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Abstract

Conserving biodiversity requires identifying and prioritizing critical habitats at fine-scale, as coarse-
scale approaches often fail to address the needs of specialized and threatened species. This study
applies a fine-scale prioritization approach across temperate and tropical regions of North America
and the Caribbean using a detailed map of 636 ecosystem types and high-resolution Area of Habitat
(AOH) data. We then evaluated the current protection status and risk of future land use changes for
each habitat type and prioritized them for conservation. Our results revealed that 38% of the area
was identified in the top quartile of high-priority habitats, with 56 (33%) of identified IUCN
threatened ecosystem types captured within these areas. Top priority habitats include the Meso-
American Premontane Semi-deciduous Forest, Central American Caribbean Evergreen Lowland
Forest, and Guerreran Dry Deciduous Forest, all characterized by low protection, high projected
land-use conversion, and large numbers of threatened and habitat-specialist species, highlighting
their urgent conservation importance in Mesoamerican and Caribbean tropical forests. Our findings
emphasize the need for targeted conservation strategies that consider finer-scale habitat
classifications and species requirements to improve the precision of conservation planning,
especially where already at-risk species and ecosystems are located, and human land use intensities
are high.

Keywords: biodiversity conservation; prioritizing sites; habitat representation; land use intensity;
IUCN red list of ecosystems; temperate North America; Meso America; Caribbean

1. Introduction

1.1. Biodiversity Conservation in North America and the Caribbean

Temperate and Tropical North America, including the Caribbean, supports tremendous
biodiversity at genetic, species, and ecosystem levels [1]. This region spans sub-boreal to tropical
latitudes and includes a wide variety of terrestrial ecosystem types, from forests and grasslands to
deserts, freshwater wetlands, and coastal mangroves. It encompasses about 8.5% of the global land
area (excluding Antarctica). The natural ecosystem types found here provide habitat essential to both
common and rare flora and fauna that, over time, have defined the ecological processes and selective
pressures on these species [2]. Several regions across North America such as the Caribbean,
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Mesoamerica, and the southeastern US are among the world’s richest biodiversity hotspots,
harboring some of the highest numbers of animal and plant species, and endemics found nowhere
else on Earth [3,4].

However, despite advancements of protected area systems, threatened biodiversity is still
inadequately protected [5-7]. For example, within the United States, only 12% of land currently falls
under relatively strict formal protection. This leaves about 40% of animals, 34% of plants, and 40% of
terrestrial ecosystem types at risk for extinction or range-wide collapse [8-11]. About 20% of the land
base of the insular Caribbean is designated as protected area [12]. In this region, islands vary in the
degree of protection from less than 5% on the island of Barbados to 60-70% on the islands of
Guadeloupe and Martinique [13].

Addressing these challenges requires a deeper understanding of gaps in protected area
networks, focusing on the ecosystems and particular at-risk species represented. To achieve this,
better tools and data are needed to identify and address gaps in existing protected area networks and
to ensure that conservation strategies are informed by the specific habitat requirements of species
most at risk.

1.2. Biodiversity Conservation Planning

Biodiversity conservation planning has evolved significantly in recent decades, transitioning
from localized efforts to protect specific habitats and species to landscape-level approaches that
consider more comprehensive representation and conservation of ecological patterns, processes, and
connectivity [14,15]. Early landscape approaches, such as gap analysis, focused on identifying
unrepresented biodiversity within protected areas and then filling these “gaps” with new or
expanded areas [16], while the concept of biodiversity “hotspots” emphasized regions offering the
highest conservation benefit-to-cost ratios for biodiversity and endangered species [1]. As data
complexity increased, systematic planning methods and software, as well as scenario planning,
emerged to integrate diverse datasets and prioritize places to meet specific goals for biodiversity
representation [17-19]. However, challenges in quantifying representation goals led to the creation
of scoring systems and multi-criteria indices that evaluate conservation value based on ecological,
social, and economic factors [20,21].

Advances in mapping technologies have also enabled the integration of diverse datasets to
create maps that highlight areas of high conservation value [22]. For example, by combining at-risk
species distributions with their representation in protected areas, one can map priority regions for
action [23]. Indexing approaches, which underpin many of these tools, now allow conservation
planning to incorporate dynamic processes such as species movement, as well as socio-economic and
land-use considerations and climate change effects [22,24-26]. These tools, while varied in their
features and assumptions, provide critical insights for targeted and context-specific conservation
efforts.

1.3. Fine-scale Maps for Regional Conservation Plans

Conservation planning at continental or regional scales has historically relied on broad
ecological classifications like ecoregions or biomes to represent biodiversity and ecological
variability. While these classifications are valuable for understanding global patterns, they often fail
to capture many habitat requirements of species, especially those with narrow ecological affinities or
those already at risk of loss [9,27]. For example, species that require specific vegetation structures or
particular floristic compositions can be overlooked in generalized habitat classifications, potentially
leading to inadequate conservation actions for rare or microhabitat-dependent species, even when
broader generalized habitat types appear intact [9,28]. Addressing these gaps requires a multi-
dimensional approach to biodiversity characterization that considers the complex ecological patterns
and processes that sustain biodiversity at finer scales [12,29-31]. By integrating these approaches,
conservation efforts can more accurately identify relationships between species and their habitats,
and target strategies that more closely reflect ecological realities. High-resolution, detailed data are
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essential to bridge the gaps left by broader classifications, enabling more precise mapping of
biodiversity distributions and prioritization of conservation actions [7,10,32,33]. Without such data,
at-risk species may remain inadequately protected, and conservation efforts may fail to address the
complex patterns and processes that sustain biodiversity.

1.3.1. International and Hierarchical Ecological Classification

While the need for finer-scale data is evident, creating high-resolution, continental-scale maps
that capture localized habitat characteristics remains challenging. Issues such as landscape variability
over short distances, inconsistencies in land cover classifications across political jurisdictions, and
limited data at finer spatiotemporal scales have historically constrained efforts to map habitats
accurately [34,35]. However, recent advancements in geospatial technologies and remotely sensed
data have allowed for the development of more precise and comprehensive ecosystem maps. One
significant innovation is the development of standardized habitat classifications, such as the
International Vegetation Classification (IVC)[36]. The IVC offers an eight-level hierarchical taxonomy
for defining existing vegetation types, ranging from broad global formations to detailed fine-scale
units numbering in the tens of thousands. This taxonomy enables the integration of complex
ecological factors, such as vegetation structure, floristic composition, and environmental gradients,
making it a more reliable proxy for species habitats [34]. The hierarchical structure also provides a
mechanism to integrate existing habitat classifications and maps at consistent levels of thematic
detail. The IVC has been applied in ecosystem mapping down to hierarchy Level 5 across North and
South America, as well as in Africa, enabling consistent mapping of ecosystems at varying scales and
facilitating the integration of ground-based observations with remotely sensed data [34,37,38].

1.3.2. Area of Habitat (AOH) Maps

While ecosystem maps provide valuable information about habitat location, species distribution
maps are crucial for identifying areas where individual species are most likely to occur [39,40].
However, the range maps provided by the International Union for Conservation of Nature (IUCN)
are often generalized and imprecise, particularly for rare and threatened species that have limited
data on their distributions [41]. The IUCN maps typically overestimate species ranges in an effort to
minimize errors of omission, so they may lead to conservation action in areas that are unlikely to be
occupied by the species [41-43]. To address these shortcomings, Area of Habitat (AOH) maps offer a
more detailed representation, incorporating data on habitat types, elevation ranges, and other
environmental variables specific to each species. AOH maps also exclude unsuitable habitat within
broader range boundaries, leading to a more accurate depiction of potential species distributions.
Recent advancements in high-resolution AOH maps (at 100-meter pixel resolution) for birds and
mammals provide refined models of species distributions, enabling more precise targeting of
conservation efforts [43].

By incorporating high-resolution AOH maps with fine-scale ecosystem data, we can more
accurately represent the relationship between species and their habitats. This approach ensures that
conservation actions can more effectively target ecosystem types critical for the survival of
threatened, rare, and ecosystem-dependent species, particularly those whose habitat features are
often overlooked in broader ecological classifications.

1.4. Spatial Prioritization with a Conservation Value Index

In this study, we aimed to prioritize habitats in North America and in the Caribbean for
biodiversity conservation by integrating fine-scale habitat and species distribution data. Our specific
objectives were to: (1) identify ecosystem types that support many threatened species or those that
are closely associated with specific habitat types; (2) assess the percentage of each habitat type
currently under protection; (3) evaluate the risks posed by future land-use changes; (4) apply a
Conservation Value Index (CVI) that integrates these factors to map priority conservation areas; and
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(5) evaluate the priority areas identified by comparing them to ecosystems previously assessed for
at-risk status using the JIUCN Red List of Ecosystems framework [8]. Here, we build on earlier
continental-scale analyses based on coarser IVC Level-5 habitat maps [38], by using more detailed
species-habitat associations approximating IVC Level-6 to capture finer habitat distinctions for
distribution mapping. By incorporating this fine-scaled data and comparing our findings with
previous studies, we aim to address gaps in conservation priorities that use coarser classifications
and highlight the value of fine-scale ecological data in improving conservation planning.

2. Materials and Methods
2.1. Datasets

2.1.1. Habitats Based on Ecosystem Type Maps

Our study area spans temperate and tropical regions of North America and the Caribbean,
extending from southern Canada south to Panama including all Caribbean island countries (Figure
1). We used the NatureServe terrestrial ecological system units [44] to define habitats (Supplementary
materials - Appendix A). These units comprise 633 distinct natural and three semi-natural types,
representing the highest-resolution mapped units across our continental study area [8]. These units
approximate the IVC Level 6 [36]. However, they differ from the IVC in classification approach, in
that the IVC specifically describes existing, observable floristic assemblages along a “natural” to
“cultural” continuum, while the ecological systems concepts integrate attributes of environmental
setting and dynamic processes with natural vegetation structure and composition to define units. A
key advantage of using ecological system units is their applicability in modeling past, current, and
projected habitat type distribution, making them valuable for evaluating conservation priorities
under past-to-future land-use scenarios. They are also used to assess alteration to natural dynamic
processes like wildfire regimes and as practical units for ecological restoration and management [45].
Given these characteristics, they were also utilized for documenting relative at-risk status under the
TUCN Red List of Ecosystems [8].
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Figure 1. The study area includes temperate portions of southern Canada and extends south to include all of
Mexico, Central America, and the Caribbean. This figure includes the potential/historical distribution of 633
natural ecological system types assessed (from [8]) minus land uses. The map of current distributions for 636

natural and semi-natural types was used in our analysis.
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These ecological system units exhibit substantial variation in both natural or potential/historical
distribution (Figure 1) as well as current extent. For example, there are 20 types occurring today on
less than 1 km? while the most extensive, the Northwestern Great Plains Mixedgrass Prairie occupies
260,961 km?. The subcontinental map of both natural ecosystem types and current land use classes
was developed at a 90 x 90 m spatial resolution, reflecting distributions from 2010-2018 [34]. To ensure
consistency and enable accurate comparisons, all subsequent spatial datasets and analyses were
resampled to this resolution.

2.1.2. Species Distribution

To assess species habitat patterns across the study area, we used a high-resolution Area of
Habitat (AOH) for terrestrial mammals and birds from Lumbierres et al. [43]. These maps, developed
at 100 x 100 m resolution, provide the most detailed species-specific habitat models currently
available, offering a globally consistent approach to estimating suitable habitats. Within our study
area, we identified 2,654 species, comprising 845 mammal species and 1,809 birds species, based on
species range data compiled for the International Union for Conservation of Nature (IUCN) Red List
assessments. Among the bird species, 534 were migratory, while 1,275 were non-migratory.

2.1.3. Protected Areas

To evaluate the protection status of ecological systems within our study area, we used protected
area polygon data from the World Database on Protected Areas [46]. The WDPA is the most
comprehensive global repository of protected areas and other effective area-based conservation
measures (OECMs), covering both terrestrial and marine regions. For this study, we used the full
dataset and cropped it to match the geographical extent of our study area, ensuring that all the
relevant protected areas and OECMs were included. Within the extent, the dataset contained 60,261
protected areas, encompassing both terrestrial and marine sites. However, when considering only
terrestrial protected areas, these cover a total of 8.20% of land area. These sites span six different
protection categories, ranging from Strict Nature Reserves to Managed Resource Protected Areas, as
defined by the IUCN Protected Area Categories System. By incorporating all six protection levels,
our analysis provides a comprehensive assessment of how well ecosystems and priority habitats are
represented within existing conservation framework.

2.1.4. Projected Land-Use

To assess near-future land-use changes within our study area, we utilized high-resolution land-
use projections from Chen et al. [47]. This dataset, with a spatial resolution of 0.05° x 0.05°, projects
future land-use scenarios derived from Shared Socioeconomic Pathways (SSPs) and Representative
Concentration Pathway (RCPs). It aligns spatially with the Land-Use Harmonization version 2
(LUH2) dataset but offers finer resolution, making it particularly useful for analyzing anthropogenic
land-use impacts in the context of biodiversity conservation. Among the available projections, we
selected the SSP3-RCP4.5 scenario, which represents a moderate socioeconomic trajectory, where
greenhouse gas emission peak around 2040 and radiative forcing stabilizes at 4.5W/m?2 by 2100. This
scenario provides a realistic balance between land-use expansion and environmental policies,
offering a neutral yet policy-relevant perspective for conservation planning.

The global land-use maps within this dataset classify land cover into 32 distinct categories. For
our analysis, we focused on anthropogenic land uses, which include cropland, bioenergy production,
and urban expansion. These land-use types (categories 15-31) were merged to quantify the total
percentage of each grid cell projected to be converted to human-modified landscapes by 2030. We
chose 2030 as the focal year to align with global conservation commitments, particularly the
Convention on Biological Diversity (CBD) Global Biodiversity Framework, which sets a target of
protecting at least 30% of terrestrial ecosystems by 2030 [48,49].
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2.2. Analytical Workflow

Our analysis steps, adapted from Schulte et al. [38] are illustrated in Figure 2. First, an overlay
analysis was conducted by integrating the NatureServe terrestrial ecological systems classification as
habitat units with Area of Habitat (AOH) data to calculate the percentage of overlap between a
species” AOH and a habitat type, with any percent overlap used to determine a species presence with
that habitat. This step enabled the identification of birds and mammals species composition within
each ecological system type (Figure 2a). For migratory birds, the analysis was performed separately
for their resident, breeding, and non-breeding AOHs, and the results were subsequently aggregated
to maintain methodological consistency.

Following this, species were filtered based on their threatened status to determine the number
of threatened species associated with each habitat type (Figure 2b). Threatened species were defined
according to the IUCN Red List categories, including Critically Endangered, Endangered, and
Vulnerable species. To further quantify species-habitat associations, we developed a habitat
specificity metric. This metric calculated the average of percent overlap of each species’ AOH with
each habitat type distribution. The individual species scores were normalized by dividing each by
the maximum value among all assessed species. Therefore, higher scores for habitats host many
species with high habitat specificity or strong overlap (Figure 2c). This approach provides a
continuous metric, thereby offering a nuanced metric of species-habitat type relationship.

To evaluate the extent of protection for each ecological system, an overlay analysis was
conducted between ecological system maps and protected area polygons (Figure 2d). This analysis
provided percentage protection values, allowing for an assessment of coverage gaps within the
existing conservation network. Subsequently, to examine the potential risks posed by future land-use
changes, projected land-use data were integrated with ecological system distribution maps. The
average probability of land-use conversion within each ecological system by 2030 was then calculated
(Figure 2e), identifying ecosystems most susceptible to anthropogenic transformation. The results of
these analyses were used to develop a Conservation Value Index (CVI) (Figure 2f), which integrates
species distributions, protection status, and projected land-use pressures.

Habitat type

NatureServe Terrestrial
Ecological System
(approx. IVC Level 6)

Total number of

a. Species distributions X
threatened species

Area of Habitat (AOH) maps for
terrestrial birds and mammals based
on IUCN range and threatened status

b.

Habitat-specificity C.

d. Protected areas Metric

World Database of Protected Areas (WDPA) [

€. Human land-use ) % of Habitat Protected

Projected land-use in 2030 based on
the Shared Socioeconomic Pathways
(SSP3) scenario with Representative

Concentration Pathway 4.5 (RCP4.5) % Land'use Change

Conservation Value Index f.

Figure 2. Analytical workflow for assessing conservation priorities based on species distributions, protection
status, and projected land-use change within habitats defined by the NatureServe terrestrial ecological system
classification. The workflow includes: (a) overlaying habitats with Area of Habitat (AOH) data for terrestrial
birds and mammals, (b) filtering species by threatened status, (c) calculating a habitat specificity metric, (d)

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.0053.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 March 2026 d0i:10.20944/preprints202603.0053.v1

7 of 25

assessing the extent of protected areas (World Database of Protected Areas, WDPA), (e) integrating projected
land-use change for 2030 based on Shared Socioeconomic Pathways (SSP3-RCP4.5), and (f) calculating the
Conservation Value Index (CVI) by combining species distribution, protection, and land-use change data. Figure

modified from Schulte et al. [38]with permission.

2.3. Mapping a Conservation Value Index

The final step was the implementation of the Conservation Value Index (CVI) (Figure 2f),
expanding upon prior analyses [38]. This index integrates multiple ecological and conservation
parameters into a standardized composite metric, allowing for a more comprehensive assessment of
habitat conservation priorities. The CVI calculation follows the formula:

CVI=(0.25+(T/Tmax))+(0.25%(HSM))+(0.25%(1~(Pr/Prmax)))+(0.25%(LUC/LUCmax))

where:

e T=Number of threatened species within the habitat type.

¢ T_max=Maximum number of threatened species across all habitat types.

e  HSM = Habitat Specificity Metric (0.0-1.0) of habitat specificity of assessed species relative to
each habitat type.

e  Pr="Percentage of the habitat type’s range within protected areas.

e Pr_max=Maximum percentage of habitat protection across all habitat types.

e  LUC = Average probability of land-use change within the habitat type range.

¢ LUC_max = Maximum land-use change across all habitat types.

The mapped CVI results were subsequently displayed by quartiles.

2.4. Evaluating Results with Outputs from Prior Analyses

As noted previously, methods deployed here differed from prior analysis [38]. One difference
was that a more thematically detailed habitat classification was used. This finer classification resulted
in a greater number of distinct habitat type units. The higher detailed resolution enabled spatial,
thematic, and numerical comparisons of results between this and the prior study for this
subcontinental study area. Spatial overlays were used to quantify both the total extent and the area
of overlap between the ecological systems identified in this study and the prior analysis.

Additionally, we compared our results with outputs of independent analysis of these same
ecological system units under the IUCN Red List of Ecosystems [8,50]. Through spatial overlays, we
quantified the number and proportions of each ecological system type identified within priority
conservation areas by their IUCN status from “Critically Endangered” to “Least Concern.”

We segmented the CVI result map by quartile to aid in summarizing and evaluating CVI results
in combination with both the prior Americas-wide analysis [38] and IUCN Red List data set [8]. In
these two analyses, we report results emphasizing portions of each data set included within the upper
quartile (i.e., top 25%) of the CVI result. Quartiles were defined by ranking the 636 habitat types by
their CVI scores and dividing them into four equal groups (n = 159 types per quartile), where Q1
represents the lowest scores and Q4 represents the highest. The quartiles were independent of the
spatial extent of each habitat type.

3. Results

3.1. Species

3.1.1. Threatened Species

Within the study area, 271 species were identified as threatened, accounting for 10.2% of all
species included in the study, with 46 species listed as Critically Endangered (CR), 100 as Endangered
(EN), and 125 as Vulnerable (VU). There were 131 threatened mammal species making up 15.5% of
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all mammals, while 140 threatened bird species 7.7% of all birds. A greater proportion of non-
migratory birds (106, 5.8%) were found to be threatened compared to migratory birds (34,
1.9%)(Supplementary materials - Appendix B).

The breakdown of IUCN Red List scores by species category were: Mammals: 23% (CR), 40%
(EN), and 37% (VU); Migratory birds: 6% (CR), 35% (EN), and 59% (VU); and Non-Migratory Birds:
13% (CR), 33% (EN), and 54% (VU) (Supplementary materials - Appendix B). While some threatened
species were associated with at least some habitats across the entire study area, there was a
concentration of threatened species associated with habitats throughout southerly latitudes and
centering on subtropical North American deserts and extending south throughout the tropical forests
across Mexico, Central America, and across the Caribbean islands (Figure 3A).

Threatened mammals species were associated with 149 habitats, accounting for 23.43% of all
habitats assessed. The highest numbers were found in Central America and Mexico, particularly
associated with habitats like Madrean Subalpine Pine Forest, Mexican Deciduous Cloud Forest,
Guerreran Dry Deciduous Forest, Mexican Upper Montane Pine-Oak Forest and Woodland, Meso-
American Premontane Semi-deciduous Forest, North Meso-American Lower Montane Pine-Oak
Cloud Forest each supporting from 28-16 threatened mammals species (Supplementary materials -
Appendix A).

By comparison, threatened migratory bird species were associated with 91, representing 14.31%
of all habitats assessed. Meanwhile threatened non-migratory bird species were associated with 105,
covering 16.51% of all habitats assessed. The highest numbers of habitat-associated threatened non-
migratory birds were in the Caribbean and Central America, particularly in Caribbean Seasonal
Evergreen Submontane/Lowland Forest, Meso-American Premontane Semi-deciduous Forest ,
Caribbean Wet Submontane/Lowland Forest, Caribbean Lowland Semi-Deciduous Woodland and
Caribbean Coastal Dry Evergreen Forest; supporting between 27-16 threatened species
(Supplementary materials - Appendix A).
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Figure 3. Spatial distribution of threatened species associated with habitats that occur across the Temperate and
Tropical North America and Caribbean study area. The color gradient represents the total numbers of species
for each habitat, ranging from yellow (indicating lower species richness, i.e., a value of < 1) to dark blue

(indicating higher species richness). White areas indicate regions classified as NA (non-habitat).

For threatened migratory birds, habitat-associated species numbers were lower (<5 per
individual habitat), but highest numbers were associated with habitats in the Western Temperate
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North America and in Central America. In particular, Meso-American Premontane Semi-deciduous
Forest, Laurentian-Acadian Northern Hardwood Forest, Central American Caribbean Evergreen
Lowland Forest, Acadian Low-Elevation Spruce-Fir-Hardwood Forest, Talamancan Lower Montane
Wet Oak Forest each supporting from 3-5 threatened bird species, respectively (Supplementary
materials - Appendix A).

3.1.2. Relative Habitat-Specificity in Assessed Species

Our analysis identified 359 (13.5%) of what we called ‘habitat specialist’ species; each with >50%
of their Area of Habitat (AOH) within just one habitat type (Appendix B). Among them, 116
mammals species (representing 13.72% of all mammals) and 243 bird species (representing 13.43% of
all bird species) could be considered habitat specialists. Notably, non-migratory birds had a
significantly higher number of habitat specialists, with 226 species, compared to 17 species among
migratory birds. The proportion of non-migratory birds classified as habitat specialists was 12.49%
of all bird species. As expected, for migratory birds, this percentage was considerably lower at 0.93%.
Among the habitat-specialist mammals were the Black-headed Spider Monkey (Ateles fuscieceps). For
non-migratory birds, notable habitat specialists included the Unspotted saw-whet owl (Aegolius
ridwayi) and the Imperial amazon (Amazona imperialis). Among migratory birds, key species were the
Gyrfalcon (Falco rusticolus) and the Pacific loon (Gavia pacifica)(Supplementary materials - Appendix
B).

Among mammals with >50% of their AOH associated with a given habitat type, there were 75
habitats (11%). For non-migratory birds, there were 50 habitats (7.8%), and for migratory bird species
there were 27 habitats (4.2%). Among these areas, the Central American Caribbean Evergreen
Lowland Forest emerged with the highest numbers of habitat specialist species with 226 species,
including the most habitat specialist mammals (46 species) and birds (180 species: 2 migratory, 178
non-migratory) (Appendix A). Other habitats, including Meso-American Premontane Semi-
deciduous Forest, Bosque Pluvial Premontano del Chocé-Darién (Choco-Darien Premontane Cloud
Forest), Talamancan Lower Montane Wet Oak Forest, and Guerreran Dry Deciduous Forest each
supporting from 15-23 mammal species, respectively (Appendix A). There were also the Caribbean
Seasonal Evergreen Submontane/Lowland Forest, Manglar Costero y de Estuario del Caribe
(Caribbean coastal and Estuarine Mangrove), Pacific Coast and Estuarine Mangrove, and Northwestern
Great Plains Mixedgrass Prairie among those supporting the highest densities of birds (both
migratory and non-migratory) (Supplementary materials - Appendix A).

The habitat specificity metric (HSM) creates a different picture of species distributions (Figure
4) from that for threatened species (Figure 3). When looking at all species, the maximum index score
is 11.8, while the maximum possible score for threatened species is 30, indicating that threatened
species have a much higher average percentage of their range associated with a given habitat type.
While there are again many high-scoring habitats for this metric in tropical latitudes, there are also
many temperate habitats within the USA and southern Canada with higher scores. These areas are
generally concentrated in the grassland habitats of the Western Great Plains, cold desert shrublands
of the intermountain West, humid eastern forests of Ozark and Appalachian mountain ranges, and
boreal transitional forests of the northern Great Lakes region and western temperate Canada (Figure
4).

Most habitats with highly protected proportions are concentrated in montane temperate forests,
northern boreal transition forests, the Mojave and Sonoran deserts, the South Florida Everglades,
some Caribbean high elevation or coastal mangrove forests, and some MesoAmerican forests from
the Yucatan Peninsula south through Panama (Figure 5). There were 37 habitat types (5.8%) with
>50% of the current extent falling in protected areas. Among these habitats are those that tend to
occur at higher elevations (e.g., Mediterranean California Subalpine Woodland, Madrean-
Transvolcanic Zacatonal) or those that naturally occur in extensive wetland settings (e.g., Caribbean
Emergent Herbaceous Estuary, Florida Big Bend Salt and Brackish Tidal Marsh)(Supplementary
materials - Appendix A). We found 57 types (9%) with 30-50% of their area protected. Those habitats
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are quite varied in their type representation and geography from throughout the study area. Most

extensive of these included e.g., Hispaniola Montane and Upper Montane Pine Forest, Northern
Rocky Mountain Subalpine Woodland and Parkland, and Manglar Costero y de Estuario del Caribe
(Caribbean Coastal and Estuarine Mangroves) (Supplementary materials - Appendix A).
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Figure 4. Spatial distribution of the habitat specificity metric (HSM) including all threatened mammals and birds
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relatively low proportions of habitat ranges falling into existing protected areas while darker colors represent
high proportions of habitat area protected. The color scheme ranges from yellow colors, representing habitats
with less than 10% protection, to light green with those protected from 10-30%, and blue colors indicating habitat
types with over 30% of their current extent protected. White indicates lands converted for intensive human land

use.

A total of 542 habitats (85%) had less than 30% currently protected with an average protection
level of 15.6% across all types (Supplementary materials - Appendix A). These habitats are
concentrated in grasslands of the central and southern Great Plains, humid forests and woodlands of
the lower Mississippi River valley, the southeastern U.S. Coastal Plain, and some forests of the Pacific
slopes and lowlands of MesoAmerica.

There are 228 habitats (35.8%) with between 10% and 30% area protected. Among the most
extensive habitat types in this category are Central American Caribbean Evergreen Lowland Forest
(19% protected), Laurentian-Acadian Northern Hardwood Forest (11.9% protected), Meso-American
Premontane Semi-deciduous Forest (16.5% protected), and Sonora-Mojave Creosotebush-White
Bursage Desert Scrub (17.7% protected).

Of the 314 habitat types (49%) with <10% area represented within protected areas, many are
concentrated in the Great Plains and western USA and adjacent Canada and in Mexico. Those with
most extensive distributions include Northwestern Great Plains Mixedgrass Prairie (4.4% protected),
Inter-Mountain Basin Big Sagebrush Steppe (5.8% protected) or Guerreran Dry Deciduous Forest
(5.9% protected)(Supplementary materials - Appendix A).

Among the top 20 habitats supporting the most threatened species, those with numbers ranging
from 60-100 threatened species, only 3 have a protection level of at least 30% (Supplementary
materials - Appendix A). The Meso-American Palustrine Vegetation, the habitat that supports 100
threatened species, is primarily found in Mexico, Central America, and the Caribbean. This wetland
ecosystem type has 32% of its distribution protected. In contrast, the Madrean Lower Montane Pine-
Oak Forest and Woodland, associated with Mexico’s Sierra Madre and surrounding mountain
ranges, which harbors 61 threatened species, has significantly lower protection, with only 5.8% of its
distribution currently protected (Supplementary materials - Appendix A).

3.3. Future Land Use

Figure 6 depicts the general pattern of distribution of habitats by the percentage of projected
land-use change up to the year 2030 under the SSP3 RCP4.5 scenario [47]. In this figure, darker colors
indicate relatively high proportions of habitat distributions falling into areas of high projected land
use change. In addition to MesoAmerica, these habitats are most concentrated in the already highly
fragmented central Midwest and eastern Great Plains of the USA and Canada where prairie and
savanna have historically been intensively converted for agriculture. Projected change is similarly
concentrated in the Caribbean islands. Following these areas, much of the MesoAmerican forests,
forests of the central Appalachians, Ozark mountains, western Great Plains grasslands, and the
Mojave and Sonoran deserts (Figure 6). Land-use change estimations by habitat type ranged from
0.02% (San Lucan Evergreen Forest and Woodland in southern Baja California, Mexico) to 62.5%
(South-Central Interior/Upper Coastal Plain Flatwoods) in the Southeastern USA (Supplementary
materials - Appendix A).
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Figure 6. Map of the study area depicting the percentage of estimated land-use change until 2030 under the SSP3
RCP4.5 scenario [47](Chen et al., 2020). The color scheme ranges from light tan, representing areas with the least
anticipated land-use change, to deep orange, indicating regions with the highest projected land-use

transformations across the region. Grey-white areas correspond to intensive human land use.

3.4. Conservation Value Index (CVI)

Within the entire study area (Figure 7), CVI scores range from a low of 0.01 (Tamaulipan Palm
Grove Riparian Forest) to a high of 0.74 (Meso-American Premontane Semi-deciduous Forest)
(Supplementary materials - Appendix A). Many high CVI-scoring habitats are concentrated in the
highly fragmented (and difficult to visualize on maps) Central Midwest, Mississippi River Valley, as
well as much of Mesoamerica and the Caribbean. Additional areas are concentrated in the Central
Appalachian mountains, western Great Plains in the USA and Canada, and desert southwest of the
USA and adjacent Mexico (Figure 7).
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Figure 7. Conservation Value Index (CVI) for the study area. The CVI values are normalized, with 0 indicating
lowest priority and 1 the highest priority. Color scale ranges from dark blue (lower priority) to dark red (higher

priority).

Table 1 shows summary statistics for the top 20 habitats in terms of CVI scores, ranging from 0.5
to 0.74. As expected, the areas with the greatest concentration of high CVI scores are located in Central
America, Mexico, and the Caribbean, followed by selected areas within the Midwest and eastern
Great Plains of the USA. The Meso-American Premontane Semi-deciduous Forest scored highest of
all at 0.74. That forest occurs with 16.5% in protected areas and a relatively low 13% average projected
land use change by 2030. A high CVI is driven mainly by the Habitat Specificity Metric (HSM) of 0.12.
and the number of associated threatened species, which was 90. There were 5 species recorded with
>50% range overlap with this habitat, and 3 of those are threatened species.

Other habitats with highest CVI scores included the Central American Caribbean Evergreen
Lowland Forest (CVI 0.721), with 88 associated threatened species, and a HSM of 0.11. Some 19% of
that forest habitat type is in protected areas. The Caribbean Seasonal Evergreen
Submontane/Lowland Forest ranked third highest CVI score (0.706). That forest occurs with 6.3% in
protected areas and an HSM of 0.1. It supports 57 threatened species and 32 of all assessed species
occur with >50% of their range overlapping this habitat. The Guerreran Dry Deciduous Forest, ranked
as the fourth highest CVI score (0.672). That forest occurs with 5.9% in protected areas and a relatively
low 15% average land use change by 2030. It supports 75 threatened species and an HSM of 0.09.
There are 40 of all assessed species occurring with >50% of their range overlapping this habitat and
10 of those are threatened species (Table 1).

Ten of the top 20 CVI scoring habitats occur with under 10% protected (Table 1). In addition to
the Caribbean Seasonal Evergreen Submontane/Lowland Forest and Guerreran Dry Deciduous
Forest mentioned above, these included several from the central Midwest and southeastern USA with
the lowest proportions protected, like Central Tallgrass Prairie (1.2%) (CVI 0.533), South-Central
Interior/Upper Coastal Plain Flatwoods (1.4%) (CVI 0.520), Crowley’s Ridge Sand Forest (1.8%) (CVI
0.495), and North-Central Interior Dry-Mesic Oak Forest and Woodland (3.8%) (CVI 0.510). Others
are concentrated in Mexico and Central America, with the North Meso-American Lower Montane
Pine-Oak Cloud Forest (7%)(CVI 0.526), the Madrean Subalpine Pine Forest (7.2%)(CVI 0.506), the
Mexican Upper Montane Pine-Oak Forest and Woodland (7.5%)(CVI1 0.499), and Mexican Deciduous
Cloud Forest (8%)(CVI 0.532) (Table 1). Eight of these 20 types are protected within the range of 10-
30% (Table 1). Only two habitats of the top 20 are currently protected at >30% of their current extent.
These include 15th ranked Caribbean Wet Montane Forest (CVI 0.521) at 31% protected, and 17th
ranked Meso-American Palustrine Vegetation (CVI 0.511) at 32% protected (Table 1).

Table 1. The top 20 habitats, based on the highest priority indicator (CVI) values. CVI values were calculated
based on the count of threatened species, Habitat Specificity Metric, percent of current extent protected, and
susceptibility to land-use change. The other columns provide the total number of assessed species, and subset
of threatened species, each with over 50% of the distribution overlapping the habitat type. Dark purple indicates
higher values relative to the other top twenty habitats, while dark green represents comparatively lower values.

Habitat Type Number of
Habi f
(NatureServe al‘n‘ta‘t Threatene Nur?ber o Threatened % % Land-Use Conservation
Terrestrial Ecological specificity d species Species with Species with Protected  change Value index
Metric (HSM) >50% overlap

System type)

>50% overlap

Meso-American
Premontane Semi-
deciduous Forest

Central American
Caribbean Evergreen
Lowland Forest

Caribbean Seasonal
Evergreen
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Submontane/Lowlan
d Forest

Guerreran Dry

Deciduous Forest 0.37 57

Caribbean Wet
Submontane/Lowlan 0.15 84
d Forest

Caribbean Seasonal
Evergreen Lowland 0.28 57 8 1 14.05 35.53 0.57
Forest

Bosque Semideciduo
de Tierras Bajas del 0.18 79
Caribe

12.69 22.56 0.55

Central American
Pacific Seasonal
Evergreen Lowland
Forest

0.25 54 11.63 29.37 0.54

Caribbean Coastal

Dry Evergreen Forest 0.2 62 7 5 13.44 28.49 0.53

Central American
Caribbean Seasonal
Evergreen Lowland
Forest

Central Tallgrass
Prairie

Mexican Deciduous
Cloud Forest

North Meso-
American Lower
Montane Pine-Oak
Cloud Forest

Caribbean Wet
Montane Forest

South-Central
Interior / Upper
Coastal Plain
Flatwoods

Meso-American
Palustrine Vegetation

North-Central
Interior Dry-Mesic
Oak Forest and
Woodland

Madrean Subalpine
Pine Forest

Mexican Upper
Montane Pine-Oak
Forest and Woodland

Crowley’s Ridge
Sand Forest

3.5. Inclusion within CVI Areas by CVI Quartile

CVI scores broken into quartiles define 4 distinct zones of priority with 159 types falling into
each CVI quartile. Quartiles were based on the ranked distribution of habitat types rather than equal-
areas, the spatial extent represented by each quartile differs and reflects variation in the area of
individual habitat types. The CVI thresholds for these four zones were 0.261, 0.302, 0.345, and 0.736.
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(Figure 8). See Supplementary Materials - Appendix A for summary results for individual habitats
across all four quartiles of the CVI score. The top quartile of habitats by CVI score encompassed
2,887,942 km?2, representing 38.01% of the study area.

We found 89.7% of the assessed species in the region have at least 5% of their distributions
overlapping with these high-priority habitats.Summarizing the species associated with habitats
falling within this top quartile, we found 694 mammals species (82.1% of all mammals), 485 migratory
bird species (90.8%), and 1,202 non-migratory bird species (94.3%) occurring in Q4 habitats
(Supplementary materials - Appendix A). Among these, threatened species included 108 mammals
(82.4% of all threatened mammals), 26 migratory birds (76.5%), and 105 non-migratory birds (96.3%)
(Supplementary materials - Appendix A).
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Figure 8. Conservation Value Index (CVI) for the study area broken into four quartiles for display and
subsequent analysis. The color scale ranges from dark green (lowest 25% CVI score) to dark purple (highest 25%
CVI score).

3.5.1. Comparison of Results when using IVC Level 5 vs. Level 6

As we anticipated, due to the finer-level of habitat classification, priority areas resulting from
application of the CVI were more precisely delineated here as compared to the prior study [38]
(Supplementary materials - Appendix A). This results from CVI scores that were either higher or
lower as a result of applying a finer-grain habitat classification, and leading to a more precise
identification of conservation priority. In order to illustrate this relationship, Table 2 includes a subset
of habitat types (n=38) from this study, along with their associated macrogroup types (n=8) that
comprised the top CVI scores from the prior study [38]. For example, habitats such as Meso-American
Premontane Semi-deciduous Forest emerge from our analysis with highest CVI scores (0.735) (Table
2). That compares to the CVI of 0.624 applied to the associated, broader Level 5 macrogroup habitat
unit (Pacific Mesoamerican Seasonal Dry Forest) (Table 2). That more broadly distributed
macrogroup encompasses dry tropical semi-evergreen, semi-deciduous, and deciduous forests
extending from northwestern Mexico south through Panama. For the seven distinct ecosystem types
associated with that one macrogroup, the CVI scores varied considerably, ranging from the high of
0.73 down to 0.19. That lowest scoring type was the San Lucan Dry Deciduous Forest, a narrowly
distributed dry forest type from the southern end of the Baja Peninsula of Mexico that is almost
entirely found within existing protected areas (Table 2, Supplementary Materials - Appendix A).
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While the range between high and low CVI scores was narrower in most other cases in Table 2,
a similar range (0.72-0.30) can also be seen among the 5 ecosystem types associated with the
Mesoamerican Lowland Humid Forest. In that case, where the macrogroup encompasses lowland
humid evergreen forests from southern Mexico through Panama and throughout the Caribbean
islands, the component ecosystem types vary from the Central American Caribbean Evergreen
Lowland Forest (0.724) to the Petén Seasonal Evergreen Forest on Karstic Hills (0.298) found
throughout the Peten region of southwestern Mexico and adjacent Belize and Guatemala.

Table 2. Comparison of the top eight macrogroup (IVC Level 5) habitats as scored for the CVI from Schulte et
al. [38] vs. the subset of IVC Level 6 equivalent habitats from this study. Indicating the relationship of
classification units, CVI scores. Color code transitions from high values (represented in dark purple), indicating

the most critical conservation priorities, to low values (represented in dark green) relative to each column.

IVC_macrogroup (L5) CVI Terrestrial Ecological System (L6) CVI
Meso-American Premontane Semi-deciduous Forest -

Guerreran Dry Deciduous Forest 0.615

Bosque Seco Deciduo y Semideciduo Mesoamérico del

44

Pacifico 0446

Pacific Mesoamerican

Seasonal Dry Forest Darien Deciduous to Xeric Forest 0.366
Sinaloan Dry Deciduous Forest 0.359
Nayarit-Guerreran Semi-evergreen Forest 0.308

San Lucan Dry Deciduous Forest -

Caribbean Seasonal Evergreen Submontane/Lowland

Forest 0.591
Caribbean Wet Submontane/Lowland Forest 0.570
Caribbean Seasonal Evergreen Lowland Forest 0.535
Caribbean Lowland Moist Serpentine Woodland 0.483
Caribbean Wet Montane Forest 0.420
Caribbean Lowland Hispaniola Montane and Upper Montane Pine Forest 0.396
Humid Forest
Caribbean Montane Wet Short Shrubland 0.391
Caribbean Moist Montane Mixed Pine-Broad-leaved 0.351
Forest '
Caribbean Montane Wet Elfin Forest 0.337

Caribbean Montane Serpentine Shrubland

Caribbean Montane Wet Serpentine Woodland

Central Midwest Oak North-Central Interior Dry-Mesic Oak Forest and 0.494
Forest, Woodland & 0.5 Woodland
Savanna North-Central Interior Oak Savanna 0.476
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North-Central Interior Dry Oak Forest and Woodland 0.452

North-Central Oak Barrens 0.386

Southern California Coastal Scrub 0.316
California Coastal 0.5 Mediterranean California Coastal Bluff -
Scrub

Northern California Coastal Scrub -

North-Central Interior Beech-Maple Forest 0.475
Central Midwest Mesic 0.5 North-Central Interior Maple-Basswood Forest 0.429
Forest

Ozark-Ouachita Mesic Hardwood Forest 0.318

North-Central Interior Floodplain 0.461

South-Central Interior Large Floodplain 0.395
Central Hardwood 0.5 Central Appalachian Stream and Riparian 0.373
Floodplain Forest

Central Appalachian River Floodplain 0.344

South-Central Interior Small Stream and Riparian 0.327

Central American Caribbean Evergreen Lowland Forest -

Central American Pacific Seasonal Evergreen Lowland 0576

Forest .
Mesoamerican Central American Caribbean Seasonal Evergreen
Lowland Humid Forest 0.551

Lowland Forest

Meso-American Pacific Evergreen Lowland Forest 0.420

Petén Seasonal Evergreen Forest on Karstic Hills 0.298

Comparing the top quartile of CVI scores from this analysis against the same from the prior
analysis [38] that used the IVC Level 5 macrogroups to define habitats, one can see additional impact
of using habitat units of a finer thematic level of classification (IVC Level 6 equivalent) (Figure 9). The
total area identified by our analysis was 82% of that from the prior study. Figure 9 depicts the spatial
coincidence of these two results, again, just focusing on the top quartile from the CVI scores.
Approximately 75% of the Level 5 units (n=64) result coincided with our Level 6 result. These areas
were concentrated in tropical latitudes with highest coincidence in Mesoamerica and Caribbean
where high CVI habitats are concentrated and their distributions are naturally constrained in isthmus
and island geographies, and in the central Midwest USA where existing natural types are constrained
by intense landscape fragmentation.

Approximately 25% of the top quartile of Level 5 units (n=22) result did not coincide with our
top quartile Level 6 result (Figure 8). These Level 5 macrogroups (shown in purple) are concentrated
in several areas, including the tallgrass prairie regions of southeast Manitoba and Flint Hills of
Kansas, woodlands the northeast US states in New York, Massachusetts, New Jersey and Delaware,
coastal scrub of Southern California and adjacent Baja Norte, coastal transition woodland and
thornscrub of Sinaloa, Mexico, and the tropical montane forest in eastern Panama (Figure 8,
Supplementary Materials - Appendix A). Areas where Level 6 types did not coincide with top quartile
Level 5 areas are widely distributed across the study area, but most concentrated in the western Great
Plains grasslands, shrublands and woodlands associated with deserts of northern Mexico, and
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lowland Caribbean coastal forests of Central America (Figure 8, Supplementary Materials - Appendix
A).
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Figure 9. Map indicating both overlap and non-overlap of habitat distributions for the top quartile of CVI scores
identified through Level 5 vs. Level 6 classification. Areas overlapping the two results are depicted in dark blue
color, non-overlapping areas only for Level 5 habitats are depicted in pink, and areas identified only for Level 6

habitats are depicted in yellow.

3.5.2. Representation of [IUCN Red Listed Ecosystems

The IUCN Red List of Ecosystems can be used to suggest the relative urgency of conserving
habitats by the relative threat status. Criteria for red listing ecosystems include relative narrowness
of distribution, and both long and short term trends in extent, ecological condition, and emerging
threats to ecosystem function. Generally, if a given type is listed as Critically Endangered (CR),
Endangered (EN), or Vulnerable (VU), there are likely to be fewer opportunities to secure and recover
the type before it could experience rangewide ecological collapse, as compared with those listed as
Near Threatened (NT) or especially Least Concern (LC)[50]. The analysis by Comer et al. [8] identified
219 of 655 ecosystem types (33%) within this study area had scored as either Vulnerable, Endangered,
or Critically Endangered (collectively considered “threatened”), under the established criteria of the
IUCN Red List of Ecosystems [48]. Additionally, these threatened ecosystems currently occupy
approximately 30% of the lands in this study area [8].

The CVI integrates other types of information (e.g., numbers of associated threatened species
and proportional area protected) to gauge conservation value, also suggesting priority for
conservation action. For our analysis, within the top quartile of CVI-prioritized habitats, there were
56 (33%) of IUCN threatened ecosystem types (8.8% of all assessed types), currently occupying
919,530 km2, or 12.1% of the study area (Supplementary materials - Appendix A).

Figure 10 depicts locations of IUCN threatened (CR, EN, VU) habitats relative to areas identified
by the top CVI quartile. One can see where these threatened habitats overlap with the top quartile
habitats from the CVI. IUCN threatened habitats coinciding with the top quartile CVI result were
concentrated primarily in the central Midwest, Great Plains of the USA, and desert transitional areas
throughout northern Mexico where, due to historical land conversion or intensive livestock
utilization, some savanna and grassland types are now severely limited in distribution or remain in
highly degraded condition. These types are both severely threatened and coincide with high CVI
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habitats due to their support for many species and apparent landscape threat (Supplementary
materials - Appendix A).

IUCN threatened habitats that coincide with the lower three quartiles of CVI result include 115
types, occurring in approximately 1,057,608 km2 or 13.92% of the study area. Of these, 50.3% (86
types) occur within the second and third CVI quartiles, leaving 29 (17%) of threatened ecosystem
types falling into the lowest CVI quartile. These IUCN threatened, but lower CVI-scoring habitats,
are most concentrated in the temperate USA and Canada where densities of threatened species are
lower than in tropical habitats of the study area. This includes many temperate forest ecosystems
occurring throughout the Appalachian mountains, southeast USA, the upper Great Lakes region, and
the Pacific coastal forests from British Columbia south to Baja Norte, Mexico. Also, many of these
forests and wetlands tend to naturally occur in small patches across the region. Second most
concentrated in the western temperate and subtropical North America. These habitats, mainly
shrublands and woodlands that tend to naturally occur in large patches across the region
(Supplementary materials - Appendix A).
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Figure 10. Map showing both overlap and nonoverlap of habitat distributions for those in the top 25% of CVI
scores and those habitats listed as threatened under the IUCN Red List of Ecosystems (CR, EN, & VU types).
Areas overlapping the two results are depicted in dark purple. Pink color depicts areas identified only by IUCN
RLE threatened ecosystem types, and light green color depicts areas identified only by the top 25% of CVI
habitats.

4. Discussion

4.1. Overall Patterns of Conservation Priority

Our study highlights the critical need for fine-scale conservation planning across North America,
Central America, and the Caribbean that would advance 2030 conservation goals [49]. By integrating
high-resolution species-habitat associations, Area of Habitat (AOH) data, projected land-use change,
and protection levels, we identified key habitats that harbor high numbers of threatened species and
habitat specialists yet remain poorly protected. This study points to specific regions, using high-
resolution maps, for priority conservation actions in areas such as the central Midwest USA, the
Pacific coast of tropical Mexico, adjacent Central American lowlands, the Caribbean islands. As
expected, these results coincide in part with related findings centered on biodiversity hotspots [1,3]
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poorly protected imperiled species [23,48] and resilient landscapes [51]. However, our approach
representing ecosystem types using high-resolution data inputs and the CVI prioritizes additional
areas, such as in the Midwest USA, where highly fragmented land use over many decades, that still
support both at-risk ecosystems and species. In nearly all of these areas, conservation actions must
strongly emphasize ecological restoration [52].

4.2. Priority Habitats for Conservation

Our study shows that tropical and subtropical forests in Mesoamerica and the Caribbean, as well
as key temperate habitats in North America, are critical conservation priorities, harboring large
numbers of threatened and habitat-specialist species while facing low protection and high projected
land-use change. Among the highest-priority habitats, the Meso-American Premontane Semi-
deciduous Forest supports 90 species, including five threatened species, with less than a fifth of its
extent currently protected and about one-eighth projected to be converted by human land use. The
Central American Caribbean Evergreen Lowland Forest contains 88 species, including three
threatened species, with less than a fifth protected and a similar proportion facing future land-use
change. The Caribbean Seasonal Evergreen Submontane/Lowland Forest, though poorly protected at
around 6% of its area, supports 57 species, including four threatened species, and faces nearly one-
third of its area under projected land-use change. The Guerreran Dry Deciduous Forest is particularly
important, harboring 75 species, of which 40 have over half of their range in this habitat, including
10 threatened species, yet protection covers only a small fraction and about one-sixth of its area is
projected to experience land-use conversion. In North America, the Central Tallgrass Prairie stands
out as the top-priority temperate habitat, supporting 14 species but with barely more than one percent
protected and more than half of its area projected to face land-use change. Other high-priority
Caribbean forests, such as the Wet Submontane/Lowland Forest and the Caribbean Seasonal
Evergreen Lowland Forest, also support substantial species numbers but remain under-protected and
vulnerable to projected land-use pressures. These patterns highlight that many of the most species-
rich and threatened habitats across tropical, subtropical, and temperate regions are insufficiently
protected, emphasizing the urgent need for fine-scale, targeted conservation strategies to safeguard
biodiversity and the ecological processes these ecosystems support

4.2.1. Effects of Finer Habitat Classification

We found that defining terrestrial habitats using a finer level of thematic and spatial detail assists
to some degree with more precisely discerning and prioritizing different habitats for conservation
action. When we compared CVI outputs for our IVC Level 6 equivalent habitats to those previously
identified using a thematically coarser IVC Level 5 [38], the priority habitats were identified with
greater spatial precision. This facilitates greater targeting of limited resources for conservation actions
to areas with a greater probability of yielding greater conservation value. Once we subset the data to
just the top quartile and compare our analysis against that of the prior study one could also see
broader patterns of conservation value and prioritization stemming from the use of finer-level habitat
units. While there was general overlap in priority across the tropical ecosystems, it was in subtropical
and temperate latitudes, where associated threatened species densities are lower, where the added
benefits of using finer-scale habitat classification became more apparent. For example, the Level 5
Pacific Mesoamerican Seasonal Dry Forest was the highest priority habitat in the previous study, its
Level 6 habitats varied substantially, with the Meso-American Premontane Semi-deciduous Forest
scoring the highest with a value of 0.735, while the San Lucan Dry Deciduous Forest scoring low at
only 0.190. Similarly, the Level 5 Mesoamerican Lowland Humid Forest, which was the 7th highest
priority in the previous study, showed a wide range in Level 6 priorities, from the Central American
Caribbean Evergreen Lowland Forest scoring the second highest at 0.724 to the Petén Seasonal
Evergreen Forest on Karstic Hills with only 0.298. Overall, the practical character of the Level 6 units
makes them more readily applicable to local management decisions, such as for specific types of
habitat alteration or ecological restoration [44,50]
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4.3. Interactions of CVI with IUCN Red List of Ecosystems

We expected that the top quartile CVI habitats would coincide with many, but not all, IUCN-
identified threatened ecosystem types. This is because many threatened ecosystem types also provide
habitat for already-threatened species, are often under-represented in protected areas, and occur in
landscapes facing ongoing threats from land conversion [8,47]. However, this was not the case as we
identified where the CVI and IUCN RLE appear to be complementary, but are not entirely similar in
result. Only one third (33%) of IUCN threatened ecosystem types fell within the top quartile of CVI-
prioritized habitats, concentrated in areas like the central Midwest and Great Plains of the USA.
Conversely, a significant portion (17%) of IUCN threatened habitats coincided with the lowest CVI
quartile, particularly in temperate regions of the USA and Canada where threatened species densities
are lower. This suggests that the CVI integrates additional factors beyond just threat status, such as
the number of associated threatened species and existing protected areas, to determine conservation
priority.

It is important to acknowledge that the primary purpose of the IUCN RLE is to document the
relative risk status of an ecosystem type [47]. While noted above, the relative at-risk status of a given
ecosystem does suggest one aspect of conservation urgency (i.e., actions to avoid rangewide
ecosystem collapse), it does not encompass all aspects of conservation prioritization. Two aspects
include 1) the degree to which the ecosystem type supports individual species of concern, and 2) the
degree to which the ecosystem type is already protected, as at least partially captured in the CVL
While we do not suggest that our analysis results advocate for changes to the IUCN RLE criteria, one
could consider some form of inclusion of IUCN RLE status as an additional element in the calculation
of the CVL

4.4. Limitations and Future Directions

The Conservation Value Index (CVI), like any spatial index, is subject to potential distortions
arising from decisions made during its construction, including the selection and handling of factors.
While this study did not undertake a sensitivity analysis, future applications could employ such an
analysis to vary included factors and test a range of relative factor-specific weightings. This would
help in understanding the influence of subjective input decisions and identifying robust CVI results.
For example, the partial overlap between the number of threatened species and the habitat specificity
index could have unforeseen effects on the overall CVI, which sensitivity testing could clarify,
potentially suggesting relative weightings for these factors. Similarly, as new datasets for protected
areas and projected land use become available, they could inform reactive weightings within the
index for more robust results. This might be particularly relevant when applying the CVI to specific
geographic subsets where more detailed and reliable data are available.

Beyond structural refinements, several additional factors could enhance the CVI. Currently, CVI
calculations incorporate data from the 2,654 assessed bird and mammal species (including the 271
threatened species), but exclude other vertebrates like reptiles and amphibians, whose distributions
are not yet fully mapped or assessed for the entire study area. However, according to NatureServe
Explorer (https://explorer.natureserve.org/), there are approximately 1,700 threatened plant and
invertebrate species in just the Canadian and U.S. portions of the study area. The mapped
distributions and status assessments for many plant and invertebrate species are lacking in much of
Latin America and the Caribbean, making their development and inclusion in future CVI calculations
a high priority. Another challenging aspect is representing the critical connectivity landscapes for
migratory species, which require periodic movements over land, water, and air [24]. While tools for
mapping connectivity have advanced [53], there is still a need to consolidate and make accessible
data on a broad range of species for integration into CVI calculations, potentially by representing
species distributions as key habitat components within their overall Area of Occupancy (AOC).

Finally, while the current CVI integrates projected climate change effects on land use [47], the
growing field of research on climate change effects on habitats [25] offers direct applicability for
future iterations. Climate change has significant implications for conservation planning [26,54], and
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advances in assessing geophysical attributes of landscapes [51] can identify and map inherent
resilience. Assessing climate change vulnerability can provide insights into the magnitude, direction,
and rate of change experienced by species assemblages and dynamic processes associated with
described habitats. Integrating mapped outputs from climate change exposure and resilience
measures, as illustrated by a recent example from western North America involving many assessed
habitats [55], could inform CVI calculations and subsequent adaptive conservation actions [56].

5. Conclusions

This assessment in temperate and tropical North America points to places and habitats where
urgent actions are needed for conservation. Existing investments in protected areas fail to meet the
CBD 2030 targets, leaving many vulnerable habitats and species at risk. Our systematic approach,
centered on fine-scale described and mapped habitats, integrating many requirements of threatened
and habitat-specialist species, consideration of existing protected area investments, and projected
threatening land use trends, provides an adaptable methodology for prioritizing places based on their
conservation value.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. The Supplementary Materials provide comprehensive datasets used to evaluate
the conservation priority and biodiversity of terrestrial ecological systems within the study area. Appendix A
summarizes key ecosystem-level statistics for each of the 636 analyzed habitats in the study, detailing their
species richness, Conservation Value Index (CVI) scores, IUCN Red List classifications, current protected area
coverage, and projected land-use pressures. Appendix B provides a high-resolution species overlap matrix that

quantifies the percentage of each species’ geographic range contained within these specific habitats.
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