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Abstract

The inherent error on historic species range maps can cause problems when trying to determine levels of faunal relaxation in a region. To ensure that estimates of historic species richness for a region are robust, the sampling method must be insensitive to changes in the area of historic species range maps. Error was introduced into 23 historic species ranges for the Vancouverian / Montanian mammal province. Species counts from direct sampling (using park boundaries) and random sampling (using randomly sized and located grid cells) were compared for differing levels of historic species range map error. Species counts by the random sampling method were shown to be less affected by the introduced error and therefore more robust. Detailed methodology is provided for those people interested in re-producing the results from this study or applying the tools that have been developed.
Introduction

Biologists are often called on to assess the impacts of human encroachment into regions formally populated entirely by animals. There is little doubt that settlement, urbanization, deforestation and other disturbance events affect animal populations. Decision makers often require that these effects be expressed in numerical values. 

Wildlife scientists have robust methods for establishing what species and how many exist in an area today. However, estimates of historic species richness encounter many sources of error. Establishing methods that minimize this error is vital to solving both theoretical and practical problems. The key practical problem is that estimates of faunal relaxation (species richness reduction) are based on the comparison of current species richness to historical species richness. Without robust estimates of historic species richness faunal relaxation cannot be accurately determined.

Research Context

The theory of Island Biogeography is used to describe the faunal changes expected with the fragmentation of habitats (Figure 1). Originally used to describe differences between mainland and island habitats, the theory can be applied to any region that becomes separated from a greater range. One of the assertions proposed by this theory is that faunal relaxation (species reduction) can be expected in these fragmented regions as colonization by outside species is restricted due to isolation. These restrictions induce natural extinction processes, and cause species richness to decline over time.

The establishment of parks and managed habitat reserves provide a practical application of Island Biogeography theory. By reviewing the changes in species richness in parks over time, the faunal relaxation result of the theory can be tested. To determine if parks (and other management zones) are loosing species, two values must be known: the current number of species in a park and the historical estimate for number of species.

Establishing current species richness estimates for these areas can be completed in many ways (for example, transect sampling, radio collars, aerial photographs to name a few). Historic species richness values must be determined from remaining historic species range maps. Sampling the historical range maps allows the development of species richness / area curves. The data used to construct these curves can be obtained in many ways; however, we chose two methods for the purposes of this research project.  The methods used were i) sampling with grid cells of various sizes randomly located within a defined region, and ii) directly sampling historic species ranges with the current park boundaries.
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Figure 1: The Theory of Island Biogeography

Breaking a large range into smaller pieces results in a reduction in species richness in the small range compared to the original large range.

Previous Work

In 1989, Glenn and Nudds attempted to test the “Island Biogeography Theory” which predicts loss of species richness in areas where immigration of new species is no longer possible due to isolation. Using parks, reserves and historic species range maps from across Canada and the North Eastern United States, they looked for evidence of declining species richness. The results showed that there was a net decline in the species richness of the parks, confirming the “Island Biogeography” hypothesis.

Problems with the analysis and sampling methods led to a re-analysis using similar methods by Gurd and Nudds (1999). Historical species range maps were randomly sampled (with sample cells varying from 10 km2 to 10000km2). Species/area curves for terrestrial mammal species were established from this sampling. These curves were compared to current species richness and area values of park and reserve areas. This study generally supported the earlier findings. 

As a result of Gurd and Nudds (1999) a second paper with a more practical application was published. Data from the 1999 study was used by Gurd (et al. 2000) to estimate the minimum park size at which losses of species richness will not occur. Gurd’s results have important implications for future reserve allotments and current park management.

Although Gurd and Nudds had already considered methodology errors in the 1999 re-analysis paper, they did not know what the total effects of errors in the historical range maps could have on the species richness estimates.

Habib (et al. 2003) simulated error in the same range maps used in previous studies by cutting random ‘holes’ into the digital map files. These ‘holes’ reduced the area of the range maps by known amounts. The “holes” in the historic range maps represent the existence of real world locations where species would not occur (bears don’t occur in lakes and mountain goats don’t occur in wetlands). These altered range maps were then sampled using the same random sampling technique as in previous papers. The sampled values were compared to historical species richness estimates derived from the original range maps. Actual park boundaries were used as the sampling overlay to establish the ‘base value’ (the value that the estimates of the altered maps were compared to). This method follows from Wiersma and Nudds (2001), where the random sampling and park boundary sampling methods were compared.

The results of the Habib (et al. 2003) study showed that reduction in the species range map area had a direct effect on the accuracy of the estimate. Once the areas were reduced to 25% of the original, the historical species richness could be overestimated by as much as 40% (Habib et al. 2003).

Study Focus

The importance of accurate historic species estimates has led to a focus on the quality of the sampling methods. This study will test each sampling method on species ranges (using digitized species range maps) with known error. The estimates from the error modified range maps produced by the two sampling methods will be compared to estimates from range maps with no error.

To better manage the data involved in the study, the large region of Canada has been broken down into five “mammal provinces” which are analogous to biogeoclimatic zones. The two sampling methods will be applied in the Vancouverian and Montanian mammal provinces which, when combined, almost coincide with the British Columbia provincial borders.

Objectives

The main objective is to develop a methodology to compare the resulting species count of two sampling methods when each is applied to historic species range maps with known error.  In addition, a set of tools will be developed that allows the automation of the sampling and error-creation processes. Finally, the methodology and tools will be applied to a sub-set of species ranges to determine the robustness of each sampling method.

Materials and Methods

Study Data

Four sets of data exist in the study set: Species range maps, mammalian province maps, park/reserve boundary maps, and sample cell grids. Meta-data has not been provided with these files; however it has been pieced together from publications and the original data sources.

Historic Species Range Maps

The species range maps (Figure 2) were digitized from historical data in The Mammals of Canada, Banfield (1974). This data was drawn from information held in the National Museum of Natural Sciences and several provincial museums across Canada (Gurd and Nudds, 1999).

Park Boundaries

These files represent both national and provincial conservation and management areas. In previous studies, any type of managed reserve area was included in developing the species / area curves. In this study, only provincial and national parks (Figure 3) will be considered. In the case of two or more reserves sharing borders, the parks will be sampled as combined areas. The Federal and Provincial parks will be united and sampled together. The provincial and federal governments have provided these data sets.  

Mammal Provinces

Of the mammalian provinces defined by Hagmeier (1966), Gurd and Nudds sampled only those that covered the southern portion of Canada. (Figure 4). This was due to a lack of parks and reserves (defined conservation areas) in the northern regions. Small mammalian provinces were combined, resulting in five domains of study: Vancouverian / Montanian, Western Canadian, Saskatchewanian, Eastern Canadian, Alleghenian / Illinoian.  For the purposes of this study, we have concentrated on the Vancouverian / Montanian mammal provinces.
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Figure 2: Sample Digital Historic Species Range Map
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Figure 3: Park Boundary Map
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Figure 4: Mammal Provinces of Canada. After Glenn and Nudds (1989)

Data Preparation

The data was received in ESRI .shp format. Attempts to open these files in ArcGIS lead to a 'crash' of the system. The data corruption was solved by converting the files to ArcInfo Coverage format. Once converted, the preparation of the data could be started.

An AML script was used to project the coverages from geographic coordinates to Albers Projection. All of the data files (historic species range maps, mammal provinces, park boundaries, sampling plots) were projected to Albers for consistency. 

Data Preparation Summary

Converts shapefiles to coverages

· Used ArcGIS for manual conversion 

· Can use SHAPEARC command in ArcInfo

· BUILD/CLEAN command applied to all shapefiles-coverage conversion

Projected all coverages

· Automated projection change using project.aml 

· Projection: Albers

· Datum: NAD83

· Units: Meter (no z-unit)

· Spheroid: GRS1980

Absolute Error vs. Relative Error

A short discussion of errors in the range maps is required. The historic species range maps were originally developed from historic records of sightings and anecdotal evidence. These are point source observations. To create the polygons that represent the species ranges, interpolation of the point data was required. The original sources of data, the scale of the maps, and the interpolation lead to errors in the boundaries of the ranges. 

In addition to the boundary error, there are problems with the representations of the ranges. Most are shown as continuous polygons covering a base outline map of Canada. Some of the ranges cover habitats (lakes, alpine regions, etc.) that an individual species is not likely to be found in. The range maps do not express the heterogeneous reality of species distribution.

Finally, the conversion of the range maps from paper maps to digital files has error associated with it. The range maps were digitized from Banfield (1974). The small scale maps in this book are printed at a small size (approximately 7 X 6 inches). No attempt to resize the maps was made prior to digitization. The potential for loss of boundary detail through this process is great.

None of the above relative errors can be quantified in this study. In fact, they have no bearing on the outcome. The sensitivity analysis completed in this study is based on the absolute error that is introduced through the error simulation. By sampling the historic range maps before the error required for this study is added, a base value species richness estimate for each method can be established. This base value is then used for comparison after additional errors have been simulated.

Explored Options for Introducing Error

To test which sampling method was more robust, a known amount of error had to be introduced into the species range maps. Error would be introduced by changing the areas of the historic species ranges. To alter the areas of the range maps several options were considered:

Option 1: Resize by a Factor

Scripts that multiplied each node of the polygon by a known factor were obtained. These scripts resulted in a polygon of a different size, however they also shifted the polygon in geographic space. This shifting was a concern as it was depended on the multiplying factor. Attempts were made to restore the polygons to their original location, base on the centroid of the original and final polygon. Concerns about the accuracy of this method lead to pursue other options.

Option 2: "Donut Holes"

Following the methods of Habib (et. al 2003), attempts were made to cut 'holes' in the historic species range maps. The scripts we obtained required us to draw polygons on a species range, and the ‘holes’ were cut based on those polygons. This simulates real world conditions of heterogeneous distribution of species throughout its range. This method provided a way to reduce the area of the range map; however we were also interested in increasing the size of the map. Another option had to be considered.

Option 3: Buffering

By buffering the historic species range maps we were able to increase and decrease the size of the maps. However, linking a known linear buffer size to a change in area for an irregular shape was beyond common geometrical calculation methods. As we wanted to control the area change in terms of percent change a method of determining the buffer length that would result in a specific percent change in area had to be found.

By manually applying buffers to a polygon and recording the percent area change corresponding to the buffer length, empirical relationships could be determined. This method requires a relationship for each polygon considered. To handle the large number of data files in our project a classification scheme was developed. Based on the size of the polygon and the amount of shape irregularity, we were able to use a representative polygon from each class for the empirical buffer / percent area determination.  In the end, time did not allow for the entire dataset to be examined. Instead a subset of the data was used for the analysis.

Steps for Option 3  (Figure 5)

· Obtained area-perimeter information from each species coverage

· Automated area-perimeter extraction using autogenerate_polygon_area_and_perimeter_table_for_coverages.aml

· Area and perimeter information used to calculate shape index and determine class.

· Class determination carried out with the S-Plus cluster function based on the polygon area.

· From each class a representative polygon was extracted to which varying buffer widths were applied.

· The resulting buffers returned as shapefiles were exported to coverage in ArcCatalog whereby the resulting areas were calculated for each class representative.

From this data, a quadratic function was statistically determined to approximate the buffer width required to obtain any given percent change of the total area.  The extreme variation in the shape of the historic species range maps meant that the polygons could not be grouped into general classes.
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Figure 5:  Simplified Error Simulation Flow Chart

Sampling of Species Ranges

Random Sampling Method

The random sampling method (Figure 6) uses an irregular grid of different sized cells over the area of interest (10, 100, 1,000, 10,000 km2). In this case, the “mammal province” boundary is used to establish the extent of the sampling grid. The benefit (or draw back) of this method is that the influence of heterogeneities over a region can be reduced. Differences from one place to another within the “mammal province” can be smoothed out because the grid samples over the entire region. The species / area curve developed then reflects the mean situation for the mammal province.

Direct Sampling or “Cookie Cutter” Method

Direct sampling (Figure 6) takes the boundaries of current parks and reserves in a “mammal province” and overlays them on the species range maps. The species richness for these boundaries is determined. Species / area curves can then be determined using the area of the parks and the sampled species values. The results of this method are heavily dependant on the placement of the parks. The resultant species / area curves are affected by un-quantifiable social and political factors.

[image: image11.png]



Figure 6:  Sample Methods Used

Methodology

Introducing Error into the Species Range Maps

The data subset was reduced to 23 range maps (Appendix 1); those with 1 polygon and which provided a variety of species range sizes.  The chosen range maps were then clipped from the Vancouverian and Montanian mammal provinces.  Fields were added to these 23 range maps chosen for analysis to prepare for automated population of the new areas of the range maps subject to the predetermined set of various buffer lengths.

Next, an AML (Arc Macro Language) script was run to buffer the range map polygons in order to produce an estimate equation to describe the relationship between the polygon area, shape and buffer length. The buffer lengths applied to buffer the range map polygons were relative to the size of the original range area.  This produced a set of six +/( buffer ranges were applied to the appropriate range maps.

The estimated buffer widths and resulting areas were exported with a script. From these values, buffer width vs. percent area change curves were constructed from which its relationship as a mathematical function was determined.

The equation describing the percent area change to buffer width relationship for each polygon was use to populate, the range map tables with the buffer widths required to induce a known, constant percent area change for each polygon (+10, +25, +50, +75, +100, -10, -25, -50, -75, -90%). The buffer AML script was run again to produce the known change in area. 

Sampling

Sampling was automated using ArcInfo and a set of AML (ArcInfo Macro Language) scripts. The results of each sampling run were exported from the GIS for the required statistical analysis.
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Figure 7: Conceptual Sampling Diagram

Analysis

To determine the more robust of the two sampling methods the data from each set of sample was further modified. The species counts from the direct sampling methods were expressed as differences from the base counts. This was accomplished by subtracting the base count values from the count values for the additional park sample sets. These ‘difference in species counts’ were graphed against the percent change in area (or amount of error introduced) of the historic species range map. The expected data curve in shown in Figure 8.

To determine how the estimates for the random sampling methods changed when error was introduced, each individual dataset for each error step were analyzed. This analysis provided a linear regression that could then be used to estimate the species count for a given park size at some error level. The estimations at each error level are compared to determine how the random sampling method is affected by the addition of error into the historic species range maps.
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Figure 8: potential results from data analysis.

Results

Of the two methods tested, the random sampling method was expected to produce more robust estimates of the species richness values as error is increased. This is due to the way that heterogeneities in the sampled areas are “smoothed out”. The comparison of the two methods is only valid over a certain range of area changes. As the species range map areas are increased a situation will occur where all of the species are everywhere. In this case, both methods will produce the same results. The inverse is also true. As the range maps are decreased in size there will be zero species in all locations; the values estimated by each sampling method will be equal again.


This study shows that the species richness estimate from the random sampling method vary less as error in the species range maps increase or decrease. It is insensitive to the error, and therefore a better sampling method.  
[image: image3.emf]Direct Sampling Differences

-14

-12

-10

-8

-6

-4

-2

0

2

4

6

-100 -50 0 50 100 150

% Change Historic Species Range Map Area

Change in Species Count


Figure 9: Direct Sampling Data
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Figure 10: Random Sampling Data
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Figure 11: Direct versus Random Sampling Data

Discussion


Habib (et al. 2003) asked a similar question, but used different methods. They failed to consider the full question, instead focusing on a quarter of the total problem. By only introducing error into six range maps by reducing the amount of area and applying the random sampling method their results are far from definitive. In this study 23 range maps were considered. Errors that both increased and decreased the species ranges were introduced. As well, the two common sampling methods were compared ‘head to head’ to determine which is better. 


The results of this study are not unexpected. They fit both the conceptual models of how each sampling method works as well as the results from Habib (et. al 2003). The results of this study support the limited analysis of Habib (et al. 2003). The implications of the presented results are far reaching. Those researchers interested in the reduction of species richness in parkland areas, who previously based work on the direct sampling method need to reconsider their past results. As well, future researchers should avoid the direct sampling method completely. Errors in the historic species range maps cannot be avoided or fixed. By using the random sampling method, future researchers can be assured of historic species richness estimates that are only marginally affected by the types of errors introduced in this study.
Summary
This paper outlines the methods and tools required for other researchers to replicate this study for additional mammal provinces. The results of the study indicate that random sampling method is the best suited for determining historical species richness values from range maps. Similar to the results of Habib (et al. 2003) an overestimation is observed if the historic species range maps are reduced beyond 10%. No overestimation of species richness when reducing range maps is observed using the direct sampling method. However, the scatter in the data for the method shows that errors in the historic species range maps have a significant effect on the species count.
Although this study is not the definitive resolution on the character of each sampling method, it provides a basis for detailed and expansive future research.

Some technical problems were encountered throughout the study. The large data set, as well as data format issues provided many situations where more technical expertise would have been useful. The technical issues illustrate the problems of using a previously constructed and poorly documented dataset.
Future Expansion

The results of this study will help researchers choose the most robust sampling method when historic species richness estimates are required. Beyond theoretical work, this study affects the basis for future projects that attempt to assess effects of reserve management on species richness. Future analysis projects utilizing the tools developed for this study could be completed for additional mammal provinces.
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Appendices

Appendix 1: Species Sub set for Analysis
	Map Name
	Intolerant Mammal Name

	M12U_C
	American Shrew-Mole

	M133U_C
	Swift Fox

	M136U_C
	Grizzly Bear

	M154U_C
	Bobcat

	M167U_C
	Mule Deer

	M172U_C
	American Bison

	M22U_C
	Fringed Bat

	M33U_C
	Pallid Bat

	M42U_C
	Mountain Beaver

	M45U_C
	Yellow Pine Chipmunk

	M46U_C
	Townsend's Chipmunk

	M47U_C
	Red-Tail Chipmunk

	M56U_C
	Golden-Mantled Ground Squirrel

	M5U_C
	Bendire's Shrew

	M61U_C
	Douglas's Squirrel

	M66U_C
	Great Basin Pocket Mouse

	M71U_C
	Cascade Deer Mouse

	M76U_C
	Brown Lemming

	M81U_C
	Muskrat

	M8U_C
	Gaspe Shrew

	M92U_C
	Rock Vole

	M94U_C
	Pacific Jumping Mouse

	M95U_C
	Western Jumping Mouse
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