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Objective"S

· To construct an equal-area geo-referenced sampling grid for Canada.

· To grid ecoregions and available range maps for common species and species-at-risk (designated by Committee on the Status of Endangered Wildlife in Canada; COSEWIC) in Canada. 

METHODS

· An equal-area grid of 10,000 km2 hexagons was constructed on a Lambert azimuthal equal-area map projection. 
· The ranges of 697 common and COSEWIC mammals, birds, reptiles, and amphibians, and  COSEWIC fish, plants, lepidoptera and molluscs were transferred to the equal-area grid.  

· The areas of 217 ecoregions were also transferred to the equal-area grid.  

INTRODUCTION


Considerable attention has been focused on the conservation and management of biodiversity in Canada, particularly since signing the Convention on Biological Diversity in 1993 and its subsequent ratification.  A recent international scientific review of biodiversity (Heywood & Watson, 1995), clearly indicates that past and projected human induced stresses pose significant risks to the biodiversity and functioning of ecosystems. These and other agreements and reviews (e.g. Environment Canada, 1994; CFS, 1997) emphasize the need to assess the status of biodiversity and to better understand the causes and consequences of changes in biodiversity.  Furthermore, the economic benefits of conserving biodiversity are beginning to be recognised and documented (Perrings et al., 1995; Arrow et al., 1995).


Canada was the first industrialised nation to sign the Convention on Biological Diversity. Canadians are concerned about the degradation of ecosystems and loss of biodiversity from human activities for aesthetic, economic, ecological, cultural and educational reasons (BCO, 1995; Heywood & Watson, 1995).  For example, degraded forest, agricultural and aquatic ecosystems are less productive and require greater inputs if they are to continue supporting the wildlife and human communities that depend on them.  All of these concerns are ultimately related to the loss of genetic diversity, the primary raw material that is filtered by natural selection, resulting in evolutionary and ecological adaptation of biota to environmental conditions.  Minimising additional loss of biodiversity will provide the best assurance that biota will adapt to the increasing rate and spatial extent of environmental change (Pratt & Cairns, 1992), and that societal values can be sustained.


Achieving the vision outlined in the Canadian Biodiversity Strategy (BCO, 1995) requires multiple-scale hierarchical approaches.  Such approaches are inter-disciplinary and should include contributions from ecology, geography, agriculture and forest science, and social sciences such as economics, sociology and land-use planning (White et al., 1999).  With collaboration from many perspectives, more appropriate databases and analytic approaches can be formulated.  More significantly, a co-operative, cross-sectoral approach based on partnerships promises better linkage between scientific perspectives and the spatial, temporal, and political structure of decision-making (Lubchenco, 1995).  Clarifying the scientific status of biodiversity can set the stage for moving the biodiversity debate from one primarily about the facts of the issue to one about values (c.f. Williams & Gaston, 1994; Williams et al., 1996).


In this project, we extend and apply new methods of spatial analysis for geo-referenced data in order to identify important areas for achieving national conservation goals.  In other words, with limited resources to study or conserve biodiversity, we ask where are the best places for further investigation or conservation activity?  At the national scale, our analyses will identify priority regions for conservation effort.  Within regions, the study will identify locations of potential sites for conservation efforts such as establishing a network of protected areas representative of regional biodiversity, or implementing changes to forestry or agricultural practices that could benefit biodiversity.   While protected areas are a key component to a biodiversity conservation strategy, their long-term value will depend on sound stewardship in remaining, and particularly adjacent, areas (Pressey et al., 1995; Flather et al., 1997).   To improve the network of protected areas in Canada, comprehensive criteria need to be developed for determining priority sites for further conservation action.  Examples of such sites might be areas supporting a high diversity of species, migratory species, representative species, or unique species (BCO, 1995) that occur outside current protected areas.  This project will extend the focus of biodiversity conservation and management beyond from multiple single-species approaches to a single multiple-species approach.  Analyses will provide insights into the ability of sites to contribute to the representation of biodiversity at the national scale, and indicate gaps in existing conservation and management strategies.  The approaches developed will aid in the process of decentralising resource management decision-making to the community level, while maintaining the larger-scale perspective necessary for integrated planning to ensure sustainable resource use.

METHODS
Geospatial Sampling Framework tc  \l 32 ".2.1
GEOSPATIAL SAMPLING FRAMEWORK"

For large-scale studies of the distribution of biodiversity, an analysis structure that provides comparability is desirable (White et al., 1999).   This study used a sampling framework that is similar to one that was designed to provide a regular, systematic, hierarchical hexagonal spatial structure for environmental monitoring and assessment by the U.S. Environmental Protection Agency (White et al., 1992).  The hexagon tessellation is attractive because it minimises spatial distortion and, if constructed on an equal-area map projection, provides an equal-area sample (White et al., 1992).  Furthermore, hexagons are generalisable to both larger and smaller spatial scales.  This becomes important for extending regional and national assessments to continental and global scales.  An equal-area grid also provides a common spatial unit for comparison of diverse data types whereas ecoregions, for example, are not comparable but by definition unique.  Equal-area units also minimise confounding due to species-area relationships, a potential problem if other units such as ecoregions (Moore, 1997; Ricketts et al., 1999) or counties (Dobson et al., 1997) are used.  Because an equal area sampling framework largely ignores jurisdictional boundaries, it can help focus the biodiversity debate on the facts of the issue rather than the politics. 


The sampling framework (see Map 1) was a grid of hexagons, each 10,000 km2 in area (White 1999). We chose the 10,000 km2 scale for our grid because, in our judgement, it best suited the scale of the range data available for the majority of taxa. There were 1275 hexagons that were completely or partly enclosed by the terrestrial political boundaries of Canada.


The grid provided an accounting mechanism that served several purposes (White et al., 1999).  First, a single set of analysis units facilitated comparison of different data sets.  Second, the uncertainty inherent within available range maps could be minimised by limiting the precision of location assignment to this scale.  Furthermore, concerns about the confidentiality of precise locations of occurrence for species of concern (e.g. endangered species) was alleviated by using a 10,000 km2 grid.  Finally, there is a strong argument for generalising species distributions from the precise data of field observations in order to account for the biases in observation locations.

The size of the hexagons thus reflects a compromise between the desire for spatial detail and the constraints of reasonable spatial representation of species life histories, data collection, confidentially, and computational feasibility.  Solutions to spatial analyses can depend, of course, on the sizes of units used (Stoms, 1994).
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Species richness


We used range data for 796 species (summary in Table 1) from two sources.  The ranges of terrestrial mammals, birds, amphibians, reptiles, fish, plants, molluscs and lepidoptera listed as endangered, threatened, or vulnerable by the Committee on the Status of Endangered Wildlife in Canada (hereinafter termed ‘COSEWIC’) were provided to us by that organisation. Information contained in each COSEWIC species report was used to generate range maps. For example, sometimes there was specific coordinate data from field surveys which could be mapped directly (most common with plant data). Other reports had range maps attached which were digitized for GIS input. While still other reports only had a discripition of the range which had to be transfered to maps before digitizing at 1:1,000,000 scale.  The ranges of ‘common’ (i.e. not listed by COSEWIC) mammals, birds, amphibians and reptiles were digitised from published range maps. For Mammals, Reptiles and Amphibians paper range maps were provided by the Canadian Museum of Nature from their publications "Mammals of Canada" and "Introduction to Canadian Amphibians and Reptiles".  For the common bird range maps digital files for summer, winter and all-year ranges were provided by the Canadian Wildlife Service (Ontario Region).  In this study the summer and all-year ranges were combined to represent the areas in Canada where the species may be found breeding.  Where range-maps specified winter-only ranges for birds these areas were not included in our analyses.  Although marine species were excluded from our analyses, some coastal bird species that also breed inland were included.  
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Table 1.  Number of species used in preliminary analyses.  
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Mammals
123
5
5
19
152

Birds
342
14
7
20
383

Amphibians
37
2
0
7
46

Reptiles
33
2
4
7
46

Fish
-
4
15
39
58

Plants
-
33
36
38
107

Molluscs
-
1
1
0
2

Lepidoptera
-
1
0
1
2
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The presence of species in each of the 1,275 hexagons was determined using GIS overlay methods and formed the data used in subsequent analyses.  Species richness per hexagon for different 

taxa was mapped using SPANS  (examples in Map 2)





Ecoregions


 In Canada, a conservation target of 12% has been specified for representing each of the country’s ecosystems in protected areas (Turner et al., 1992). The representation of distinct ecological areas has been assumed to also represent species diversity (e.g. Turner et al., 1992; Ricketts et al., 1999), although the limited empirical evidence does not support this, at least at small scales (Ferrier and Watson, 1997).  Hence, a further objective of this study was to evaluate the effectiveness of using a target of 12% of each ecoregion area for achieving representation of the 796 taxa described above.

Canada has been classified into a total of 217 ecoregion areas based upon spatial differences in both abiotic and biotic factors (Map 3).  Ecoregions are “characterised by distinctive large order landforms or assemblages of regional landforms, small order macro- or mesoclimates, vegetation, soils, water, and regional human activity patterns/uses” (Ecological Stratification Working Group, 1996).  For a detailed description of ecoregions see Ecological Stratification Working Group (1996).  The area of each ecoregion present within hexagons was calculated from maps provided by the Agriculture and Agri-Food Canada, Research Branch, Centre for Land and Biological Resources Research and Environment Canada, State of the Environment Directorate, Ecozone Analysis Branch, Ottawa/Hull.  
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Map 3. The hexagon grid over the 217 ecoregions in Canada 

Human factors

As a measure of human pressures on the environment the population for each of the hex cells was derived from the 1996 census of population, and the length of roads in each hex cell was derived from the National Roads Database as reported by NTS map sheet. These two values provide a measure of where the  pressures from human population are and where the greatest levels of access  are.
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Hexgrid  database:

The hex grid framework is provided as an AecInfo export format (E00). The data attribute database contains the following layers.

1. HEXCELL---hexcell entity number 

2. LON.----------centroid longditude

3. LAT.----------centroid latitude

4. HEXNUM----hex cell number

5. COSEWIC---number of species at risk (COSEWIC 1998)

6. BIRDS--------number of terrestrial bird species

7. MAMMALS-number of terrestrial mammal species

8. REP_AMPH-number of reptile and amphibian species

9. INDUST-----number of industrial discharge sites (air)

10. ENDEMICP-number of endemic plant species

11. RAREPLT--number of rare plant species

12. LANDDIVR-number of avhrr landcover classes

13. PROTAREA-area of protected land from Canadian Conservation Areas Database (sq.km.)

14. TREES--------number of tree species

15. CENS96PO---population from 1996 census

16. ROADLEN---road length index, computed from Canadian Roads Database on road length per NTS map sheet
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