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Abstract 24 

Addressing the current biodiversity crisis will require transformative changes to social, political, and 25 

economic structures. One science-based recommendation is protecting 30% of the Earth’s terrestrial 26 

and marine systems by 2030, “30x30”. Here we analyze the current spatial patterns of imperiled 27 

species biodiversity and carbon stores in the U.S. relative to protected areas to help conservationists 28 

and decision makers understand the starting point on the path to achieving 30x30. Multi-scale 29 

analyses demonstrate that 30x30 is numerically achievable nationally, but high spatial heterogeneity 30 

highlights the need for tailored approaches from a mix of authorities at federal, regional, and state 31 

scales. Critically, current land protections rarely overlap with areas essential for conserving imperiled 32 

species biodiversity and mitigating climate change. We discuss this baseline relative to key policy 33 

considerations for making practical, substantive progress toward the goal.  34 

Keywords: biodiversity conservation, climate mitigation, protected areas, endangered species  35 
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Introduction 49 

According to the international conservation community, goals for conserving biodiversity cannot be 50 

met given current trajectories of environmental degradation and without transformative changes 51 

across economic, social, political, and technological spheres (IPBES Secretariat 2019). Restoration 52 

and maintenance of quality habitat through a more extensive global protected areas (PAs) network 53 

(see Aichi Target 11; SCBD 2010) is considered essential for conservation. Yet the global 54 

community has fallen short of 2020 targets for PA coverage at a time when threats to biodiversity – 55 

foremost, habitat conversion – are at an all-time high (Powers and Jetz 2019).  56 

Recognizing the critical role that PAs have in conserving biodiversity and mitigating climate change 57 

impacts has led to increased interest in adopting new national and international conservation targets. 58 

The Global Deal for Nature, a science-driven plan to sustain biodiversity and address climate change, 59 

calls for at least 30% of Earth to be formally protected by 2030 (“30x30”; Dinerstein et al. 2019). 60 

The Convention on Biological Diversity has drafted a post-2020 global framework that includes 61 

30x30 as a steppingstone toward a 2050 Vision for Biodiversity (SCBD 2020). In the United States, 62 

the number of proposed policy measures aligning with a 30x30 framework is on the rise. As of early 63 

2021, this includes a federal executive order and a California state executive order (Exec Order No 64 

14008 2021, CA Executive Order N-82-20). These efforts provide an opportunity to integrate 65 

biodiversity and climate agendas and promote land protections that can maximize biodiversity 66 

conservation and minimize carbon loss at multiple scales.  67 

 Past research on setting PA priorities for biodiversity (Kulberg et al. 2019; Belote et al. 2017; 68 

Jenkins et al. 2015) and natural climate strategies (Soto-Navarro et al. 2020; Stralberg et al. 2020) 69 

provide a useful foundation for addressing this need, but do not align with the policy tools and units 70 

at which federal and state decision-makers govern. To achieve 30x30 in a way that most benefits 71 

biodiversity and climate, policy makers need guidance on how to operationalize these targets.  72 
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Here we synthesize biodiversity and ecosystem carbon data with policy-relevant land protections at 73 

multiple scales to provide a baseline assessment for charting a path to 30x30 in the U.S. We use the 74 

Protected Areas Database of the U.S. (PADUS; U.S. Geological Survey 2020) to spatially define 75 

areas that are currently managed for biodiversity conservation (GAP 1 & 2) and that may be in need 76 

of additional protections (GAP 3 & 4) (Panel 1). We compare GAP classified lands with lands rich in 77 

imperiled species and carbon. These results will help conservationists and decision-makers plan and 78 

take critical next steps to operationalize 30x30-in doing so, addressing some of the greatest 79 

conservation challenges faced by the United States and the world. some of the greatest conservation 80 

challenges faced by the United States and the world. 81 

Methods 82 

Datasets 83 

Terrestrial imperiled species richness and rarity-weighted richness from the Map of Biodiversity 84 

Importance project database (NatureServe 2020) are based on habitat suitability models for 2,216 85 

species and 11 taxa. Species richness is useful for understanding where ranges of the most species 86 

overlap a single location, but could be a poor indicator of diversity because it does not account for 87 

complementarity among sites. Alternatively, rarity-weighted richness – where species are assigned a 88 

value inversely proportional to the size of their range - may be a better method for maximizing the 89 

representation of species (Albuquerque and Gregory 2017). Therefore, we take into account the 90 

number of species, proportional abundance of species presence, and the occurrence of rare species of 91 

conservation priority. Total ecosystem carbon is based on a map of global above- and below-ground 92 

carbon stored in biomass and soil in tonnes C per hectare (Soto-Navarro et al. 2020). 93 
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Data on protected areas are from the PADUS v2.1 database (U.S. Geological Survey 2020). The layer 94 

was flattened prior to spatial overlay analysis to avoid overlaps in land units. This was done so in a 95 

way to give preference to the lowest GAP code present in any single location (i.e., greatest 96 

protection). U.S. terrestrial boundaries reflect all states and territories from the U.S. Geological 97 

Survey. 98 

Analyses 99 

We used spatial overlay analysis to describe the extent to which the PA network covers U.S. lands 100 

and seas as well as areas of high imperiled species biodiversity and ecosystem carbon (see SI for 101 

marine results). Areas considered hotspots of biodiversity or carbon richness were in the 90th 102 

percentile of the distribution of values for the respective metric. We used the associated Gap Analysis 103 

Program (GAP) codes, which are specific to the management intent to conserve biodiversity. GAP 1 104 

and 2 areas are managed in ways typically consistent with conservation. GAP 3 areas are governed 105 

under multiple-use mandates and GAP 4 areas lack any conservation mandates (see Panel 1). 106 

Additionally, we summarized statistics by lands management (e.g., manager type and name attribute) 107 

and state or territory. We used ArcPro v. 2.7.1 (ESRI, USA) to produce maps and run analyses. Maps 108 

use the Albers Equal Area Conic, Alaska Albers, and Old Hawaiian UTM Zone 4 projections. 109 

Results 110 

Twelve percent of lands within the U.S. and its territories are generally managed consistently with 111 

biodiversity conservation goals (i.e., GAP 1 and 2). Up to 29.8% of U.S. lands and territories are 112 

managed for either biodiversity conservation or multiple uses (i.e., GAP 1, 2, and 3). This leaves a 113 

large majority of the U.S. lacking any known protections from land conversion (70.2%; i.e., GAP 4). 114 
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Areas managed for biodiversity (85.7% of GAP 1 and 2 areas) and for multiple uses (85.6% of GAP 115 

3 lands; Figure 1a) fall largely on federally managed lands. Protecting 30% of lands could nearly be 116 

achieved at the national scale if new conservation-based mandates were applied to all federally 117 

managed GAP 1-3 areas (27.7%). 118 

At the state-level, Alaska is the only state to have at least 30% of its territory managed for 119 

conservation (Figure 1b). Twelve western states - California, Nevada, Washington, Idaho, Oregon, 120 

Hawaii, Utah, Wyoming, Arizona, Colorado, Montana and New Mexico - would achieve the 30% 121 

numerical target if GAP 3 areas were similarly managed. Generally, federal agencies manage the 122 

majority of GAP 3 lands in these states. In contrast, the 11 states with greater state-level authority are 123 

located in the Northwest and Midwest (Table S1). 124 

Imperiled species biodiversity hotspots and GAP 1 or 2 areas rarely overlap, with only 7% of 125 

hotspots covered by GAP 1 and 2 lands (Figure 2). Similarly, 12.8% of highest potential areas fall 126 

within GAP 1 and 2 lands. While including GAP 3 lands significantly increases the coverage for 127 

biodiversity hotspots (from 7% to 20%; Figure 2), 80% of the most diverse areas would still remain 128 

unprotected because they fall on GAP 4 or otherwise unprotected private lands. Nearly two thirds of 129 

the top carbon-rich areas fall in GAP 4 areas. While rarity-weighted richness exhibits similar broad 130 

spatial patterns to raw species richness (Figures 1 and 2), there is significantly greater overlap with 131 

key GAP lands: 32.6% of rarity hotspots are covered by GAP 1 and 2 areas and an additional 20.5% 132 

by GAP 3 lands.   133 

As expected, the goals of protecting areas of high biodiversity and areas of high carbon mitigation 134 

potential are not completely decoupled: 22.3% of the top quantile of species richness locations 135 

(25.6% of rarity-weighted richness hotspots) are also very carbon rich. These percentages nearly 136 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 29, 2021. ; https://doi.org/10.1101/2021.03.26.437234doi: bioRxiv preprint 

https://doi.org/10.1101/2021.03.26.437234
http://creativecommons.org/licenses/by-nc-nd/4.0/


  Running Title 

7 

 

7 

double when assessing overlap with the top 30% of carbon rich areas. Unfortunately, few areas that 137 

meet both needs are managed in ways to help sustain them: 17.4% of areas that serve as hotspots for 138 

biodiversity and carbon fall on GAP 1 or 2 lands (<0.01% of CONUS). 139 

A 30x30 Typology 140 

To guide operationalization of the 30x30 framework, we use GAP categories as proxies for policy 141 

options and biodiversity and ecosystem carbon as representative of the underlying goals of 30x30 142 

(Figure 2 legend): 143 

Well-sited: Areas with long-term conservation management mandates (GAP 1-2 coverage) 144 

and high biodiversity and/or ecosystem carbon, where areas are effectively placed to achieve 145 

greater biodiversity conservation and climate mitigation. Priority actions for well-sited areas 146 

include maintaining existing protections and expanding protections outward in a way that 147 

ensures landscape connectivity.  148 

High Priority: Areas of overlap between weaker or short-term mandates (GAP 3-4) and 149 

greater biodiversity and/or ecosystem carbon, where new PAs or more protective policies 150 

would do the most to protect biodiversity and mitigate climate. These are the areas of greatest 151 

opportunity, where efforts to expand PAs would have especially high returns on investment. 152 

Well-protected: Areas with long-term conservation mandates but relatively low local 153 

imperiled species diversity and/or ecosystem carbon potential, indicating lower return on 154 

conservation goals than other areas might provide. Despite their lower biodiversity and 155 

carbon stocks, these areas may serve as anchors for expanding protections to key adjacent 156 

areas. 157 
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Limited Value: Areas with weaker or short-term mandates and low levels of biodiversity 158 

and/or ecosystem carbon potential, indicating a low return on protections and an advantage to 159 

site PAs elsewhere. These are the lowest priority areas for 30x30. However, it is important to 160 

note that basing decisions solely on current habitat and species ranges may discount the 161 

necessity for future habitat recovery and restoration given climate change (Lawler et al. 162 

2013). 163 

Discussion 164 

While the basic numerical accomplishment of protecting 30x30 is feasible at the national scale given 165 

the current extent of the PAs network, prioritizing biodiversity protection and climate change 166 

mitigation presents challenges and opportunities. In addition, high spatial variability in the 167 

distribution of PA designations and will require tailored approaches across regions (Figure 1). 168 

An option for more rapidly reaching 30% includes establishing additional protections on GAP 3 169 

lands. For example, nearly 30% can be achieved at the national level if regulatory changes to GAP 3 170 

areas emphasized biodiversity protection over other uses. Because the majority of the PA network 171 

(GAP 1-3) is managed by federal agencies, action at the federal level may be essential to reach 172 

numerical goals. Land management laws like the National Forest Management Act and the Federal 173 

Lands Planning and Management Act afford species and habitats protections, but the effectiveness of 174 

protections may vary by ownership (Eichenwald et al. 2020). Moreover, federal agencies can provide 175 

necessary leadership and coordination across jurisdictions to better ensure representation of all 176 

natural ecosystems (Dinerstein et al. 2019).  177 

Importantly, focusing on key federal lands alone would ignore the substantive goals of 30x30: 80% 178 

of biodiversity hotspots would still lack significant place-based protections if GAP 3 federal lands 179 
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were converted. This result highlights the alarming reality that focusing strictly on the numerical goal 180 

of 30x30 could lead to outcomes contrary to intent, with new PAs being established in areas with low 181 

biodiversity or carbon mitigation potential (Barnes et al. 2018). Regions with few public lands will 182 

face trade-offs between siting new areas based on biodiversity need or opportunity (e.g., isolated and 183 

sparsely populated; Baldi et al. 2017). GAP 4 areas are, by far, the most extensive, but would require 184 

more effort and investment from decision-makers to acquire land and/or establish biodiversity 185 

protections as priorities. Current federal conservation incentive programs, such as Farm Bill 186 

programs and those administered by the U.S. Fish and Wildlife Service are inadequate to address the 187 

need. As such, there must be significant efforts to advance conservation on private lands in key parts 188 

of the country.  189 

In addition to federal and private lands, understanding state variation in biodiversity and protections 190 

is vital as important legal, social, and policy mechanisms operate at this level. We note twelve 191 

western states would achieve the 30% numerical target if GAP 3 mandates were strengthened. 192 

However, many areas of these states harbor few biodiversity or carbon-rich hotspots. In contrast, the 193 

11 states where the state manages the majority of GAP 3 lands have higher biodiversity on average, 194 

but GAP 3 areas may not overlap with hotspots or be enough to significantly lessen the disparities in 195 

current PA coverage and the 30% target. State wildlife conservation programs employ state wildlife 196 

action plans that have the potential to advance conservation (e.g., Michalak and Lerner 2008), but are 197 

woefully underfunded (H. Res. 3742 2019). New state-level programs for public and private lands 198 

conservation can complement federal programs and create a more complete, multi-level solution. 199 

Finally, we acknowledge the strong need for several additional considerations not accounted for in 200 

this work. In addition to the primary focus on biodiversity and climate, pursuing 30x30 will require 201 

addressing issues related to economic, political, and social constraints. For example, many High 202 
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Priority areas for siting new protections also tend to be GAP 4 regions with higher human 203 

disturbance. This elevates the importance of restoration efforts (see, e.g., Strassburg et al. 2020) and 204 

relative habitat condition could be integrated into analyses to avoid conserving areas with negligible 205 

conservation benefits. If properly planned, PAs in these areas may also provide opportunities for 206 

improving human health, well-being, and equitable access to nature. Goals to ensure a healthy 207 

environment for all communities have long been ignored or discounted in protected areas 208 

designations (Wood et al. 2018), in part because these topics are not well studied (Ussery et al. 209 

2016). Further research and planning are essential to ensuring access to quality nature for all.  210 

This analysis is meant as a tool to aid decision-makers and not as a fully comprehensive plan. Our 211 

analyses are national in scope and intended to identify broad patterns to frame the national 212 

discussion; as such, local and domain-specific details are likely to vary. Additionally, focusing on 213 

values at the national scale means that entire ecosystems important to representing local species 214 

assemblages and key ecosystem services are not included as high priority. A stratified approach may 215 

ensure that all native ecosystems are represented in the expanding PA network. Second, we are using 216 

models of current imperiled species distributions to infer the general patterns of protections, some of 217 

which may shift with global climate change (see Elsen et al. 2020). Future local, regional and 218 

continental scale analyses can help inform which areas need long-term protections. Finally, the GAP 219 

classification definitions may not account for substantive protections observed on the ground. For 220 

example, Department of Defense installations represent 20 million acres of GAP 4 land (some with 221 

high imperiled species diversity; Stein et al. 2008) and have Integrated Natural Resource 222 

Management Plans that address some biodiversity concerns. There is also a great need for 223 

incorporation of Tribal knowledge as Tribal areas have some of the lowest rates of habitat 224 

modification, yet much of the over 56 million acres held in trust by the Bureau of Indian Affairs are 225 
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not well documented in PADUS (Vincent et al. 2017). These and similar situations highlight the 226 

nuances of inferring protection status. 227 

Achieving 30x30 to help protect biodiversity and address the climate crisis in the U.S. is feasible but 228 

will require partnerships with nongovernmental landowners and across levels of government. Our 229 

analysis recognizes that the approaches and policy tools for doing so will vary considerably 230 

throughout the country. The key to operationalizing 30x30 will be planning beyond the numerical 231 

target for a protected areas network that can be established in a way that ensures a long-term 232 

commitment to biodiversity and climate. By doing so, the U.S. can continue to lead the way globally 233 

in protecting nature for its own sake and for our health and well-being. 234 

 235 
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Figure Legends: 321 

Panel 1  322 

Figure 1. Proportion of U.S. Territory lands in PADUS by GAP status code and manager type, 323 

showing that (A) federal agencies manage much of the protected areas network and that (B) most 324 

state have few protections for biodiversity as they fall well-short of achieving 30x30 given existing 325 

and potential (GAP 1-3) protections. 326 

Figure 2. Combining protected area coverage to locations of A) imperiled species richness, B) rarity-327 

weighted richness and C) ecosystem carbon (tonnes C per hectare) show significant areas of 328 

mismatch that need to be addressed. The blue (y-axis) component of the bivariate color ramp 329 

signifies protections under GAP categories 1-4 while the yellow (x-axis) component signifies the 330 

corresponding 30x30 variable based on quantile intervals where the top 10% of values are in yellows 331 

(imperiled species richness from the Map of Biodiversity Importance program [NatureServe 2020] or 332 

ecosystem carbon from Soto-Navarro et al. 2020). Resolution is 1km2. Bar charts represent the 333 

overlaps of different percentiles of biodiversity or carbon values with GAP categories (green color 334 

ramp). Biodiversity and carbon hotspots were considered as locations with values in the top 90th 335 

percentile of the distribution. 336 
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