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Due  to  differences  in  the  responses  of species  to changing  landscape  patterns,  developing  a  conservation
plan  with  an  optimal  outcome  of supporting  contrasting  habitat  needs  can  be  difficult.  Landscape  scenario
modeling  can  provide  a means  to compare  alternative  conservation  strategies  and  can  reveal  tradeoffs
of  managing  for one  objective  versus  another.  In order  to evaluate  the  impacts  of  alternative  conser-
vation  strategies  in  a 53,653  ha landscape  in  Michigan’s  Upper  Peninsula,  four scenarios  of  alternative
conservation  strategies  were  modeled  100  years  into  the  future  using  the  VDDT®/TELSA® spatial  model
suite,  and  habitat  availability  was  evaluated  for five  target  bird  species  of local  conservation  concern
under  each  scenario.  The  target  species  were  Dendroica  fusca  (Blackburnian  Warbler),  Picoides  arcticus
(Black-backed  Woodpecker),  Dendroica  kirtlandii  (Kirtland’s  Warbler),  Buteo  lineatus  (Red-shouldered
Hawk),  and  Scolopax  minor  (American  Woodcock).  Scenarios  were  ranked  based  on  relative  performance
of three  habitat  metric  results  (total  primary  habitat  area,  average  size  of habitat  patches,  and  average
distance  to  the nearest  neighboring  habitat  patch)  for each  species.  The  final  overall  rank  for  each  sce-
nario  was generally  related  to  harvest  intensity;  the  scenario  with  the smallest  total  area  of  even-aged
management  ranked  the highest.  Ranks  were  not  consistent  across  all response  variables.  Relative  species
sensitivity  was also  evaluated,  and  the  ranks  did  not  match  expectations,  with  the more  habitat  generalist
species  showing  the highest  sensitivity  and  the most  specialist  species  showing  the  lowest.  The  approach

here  provides  a means  of projecting  and  comparing  potential  long-term  impacts  of  alternative  landscape
strategies  on  diverse  wildlife  habitats.  These  results,  when  considered  with  budget  considerations  and
species’  habitat  area  and  population  goals,  can  assist  local  managers  and  stakeholders  in  conservation
planning  by  identifying  tradeoffs  and  compromises  aimed  at optimizing  protection  for  a  variety  of  target
species.

©  2014  Elsevier  GmbH.  All  rights  reserved.
ntroduction

As conservation strategies increasingly span large geographic
reas and often involve multiple land owners, it is important to
nderstand and anticipate impacts of various management strate-
ies over broad spatial and temporal scales in order to achieve
esource and conservation goals (Jin et al. 2010; Price et al. 2012;
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

hifley et al. 2008; Zollner et al. 2008). For example, the unit area,
ntensity, and return interval of forest management activities affect
he availability of habitat for wildlife species by influencing stand

∗ Corresponding author. Tel.: +1 2188302447.
E-mail address: kristi.nxon@gmail.com (K. Nixon).
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617-1381/© 2014 Elsevier GmbH. All rights reserved.
composition and landscape pattern (Jin et al. 2010; Scolozzi &
Geneletti 2011; Shifley et al. 2006; Zollner et al. 2008). The ability
to project, visualize, and assess the impacts of alternative scenar-
ios of management activities and natural disturbances could benefit
the understanding of how long-term forest management strategies
affect biodiversity and could aid in conservation planning.

Loss and fragmentation of habitat are two  of the greatest threats
to biodiversity in forest landscapes (Ohman et al. 2011), and the
importance of fragmentation, edge effects, and corridors for species
survival and reproductive success have been widely discussed
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

in scientific literature (Knowlton & Graham 2010; Venier et al.
2007). In conservation and metapopulation theories, it is gener-
ally accepted that larger and more connected patches can support
greater species richness as well as population abundance and

dx.doi.org/10.1016/j.jnc.2014.02.005
dx.doi.org/10.1016/j.jnc.2014.02.005
http://www.sciencedirect.com/science/journal/16171381
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ersistence than smaller, isolated ones (Prugh et al. 2008). Larger
atch sizes may  reduce a population’s probability of extinction by
upporting larger population sizes, enabling greater colonization
ates, and reducing edge effects and predator invasions (Etienne
t al. 2004; Shanahan et al. 2011). Greater patch connectivity
ay  enhance dispersal success, colonization, and population inter-

hange, especially for rare and specialist species in degraded or
ragmented landscapes (Davies et al. 2000; Knowlton & Graham
010; Shanahan et al. 2011). Consequently, conservation plans
hould consider not only the amount and quality but also the spatial
onfiguration of suitable habitat in the landscape, including proper-
ies such as patch size, shape, and connectivity (Larson et al. 2004;
ittenhouse et al. 2007; Shifley et al. 2006; Venier et al. 2007).

Due to the differences in species’ responses to landscape pat-
erns, planning an optimal strategy in the face of contrasting habitat
eeds can be difficult (Gottschalk et al. 2010; Monkkonen et al.
011; Watts et al. 2010; Zollner et al. 2008). This difficulty explains
he tendency of researchers to perform single-species habitat or
opulation assessments or use landscape pattern metrics as prox-

es for multiple species representation (Edenius & Mikusinski 2006;
icholson & Possingham 2006; Venema et al. 2005). A suite of

pecies which are sensitive to differing threats can represent the
iversity of spatial, compositional, and functional attributes that
re of conservation concern in a landscape (Edenius & Mikusinski
006; Mace et al. 2007; Scolozzi & Geneletti 2011). Landscape mod-
ling may  reveal which species among a suite of species, in terms
f habitat availability, might be more sensitive to alternative man-
gement strategies or landscape changes and therefore may  require
pecial or urgent consideration in management planning.

Considering the vast amount of time and resources needed for
ong term monitoring at broad spatial and temporal scales, land-
cape simulation models and GIS technologies offer a convenient
ethod of evaluating potential effects of long-term management

trategies in landscapes and enable a more timely flow of informa-
ion to inform management decision making (Ferrier & Drielsma
010; Jin et al. 2010; Shifley et al. 2006, 2008; Zollner et al. 2008).
n recent years, several spatially explicit landscape modeling pro-
rams have been developed, used in forest planning, and reviewed
Barrett 2001; Jin et al. 2010; Larson et al. 2004; Mladenoff 2004;
cheller & Mladenoff 2007; Shifley et al. 2008). These models have
he ability to simulate forest successional dynamics over long time
eriods and project future conditions of the landscape. When local
nowledge from various stakeholders is incorporated into the mod-
ling through a collaborative process, more plausible outcomes
ay  be realized (Price et al. 2012).
The ability to model alternative scenarios and analyze future

andscapes provides a means of assessing potential changes in
abitat availability and comparing the potential effectiveness of
onservation strategies. Such comparisons could benefit managers
ho are interested in the impacts of their decisions, provide insight

nto how and where habitat management could be improved, and
llow more adaptive planning.

Our partners at The Nature Conservancy (TNC) were particularly
nterested in comparing the long-term conservation effectiveness
f working forest conservation easements and fee simple owner-
hip of land in the Two Hearted River watershed, a 53,653 ha
orested landscape in Michigan’s Upper Peninsula. The purpose of
orking forest conservation easements is to keep land productive
hile preventing subdivision and fragmentation of land, thus being

eneficial for habitat conservation. Since property is not fully pur-
hased, easements are a less costly strategy up front than fee simple
cquisition, potentially allowing conservation efforts and resources
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

o be more broadly distributed across a landscape (Silbernagel
t al. 2011). They provide tax relief to the land owners and gener-
lly allow resource extraction (e.g. sustainable timber harvesting),
hus contributing to the local economy. However, they require
 PRESS
nservation xxx (2014) xxx–xxx

long-term monitoring and enforcement and may  carry added trans-
action costs of working with multiple landowners and unique
ecological conditions (Fishburn et al. 2009; Merenlender et al.
2004). It is not known whether easements can provide the same
level of biodiversity protection as acquiring land under fee sim-
ple ownership (Fishburn et al. 2009; Merenlender et al. 2004),
which may  also require continuous human and financial resources
to manage the land into the future. Without long-term ecological
monitoring, the effectiveness of these strategies, or any conserva-
tion strategies that attempt to balance resource extraction with
conservation, remains unclear, and there is little evidence that can
inform future acquisitions and help gain public and financial sup-
port in favor of certain strategies (Rissman et al. 2007; Silbernagel
et al. 2011).

To evaluate the potential long-term impacts of four alterna-
tive conservation scenarios on habitat availability for five diverse
bird species of concern in the Two  Hearted River watershed, we
performed habitat assessments on the spatial output of 100-year
forest landscape models. The scenarios represented current-day
management as well as three alternative hypothetical management
strategies across the landscape, each informed by the manage-
ment goals and practices of major forest landowners in the area
(Fig. 1). The four scenarios were: A) current management sce-
nario (Current scenario), B) no conservation action (NCA) scenario,
C) working forest conservation easement scenario (Easement sce-
nario), and D) ecological forestry scenario (Ecological scenario).
Each scenario simulated different amounts, intensities, and gen-
eral spatial characteristics of forest harvest activities. The Ecological
scenario contained the greatest area of TNC managed land, and
we expected this scenario to be the most beneficial for target
species because of its emphasis on restoration and conservation of
native and old-growth habitat, cooperative and broad-scale nature
of management, and low amount of even-aged timber harvest. The
NCA scenario, on the other hand, contained the largest area of
industrially managed private lands, and we expected it to be the
least beneficial for target species due to its nature of having a high
amount of productivity-driven even-aged harvest, as well as a great
number of land owners acting independently in the landscape,
resulting in spatially fragmented management. In the Easement
scenario, current-day TNC fee title lands were instead placed under
a working forest conservation easement, which allows even-aged
harvest but restricts subdivision of land and thus provides a spa-
tially aggregated management outlook. We  expected this scenario
to be more beneficial than the NCA scenario, but not as beneficial
as the Ecological or Current scenarios.

In an attempt to identify an optimal scenario, we developed a
scoring system to rank scenario outcomes based on three metrics of
habitat availability: 1) total area of habitat, 2) average size of habi-
tat patches, and 3) average distance to nearest neighboring habitat
patches for each target species. We hypothesized that 1) all of the
habitat metric response variables would be significantly influenced
by scenarios representing alternative management strategies over
100 years; 2) scenarios with smaller total area of even-aged tim-
ber harvest would provide the most beneficial habitat conditions
for species overall; and 3) species that have more specific habitat
requirements such as a limited number of preferred cover types,
a large patch size requirement, or require proximity to additional
necessary habitat elements would be the most sensitive to alterna-
tive scenarios.

Methods
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

Study Area and Scenario Modeling

The “Forest Scenarios” project team, based at the University
of Wisconsin at Madison, has built a set of spatial landscape

dx.doi.org/10.1016/j.jnc.2014.02.005
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Fig. 1. The management boundaries under four alternative scenarios for the Two  Hearted River watershed in Michigan’s Upper Peninsula. In all maps, purple represents
M ds managed under a working forest conservation easement, dark green represents lands
m ed by private industrial forest operators.
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Table 1
Percentages of LANDFIRE biophysical setting (BpS) classes in the 53,636 ha Two
Hearted River watershed land cover map.

Biophysical setting Percentage of the landscape

Boreal Acid Peatland 17.46%
Alkaline Conifer Hardwood Swamp 16.27%
Jack Pine Barrens and Forest 7.29%
Northern Hardwood 16.34%

T
M
e

ichigan Department of Natural Resources (DNR) management, blue represents lan
anaged by The Nature Conservancy (TNC), and light green represent lands manag

imulation models for the Two Hearted River watershed, a
3,653 ha forested landscape in the northeastern region of Michi-
an’s Upper Peninsula (46–42′06′’ N and 085–24′52′’ W).  This
andscape contains a mixture of upland hardwood forests, pine
tands, coniferous forests, and interspersed wetland systems
Table 1). Together, the Michigan Department of Natural Resources
DNR), The Nature Conservancy (TNC), and a timber investment
Please cite this article in press as: Nixon, K., et al. Habitat availability for multiple avian species under modeled alterna-
tive conservation scenarios in the Two Hearted River watershed in Michigan, USA. Journal for Nature Conservation (2014),
http://dx.doi.org/10.1016/j.jnc.2014.02.005

anagement organization (TIMO) which owns and manages land
nder a working forest conservation easement held by The Nature
onservancy, own 80% of the watershed. The remaining 20% is held

n small private ownerships. Each ownership holds a unique set

Northern Hardwood Hemlock 15.45%
Pine Hemlock Hardwood 4.97%
Northern Pine Oak Forest 20.45%
Shrub Herbaceous Wetland 1.77%

able 2
anagement parameters for the four different conservation scenarios aggregated to the landscape level to show annual activity maximum area totals. Parameters were

ntered into the TELSA® (Tool for Exploratory Landscape Analysis) Spatial Model to be run for 100 years.

Scenario Activity maximum area (ha/year) Total managed (ha)

Thinning Clearcut Selection cut Restoration

Current 923 for years 1–25;
819 for years 26–50;
715 for years 51–100

429 171 for years 1–20;
789 for years 21–100

60 2129 for years 1–20;
2210 for years 21–25;
2106 for years 26–50;
2002 for years 51–100

NCA  1119 476 871 0 2466
Easement 1089 452 803 57 2401
Ecological 208 249 1006 202 1665

dx.doi.org/10.1016/j.jnc.2014.02.005
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f management objectives and activities, including even-aged and
neven-aged timber harvest, as well as restoration activities that
aintain and restore forest health. The area, return interval, and

patial arrangement of each management activity was defined and
ranslated into model parameters with the guidance of local experts
Table 2). Refer to Price et al. (2012) for a complete description of
he modeling process including the incorporation of local expert
nd stakeholder knowledge and opinion. In each of the four conser-
ation scenarios, the spatial arrangement of management regimes
labeled as the ownership from which information was  gathered)
n the landscape was altered (Fig. 1). The Vegetation Dynamics
evelopment Tool and Tool for Exploratory Landscape Analysis

VDDT®/TELSA®) modeling suite (ESSA Technologies, Ltd) were
sed to model landscape changes over time. VDDT is a non-spatial
tate and transition model in which the user defines succession,
anagement, and disturbance pathways and transition probabili-

ies and their effects on land cover types. These models developed
n VDDT, along with land cover and management boundary maps,
erve as input for TELSA, a spatially explicit landscape modeling
nterface that operates as an extension in ArcMapTM. Within TELSA,
patial parameters which include the minimum and maximum area
f individual management and natural disturbance events, as well
s the total annual area of management activity occurrence, were
efined. Together, VDDT and TELSA simulate forest dynamics over
ime to project future land cover conditions (Beukema et al. 2003;
urz et al. 2000). We  adapted existing Landscape Fire and Resource
anagement Planning Tools Project (LANDFIRE) Biophysical Set-

ing (BpS) vegetation dynamics models (LANDFIRE 2007), which
efine successional pathways and probabilities of natural distur-
ances (i.e. fire and wind), to capture local forest dynamics based
n principles of forest and landscape ecology and incorporated
nowledge from local experts (Price et al. 2012).

Compass Land Consultants Inc., a local timber management
rganization, partnered with The Nature Conservancy (TNC) to cre-
te a ground-truthed land cover map  of the Two-Hearted River
atershed, classified according to LANDFIRE’s nation-wide bio-
hysical settings and state class scheme (LANDFIRE 2007). Since
he map  reflected land cover conditions at the year 2000, it was
pdated to reflect the baseline land cover of the year 2010 by first
anually changing the attributes of specific major locations that
ere known to have been managed from the year 2000 to 2010.

hen, the model was run with only natural disturbance for ten years
o capture the random spatial dynamics of natural disturbances.

Each scenario simulated 100 years of landscape dynamics, from
he year 2010 to the year 2110, and output land cover maps were
roduced at defined years of 2010 (present year), 2060, and 2110.
en Monte Carlo repetition simulations were performed for each
cenario to capture variability of stochastic natural disturbance
vents in the model.

It was assumed that conditions were static in the landscape
odel. For instance, resource demands and harvest goals, as well

s the occurrence probabilities of natural disturbance events,
emained constant over the 100 year simulation period. We  were
ware that climate change may  alter the frequency and intensity
f weather events in the future (Opdam and Wascher 2004). The
orest Scenarios team has also modeled climate change scenarios
n this landscape (Price et al. 2012), but these were excluded from
his study for the purpose of focusing solely on differences between

anagement regimes.

arget species and habitat assessment
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

The target species were selected from a list of species of con-
ern developed with input from local managers and researchers
uring multiple in-person workshops (Price et al. 2012). We
rew species habitat information from local or regional studies,
 PRESS
nservation xxx (2014) xxx–xxx

species management plans and reports by state and federal natural
resource management agencies (e.g. U.S Fish and Wildlife Service,
State Departments of Natural Resources), and expert opinion. Many
of the studies were found using the NatureServe explorer web
application (NatureServe 2013). Habitat information was used to
determine habitat composition and configuration characteristics
deemed important to the species’ life history and survival. Some
important habitat characteristics included forest stand composi-
tion, age, and canopy cover, while important habitat configuration
characteristics included minimum patch size, buffer distance to
edge habitat, and minimum distance to other necessary landscape
elements.

Assumptions had to be made about the transferability of
non-local habitat studies and information to this study location.
Although models can reveal areas of potential suitable habitat, they
cannot predict the presence of the species in those locations with-
out validation.

We selected target species that had relatively specific habi-
tat requirements and altogether represented diverse cover types
and seral stages. In effect, we  intended to represent diverse suites
of other species from the list with similar or less stringent habi-
tat requirements that could not be included. The target species
were: (1) Dendroica fusca (Müller, 1776) (Blackburnian Warbler),
(2) Picoides arcticus (Swainson, 1832) (Black-backed Woodpecker),
(3) Dendroica kirtlandii (Baird, 1852) (Kirtland’s Warbler), (4)
Buteo lineatus (Gmelin, 1788) (Red-shouldered Hawk), and (5)
Scolopax minor (Gmelin, 1789) (American Woodcock). Species’
habitat requirements are summarized in Table 3. Blackburnian
Warblers have a small habitat area requirement and require inte-
rior forest and presence of mature, closed canopy conifer or mixed
stands. Black-backed Woodpeckers require conifer deadwood pri-
marily found in mature stands and have a relatively large home
range. Kirtland’s Warblers are specialists of 5–20 year-old jack pine
stands. Red-shouldered Hawks are predatory birds that require
large tracts of mature deciduous forest with proximity to water
and openings in which to hunt. American Woodcocks are ground
dwellers that feed on invertebrates in moist soil in young decidu-
ous forests and require proximity to openings in which to roost at
night. See Nixon (2012) for more detailed species descriptions and
habitat requirements. Using geoprocessing tools within ArcMapTM

10 (ESRI 2011), we  classified the landscape output maps into pri-
mary habitat, secondary habitat, and non-habitat classes for each
species based on species habitat requirements. Primary habitat was
defined as areas that could support a breeding pair or a brood,
while secondary habitat was defined as additional landscape fea-
tures required for cover or forage. For the primary habitat class,
total area, average patch size, and distance from each patch to its
nearest neighbor (nearest neighbor distance) were calculated using
the 8-neighbor rule in Fragstats (McGarigal et al. 2012). To visualize
potential species habitat resulting from each scenario, maps show-
ing available habitat as well as gains and losses for each species
were created in ArcMapTM using the first Monte Carlo simulation
as an example.

Statistical analysis and scenario ranking

To characterize primary habitat composition and configuration
for each species, the average and standard deviation of the results
of 10 Monte Carlo repetitions for each scenario at each time step
(2010, 2060, and 2110) were calculated for total area, patch size,
and distance to the nearest neighboring patch metrics. For the 2110
maps, we  ran analyses of variance (ANOVA) using R (R Development
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

Core Team 2011) to test the influence of alternative scenarios on
each habitat metric. We  used the Tukey’s honestly significant dif-
ference post hoc test (HSD) (R Development Core Team 2011) to
test for significant differences between pairs of scenario means at

dx.doi.org/10.1016/j.jnc.2014.02.005
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Table  3
Summary of species habitat requirements.

Target species Cover type Minimum core area
(primary)

Minimum buffer
distance to edge
(unsuitable)

Proximity requirements

Dendroica fusca
(Blackburnian
Warbler)a

Approx. ≥18 m tall conifer trees in
≥60 years old mature conifer or
mixed stands. Canopy
closure ≥ 80%.

1 ha 91 m (100 yards)

Picoides arcticus
(Black-backed
Woodpecker)b

Conifer or mixed stands ≥90 years
old (preference for areas disturbed
within 5 years not included in this
model)

100 ha recommended

Dendroica kirtlandii
(Kirtland’s Warbler)c

5–20 year old jack pine 32 ha

Buteo lineatus
(Red-shouldered
Hawk)d

Canopy closure ≥70% with approx.
≥24 m tall deciduous trees in
mature deciduous or mixed stands.

101 ha (250 acres)
recommended

91 m (100 yards) from
human disturbance

800 m from open water or
wetland for forage
opportunities

Scolopax minor
(American Woodcock)e

Early-mid successional deciduous
stands

Feeding habitat: 2.02 ha (5
acres). Roosting fields:
2.02 ha (5 acres).

Prefers edge 800 m from openings used for
roosting

a Doepker et al. (1992); GLBC (2006); Meiklejohn and Hughes (1999); Morse (1971, 1976); Niemi and Hanowski (1992); Sargent and Carter (1999b); USFWS  (2002); WBCI
(2012a); Webb et al. (1977).
b Corace et al. (2001); Tremblay et al. (2010).
c
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Meyer (2010); MIDNR (2012a, 2012b); Probst et al. (2003); USFWS (2012).
Cooper (1999); Craighead and Craighead (1956); Jacobs and Jacobs (2000, 2002); 

Sargent and Carter (1999a); WMI  (2008, 2009).

ear 2110 using a significance level of 0.05. To determine the rela-
ive performance of each scenario, we ranked the scenarios using a
coring system based on the results of the Tukey’s test of significant
ifferences between scenario means. In this ranking system, each
cenario received one point for every other scenario it surpassed in
erformance based on having significantly more total habitat area,

arger average patch size, and closer average nearest neighbor dis-
ance. In effect, higher scores were given to scenarios with habitat

etric results that represented more favorable habitat conditions.
e  summed the points across all species and habitat metrics to

etermine a final overall performance ranking of each scenario.
lso, points were summed for each species to determine their rela-

ive score contribution, which can be interpreted as their sensitivity
o the alternative conservation scenarios.

esults

ll species

The amount and configuration of primary habitat patches dif-
ered significantly (P < 0.05) across alternative scenarios for all
pecies (Appendix, Table 2). Total habitat area decreased after 100
ears for all species in all scenarios with the exception of the
cological scenario for the Black-backed Woodpecker and the Red-
houldered Hawk. The results of the relative ranks scoring method
evealed that the Ecological scenario ranked the highest, followed
y the Current scenario, the Easement scenario, and finally the NCA
cenario (Table 4). Average habitat patch size similarly decreased
fter 100 years for all species in all scenarios except the Ecologi-
al scenario for the Black-backed Woodpecker and the Easement
cenario for the Red-shouldered Hawk. The scores for the average
atch size metric revealed that the Easement scenario ranked the
ighest, while the Current and NCA scenarios ranked the lowest
Table 4).

The average nearest neighbor distance results varied across
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

pecies. While average distance decreased in all scenarios for the
ed-shouldered Hawk and American Woodcock, it increased in
ll scenarios for the Kirtland’s Warbler. For both the Blackbur-
ian Warbler and the Black-backed Woodpecker, average distance
t al. (2011); McKay et al. (2001), Postupalsky (1989); WBCI (2012b).

increased in the Easement and NCA scenarios and decreased in the
Current and Ecological scenarios; the changes since 2010 were rel-
atively small for the Blackburnian Warbler. The Ecological scenario
received the highest rank, while the Easement scenario received
the lowest (Table 4).

The overall ranking of scenarios at 2110 was  based on the
summed scores across all response variables. The Ecological sce-
nario ranked the highest, followed by the Current and Easement
scenarios, which tied, and finally the NCA scenario. The Ecologi-
cal scenario did not receive the highest rank for the average patch
size metric. It also ranked the lowest for all three variables for the
American Woodcock.

The points contributed by each species were summed across the
three metrics (Table 4). The Blackburnian Warbler contributed the
most points, the Kirtland’s Warbler contributed the least, and the
remaining three species contributed similar amounts of points.

Individual species

Blackburnian Warbler
The total habitat area for the Blackburnian Warbler decreased in

all scenarios from over 21,000 ha in 2010, ranging from an average
of almost 18,000 ha (15.35% decrease) in the Ecological scenario to
an average of about 11,000 ha (47.13% decrease) in the Easement
scenario (Fig. 2). In the Current and NCA scenarios, area decreased
to about 16,000 ha and about 12,000 ha, respectively. Total habi-
tat area was  significantly different between all scenarios at year
2110. Average patch size decreased from nearly 77 ha in 2010 in
all scenarios by 2110, ranging from an average patch size of about
28 ha in 2110 in the Current scenario to about 18 ha in the NCA
scenario (Fig. 2). In the Easement and Ecological scenarios, size
decreased to about 20 ha and about 25 ha, respectively. Average
patch size was significantly different between all scenarios at year
2110. Average nearest neighbor distance did not change consider-
ably over time within each scenario, although all scenario results
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

were significantly different from each other at 2110 (Fig. 2). Only
the Ecological scenario saw decreased average distance of about
117 m in 2110 compared to about 130 m in 2010. Average distance
increased to about 150 m in the Easement scenario, to about 137 m

dx.doi.org/10.1016/j.jnc.2014.02.005
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Table 4
Scored results of the four simulated scenarios at model year 100 based on comparisons of the outcomes of three habitat metric response variables for five target species.
Scenarios received one point for every scenario that it surpassed in performance based on the Tukey’s HSD test at a significance level of 0.05. Higher scores reflect more
favorable habitat conditions. Tests were based on ten Monte Carlo model runs per scenario. Species contribution is the sum of points across the scenarios for each species
and  implies sensitivity to alternative scenarios.

Species contribution

Total habitat area Current NCA Easement Ecological

Blackburnian Warbler 2 1 0 3 6
Black-backed Woodpecker 2 0 1 3 6
Kirtland’s Warbler 1 0 1 1 3
Red-shouldered Hawk 2 0 1 3 6
American Woodcock 1 2 3 0 6

Sub-total 8 3 6 10

Average patch size
Blackburnian Warbler 3 0 1 2 6
Black-backed Woodpecker 0 0 0 3 3
Kirtland’s Warbler 0 0 1 1 2
Red-shouldered Hawk 0 2 3 0 5
American Woodcock 1 2 3 0 6

Sub-total 4 4 8 6

Average nearest neighbor distance
Blackburnian Warbler 2 1 0 3 6
Black-backed Woodpecker 1 1 0 2 4
Kirtland’s Warbler 0 0 1 1 2
Red-shouldered Hawk 1 0 1 1 3
American Woodcock 0 2 0 0 2

Sub-total 4 4 2 7

Total  16 11 16 23

Total  species contribution
Blackburnian Warbler 18
Black-backed Woodpecker 13
Kirtland’s Warbler 7
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Red-shouldered Hawk 14
American Woodcock 14

n the NCA scenario, and remained nearly the same in the Current
cenario.

lack-backed Woodpecker

Total habitat area for the Black-backed Woodpecker declined
ver time in all scenarios except the Ecological scenario, which saw
n increase from almost 14,000 ha in 2010 to over 21,600 ha in 2110
Fig. 2). In the lowest ranked NCA scenario, total area dropped to
bout 5400 ha. In the Current and Easement scenarios, area dropped
o about 9300 ha and about 6700 ha, respectively. Total habitat area
as significantly different between all scenarios at year 2110. Aver-

ge habitat patch size showed similar results to total habitat area,
ith only the Ecological scenario seeing increased average patch

izes from about 1300 ha to over 4000 ha in 2110 (Fig. 2). There
as relatively large variability among the Monte Carlo simulations

f the Ecological scenario patch size results (s = 1307 ha), possibly
ue to the lower amount of management activity and therefore
ore spatial variability of disturbance events in this scenario. The

emaining three scenarios saw decreased average patch sizes. In
he lowest ranking NCA scenario, average patch size decreased to
ust below 400 ha, while it decreased to just below 900 ha in the
urrent and Easement scenarios. Only the Ecological scenario result
as significantly different from all other scenarios. Average nearest
eighbor distance trends varied from 2010 to 2110 in all scenar-

os (Fig. 2). In the NCA and Easement scenarios, average distances
ncreased to about 650 m and about 960 m,  respectively, while in
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

he Ecological scenario, average distance decreased to about 260 m.
he Current scenario average distance did not change considerably
ince 2010, remaining at around 390 m.  Average distance showed
arge variability in all scenarios, although there were significant
differences between all scenarios at year 2110 except between the
Current scenario and both the NCA and Ecological scenarios.

Kirtland’s Warbler

All scenarios resulted in decreased total habitat area for the Kirt-
land’s Warbler by 2110 (Fig. 2). The NCA scenario resulted in an
average of about 83 ha in 2110, a reduction of 90.84% since 2010,
and significantly less area than in the other three scenarios. The
other scenarios resulted in between about 430 and 530 ha in 2110,
compared to about 900 ha in 2010. Noticeably, the Easement sce-
nario contained no suitable habitat in 2060, while habitat increased
to over 1300 ha in 2060 in the Current scenario. Scenario outcomes
for average patch size at 2110 were generally consistent with the
total area results, with all scenarios having decreased patch sizes
at 2110 (Fig. 2). The NCA scenario ranked the lowest, having an
average patch size of about 44 ha in 2110. The remaining three sce-
narios resulted in smaller decreases since 2010, during which the
average patch size was about 120 ha. The only significant differ-
ences between results were between the NCA scenario with the
Easement and Ecological scenarios. Average nearest neighbor dis-
tance also showed similar trends, having increased distances in
all scenarios (Fig. 2). The NCA scenario resulted in increased dis-
tance of over 6700 m in 2110, a 385% increase since 2010. Average
nearest neighbor distance increased only slightly in the remaining
three scenarios, ranging between about 1500 m in the Easement
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

scenario to about 3000 m in the Current scenario. Large variability
existed in all habitat metrics for the Kirtland’s Warbler, and only
results between the NCA scenario with the Easement and Ecological
scenarios differed significantly at year 2110.

dx.doi.org/10.1016/j.jnc.2014.02.005
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Fig. 2. Three habitat metrics results for the five target species in the Two  Hearted River Watershed. Results are averages across ten Monte Carlo simulations in the study landscape at the present year (white bar), 50 years (light
gray  bar), and 100 years (dark gray bar) into the future under four alternative conservation scenarios. Error bars represent one standard deviation for results of ten Monte Carlo runs. Data labels in graphs indicate percent change
from  year 2010. Asterisks represent the number of scenarios that performed significantly worse than that scenario.
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ed-shouldered Hawk

The scenario results of total primary habitat for The Red-
houldered Hawk ranged from the Ecological scenario, having
bout 15,700 ha, to the NCA scenario, having about 8700 ha (Fig. 2).
nly the Ecological scenario saw increased area (6.67%) at year
110. All scenario results of total primary habitat were significantly
ifferent from each other. Habitat area was lost from year 2010 to
060 in all scenarios but changed relatively little from 2060 to 2110.
verage habitat patch size decreased in all scenarios over time with

he exception of the Easement scenario, which saw a large increase
n size at year 2110 to about 195 ha compared to about 80 ha at
ear 2010 (Fig. 2). The Ecological scenario saw the greatest reduc-
ion in patch size to about 50 ha. The results were significantly
ifferent between all scenarios except between the Ecological
nd Current scenarios. Average patch nearest neighbor distance
ecreased in all scenarios by 2110, from nearly 130 m in 2010
Fig. 2). The NCA scenario saw the smallest decrease in distance to
bout 122 m,  which was significantly different from the remaining
hree scenarios, in which average distance decreased to about
00 m.

merican Woodcock

At year 2060, all scenarios saw slightly increased total habitat
rea of about 6000 ha for the American Woodcock, but at 2110,
ll areas dropped to under 2000 ha (Fig. 2). The Ecological sce-
ario resulted in the greatest loss of habitat to have about 850 ha,
r about a 77% reduction, since 2010, while the Easement sce-
ario resulted in the smallest reduction of 49.67%. The Current
nd NCA scenarios resulted in reductions of 67.79% and 53.43%,
espectively. Total habitat area at year 2110 differed significantly
etween all scenarios. Average habitat patch sizes declined simi-

arly to total habitat area (Fig. 2). Patch size gradually decreased
ver time in all scenarios, changing from about 50 ha to less than
0 ha from 2010 to 2110. The lowest ranking Ecological scenario
aw a decrease in patch size of 93.16%, while the Easement sce-
ario, the highest ranked, saw a decrease of 83.62%. The Current
nd NCA scenarios resulted in reductions of 90.37% and 85.72%,
espectively. Average habitat patch sizes were significantly differ-
nt between all scenarios at year 2110. Average nearest neighbor
istance decreased from almost 500 m to about 300 m,  with small
hanges between 2060 and 2110, and did not vary significantly
etween most scenarios (Fig. 2). Only the NCA scenario resulted in

 significantly smaller distance than the Easement and Ecological
cenarios.

iscussion

The habitat responses for all five target species in the Two
earted River watershed varied greatly under alternative man-
gement scenarios. All three habitat metrics – total habitat area,
verage habitat patch size, and average habitat patch nearest neigh-
or distance – were significantly influenced by the alternative
cenarios at model year 100, supporting the hypothesis that man-
gement strategies and alternative spatial arrangements of those
trategies influenced these habitat characteristics for the five bird
pecies.

Based on the ranking method that accounted for the three habi-
at metric response variables for five species at model year 100,
he scenario rankings generally supported the hypothesis that sce-
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

arios with a smaller total area of even-aged management would
ank the highest. The rankings generally reflected management
ctivity intensity, particularly the amount of even-aged manage-
ent (Tables 2 and 4). The Ecological scenario experienced the least
 PRESS
nservation xxx (2014) xxx–xxx

amount of even-aged management, and it was the highest ranked.
The Easement and Current scenarios experienced similar interme-
diate amounts of even-aged management, and they tied in rank,
while the NCA scenario, which experienced the greatest amount
of even-aged management, ranked the lowest. A similar conclu-
sion emerged from Zollner et al. (2008), in which the scenario with
the lowest amount of even-aged management had the most posi-
tive impacts on habitat for three diverse wildlife species, while the
scenario in which the highest amount of even-aged management
occurred had the least favorable outcome. Interestingly, in this
study, the Current and Easement scenarios scored the same over-
all, which may  imply that habitat for these target species would be
similarly impacted if the current day TNC lands were placed under a
working forest conservation easement or purchased by TNC. How-
ever, if the total habitat area metric was given more weight in the
analysis, the Current scenario would rank higher than the Ease-
ment scenario, meaning that the fee simple purchase of lands by
TNC would be more beneficial for the target species than placing
those lands under the easement.

If total habitat area was the primary metric considered, the
results would indicate that the purchase of lands by TNC may  have
positive impacts on habitat for the studied target species and that
purchase of additional lands would further increase these impacts.
This is seen by comparing the results of the Ecological scenario
to the Easement and Current scenarios. In the Easement scenario,
current-day TNC lands were placed under working forest conser-
vation easements, and at year 2110, the Easement scenario ranked
lower than the Current scenario in terms of total habitat area.
The Ecological scenario contained more TNC-owned lands than the
Current scenario, and it ranked the highest overall. It may  be appro-
priate to give more weight to the total area metric considering its
more direct importance over connectivity for mobile species such
as birds.

One notable inconsistency in the results was the ranking of the
scenarios for average habitat patch size. Although the Ecological
scenario ranked the highest for two of the metrics, it ranked low
for average habitat patch size. This may  be cause for concern to
emphasize retention of larger patch sizes. Interestingly, while the
Easement scenario ranked highest in average patch size, it ranked
lowest in average nearest neighbor distance (note that high aver-
age nearest neighbor distances resulted in low rankings). These
two metrics may  have been confounded by the variety in species
patch size requirements (thus the variable sensitivity of species
responses), as well as the random nature of how the TELSA® pro-
gram places activities in the landscape and determines the size of
the activity areas within a specified range. The average nearest
neighbor results in particular contained relatively high variabil-
ity.

Because of the general decline in habitat conditions seen in
most scenarios at model year 100, there may  be a need to consider
applying additional strategies that retain old-growth structure and
aggregated habitat areas, such as using longer harvest rotations,
establishing old-growth reserves, and reducing harvest intensity.
Although aggregated harvests have been suggested to reduce frag-
mentation, simulation studies suggest that both aggregated and
dispersed harvest methods reduce the availability of old growth
forest stands over time (Cooke & Hannon 2011).

Differences in scores for species sensitivity to alternative sce-
narios were small, indicating few potential tradeoffs in prioritizing
certain species over others. The only species’ responses that were
generally opposed to the responses of the others were those
of the American Woodcock, a species that prefers younger for-
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

est stands. Hence, choosing a scenario that is best for the most
species may  require separate concern to incorporate management
for the American Woodcock. Other studies of multiple species
habitat assessments in alternative landscape scenarios suggested

dx.doi.org/10.1016/j.jnc.2014.02.005
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imilar contrasting species responses (Gottschalk et al. 2010; Jin
t al. 2010; Wilhere et al. 2007; Zollner et al. 2008). In these
tudies, when no scenario was optimal for all species, many of
he authors concluded that landscapes with high diversity of
over types and seral stages would provide for the most wildlife
axa.

Species sensitivity results did not support the hypothesis that
ertain species that have more specific habitat requirements would
e more sensitive to alternative conservation strategies. The most
ensitive species based on contributed points was the Blackbur-
ian Warbler, while the least sensitive species was the Kirtland’s
arbler. This outcome may  imply that Blackburnian Warbler habi-

at is the most affected by management, and special consideration
ay  be needed in order to avoid degrading rare habitat areas.

onsidering the Blackburnian Warbler had the greatest amount of
abitat in this landscape, while the Kirtland’s Warbler had the low-
st and might be the rarest species, it would be misleading to assign
riorities based solely on these sensitivity outcomes, especially if
abitat for a species decreased in all four scenarios, as it did for
he Kirtland’s Warbler. In fact, if a species with low sensitivity to

anagement also had sparse habitat, it may  imply a strong need
or habitat enhancement or restoration efforts.

It was hypothesized that the species requiring larger patch
izes would be the most sensitive to the alternative scenarios,
hese being the Red-shouldered Hawk and the Black-backed Wood-
ecker; however, these species scored similarly to the American
oodcock, which required a small patch size, and scored below

he Blackburnian Warbler, which required the smallest patch size
f all of the species. The proximity requirements for the Ameri-
an Woodcock and Red-shouldered Hawk likely raised sensitivity
or those species, although they were not the most sensitive
pecies.

Species sensitivity could also be based on the specialization of
 species to a few habitat types. However, the Kirtland’s Warbler,
ndeniably the most specialist of the species, was  the least sensi-
ive, while the Blackburnian Warbler, a relatively generalist species
ased on number of habitat cover types, was the most sensitive. The
utcome for the Kirtland’s Warbler was similar to that experienced
y Zollner et al. (2008), who found no significant influence of alter-
ative harvest scenarios on the warbler, as well as relatively high
ariation in the amount of the warbler’s habitat. They explained
hat the reason for these outcomes was because Kirtland’s War-
lers are restricted to one habitat type, and that this habitat was
ot managed differently between alternative scenarios. This was
lso the case in this study.

Nearly all of the jack pine cover type required by the Kirtland’s
arbler existed on current DNR lands, and these lands remained

he same in all scenarios except the Ecological scenario; even in the
cological scenario, the jack pine cover type was managed similarly
s in the other scenarios. The lower sensitivity of the Kirtland’s War-
ler may  also be explained by (1) the larger variability in the results
ue to the smaller amount of pre-existing habitat in the landscape
because of the small window of time in which Kirtland’s Warbler
abitat is available, changes may  be extreme from decade to decade,
specially since available habitat depends on disturbances to keep
oung stands occurring consistently) or (2) the already-perceived
arity of the endangered bird, motivating existing efforts to main-
ain habitat for the species. Special habitat management that favors
he Kirtland’s Warbler is currently being applied in several jack pine
tands in the Two Hearted River watershed (Sherry MacKinnon,
ichigan DNR, personal communication). In spite of its lower sensi-

ivity, the Kirtland’s Warbler had limited area in the landscape that
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

as at risk of completely disappearing in certain years. If Kirtland’s
arbler habitat would not exist in 2060, as the model revealed

or one scenario, the probability of the population surviving and
eturning in subsequent years would be decreased. This case
 PRESS
nservation xxx (2014) xxx–xxx 9

contributes to the importance of assessing habitat at intermediate
time steps in the model.

Shifley et al. (2006) discovered that the modeled responses of
two disturbance-dependent species were more sensitive to man-
agement alternatives, while two species associated with old growth
forest displayed less variation among scenarios and therefore less
sensitivity. Of the species in this study, the American Woodcock
and the Kirtland’s Warbler are disturbance-dependent species, yet
the sensitivity outcome was  not similar to Shifley et al.’s results.
We  wondered if this was  due to the relatively small amount of
pre-existing cover types for these two  species in the landscape,
lending toward greater variation in results and therefore lower
significant differences between scenarios. Although the Kirtland’s
Warbler seemed to be impacted by this small amount of habi-
tat, the results for the American Woodcock did not have much
variability. This may  imply that characteristics of management
choices were a strong influence on the habitat results, which
may  explain the high sensitivity of the Blackburnian Warbler. In
the parameters of all management schemes with the exception
of the Private management in the NCA scenario, more even-
aged harvest occured in conifer and mixed conifer cover types
which are used by Blackburnian Warblers than in hardwood cover
types.

Limitations and future directions

The outcomes of this study were reliant upon characteristics of
the target species chosen, inherent characteristics of the landscape,
including the amounts and locations of cover types, as well as char-
acteristics of local management regimes. Therefore, the scenario
outcomes may  not be generalizable outside the study area.

Most predictive models carry some uncertainty which may
accumulate with successive time steps. Additionally, it is difficult to
anticipate changes in practices and environmental processes such
as climate change that may  occur in the future. The methods to
evaluate the accuracy of model projections are often not validated
(He et al. 2011; Scolozzi & Geneletti 2011); however, in the practice
of conservation, it is often necessary to work with incomplete infor-
mation in order to make a swift, transparent decision in response
to an urgent issue (Nicholson & Possingham 2006), and objective-
setting is an important step in applying science to policy (Tear et al.
2005). Decisions must be made about tradeoffs between model
simplicity and comprehensiveness.

This study demonstrated that simple scoring models to pri-
oritize species for conservation based on their sensitivity to
management strategies may  not produce expected results and
should be examined carefully. Other factors that would be impor-
tant to consider include species rarity and endemism, species
perceived value, and species vulnerability to threats and climate
change. Further testing of hypotheses relating to species sensitiv-
ity could be performed by theoretically and systematically altering
variables related to these characteristics, which was beyond the
scope of this study.

While objective modeling and analyses such as presented in this
study are convenient and can aid in conservation decision mak-
ing, additional factors may  be important as well. Most prominently,
long-term impacts of management on population size and density
may  vary for different species based on their behavior and life his-
tory traits (Thompson et al. 2003). Losing half of the habitat in a
landscape may  differentially impact a population of a smaller bird
such as the Blackburnian Warbler compared to a population of the
ilability for multiple avian species under modeled alterna-
d in Michigan, USA. Journal for Nature Conservation (2014),

wider-ranging Red-shouldered Hawk, especially considering that
the hawk is territorial. Habitat loss for wider-ranging birds could
result in a significant population decline below a threshold level
that would sustain a viable population. If specific habitat area or

dx.doi.org/10.1016/j.jnc.2014.02.005
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opulation targets were known, scenarios which reached these
argets could be identified, and more objective comparisons and
ompromises could be made.

Establishing a relationship between habitat availability and
opulation viability (species-area or population density-area rela-
ionship) may  be beneficial and could inform minimum threshold
evels of habitat area or population size that could ultimately be
et as conservation targets (Ferrier & Drielsma 2010; Knowlton

 Graham 2010; Larson et al. 2004). However, despite the
onvenience of inferring population size from reported natural
opulation density-area relationships, there likely would be a lack
f a direct relationship between habitat amount and population sta-
us or carrying capacity (Venier et al. 2007). Additionally, without
nitial population estimates for the Two Hearted River water-
hed, the uncertainty surrounding the assumptions precluded the
se of simple species-area relationships in this study. Although it
ould be useful to incorporate population viability analyses or gap

rossing models based on empirical data, the amount of time and
esources needed to perform these analyses is a drawback. This also
uggests why studies tend to have a single-species focus and that

 limitation common to multi-species studies is their inability to
ddress population viability (Jin et al. 2010; Nicholson et al. 2006;
colozzi & Geneletti 2011; Zollner et al. 2008).

In any case, scenario optimization involves not only ecologi-
al considerations but also budget constraints. The scenario that is
ost beneficial for target species does not necessarily indicate the
ost efficient and optimal strategy, since the financial costs asso-

iated with implementing that strategy may  be unfeasibly high. In
 scenario study of various degrees of management modeled by
arzluff et al. (2002), three wildlife species benefited from forest
aturation, yet the forgone revenues from timber harvest were

ubstantial. A scenario with moderate management maintained
ome habitat with much less forgone revenue. Additional questions
ay  need to be asked about trade-offs. Are there scenarios that
ould sufficiently maintain healthy populations while also sup-
orting more harvest and recreational activities? Is it acceptable
o lose local populations of certain species in order to lower risk
f regional extinction for other species? Taken from the concept of
onservation triage (Arponen 2012), is it worth allocating resources
or a species that is close to becoming locally extinct if the feasibil-
ty and chance of success are low? Conservation planning that takes
nto account factors such as population viability, species rarity and
ecoverability, land purchase and management costs, timber rev-
nue, and recreational and perceived intrinsic values would be a
ore comprehensive approach of balancing ecological, economic,

nd social goals than habitat assessment alone. The need to con-
uct such an approach can be addressed with further analyses such
s population modeling, prioritization, optimization, and reserve
Please cite this article in press as: Nixon, K., et al. Habitat ava
tive conservation scenarios in the Two Hearted River watershe
http://dx.doi.org/10.1016/j.jnc.2014.02.005

esign. With an optimal allocation approach, as described by Mace
t al. (2007), one can determine how much funding to allocate to
aximize a species recovery rate, as well as determine the thresh-

ld where additional funds would not result in further gains.
 PRESS
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Conclusions and implications for conservation planning

The results in this study reveal that land management deci-
sions will have significant and long term influence on the amount
and configuration of habitat for diverse wildlife species in the
Two Hearted River watershed and that strategies which are
less economically-driven may  have more advantages for wildlife.
Although one scenario outranked others, it was not the most ben-
eficial across all response variables, indicating a need to adjust
for specific objectives and to use a combination of management
approaches. Habitat and population status in the landscape and
locational factors such as land ownership and potential for areas to
improve connectivity of habitat should also be considered. Habi-
tat for some species appeared to shift across current ownership
boundaries over time, emphasizing a need for cross-boundary com-
munication and collaboration. Additionally, the differences across
species responses to alternative scenarios may  make planning
more difficult, and, as emphasized previously, a solution (or near-
solution) relies upon specific conservation objectives.

The approach here provides a method of evaluating the long-
term implications of forest succession, natural disturbance, and
management activities on wildlife habitat availability taking into
account spatial factors. Although identifying an optimal strategy
may be difficult, the model outputs provide helpful insight to local
managers who want to foresee the potential long-term outcomes
of their practices, compare alternative decisions, understand trade-
offs of managing for one objective versus another, and prepare for
adaptive management. The map  output provides information that
may  be especially useful for facilitating collaborative discussions
about broad-scale spatial considerations in biodiversity conserva-
tion across ownership boundaries (Price et al. 2012) and helping
answer questions of not only how much action to take but where
it should occur. Finally, assessing habitat can provide a basis for
further analyses including population viability analysis, metapop-
ulation modeling, optimization, and prioritization.
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Table A1
Averages of three response variables measuring the amount and configuration of potential habitat patches for five target species in four alternative scenarios. Tests were performed on year 100 results of ten Monte Carlo
simulations per scenario.

2010 Current 2060 Current 2100 NCA 2060 NCA 2100 Easement 2060 Easement 2100 Ecological 2060 Ecological 2100

Blackburnian Warbler
Area (ha) Avg 21,119.4 12,399.7 16,175.0 12,566.4 11,901.2 12,990.9 11.165.5 16.214.7 17.877.0

SD  42.3 137.0 233.9 144.1 302.9 112.3 132.8 199.8 115.3
Patch  Size (ha) Avg 62.2 24.6 28.6 13.5 18.0 25.5 19.8 32.4 25.0

SD  1.1 1.0 1.2 2.7 0.7 0.7 0.6 1.3 0.6
ENN  (m)  Avg 127.2 147.8 127.2 109.9 137.6 142.6 149.9 139.3 118.0

SD  1.5 4.1 3.2 11.1 4.6 3.4 5.2 3.5 2.5

Black-backed Woodpecker
Area (ha) Avg 13,812.7 10,879.9 9345.5 8452.7 5474.5 9523.5 6734.5 15,673.3 21,633.6

SD  67.1 99.4 1313.3 263.4 338.5 149.6 139.7 174.1 214.1
Patch  Size (ha) Avg 1357.2 985.8 896.4 856.1 397.1 1073.7 840.2 2811.1 4059.0

SD  111.3 229.1 342.3 188.2 51.0 204.8 158.7 990.5 1307.0
ENN  (m)  Avg 392.0 287.2 384.0 421.1 653.9 199.7 961.1 69.8 261.8

SD  35.7 90.6 86.1 179.6 235.7 158.4 374.5 63.0 119.5

Kirtland’s  Warbler
Area (ha) Avg 907.8 1308.6 429.4 653.8 83.2 0.0 504.6 598.1 534.4

SD  32.1 277.6 270.7 174.9 67.4 0.0 105.1 270.3 229.8
Patch  Size (ha) Avg 121.2 603.4 80.9 247.0 44.4 0.0 111.0 152.6 98.5

SD  12.1 285.6 34.5 116.9 17.3 0.0 38.5 86.5 34.5
ENN  (m)  Avg 1391.5 2534.0 3097.0 10,324.6 6757.8 0.0 1515.0 2055.8 2003.6

SD  279.7 2314.9 2855.8 7407.3 5332.9 0.0 981.2 1518.5 1157.6

Red-shouldered Hawk
Area (ha) Avg 14,743.9 11,976.7 12,607.9 10,055.9 8741.4 11,453.5 11,026.6 13,924.23 15,741.06

SD  90.7 176.8 121.1 409.8 397.2 269.9 406.0 148.7 243.3
Patch  Size (ha) Avg 82.1 69.9 58.0 82.9 76.1 96.5 195.2 54.7 51.7

SD  2.2 4.6 2.5 3.7 6.2 7.8 25.6 3.0 2.2
ENN  (m)  Avg 129.3 115.5 102.3 129.9 122.6 94.7 105.5 113.6 99.7

SD  4.7 6.7 4.9 11.5 12.8 8.7 19.4 5.4 3.7

American  Woodcock
Area (ha) Avg 3743.9 4299.8 1205.9 4936.1 1743.4 4647.7 1884.3 4232.3 854.7

SD  259.3 230.1 98.3 181.6 131.3 169.7 66.7 176.1 17.00
Patch  Size (ha) Avg 48.9 23.9 4.7 30.5 7.0 25.7 8.0 26.0 3.3

SD  4.8 1.6 0.5 1.8 0.6 1.5 0.7 2.8 0.1
ENN  (m)  Avg 489.8 347.0 335.1 364.8 318.1 326.5 340.0 356.8 346.0

SD  56.4 14.3 13.8 40.8 12.5 13.3 20.00 20.8 16.9

dx.doi.org/10.1016/j.jnc.2014.02.005
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Table A2
Analysis of variance results for three response variables measuring the amount and configuration of potential habitat patches for five target species as a function of four
alternative scenarios. Tests were performed on the year 100 results of ten Monte Carlo runs per scenario. Groups indicate scenarios, and within groups refers to the 10 Monte
Carlo  simulations for each scenario.

Degrees of freedom Sum of squares F-value Prob > F

Total habitat area
Blackburnian Warbler
Between groups 3 318,880,562 2157.20 0
Within  groups 36 1,773,845

Black-backed Woodpecker
Between groups 3 1,643,710,491 1035.50 0
Within groups 36 19,047,794

Kirtland’s Warbler
Between groups 3 1,296,752 10.98 0
Within  groups 36 1,416,909

Red-shouldered Hawk
Between groups 3 259,274,369 784.72 0
Within  groups 36 3,964,837

American Woodcock
Between groups 3 6,855,957 259.89 0
Within  groups 36 316,566

Average habitat patch size
Blackburnian Warbler
Between groups 3 700.49 303.63 0
Within  groups 36 27.68

Black-backed Woodpecker
Between groups 3 85,552,824 55.39 0
Within  groups 36 18,533,201

Kirtland’s Warbler
Between groups 3 25,157 7.26 0
Within  groups 36 41,604

Red-shouldered Hawk
Between groups 3 136,375 231.73 0
Within  groups 36 7062

American Woodcock
Between groups 3 134.81 154.46 0
Within  groups 36 10.47

Average habitat patch nearest neighbor distance
Blackburnian Warbler
Between groups 3 5675.30 105.64 0
Within  groups 36 644.70

Black-backed Woodpecker
Between groups 3 2,894,356 15.97 0
Within  groups 36 2,174,689

Kirtland’s Warbler
Between groups 3 86,275,710 3.95 0.02
Within  groups 36 218,339,894

Red-shouldered Hawk
Between groups 3 3211.90 6.66 0
Within  groups 36 5784.40

American Woodcock
Between groups 3 4324 5.04 0.01
Within  groups 36 10,299

dx.doi.org/10.1016/j.jnc.2014.02.005
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Table  A3
Results of the Tukey’s honestly significant differences tests of multiple comparisons. Components compared were the scenario means of 10 Monte Carlo runs. Tests were
performed on the year 100 results of ten Monte Carlo runs per scenario.

Scenarios compared Mean difference Lower bound Upper bound Adjusted P-value

Blackburnian Warbler total habitat area (ha)
Current NCA −4273.82 −4541.18 −4006.47 0

Easement −5009.44 −5276.80 −4742.09 0
Ecological 1702.01 1434.65 1969.37 0

NCA  Easement −735.62 −1002.98 −468.26 0
Ecological 5975.83 5708.47 6243.19 0

Easement Ecological 6711.45 6444.09 6978.81 0

Blackburnian Warbler average habitat patch size (ha)
Current NCA −10.58 −11.63 −9.52 0

Easement −8.76 −9.81 −7.70 0
Ecological −3.59 −4.65 −2.54 0

NCA  Easement 1.82 0.76 2.87 0
Ecological 6.98 5.93 8.04 0

Easement Ecological 5.16 4.11 6.22 0

Blackburnian Warbler average habitat nearest neighbor distance (m)
Current NCA 10.42 5.32 15.52 0

Easement 22.75 17.66 27.85 0
Ecological −9.21 −14.31 −4.11 0

NCA  Easement 12.33 7.24 17.43 0
Ecological −19.63 −24.73 −14.53 0

Easement Ecological −31.96 −37.06 −26.87 0

Black-backed Woodpecker total habitat area (ha)
Current NCA −3870.99 −4747.10 −2994.88 0

Easement −2610.91 −3487.02 −1734.80 0
Ecological 12,288.11 11,412.00 13,164.22 0

NCA  Easement 1260.08 383.97 2136.19 0.002
Ecological 16,159.10 15,282.99 17,035.21 0

Easement Ecological 14,899.02 14,022.91 15,775.13 0

Black-backed Woodpecker average habitat patch size (ha)
Current NCA −499.29 −1363.49 364.90 0.416

Easement −56.19 −920.38 808.01 0.998
Ecological 3162.61 2298.42 4026.81 0

NCA  Easement 443.10 −421.09 1307.30 0.519
Ecological 3661.90 2797.71 4526.10 0

Easement Ecological 3218.80 2354.61 4083.00 0

Black-backed Woodpecker average habitat nearest neighbor distance (m)
Current NCA 269.88 −26.15 565.91 0.085

Easement 577.03 281.00 873.06 0
Ecological −122.21 −418.24 173.82 0.685

NCA  Easement 307.15 11.12 603.18 0.04
Ecological −392.09 −688.12 −96.06 0.006

Easement Ecological −699.24 −995.27 −403.21 0

Kirtland’s Warbler total habitat area (ha)
Current NCA −346.25 −585.20 −107.30 0.002

Easement 75.21 −163.74 314.16 0.831
Ecological 104.99 −133.96 343.94 0.641

NCA  Easement 421.46 182.51 660.41 0
Ecological 451.24 212.29 690.19 0

Easement Ecological 29.78 −209.17 268.73 0.987

Kirtland’s Warbler average habitat patch size (ha)
Current NCA −36.51 −77.46 4.43 0.095

Easement 30.09 −10.85 71.04 0.215
Ecological 17.55 −23.40 58.49 0.659

NCA  Easement 66.61 25.66 107.55 0.001
Ecological 54.06 13.11 95.00 0.006

Easement Ecological −12.55 −53.49 28.40 0.842

Kirtland’s Warbler average habitat nearest neighbor distance (m)
Current NCA 3660.86 −678.91 8000.63 0.122

Easement −1582.00 −4862.56 1698.56 0.563
Ecological −1093.37 −4373.92 2187.19 0.802

NCA  Easement −5242.86 −9582.62 −903.09 0.013
Ecological −4754.22 −9093.99 −414.45 0.028

Easement Ecological 488.63 −2791.92 3769.19 0.977

Red-shouldered Hawk total habitat area (ha)
Current NCA −3866.44 −4266.15 −3466.73 0

Easement −1581.28 −1980.99 −1181.57 0
Ecological 3133.19 2733.48 3532.91 0

NCA  Easement 2285.16 1885.45 2684.87 0
Ecological 6999.63 6599.92 7399.35 0

Easement Ecological 4714.47 4314.76 5114.19 0

dx.doi.org/10.1016/j.jnc.2014.02.005
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Table A3 (Continued)

Scenarios compared Mean difference Lower bound Upper bound Adjusted P-value

Red-shouldered Hawk average habitat patch size (ha)
Current NCA 18.07 1.20 34.94 0.032

Easement 137.18 120.31 154.05 0
Ecological −6.29 −23.16 10.58 0.748

NCA Easement 119.11 102.24 135.98 0
Ecological −24.36 −41.23 −7.49 0.002

Easement Ecological −143.47 −160.34 −126.60 0

Red-shouldered Hawk average habitat nearest neighbor distance (m)
Current NCA 20.34 5.07 35.61 0.005

Easement 3.19 −12.08 18.46 0.942
Ecological −2.60 −17.87 12.66 0.967

NCA Easement −17.15 −32.42 −1.88 0.023
Ecological −22.94 −38.21 −7.68 0.001

Easement Ecological −5.80 −21.06 9.47 0.738

American Woodcock total habitat area (ha)
Current NCA 537.49 424.55 650.44 0

Easement 678.43 565.48 791.37 0
Ecological −351.22 −464.17 −238.28 0

NCA Easement 140.94 27.99 253.88 0.01
Ecological −888.72 −1001.66 −775.77 0

Easement Ecological −1029.65 −1142.60 −916.71 0

American Woodcock average habitat patch size (ha)
Current NCA 2.27 1.62 2.92 0

Easement 3.30 2.65 3.95 0
Ecological −1.37 −2.02 −0.72 0

NCA Easement 1.03 0.38 1.68 0.001
Ecological −3.64 −4.29 −2.99 0

Easement Ecological −4.66 −5.31 −4.01 0

American Woodcock average habitat nearest neighbor distance (m)
Current NCA −16.98 −37.35 3.39 0.131

Easement 4.95 −15.42 25.32 0.913
Ecological 10.95 −9.42 31.32 0.479
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