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Abstract: Connectivity modeling has been a tool available to the conservation community
since the 1980s that guides our responses to habitat fragmentation. While the sophistication
of computer modeling continues to grow, on-the-ground delivery remains challenging and
lacks urgency. We present an approach to scale up delivery and do so within effective
timeframes. The approach, termed ANCHOR (Areawide Networks to Connect Habitat and
Optimize Resiliency), is grounded in connectivity science but executed in a manner that
is flexible, expandable, and measurable. ANCHOR goes beyond the traditional protected
area focus for establishing connected biomes to maximize the contributions of existing
public lands and expand private landowner participation. The approach is applied using
an umbrella species to represent a faunal group and/or multiple taxa to deliver co-benefits
of landscape connectivity. Public lands receive connectivity rankings that are then used to
engage potential connectivity partners who commit land units and collectively monitor
improvements in habitat quality and landscape resiliency. The ANCHOR approach can
guide unprecedented participation across agencies and departments to create public lands
networks, while private and corporate lands establish landscape connections. To illustrate
the approach, we present an example of native grasslands conservation in the central and
eastern U.S. and an emerging partnership with the Department of Defense.

Keywords: connectivity; native grasslands; circuit theory; Omniscape; Northern bobwhite;
areawide network; ANCHOR; large landscape

1. Introduction

Over the past few decades, the field of connectivity conservation [1-5] has evolved
rapidly thanks to advances in computational technology and the rapid dissemination of
scientific information through open-source software. As a result, conservationists have
been able to design more forward-looking conservation plans, scalable at the ecosystem-
level. But fewer plans have been fully actualized on a range-wide scale. Failure in this
context is less about ‘the strength of the science” and more about ‘the weakness in creating
a network’ of landholders willing to commit to a common plan and implementation. This
paper presents a new coordinated delivery approach to overcome this impediment. The un-
derlying approach delivers conservation through an area-wide network termed ANCHOR
(Areawide Networks to Connect Habitat and Optimize Resiliency) to address large-scale
conservation objectives, using representative or indicator species models combined with
larger landscape conservation models of connectivity and then ranking range-wide indi-
vidual potential connection sites to facilitate partnership development.
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The pilot used to demonstrate the ANCHOR approach focuses on declining grassland
ecosystems in the eastern and central U.S., an area that has experienced loss or degradation
of 80-90% and is considered the most endangered biome in North America [6-10]. Grass-
land birds are the most severely declining avian group [11]. The target species initially used
in the modeling elements of the ANCHOR approach is the Northern bobwhite (Colinus
virginianus, hereafter ‘bobwhite’).

Bobwhites are an indicator of the grassland biome as year-round residents in open
habitats, avoiding mature woodlands and most numerous in patchwork areas of fields,
early successional forests, pastures, rangelands, and southern pine/oak savannas. It is
considered a facultative grassland species as it also occurs in shrubland and depends on
woody cover in the winter to prevent snow from reaching the ground and blocking its
foraging habitat [12,13]. The species ranges across the southern U.S. from Florida and
Texas, north to Massachusetts and southern Ontario, and west to the Great Plains states of
Towa, Kansas, Nebraska, Oklahoma, Texas, and New Mexico. Bobwhite acts as an umbrella
species for at least nine other co-occurring bird species found in grasslands and shrublands
including Bell’s Vireo (Vireo bellii), Dicksissel (Spiza americana), and Grasshopper Sparrow
(Ammodramus savannarum), which are listed as species of conservation concern [14]. Bob-
white population trends have paralleled the loss of grasslands across its range, exhibiting a
sharp 83% decline over recent decades. The rates of population decline are greater in the
northeast and southeast U.S. relative to the western and southwestern regions. Habitat
loss and fragmentation are considered leading causes of global declines and extinctions
of species, and these factors also threaten all quails on western rangelands [15-18]. The
population structure has been described as a metapopulation [19].

Selecting bobwhite to pilot the ANCHOR approach was strategic (see Box 1) as pop-
ulations continue to decline due in part to the “disconnect between the science of quail
management and the broadscale application of quail management” [20-22]. But most
recently Natural Resources Conservation Service’s (NRCS) Working Land for Wildlife
(WLFW) has teamed up with researchers and non-profit conservation organizations in-
cluding Quail Forever to formulate and publish the Northern Bobwhite, Grasslands, and
Savannas Framework [23]. The goal of the framework is to deliver technical and financial
assistance to implement conservation practices on private lands across 25 states, totaling
2.8 M hectares (ha) (7 M acres) of applied conservation practices in the first five years (see
Section 4). The challenge was how to prioritize resource allocation to accelerate outcomes.
The framework provides a platform for testing the ANCHOR approach: defining area-wide
connected habitat based on at-scale modeling, then ranking specific sites for degree of
connectivity across diverse landholdings.

Box 1. Target species characteristics that make the Northern bobwhite strategic for application of the
ANCHOR approach.

Species is:

(a) closely associated with various aspects of the structural and species composition that make up
the biome to meet habitat needs throughout its life cycle (e.g., nesting, brood rearing, forage,
and escape cover),

(b) well studied (e.g., its basic ecology, habitat requirements and management are well researched
and largely understood),

(c) non-migratory (e.g., not exposed to environmental policies across nations outside the manage-
ment control of conservation planning),

(d) of tremendous interest to multiple stakeholders (e.g., in the case of a game species such as
the bobwhite has secured dedicated state game funding and wildlife management efforts for
decades), and

(e) already a focus of conservation planning (see References [12-23]).
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The ANCHOR approach can be applied anywhere and consists of four steps. First step
is to develop the integrated species-habitat models at range-wide scales for umbrella or
target species, paired with omnidirectional connectivity models that further assess whether
connectivity opportunities are distributed in a diffuse or channelized pattern across an
ecosystem. The second step uses model outputs to rank land units on public and private
lands that could serve as habitat “anchors,” with final decisions being made by landholders.
The third step is to engage partners at the national, regional, and local levels to join the
ANCHOR network by committing to invest in conservation actions at sites ranked highest
for connectivity value. The fourth step is an on-going effort in monitoring biotic and
abiotic responses at the site level, as well as measuring network-wide improvements in
habitat connectivity over time. Each network will identify how to assess conservation
outcomes as these will differ greatly, for example between terrestrial and aquatic networks.
Improvements in system connectivity will be measured using a combination of graph
theory combined with other appropriate methods and stakeholder collaboration.

The approach can be applied to a single priority target species or to an umbrella
species to achieve benefits for a faunal group (in our example, declining grassland birds).
Benefits can also be “stacked” by combining species models to assess co-benefits, including
for more than one taxonomic group (e.g., birds and pollinators). Lastly, it can be expanded
geographically by the selection of a suite of species whose distribution models guide
connectivity delivery for larger areas (e.g., North America).

As the conservation delivery starting point, the output list of relative site rankings
identifies specific sites and management agencies that staff can engage to explore will-
ingness to partner and commit “anchors” toward construction of an ANCHOR network.
Rather than promoting a single map of land connectivity targets, the network formation is
guided and the resulting connectivity map fluidly defined from among the ranked linkage
options. In this manner, we are simultaneously building both a social and land-based
connectivity network. This adaptive approach has many practical benefits. First, presen-
tation of static maps to public audiences has been found to alarm communities who fear
forced participation either through regulation or land “takings” to achieve conservation
objectives and this often derails delivery of the foundational connectivity science. Secondly,
by defining the area-wide network flexibly based on land managers’ decisions (i.e., to opt-in
or opt-out), we create a stronger sense of shared vision among connectivity partners where
participants are more willing to manage the habitat to sustain the populations and linear
connections—i.e., “feasible connectivity.” ANCHOR delivers flexibility, which is not only
critical from a conservation delivery standpoint, but is also, as emerging science suggests,
increasingly important from an ecological perspective with changing climate conditions
and land use transformation [24-27]. In this manner, the ANCHOR approach is systematic,
flexible, expandable, and measurable.

2. Materials and Methods

The ANCHOR approach employs several linked models to define habitat quality
and connectivity. The first model produced a habitat suitability surface for the target
species (Northern bobwhite). This surface was used to define a resistance layer for the
second model to generate species-specific connectivity using circuit theory. Connectivity is
assessed across federal land management units to evaluate their relative ranking in terms of
connectivity between units, modeling ecological flow to evaluate the potential contribution
each unit can offer toward the larger conservation objective (grassland biome conservation).

Modeling Population and Habitat Suitability: The University of Georgia’s Martin
Gamebird and Management Ecosystem Laboratory (GAME) Lab modeled the distribution
of high-quality habitats across grassland ecosystems by creating a habitat suitability model
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using location datasets across the Northern bobwhite range from two sources: (1) eBird
data [28,29] consisting of count data from Cornell Lab of Ornithology’s community science
platform from the October 2022 release of the eBird Basic Dataset (EBD) [30], and (2) struc-
tured survey data collected by the United States Geological Survey (USGS) as part of the
annual Breeding Bird Survey (BBS) [31] performed in 2018, 2019, and 2021. Data were first
filtered to ensure that non-detections could be inferred and spatial subsampling applied to
mitigate spatial biases in sampling. Equal area hexagonal grids were defined across the
Northern bobwhite range, with ~5 km between the centroids of adjacent hexagons, using
the Discrete Global Grids R package dggridR ver. 2.0.4 [32].

A suite of covariates was employed to model the impacts of environmental varia-
tion and land use on habitat suitability for bobwhite. These covariates were thematically
grouped into those that described topography, climate, land cover, land use, and distur-
bance in the final model. Land cover variables that captured the mean proportional cover
of broad vegetation classes were hypothesized to affect bobwhite abundance and a gradient
analysis was used to quantify their spatial heterogeneity. Proportional cover variables,
describing the proportional cover of trees, shrubs, perennial forbs and grasses, and bare
ground, were generated using the Rangeland Analysis Platform (RAP) land cover datasets
(Version 3; [33]) spanning 2016 to 2021. The percentage cover (within a 5 km radius of each
pixel) of lands classified as row-crop and pasture-based agriculture were calculated based
on the National Land Cover Dataset (NLCD released for 2016 and 2019) [34] averaged
across the two years. Considering the different detection processes unique to each of the
input datasets (BBS and eBird), the integration of a joint abundance likelihood process
was achieved using a statistical hierarchical Bayesian framework [35-40] to fit the model.
The ultimate output of this suitability model shows an estimate of the relative density of
bobwhite in each grid cell [41].

Land Management Units: To illustrate the ANCHOR approach to landownership we
present results for the top ranked federal lands; a subset of the more extensive dataset of
federal land holdings representing Department of Defense (DoD) military installations,
Army Corps of Engineers (ACE) lands surrounding reservoirs, National Park Service (NPS)
lands designated as Park Units, U.S. Forest Service (USFS) National Forests and Grasslands,
and Fish and Wildlife Service (FWS) National Wildlife Refuges and Waterfowl Production
Areas. Polygon shapefiles representing the boundaries of DoD, ACE, and state lands
were supplied by agency contacts and polygon shapefiles for all other federal lands were
obtained via publicly available data portals. The national park polygons were from the
NPS Boundaries [42] dataset, and we selected only those where the “Unit-Type” attribute
was “National Park”. The national forest polygons were from the USFS National Forests
Dataset (USFS Proclaimed Forests) [43]. The national grasslands polygons were from the
USEFS dataset of National Grassland Units [44]. The national wildlife refuge polygons were
from Environmental Systems Research Institute, Inc. (ESRI) Federal User Community
dataset [45]. The waterfowl production area polygons were from ESRI's U.S. Federal
dataset Waterfowl Production Areas [46]. Only polygons that were within the boundaries
of the continental United States were included in the analysis. All polygons larger than
670 hectares (1500 acres) were imported into Google Earth Engine for processing.

Species-specific Connectivity: The habitat suitability surface inputs were used to
develop a circuit-theory based connectivity model using the Omniscape algorithm im-
plemented in the Omniscape.jl software package in Julia (ver. 1.9). Omnidirectional
connectivity allows all points on the landscape to serve as potential sources and targets
of animal movement [47,48]. The algorithm uses a moving window approach, iteratively
treating every pixel in the source strength layer with a value greater than zero as a tar-
get for electrical current and connecting that pixel to all other non-zero pixels within the
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moving window radius, which serve as current sources. The moving window size thus
sets the maximum distance between movement start and end points. A moving window
radius of 250 kilometer (km) was used, representing the potential movement of bobwhite
over several generations. This moving window radius was determined to be appropriate
given both the relatively coarse nature of raster inputs (5 km x 5 km) and the objective of
identifying important areas for conserving or enhancing bobwhite connectivity over large
spatial scales (i.e., regionally rather than locally important connectivity areas).

Modeling Connectivity: Connectivity is estimated as current flow, proportional to the
expected probability of movement through a given location. Three connectivity values were
calculated for each land unit. First, average connectivity values were calculated across all
pixels within each polygon. Second, average current flow was weighted by polygon area,
with larger polygons weighted more heavily than smaller polygons (i.e., area-weighted
connectivity). This was achieved by splitting all polygons into quartiles based on acreage
and multiplying the polygon’s average connectivity by a correction factor of 0.25, 0.50,
0.75, or 1, depending on the quartile assigned to each polygon. Polygons of a smaller
size were assigned a lower correction value and polygons of a larger size were assigned a
higher correction value. Third, the local connectivity ratio was calculated as the ratio of
the land unit’s average connectivity and the average connectivity within the surrounding
landscape (the average connectivity value across all pixels within a 10 km buffer area).
A bulffer distance of 10 km surrounding each land unit was selected based on bobwhite
dispersal distances and relevance to private lands management around each public land
unit. This metric was designed to add additional context when considering private lands
conservation around a public land “anchor site.” A local connectivity ratio greater than
1 indicates that the connectivity value of the land unit is greater than that of the surrounding
local area, suggesting that the unit may provide important connectivity habitat in an area
of otherwise low habitat connectivity unless we additionally focus on private landowners
in the network. Ratios less than 1 indicate that the surrounding landscape has a higher
connectivity value than the land unit itself, potentially indicating a need for restoration on
the public land unit to increase habitat connectivity.

Modeling derived two input layers for each connectivity model: source strength (the
predicted probability or intensity of movement from a given location) and landscape resis-
tance (the difficulty an animal experiences moving through each pixel on the landscape).
For both input layers, we used the habitat suitability surface, filtering out the 99th per-
centile of predicted values (502 bobwhite/25 km?) to remove outlier values that would
otherwise skew the distribution of predicted bobwhite relative densities. To derive source
strength, a natural logarithm transformation to habitat suitability was applied to further
highlight potential variation in abundance, and then the layer rescaled to have values
ranging from 0 (no source strength) to 1 (maximum source strength) using a standard
min-max normalization based on the range of values within the extent of the model (e.g.,
range-wide or within specific regions, both were assessed). To generate resistance layers a
negative exponential function was used following the work of Keely and associates [49] to
transform the abundance layer into landscape resistance.

Ecological Connectivity Flow value: This assessment was based on normalized current
flow, an output of the Omniscape.jl algorithm calculated as a function of current flow
and flow potential, where flow potential represents the current flow expected under null
resistance conditions (i.e., current flow with no barriers or restrictions) [50,51]. Normalized
current flow was calculated by dividing current flow by flow potential, with a value
assigned to each pixel across the conterminous United States [52]. This normalized current
flow dataset was then clipped to the extent of each unit buffer polygon and the average
normalized current flow value was calculated for each polygon. The global standard
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deviation of all units was calculated and compared to each within-installation normalized
current flow average.

3. Results

Modeling Population and Habitat Suitability: The range-wide habitat suitability
model showed substantial variation in suitability for bobwhite across the model domain.
High suitability was most evident in southern portions of the species’ range particularly
throughout large portions of Florida, southern Georgia, the southern portions of the Gulf
States, and southern Texas to central Oklahoma. Other modeled areas of high suitability
included areas along the western slopes of the Appalachian Mountains and some smaller
areas along the Nebraska-Kansas border. Suitability was predicted to be low along the
westernmost portions of the model range including much of New Mexico and Colorado, at
the northern edge of the model domain and throughout the Midwest and Northeast (see
Figure 1).

SCIENCE PARTNERS

High
1,000 Author: Sarah McTague 1/18/2024
Low Kilometers Sources: USGS, ESRI

A
Habitat Suitability (i 5§ CONSERVATION

Figure 1. Map of habitat suitability for Northern bobwhite based on a hierarchical Bayesian model.
Suitability is represented as the relative density of birds in each 5 km x 5 km pixel.

Ecological Connectivity and Landscape-scale Conservation: The ANCHOR uses se-
lected species-habitat suitability model(s) to supply “resistance layers” for the Omniscape
connectivity assessments. The Omniscape model outputs were then summarized within
polygons representing public land units to quantify the relative connectivity value of each
unit within and across ownerships. Each land management unit was assessed in two
ways to better capture the full context of connectivity features. First, the average current
flow value across all pixels within each land unit polygon was calculated, allowing for
the relative ranking of installations based on the overall level of connectivity provided
(see Figure 2). Secondly, each management unit was differentiated based on categories
of relative flow, i.e., whether current flow across the footprint of a given installation was
diffused, channelized, or impeded (see Figure 3).
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Figure 2. Average bobwhite connectivity value for each DoD installation across the bobwhite range.
Each point represents the centroid of an installation, and the color scale represents the average value
of current flow within the installation boundaries. Inset maps represent the actual boundaries of DoD
installations within Washington, D.C. (i) and Florida’s panhandle (ii).

Channelized

Diffuse /V\/k‘ s : &
Channelized ( 5 CONSERVATION

‘ 2R SCIENCE PARTNERS
Diffuse

Diffuse Impeded Author: Sarah McTague 01/31/2024
Sources: USGS, ESR
Impeded

Figure 3. Relative flow type for DoD installations, based on the bobwhite range-wide connectivity
model. Each point represents the centroid of an installation, and the colors represent the relative
flow category. Insert maps represent the actual boundaries of DoD installations within Washington,
D.C. (i) and Florida’s panhandle (ii).
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Potential Contributions to Landscape-scale Conservation: Modeling produced a
national-level analysis of select federal lands. A subset of the land holdings (only the
top 10 ranked land units) is presented in this paper in Tables 1-3, providing a summary of
federal lands for illustrative purposes. Importantly, these summary data are not intended
to be compared across agencies but rather within an agency. Figure 4 illustrates information
to assist an agency in visualizing the relative ranking based on the bobwhite range-wide
connectivity model across DoD lands to facilitate decision-making.

Table 1. Top 10 ranked areas by agency and their size in area (ha). Ranking scores were weighted by
area size as an indicator of potential carrying capacity of the target species (Northern bobwhite).

DoD ACE NPS FWS USFS
Top Ranked Total Area (Hectares)  Total Area (Hectares) Total Area (Hectares) Total Area (Hectares) Total Area (Hectares)
1 3196 9023 16,835 23,841 1,232,227
2 41,111 7846 33,306 165,902 603,953
3 37,961 11,452 28,976 18,423 550,615
4 25,090 9606 37,838 12,975 1,102,445
5 23,759 13,964 4411 19,569 296,473
6 43,152 17,225 27,681 18,556 33,953
7 23,555 10,530 11,776 30,234 305,052
8 24,960 8429 49,574 16,521 388,296
9 56,098 3277 10,805 8607 13,395
10 73,526 4045 5059 20,478 345,480
" Department of Defense (DoD), Army Corps of Engineers (ACE), National Park Service (NPS), Fish and Wildlife
Service (FWS), and U.S. Forest Service (USFS).
Table 2. Area-weighted connectivity values for Northern bobwhite within the top ranked land units
for each federal agency. All values are relative and are not intended to be compared across agencies
but rather within an agency.
DoD’ ACE NPS FWS USFS
Top Ranked Average Connectivity = Average Connectivity =~ Average Connectivity = Average Connectivity =~ Average Connectivity
1 20.71 10.09 11.73 9.76 7.95
2 8.78 9.09 7.71 7.3 6.79
3 8.62 8.94 7.45 7.13 5.89
4 8.48 8.73 7.05 9.17 5.77
5 8.36 8.61 9.12 6.71 7.57
6 8.31 7.96 6.17 6.7 7.08
7 791 7.95 6.9 6.51 6.19
8 7.57 7.8 5.17 6.48 5.74
9 7.16 10 6.87 8.54 16.24
10 7 9.92 6.04 6.37 5.31
" Department of Defense (DoD), Army Corps of Engineers (ACE), National Park Service (NPS), Fish and Wildlife
Service (FWS), and U.S. Forest Service (USFS).
Table 3. Local connectivity ratio values for top ranked federal land units. Local connectivity ratio
compares connectivity value within the land unit to surrounding lands within a 10 km radius.
DoD "~ ACE NPS FWS USFS
Top ranked Local Conpectivity Local Conyectivity Local Conflectivity Local Conflectivity Local Conflectivity
Ratio Ratio Ratio Ratio Ratio
1 1.12 0.8 0.48 0.89 0.94

2 0.95 0.84 0.92 1.01 0.99
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Table 3. Cont.
DoD” ACE NPS FWS USFS
Top ranked Local (i;)nflectivity Local Conflectivity Local Conflectivity Local Conflectivity Local Conflectivity

atio Ratio Ratio Ratio Ratio
3 0.9 0.89 1.02 0.98 0.98
4 0.98 0.82 0.96 0.71 0.99
5 1.07 0.98 0.97 0.98 1.02
6 1.04 1.02 0.95 1.03 1.02
7 0.98 0.91 1 0.93 1.02
8 0.92 0.87 0.98 0.98 1.07
9 1 0.63 0.99 0.97 1.01
10 0.97 0.9 0.96 0.96 1.05

" Department of Defense (DoD), Army Corps of Engineers (ACE), National Park Service (NPS), Fish and Wildlife
Service (FWS), and U.S. Forest Service (USFS).

—196—380___ 760 N
Kill

T Er{eters' L

Area-weighted
connectivity value

Figure 4. Area-weighted connectivity across DoD land units, based on the bobwhite range-wide
connectivity model. Lighter gray shading indicates the geographic extent of the model. Each point
represents the centroid of a land unit, and the color ramp represents the area-weighted connectivity
value within the land unit’s boundaries. Points with a black outline represent the top 10 land units,
i.e., those with the highest area-weighted connectivity values (corresponding to the top ranked DoD
land units in Tables 1-3).

Categories of Relative Flow: The lands within each unit were further classified into
one of five relative flow categories: impeded, diffuse-impeded, diffuse, diffuse-channelized,
and channelized. The categories were broken down starting with diffuse flow, which
had a range of one standard deviation centered on 1, and each subsequent category was
calculated by adding or subtracting one standard deviation. Categories were based on the
methodology of McRae and colleagues (McRae [50]) with definitions as follows: Diffuse
flow: Connectivity is relatively high across the landscape and is represented by multiple
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potential movement pathways through natural areas or suitable bobwhite habitats. Con-
servation efforts aimed at maintaining these natural areas in their current state may be
appropriate here. Channelized flow: Connectivity is relatively high across the landscape
but concentrated in one or a few high-flow areas (perhaps natural corridors through more
developed landscapes or rugged natural terrain). Channelized areas require management
to maintain a high level of connectivity and prevent further development in high-flow
areas. Impeded flow: Connectivity is relatively low across the landscape, potentially due to
high intensity of human land use or impassable terrain. For intensive human development,
restoration would be required to increase connectivity (see Figure 3).

4. Discussion

Native Grassland Example: ANCHOR was conceived and is being delivered as a dy-
namic approach to establishing effective habitat connectivity at scale. The first application
of the ANCHOR approach uses a game species as the modeling target. This was felt to
be a strategic foundation to capture sustained financial investments made by both state
agencies and recreational hunting organizations and serves to attract partners in creating an
area-wide connected network. The first ANCHOR network is being established in 25 states
across the eastern and central U.S., based on the WLFW Northern Bobwhite, Grasslands,
and Savannas Framework. Top ranked ANCHOR sites are areas of high bobwhite con-
nectivity, and in most cases also high habitat quality, that guide investment of financial
support and technical assistance across landownership to create the necessary connectivity
between them to link populations. Ranking was size-weighted as an indicator of potential
carrying capacity of the target species based on the well-established island biogeography
theory that suggests area size can enhance population resilience in response to stochastic
events and climatic changes that erode habitat quality over time [53-56]. As noted earlier,
the flexibility of the ANCHOR approach allows reranking based on other factors beyond or
in addition to size (Suraci [52]).

Flexible Network: As the basis of ANCHOR, the Omniscape modeling approach
by design allows for omnidirectional establishment of connectivity. This is a significant
advantage over other modeling approaches when working with private lands and the
public, as it is not reliant on or presented as a static map whose rigidity could be alarming.
Instead, a shared vision within rural communities, and with partner agencies results in joint
decision-making based on ranking scores generated by the models. A strong science-backed
process that considers stakeholder concerns and restrictions is more lasting. Agencies will
make independent but coordinated decisions regarding which of the highest ranked sites
will be offered to the ANCHOR connectivity partnership.

ANCHOR Site Designation: Ranking scores are shared with each partner agency in a
technical report that details ranking scores for all land units and includes maps that depict
relative ranking scores across the target landscape. Public land managers use ranking
scores to focus their evaluation of site-specific information and determine each land unit’s
measure of habitat suitability or potential for management improvements, then decide
their capability and willingness to maintain appropriate conservation practices (see Table 4)
in the context of supporting the area-wide network to increase carrying capacity and build
landscape resilience. The ANCHOR approach seeks to connect sites ranked highly by
the modeling effort and deemed suitable by agency land managers willing to commit to
continued conservation management.
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Table 4. USDA conservation practices (CP) creating, planting, or restoring lands, as funded through
the USDA NRCS Environmental Quality Incentives Program (EQIP) hypothesized to have a positive
impact on bobwhite as reported in the national survey performed in 2017 *.

Conservation Practice (CP) Name CP Number
Prescribed burning CP338
Prescribed grazing CP528
Brush management CP314
Weed treatment CP315
Forest stand improvement (forest thinning) CP666
Vegetation establishment through forage CP512
Range plantings CP550
Conservation cover CP327
Field borders CP386
Hedgerows CP422
Native grass plantings CP2
Permanent wildlife habitat CP4
Grass waterways CP8
Wildlife food plots CP12
Contour grass strips CP15
Grass filter-strips CP21
Riparian buffers CP22
Rare and declining habitat CP25
Marginal pasture buffers for wildlife CP29
Marginal pasture buffers for wetlands CP30
Upland bird habitat buffers CP33
Longleaf pine (establish) CP36
State acres for wildlife enhancement CP38
Pollinator habitat CP42

* Courtesy of University of Georgia’s Martin GAME Laboratory.

Each agency or partner will make site-specific assessments following their own prior-
ities, planning documents, and internal guidance to decide which of the highest ranked
sites are offered to the ANCHOR network. In the case of DoD, a 29-point questionnaire
was distributed across all installations to collect detailed information such as acres of
potentially suitable grasslands, management practices employed, species occurrences, and
the level of interest of installation leadership and adjacent private landowners in grasslands
management. DoD is using the results of this questionnaire to further prioritize ANCHOR
sites and support final decision-making. The Forest Service is completing its own Omnis-
cape modeling (a species-agnostic model) and has an existing searchable database known
as Forest Service Activity Tracking System (FACTS) that documents monitoring and site
management actions for national forests and grasslands. The information derived from
modeling efforts and FACTS will inform ANCHOR site decisions. In this manner, each
agency informs the ranking scores produced by ANCHOR models to further prioritize land
units and implement the ANCHOR approach.

Incorporating site-specific information, decisions are made regarding agency commit-
ment at that land unit, and each ANCHOR partner submits shapefiles and a metadata sheet
detailing site establishment and management practices. A publicly available web portal
will continuously provide a map of the growing network plus searchable information on the
habitats provided. All data, reports, and maps will be made available dynamically online
as they are approved and updated [57]. The resulting mapped anchors will expand over
time as trust is established and commitment builds. Collectively, public land management
agencies will make long-term commitments to “anchor” the cooperative conservation effort
and ensure species have stable and connected habitats supporting their core populations.

The Role of Private Landowners: It is assumed that habitats on private lands remain
fluid in aggregate over time reflecting the voluntary nature of private landowner partic-
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ipation. In the United States, programs funded under the United States Department of
Agriculture (USDA) Farm Bill [58] provide the largest source of conservation implementa-
tion funds ($6B annually under current legislation) on private lands. Stability comes not
from any single property or participating individual landowner but from this long-term
commitment of Congress to support conservation on agricultural lands and from the strate-
gic approach of ANCHOR itself across landscapes. To the extent possible, USDA Farm Bill
Programs will support anchored habitats and wildlife on adjacent private lands through
Working Lands for Wildlife and other voluntary program opportunities, including increas-
ing technical and financial assistance for private landowners near designated anchors.

Under the WLFW Northern Bobwhite, Grasslands, and Savannas Framework
(NRCS [23]), USDA NRCS is delivering conservation practices funded by the Environ-
mental Quality Incentives Program (EQIP) totaling 2.8 M ha (7 M acres) over the first
5 years of the plan, 2023-2027. Private landowners are also participating in USDA’s Farm
Services Agency Conservation Reserve Program (CRP) [59,60] implementing conservation
practices that will vary regionally and are hypothesized to have a positive impact on bob-
white as reported in the national survey performed in 2017 (see Table 4) in creating, planting,
or restoring lands. Landowner contracts for CRP are 10-15 years and for EQIP range from
2 to 10 years. Conservation practices delivered by USDA and other partners through
voluntary program participation will parallel those installed on public and other private
land anchors (i.e., non-government organizations, large family holdings, corporations, etc.)
to collectively achieve the goal of connected landscapes and wildlife populations.

ANCHOR Commitment: By establishing an ANCHOR site, public lands managers
or private landowners commit to conserving portions of their lands to benefit grassland
ecosystems and declining grassland birds. Managing these public lands within their
mandates to achieve the agency’s mission is an easier conservation decision than species-
by-species efforts and ANCHOR provides a landscape context that magnifies local efforts
and regional results. In the pilot project, federal agencies have already demonstrated
interest in ANCHOR and its ability to meet connectivity goals to conserve biodiversity and
improve landscape resilience. A five-year commitment is presented as a minimum partner
agreement to participate in the launch of ANCHOR in a manner that is least intimidating
to potential partners and decision-makers with financial and policy considerations. By
joining the network, owners and managers of designated ANCHOR sites also commit to
monitoring. Working with science and conservation partners, the NRCS Working Lands for
Wildlife team has developed a rapid assessment protocol being used across the Framework
area to collect on-site data and field measurements of the bird community and vegetation
response to conservation efforts. The flexibility embedded in the ACHOR approach allows
public-private stakeholders, including agencies, partners, and private landowners, to
consider many factors before committing a land unit to the ANCHOR network.

5. Conclusions

Habitat loss, fragmentation, and decline in ecosystem health threaten populations,
species, and ecosystem function. This is especially true in this era of rapid land use and
climate change. The scale and rapidity of recurring climatic hazards can have a profound
impact on many ecological systems and their functions. Conservation partnerships must
provide connected habitats to optimize resilience and maintain species and ecosystems if
natural systems are to survive current and projected threats. It is our collective responsibility
to ensure that our conservation investments are directed to the right places more effectively
and quickly given the rapidly changing climate and land use changes. But this responsibility
is even more imperative among agencies and land stewards entrusted with managing public
lands, held in trust for the benefit of the entire nation.
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The ANCHOR approach facilitates systematic investments to create broader and more
effective public-private connectivity partnerships. There is no equivalent national effort to
date to actualize the delivery of landscape connectivity that links public lands ownership
across agencies and government departments while integrating private lands. We still have
a piecemeal approach to connect delivery across U.S. federal lands ownerships despite
the many orders governing these agencies (see Table 5). ANCHOR seeks to facilitate
timely decision-making, by delivering the science to guide conservation action to the action
agencies and by establishing a stepwise implementation path—to move beyond policy,
planning, and partnership development—to reach landscape conservation delivery, at the
scales necessary to be impactful in the 21st century.

Table 5. U.S. federal policies and instructions to support connectivity of wildlife habitat on working
landscapes relevant to native grasslands and avifauna conservation.

Issuing Authority

Order or Instruction Year. Title [Reference No.]

Department of Interior (DOI)

2024. Implementing Landscape-level
Approaches to Resource Management. ver.1,
chapter 3. Best Practices: Resource Planning,
Management, and Mitigation [61]

Revised and reissued Department
Manual 604 DM-1

National Park Service (NPS)

2024. Landscape and Seascape Conservation and
Ecological Connectivity through Cooperative
Conservation [62]

Policy Memorandum 24-02

Fish and Wildlife Service (FWS)

2024. Biological Diversity (601) [63] and update
on refuge planning to center landscape-level
approaches (602) [64]

Department Policy Manual Updated
601 FW3, 602 FW 1, 602 FW 2, 602 FW 3

Bureau of Land Management
(BLM)

2024 of the Conservation and Landscape Health
Rule [65] 2022. Habitat Connectivity on Public
Lands [66].

Instruction Memorandum 2023-005

Department of Agriculture
(USDA)

2024. Conserving and Restoring Terrestrial

Secretarial Memorandum 1077-013

Wildlife Habitat Connectivity and Corridors in
the United States [67]

Council on Environmental

Quality (CEQ)

Memorandum for Heads of Federal
Departments and Agencies

2023. Guidance for Federal Departments and
Agencies on Ecological Connectivity and
Wildlife Corridors [68]

Presidential Executive Order

Executive Order EO14072

2022. Strengthening the Nation’s Forests,
Communities, and Local Economies [69]

Department of Defense (DoD)

DoD Requires installations develop
Integrated Natural Resources

2008, 2010. Conserving Biodiversity on Military
Lands: A Guide for Natural Resource Managers
3rd Edition. Chapter 8.2. Fragmentation and

Management Plans (INRMPs) connectivity [70]

Because the ANCHOR approach utilizes Omniscape connectivity modeling, the re-
sults are omnidirectional in identifying connectivity opportunities. Thus, the unavailability
of any one land unit or the reluctance of any individual, partner or group to participate
in ANCHOR does not diminish alternate opportunities to establish habitat connections.
Strategic planning and delivery of connectivity becomes an iterative, adaptive process that
is more sustainable under real-world pressures. Voluntary USDA Farm Bill Conservation
Programs support landowners in joining the developing network and building on habi-
tats already committed to the ANCHOR network. Together it maximizes conservation
efforts in the private sector while offering agricultural producers the flexibility they need to
maintain economic viability. Both public and private ANCHOR partners have the option
of determining their own timelines for participation, though five years is the minimum
initial commitment, and the expectation is that any anchoring land unit that is withdrawn
from the network will be replaced by another simultaneously (e.g., if DoD needs to expand
a bombing range, they can offer another site as a replacement anchor). Though larger
private land holdings will be included in the ANCHOR network (e.g., corporate), generally
public lands will literally anchor the network (and wildlife populations) while private
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lands will augment and connect the more stable public sites. In this manner, connectiv-
ity partnerships will strengthen and grow over time to deliver protected and managed
habitats whose connections facilitate wildlife movements and increase the sustainability of
large landscapes.

ANCHOR takes a practical approach with maximum flexibility offered to potential
partners to rapidly advance conservation implementation. Integrated support models fur-
ther allow multiple taxa associated with the biome to be considered together in formulating
strategic partnerships to complement the relative contributions and generate measures
of co-benefits. For example, preliminary work has already been conducted to integrate
habitat values from a monarch butterfly (Danaus plexippus) habitat suitability models and
the current bobwhite connectivity model with the goal of producing anchor site rankings
that reflect both bird and pollinator benefits in grasslands.

As noted in the Introduction, the field of connectivity science is well established. Avail-
able methods were recently reviewed to provide guidance to compare systematic conserva-
tion planning and ecological connectivity modeling approaches [71-73], including online
resources, modeling programs, tools, and examples to guide connectivity design [74-77].
This paper supplements that body of work with guidance to identify and engage a strategic
public-private network committed to accelerating and expanding the delivery of land-
scape connectivity (i.e., the application of the ANCHOR approach). Deploying ANCHOR
will require the leadership of agencies and government officials to serve as “brokers or
bridgers” [78] and strategically engage and activate those making important land man-
agement decisions [79,80]. As broader partnerships form, the network governance will be
determined by the agencies, organizations, and landowners involved. In this example, we
highlight the work of the NRCS WLFW team who have liaised with other agencies across
25 states in the central and eastern U.S. to conserve native grasslands using bobwhite as an
indicator, guided by the Northern Bobwhite, Grasslands and Savannas Framework.

The contribution of this approach starts with identifying and guiding the delivery
of conservation practices on lands held in the public trust. The approach demonstrates
an adaptive path forward that unifies partners and catapults connectivity agents past the
myriads of existing methods, maps, plans, steering committees, and workgroups, toward
strategic and expedited delivery of connected landscapes which demonstrably benefit bio-
diversity and wildlife conservation, ecosystem health, and rural nature-based economies.
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