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ABSTRACT 
 
 

A METAPOPULATION APPROACH TO RECOVERY OF THE FIVE-LINED 
SKINK USING REHABILITATED AGGREGATE EXTRACTION SITES 

 
 

Advisor: 
Dr. R. Brown 

 
 

 Protecting existing habitat for species-at-risk is an important conservation 

measure; however, many populations occupy highly fragmented habitat patches to the 

extent that population persistence is unlikely without the creation of new habitat patches. 

This research examines the potential for clusters of rehabilitated aggregate extraction 

sites to be used as reintroduction sites for species-at-risk.  Using a method combining 

GIS and metapopulation modeling, I evaluated the success of establishing 

metapopulations of the Five-Lined Skink, Eumeces fasciatus, in 137 clusters of aggregate 

extraction sites using three hypothetical recovery scenarios.  Patch abundance and patch 

clustering had a significant negative effect on metapopulation extinction risk.  Increasing 

the quality of a single patch relative to other patches of suitable quality had little effect on 

extinction risk and patch occupancy.  Introducing all individuals into a single patch 

decreased extinction risk and patch occupancy. Rehabilitated aggregate sites could play a 

role in the protection of species-at-risk in Ontario. 
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INTRODUCTION 

Species-at-Risk Recovery  

 The recovery of species-at-risk in Canada is a primary objective of the federal 

Species-at-Risk Act (SARA 2003).  For all species listed as threatened, endangered or 

extirpated by the Committee on the Status of Endangered Wildlife in Canada 

(COSEWIC), a recovery strategy must be prepared within two years of the species’ risk 

designation (SARA 2003).  Recovery actions range from identifying and protecting 

critical habitat to reintroducing extirpated species into former habitat (National Recovery 

Working Group - NRWG 2005).  Although in general species recovery in Canada is 

characterized by volumes of paper and little action, in the extreme case of the critically 

imperiled Atlantic Cod (Gadus morhua) recovery actions have had a dramatic social and 

economic impact.   Current evidence indicates that more proactive approaches to species 

recovery (habitat rehabilitation, re-introduction, etc.) are needed to reverse population 

declines, however high monetary and logistic costs together with the lack of successful 

examples of species reestablished into their native habitat have hampered the 

development of clear recovery priorities by federal and provincial authorities (Austin 

2004).  

 Of all the species-at-risk in Ontario, reptiles are suffering the highest proportional 

losses.  Seventy-three percent of all reptile species in southern Ontario are listed at some 

level of endangerment (COSEWIC 2006).  The life history strategy of most reptiles, high 

adult survivorship coupled with low juvenile recruitment (Galbraith and Brooks 1986; 

Brooks et al. 1991; Congdon et al. 1994), and the lack of density-dependant population 

regulation (Brooks et al. 1991), make reptiles particularly susceptible to extinction if 
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adult survivorship is decreased.  An increase in annual adult mortality of as little as 2% 

can result in population declines in many freshwater turtle species (Brooks et al. 1991; 

Congdon et al. 1993; Compton 1999).  Unfortunately, most human-influenced mortality 

of reptiles occurs in the adult age-class, either through deliberate assault, road mortality 

or collection for the pet trade (Cameron and Brooks 2002; Steen and Gibbs 2004; 

MacKinnon 2005; Aresco 2005).  While prevention of adult mortality is a priority of all 

reptile conservation plans, 80% of recovery plans for Canadian reptiles recommend re-

introduction as one method of bolstering dwindling populations (Austin 2004). 

 The International Union for the Conservation of Nature (IUCN) defines re-

introduction as the introduction of a species into a previously occupied area in order to 

improve the conservation status of the species (Sarrazin and Barbault 1996).  Although 

re-introduction is a relatively common recovery method (Griffiths et al. 1996), the effort 

required for a successful re-introduction varies dramatically depending on whether or not 

the target habitat requires substantial rehabilitation and whether the introduced 

individuals will be translocated from another population or reared in captivity (Austin 

2004).  In southwestern Ontario, a small re-introduction project supported by the 

University of Guelph and the Ontario Ministry of Natural Resources involves collecting 

eggs from wild females of the Threatened wood turtle (Glyptemys insculpta), rearing the 

resultant offspring and then releasing the captive-reared turtles once they have reached a 

sufficiently large size to avoid major predation.  Although a large part of the decline in 

Ontario’s wood turtles can be attributed to habitat degradation and loss, at present there 

are insufficient governmental resources to enforce habitat protection laws, thus bolstering 
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the existing population may be the best means of sustaining the population until habitat 

protection measures can be put into place (Cameron and Brooks 2002). 

Habitat Creation and Repair 

 For many species-at-risk whose populations are reduced to such an extent that re-

introduction is required for any sort of recovery, available habitat may be the limiting 

factor.  Habitat degradation and loss are cited as the major threats to species persistence 

in Canada (Kerr and Cihlar 2004; Kerr and Deguise 2004; Crowley 2005), both of which 

are likely to continue as the human population in this province increases (Ontario 

Ministry of Finance 2005).  Crowley (2005) found that change in land cover over the past 

century was the best predictor of reptile extirpations in Ontario.  In such circumstances, 

substantial rehabilitation of formerly inhabited areas or the creation of new habitat within 

the historic range of the species are necessary preliminary recovery actions before re-

introduction can take place.  In Great Britain, wildlife managers and conservation 

biologists are increasingly using habitat creation as a viable method for protecting 

species-at-risk due to a lack of available land for establishing wildlife reserves (Gilbert 

and Anderson 1998; Prendergast et al. 1999). 

 Identifying target sites for rehabilitation and habitat creation takes careful 

consideration.  Obviously existing sites under public ownership in Ontario (conservation 

areas, provincial parks, wildlife reserves, etc.) are failing to adequately protect species-at-

risk, however privately-owned land is not necessarily a better option.  In the United 

States, 18% of threatened and endangered species living entirely on public land are 

improving, whereas only 3% of threatened and endangered species living entirely on 

privately-owned land are improving (Rosenzweig 2003).  Nevertheless, in southern 
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Ontario where the majority of land is under private ownership, it will take significant co-

operation between public and private organizations to develop and implement habitat 

rehabilitation and creation strategies.  The existing partnership between The Ontario 

Aggregate Resources Corporation (TOARC) and the Ontario Ministry of Natural 

Resources (OMNR) provides potential opportunity for federal and provincial species 

recovery strategies to convert abandoned aggregate extraction sites into future species re-

introduction sites.   

Aggregate Mine Rehabilitation 

 The extraction of stone and aggregate is an interim land use, and by provincial 

mandate all extraction sites must be rehabilitated for some future land use once extraction 

operations have ceased (OSSGA 2006).  Considering that in 2005 over 2,741 licensed 

sites on private land and 3,390 permitted sites on public land with an average size of 33 

ha were actively producing aggregate (TOARC 2005), and that each site will eventually 

go out of production, there could be 200,178 ha of land available for habitat rehabilitation 

and creation programs.  The Management of Abandoned Aggregate Properties (MAAP) 

Program is already responsible for the rehabilitation and research of abandoned aggregate 

pits and quarries in Ontario, and to date has rehabilitated nearly 300 hectares (MAAP 

2006).  An additional 400 to 800 hectares were rehabilitated annually between 1994 and 

2005 by licensed aggregate producers (TOARC 2005).  The majority of sites are 

converted to cropland, pasture, recreation area, tree plantation, housing, and natural area 

(Government of Ontario 1984), however recently MAAP has funded research 

investigating the potential for specific wildlife habitat types to be created within 

abandoned sites (MAAP 2006).   
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 In abandoned limestone quarries where vertical rock faces are exposed, natural 

recolonization of native plant assemblages similar to natural escarpments has been 

observed after long periods of time (100 years; Ursic et al. 1997).   The success of natural 

recolonization in creating a unique cliff ecosystem suggests that accelerated rehabilitation 

of abandoned quarries through human intervention is a viable option.  In particular, 

shading the rock face by planting trees at both the top and base of the cliff will facilitate 

the establishment of later successional, more distinct, escarpment flora (Ursic et al. 

1997).  Ontario’s rare alvar ecosystem can also be created at a smaller scale within 

abandoned aggregate sites.  Tomlinson (2005) found that quarry floors are structurally 

and functionally more similar to alvars than expected.  Naturally-recovering quarry floors 

had 50% fewer plant species characteristic of alvars than a typical alvar, however strong 

evidence was found indicating that a lack of available seed for alvar plant species was the 

principal factor limiting the colonization of quarry floors by alvar species (Tomlinson 

2005).  Due to the physical similarities between quarry walls and limestone cliffs and 

quarry floors and alvars, the creation of new habitat might have a high success rate and 

low long-term maintenance requirements. 

Modelling wildlife re-introductions 

 When planning for wildlife re-introductions into existing habitat, or introductions 

into newly-created habitat, much biological and demographic data must be acquired in 

order to develop reliable predictive models.  A successful model should include, at 

minimum, a pre-determined measure of success (e.g., number of breeding pairs), 

population demographic parameters, and general life-history characteristics (Conroy et al. 

1995; Sarrazin and Barbault 1996).  Ideally, this model will also consider habitat 



 6

requirements, habitat configuration, environmental and demographic stochasticity, and 

future land use changes (Akcakaya et al. 2004).  Model outputs should include the 

likelihood of population persistence (Hanski and Thomas 1994; Lamberson et al. 1994), 

the number of individuals to be introduced, and perhaps also the age structure and sex of 

individuals to be introduced (Akcakaya 2004).  Finally, because models are potentially 

vulnerable to propagating and even accentuating uncertainties in the input data, 

sensitivity analyses should be used to test the model’s response to varying parameter 

values in isolation and combination (Conroy et al. 1995). 

 Results of population models used in wildlife re-introduction programs are best 

understood in context of the species’ basic biology and critical habitat requirements.  At 

the Eglin Air Force Base in northern Florida, a preliminary management plan proposed 

the creation of a demographic ‘bridge’ between the existing east and west populations of 

the endangered Red-Cockaded Woodpecker which are associated with two isolated 

patches of the Longleaf Pine sandhill ecosystem (Hardesty et al. 2000; Rosenzweig 

2003).  Biologists modeled this management plan along with alternative management 

scenarios, and found that the most efficient method for increasing the total number of 

woodpeckers was to manage each population separately (Hardesty 2000).  Why two 

small populations as opposed to one large, continuous population?  Quite simply, the 

Red-cockaded Woodpecker is endangered because it will not live in association with any 

habitat type other than the Longleaf Pine sandhill ecosystem (Rosenzweig 2003).  In 

order to successfully establish new woodpecker populations between the existing east and 

west populations, extensive measures would have had to be taken to convert the in-

between habitat into Longleaf Pine sandhill habitat (Hardesty et al. 2000).  The Red-
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cockaded Woodpecker management program highlights not only the need for reliable 

predictive models and good knowledge of the species’ biology, but also the importance of 

considering the spatial element in population distributions.  Recognition that the spatial 

structure of populations and communities plays an important role in forming ecological 

patterns and molding ecological processes has led to a rise in the metapopulation concept 

in theoretical and applied ecology (Hanski and Simberloff 1997). 

Metapopulation ecology 

 A metapopulation is a collection of geographically-distinct local breeding 

populations that interact through the limited exchange of individuals (Akcakaya et al. 

1999).  Whereas traditional models in population ecology consider individual populations 

to exist in isolation from other populations, the metapopulation approach describes a 

landscape where local populations are patchily distributed and interconnected by 

dispersal.  Furthermore, whereas single population models assume that population 

dynamics tend toward an equilibrium value, metapopulation models assume that 

population dynamics are unstable and that at any given time only a fraction of local 

habitat patches will be occupied (Hanski 1989).  The turnover of populations can be 

visualized as lights blinking on and off across the landscape.  Which model best applies 

depends on the species of interest.  Many species that have specialized to live in 

temporary habitats, such as recently burned sites or windfalls, are best described using a 

metapopulation perspective.  In contrast, the population dynamics of ungulates that travel 

in large herds with virtually no contact with other herds would be poorly described by a 

metapopulation model.  A review of numerous metapopulation studies found that the 

majority of species fit somewhere in between the traditional single population model and 
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the metapopulation model (Harrison and Taylor 1997).  For example, if a species is 

distributed in numerous small patches as in the metapopulation model, but these patches 

are interconnected by high levels of dispersal, the dynamics of the overall population are 

correlated to such a degree that the traditional single population assumptions are more 

readily met (Hanski and Simberloff 1997; Harrison and Taylor 1997).   

 Over the past 20 years, metapopulation theory has replaced island biogeography 

theory (MacArthur and Wilson 1967) as the dominant paradigm in conservation biology 

(Wiens 1996; Hanski and Simberloff 1997).  In part, this transition has occurred because 

island biogeography theory assumes that a single large (mainland) population is present 

as a constant source of new species, an assumption that simply does not fit the reality of 

North America and Europe’s fragmented landscapes.  Another reason for the shift is that 

island biogeography theory deals with community diversity, while metapopulation theory 

focuses on single species abundance.  For species-at-risk, the number of species a reserve 

can hold is less relevant to persistence than the number of individuals.  Although 

fundamentally the theory of island biogeography is analogous to a multispecies version of 

metapopulation theory, metapopulation models have proven to be more flexible for 

incorporating other data relevant to conservation (e.g., genetics) as well as more useful 

for wildlife managers trying to determine minimum viable population sizes (Hanski and 

Simberloff 1997). 

 In terms of reserve design, the metapopulation approach comes much closer to 

providing an answer to the SLOSS (Single Large Or Several Small) debate that has taken 

place among biologists and wildlife managers for several decades (Hanski 1989).  

Whereas island biogeography theory is seen to devalue small wildlife refuges, predicting 
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that small sites will inevitably lose species over time, metapopulation theory argues that 

not only are small sites necessary for species preservation, but also empty habitat patches 

as well (Hanski and Simberloff 1997).  If island biogeography theory were used to 

govern wildlife management in Canada, only the massive Banff-Jasper-Yoho-Kootenay 

park assemblage would theoretically be worth protecting, as the species-area curve for 

mammals in North American parks shows that only this park system is large enough to 

prevent wildlife extinctions (Gurd and Nudds 1999).  Although it is generally correct that 

a single large population (in a single large reserve) has a lower extinction probability than 

a single small population, metapopulation models have demonstrated that a single large 

population may have a higher extinction probability than many small populations 

considered together.  The result can be explained very simply.  Population dynamics are 

influenced by both demographic (intrinsic) and environmental (extrinsic) stochasticity.  

Demographic stochasticity includes random variations in fecundity and sex ratio of 

offspring, while environmental stochasticity includes variation in annual rainfall or 

temperature as well as catastrophic events like hurricanes (Akcakaya et al. 1999).  Large 

populations are less prone to extinction than small populations due to demographic 

stochasticity, however many small populations are less vulnerable to environmental 

stochasticity than a single large population by virtue of being geographically-isolated 

from one another (Hanski 1989).  Thus, so long as each population is large enough to 

withstand the effects of demographic stochasticity for even a short period of time, a 

metapopulation approach to reserve design may be the best method of spreading the risk 

of extinction for rare species. 
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Metapopulation models 

 The first metapopulation model, presented by Levins (1970), describes a 

metapopulation in terms of the number of occupied (p) and unoccupied patches (1-p), the 

colonization rate between patches (m), and the extinction rate of patches (e).  At any 

given time (t), the rate of change of occupied patches is 

dp/dt = mp(1-p) – ep 

and the equilibrium number of patches (p*) is reached when p = 1 – e/m (Hanski 1989).  

Although the equation allows for p* values of less than one (when m<e), the minimum 

number of patches can realistically only equal one.  A metapopulation will persist only if 

colonization of unoccupied patches exceeds extinction of occupied patches (e.g., m>e).  

The Levins model and other related patch models are spatially-implicit; habitat patches 

and local populations are discrete, however they are all assumed to be equally connected 

and of equal size (Hanski and Simberloff 1997).  For many applications of 

metapopulation theory a spatially-implicit approach does not offer sufficient flexibility 

for modeling alternative landscape scenarios.  Landscape ecologists are particularly 

critical of a spatially-implicit approach, due to the focus in that discipline on how 

heterogeneity in the landscape matrix influences species movements between patches 

(Wiens 1997; Gardner and Gustafson 2004).  Numerous experimental studies have shown 

that metapopulation models cannot explain distribution and abundance patterns for 

organisms sensitive to patch boundaries unless landscape heterogeneity is considered 

(Pope et al. 2000; Bender and Fahrig 2005).  As a result, numerous spatially-explicit and 

spatially-realistic approaches have been developed.   
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 Spatially-explicit population models (SEPM) allow another layer of realism, 

although not necessarily complexity, to be described by including the relationship 

between landscape configuration and population dynamics.  These models can specify the 

location of a patch, a population, and even an individual organism within a heterogeneous 

landscape, allowing the user to simulate how real or proposed landscape changes will 

affect wildlife populations (Pulliam and Dunning 1995).   SEPMs are important for 

connecting ecology and wildlife management because they often operate at broader 

scales than a typical population model and can be modified to include land-use and 

economic variables that have a considerable impact on conservation measures (Pulliam 

and Dunning 1995).  Nevertheless, one of the major drawbacks to this approach is that a 

great deal of empirical data is required to run a realistic model, and in many situations 

obtaining these data is both time-consuming and costly (Hanski 1997).    

The Five-Lined Skink 

 Ontario’s only lizard, the Five-Lined Skink, E. fasciatus, is a species of Special 

Concern (COSEWIC) primarily due to the impact of habitat degradation and 

fragmentation throughout its range.  The species inhabits two different habitat types in 

the province depending on latitude.  In southern Ontario, populations are found under leaf 

litter and coarse debris in open deciduous forest, whereas central Ontario (Canadian 

Shield) populations are found among rocky outcrops of granite, limestone and basalt 

where crevices and loose rock provide both cover and basking opportunities (Seburn 

1990; Wick 2004; Howes and Lougheed In Review).  E. fasciatus appear to have some 

tolerance for human presence in the landscape, and will use artificial structures (building 

materials, boardwalks, etc.) as cover sites although natural cover is preferred for nest 
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microsites (Seburn 1990; Hecnar and M’Closkey 1998).  The structure of an E. fasciatus 

population along Georgian Bay closely conformed to a metapopulation, with between 

0.01 and 20.10 (mean 1.90) migrants per generation between subpopulations up to 3 km 

apart (Wick 2004).  This species might be suitable for simulating re-introduction into 

clusters of rehabilitated aggregate extraction sites as a result of its general habitat 

requirements, naturally patchy population structure and relatively high dispersal 

capability.      

Research Purpose and Objectives 

 The purpose of this study was to investigate the potential for viable 

metapopulations of species-at-risk to be established in clusters of rehabilitated aggregate 

extraction sites in Ontario, using E. fasciatus as a model species.  My goal was to develop 

a standard methodology that could be used by conservation agencies to determine the 

spatial distribution and population structure required to establish a viable metapopulation 

of a species-at-risk.  With the established methodology and using data collected from 

literature on E. fasciatus, it was my objective to answer the following questions:  

1. Does a metapopulation approach improve population viability when compared 

 with a single, isolated population approach? 

 Hypothesis: For a given number of individuals introduced, a metapopulation will 

 have a greater viability than a single, isolated population. 

2. Does the number of patches within a cluster influence metapopulation viability? 

 Hypothesis: Increasing patch number will increase metapopulation viability. 

3. Does the arrangement of patches influence metapopulation viability? 

 Hypothesis: Increasing patch clustering will increase metapopulation viability. 



 13

4. Does increasing the quality of a single patch within a cluster influence 

 metapopulation viability? 

 Hypothesis: Increasing patch quality will increase metapopulation viability. 

5. Does increasing the quality of a single patch within a cluster influence the 

 number of occupied patches? 

 Hypothesis: Increasing patch quality will increase the number of occupied 

 patches.  . 

6. Does re-introducing individuals into many patches vs. one patch influence 

 metapopulation viability? 

 Hypothesis: Introducing individuals into many patches will increase 

 metapopulation viability. 

7. Does re-introducing individuals into many patches vs. one patch influence  the 

 number of occupied patches? 

 Hypothesis: Introducing individuals into many patches will increase the number 

 of occupied patches. 
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METHODOLOGY 
 

General 

 This study can be divided into three main components.  First, a Geographic 

Information System (GIS) was used to identify abandoned aggregate extraction sites in 

Ontario that could be used as potential re-introduction sites for E. fasciatus.  Clusters of 

sites no farther apart than the maximum dispersal distance of the species (3 km) were 

selected in order to create networks of populations connected by low levels of migration 

– in other words, metapopulations.  Second, the potential reintroduction sites (clusters) 

were imported into a metapopulation simulation model with parameters calibrated using 

data collected from E. fasciatus populations in Ontario.  Three recovery scenarios were 

tested in order to determine if re-introduction strategy had an influence on the successful 

establishment of a metapopulation.  Finally, the data were analysed using statistics to 

answer the questions outlined above (see Introduction: Research Purpose and 

Objectives). 

Spatial Analysis 
 
 Spatial data used in this study were obtained from the Ontario Ministry of Natural 

Resources Fundamental Data Sets through a licensing agreement with the University of 

Guelph, as well as from the Ontario Ministry of Natural Resources Natural Heritage 

Information Centre (see Table 1).  The Ontario provincial boundary formed the southern, 

eastern, and western extents of the data, while the northern limit was defined by the 

northern extents of Algonquin Provincial Park.  County boundaries, roads and major 

water-bodies were generally used for display purposes only, with some exceptions (see 

below).  The primary layers used in this study were: Element occurrences of E. fasciatus, 
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pits & quarries (≥ 1ha), conservation reserves, conservation areas, game preserves, 

national parks, provincial parks and non-governmental organization (NGO) reserves.  

Although a minimum area requirement was not available for E. fasciatus, it was assumed 

that any aggregate extraction sites less than 1 ha would be too small to support viable 

populations.  Analyses were performed using ArcGIS 9.1, ArcInfo (ESRI 2006). 

 For the purpose of this study, it was assumed that the area within 50 km of an 

element occurrence of E. fasciatus represented area suitable for re-introduction if 

appropriate habitat (existing or created) was available.  An element occurrence is defined 

as an area in which a species or ecological community of conservation value is or was 

present.  The NHIC tracks 149 element occurrences of the Five-Lined Skink in Ontario, 

predominantly along the southern edge of the Canadian Shield between Georgian Bay 

and the Lanark Highlands.  All spatial data were first clipped to areas within 50 km of an 

element occurrence of E. fasciatus.    

 A layer of protected areas was created by merging conservation reserves, 

conservation areas, game preserves, national parks, provincial parks and non-

governmental organization (NGO) reserves.   To create clusters, I first selected for all pits 

& quarries within 3 km (maximum dispersal distance of E. fasciatus) of a protected area.  

Protected areas were chosen to anchor each cluster because it has been demonstrated that 

species-at-risk are better protected on publicly-owned land than on privately-owned land 

(Rosenzweig 2003).  Next, the resulting selection (Selection 1) was saved to a new layer 

and the process of selecting pits & quarries was repeated by selecting for all pits & 

quarries within 3 km of any patch within Selection 1.  This was again repeated until 

fewer than 10 new pits & quarries were added in a selection round.  Final clusters were 
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identified by creating a 1.5 km buffer around each patch and manually grouping patches 

connected by a continuous buffer.  A 1.5 km buffer was selected because any two patches 

separated by 3 km or less would have an overlapping (or continuous) buffer.   

 Due to a limitation of the metapopulation program used, no cluster could contain 

more than twenty-two patches.  Where clusters were composed of greater than 22 

individual patches, a number of methods were used to reduce patch number.  First, roads 

and major water-bodies data were used to determine if large clusters could be separated 

into two or more smaller clusters, assuming that areas of high road density and major 

water-bodies acted as complete barriers to dispersal.  Second, any patches sharing a 

boundary with no road or water-body in between were merged (i.e., patch boundaries 

dissolved).  Finally, if necessary, highly isolated patches or very small patches were 

eliminated.   

 The ArcGIS Spatial Statistics tool Average Nearest Neighbour was used to 

calculate a measure of patch dispersion within a cluster.  This index is based on the ratio 

of average distance of a feature to its nearest neighbouring feature of the same type.  A 

value of one indicates that patches are randomly dispersed, while values approaching 

zero indicate patch clustering and values greater than one indicate that patches are 

equidistant.  Typically, NNI values fall between 2 (evenly distributed) and 0 (tightly 

clustered).  When few patches are present (< 5), the nearest neighbour index (NNI) 

becomes artificially inflated indicating that patches are more evenly distributed than may 

be true.  The universal transverse mercator (UTM) coordinates of the geographic centre 

of each patch were exported as tabular data to be input into the metapopulation model.  In 

summary, the following data were collected for each cluster: patch abundance (the 
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number of patches within a cluster), x-y coordinate (based on UTM coordinates), and 

NNI (see Appendix B).



 18

Table 1. Data Layers Used in Identifying Clusters.  Number of Features listed are for the 

entire data (not clipped). 

LAYER NAME # OF FEATURES SOURCE* DESCRIPTION 

Pit or Quarry 20, 974 NRVIS, OMNR Area from which 
unconsolidated 
aggregates are or were 
extracted 

Conservation Reserve 916 NRVIS, OMNR Area regulated under the 
Public Lands Act 

Conservation Area 1, 505 NRVIS, OMNR Area designated by local 
Conservation Authority 

Crown Game 
Preserve 

219 NRVIS, OMNR Area established to 
protect wildlife 
populations 

National Park 341 NRVIS, OMNR Federally managed area 
that protects outstanding 
natural features 

NGO Reserve 33 NRVIS, OMNR Lands held by nature 
trusts for nature 
conservation 

Provincial Park 1, 484 NRVIS, OMNR Areas managed by 
Ontario Parks 

Road Segment 34, 661 NRVIS, OMNR Portion of Road 

Water Body 5, 103 NRVIS, OMNR Lakes, large rivers 

Rare Species Element 
Occurrence 

149 NHIC, OMNR Rare species locations in 
Ontario (within 1 km2) 

* NRVIS - Natural Resources and Values Information System 
   OMNR – Ontario Ministry of Natural Resources  
   NHIC – Natural Heritage Information Centre



 19

Metapopulation Simulations 

 In order to predict the dynamics of a reintroduced E. fasciatus metapopulation 

using a simulation model, it was necessary to collect information on the general biology, 

life history, population demographics and population genetics of E. fasciatus.  Data were 

compiled from numerous studies conducted in Ontario, in particular Wick (2004), Seburn 

(1990), and Hecnar & M’Closkey (1998).  I used the program RAMAS EcoLab, a student 

version of the more comprehensive RAMAS Metapop program, to simulate re-

introduction of E. fasciatus into the clusters.  The metapopulation component of RAMAS 

EcoLab allows for input of up to twenty-two populations/patches with unique population 

growth models for each population.  The model input parameters fall into three primary 

categories: General, Dispersal & Correlation, and Population, all determined from the 

biological data noted above.  Detailed explanations of how each parameter was 

determined can be found in Appendix A.  I calibrated the model using the structure and 

spatial configuration of an existing metapopulation of E. fasciatus near Parry Sound, 

Ontario.  In 2003, this metapopulation consisted of 12 patches, 7 of which were occupied 

at the time of study (Wick 2004).  By assuming that the existing metapopulation was 

stable, I fine-tuned the model parameters until the simulated metapopulation reached a 

steady-state.  

 In order to test my hypotheses and answer the research questions (see 

Introduction: Research Purpose and Objectives), I developed three hypothetical recovery 

scenarios.   
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Recovery Scenario 1 – Null Model 

 For the first recovery scenario I assumed that all patches within a cluster were of 

equal quality.  That is, that the rehabilitation plan for each patch took into consideration 

basic E. fasciatus habitat requirements, however no patches were targeted for particular 

enhancement or management.  Average annual population growth rate (R) was set to 1.0 

(no increase or decrease) with a standard deviation of 0.1 and assuming demographic 

stochasticity.  When the demographic stochasticity option is selected in RAMAS EcoLab, 

the annual population growth rate is randomly selected from within one standard 

deviation of R.  To seed the metapopulation, 20 individuals were introduced to 50% of 

patches within a cluster, with patches randomly selected.  If the number of patches was 

an odd number, 20 individuals introduced to 50% + 1 patch.  All other parameters were 

set as described in Appendix A. 

Recovery Scenario 2 – Enhanced Rehabilitation, Multiple Re-introductions 

 In recovery scenario 2, one randomly selected patch was assumed to be of higher 

quality than all other patches.  This situation could arise if one patch within a cluster was 

particularly suited to E. fasciatus based on existing features or if the rehabilitation of that 

patch was particularly successful.  All model parameters and population seeding were 

identical to recovery scenario 1, except that in the enhanced rehabilitation patch, R was 

assumed to be minimally improved (1.02 ± 0.1). 

Recovery Scenario 3 – Enhanced Rehabilitation, Single Re-introduction 

 In recovery scenario 3, all individuals were reintroduced into the randomly 

selected high quality patch (ie. the enhanced rehabilitation patch).  This scenario might 

arise if a cluster of rehabilitated sites was within dispersal distance of an extant 
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population of E. fasciatus, and natural colonization of the cluster was deemed more 

desirable than reintroducing individuals from another population.  The total number of 

individuals introduced into the enhanced rehabilitation patch equaled the total number 

introduced into the same cluster in recovery scenarios 1 and 2, and the population growth 

rate in the enhanced patch was equal to recovery scenario 2. 

 Hypothesis 1 was tested by taking one estimate of mean metapopulation 

extinction risk for each total number of individuals introduced into a cluster (from 40 to a 

maximum of 220) and comparing this with the mean extinction risk of a single, isolated 

population with the same number of individuals introduced.  Hypotheses 2 and 3 were 

tested using only recovery scenario 1.  Hypotheses 4 and 5 were tested using recovery 

scenarios 1 and 2, while Hypotheses 6 and 7 were tested using recovery scenarios 2 and 

3. 

 All simulations were run for 50 years (the maximum allowed in RAMAS EcoLab) 

with 100 repetitions.  For each recovery scenario, I recorded the probability (range 0-1) 

of the metapopulation size dropping below 20 individuals (Extinction Risk, a measure 

metapopulation viability) and the number of patches occupied at the end of 50 years 

(Patch Occupancy).  The extinction threshold of 20 individuals was selected primarily to 

reduce the number of zero-values, but can be justified as the minimum viable population 

size for any species is frequently cited as 50 reproducing individuals (Nunney and 

Campbell 1993).  The number of patches occupied was standardized by the total number 

of patches within a cluster to give a proportion that could be compared between clusters. 
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Statistical Analysis 

 The risk of extinction using a metapopulation approach vs. a single, isolated 

population approach was tested using a student’s t-test for paired means.  The effect of 

patch abundance on extinction risk was tested using linear regression, with the values for 

extinction risk log10-transformed to create a linear relationship.  Zero-values for 

extinction risk discarded from the analysis as the log10 of 0 is undefined.  Linear 

regression was also used to test the effect of patch dispersion on extinction risk.  Data 

were not transformed for this test and zero-values were included in the analysis.  Only 

data from Recovery Scenario 1, the null model, were used in the linear regression 

analysis.  To compare extinction risk and final patch occupancy between recovery 

scenarios, I used the non-parametric Kruskal-Wallis one-way analysis of variance.  The 

Kruskal-Wallis test does not require that data be normally distributed or have equal 

variances.  The post hoc Tamhane test for samples without equal variances was used to 

determine which, if any, means were significantly different.   All statistical analyses were 

performed using the program SPSS (version 10.0). 
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RESULTS 

 In total, 137 clusters were created with a minimum of 3 patches and a maximum 

of 22 patches (mean=13; Figures 1 and 2).  28 clusters contained an element occurrence 

for E. fasciatus.  Unfortunately, data were not available to determine if the element 

occurrences represented extant or former populations.  The Nearest Neighbour Index 

values ranged from 0 (patches are highly clustered) to 2.62 (patches are highly dispersed) 

with a mean of 1.06 ± 0.50 (Appendix B).  A value of one signifies that patches are 

randomly dispersed within a cluster.   

 As predicted in Hypothesis 1, the metapopulation approach consistently resulted 

in a lower risk of extinction than the single, isolated population approach (p<0.05).  Patch 

abundance had a significant negative effect on metapopulation extinction risk (β = -0.96 

± 0.18), with the linear model describing 92% of the variation in log extinction risk of 

recovery scenario 1 (Figure 3; see Hypothesis 2).  Patch dispersion had a significant 

positive effect on metapopulation extinction risk (β = 0.82 ± 0.12), with 68% of the 

variation in extinction risk of recovery scenario 1 explained by the linear regression 

model (Figure 4; see Hypothesis 3).  

 Recovery scenarios 1 and 2 were ranked according to their effect on extinction 

risk as predicted, however there was no significant difference between the means (Figure 

5; Hypothesis 4).  Re-introducing individuals into one or many patches did not influence 

extinction risk significantly (Figure 5; Hypothesis 6).  Although no specific hypothesis 

was developed to compare recovery scenarios 1 and 3, mean extinction risk was 

significantly lower for recovery scenario 3 (Figure 5).  Contrary to prediction, mean 

patch occupancy after 50 years was not significantly different between recovery scenarios 
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1 and 2 (Figure 6; Hypothesis 5).  Recovery scenario 3 resulted in significantly lower 

mean patch occupancy after 50 years than recovery scenario 2 (Figure 6; Hypothesis 7). 
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Figure 1: 137 Clusters identified as potential reintroduction sites for E. fasciatus, the Five-Lined Skink25
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Figure 1. 137 clusters identified as potential re-introduction sites for Eumeces fasciatus, 

the Five-Lined Skink.
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Figure 2. One of 137 clusters identified as potential re-introduction sites for Eumeces 
fasciatus, the Five-Lined Skink.  Twenty-eight clusters overlapped with a current or 
formerly extant population of the E. fasciatus. 
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Figure 3. Patch abundance effect on metapopulation extinction risk for E. fasciatus, 
using results from Recovery Scenario 1 (the Null Model). 

β = -0.96, R2 = 0.92, p < 0.01 
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Figure 4. Patch dispersion, as measured by Nearest Neighbour Index (NNI), effect on 
metapopulation extinction risk, using results from Recovery Scenario 1 (the Null Model).  
NNI values typically fall between 2 (evenly distributed) and 0 (tightly clustered).  When 
few patches are present (< 5), the nearest neighbour index (NNI) becomes artificially 
inflated indicating that patches are more evenly distributed than may be true.   

β = 0.82, R2 = 0.68, p < 0.01. 
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Figure 5. Mean extinction risk for all recovery scenarios (+ 1 SD).  Non-parametric 
Kruskal-Wallis ranks of mean extinction rate are noted above each bar.  Means were 
tested for significant differences using the Tamhane post-hoc test for samples with 
unequal variance.  Increasing the quality of a single patch relative to other suitable habitat 
patches (scenario 2 vs scenario 1) had no significant effect on extinction risk (p>0.05).  
Introducing all individuals into a single patch (scenario 3) had no significant effect on 
extinction risk compared with introducing individuals into many patches (scenario 2; 
p>0.05). 
 
Recovery Scenario 1 = Null Model 
Recovery Scenario 2 = Enhanced Rehabilitation, Multiple Re-Introductions 
Recovery Scenario 3 = Enhanced Rehabilitation, Single Re-Introduction
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Figure 6. Mean patch occupancy for all recovery scenarios (+ 1 SD).  Non-parametric 
Kruskal-Wallis ranks of mean extinction rate are noted above each bar.  Means were 
tested for significant differences using the Tamhane post-hoc test for samples with 
unequal variance.  Increasing the quality of a single patch relative to other suitable habitat 
patches (scenario 2 vs scenario 1) had no significant effect on patch occupancy (p>0.05).  
Introducing all individuals into a single patch (scenario 3) significantly reduced patch 
occupancy compared with introducing individuals into many patches (scenario 2; 
p<0.05). 
 
Recovery Scenario 1 = Null Model 
Recovery Scenario 2 = Enhanced Rehabilitation, Multiple Re-Introductions 
Recovery Scenario 3 = Enhanced Rehabilitation, Single Re-Introduction 
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DISCUSSION 

 The results of this study show that there is a potential for rehabilitated aggregate 

extraction sites in southern Ontario to contribute positively to the recovery of species-at-

risk.  Of 137 identified clusters, 20% overlapped with a known population (extant or 

historic) of E. fasciatus.  If any one of those clusters were rehabilitated for the purpose of 

creating skink habitat, there would be a direct increase in the number of suitable habitat 

patches as well as an increase in the total amount of available habitat for the species.  

Individuals dispersing from existing populations into the rehabilitated patches could 

establish new populations resulting in a larger (less extinction prone) metapopulation 

without the need for costly re-introduction.  In addition to using rehabilitated aggregate 

extraction sites adjacent to existing E. fasciatus populations to improve metapopulation 

viability, this study also demonstrates that a significant amount of land exists within the 

extent of occurrence of the species which could be used to establish new 

metapopulations.   

Metapopulation Structure 

 When selecting which clusters of aggregate extraction sites should be the focus of 

rehabilitation efforts, all else being equal, clusters with the greatest number of patches are 

preferred.  Patch abundance explained nearly all of the variation in extinction risk of E. 

fasciatus metapopulations (Figure 3).  This highly correlated result is somewhat 

surprising given that the upper limit on patch abundance of 22 was set by the computing 

constraints of the metapopulation model and not for any biological reason.  The spatial 

analysis portion of this study initially revealed clusters with up to 250 patches, and an 

average patch abundance of 32, prior to merging patches and subdividing clusters to meet 
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the artificial patch abundance limit.   While it would be unreasonable to assume that all 

patches within a large cluster could or would be rehabilitated for the purpose of creating 

E. fasciatus habitat, there is also no reason to assume that rehabilitating more than 22 

patches would have no additional positive influence on metapopulation persistence. 

 Previous investigations into the number of patches required for metapopulation 

viability also show that increasing patch number has a net positive effect on 

metapopulation persistence (Hanski 1989; Hanski and Thomas 1994; Lamberson et al. 

1994).  Nevertheless, the effect of patch abundance on metapopulation persistence varies 

depending on the metapopulation model used, thus making it difficult to generalize about 

the minimum number of patches required for metapopulation viability.  For example, the 

Levins model produces an underestimate of the minimum viable metapopulation (MVM), 

by not taking into account rescue effect, stochasticity or non-equilibrium metapopulation 

dynamics (Hanski et al. 1996).  In contrast, in the stochastic version of the Levins model 

(the Gurney and Nisbet model) metapopulation persistence increases exponentially with 

increasing patch number (Hanski et al. 1996), which for species that typically live in few 

large patches must certainly overestimate MVM.  

 In their model developed for the Northern Spotted Owl, Lamberson et al. (1994) 

found that a minimum of 15 patches was required to reach a stable rate of patch 

occupancy, but that increasing patch number above 30 had little effect on the equilibrium 

level of mean patch occupancy.  Furthermore, with fewer than 20 patches in a network 

mean occupancy was strongly influenced by the distance between patches (Lamberson et 

al. 1994).  Hanski et al. (1996) cautiously arrived at 20 patches (with 10 occupied) as the 

MVM for the Glanville frittilary, a butterfly species that has been the subject of 
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numerous metapopulation studies.  All authors caution the use of MVM as an absolute 

number to guide conservation measures, as individual populations may persist long 

enough for new patches to be created that would not have existed at the time of census. 

 Patch dispersion should also be taken into consideration when choosing clusters 

for species introductions, as increased patch clustering has a positive effect on 

metapopulation persistence (Figure 4), although this relationship is less reliable for 

clusters with fewer than 5 patches (see Appendix B).  This result is in agreement with 

other theoretical models. Gardner and Gustafson (2004) found that patch arrangement 

had a significant influence on individual dispersal, which would consequently influence 

patch colonization rate and overall metapopulation viability.  In highly fragmented 

landscapes, patch dispersion may be even more significant than expected.  Where 

habitable patches occupied less than 30-50% of the total landscape, patch arrangement 

accounted for 33-39% of the variation in metapopulation size of forest-dwelling passerine 

birds, however when habitable patches formed the majority of the landscape, patch 

arrangement explained only 1% of the variation in metapopulation size (Flather and 

Bevers 2002).  Nevertheless, empirical studies have often found that the effect of patch 

isolation on population response is weak or absent when patches are surrounded by a 

heterogeneous matrix (Bender and Fahrig 2005).  Individual species move differently 

across the landscape depending on the number of cover types, the contrast between cover 

types, and the size of cover type patches (Bender and Fahrig 2005).  If matrix effects had 

been taken into account in my model it is possible that there would have been no 

significant relationship between patch dispersion and metapopulation extinction risk. 
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Recovery Scenario and Extinction Risk 

 The influence of increasing patch quality on extinction risk was not as clear as 

expected (Hypothesis 4), which is likely due to the high variation in mean extinction risk 

for all recovery scenarios (Figure 5).  Although the risk of metapopulation extinction in 

scenario 1 (Null Model) ranked higher than the extinction risk of scenario 2 (Enhanced 

Rehabilitation, Multiple Re-introductions) using the Kruskal-Wallis test, the lack of 

statistical significance in the Tamhane post-hoc test prevents general conclusions from 

being drawn about the differences between scenarios.  It is possible that by further 

increasing the quality of a single patch, or increasing the number of high quality patches, 

a significantly lower extinction risk would be evident for scenario 2 (Enhanced 

Rehabilitation, Multiple Re-introductions).  Creating a single patch of exceptionally high 

quality would benefit the overall metapopulation by providing a constant source of 

migrants to other patches, however if random events led to the extinction of this patch the 

entire metapopulation could be imperiled.  Increasing the number of high quality patches 

might be more beneficial for ensuring metapopulation persistence by spreading the 

source populations throughout the cluster.  

 When the influence of multiple vs. single re-introduction on extinction risk is 

tested (Hypothesis 6), again no significant difference is present restricting generalization 

from the result (Figure 5).  Nevertheless, the lower Kruskal-Wallis rank of mean 

metapopulation extinction risk of recovery scenario 3 (Enhanced Rehabilitation, Single 

Re-introduction) might be explained by examining the metapopulation model in greater 

detail.  In recovery scenario 3 (Enhanced Rehabilitation, Single Re-introduction), all 

individuals were introduced into a single patch, rather than spread out across the cluster.  
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This would have increased the number of individuals dispersing initially, as annual 

dispersal from each patch is influenced by the total number of individuals within each 

patch (Akcakaya et al. 1999).  When population size within a patch decreases below a 

certain threshold, no individuals disperse (note: this is not precisely correct because when 

demographic stochasticity is included in the model, annual dispersal rate is chosen from a 

binomial distribution).  Because the number of individuals introduced to each patch in 

recovery scenario 2 (Enhanced Rehabilitation, Multiple Re-introductions) was only 20, it 

would have taken several years of positive growth before regular dispersal took place 

between patches.  This result suggests that rehabilitating aggregate extraction sites within 

dispersal distance of an extant population of E. fasciatus could have a greater impact on 

species recovery than establishing an entirely new metapopulation. 

 Mean metapopulation extinction risk under recovery scenario 3 (Enhanced 

Rehabilitation, Single Re-introduction) was significantly lower than the extinction risk of 

recovery scenario 1 (Null Model; Figure 5).  No specific prediction was made about the 

relationship between these two recovery strategies, however it is likely that the combined 

effects of increasing patch quality and increasing the pool of migrants led to this result. 

Nevertheless, with the standard deviation of the means greater than the means themselves 

for all three recovery scenarios, it is likely that something other than patch quality or 

number of re-introductions influenced metapopulation extinction risk.  The significant 

influence of patch number or patch arrangement (see above; Figures 3 & 4) may 

outweigh the influence of a small increase in patch quality or an increase in source 

population size.  Further exploration into the factors influencing metapopulation 

extinction risk, in particular an examination of how patch variables co-vary, would help 
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to elucidate the most important elements for wildlife managers to focus on when planning 

species re-introductions.   

Recovery Scenario and Patch Occupancy 

 When the effect of patch quality on final patch occupancy is examined (recovery 

scenario 1 vs recovery scenario 2), a weak trend in the expected direction is shown 

(Hypothesis 5; Figure 6).  Once again, however, the lack of statistical significance makes 

any inferences about this trend highly speculative.  The prediction that increasing patch 

quality would increase patch occupancy was based on the assumption that a high quality 

patch would provide more dispersers to colonize empty patches.  Either patch quality was 

not great enough in this study to influence dispersal rate, or patch occupancy is not 

explained by the variation in patch quality within a cluster. 

 As predicted, patch occupancy was significantly reduced when all individuals 

were introduced to a single patch (recovery scenario 3, Enhanced Rehabilitation, Single 

Re-introduction), rather than seeded in lower densities across many patches (recovery 

scenario 2, Enhanced Rehabilitation, Multiple Re-introductions; Hypothesis 7).  This 

difference could be explained by the fixed assumptions of the metapopulation model.  

Although E. fasciatus individuals are capable of dispersing up to (and beyond) 3 km, the 

average dispersal distance was only 1.5 km.  In the metapopulation model used for this 

study, dispersal rate was assumed to decrease exponentially with distance, thus very few 

individuals would ever travel the maximum distance between patches.  In recovery 

scenario 3 (Enhanced Rehabilitation, Single Re-introduction), it is likely that the 

metapopulation became trapped within a smaller subset of the cluster where patches were 

separated by distances closer to 1.5 km than 3 km.  Due to the dispersed introduction 
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method in recovery scenario 2 (Enhanced Rehabilitation, Multiple Re-introductions), 

more isolated patches would have likely had a better chance of being colonized.  

Colonization from a single patch may also have been limited by the time-frame of the 

recovery simulations.  For many clusters with a large number of patches or clusters where 

patches were distant from one another, patch occupancy did not always stabilize by the 

end of the 50 year simulation (see Figure 7). 

 Simulation models have shown that the spatial arrangement of patches within a 

landscape is important when the distance between patches is large relative to the dispersal 

capability of the model species (Fahrig 1988).  A linear cluster of patches each separated 

by 3km would thus be less effective for establishing a viable metapopulation of  E. 

fasciatusthan a circular cluster of patches separated by the same distance.  For the Brown 

Kiwi in New Zealand, the arrangement of forest patches within a pasture-dominated 

landscape influenced patch occupancy.  All forest fragments separated by 80 m or less 

were occupied, whereas no fragments separated by 330 m were occupied (Potter 1990).  

Patches isolated by 80-330 m were occupied if they were approximately 2 ha in size, or 

larger.  Moreover, Kiwis were capable of establishing populations in patches up to 1.2 

km from another occupied patch if small patches were present at short dispersal distances 

in between (i.e., stepping stones; Potter 1990). 
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Figure 7.  Rate of patch colonization in recovery scenario 3 (Enhanced Rehabilitation, 
Single Re-introduction) can vary between clusters with many patches and clusters with 
few patches due to the short time frame of the metapopulation simulation model (50 
years).  Patch dispersion is also likely to influence the rate of patch colonization.  Mean 
number of extant populations over 100 simulations is shown by the blue line (± 1 SD), 
maximum and minimum number of extant populations are shown as circles above and 
below the mean.  
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Limitations of the Study 
 
 One of the drawbacks to this study is that the influence of a heterogeneous matrix 

between patches was not considered.  In my model, patch isolation by distance was the 

only landscape variable influencing dispersal rate.  In reality, however, the matrix is 

composed of a complex mosaic of habitats, some of which may be hostile to a dispersing 

individual and others which may be relatively benign.  This heterogeneity affects how 

patch isolation is perceived by an organism, and the degree of the effect will be 

determined by the dispersal capability of the species (Wiens 1996).  All else being equal, 

two patches separated by mixed forest will be less isolated from the perspective of the E. 

fasciatus than two patches separated by a mixture of agricultural land and human 

habitation.  In a study of the Grand Skink, Oligosoma grande, a distant relative of E. 

fasciatus, populations separated by pasture had less genetic diversity than populations 

separated by tussock grass, indicating that individual dispersal was reduced in a pasture-

dominated landscape (Berry et al. 2005).     

 Bender and Fahrig (2005) used a simulation model and field experimentation to 

determine how matrix structure influenced individual dispersal between patches and to 

identify to what extent this result would obscure the known relationship between 

interpatch movement and patch isolation.  Their results demonstrated that typical 

metapopulation models that ignore matrix structure, such as the one used in this study, 

can be poor predictors of interpatch dispersal rate when the true landscape is composed of 

many different habitat types in a coarse-grained pattern.  Nevertheless, this result is once 

again dependent on the particular species in question.  For a habitat generalist, movement 
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through a heterogeneous landscape might be typical of the species’ dispersal behaviour, 

whereas for a specialist species a uniformly hostile matrix might be the reality.   

 In this study, the annual dispersal rate was estimated from a real metapopulation 

of E. fasciatus where patches were located within a relatively uniform mature mixed-

forest matrix.  Had matrix composition been considered in the metapopulation model 

applied, dispersal rate between many patches would decrease leading to an overall 

increase in extinction risk and a decrease in patch occupancy.  The model applied would 

thus overestimate metapopulation viability in certain patches.   

 Matrix heterogeneity might be reasonably approximated for the purpose of 

metapopulation modeling by weighting the Euclidean (geographic) distance between 

patches by the true cost of travel between patches.  If sufficient data are available to rank 

the permeability of different landscape features or habitat types to a dispersing individual 

of particular species, a cost surface can be created for that species using ArcGIS or other 

GIS software.  Rather than use average and maximum dispersal distance as parameters 

within the metapopulation model, one could estimate average and maximum dispersal 

cost.  If the metapopulation model could interpret a cost surface, it would then be 

possible to predict dispersal rate between patches through a more realistic heterogeneous 

matrix.  Unfortunately, developing such an approach was beyond the scope of this study. 

 Another limitation to this study may be in its real-world applicability.  The 

assumption that all patches within a cluster would be available for rehabilitation may not 

be met.  Certain aggregate extraction sites may also be inherently unsuited to the creation 

of wildlife habitat, whether for E. fasciatus or otherwise.  For example, many limestone 

quarry operations extract far below the level of groundwater, leaving a large, deep lake 
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after the resource is depleted.  Furthermore, co-operation between public and private 

landowners can be notoriously difficult to establish, and the challenge may be 

insurmountable given that approximately 20 properties (patches) are required for the 

successful establishment of a metapopulation (see above).   

Other Applications of the Metapopulation Approach 

 Despite its limitations, viewing landscape restoration from a metapopulation 

perspective is clearly a superior approach to species-at-risk recovery compared with the 

status quo of restoring sites on an individual basis in isolation of extant populations or 

other suitable patches.  Very few protected areas in Ontario are large enough to support 

viable populations of any species, let alone a species already at risk.  To persist in 

rehabilitating single sites for the purpose of re-introducing a species-at-risk is likely to 

result in more small and isolated populations going extinct.  The metapopulation 

approach also draws attention to the issue of landscape degradation on a regional scale.  

Rather than focus simply on protecting existing natural areas as islands in a sea of human 

habitation, an integrated landscape management approach which considers the quality, 

quantity and arrangement of patch and matrix elements may have the greatest 

conservation value, particularly in areas that have been highly altered by human use (i.e., 

southern Ontario).   

 Using rehabilitated aggregate extraction sites is only one of many potential 

applications.  In the revitalization of urban landscapes, emphasis is often placed on 

developing new uses for the derelict lots and brownfields scattered throughout older 

neighbourhoods.  In addition to re-developing abandoned properties into parks, condos, 

entertainment venues or commercial centres, these sites could also be seen as 
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opportunities for creating connected networks of natural areas within the city.  On a finer 

scale, patch networks capable of sustaining metapopulations of species with limited 

dispersal capabilities and small area requirements could be established within a 

neighbourhood or on a single large property.  Imagine a suburban development where the 

stormwater management facilities are actually part of an integrated network of wetland 

patches for rare amphibians, or a golf course where at every hole a patch of native 

vegetation is established to support a population of rare butterflies.  The ideas are not 

unfamiliar to landscape architects, however with the modeling approach presented in this 

study it is possible to predict whether or not these habitat creation projects will have 

long-term conservation value.  The extinction of species is a game of numbers, but with 

careful planning and management the odds can be turned in favour of survival for 

Ontario’s species-at-risk. 

Summary 

 The abundance of abandoned aggregate extraction sites across southern Ontario 

presents an opportunity for the conservation of species-at-risk.  With a co-ordinated 

approach to rehabilitation, these sites can be developed into networks of habitat patches 

between which low rates of species dispersal are maintainable.  In theory, a 

metapopulation has a greater long-term viability than a single large population or many 

small, isolated populations by balancing the risk of population extinction of a single patch 

with colonization from nearby patches.   

 I have developed a methodology that can be used by conservation agencies to 

determine the spatial distribution and population structure required to establish a viable 

metapopulation of a species-at-risk.  For practioners unfamiliar with population modeling 
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or the ecology of the species of interest, coordination with knowledgeable biologists will 

be necessary to obtain adequate data for estimating the metapopulation model parameters.  

Such cooperation between biologists and land managers is desirable in all circumstances, 

and will hopefully be more common in future.  

 

The results of this study demonstrate the following: 

1. For a given number of individuals introduced, a metapopulation will have a 

 significantly increased viability than a single, isolated population. 

2. Increasing patch number will significantly increase metapopulation viability. 

3. Increasing patch clustering will significantly increase metapopulation viability. 

4. Increasing the quality of a single patch relative to other suitable habitat patches 

  has no significant effect on metapopulation viability. 

5. Increasing the quality of a single patch relative to other suitable habitat patches 

 has no significant effect on the number of occupied  patches.   

6. Introducing individuals into many patches has no significant effect on 

 metapopulation viability. 

7. Introducing individuals into many patches increases the number of occupied 

 patches. 
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 APPENDIX A 

Metapopulation model parameters used in RAMAS EcoLab were estimated using data 
from Seburn (1990), Hecnar and M’Closkey (1998) and Wick (2004). 
 
GENERAL  
  
Replications 
 

I used 100 replications, the maximum number recommended, 
for each simulation 
 

Duration 
 

Duration was set at maximum, 50 years. 
 

Demographic 
Stochasticity 
 

Demographic stochasticity was selected for all simulations.  
This parameter is used in the calculation of population 
growth.  For each year, the number of survivors is sampled 
from a binomial distribution and the number of offspring is 
sampled from a Poisson distribution.  Specific rate of 
demographic stochasticity is set for each population under the 
Populations menu. 
 

  
DISPERSAL AND 
CORRELATION 
 

 

  
Maximum Dispersal 
Distance  
   
 

Wick (2004) found evidence of genetic differentiation 
between populations of Eumeces fasciatus separated by 3km 
and more.  Thus, a Euclidean distance of 3km poses a barrier 
to gene flow in E. fasciatus.  I used 3km as a maximum 
dispersal distance because, although genetic evidence 
demonstrates that individuals do disperse to populations 
beyond 3km, there is no absolute value of maximum dispersal 
capability of the species.  Using 3km is a conservative 
measure of dispersal. 
 

Average Dispersal 
Distance 
 

Hecnar and McCloskey (1998) used 1-2km to define the 
limits of a population.  That is, they assumed that when 
sampling from skink patches located 1-2km from one another 
that these represent separate populations.  I have used 1.5km 
as the average dispersal distance, assuming that if populations 
are generally 1-2km apart then the average dispersal distance 
should be the average distance between populations. 

Maximum Dispersal 
Rate 
 

The maximum dispersal rate was estimated using the values 
of average dispersal distance, maximum dispersal distance 
and average dispersal rate.  Wick (2004) found an average 
exchange of 2 individuals from one population to another per 
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generation (4 years) to give an average of 0.5 individuals 
dispersing on average each year from one pop’n to another.  
EcoLAB requires an individual dispersal probability, and 
dispersal rate is weighted by population size.  Using data from 
Wick (2004), I found that dispersal varied according to the 
following equation y (dispersal rate) = 0.04*pop’n size + 
0.09.  Using this equation I calculated that a dispersal rate of 2 
individuals per generation or 0.5 individual per year was 
possible at populations of 45 individuals.  Thus, the average 
individual dispersal rate becomes 0.5/45 or 0.01. 
To get maximum dispersal rate from this, it was necessary 
find the y-intercept of the exponential decay curve used by 
EcoLAB where distance is on the x-axis.  If dispersal rate = 0 
beyond 3km and we know that the average dispersal rate 
(0.01) takes place at an average distance of 1.5km, the y-
intercept of the curve that satisfies these parameters is 0.03. 
 

Correlation 
 

Correlation between populations is typically estimated by 
measuring population size repeatedly and calculating the 
amount of correlation between populations over time.  Hecnar 
and M’Closkey (1998) estimated population change over time 
in Point Pelee National Park from 1990 to 1995, and found a 
0.91 correlation between populations separated by 1.7km.  
The EcoLAB program has an automatic decay function to 
determine how correlation decreases with distance, thus it was 
not possible to create a curve that satisfied the parameters 
above.  A correlation of 0.99 at 100m is the maximum 
possible correlation that still varies with distance, so this was 
selected to represent the correlation between skink pop’ns.  
Hecnar and M’Closkey (1998) found no relationship between 
skink pop’n size and temperature or rainfall so environmental 
factors affecting population correlation will not be considered. 
 

  
POPULATION 
PARAMETERS 
 

 

  
Name 
 

The assigned number of a patch, varies from 1 to a maximum 
of 22 
 

X-Y Coordinates the x-y coordinates of the centroid of each patch in metres 
 

Initial Abundance 
 

For general simulations I assumed that 20 individuals would 
be introduced into 50% of patches within a cluster 
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Growth Rate ( R ) and 
Standard Deviation of 
R 
 

Set to 1.0 to avoid assuming increasing or decreasing 
population growth.  I used a standard deviation of 0.1 and 
selected environmental stochasticity so that at any time t the 
growth rate would be randomly selected from the set of 
numbers between 0.9 and 1.0 
 

Density dependence 
type 
 

I chose the exponential model which assumes no density 
dependence, as there was no information available to 
determine if population growth in E. fasciatus is density 
dependant.  Using this model, carrying capacity is ignored.  
During initial simulations I made sure that the combination of 
selected parameters would not lead to unrealistic population 
explosions. 
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APPENDIX B 

Attributes of 137 clusters identified as potential re-introduction sites for E. fasciatus.   
NNI = Nearest Neighbour Index. 
 

CLUSTER 
# OF 

PATCHES NNI 
1 3 2.40
2 11 0.00
3 4 2.20
4 3 2.28
5 8 1.25
6 15 0.71
7 8 0.98
8 11 1.05
9 3 1.35

10 22 0.80
11 3 2.54
12 21 0.69
13 9 1.43
14 13 1.13
15 3 1.95
16 4 1.81
17 6 1.54
18 22 0.83
19 18 0.62
20 4 1.71
21 5 1.13
22 15 0.65
23 4 2.03
24 11 0.69
25 6 1.38
26 11 1.08
27 5 1.21
28 12 0.82
29 13 1.29
30 21 0.73
31 22 0.72
32 9 1.06
33 7 0.85
34 3 1.99
35 22 0.75
36 18 0.92
37 21 0.73
38 11 0.88
39 22 0.85
40 21 0.72
41 20 0.58
42 11 0.85
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43 21 1.05
44 14 1.12
45 22 0.74
46 22 0.82
47 21 0.82
48 11 0.92
49 22 0.68
50 21 0.28
51 5 1.79
52 21 0.71
53 20 0.77
54 15 0.94
55 3 2.10
56 12 0.76
57 7 0.97
58 22 0.85
59 11 1.04
60 6 1.78
61 7 1.23
62 12 0.91
63 17 0.88
64 7 1.62
65 22 1.07
66 4 1.99
67 22 0.95
68 22 1.03
69 18 0.80
70 19 0.98
71 15 0.86
72 22 0.83
73 3 2.42
74 21 0.83
75 22 0.80
76 4 2.23
77 12 0.83
78 6 1.35
79 21 1.20
80 9 0.98
81 5 1.72
82 17 0.83
83 4 2.09
84 3 2.62
85 22 0.84
86 22 0.87
87 12 0.49
88 6 1.33
89 19 0.79
90 5 1.50



 55

91 12 1.08
92 10 0.98
93 17 0.51
94 11 0.95
95 20 0.53
96 9 1.17
97 5 1.25
98 16 0.69
99 5 0.82

100 22 0.79
101 3 0.76
102 17 0.70
103 20 1.13
104 22 0.42
105 20 0.86
106 14 0.92
107 7 0.86
108 14 0.72
109 13 0.78
110 21 0.68
111 22 0.74
112 22 0.96
113 10 1.21
114 15 0.62
115 8 0.95
116 22 0.58
117 11 0.66
118 17 0.45
119 7 1.26
120 19 1.00
121 16 0.73
122 8 1.31
123 3 1.29
124 5 1.27
125 21 0.77
126 4 2.25
127 10 1.12
128 10 0.65
129 18 0.79
130 22 0.75
131 18 0.55
132 17 0.49
133 21 0.81
134 22 0.83
135 7 1.35
136 14 0.73
137 17 0.65

 


