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Abstract

:

Small protected areas dominate some databases and are common features of landscapes, yet their accumulated contributions to biodiversity conservation are not well known. Small areas may contribute to global biodiversity conservation through matrix habitat improvement, connectivity, and preservation of localized ecosystems, but there is relatively little literature regarding this. We review one database showing that the average size of nearly 200,000 protected areas in the United States is ~2000 ha and the median is ~20 ha, and that small areas are by far the most frequent. Overall, 95% and 49% of the records are less than the mean (1648 ha) and median (16 ha), respectively. We show that small areas are prevalent features of landscapes, and review literature suggesting how they should be studied and managed at multiple scales. Applying systematic conservation planning in a spatially hierarchical manner has been suggested by others and could help insure that small, local projects contribute to global goals. However, there are data and financial limitations. While some local groups practice ecosystem management and conservation planning, they will likely continue to protect what is “near and dear” and meet site-based goals unless there is better coordination and sharing of resources by larger organizations.
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1. Introduction


There is wide agreement that the biodiversity crisis is best met with a carefully planned system of large conservation areas within well-connected networks [1]. However, humanity did not act in a concerted, globally-minded fashion to produce a functional system that protects biodiversity. Rather, what exists on the landscape is a distribution of conserved parcels with histories related as much to aesthetics and socioeconomic convenience as to systematic scientific goals [2,3].



There has been much research examining the effectiveness of the protected areas’ estate. There is a preponderance of literature concluding that protected areas’ coverage is inadequate, spatial distributions are biased, edge effects are eroding interior conditions, and that there is poor governance resulting in alienation of local human populations [4,5,6]. There is less understanding of how these negative conditions might be ameliorated by very local actions, resulting in a matrix of improved landscape conditions and more engaged conservation constituents [7,8]. An area of research that needs attention is the landscape-level function and roles played by the plethora of very small protected areas, although marine protected areas have received more attention [9]. In fact, there is little descriptive information revealing the dominance by frequency across the land surface of small areas. To that end, we will briefly review one dataset—the Protected Areas Database of the United States—as to size distributions, and then discuss broader conservation issues concerning small areas. Throughout, we make recommendations for further research.



The Protected Areas Database of the United States V1.4 (PADUS) has 194,518 parcels for the continental US, including designations as local as county parks and conservation easements, as well as large national parks and forests [10]. The PADUS is maintained by the United States Geological Survey’s National Gap Analysis Project in order to organize and assess the management status of elements of biodiversity projection, i.e., “protected areas”. The database includes all known public areas and voluntarily provided, private protected areas (e.g., conservation easements). The PADUS has versions between 2005 and 2016, currently at V1.4 (https://gapanalysis.usgs.gov/padus/data/metadata/).



We derived simple summary statistics of the PADUS area attributes and displayed them. The median area of parcels in the PADUS was 16 ha, the mean was 1648 ha (SD = 33,207.1), and the frequency distribution is skewed strongly right (Figure 1). Small areas were nonuniformly distributed but present in every major ecoregion (Figure 2). There are 95,116 parcels <16 ha and 185,751 <1648 ha in size, representing 49% and 95% of the count, respectively. However much they dominated by count, the smallest areas (<16 ha) and those <1648 ha represented 0.13% and 4% of the total area, respectively. Acknowledging possible errors of omission and commission in the dataset (see below), these descriptive analyses serve to illustrate the point that while the area covered is dominated by largeness, by number, most areas are not large. This presents unique research and management problems.



As noted in their metadata, PADUS is subject to errors of omission and commission. Some of the errors they report are due to overlap—topology—and they mention “slivers” specifically. We observed that some of the smallest polygons in the dataset were geoprocessing artifacts, including slivers [11]. These were typically very small, but the smallest records in the PADUS were a relatively minor portion. For example, 2.4% are <0.1 ha in size. On the other hand, many very small polygons are legitimate conserved parcels. Many records (27,338 or 14.1%) were less than 1 ha and distinct parcels, as illustrated in Figure 3. While many of the small records have attributes indicating they are conservation easements or small parks, others may not be real or their spatial attributes may be inaccurate; investigating the characteristics of these parcels is an important research question, because while most are conserved areas, others may have inaccurate spatial information and influence the size distribution. Another source of error could be lack of clarity over what constitutes a separate protected area in an ownership sense, as distinct from a polygon sense. For example, the database has some records that are split polygons, so that one continuous protected area is represented by two records.



The PADUS is a massive undertaking managing hundreds of thousands of polygons generated by a plethora of sources, and errors are to be expected. The PADUS metadata states that the project reports spatial data as they are received. A thorough study of the PADUS should quantify the extent of errors, how they may influence analyses, compare representation of small areas in the PADUS with other protected areas datasets such as the World Database on Protected Areas (WDPA), and investigate spatial and designation rules for how distinct protected areas are defined.



Since the PADUS is built from contributions from states and others who keep public land records, and relies on voluntary submission for private areas, it is probably incomplete. There is evidence that it disproportionately underrepresents smaller parcels. The National Conservation Easement Database (NCED 2018) has more conservation easements recorded for the Continental US than does PADUS. NCED contains over 158,168 records, while in the continental PADUS, only 54,590 are categorized as easements. According to its documents, the NCED itself is incomplete. It relies on voluntary submission by land trusts, many of whom do not want to share to a large public database due to privacy and other concerns [12]. More research is needed on the structure of datasets that serve spatial data on protected areas in regards to smaller areas, and errors of commission and omission, before a firm knowledge of size distribution of protected areas can be obtained, and this needs to be undertaken on a global scale [13].




2. What Is “Small”?


For this review, we consider “small” based on the observed distribution in the PADUS. A “small protected area” is at the lower end of the range, between 16 ha (the US median) and 1648 ha (the US mean) in size. By this definition, then, small areas would be from tens to hundreds of hectares in size, rather than thousands of hectares. Areas in the range of tens to hundreds of hectares are often the focus of local conservation projects (Figure 3 and Figure 4).



Figure 4 shows the Congaree–Wateree River region of South Carolina, USA. Numerous conserved parcels ranging from 4 to 6179 ha in size are represented, established by public and private entities for conservation purposes. Also shown are two overlapping planning areas illustrating landscape context as mentioned below. This is an example of a landscape in which there are many small protected areas, and in which ecosystem management and systematic conservation planning are practiced, to a degree.




3. Potential Importance of Small Areas


Considerable cost is incurred in establishing and managing small protected areas [14]. Aside from their sheer number and costs of acquisition, smaller areas may cost more to manage than larger ones due to the challenges of having management tasks distributed. On the other hand, smaller areas arise from local concerns and may serve local purposes better than larger, more distant areas. Small parks and private conserved lands are typically generated and managed at the local scale—as in counties, states, cities, land trusts, landowners, and indigenous people. These include the bulk of conservation easements, local parks, historical and archaeological sites, private reserves, wildlife refuges, and community forests [15,16]. One drawback is that some would not be considered by international bodies to be areas whose primary purpose is biodiversity conservation. If they maintain natural land cover and are unable to be developed, they nonetheless function to exclude conversion to development. Furthermore, they often have specific conservation goals, and these include those related to biodiversity [17,18].



Despite their prevalence and potential benefit, there is very little known about how smaller protected areas function to provide biodiversity protection that may complement large, public protected areas and help address global issues [19,20]. The abundance of small protected areas—at least in the continental United States—underscores the need for a better understanding of their collective and individual function and how future conservation efforts may be oriented towards achieving larger landscape goals. Unfortunately, the literature on these issues is not robust. Much research on small protected areas remains to be done and applied to conservation planning, design, acquisition, and management.




4. Landscape-Level Views of Small Areas


A large body of literature shows that as islands of habitat become smaller and more isolated, they lose local populations of species [21]. Parks and protected areas, when fragments of larger once-connected landscapes, follow these island-biogeographic trends [22]. Ecological isolation increases if the conserved area is in a matrix of intensive land uses decreasing permeability and dispersal opportunities and increasing edge penetration to the core [6]. As a consequence, smaller areas in human-dominated matrices with intensive land uses are expected to have reduced biodiversity conservation function than larger, more well-connected areas.



As a whole, perhaps because of the importance of large size, the literature on protected areas is focused on those that are the largest. For example, globally protected areas are biased towards locations where they will have the least effect of reducing land conversion [4]. That study, and many others like it, investigate the coarse-scale pattern using minimum grain sizes of 1 km2 or greater. The number and types of studies focusing on the smallest areas appears to be increasing, and the potential importance of grassroots conservation, private land, and multiscale conservation becomes more evident [23]. In the United States, the rapid increase in the number of conservation easements has given rise to studies of their effectiveness [19,24]. There are many state and county parks which may provide meaningful habitat protection. For example, the life histories of some wetland animals may be accommodated by protected areas considered to be small, as in state parks in the hundreds of hectares range [25]. Others have focused on how the scale of conservation can fit the scale of the ecosystem, community, policy environment, or process of concern [26]. Vernal pool systems in the Northeastern United States may be significantly protected by local conservation actions [27]. In some parts of the world, community-owned and managed forests are localized socioecological systems that may have greater conservation outcomes and more local support than traditional protected areas [15].



Studies focused on how populations and communities function across time and space provide insight into how small protected areas may function and how their internal processes may be influenced by events occurring outside their boundaries. Populations and communities are not isolated in space; conditions at a varying distances can influence response variables such as occupancy, population size, and community composition and structure at a site [28,29]. Dispersal and migration are common foci of these studies, as they are mechanisms connecting populations, and can provide insight into how to design conservation landscapes. Some of these movements, such as for reptiles and amphibians, are highly local in scale (e.g., hundreds of meters), yet still require landscape-level thinking for conservation purposes [30]. In fact, using landscape-level analyses to configure habitats in conservation plans at local scales for pond-breeding amphibians has been a productive area of research [31,32]. Small protected areas may be important for climate change adaptation, such as when considering the need to provide habitats during range shifts through human-dominated landscapes [33].



Studies that incorporate multiple spatial scales may help a manager of a small parcel to understand how the management of adjacent properties within specified distances influences conditions observed at the site. For example, forest cover is important at certain thresholds and distances [34], loss of wetland density at landscape scales influences local diversity [35], butterfly metapopulations depend on a spatially and temporally dynamic system of habitat patches [36], and turtles follow an array of routes over large areas and are strongly influenced by road traffic within that landscape [37]. A small reserve may have wildlife populations that may be perceived as resident, but routinely exchange wildlife with surrounding properties.



Some small protected areas serve very specific and well-known functions in a process that covers a much larger area. For example, bird migratory stopovers and seabird breeding sites are very spatially specific, and small protected areas have been established to cover those functions. Cape May, New Jersey, is a place where waterfowl, raptors, shorebirds, and songbirds congregate during spring migration [38]. Cape May National Wildlife Refuge is about 4900 ha in size and is a key location in the Atlantic Flyway. L’île Bonaventure-et-du-Rocher Percé in eastern Canada was protected in 1919 as a 1361-ha Migratory Bird Sanctuary, hosting thousands of breeding pairs of seabirds, including about half of the Northern Gannets breeding in the Atlantic [39]. The Western Hemisphere Shorebird Reserve Network has collated information on 102 locations with sizes ranging from several hundred to tens of thousands of hectares from the tip of South America to Alaska, and provides scientific resources to aid in their conservation (https://www.whsrn.org/).



When small protected areas are embedded in human-dominated landscapes, they are more susceptible to ecological isolation than larger protected areas in those same areas. Urbanization creeps out from metropolitan areas and causes rural lands to transition to higher density residential landscapes with attendant roads, industries, and services [40]. Land values rise during this process, and while there may be more funds and incentives available for conservation deals on private land, these deals are competing with the real estate market [41]. Consequently, most land transitions in the United States are from rural to residential, resulting in the increased isolation of the remaining natural lands. At the same time, small conservation areas embedded in urbanizing areas may provide disproportionately high conservation values [42] and benefits for human health and wellbeing [43].




5. Ecosystem Management for Small Areas


Ecosystem management is a way of organizing thinking about individual protected areas and private parcels in relation to the spatial and temporal scales at which ecosystem processes occur, as opposed to within political or jurisdictional boundaries. Its management roots were in the Pacific Northwest in the late 20th century, where there were significant endangered species management issues and social conflicts resulted [44]. Accommodating dispersal, gene flow, disturbance, migration, and other ecological processes requires working across management units, ownerships, and jurisdictions. For example, conserving migratory movements of ungulates may be dependent on highly localized natural features that occur outside protected areas, practices of landowners such as fencing, differing game laws across political boundaries, and departments of transportation who are responsible for wildlife underpasses and overpasses [45,46]. Such tasks will be more challenging in landscapes where there are lots of smaller areas.



Natural disturbance regimes help to maintain biological diversity, but are difficult to manage across boundaries of protected areas [47]. Managing a landscape-level disturbance, such as fire, is a challenge for protected areas as neighboring landowners are influenced. Because of perimeter-to-area ratios, such boundary-related tasks will be more difficult the smaller the protected area is. Nonetheless, fire management is frequently practiced on small reserves. For example, even in the urban setting of the Hitchcock Woods in South Carolina (850 ha), the longleaf pine systems are maintained by repeated burning. Much education is undertaken with local residents. However, knowledge of how to manage fire in local socioeconomic systems is rarely published [48]. Thus, there is much more knowledge available than is in present in the scientific literature and can be accessed via websites, workshops, and so on. Smaller protected areas may be vulnerable to large disturbances, as a hurricane or pathogen could wipe out a large percentage of its contents. For example, old growth forests on a 2180-ha portion of the Cape Romain National Wildlife Refuge in South Carolina were decimated—for one pine species, almost total losses—after Hurricane Hugo in 1989 [49]. The smaller the protected area, the more likely a single disturbance event will change the entire ecosystem. If this happens to a small protected area that is isolated by development, problems are compounded.



Ecosystem management may be more important for smaller protected areas due to their isolation and abundance and complexities of ownerships. A landscape with many protected areas with different managers and owners is a challenge in cross-boundary cooperation [50]. For one thing, smaller areas are more likely to have ecological processes that transcend boundaries. One approach to cooperation, examined for two very small parcels, was to identify the owners responsible for landscape features important to ecosystem function, and then develop a plan for the neighbors to accommodate movements of animals using habitats on each parcel. Such an approach required mutual understanding of the ecological and conservation issues and agreement on values [51]. Another example is the Southern Low Country ACE Basin longleaf partnership that manages the longleaf system which involves frequent burning (https://www.longleafalliance.org/soloace).



The region shown in Figure 4 has two overlapping planning areas: an International Biosphere Reserve and a landscape-level alliance or Task Force. Both planning areas share members, for example, from the National Park Service, Congaree Land Trust, and state agencies. The idea is to increase cooperation to achieve landscape-level conservation goals. The hope is that even though the protected areas are small, their collective impact may be increased by better management of un-conserved lands, while preserving local resource-based economies. Similarly, community conserved areas (CCAs) are a global phenomenon that provide biodiversity services while satisfying the needs of local and indigenous peoples. They are not very well understood in terms of their overall contributions to biodiversity conservation, but due to their extensive coverage (as much as 11% of global forests), are an example of how relatively small, local projects can accumulate effects [52]. These approaches can be facilitated by landscape-level cooperatives and alliances, especially if they respect human dimensions. For example, in governance of conservation networks, recognizing and trading leadership roles based on what is needed to accomplish particular goals is better than traditional, top-down management [53].




6. Systematic Conservation Planning for Small Areas


Systematic conservation planning is a rapidly growing field in spatial ecology that attempts to allocate conservation actions across the landscape based on patterns of representation, size and configuration, and threat [54]. Systematic conservation planning uses spatial datasets in complex, mathematically-driven layering operations to identify which parts of the landscape meet conservation goals. Many spatially extensive analyses and localized projects have been completed, such as that presented in [55]. One of the weaknesses of conservation planning is the lack of relevance to local decision-making when there is a mismatch between grain size and data quality and the scale at which decision-makers need information [56,57].



Local conservationists seeking to prioritize small parcels may not be able to develop models comparable to those produced at greater spatial extents. Spatial data is often less available at the fine grain sizes relevant to local conservation than at the coarse grain sizes relevant for large-landscape projects, resulting in maps and models for systematic planning that show broad patterns, but are less relevant locally. Biodiversity data may consist of points with high accuracy, but the coverage of points is often nonuniform and biased towards survey routes or other observation patterns. Resulting species distribution maps, which are often the basis for conservation plans, are influenced by these data limitations [58]. Smaller conservation organizations often do not have the technical capacity or funding to invest in new, fine-grain data for spatial planning. Even if they engage in systematic conservation planning, and many do, they are forced to use coarser-grain data. Grain size and extent of analysis can influence model results, resulting in locations prioritized for conservation that are influenced by the accuracy of the data [59]. Resolving questions of scale is an important area of research if spatial conservation planning is to be relevant for the smallest protected areas.



Despite these challenges, systematic conservation planning has the potential to greatly improve the biodiversity impact of new small protected areas. Until the advent of these methods, many conservation projects were focused on protecting single populations of rare and endemic plants and particular ecosystems (e.g., cliffs and caves), regardless of spatial context. The Nature Conservancy is one of the largest private conservation organizations in the world. It is a leader in conservation planning, yet has numerous smaller reserves in the US that represent an occurrence of a rare species or important localized ecosystem. Their Places We Protect website provides background information on these, for example, the 202-ha Loverens Mill Cedar Swamp in New Hampshire (https://www.nature.org/en-us/get-involved/how-to-help/places-we-protect/). The Nature Conservancy was a leader in forming the field of systematic conservation planning, attempting to “scale up” from their site-based approach to larger and more connected areas [60]. Their approach now integrates the small, important sites with landscape-level patterns and processes, focused on resilience to climate change [61].



Given the preponderance of small protected areas, those engaged in systematic conservation planning may need to be more focused on how to improve site selection at the local scale. It appears that at least in some areas of the United States, land trusts and others in conservation are protecting many areas that are close to where they live and work [20]. It is unclear to what degree these decisions are being driven by spatial conservation priorities, or by opportunities and aesthetics, and local knowledge about site conditions.



Initiating more systematic conservation planning at local scales for small areas will necessitate better databases that are more fine-scale. Since land use and land cover data are the basis of most conservation planning models, developing more localized land cover data should be a top priority [62]. Fine-scale biodiversity data can be improved through USGS GAP species distribution models, the Global Biodiversity Information Facility (GBIF), and proprietary sources such as NatureServe. As stated earlier, more complete representation of very small areas in protected areas databases including PADUS, NCED, and the World Database on Protected Areas (WDPA) will help.



Local land use decision-making usually occurs in the context of development, but conservation planners can get involved and bring biodiversity concerns into that context [63]. Such planning projects should be done within a spatially hierarchical framework (e.g., landscapes–ecoregions), so that what is accomplished locally will have relevance when viewed in greater spatial contexts. Larger regional analyses may point to localities that have biodiversity importance at an ecoregional level (e.g., species geographic ranges, across climate gradients, and large land use transitions). Within those localities prioritized as being important at a coarser-grain level, local conservation groups should plan using finer-grained data. Funding agencies should recognize that planning and data development require support at every scale.




7. Summary


More research is needed on the spatial distribution and landscape-level functions of small protected areas. At least in the United States, small areas dominate the frequency distribution and may have greater collective impact on conservation than their individual sizes suggest. Larger areas still account for most of the coverage, but their function may be enhanced by a matrix-improving impact of small sites, which may also serve to represent localized natural phenomena. Scattered across the landscape at varying densities, small areas may provide landscape-level functions that enhance biodiversity conservation. Better landscape-level management and planning at local scales could improve their current function and spatial distribution of additional areas. Datasets are incomplete and may have inaccuracies, so should be improved so that the above hypotheses may be tested.



Considerable effort is expended to protect and manage small areas, but not enough is known about how they contribute to global biodiversity goals. Even the smallest protected areas may protect localized ecosystems, collectively improve landscape-level conditions such as permeability and matrix quality, and may be important to human community health and wellbeing. While systematic conservation planning has made great scientific strides and is being applied at most scales, data availability and accuracy, financial restrictions, and lack of access to technology may limit its application to small projects. More research and data development are needed to ensure that the cumulative effect of small areas is a net gain for global biodiversity conservation.



7.1. Recommendations for Research


	
Examine effects of small protected areas on landscape-level patterns and processes, including local representation of regional diversity, improvement of matrix quality, metapopulation and community services, stopover sites, and network centrality.



	
Examine protected areas dataset completeness and topology errors for small areas.



	
Develop fine-grain biological and economic data to be used in local-scale systematic conservation planning.



	
Examine social and economic barriers that keep partners who own, manage, or monitor small protected areas—e.g., land trusts, local governments, indigenous peoples—from participating in larger landscape efforts.



	
Conduct economic research on contributions of small areas to ecosystem services, including water purification and supply, biodiversity, and flood storage.



	
Research how small protected areas may contribute to resiliency following large-scale disturbances and contribute to climate change adaptation.



	
Examine role of small protected areas in local communities and how they contribute to social, physical, and psychological health and wellbeing.







7.2. Recommendations for Management


	
Manage for ecosystem processes such as dispersal and disturbance that extend outside property boundaries.



	
Identify the neighboring landowners that accommodate ecosystem processes influencing the site; collaborate across boundaries.



	
Provide mapped data on small areas to public databases so it can be used in conservation planning.



	
Contribute time and resources to protecting other parcels in your landscape to form functional networks.



	
Participate in watershed-level activities to enhance water quality.



	
Participate in large landscape efforts to restore natural disturbance regimes.



	
Scale up: represent the locality in larger landscape conservation efforts.



	
Educate stakeholders about the importance of participating in larger efforts.
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Figure 1. Frequency distribution of protected area parcel sizes in the United States. The x axis is truncated at 2000 ha in order to show the distribution on the y axis without transforming the data. Bin count is 10 ha. Bars represent the percentage of total records smaller than the mean (95%) and median areas (49%). R version 3.4.2. 
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Figure 2. Small protected areas distributed across the continental United States. Shown in green on the map are the protected areas <16 ha, which is the median parcel size for the area shown. Data from PADUS V1.4 Combined Feature Class. QGIS V3.2. 
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Figure 3. A portion of Cape Cod, USA, showing extremely small conserved parcels <1 ha, in yellow, in a matrix of slightly larger projects typical of those discussed in this paper. A selection of parcels is labeled to show the types of conservation lands in this landscape. Even the <1 ha areas have “conservation” designations in the database, i.e., are not data anomalies. To what extent small protected areas perform landscape-level biodiversity functions is largely unknown. QGIS V 3.2. 
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Figure 4. A landscape in South Carolina, USA showing small conservation lands within two overlapping planning projects, an International Biosphere Reserve, and the COWASEE Basin Task Force. Conservation actions within these areas are coordinated to meet landscape-level objectives. QGIS V3.2. 
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