of deer browsing are evident in
these species depending on seedling abundance, how susceptible
their seedlings are to browsing and their rates of growth. These
metrics should now be tested in other systems to conÞrm that
FIA data can be put to similar use elsewhere. Because FIA data
are already systematically collected for other purposes, using them
to estimate deer impacts brings high power at low cost. We gain
additional power when we also have access to reliable data on deer
densities extending over several decades.

The absence of any routine widespread monitoring system has
stymied our ability to reliably infer the extent and severity of deer
impacts on forest ecosystems. State and federal agencies can now
capitalize on the FIA data to routinely monitor deer impacts in a
systematic and sustained way. Sharing these results widely with
foresters, hunters, and the public could improve public under-
standing of deer threats and public support for professional man-
agement actions to address those threats. The results presented
here strongly support the need to limit deer densities to promote
healthy forest regeneration. As always, we should check assump-
tions, use controls, and accept the limitations involved in using
FIA and DNR data. Foresters, forestland owners, and wildlife agency
personnel may be keen to use these results to enhance efforts to
control deer populations. Limited ÔÔband-aidÓ solutions to browsing
such as fencing deer out or protecting individual seedlings are
expensive and do not serve to protect other elements of plant
and animal diversity sensitive to deer impacts. Once we better
understand how forests and wildlife populations interact, we
should be able to better manage both as an integrated and dynamic
system.
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