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SUMMARY

Estimates of the target percentage of land required to be set aside as protected have typically
emphasized representation for contemporary species’ distributions and natural features within
political, rather than ecological, regions. Further, targets for percentage protected area, and
associated reserve selection algorithms, do not generally consider the minimum size of
component reserves as a design constraint. Thus, protected areas systems that meet
percentage targets will not necessarily effectively promote the long-term persistence of
species. We used a minimum reserve size predicted to conserve historical mammal species
richness in the Canadian portion of the Allegheny-Illinoian mammal province as a design
constraint to approximate criteria for species persistence, and determined the minimum
fractions of land required to be set aside as protected in a representative reserve network if
both representation and minimum area criteria had been applied a priori to reserve design.
Minimum percentage ranged from 2 to 58%, depending on the region, selection algorithm,
and how the target for achieving representation was defined.

1. INTRODUCTION

Conservation biologists have long considered “How much protected area is enough?” (e.g.,
1). Many jurisdictions in Canada have adopted the so-called “12%” target, both at the federal
level (2), and in the provinces of Ontario (3) and British Columbia (4). The 3" World
Congress on National Parks first set percentage targets for conservation in 1983 and reported
the global percentage of land in protected areas at about 4% (5). In 1987, the Bruntland
Commission (6) supported the World Congress’ call to triple the global percentage of land set
aside as protected. The commission also noted that, while some regions of the world had
recently increased their networks, other regions, such as the tropical forests, should have as
much as 20% set aside in protected areas. In Canada, Hummel (2) multiplied the 4% listed in
the World Congress report by the factor of 3, to set a target of 12% of Canada’s land area.

Subsequently, while some (7, 8) continue to suggest 12% as a minimum target, based
largely on ‘expert opinion’, others yielded targets for protected areas ranging from 33 to 99%,
depending on taxa and landscapes (8-12).

None of these targets, however, were prescriptive about where protected areas should be
distributed across a region. Conservation targets have typically been estimated based on
attempts to ensure representation of a full suite of biodiversity in protected sites (1-16) within
politically bounded areas (provinces or countries). However, efficient use of limited
conservation funds may require that representation be based on ecologically bounded areas,
since ecoregions often span political boundaries. Additionally, percentage targets for
representation rarely address issues of persistence of species within proposed protected areas
(17). Our premise is that, if the goal for a system of protected areas is to maintain that biota
which is represented therein, then the minimum size of a protected area must be considered
as a design constraint before the issue of how many protected areas (of such a size) may be
needed to achieve representation is considered (1, 18, 19). Thus, we asked: “What is the
fraction of land that is (a) in an ecologically relevant region; (b) contained in parcels of some



minimum size that might enable persistence; and (c) distributed to achieve full species
representation?”

We estimated percentage targets for the Alleghenian-Illinoian mammal province (20) in
southeastern Canada (Fig. 1). Despite that we truncated the region at the international border
because of data limitations, the Canadian portion of the Alleghenian-Illinoian mammal
province comprises a region based on ecological, instead of political, boundaries (1, 2). We
used mammals because of the availability of data on historical distributions (21), and because
of all terrestrial vertebrates and plants, mammal density is most severely affected by
reductions in area of habitat (22-24). Therefore, we consider mammals as a sensitive indicator
of effects of variation in habitat size, and as a potential “umbrella species group” in that
regard.

Several estimates of minimum sizes of protected areas that might ensure long-term
persistence of species exist, based on minimizing extinction rates (25), sizes of minimally
viable populations (26-28) and dynamic processes (29). In the Alleghenian-Illinoian mammal
province, Gurd et al. (30) estimated the minimum reserve area (MRA) for disturbance-
sensitive mammals at 5037 km? (95% CI: 2700 km? - 13,296 km?) (30). The MRA was
derived by estimating the intersection of an historical species-area relationship with a species-
area relationship based on current species richness in Canadian parks in the mammal
province. The MRA was thus the threshold park size above which no mammal extinctions
have been detected since widespread European settlement, even in parks presumed to have
been isolated from the surrounding habitat matrix (30). This estimate of the MRA coincides
well with minimum area estimates based on minimum viable population analyses for several
species of large mammals (26-28). Thus, the MRA estimate represents the minimum size of a
reserve below which some disturbance-sensitive mammals will almost certainly become
locally extinct. A representative network comprised of individual MRA-sized protected areas
may not guarantee long-term persistence of mammals, but such a network would be the first
designed to address simultaneously minimum size and representation criteria, and thus may
provide for a more robust estimate of percentage targets for conservation than currently
available.

All else considered equal, if the MRA is small relative to the size of a region for which a
representative protected areas system is designed, then the fraction of the region required to
be protected will be small relative to the case when the MRA is large relative to the size of
the region. Further, if more protected areas are needed to achieve representation, then a
greater fraction of land will have to be set aside as protected, than if only a few areas are
sufficient to capture the full range of species diversity.

2. METHODS

The Alleghenian-Illinoian (Al) mammal province is divided into western and eastern portions
by the Great Lakes (Fig. 1), and we considered these separately in this analysis. We used
ArcInfo™ Geographic Information Systems (GIS) to sample the historical range maps of
disturbance-sensitive mammals (31) within the region using square plots of three sizes: the
MRA (5037 km?) and its lower and upper 95% confidence limits (2700 and 13,296 km?) (30).
Sample MRAs were replicated four times in each size class, as the shape of each region of the
Al province, together with the re-orientation of the square plots, allowed for repeated
sampling with minimal overlap. Once plots had been sampled for their historical species
richness and composition, those that would comprise the set of reserves were selected using
two heuristic algorithms (10, 32, 33) — a richest-first, and a rarest-first, greedy reserve
selection algorithm. Algorithms iteratively selected plots (reserves) to maximize either
richness or presence of rare species until all species were represented in at least one plot.
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Figure 1. The mammal provinces of Canada, defined as faunistically homogeneous regions (20). This
study focused on the two portions of the Alleghenian-Illinoian (Al) mammal province (solid area) east
(420,192 km?) and west (121,205 km?) of the Great Lakes.

Two stopping rules were used with each reserve selection algorithm. First, reserves were
selected and added to the system until all species were represented at least once in a reserve
(determined as full or partial overlap between a species’ range and a sample MRA plot).
Second, reserves were selected until all species were represented at least once by occupying
the full area of at least one reserve (determined as full overlap, where possible, between a
species’ range and a sample MRA plot). This was done to account for any plots selected
using the first stopping rule which had only a fraction of the total plot area covered by a
species at the edge of that species’ historical range (which represents “extent of occurrence”
rather than “area of occupancy” (34)). These plots might have a lower probability of actually
capturing species than plots where species ranges overlapped entirely (35).

3. RESULTS

Results for the first stopping rule are summarized in Figure 2. Across both regions in the Al
province, the average percentage area necessary to capture all mammal species at least once
in a reserve system ranged from 1.9% in the eastern portion of the region when the smallest
MRA (2700 km?) was used with the first stopping rule, to 58.1% in the western portion of the
region when the largest MRA (13,296 km?) was used with the second stopping rule (not
shown).
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Figure 2. Plots showing the average percentage (with standard deviations) of the total number of
mammal species (n = 28 in the eastern portion and n = 32 in the western portion) captured in reserve
systems as a function of percent of the region set aside as protected areas (comprised of replicates of
MRA-sized plots). Analyses were run using each of three estimates of minimum reserve area (MRA)
(2700 km? (circles/dotted line), 5037 km? (squares/dashed line) and 13,296 km? (triangles/solid line))
as a design constraint and using a richest-first (open symbols) and a rarest-first (closed symbols)
greedy reserve selection algorithm for both the eastern and western portions of the Alleghenian-
Illinoian mammal province. Reserve selection stopped when all species were represented at least once
(100% of total species captured). In some replicates, standard deviations equaled zero, or were too
small to been shown on the graphs.

4. CONCLUSIONS

Protected area systems are to both represent and maintain species’ assemblages, so
consideration of the sizes of the individual reserves below which species are predicted to
become extirpated due to the effects of habitat isolation (MRA, 30) is a critical design



component. We show that the size of MRA selected strongly influences the estimate of the
fraction of land area required to fully represent all of the land mammals present historically.
The confidence limits around the estimate for the MRA for disturbance-sensitive mammals in
the Alleghenian-Illinoian mammal province vary by an order of magnitude (30), and thus our
estimates of the minimum percentage to achieve representation in this mammal province vary
dramatically. Despite this, our results suggest that 3 to 6 MRA-sized protected areas are
necessary to achieve representation of disturbance-sensitive mammals within either part of
this ecological region.

Even if this number of protected areas to achieve representation holds for other
ecological regions and taxa, the actual fraction of land area to be conserved will further
depend on the size of the ecological region of interest. Moreover, it may be possible to have
all species represented in even fewer areas, as greedy heuristic algorithms such as those used
here may not always be the overall most efficient (36). It may be possible to identify a
smaller set of reserves that are complementary to each other, which may not correspond to
the most species rich, or those containing the most rare species (36).

Our results are based on the historical distributions of disturbance-sensitive mammals
(31). Present-day locations of these species may be different, and thus the sites selected using
the algorithms here may not conserve present-day distributions of these species. A
comparison between the proposed reserve network based on our system of site selection and
current distributions of species together with the locations of national and provincial parks
that meet the MRA size criterion would constitute a gap analysis (37-39) that could help
guide park planners and managers into selecting areas of the Alleghenian-Illinoian mammal
province which would have a high probability of contributing to species conservation across
the region.

ACKNOWLEDGEMENTS

This research was funded through grants from Parks Canada and the Natural Science and
Engineering Research Council to TDN. Thanks to S. Pimm for helpful comments on an
earlier draft of the manuscript.

REFERENCES

1.  R.F. Noss. 1996. Protected areas: how much is enough? In National Parks and Protected Areas: Their Role
in Environmental Protection (R.G. Wright, Ed.). Blackwell Science, Cambridge, UK, pp. 91-120.

2. M. Hummel (Ed.). 1996. Protecting Canada's Endangered Spaces: An Owner's Manual. Key Porter,
Toronto, Canada.

3. Ontario’s Living Legacy. 2002. Approved Land Use Strategy. On-line document.
www.ontarioslivinglegacy.com, Queen’s Printer for Ontario.

4. K. Kennett. 1994. Ecoregions, biodiversity and representative protected areas. In Northern Protected Areas
and Wilderness (J. Peepre and B. Jickling, Eds.). Canadian Parks and Wilderness Society and Yukon
College, Whitehorse, YK, pp. 101-104.

5. J. McNeely and K. Miller (Eds.) 1984. National Parks Conservation and Development: the Role of
Protected Areas in Sustaining Society, Proceedings of the World Congress on National Parks. Smithsonian
Institution Press, Washington, DC.

6.  World Commission on Environment and Development 1987. Our Common Future. Oxford University Press,
New York.

7. M.E. Soulé, 1998. Conservation biology: Applications to wilderness protection and restoration. In
Proceedings of Third International Conference of SAMPAA, May 12-16 1997 (N. W.P. Munro and J.H.M.
Willison, Eds). SAMPAA, Wolfville Nova Scotia, pp. 33-35.

8.  M.E. Soulé and M.A. Sanjayan. 1998. Conservation targets: do they help? Science 279, 2060-2061.

9. R.T.Ryti. 1992. Effect of the focal taxon on the selection of nature reserves. Ecological Applications 2, 404-
410.

10. C.R. Margules, A.O. Nicholls and R.L. Pressey. 1988. Selecting networks of reserves to maximize
biodiversity. Biological Conservation 43, 63-76.

11. R.F. Noss. 1993. A conservation plan for the Oregon Coast Range: some preliminary suggestions. Natural
Areas Journal 13, 276-290.



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L
32.

33.

34.

35.

36.

37.

38.

M. Saetersdal, J.M. Line and H.J.B. Birks. 1993. How to maximize biological diversity in nature reserve
selection: Vascular plants and breeding birds in deciduous woodlands, western Norway. Biological
Conservation 66, 131-138.

M. Bedward, R.L. Pressey and D.A. Keith. 1992. A new approach for selecting fully representative reserve
networks: Addressing efficiency, reserve design and land suitability with an iterative analysis. Biological
Conservation 61, 115-125.

L. Belbin. 1993. Environmental representativeness: Regional partitioning and reserve selection. Biological
Conservation 66, 223-230.

D.H.K. Fairbanks, B. Reyers and A.S. van Jaarsveld. 2001. Species and environment representation:
selecting reserves for the retention of avian diversity in KwazZulu-Natal, South Africa. Biological
Conservation 98, 365-379.

J.M. Scott, M. Murray, R.G. Wright, B. Csuti, P. Morgan and R.L. Pressey. 2001. Representation of natural
vegetation in protected areas: capturing the geographic range. Biodiversity and Conservation 10, 1297-1301.
M. Cabeza and A. Moilanen. 2001. Design of reserve networks and the persistence of biodiversity. Trends in
Ecology and Evolution 16, 242-248.

A.R. Kiester, J.M. Scott, B. Custi, R.F. Noss, B. Butterfield, K. Sahr and D. White. 1996. Conservation
prioritization using GAP data. Conservation Biology 10, 1332-1342.

R. M. Cowling, R.L. Pressey, A.T. Lombard, P.G. Desmet and A.G. Ellis. 1999. From representation to
persistence: requirements for a sustainable system of conservation areas in the species-rich Mediterranean-
climate desert of southern Africa. Diversity and Distributions 5, 51-71.

E.M. Hagmeier. 1966. A numerical analysis of the distributional patterns of North American Mammals. I1.
Re-evaluation of the provinces. Systematic Zoology 15, 279-299.

S.M. Glenn and T.D. Nudds. 1989. Insular biogeography of mammals in Canadian parks. Journal of
Biogeography 16, 261-268.

S.J. Wright. 1981. Intra-archipelago vertebrate distribution: the slope of the species-area relation. American
Naturalist 118, 726-748.

F.K.A. Schmieglow and T.D. Nudds. 1987. Island biogeography of vertebrates in Georgian Bay Islands
National Park. Canadian Journal of Zoology 65, 3041-3043.

H.A. Hager and T.D. Nudds. 2001. Parks and protected areas as ecological baselines: establishment of
baseline data on species-area relations from islands in Georgian Bay. In Ecology, Culture and Conservation
of a Protected Area: Fathom Five National Marine Park, Canada (S. Parker, M. Munawar, Eds.). Backhuys
Publishers, Leiden, NL, pp. 269-280.

T.V. Burkey. 1995. Faunal collapse in East African game reserves revisited. Biological Conservation 17,
107-110.

C.M. Schoenwald-Cox, R.J. Baker and J.W. Bayless. Applying the population/area model to the planning of
large mammal translocation. In Translocation of Wild Animals (L. Nielsen and R.D. Brown, Eds.). The
Wisconsin Humane Society and Caesar Kleberg Wildlife Institute, Kingsville, TX, pp. 52-63.

M.L. Shaffer and F.B. Samson. 1985. Population size and extinction: A note on determining critical
population sizes. American Naturalist 125, 144-152.

P. Beier. 1993. Determining minimum habitat areas and habitat corridors for cougars. Conservation Biology
7, 94-108.

S.T.A. Pickett and J.N. Thompson. 1978. Patch dynamics and the design of nature reserves. Biological
Conservation 13, 27-37.

D.B. Gurd, T.D. Nudds and D.H. Rivard. 2001. Conservation of Mammals in Eastern North American
Wildlife Reserves: How Small Is Too Small? Conservation Biology 15, 1355-1363.

A.W.F. Banfield. 1974. The Mammals of Canada. University of Toronto Press, Toronto Ontario.

J.B. Kirkpatrick. 1983. An iterative method for establishing priorities for the selection of nature reserves: An
example from Tasmania. Biological Conservation 25, 127-134.

R.L. Pressey, C.J. Humphries, C.R. Margules, R.I. Van-Wright and P.H. Williams. 1993. Beyond
opportunism: key principles for systematic reserve selection. Trends in Ecology and Evolution 8, 124-128.
M.J. Lawes and S.E. Piper. 1998. There is less to binary maps than meets the eye: The use of species
distribution data in the southern African sub-region. South African Journal of Science 94, 207-210.

L.D. Habib, Y.F. Wiersma and T.D. Nudds. 2003. Effects of errors in range maps on estimates of historical
species richness of mammals in Canadian national parks. Journal of Biogeography 30, 375-380.

L.G. Underhill. 1994. Optimal and suboptimal reserve selection algorithms. Biological Conservation 70, 85-
87.

J.M. Scott, F. Davis, B. Csuti, R. Noss, B. Butterfield, C. Groves, H. Anderson, S. Caicco, F. D'Erchia, T.C.
Edwards, Jr., J. Ulliman and R.G. Wright. 1993. Gap analysis: a geographic approach to protection of
biological diversity. Wildlife Monographs 123.

A. S. L. Rodrigues, R. Tratt, B. D. Wheeler and K. J. Gaston. 1999. The performance of existing networks
of conservation areas in representing biodiversity. Proceedings of the Royal Society of London, Series B.
266, 1453-1460.



39. J.M. Scott, F.W. Davis, R. G. McGhie, R. G. Wright, C. Groves and J. Estes. 2001. Nature reserves: Do they
capture the full range of America's biological diversity? Ecological Applications 11, 999-1007.



