
 

 

 

 

Foraging Ecology of the Feral Horses of Sable Island 

 

 

 

 

A Thesis Submitted to the College of Graduate and Postdoctoral Studies 

In Partial Fulfillment of the Requirements 

For the degree of Master of Science 

In the Department of Biology 

University of Saskatchewan 

Saskatoon 

 

By: 

 

Kirsten Elizabeth Sarah Johnsen 

  

 

 

 

 

 

© Copyright Kirsten Elizabeth Sarah Johnsen: March, 2022. All rights reserved. 

Unless otherwise noted, copyright of the material in this thesis belongs to the author 

 



ii 
 

Permission to Use/Disclaimer 

 

In presenting this thesis in partial fulfillment of the requirements for a master’s degree from the 

University of Saskatchewan, I agree that the Libraries of this University may make it freely 

available for inspection. I further agree that permission or copying of this thesis in any manner, 

in whole or in part, for scholarly purposes may be granted by the professor who supervised my 

thesis work or, in their absence, by the Head of the Department or the Dean of the College in 

which my thesis work was done. It is understood that any copying or publication or use of this 

thesis or parts thereof for financial gain shall not be allowed without my written permission. It is 

also understood that due recognition shall be given to me and to the University of Saskatchewan 

in any scholarly use which may be made of any material in my thesis.  

 

 

Requests for permission to copy or make other use of material in this thesis in whole or part 

should be addressed to:  

 

Dean 

College of Graduate and Postdoctoral Studies 

University of Saskatchewan 

116 Thorvaldson Building, 110 Science Place 

Saskatoon, Saskatchewan   

S7N 5C9 

Canada 

 

Head of the Department of Biology  

University of Saskatchewan  

112 Science Place  

Saskatoon, Saskatchewan 

S7N 5A2  

Canada 



iii 
 

Abstract 
 

A foundational theory in the field of density-dependent foraging ecology is that of the Ideal Free 

Distribution, or IFD. The problem of pattern and scale in ecology has also received much 

attention. However, less is known of how IFD might scale in space and time. My thesis primarily 

focuses on expanding on previous research using IFD as a null model of intraspecific 

competition to describe the distribution and abundance of individuals within a landscape by 

testing for potential drivers of IFD-departure at the small scale. As the only terrestrial mammal 

of Sable Island, Nova Scotia, the island’s feral horses be studied without confounding effects of 

predation risk or inter-specific competition. I used the fitness proxy of hourly net energetic gain 

to build on previous research at the sub-population level and coarse-scaled habitat occupancy 

(Objective 1). Additionally, I explored how gastro-intestinal parasites might influence outward 

energetics of horses (Objective 2) and examined short-term (summer) patterns of resource 

selection in relation to energy content specific to vegetation communities (Objective 3). In 2018, 

I carried out a study on a focal group of 67 females, quantifying their instantaneous and daily 

energy intake rates, energy expenditures, parasite loads from strongyle fecal egg counts (FECs), 

and observed use of vegetation communities. When considering the extent of the whole island, 

horses did not select for communities based on energetic value but those potentially linked to 

water availability. However, western horses (high water availability, conspecific density, and 

FEC) had a higher rate of net energy intake (kJ/hr) than did those in the east there being a 

negative relationship in energy intake and FEC. The gradient I observed in net energy intake 

therefore indicates departure from IFD for short-term foraging behaviour using this currency. 

While IFD-departure at the large scale is known from heterogeneity in annual population growth 

rates, my research sheds light on fine-scale decisions and their constraints. I conclude that such 

constraints on behaviour and fitness at the level of the individual resulting in heterogeneity of net 

energetic gain across the population are likely foundational to the processes from which patterns 

at larger ecological scales emerge.   
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CHAPTER 1: INTRODUCTION, OBJECTIVES AND BACKGROUND 

INFORMATION 

 

1.1 Background Theory 

Foraging ecology focuses on the choices animals make when they are eating, including what 

food to consume and where to feed (Owen-Smith, Fryxell, & Merrill 2010). A foundational 

hypothesis is that animals space themselves within different habitats in a density-dependent 

pattern related to intraspecific competition for resources, which influences various aspects of 

foraging behavior. The Ideal Free Distribution, or IFD model in its simplest form describes 

where unconstrained animals would distribute themselves in a landscape according to which 

habitat patch maximizes their fitness with the result that all individuals in the population quality 

experience the same fitness (Fretwell and Lucas 1970; Krivan, Cressman, & Schneider 2008). 

Under IFD, high-quality resource patches are predicted to have higher densities of individuals 

than low-quality patches. All individuals contribute equally to population growth because 

individuals have equal resource acquisition and thus reproduce equally. Thus, the rate of change 

in population size is equalized across habitat types even in a heterogenous landscape (Fretwell 

and Lucas 1970; Abrahams, 1986).  

 

The IFD model includes four assumptions: 1) all animals in the population have 

unrestricted access to different resources or resource patches; 2) they have equal competitive 

abilities; 3) they have perfect knowledge of resource distribution (i.e., they would know which 

patch is most suitable for them based on quality as defined by the resource type but also number 

of competitors); and 4) that resource intake would decrease in a patch as more competitors 

occupy the space (Fretwell and Lucas 1970; Abrahams 1986; Kennedy and Gray 1993; Krivan et 

al. 2008). Meeting all these assumptions is unlikely for organisms in natural ecosystems; hence, 

departure from IFD is expected especially when the environment becomes more complex 

(Abrahams 1986; Kennedy and Gray 1993). Therefore, the IFD model often serves as a null
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model of habitat selection in non-territorial animals, where mechanisms related to deviations 

from the four assumptions can be examined (Messier, Virgl, & Marinelli 1990).  

Typically, IFD is studied in the context of population and habitat as this was the context 

informing the creation of the IFD model (Fretwell and Lucas, 1970). My thesis expands on 

research using IFD to describe the distribution and abundance of animals at a finer scale than the 

population level. To study this model, I chose to use the feral horses on Sable Island, Nova 

Scotia as a model population. The island (Figure 1.1) supports a free-ranging and unmanaged 

population of feral horses (approx. 500 animals) that live without predation and inter-specific 

competition. The identities and reproductive histories of all horses have been documented since 

2007 in a long-term research study. (see van Beest et al. 2014; McLoughlin, Lysak, Debeffe, 

Perry, & Hobson 2016). The ecological simplicity of this system and a population of known 

individuals makes it particularly suited to study intraspecific competition at multiple ecological 

scales.  
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Figure 1.1 – Sable Island, Nova Scotia. The western tip of Sable Island is approximately 160 km 

from nearest landfall at Canso and 275 km from Halifax. Nova Scotia shapefile from Statistics 

Canada Catalogue, no. 92-160-X (Boundary Files, 2011 Census). Sable Island shapefile from 

LIDAR map compiled by the Applied Geomatics Research Group (AGRG) in 2009 at the Nova 

Scotia Community College (Middleton, NS).  

 

Recently, van Beest et al. (2014) used habitat isodars (diagrams illustrating the response 

of density when contrasting two habitats) to compare horse density in different regions of the 

island in relation to IFD. They found that at low density, the horses usually chose western or 

central habitats over eastern ones. However, as density increased, the horses did not assort 

themselves according to the IFD. Density-related costs associated with selecting habitat were 

greater for horses in the west and central areas than in the east (van Beest et al. 2014). While 

eastern habitat was judged to be more suitable than central habitat, constraints on dispersal 

movements prevented the occupancy of the east of Sable Island prior to that of the centre (van 



4 
 

Beest et al. 2014). Because horses were not free to disperse to equalize fitness, a main 

assumption of the IFD was violated. The movement patterns were thus more indicative of a 

source-sink pattern with the west being the source. This was supported by Contasti et. al. (2013) 

who found that the eastern and central habitat populations would have declined during their 

study without immigration from the west in some years. More recently, Regan et al. (2020) 

showed that the costs involved are quite likely linked to social friction encountered by dispersing 

females. With increasing density, they bear greater dispersal related survival and reproduction 

costs than males (Regan et al. 2020). Rozen-Rechels et al. (2015) also showed that large-scale 

movements by horses were likely anchored to fresh-water availability as horses were much more 

selective of habitat when they were far from a fresh water source and were not usually seen more 

than a few kilometres away from a water source.  

In this context, scale refers to the spatial/temporal resolution and the extent of the study. 

The grain refers to the smallest resolution unit possible in the dataset. Temporal extent refers to 

the amount of time being considered while spatial extent refers to the size of the area being 

studied (Turner, Dale, & Gardner 1989). Coarse-grain refers to large units being the smallest 

measurements available in the study with large extent referring to large areas (landscapes) and 

longer periods of time (years, generations) being covered in a study. Research at the coarse scale 

is typically conducted with coarse grains and large extents to study longer population trends like 

species persistence and individual ranges/territories (Mayor, Schneider, Schaefer, & Mahoney 

2009). Fine-grain refers to smaller units of area and time being available in a dataset with small 

extents covering information on small areas (feeding sites) and shorter periods of time like hours 

or days (Turner et al. 1989). Studies conducted at a fine scale are useful to study trends that 

might happen over shorter periods of time like resource use by a group or short-term decisions 

made by individuals in a population (Mayor et al. 2009). These grains and scales can be applied 

to a range of levels of organization within an ecosystem from individuals to populations to study 

interactions between biotic and abiotic aspects of ecosystems (Turner et al. 1989).  

Ecological patterns at one scale may not hold at another scale because resources are often 

distributed in a patchy manner. Additionally, individuals within populations will not always 

respond in the same way to variation in the environment (Levin 1992). Gaillard et al. (2010) and 

Mayor et. al. (2009) gave examples of a scale hierarchy which matches the spatio-temporal scale 
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of observation with that of fitness measures of interest. Knowing this information about scale, 

the currency to test IFD should be chosen in such a way to match the special and temporal extent 

of interest. While IFD had originally been developed at a coarse scale of population dynamics, a 

wide variety of currencies can be applied to the study of habitat selection (Mayor et al. 2009). 

Given that I am interested in small extents and finer scale than my predecessors, I chose to use 

net energy intake as this is a currency that can be estimated on an hourly basis at the scale of 

instantaneous biomass intake in a small vegetation patch. This extends the study of IFD into the 

newer context of fine scale measurements where I am still studying an important proxy of 

fitness, but not at an extent that spans the whole island over multiple years.  

All previous research on resource selection on Sable Island has been conducted at a large 

ecological scale, e.g., using multi-annual movements, or sub-population growth rates. It is 

unknown whether trends in behaviour at larger ecological scales translate into smaller-scale 

behaviours in this system. Focusing on the fine scale allows me to examine novel currencies such 

as: net energetic gain from food sources, energetic losses from the work of movement, and the 

available resources present in different vegetation species assemblages. By understanding the 

currencies of the fine scale, I seek to provide meaningful context to research previously 

conducted at the coarse scale. My research had a smaller sample size than previous studies, so I 

stratified my focal animals based on west and central subpopulations (hereafter referred to as 

“west”) and the eastern subpopulation. This meant that horses in the west had access to surface-

level freshwater (a likely limiting factor for horses) while horses in the east did not. There is 

value in studying patterns and processes of ecology at more than one scale as patterns can be 

scale-dependent and there may be interactions between fine- and large-scale observations (Levin 

1992). To date, it is unknown how Sable horses might select food items on a smaller temporal 

and spatial scale than at the population-level. I also sought to examine whether factors other than 

energy gain, like water availability, might be driving the selection of foraging habitat on Sable 

Island. Finally, I wanted to explore how gastro-intestinal parasite burden might affect outward 

energetics of horses. Increasingly, the ecological interaction of parasitism and disease is 

becoming an important factor in our understanding of horse population ecology (Debeffe et al. 

2017).  
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1.2 Study Area  

 

Sable Island (Figures 1.1 and 1.2; all maps and spatial analyses were completed with ArcMap 

10.3, ESRI, USA) is a narrow, crescent-shaped vegetated but treeless sandbar that is 49-km long 

and 1.25-km wide at its widest point (McLoughlin et al. 2016). Located between the Gulf Stream 

and the Labrador Current (275 km east of Halifax, Nova Scotia), the island is mostly comprised 

of sand dunes and beaches (James and Stanley 1968). The Government of Canada designated 

Sable Island as a National Park Reserve in 2013. The island provides a breeding ground for the 

world’s largest colony of grey seals (Halichoerus grypus) and for many species of seabirds. 

Sable Island also supports a population of feral horses (introduced in the mid-1700s) which are 

the focus of this study (James and Stanley 1968; McLoughlin et al. 2016).   

 

Figure 1.2 – Division between western and eastern components of the population of Sable Island 

horses, Sable Island, Nova Scotia. Border marked at -59.85500° longitude. This border marks the 

border between the central and eastern horse subpopulations of van Beest et al. (2014). There are 

no permanent ponds east of this border. Sable Island shapefile from LIDAR map compiled by the 

Applied Geomatics Research Group (AGRG) in 2009 at the Nova Scotia Community College 

(Middleton, NS). Vegetated areas outlined in grey with unbroken light green areas representing 

large unvegetated beaches.  

 

 

Western Sable Island                                                   Eastern Sable Island 

Horses access freshwater ponds                                        Horses do not access 

freshwater ponds 
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1.2.1 Sable Island Horses  

 

The exact circumstances surrounding the introduction of the Sable Island horses are debated but 

it is agreed that this feral population was introduced to the island in the mid-1700s (St. John 

1921; Plante et al. 2007; McLoughlin et al. 2016). Since their introduction, there has been an 

unmanaged component of the horse population and, through legislation, the population has been 

free from human interference since 1961 (Welsh 1975). When free from management 

interference, horses exhibit female-defense polygyny (Cameron, Setsaas, & Linklater, 2009). 

They typically form social groups known as bands which consists of a breeding adult male 

(stallion), breeding females (mares), and their offspring (including foals, yearlings, and 

subadults). In fact, the social structure of feral horses is more similar to that of primates than it is 

to other ungulates (Cameron et al. 2009). Bands of horses may have more than one stallion with 

one stallion being dominant over the other “tag” males (Goodloe, Warren, Osborn, & Hall 2000). 

Membership in a band that is dominated by a high-quality stallion can allow for greater 

reproductive success. High-quality stallions can defend their mares from harassment by rival 

bands and bachelor males (Cameron et al. 2009). Additionally, females can benefit from strong 

social bonds with other females which reduce male harassment in feral horse populations. 

(Cameron et al. 2009). Solitary males, or “bachelors”, do not belong to any band; bachelor 

groups, which are highly transitory, are formed of two or more males that do not have family 

bands (Berger 1977). 

The western portion of Sable Island supports a higher population of horses than does the 

east and density decreases markedly going from the west to the east (van Beest et al. 2014). 

Since 2007, an ongoing census program allows individual identification of horses and the control 

for many aspects of individual variation in studies (Contasti, Tissier, Johnstone, & McLoughlin 

2012; Contasti, van Beest, Vander Wal, & McLoughlin 2013; Regan, Poissant, & McLoughlin 

2021). To reduce variation associated with age, sex, and band size, my study is directed only at 

females (aged 2+ years) in bands that have between 3–10 individuals to reduce variation 

associated with age, sex, and band size.   

My research focuses on two groups of horses occupying quantitatively different habitat 

types: those located in the east and the west. The border between these two populations occurred 
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at roughly two-thirds down the length of the island (Figure 1.2).  I chose to divide the population 

of the Sable Island horses into two groups building on the 3-solution hierarchical cluster analysis 

of resources that was done by Contasti et. al. (2012) and the habitat isodar study of van Beest et. 

al. (2014). In both studies, they had separated the population into western, central, and eastern 

sub-groups. However, I was data-limited with respect to the number of bands I could collect 

observational data for in the summer of my study. Hence, for the purposes of my study, the 

western and central groups were a priori merged into one group (referred to as “west”) because 

the habitats between the western and central regions were similar with respect to access to 

surface-level freshwater (ponds) as well excavation is a known constraint on time budgets 

(Rozen-Rechels et al. 2015). Additionally, ponds contained a unique vegetation community 

(emergent plants, Agrostis lawns surrounding the edge; Tissier, McLoughlin, Sheard, & 

Johnstone 2013) that did not exist in the east (except for one small patch). Grouping these two 

regions of the island also made sense from the perspective of forage availability. 

In the eastern region, the horses must excavate wells to access fresh water below the 

surface, the vegetation is of lower quality, there are fewer communities from which to choose, 

and the population density is lower than collectively occurs in the west (van Beest et al. 2014; 

Rozen-Rechels et al. 2015). Eastern horses also have little access to the sandwort vegetation 

association in contrast to western horses. No bands on that side of the island were observed to 

access a permanent pond during my study (though there were two horses that had access to a 

temporary pond towards the beginning of the field season).  

 

1.2.2 Vegetation Communities  

 

Succession on the island is driven by disturbance from wind and wave erosion of dunes and salt 

exposure (Tissier, McLoughlin, Sheard, & Johnstone 2013). The island’s vegetation can be 

divided into five main communities. The Early-Succession community is comprised of species 

that can tolerate high salt concentrations and sand burial such as American marram grass 

(Ammophila breviligulata), and sea goldenrod (Solidago sempervirens). The Mid-Succession 

community contains species that are intermediately tolerant of salt and sand burial such as 
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yarrow (Achillea millefolium), and beach pea (Lathyrus japonicus var. maritimus) in addition to 

marram grass. Late-Succession vegetation is comprised of shrubs and other species that are the 

most intolerant to disturbances including rose (Rosa sp.), bayberry (Myrica pensylvanica), and 

other shrubs. For the purposes of this study, a fourth sandwort (Honckenya peploides) 

community will also be considered as sandwort is common towards the western extremity of the 

island and may be the only species present in certain areas that are highly disturbed (Tissier et al. 

2013).  I also considered as a fifth community the vegetation surrounding ponds (Pond 

Assemblage) which contained a relatively high diversity of species with short grasses, forbs, and 

rushes (Juncus sp.) being the most common. The west has all five community types while the 

east only contains Early-, Mid-, and Late-Succession (except for a small patch of pond 

assemblage vegetation that was beside a temporary pond).  

 

1.2.3 Gastrointestinal Parasites 

 

The Sable Island horses are host to many gastrointestinal parasites including tapeworms 

(Paranoplocephala mamillana) and strongyle nematodes (Debeffe et al. 2016; Jenkins et al. 

2020). The Sable Island horses shed more parasite eggs than domestic horses because they are 

not treated with deworming medication or any veterinary care (Jenkins et al. 2020). Given that 

parasites can affect behaviours linked to foraging efficacy and actions the horses perform 

(Proudman and Matthews 2000; Khan, Roohi, & Rana 2015) I chose to include data on strongyle 

parasites that were being collected over the course of my 2018 field season for 61 of the 67 focal 

animals. Small strongyles (cyathostomins) infect the large intestine which causes health 

problems including fatigue, weight loss, and diarrhea (Proudman and Matthews 2000; Khan, et 

al. 2015). In the most severe cases, many encysted larvae hatch from the intestinal wall within a 

short period of time and can be fatal to the host (Carstensen, Larsen, Ritz, & Nielsen 2013). 

Large strongyles also infect the large intestine and can cause anemia and colic (Proudman and 

Matthews 2000; Nielsen, Baptiste, Tollivier, Collins, & Lyons 2010).  My study focused on 

cyathostomin (small strongyles) and large strongyle-nematodes because these were the most 

feasible to quantify with our lab protocols (see Debeffe et al. 2016).  There are over nine species 

of cyathostomins in Sable Island horses and two species of large strongyles: Strongylus vulgaris 
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and S. equinus. For the purposes of this study, fecal egg counts (eggs/gram of feces) were used as 

the metric of parasite burden as it was not possible to differentiate between species by the 

appearance of the eggs (Debeffe et al. 2016).  

 

1.3 Objectives and Thesis Structure 

 

My thesis is organized around three tightly related objectives, focusing on the patterns and 

processes describing fine-scale foraging ecology and resource selection of Sable Island horses, 

including: 

 

1.3.1 Objective 1: How Does IFD Apply to Fine-Scale Foraging Ecology?  

 

I hypothesize that IFD is in effect as it is used as a common hypothesis for resource selection and 

population distribution (Messier et al. 1990). I am testing whether the IFD explains the 

distribution and density of horses on Sable Island when fine-scale foraging decisions are used as 

a fitness proxy. The horses are reaching carrying capacity (see Figure 1.3) because in previous 

years when the population was this high, the population declined in following years. This 

indicates that the population is at equilibrium and so if IFD is in effect at the fine scale, I expect 

to see similar energy intake values between the west and the east because the IFD model assumes 

equal competitive abilities of all individuals. Alternatively, if I fail to find support for IFD, it 

may be because there are constraints on the movement and dispersal of horses (see above, 

Contasti et al. 2013, and Regan et al. 2020), in which case, horses of the west with higher forage 

quality may have higher energy intake than horses in the east.  
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Figure 1.3- Dynamics of the Sable Island horse population over time (2018 marked with circle). 

Data from direct population counts of feral horses on Sable Island from 1961 to 2019. Data since 

2008 collected by the McLoughlin lab in Population Ecology at the University of Saskatchewan. 

Data prior to 2008 obtained from air photo interpretation in 2004 (Parks Canada Agency, 

unpublished data) and as published in Frasier et al. (2016). 

 

1.3.2 Objective 2: Can Parasite Burdens Help Explain Observed Patterns of Average Hourly 

Energy Intake Rate?  

 

Here I asked whether high parasite burdens reduce the net energetic gain of Sable Island horses, 

a question which has never been tested on Sable Island. There is conflicting information on how 

parasites may affect the behaviour of domestic horses vs. how they might affect animals in the 

wild with no treatments.  

In domestic horses, strongyle nematode infections can lead to symptoms such as reduced 

appetite/lethargy, and even death (Khan et al. 2015; Debeffe et al. 2016; Proudman and 

Matthews 2000; Stein et al. 2002). High parasite levels can also reduce the likelihood of a horse 

successfully breeding (Kuzmina, Dzeverin, & Kharchenko 2016). Fleurance et al. (2005) found 
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that parasitized domestic horses had a lower biomass intake because they were taking (on 

average) 5% fewer bites than the horses without parasites.  

In feral horses on Sable Island, fecal egg counts were correlated to low body condition 

and reduced reproductive success (Jenkins et al. 2020). Despite high parasite burdens, many 

horses still have average body condition suggesting they can cope with the parasites (Jenkins et 

al. 2020). If parasites cause reduced foraging efficacy and lethargy, I predict there will be 

negative relationships between parasite load and both energy intake and energy expenditures.  

Alternatively, there is a possibility that I will see unexpected trends between parasite 

burden and energy intake. Other relationships between parasite burden and biomass intake have 

been documented in the literature. For example, reindeer (Rangifer tarandus platyrhynchus 

Vrolik) that had a higher rate of biomass intake also had higher parasite burdens possibly 

because of increased rates of exposure (Stein et al. 2002). Additionally, fat deposits in snowshoe 

hares (Lepus americanus) were not significantly related to parasite burdens which suggested that 

the parasites were not significantly affecting food intake (Murray, Keith, & Cary 1998). Parasites 

may even cause increased energy intake rate to compensate for the infection. Blue tit nestlings 

(Parus caeruleus) suffering from fleas, were fed 29% more food than unparasitized nestlings by 

their parents perhaps in an effort to combat the infestation (Tripet and Richner 1997). Although 

other relationships between parasite burden and energy intake might occur in Sable Island 

horses, these were outside the scope of my thesis.  

 

1.3.3 Objective 3: Is Distribution of Horses On Sable Island Influenced by a Fine-Scale Measure 

of Habitat Like Mean Digestible Energy? 
 

My question here is whether Sable Island horses select their habitat from the randomly available 

habitats to maximize digestible energy intake (either at the instantaneous time scale or the daily 

time scale). Digestible energy is the amount of energy available to the horses after excluding 

indigestible material (e.g. fibre) in the vegetation. Capital-breeding animals like the horse rely on 

fat deposits for successful reproduction and possibly lactation (Garlinghouse and Burril 1999). 

Therefore, energy intake during summer is critical for Sable Island horses to potentially increase 
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fat deposits (and therefore survival) for winter and increased reproductive success in the summer 

(van Beest et al. 2014). It would be reasonable to expect that horses on Sable Island select energy 

to increase fat deposits.  

I decided to use energy as a proxy for fitness in my models for all objectives because 

large mammalian grazers select for energy over other factors in the absence of predators. For 

example, bison (Bison bison) at Prince Albert National Park and Grasslands National Park in 

Canada sought to maximize their energy intake rate at the instantaneous time scale (Babin, 

Fortin, Wilmhurst, & Fortin 2011). Similarly, common reedbuck (Redunca arundinum), red 

hartebeest (Alcelaphus buselaphus), and plains zebra (Equus quagga) at Mkambati Nature 

Reserve in South Africa attempted to maximize their energy intake at the daily time scale 

(Brooke et al. 2020). Zebras (the equid species in that study) even continued selecting for high 

energy vegetation communities when at high risk of being poached (Brooke et al. 2020).  

I hypothesize that there is pressure to select for digestible energy over other nutritional 

factors in vegetation because the former would directly translate into over-winter survival and 

lactation (reproductive success). If this is the case, then I predict that horses will forage more 

often (relative to availability) in vegetation communities with high estimated instantaneous or 

daily digestible energy intake rates than in low energy communities. Here, both daily and 

instantaneous intakes were estimated because the most advantageous currency can vary 

depending on the species and ecosystem (Babin et al. 2011).  

Alternatively, there may be other factors in the landscape that may be more important to 

Sable Island horses than energy like rare vitamins or water availability. For example, foraging 

rabbits (Oryctolagus cuniculus) preferred vegetation with high levels of nitrogen, potassium, and 

phosphorus (Bakker, Reiffers, Olff, & Gleichman 2005). It is also known that sources of 

freshwater are an important limiting resource to horses on Sable Island (Rozen-Rechels et al. 

2015). If the horses target other nutrients or resources before digestible energy the horses may 

not select the vegetation communities with the highest energy values more often than the other 

available communities. There is a possibility that the horses may be selecting vegetation 

communities for multiple reasons which could make it difficult to know exactly what resource 

the horses are targeting which is outside the scope of this study.  
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CHAPTER 2: Methods 

 

2.1 Data Collection: Time Budgets 

 

I collected time and energy budgets from 31 July–2 September 2018, by scan sampling focal 

horses (n = 67 females) for 3-hour (hr) observation periods. I only noted activities for females 

born in 2016 or earlier to reduce variation based on age and sex. Stallions (and tag males) may 

spend more time defending their bands from intruders and tend to wander over larger areas so it 

would be more difficult to survey them with these methods (Asa 1999). I also only followed 

females of selected bands which had between 3–10 individuals, as band sizes outside this range 

were uncommon (fewer than 10% of bands were outside this range in 2018). Following Altmann 

(1974), I recorded the states (ongoing activities) of the horses at 5-min. intervals. I sampled one 

or two bands a day with each observation period lasting for 3 hrs (with the exception of two 

mares in the same band that had a 2-hr observation period due to inclement weather and one 

mare that had a 2.6-hr long observation due to being out of sight for the beginning of the 

sample). Individuals were only sampled once to maximize sample size, as opposed to repeated 

measures over multiple sessions. The island was also divided into seven sections based on the 

protocol of the ongoing Sable Island horse census (Debeffe et al. 2016) so that the same section 

would not be sampled on consecutive days.  

 

Scan sampling began after I noted distinguishing features of band members. I also 

recorded a GPS point for the band and took pictures of individual horses at the beginning of the 

sampling period (according to the protocol in Rozen-Rechels et al. [2015]) to give the horses 

time to acclimate to my presence. The list of activities was as follows: grazing, walking while 

searching, walking while travelling, standing while nursing,
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standing while vigilant, standing while resting, lying down, drinking, socialization/grooming, 

sniffing ground, running/galloping, and digging. Walking was split into three categories based on 

differences in walking speed between feeding and travelling between feeding grounds (more 

details in Table 2.1 and Section 2.4.2). Rare events like defecation and urination were recorded 

as instantaneous events at the time they occurred according to the protocol in Boyd (1991). GPS 

points were also recorded at 15-min intervals to monitor movement. I collected time budgets for 

67 females spread across 40 bands.  

I took opportunistic measurements of walking speeds by recording the time it took a 

horse to pass between two landmarks which were marked by flags in the field (to measure the 

distance between the points). Measurements were only taken if the horse was walking in a 

straight line to increase accuracy. Later in the season, I used a rangefinder to measure distances 

because it was faster and gave more accurate measurements. When using the rangefinder, I 

started the timer when the horse was walking away from me in a straight line and measured a 

first distance between myself and the horse followed by a second distance reading so I could 

calculate time per distance travelled. Walking speeds were measured during grazing, searching 

for food, and travelling between feeding grounds/water sources (Table 2.1) and were used to 

estimate the number of joules used per minute of activity.  

 

Table 2.1 – Average movement speed for female Sable Island horses in different gaits (2018). 

Grazing refers to when the horse was walking while eating in a continuously vegetated area and 

so is the slowest gait. Walking – searching was when a horse was walking while looking for food 

and may have been occasionally taking bites (usually seen in sparsely vegetated areas). Walking 

– traveling was when a horse was walking without searching for food, usually moving as a band 

to change foraging/watering location or to avoid other bands.  

 

 

 

 

Activity Speed (m/s) # of measurements Standard Deviation

Grazing 0.035 14 0.040

Walking - Searching 0.533 9 0.433

Walking - Travelling 0.944 14 0.255
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2.2 Data Collection: Vegetation Sampling  

 

2.2.1 Random Vegetation Samples 

 

Random samples from all the community types listed in Chapter 1 were required to analyze 

average nutrient levels by community. I used a combination of an existing dataset of random 

vegetation plots from a previous study (see Lysak [2013] and McLoughlin et al. [2016]) and the 

locations of ponds in ArcMap 10.3 to place my plots. I placed the plots (1 m × 1 m quadrats) 

according to stratified random sampling with the five different vegetation communities being the 

strata. Lysak (2013) had already created a datafile of approximately 500 points. Only 480 

random points appeared in the Early-Succession, Mid-Succession, Late-Succession, and 

sandwort communities with the others appearing in non-vegetated areas; hence, I used those 480 

points. I excluded two points from the western tip that had been flooded and five points from the 

eastern tip for the same reason (leaving 473 random points in total to draw from).  

Ten points from each community type were randomly selected to ensure that all 

community types would be visited during the field season. Additionally, 10 points were placed 

randomly in 25-m buffers surrounding the permanent water sources as Lysak’s study did not 

include the pond assemblage vegetation community. These 50 plots were visited twice (once 

between July 22nd and July 29th and once between August 25th and August 30th). This was to 

account for potential seasonal variability when taking averages of nutrient contents.  

 When observers visited these plots, the plot was oriented so that the observer was 

standing to the south of the plot with the sides of the plot running north and south. The 

coordinates were used to divide the plots between west and east for vegetation characteristics. 

The observer also photographed the plot for future reference. In three cases (all involving 

sandwort) the plot had to be moved more than 5 m from the original position in 2011 because the 

vegetation had shifted and was replaced with unvegetated beach. In four cases, ground-truthing 

revealed that the pond vegetation points I had created with the 25-m buffers did not fall within 

the pond vegetation community, so these were shifted to the nearest pond vegetation assemblage 

(which was usually within 10 m of a pond).   
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I noted ground cover and vegetation cover by species in a 1 m × 1 m quadrat based on the 

vegetation cover class system (Table 2.2) from the Daubenmire sampling method to reduce 

potential observer bias (Daubenmire 1959; Coulloudon et al. 1999). Figure 2.1 provides an 

example of a vegetation plot. I visited all plots myself except for 24 random points that were 

visited by another observer. I controlled for potential bias by doing two training sessions with the 

observer to calibrate our impressions of the vegetation cover and to train them on the vegetation 

collection methods. I also processed and weighed all plant samples myself and checked the 

contents of all the bags against what was reported on the data sheets/what was in the photographs 

of the plots to make sure that I would have reported the same community type. To distinguish 

vegetation sparsity (as is detailed in Section 2.7.2 and is used in the models in Section 3.5), I 

used pictures of the sample plots I did not visit and applied the Daubenmire classes to the 

vegetation in the images.  

 

 

Figure 2.1 – Example of a vegetation plot (1 m × 1 m). 
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Table 2.2 – The Daubenmire (1959) cover classes used in vegetation surveys on Sable Island, 

2018. Each species was assigned the cover class number related to the percent cover that was 

covered by its canopy within the plot. 

  

 

 

Plots with mostly marram and sea goldenrod were classed as Early-Succession. Presence 

of marram, and either yarrow or beach pea were classed as Mid-Succession. Plots that were 

mostly shrubs such as rose, crowberry (Empetrum nigrum) or bayberry were classed as Late-

Succession following the classification described by Tissier et al (2013). The sandwort 

community was characterised by over 5% of the vegetation cover being sea sandwort and was 

mostly located in the western spit. This community was not counted separately in Tissier’s study 

and instead was included within the Early-Succession category. I thought it would be important 

to add sandwort as a selection option for the resource selection function (Section 2.7.2) as many 

horses in the western third of the island spend most of their days in those sections towards the 

beginning of the field season. This species also has a much higher water content than the others 

which would have lowered dry biomass intake estimates in comparison to the other vegetation 

species. Pond assemblage was classed by the proximity to a surface-level source of fresh water; 

however, it did have some species that were not found in other communities like Baltic rush 

(Juncus balticus). 

After recording the cover class measurements, grazeable vegetation from one quarter of 

the plot was clipped to the ground to estimate biomass for the plot. Grazeable vegetation refers to 

vegetation that the horses would consume on a regular basis which was all species except for 

Cover Class Number % cover of Species 

1 cover ≤ 5%

2 5% < cover ≤ 25%

3 25% < cover ≤ 50%

4 50% < cover ≤ 75%

5 75% < cover ≤ 95%

6 95% < cover ≤ 100%
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shrubs which were only consumed in 1% of my feeding observations. Therefore, for the purposes 

of this study, shrubs were not classed as grazeable vegetation.  

I sampled vegetation for nutrient analysis in the same plots using the same method as for 

the biomass samples except that the two most common species were bagged separately from the 

rest of the vegetation to ensure that some measurements for fibre and protein content could also 

be taken at the species level. This separate bagging was also used for estimating average gross 

energy content for the communities as most of the literature only gave gross energy estimates at 

the species level. To send samples to the lab, 10 g subsamples were taken with calculated 

proportions of each of the separately bagged species to ensure an appropriate subsample. I 

estimated the average gross energy of each community by taking the total gross energy of each 

species (using the literature estimates in kilojoules per gram of dry matter [kJ/gDM]) and then 

taking an average kJ/gDM for the subsample. The list of sources used to estimate the average 

gross energy can be found in Appendix A.  

Once all the biomass samples were dried, the samples for nutrient analysis were sent to  

the Canadian Feed Research Centre (CFRC) at the University of Saskatchewan where neutral 

detergent fibre and crude protein were measured. As the lab required 10 g of dry material for 

protein and fibre analysis, in plots with sparse vegetation, the whole meter was clipped to ensure 

that there would be enough plant material for a complete sample. All vegetation samples were 

stored in a –20 ºC freezer while on Sable Island and dried at 55 ºC for 72 hrs on the mainland to 

ensure that all the water was removed without risking spoilage. I dried the samples with these 

protocols because 72 hrs resulted in subsequent measurements of weights having less than a 1% 

error difference. At the CFRC, the samples were ground at the lab through a 1 mm screen. Then 

neutral detergent fibre was tested with Ankom Method 6: 08-16-06 and Crude Protein was tested 

with Kjeldahl method AOAC 984.13.  

I was able to visit 50 locations which resulted in 100 samples from the nutrient analysis 

plots and 98 of these were sent to the lab for neutral detergent fibre (NDF) analysis (I removed 

two samples as they came from plots that were vegetated but lacked grazeable vegetation; one 

was from a Late-Succession plot and the other was from a pond vegetation plot). 51 samples 

were selected for crude protein analysis based on the amount of extra vegetation with 10 samples 

coming from each community type with the exception of sandwort which had 11 samples.   
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2.2.2 Biomass Intake Vegetation Samples  

 

I obtained vegetation samples at observed feeding points to estimate dry matter intake for energy 

intake models. Every hour during behaviour surveys, I obtained vegetation samples to estimate 

bite sizes and bite rates (full dry matter intake rate calculations detailed in Sections 2.3.1 and 

2.3.2). In situations where the vegetation community had continuous cover, I followed the 

vegetation collection protocol outlined in Section 2.2.1 as these points were also being used in 

the resource selection functions (Sections 2.7.2 and 3.5). I clipped the biomass from a randomly 

selected quarter of a 1 m × 1 m quadrat to calculate biomass per meter squared (gDM/m2) based 

on the dry matter content in the sample. The sample was weighed in the field and a 100-gram 

subsample was taken to estimate dry biomass if the sample weighed over 200 grams. Samples 

were taken within a 10-meter radius of the point that the horse had been observed foraging while 

ensuring that the sample came from a plot that was the same community type. The samples were 

dried according to the same protocol as in the previous section.  

One bite-rate sample was taken per hour at the same time as the biomass sample with the 

sample being taken 1–15 min. after the hour began. I used a random number generator to decide 

how long to wait before taking vegetation samples to further randomize the actions the horse was 

doing before the bite rate measurement. I also randomized my order of observation to avoid 

biasing the measurements because of activities the horse was doing before the bite rate sample. If 

the horse was not grazing when it was time to record a measurement, I continued through the 

order until the horse began grazing again, at which point, I recorded a measurement immediately 

to ensure that a bite rate was recorded for every hour when possible.  

 I measured bite rates for the duration of at least one feeding session in continuous 

vegetation. Feeding sessions are defined as either from when a horse lowered its head to eat to 

when the head was raised or by when it moved its front feet. During this time, I used a stopwatch 

and counted bites by watching the movement of the observed horse’s head and jaw and then 

calculated bite rate (in bites/min). When the horse was not grazing at a constant rate 

(stopping/moving frequently to look for more food in an area where the vegetation was patchy), I 

also measured the bite rate over multiple feeding sessions (30-60 seconds). This was to account 

for the fact that in patchy areas, the horse would not have been biting at a steady rate.  
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 I also collected opportunistic bite rate samples for the sandwort community (n = 16) on 

July 30th and the pond community (n = 6 on August 12th and August16th. This data was collected 

for future studies as these two communities were rarer than the others.  

 

2.3 Dry Matter Intake 

 

2.3.1 Instantaneous Digestible Energy  Intake Calculations 

 

I estimated instantaneous digestible energy intake using the following series of equations (2.1–

2.4) to estimate both dry matter intake and average digestible energy content for each community 

type. For continuously vegetated areas, I used Equation 2.1 from Fleurance et al.’s (2009) study 

on how biomass affects bite size in horses. Equation 2.1 estimates bite size (S; gDM/bite; 

statistics reported by Fleurance et al. [2009]: R2 = 0.83, F¬1,25 = 122.0, P ˂ 0.0001) from dry 

biomass, I used the equation the researchers fitted for ponies as the body weights for ponies were 

closest to the average Sable Island female horse.  

S = –0.0350 + 0.0031M………………………………………………………………………..[2.1] 

 

In the plots where the vegetation was sparse enough to see bite strata, I directly estimated 

bite sizes by counting the number of bites a horse used to eat a plant and clipping the same 

amount of plant material on a different plant of the same species. The dry biomass was divided 

by the number of observed bites to get an average bite size for that feeding session. Samples 

were taken from plants that were closest to the plant that the horse had eaten.  

I used Equation 2.2 from the same paper to get dry matter intake rate (I; gDM/min) where 

S is bite size (gDM/bite) and R is bite rate (in bites/min).  

I = S × R………………………………………………………………………………………..[2.2] 
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 Averages of the NDF percentages were taken for each community (NDF). By using 

Equation 2.3 from Edouard et al (2008; R2 = 0.71, P < 0.001), I estimated dry matter digestibility 

(DMD; % of dry matter that is digestible) from the average NDF for each vegetation community. 

Although crude protein is also used as a common predictor for DMD, Edouard et al (2008) found 

that, in horses, neutral detergent fibre better predicted dry matter digestibility. The NDF 

percentage of the vegetation is negatively correlated with digestibility (Edouard et al. 2008). 

DMD (%) = 102.76 – 0.81NDF……………………………………………………………….[2.3] 

 

 Lastly, I used Equation 2.4 to calculate an estimation for the instantaneous intake rate of 

digestible energy (IIDE; kJ/min). In this equation, D represents dry matter digestibility (from 

Equation 2.3), G is the vegetation community’s average gross energy (kJ/gDM) which I 

estimated from the proportion of species in random vegetation samples for each community (see 

Section 2.2.1 and 2.2.3) and species gross energy values from the literature (estimates listed in 

Appendix A). The variable I represents the intake rate of dry matter (from Equations 2.1 and 2.2; 

gDM/min).  

 

IIDE (kJ/min) = (D × G) I……………………………………………………………………..[2.4] 

 

I used these instantaneous energy intake values with the time budgets to estimate the total 

estimated amount of digestible energy that the horse would have eaten during the observation 

period. Then, this value was divided by the length of the observation period to get the average 

energy intake per hour (the digestible energy intake).  

To account for the fact that the intake rate would likely have been lower in sparsely 

vegetated location than it would be in continuously vegetated plots (due to the thinner vegetation 

and increased search time), I calculated the average dry matter intake rates at sparse locations 

and compared them to the averages for continuous dry matter intake rates for each community 

type. The Early and Mid-Succession communities had differences of over 2 gDM/min and so 

they were split into Early-Succession (Continuous), Early-Succession (Sparse), Mid-Succession 

(Continuous), and Mid-Succession (Sparse) to estimate selection ratios. Late-Succession, 
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sandwort, and pond assemblages were not split as the sparse observations for each of these 

categories accounted for less than 1.1% of all observations during my field season.  

 

2.3.2 Daily Digestible Energy Intake Calculations 

 

I estimated daily digestible energy intake as horses may have been seeking to maximize energy 

intake over a 24-hr period (for example by eating younger plants that take longer to process) 

instead of instantaneous energy intake which would be maximized by eating mature/less 

nutritious plants that can be eaten more quickly (Babin et al. 2011). To estimate daily energy 

intake, I used the following two formulae following similar protocols to Wilmshurst et al. 

(2000). Equation 2.5 provides an estimation for daily energy intake as constrained by the amount 

of time that a horse can feed in a day (Wilmshurst, Fryxell, & Bergman 2000). This is 

represented by the variable I1. The variable IIDE represents the instantaneous energy intake rate 

(estimated in Equation 2.4; kJ/min) while Tmax represents the maximum amount of time the 

horses could forage in a day i.e., 780 min following Wilmshurst et al. (2000). Menard et al. 

(2002) did 24-hr time budgets on horses in the summer and they found that the horses spend an 

average of 54% of the day feeding which results in approximately 777 min so I felt that using the 

Wilmshurst et al. (2000) protocol in this situation is appropriate.  

 

I1 (MJ/day) = (IIDE × Tmax) / 1000…………………………………………………………..[2.5] 

 

Equation 2.6 (Wilmshurst et al. 2000) represents the daily energy intake as constrained 

by the daily voluntary intake of dry matter (if the horse ate as much of that vegetation as it was 

willing). This is represented by the variable I2. The variable DMI represents the amount of 

voluntary dry matter intake (gDM/kg of body weight/day) while DE is the digestible energy of 

the vegetation (Digestibility estimated in Equation 2.3; Gross energy [kJ/gDM] estimated by 

using the values in Appendix A and the proportion of species in random vegetation samples for 

each community). 282.9 kg is an average of the estimated weights of the horses (Section 2.4.1) 
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as DMI is in gDM/ kg of body mass/day. Then the smaller of the two values for Equation 2.5 and 

Equation 2.6 (I1 or I2) is used as the estimated daily energy intake as the smaller value would 

have been estimated with the constraint that would have been more important for the horse at 

that vegetation plot (Wilmshurst et al. 2000). 

 

I2 (MJ/day) = (DM1 × DE × 282.9) / 1000……………………………………………………[2.6]  

 

Equation 2.7 (statistics reported by Edouard et al. [2008]: t value = 2.28 P < 0.05) is used 

to estimate voluntary intake. Equation 2.12 was the equation Edouard et al. (2008) fit to horses 

that were feeding on fresh forage material (NDF levels: 53% – 63%) as other studies focused on 

mainly on hays, feed pellets, and dried grasses. The average NDF for each community type was 

relatively close to the NDF levels in the dataset that created this equation. The NDF levels were: 

63.2% for Early-Succession, 61.9% for Mid-Succession, 56.4% for Late-Succession, 49.8% for 

the sandwort community, and 64.0% for the pond vegetation. The equation was derived from dry 

matter intake measurements from 5 horses that were being fed a fresh grass diet (seven 

measurements of dry matter intake and fibre content for each individual except for one horse that 

had six measurements). The output in the equation is voluntary intake in gDM/kg of body 

weight/day (DMI). NDF represents the average percentage of neutral detergent fibre per gram of 

dry matter in the community. Because output from this calculation for daily voluntary intake is in 

grams of dry vegetation per kilogram of horse bodyweight, I assumed the weight to be 282.9 kg 

as stated above. Otherwise, small horses might have different preferences for food than large 

horses and this could create too much variance in the dataset. 

 

log10DMI = (–0.52) + 1.02 × log10NDF……………………………………………………...[2.7]  
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2.4 Energy Expenditure Calculations 

 

2.4.1 Body Size  

 

Because my energy expenditure calculations (Section 2.4.2) gave outputs in joules/kilogram of 

body weight/meter travelled (J/kg/m, I needed an estimate of body mass. I ranked horses in my 

sample by body size using an index.  based on the sum of sternum-pin length, heart depth, and 

wither-knee length which a previous study found most accurately predicted weight (Weisgerber, 

Medill, & McLoughlin 2015). I used the sums to calculate percent size of the largest horse in the 

sample and assumed it weighed 320 kg which was the weight of the largest recorded mares on 

Sable Island (Lucas 2015). Therefore, all the estimated weights were within the range of weights 

reported for Sable Island mares (230 kg – 320 kg; Lucas 2015).  

To estimate sternum-pin length, heart depth, and wither-knee length, photos of horses 

were taken with cameras and laser pointers set at a known distance of 19.05 cm (Figure 2.2). 

Photos were taken from the side profile of the horse from 5–10 m away, with the laser pointers 

shining on the barrel of the horse ImageJ software (ver. 1.52) was used to measure different parts 

of the body with the scale in the photo according to the protocol in Weisgerber et al. (2015). 

Photos were taken for 53 of the 67 focal mares which means that 53 horses had energy 

expenditure estimates.  
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Figure 2.2 – An example of the measurements taken from a Sable Island horse to quantify body 

size using Image J (ver 1.52); 1 = Heart Depth; 2 = Withers-Knee Length; 3 = Sternum-Pin 

Length;  4 = Reference Measurement (19.05 cm × 19.05 cm box). 

 

 

2.4.2 Energy Expenditure Calculations 

 

I used the following equations from Minetti et al. (1999) to estimate the total work (the work 

spent lifting limbs and the work spent moving the body forward) based on the actions performed 

by the horses during their time budgets. Travel speed was a major variable in these equations, so 

I measured speeds for walking while grazing, walking while searching, and walking while 

travelling. This is because other large herbivores such as bison slow their speeds when they are 

feeding in preferred habitat. (Minetti, Ardigo, Reinach, & Saibene 1999; Courant and Fortin, 

2012). There was also one instance where a horse was galloping and because there was no way 

to measure the speed accurately, I used Equation 2.8 to assume that the horse was travelling as 

efficiently as it could to estimate travel speed (Minetti et al. 1999).  
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Equation 2.8 is a positive parabolic relationship between speed in meters per second (x; 

m/s) and energy spent (y; ml O2/kg/m). If the horse was travelling as efficiently as possible, this 

would result in a speed at the vertex of the trend resulting in an estimate of 6.6 m/s.  

 

y = 0.011x2 – 0.146x + 0.595…………………………………………………………………..[2.8] 

 

 The speed estimates were then entered in the following equations (from Minetti et al. 

1999) to estimate the total work (y; J/kg/m) through walking speed (x; m/s). Equation 2.9          

(R2 = 0.858), and Equation 2.10 (R2 = 0.793) solve for the total work done by walking and 

galloping respectively. I calculated meters travelled by measuring the amount of time that they 

travel in specific gaits in the time budgets and the weight was estimated using body size 

measurements (see protocol in Lab Measurements – Body Size).  

 

y = 0.128x2 + 0.045x + 0.24…………………………………………………………………...[2.9] 

 

y = 0.016x2 + 0.093x + 0.641………………………………………………………………...[2.10] 

 

 Equation 2.11 to convert the results from J/kg/m to J/min. Wk (J/kg/m) represents the total 

amount of work done by the horse in that gait per meter (based on the outputs of Equations 2.9 

and 2.10). Wt (kg/individual) represents the estimated weight based on the methods from Section 

2.4.1. D represents the distance travelled in a minute (m/min) calculated based on the average 

speed of the gait that the horse chose during that period of time (Table 2.1; Grazing = 2.1 m/min;                            

Walking-Searching = 31.98 m/min; Walking-Travel = 56.64 m/min; Galloping = 396 m/min). 

The output would be total work performed in J/min.  

 

Total Work = Wk × Wt × D…………………………………………………………………...[2.11] 
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To estimate the amount of work that was done over the observation period, I used the 

time budgets and calculated the amount of work done in five-minute intervals based on the 

results from my previous calculations. I then added all five-minute intervals together to get a 

total amount of work done over the period I was observing them (kJ/~3 hrs). I estimated average 

energy expenditure rate (kJ/hr) by dividing these totals by the length of time I observed the 

horses as there were three horses that had slightly shorter observations than the others.  

McBride et al. (1985) mentioned that basal metabolic rate could be affected by high 

temperatures (as a response to heat stress). Because the island is so small, the temperature is 

unlikely to vary across the island and so it was likely that all horses were equally heat stressed on 

any given day. Therefore, the energy expenditures in my models are solely based on the different 

actions the horses were performing in their time budgets. I estimated net energy by subtracting 

these energy expenditure values (in kJ/hr) from the digestible energy intake values (also in 

kJ/hr). 

 

2.5 Body Condition 

 

Body condition was determined by a 5-point scale adapted from Carroll and Huntington (1988) 

with 0 – 1 representing emaciated horses and 5 representing obese horses. Observers used photos 

of the side and rear of horses to check fat deposits on the flank and rump of the horse to 

determine a body condition score. The scores were based on factors such as: rib visibility, hip 

bone visibility, spine visibility, the slope of the back, and roundness of rump according to the 

protocol listed in Simpson (2015) and Gold et al. (2019). Figure 2.3 provides a summary of the 

percentages of individuals that received each body condition score that were observed in my 

study. The percentages are separated based on section of the island the horses were occupying. 

The highest score for body condition in my focal animals was 3.5 and the lowest score was 1 as 

some of the horses were thin and none of the horses were obese. I did not use body condition to 

estimate body weight as weight is primarily affected by skeletal size and Weisgerber et al. (2015) 

found that body condition did not significantly affect the weight of horses. Instead, I used these 
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body condition measurements in mixed models to test whether body condition could have been 

related to net energy intake.  

 

 

Figure 2.3 – Body condition scores for focal Sable Island Horses (2018). Body conditions are on 

a scale of 1 to 5 with 1 being emaciated and 5 being obese.  

 

 

2.6 Parasite Sampling  

 

Observers collected fecal samples from mid-July to early September 2018 to estimate parasite 

counts by counting strongyle eggs in the feces. Multiple samples per horse were taken over the 

course of the field season when possible as these samples are highly repeatable, and averages can 

give more accurate estimates of strongyle populations (Debeffe et al. 2016). Each fecal sample 

weighed at least 4 g and was collected while avoiding portions that would have contacted sand 
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and stallion urine to prevent contamination. Collected samples were kept in nitrile gloves inside 

insulated containers with ice packs to prevent the premature hatching of eggs which would bias 

the results to lower egg counts (Debeffe et al. 2016). When samples were returned to the field 

station, they were kept cool in a fridge until they were processed. Fecal egg count samples were 

always processed the day they were collected (Gold et al. 2019).  

To count eggs, observers used the modified McMaster protocol that had been detailed in 

Debeffe et al. (2016) and in Gold et al. (2019). Using a tongue depressor, 26 mL of Sheather’s 

sugar solution was mixed with 4 g of feces for 2 min. Then the mixture is filtered through a 

cheesecloth and mixed again to further homogenize the solution which is then pipetted in two 

0.15-mL chambers of a McMaster slide (Chalex Corp., USA). The sugar solution has a specific 

gravity of 1.27 which allows the eggs to float and be counted under a compound microscope; 

however, one must wait at least a minute for the eggs rise to the surface. The eggs were counted 

with mechanical counters to reduce the number of errors from the observer and the total number 

of eggs observed in the slide was multiplied by 25 to obtain the number of strongyle eggs per 

gram of feces. When more than one sample was taken for an individual over the field season, I 

used an average egg count from all the samples to get a more accurate estimation of parasite 

burden when there were multiple samples for the same horse. Strongyle counts were not 

separated by species as the species cannot be differentiated based on the appearance of the eggs 

alone. Fecal samples were obtained for 61 of the 67 mares that I observed.  

 

2.7 Model Construction 

 

2.7.1 Mixed models to test Net Energy Intake  

 

To test the differences between the energy intake rates of the two populations and the importance 

of variables such as lactation status and parasite burden, I used a series of mixed models. We 

used mixed-effect models with Band ID as a random effect as some of the horses were sharing 

bands and therefore were not foraging independently of each other (18 bands had 1 focal animal, 

8 bands had 2 focal animals, 4 bands had 3 focal animals and 1 band had 4 focal animals).  
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Although there was a relatively high proportion of singletons (groups with only one 

observation) mixed models reduced the chances of pseudo replication caused by bands with 

more than one individual. In the field of medical science, there are similar issues when 

performing family studies in that some families or hospital departments only have one member 

with a condition of interest. Bruyndonckx et al. (2018) found that including the singletons in the 

mixed models did not significantly affect the stability of models and reduced biases in standard 

error. It was also found that including random effects with high proportions of singletons did not 

significantly affect estimates of fixed factors (Bruyndonckx, Hens, & Aerts 2018; Bell, Morgan, 

Kromrey, & Ferron 2010).  

Stepwise regression with backwards elimination was used to find which model (and 

which factors) may best explain the variation in net energy intake of Sable Island mares. These 

models were simplified by evaluating AICc values to choose the most parsimonious model. Both 

conditional and marginal R2 values were reported as mixed models have variance that are 

explained by both the random factors and the fixed factors (Nakagawa & Schielzeth 2013). 

Models were fitted with R (ver 3.6.1) and lmerTest (ver. 3.1). AICc and the pseudo-R2 values for 

the mixed models were obtained using the MuMIn package (ver. 1.43.15). I organized and 

plotted the data for the standard error plots with the summarize function in the FSA package 

(ver. 0.8.3) and plotted all additional graphs with the ggplot2 package (ver. 3.3). 

I also fitted another set of mixed models with the digestible energy, energy expenditures, 

and net energy as dependent variables and parasite burdens as the independent variable. Natural 

log transformations were used for digestible energy intake and net energy intake models to 

improve the distribution of model residuals (model diagnostic plots found in Appendix C). All 

were fit with band identification as a random factor to avoid pseudo replication in the dataset 

with the same reasons for the addition of the random factor in the stepwise regression models. 

Because there was a significant difference in parasite load between the east and the west (with 

the west having a wider range of values), I chose to fit two different sets of models testing 

parasite burden; one for each portion of the island (the western portion had four individuals with 

very high parasite loads so they also had a set of models fit without these individuals). Two 

individuals were omitted from analyses (one for an incomplete intake rate sample and one for 

having a measurement error). I also fitted a set of models for the entire island to see if there were 
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any overall trends that affected the island’s entire population. These models were also fit using R 

3.6.1 with the lmerTest (ver. 3.1) package. 

 

2.7.2 Generalized Linear Models to test Resource Selection 

 

To test for which communities the horses were selecting, I used Resource Selection Functions 

(one for the whole island, one for the western horses and one for the eastern horses). To create 

the Resource Selection Functions (RSF), I chose a use/availability design (Boyce, Vernier, 

Nielson, & Schmiegelow 2002). I created a dataset with the points that the horses selected from 

all horses except for one individual that had a measurement error, and random points scattered 

across the island to estimate which communities were chosen and which communities were 

avoided.  

For my selected points, I used the hourly vegetation sample points. All points of selection 

were used except for the points from one individual that had a measurement error. For the points 

of availability, I used a dataset from Lysak (2013) where they had spread 500 points across the 

whole island (of which 473 were used).  

Additionally, because Lysak (2013) did not account for pond vegetation in their study, 

some points were added to the dataset to account for the presence of pond vegetation. To 

generate these points, I generated 500 random points across the vegetated section of the island in 

ArcMap (ver 10.3) and points that were located a maximum of 15 m from a water source were 

extracted and classed as “Pond Assemblage”. This resulted in 17 points being added to the 

random points from Lysak’s dataset to create a layer of points of availability that covered all 

seven community types (including sparse vegetation). Therefore, there were 490 points of 

availability scattered across the vegetated portions of the island. Vegetation communities (except 

for pond assemblage) were assigned based on the species present during Lysak’s visit according 

to Section 1.2.2. Plots with a Daubenmire class of 2 or less (less than or equal to 25% vegetation 

cover) were classed as sparse if they were Early or Mid-Succession to account for the sparsity 

and potential difference in energy intake for those plots relative to continuous plots.  
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I organized the vegetation plots in a binomial fashion with “1” indicating that a focal 

animal was observed eating at that point and “0” indicating available points (animals may or may 

not use them but no animal was directly observed at those points as they were randomly placed 

on a map). Significance of selection was tested by using generalized linear models fitted with the 

binomial family function in R 3.6.1. The dependent variable was whether a point was selected (a 

binomial variable; 1 = present, 0 = absent) for and the independent variable was the community 

type (Manly, McDonald, Thomas, McDonald, & Erickson 2002; Boyce et al. 2002). 

To determine the direction of selection (whether a community type was selected for or 

against) I used selection ratios. Selection ratios are the proportion of selected points that are of a 

community type divided by the proportion of available points that are of the same community 

type. When a ratio is greater than 1, this indicates a positive selection and ratios less than 1 

indicate an avoidance towards that community type (Alldredge and Griswold, 2006). I used the 

selection ratios in combination with the results from the generalized linear models and the 

nutritional characteristics of the vegetation communities (Section 3.2) to interpret for which 

vegetation communities the horses were selecting and which resources may have been more 

important to them. It should be noted that energy availability may not be entirely exclusive from 

nutrient availability as the nutrient profiles I studied were limited. This study is limited to 

focusing on neutral detergent fibre, crude protein, and water content with other currencies being 

outside my scope. I ran models both with and without Band ID as a random factor. To assign 

Band ID, I assigned each point to each horse which resulted in 66 copies of each random point 

(to ensure that there were enough points for each band). For the random effects test by location, 

only the horses that were present in each half of the island were accounted for (i.e. in the western 

test only the 40 western horses were included and in the eastern test, only the 26 eastern horses 

were included). In the random tests, the amount of variation accounted for by the random effect 

in the model was very close to 0 and the model was likely overfit. When a model with the copies 

of the points but without the random effect was fit, the AIC was lower by approximately 2 units 

but the significance of some of the selection patterns was increased and may be less conservative 

because of the copies. Therefore, in this thesis I focused on the simpler models without random 

effect inclusion or copies of the random points. To view the results of the tests with random 

effects/copied points, see Appendix C (Tables C.1 through C.3).  
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CHAPTER 3: RESULTS  

 

3.1 Exploratory Results for Focal Animals  

 

Appendix B presents a series of graphs I created to form initial impressions of the data and what 

patterns that might be expected in the mixed models I created for my final analysis (Section 3.3). 

These include plots presenting basic differences in energy intake and parasite burden by location 

as well as graphs of the initial vegetation data that was collected from the lab samples. One 

should keep in mind that the graphs relating to the initial results from the focal horses would 

have pseudo replication as some horses were in the same group (band) and so would have been 

selecting the same points. This is addressed in the mixed models as the models included random 

factors to account for the variation that could have been caused by sharing band. 
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3.2 Exploratory Results for Vegetation 

 

Pond assemblage vegetation had the highest levels of neutral detergent fibre. The sandwort 

community had the lowest levels of NDF while also having the highest estimated digestible 

energy content (Figures 3.1 and Appendix A).  

 

 

Figure 3.1 – Average neutral detergent fibre content (%DM) ± 1 standard error (SE) in each 

vegetation community on Sable Island. 20 samples (2 samples per plot) were taken for each 

community type; 19 samples for Late and Pond). All samples were taken in summer 2018. 
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  The sandwort community had the highest levels of crude protein while Early-Succession 

had the lowest levels of crude protein (Figure 3.2). Mid and Late-Succession as well as the pond 

assemblage all had similar levels of crude protein. This measurement was not used to estimate 

vegetation digestibility in this study as samples were only taken from where there was enough 

extra vegetation for a protein sample which means that some plots had two samples while others 

only gave one, but I am including these results as this is a metric that has been used to measure 

vegetation quality for both equines and ruminants in other studies (Edouard et al. 2008).  

 

 

Figure 3.2 – Average crude protein content (%DM) ± 1SE in each vegetation community on 

Sable Island. 10 samples were taken for each community type (11 samples for Sandwort). All 

samples were taken in summer 2018. 
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Most of the communities had water levels between 60% and 70% of total biomass 

(Figure 3.3). The sandwort community had much more water though with 84% of the total fresh 

biomass from those sites being water weight.  

 

Figure 3.3– Average water content (%) ± 1SE in each vegetation community on Sable Island. 20 

samples (2 samples per plot) were taken for each community type; 18 samples for Late and 19 

samples for Pond and Sandwort). All samples were taken in summer 2018. 
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 Mid-Succession community assemblages had the most grazable dry matter per meter 

squared (Figure 3.4). This was to be expected as this community has relatively thick patches of 

marram grass, beach pea, and non-woody vegetation. The sandwort community had the lowest 

amount of dry matter though this could be expected due to the higher water content present in 

wet biomass than in the other communities (Figure 3.3). The pond community had low biomass 

due to the short height of the plants and while the Late-Succession community nearly always had 

thick vegetation, most of the vegetation was inedible for the horses and only the edible grasses 

are included here. 

 

Figure 3.4– Average grazeable biomass (gDM/m2) ± 1SE in each vegetation community on 

Sable Island. 20 samples (2 samples per plot) were taken for each community type. All samples 

were taken in summer 2018. 
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3.3 Net Energy Intake Model Selection 

 

To test potential relationships with average net energy intake (kJ/hr), I fitted a series of mixed 

models. By extension, this series was used to test the importance of location in IFD as water 

source could be a proxy for horse location, as the types of water sources are exclusive to their 

regions (except for a temporary pond in the east that one horse used in this series). Although the 

mixed model for horse location and average energetic intake did not show a significant 

difference between the two regions (t29.4 = 1.53, P = 0.136; n = 53), it is possible that there were 

important factors missing in that model as the graphs in Appendix C did not show any overlap 

between the standard errors in digestible and net energy intake.  

  Overall, the model with the lowest AICc score included parasite burden, water source, 

and an interaction between the two as the fixed factors and band identification as the random 

factor (Table 3.1). This model had the highest weight and the lowest AICc. The model that only 

included the random effect scored closely in terms of AICc but the marginal R2 value was zero as 

there were no fixed factors. The low score of the AICc for the model that only contained the 

random effect could be caused due to the singletons in my dataset. For reference, a linear model 

testing natural log of net energy intake without any fixed or random factors (a null model) had an 

AICc value of 144.42. Given that the interaction model had the lowest AICc and also had good 

scores in the other categories like model weight and R2 values, this model was tested more 

thoroughly (below).  
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Table 3.1 – Model comparisons of the different linear mixed models during the model 

simplification process. All models have Band Identification as the random factor.  

 

 

 

To further explore the trend of the best-scoring model (parasite burden interacting with 

water source), the model was refit with restricted maximum likelihood to plot the regression 

(Figure 3.5). There was a significant difference in intercepts when comparing the pond-using 

(western) horses and the well-using (eastern) horses (t43.9 = –2.84, P = 0.007). There was also a 

significant, negative relationship between parasite burden and ln(Net Energy Intake) when 

examining horses found at ponds (slope = -0.0002, t45.85 = –2.03, P = 0.048). The trendline fitted 

to parasites and ln(Net Energy) for horses found at wells was significantly different than the 

trendline fit for the horses found at ponds (slope = 0.0006, t34.6 = 2.45, P = 0.019).  

 

 

Fixed Factors df AICc delta AICc Model Weight R 2 conditional R 2 marginal

Parasites * Water 

Source 6 138.5 0 0.456 0.48 0.17

Null (Random Effects 

Only) 3 140.5 1.98 0.169 0.41 0.00

Parasites + Water 

Source 5 141.2 2.72 0.117 0.30 0.12

Water source only 4 141.3 2.77 0.114 0.39 0.04

Parasites only 4 142.0 3.53 0.078 0.38 0.02

Parasites + Water 

Source + Lactation 

Status 6 142.4 3.90 0.065 0.34 0.13
Parasites + Water 

Source + Lactation 

Status + Body 

condition 11 152.8 14.35 0.000 0.44 0.19
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Figure 3.5 – The relationship between fecal egg counts (strongyle eggs/gram of feces) and 

ln(Net Energy Intake (kJ/hr)) for Sable Island horses tested with a linear mixed model with Band 

ID as a random factor. Red points represent horses found at wells (n = 16) and black points 

represent horses found at ponds (n = 34). Equation of trendline for horses found at ponds is           

y = 8.34 – 0.0002x and horses found at wells is y = 7.10 + 0.0006x. Samples were from summer 

2018 

 

While the model with an interaction between the parasite burden and water source had 

the lowest AICc, it may be inappropriate to test this model on the full dataset as the western 

horses may have a significantly higher average parasite burden which would mean that the 

covariates are not independent (Miller and Chapman, 2001). There were five horses that had 

much higher parasite burdens than the others and there were no eastern horses with these values 

which indicates an inappropriate difference in ranges between the two categories. This means 
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that the horses with the highest parasite counts may be very influential points as they are 

anchoring the trendline for the west while the east lacks an anchor towards that side of the graph. 

As testing the data in subclasses could correct for this issue (Rosenbaum and Rubin, 1984), I also 

ran the top model with a truncated parasite dataset (up to 2500 eggs/g) to ensure that there was a 

version of the model with a range where both halves of the island overlapped. To correct for this, 

in all future models with the full dataset (between west and east), I also ran truncated versions of 

the models that removes the top five parasitized horses and caps the parasite burden at 2500 eggs 

per gram (g) as this was a range that was occupied by both the eastern and western horses (the 

highest eastern parasite count was 2225 eggs/g while the highest western parasite count under 

this reduced dataset was 2300 eggs/g).  

While this would ensure that both categories overlapped, there is a possibility that the 

results may still be affected by the fact that the horses I found in the west/drinking from ponds 

had higher overall parasite scores. If the parasite burden and the location on the island are 

correlated at the population level as well, the results from an interaction model may be 

misleading (Miller and Chapman, 2001). This is something that should be considered as the 

western horses may have a different population mean in parasite burdens than the east when the 

whole western and eastern population is sampled. Alternatively, it is possible that the means in 

parasite burden between the two groups are relatively equal and I simply did not come across 

horses in the east with high parasite burdens because there were fewer eastern horses in my 

dataset to begin with. The tests in the following results section (Section 3.4) address this point as 

I tested the energetics of the two halves of the island separately so that I could see what the 

results would be without looking for any potential interactions between the two regions as well 

as testing for overall trends with parasite burden when the location was not accounted for in a 

model.  

The truncated model with the overlapped parasite burdens still shows a significant 

difference in intercepts when comparing the pond-using (western) horses and the well-using 

(eastern) horses (t40.4 = –2.34, P = 0.024). The western intercept was 8.259 (ln (kJ/hr)) while the 

eastern intercept would have been 7.11(ln (kJ/hr)). The relationship between parasite count and 

energy was no longer significant for horses that used ponds (t39.56 = –0.37, P = 0.71). The 

trendline for the horses drinking from wells was also no longer significantly different from the 
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trendline for pond drinking horses (t33.42 = 1.66, P = 0.106). This would indicate that even when 

there is no significant difference in slope (and when the slope itself is not significant), the 

western horses may have a higher average energy intake rate than the eastern horses when 

looking at horses with a parasite burden lower than 2500 eggs/g.  

To examine which factors were affecting the patterns observed in the best-ranked model, 

I tested three additional mixed models (both with the full dataset and with the truncated dataset) 

with total time spent foraging, average bite rate, and average bite size as the pattern between 

digestible energy intake rate and location more closely matched the pattern with net energy 

intake rate and location (refer to Appendix C). Average bite rate was not a significant factor in 

the linear mixed models. When I tested a model with the same fixed and random factors as 

Figure 3.5 and the time spent feeding as the dependent variable, I found that there was no 

significant difference between intercepts (t52.4 = 0.128, P = 0.9) or a significant correlation with 

parasite burden (t55.2 = – 0.76, P = 0.45) although there was a significant difference in slope    

(t38.5 = 2.48, P = 0.018) where the well-drinking horses showed a positive relationship between 

the amount of time spent grazing and parasite burden, while the pond-drinking horses had a less 

noticeable but positive relationship (Figure 3.6). This difference in trends was no longer apparent 

when the three lowest scoring horses were removed from the dataset; hence, it is likely that the 

low-scoring horses were driving the pattern for the well-drinking horses. 
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Figure 3.6 – The relationship between fecal egg counts (eggs/g) and the percentage of 

observations spent grazing (%) for Sable Island horses tested with a linear mixed model with 

Band ID as a random factor. Red points represent horses found at wells (n = 24) and black points 

represent horses found at ponds (n = 37). Equation of trendline for horses found at ponds is          

y = 64.0 + 0.0003x and horses found at wells is y = 56.91 + 0.017. Samples were from summer 

2018. 

 

 The truncated model (n = 56) had no significant trends. I found that there was no 

significant difference between intercepts (t51.9 = –0.466, P = 0.64) or a significant correlation 

with parasite burden (t48.0 = 0.65, P = 0.52). There was no longer a significant difference in slope 

between the western and the eastern horses (t39.6 = 1.62, P = 0.11).  

It appeared that average bite size was a more important factor for energy intake rate in 

this dataset than time spent grazing or bite rate. I initially ran a model with ln(Bite Size [gDM]) 

with the water source and parasite burdens as fixed factors as these were the same factors in the 

highest scored model in the model selection process. All factors were significant (P ˂ 0.02) 
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though there were four horses with very low average bite sizes (˂ 0.11 gDM/bite) that were 

affecting the distribution of the residuals.  

To improve the residual distribution, I omitted those four horses and while the 

significance is reduced, the p values were still ˂ 0.05 and the relationships were mostly 

unchanged (Figure 3.7). When comparing the pond horses and the well horses there was a 

difference in intercepts in the model with all the horses (t51.4 = –2.01, P = 0.049). There was a 

negative correlation between the parasite burden and ln(Average Bite Size) when looking at the 

horses that were found at ponds (slope = –0.0001, t38.38 = –2.81, P = 0.008). The trendline fitted 

to parasites and ln(Net Energy) for the horses found at wells was positive as opposed to the 

trendline fit for the horses found at ponds (slope = 0.0002, t27.2 = 2.36, P = 0.026).    

 

 

Figure 3.7 – The relationship between fecal egg counts (eggs/g) and ln(Average Bite Size 

(gDM/bite)) for Sable Island horses tested with a linear mixed model with Band ID as a random 

factor. Red points represent horses found at wells (n = 20) and black points represent horses 

found at ponds (n = 37). Equation of trendline for horses found at ponds is y = – 0.54 – 0.0001x 

and horses found at wells is y = – 0.95 + 0.0002x. Samples were from summer 2018. 
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 The truncated model still showed some significant factors (Figure 3.8). The difference in 

intercepts between the horses that use ponds and the horses that use wells was still significant 

(t48.0 = –2.09, P = 0.042) as was the difference in slopes between the two trend lines                 

(slope = 0.0002, t24.66 = 2.17, P = 0.04). The pond drinking horses no longer had a significant 

relationship between parasite burden and average bite size (slope = –0.0002, t32.55 = –1.57,                   

P = 0.125). 

 

 

Figure 3.8 – The relationship between fecal egg counts (eggs/g) and ln(Average Bite Size 

(gDM/bite)) for Sable Island horses tested with a linear mixed model with Band ID as a random 

factor. Red points represent horses found at wells (n = 20) and black points represent horses 

found at ponds (n = 32). Equation of trendline for horses found at ponds is y = – 0.49 – 0.0002x 

and horses found at wells is y = – 0.95 + 0.0002x. Samples were from summer 2018. 
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3.4 Parasite Burden Models  

 

To further test the relationship between net energy intake and parasite burden, models were fit 

for the whole island, the west, and the east as the western parasite burdens covered a wider range 

of values than the eastern parasite burdens. By separating the west from the east, there is no 

longer a concern with potential interactions between parasite burden and horse location which 

could provide a clearer trend.  When looking at the whole island with mixed models, none of the 

energetic values had significant relationships with parasite burden (digestible energy intake        

(P = 0.319 when tested with ln value of digestible energy; n = 61); Net energy intake (P = 0.364 

when tested with ln value of net energy; n = 50); Energy Expenditures (P = 0.194 when tested 

with ln value of energy expenditures; n = 50). I chose to test parasite burden in relation to 

energetics for both halves of the island as there could be patterns that are obscured by testing 

values from across all of Sable Island. While the eastern half of the island also showed no 

significant trends between parasite burdens and energetics, there were some weak trends that 

were visible in the western individuals. While the eastern half of the island also showed no 

significant trends between parasite burdens and digestible energy (P = 0.138 when tested with ln 

value of digestible energy; n = 24), energy expenditures (P = 0.607 when tested with ln value of 

energy expenditures; n = 17), and net energy (P = 0.281 when tested with ln value of net energy;             

n = 17), there were some weak trends that were visible in the western individuals.  

The western half of the island lacked a significant trend for energy expenditure              

(P = 0.198; n = 33). The negative trends for ln(digestible energy intake) and fecal egg counts 

(slope = –0.0002, t33.74 = –1.91, P = 0.065; Figure 3.9) and ln(net energy intake) with fecal egg 

counts (slope = –0.0002, t29.28 = –1.77, P = 0.087; Figure 3.10) were not significant but the         

P-value was still quite low (< 0.1), so I plotted those trends for completeness. While the eastern 

trends were not significant, the intercepts for the eastern trends were still lower than the western 

trends (intercept for ln(digestible energy) = 7.4; intercept for ln(net energy) = 7.2) though this 

could have been affected by a difference in slope.  
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Figure 3.9 – The relationship between ln(digestible energy intake (kJ/hr)) and fecal egg counts 

(eggs/g) for western Sable Island horses (n = 37), summer 2018.                                         

Equation of trendline: y = 8.32 – 0.0002x.                                          
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Figure 3.10 – The relationship between ln(net energy intake (kJ/hr)) and fecal egg counts 

(eggs/g) in western Sable Island horses (n = 33), summer 2018.                                                                  

Equation of trendline: y = 8.28 – 0.0002x 

 

 

 

 

 

 

 



50 
 

I also conducted these tests while excluding the top four parasite counts in the dataset as 

it appeared that those individuals were affecting the final trend of the model. Although the 

trendlines were nearly significant in the west, most of the horses on Sable had egg counts below 

3000 eggs/g while four horses in the western population had parasite counts above 4000 eggs/g. I 

conducted these tests to see if the previously observed trends would still be visible in the 

population without these highly parasitized horses potentially driving any significance. When 

these top four points were excluded, the trends for gross energy intake (n = 33, P = 0.166), net 

energy intake (n = 29; P = 0.224), and energy expenditures (n = 29; P = 0.419) were no longer 

significant in the western horses.  

I performed tests on the different activities from the time budgets to examine any 

potential trends associated with activities and parasite burden and there was a negative 

relationship between the percent of time spent resting and parasite load. These models used the 

dataset for the whole island and all models included band identification as a random factor.  

There was a significant negative correlation between the percentage of time spent resting 

(calculated from the sum of time spent standing while resting and the time spent lying down 

while resting) and the parasite burden (slope = –0.0035, t41.87 = –3.01, P = 0.004; Figure 3.11).  
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Figure 3.11 – The relationship between the percentage of time resting and fecal egg counts 

(eggs/g) in Sable Island horses (n = 61), summer 2018.                                                      

Equation of trendline: y = 22.259 – 0.0035x 

 

Regarding western horses, decreasing energy intake could have been related to a negative 

correlation with bite size. There was a significant negative relationship between bite size in 

western horses and their parasite burdens (slope = –0.0001, t22.98 = –2.47, P = 0.022; Figure 

3.12).  



52 
 

 

Figure 3.12 – The relationship between ln(bite size) and fecal egg counts for western Sable 

Island horses (n = 37), summer 2018. Equation of trendline: y = –0.58 – 0.0001x 

 

 

 

3.5 Resource Selection Functions 

 

The following section outlines the results associated with the vegetation communities that the 

horses were selecting and how this is related to vegetation energy availability. Overall, the Sable 

Island horses significantly select for pond vegetation/horse lawns and weakly for sandwort when 

tested against the relatively neutral selection ratio of Sparse Early-Succession (Table 3.2).  
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Table 3.2 – Resource selection function testing how horses select for vegetation associations 

(community type) on Sable Island, Nova Scotia (2018). 

 

 

 

Across the whole island, the community with both the highest instantaneous energy 

intake rates and the highest daily energy intake rates (Figures 3.13 and 3.14) was Mid-

Succession (both Continuous and Sparse). Late-Succession also had high energy levels at the 

selected points in contrast to the low grazeable vegetation seen in Figure 3.4. The sandwort and 

pond assemblages had the lowest instantaneous and daily energy intake levels even though those 

were the community types the horses were selecting.  

 

 

WHOLE ISLAND

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Sparse Early Succession/Marram 0.91 -1.20 0.23 -5.17 <0.0001

Continuous Early Succession/Marram 0.87 -0.05 0.29 -0.17 0.87

Continuous Mid-Succession/Beach Pea 0.85 -0.07 0.30 -0.24 0.81

Sparse Mid-Succession/Beach Pea 2.03 0.80 0.58 1.39 0.17

Late Succession/Heath 0.59 -0.44 0.35 -1.26 0.21

Sandwort 2.03 0.80 0.47 1.70 0.09

Pond Vegetation 4.48 1.59 0.39 4.06 <0.0001
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Figure 3.13 – Comparison of average instantaneous intake ± 1SE in observed points of 

selection; Sable Island, Nova Scotia. All data were collected in summer 2018.  

Sample Sizes for Community Types: Early-Continuous (n = 40), Early-Sparse (n = 24),                       

Mid-Continuous (n = 38), Mid-Sparse (n = 6), Late-Succession (n = 18), Sandwort (n = 10),Pond 

Assemblage (n = 25).  
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Figure 3.14 – Comparison of average daily intake ± 1SE in observed points of selection; Sable 

Island, Nova Scotia in summer 2018. 

Sample Sizes for Community Types: Early-Continuous (n = 40), Early-Sparse (n = 24),                       

Mid-Continuous (n = 38), Mid-Sparse (n = 6), Late-Succession (n = 18), Sandwort (n = 10), 

Pond Assemblage (n = 25).  

 

 

The points on the western half of the island were tested against Mid-Succession 

(Continuous) because that selection ratio was closest to 1. The selection patterns for both pond 

and sandwort vegetation were significant with a weak trend towards selecting for Sparse Mid-

Succession (Table 3.3).  

 

Table 3.3 – Resource selection function testing how horses select for vegetation associations 

(community type) in the western portion of Sable Island, Nova Scotia (2018). 

 

Western Points Only

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Continuous Mid-Succession/Beach Pea 0.79 -1.42 0.23 -6.23 <0.0001

Continuous Early Succession/Marram 0.60 -0.27 0.37 -0.74 0.46

Sparse Early Succession/Marram 0.79 -0.01 0.38 -0.02 0.99

Sparse Mid-Succession/Beach Pea 2.17 1.01 0.57 1.76 0.08

Late Succession/Heath 0.57 -0.33 0.39 -0.86 0.39

Sandwort 2.17 1.01 0.47 2.16 0.03

Pond Vegetation 4.79 1.80 0.39 4.65 <0.0001
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Again, the vegetation community types with the highest energy values were Mid-

Succession and Late Succession while the communities that the horses were selecting had the 

lowest energy values (Figures 3.15 and 3.16).  

 

 

 

Figure 3.15 – Comparison of average instantaneous intake ± 1SE in observed points of 

selection; Western Sable Island, Nova Scotia. All data was collected in summer 2018. 

Sample Sizes for Community Types: Early-Continuous (n = 14), Early-Sparse (n = 13),                       

Mid-Continuous (n = 24), Mid-Sparse (n = 6), Late-Succession (n = 12), Sandwort (n = 10),   

Pond Assemblage (n = 25).  
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Figure 3.16 – Comparison of average daily intake ± 1SE in observed points of selection; 

Western Sable Island, Nova Scotia. All data was collected in summer 2018. 

Sample Sizes for Community Types: Early-Continuous (n = 14), Early-Sparse (n = 13),                       

Mid-Continuous (n = 24), Mid-Sparse (n = 6), Late-Succession (n = 12), Sandwort (n = 10),   

Pond Assemblage (n = 25).  

 

 

 

In the East, the horses did not have access to sandwort and there was no sparsely 

vegetated random or observed Mid-Succession points. Mid-Succession (Continuous) had a 

selection ratio closest to 1 so the other communities were tested against this community type 

(Table 3.4). I observed eastern horses foraging near a temporary pond once, but ArcMap did not 

generate random points in that patch when I was creating the pond assemblage points so I could 

not calculate selection ratios for that community type. Similarly, there was one randomly placed 

point in the east that was in the Mid-Sparse vegetation category but there were no horses 

foraging in that community type and so it was omitted from the test. There were no significant 

trends of selection or avoidance in the east.  
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Table 3.4 – Resource selection function testing selection of vegetation associations by horses in 

the eastern portion of Sable Island, Nova Scotia (2018). 

 

 

The community in the east with the highest energy levels (Figures 3.17 and 3.18) was 

potentially Late-Succession. The selected points that were Late-Succession had high energy 

intake values but the estimated energy intakes for the random Late-Succession points, had the 

lowest values. The remaining communities had similar energy levels to each other with Early-

Succession (Sparse) having the second lowest energy levels.  

 

Figure 3.17 – Comparison of average instantaneous intake ± 1SE in observed points of 

selection; Eastern Sable Island, Nova Scotia. All data was collected in summer 2018. 

Sample Sizes for used plots: Early-Continuous (n = 26), Early-Sparse (n = 11),                       

Mid-Continuous (n = 14), Late-Succession (n = 6).  

 

Eastern Points Only

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Continuous Mid-Succession/Beach Pea 1.00 -0.97 0.31 -3.10 0.0019

Continuous Early Succession/Marram 1.08 0.07 0.39 0.18 0.86

Sparse Early Succession/Marram 1.12 0.11 0.48 0.23 0.82

Late Succession/Heath 0.66 -0.41 0.55 -0.75 0.45
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Figure 3.18 – Comparison of average daily intake ± 1SE in observed points of selection; Eastern 

Sable Island, Nova Scotia. All data was collected in summer 2018. 

Sample Sizes for used plots: Early-Continuous (n = 26), Early-Sparse (n = 11),                       

Mid-Continuous (n = 14), Late-Succession (n = 6).  
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CHAPTER 4: DISCUSSION AND CONCLUSIONS  

 

4.1 Objective 1 – Ideal Free Distribution  

 

My results suggest that it is unlikely that female horses on Sable Island were following IFD at 

the fine scale of direct foraging ecology because the horses drinking from ponds (which were 

nearly all exclusively in the west) may have a higher average net energy intake rate than the 

horses drinking from wells (which were exclusively in the east). Similarly, van Beest et al. 

(2014) found that it was unlikely that the horses were following IFD at the population scale. 

Horses in the Sable Island population may have unequal energy intake rates because females in 

the west may have better access to more heavily vegetated communities that allow for higher 

biomass intake. Discrepancies in vegetation quality between the horse subpopulations has been 

observed in previous years (Contasti et al. 2012). Certainly, the western vegetation communities 

had higher average grazeable biomass per meter squared (Figure 4.1) than did the shared 

communities in the east, and this would have translated to larger bite sizes in my calculations 

when horses were foraging in the high biomass habitats. The discrepancy in digestible energy 

and net energy intake rates would indicate that the increased competition in the western habitat 

could not balance the currency between the two regions, contrary to the predictions under the 

IFD model.  
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.  

 

Figure 4.1 – Comparison of average grazeable vegetation ± 1SE (standard error). 20 samples (2 

samples per plot) were taken for each community type. Early – West (n = 6 plots); Early – East 

(n = 4 plots); Late – West (n = 8 plots); Late – East (n = 2 plots); Mid – West (n = 7 plots);     

Mid – East (n = 3 plots). All samples were taken in summer 2018. 

 

Sable Island supports populations of grey seals located at the western and eastern spits 

which enrich the land with nitrogen. This could promote initial plant growth and grass 

survivability (McLoughlin et al. 2016, Pollock 1989). Additionally, plots with higher nitrogen 

concentrations were more likely to be browsed by horses. (McLoughlin et al. 2016). Having said 

this, it is important to remember that if nitrogen were the only factor affecting biomass, I would 

also expect to see larger plants/denser vegetation in the east leading to larger bite sizes in eastern 

horses and more vegetation selection nearer the spit given that there is an eastern seal colony. 

Thus, there are likely multiple factors influencing the difference in biomass and net energy 

intake that I observed.  
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Another factor potentially affecting energy intake rates on Sable Island could be erosion 

rates between the west and the east, as it may underpin availability of vegetation and 

predictability of resource distribution in the landscape. An imperfect knowledge of resource 

distribution would violate a key assumption of IFD in this system. Knowledge of resource 

distribution would likely be difficult to maintain in an environment that changes as often as 

Sable. For example, in maps and photos dated up to the 1990s there was a large expanse of water 

on the southern beach known as Wallace Lake which was completely filled in by sand by 2012 

with the barrier dune ridge south of the lake degrading in the early 1950s and disappearing by 

2009 (Byrne et al. 2016). The eastern and western spits change quite frequently in terms of both 

vegetation cover and length. It was also noted that dune vegetation cover can change over time 

with the changing positions of dune ridges and the changing locations of blowouts (Byrne et al. 

2016). Perhaps due to the high rate of vegetation disturbance, this would result in a situation 

where the horses do not have a perfect knowledge of resource distribution. There might also be a 

situation where if the east has a higher rate of vegetation disturbance, the horses in the east may 

have a more difficult time maintaining knowledge of the resources around them which could lead 

to inefficient foraging patterns. 

The eastern portion of the island also has larger unvegetated dunes than the west 

(personal observation) which could lead to more unstable ground according to studies on dune 

management near public beaches (Delgado-Fernandez, O’Keeffe, & Davidson-Arnott 2019). The 

dunes in the east of Sable are typically taller than those in the west as wind moves sand eastward 

before it is deposited into the ocean and is collected by currents to redeposit on the island or is 

moved back westward by weaker winds. There are large bald dunes (dunes without vegetation) 

in the east that are caused by wind piling the sand onto the slopes of the dunes from many 

directions (Byrne, Freedman, & Colville, 2016). Perhaps the influx of sand and salt could stress 

plants which could prevent the Early-Succession community transition into the more productive 

Mid-Succession in some eastern areas (Byrne et al. 2016, Tissier et al. 2016). 

Additionally, areas with more water in the tropics and temperate zones report greater 

rates of dune stability and vegetation cover than do dry areas as it is more difficult for vegetation 

to establish itself on dry dunes (Delgado-Fernandez et al. 2019). I noticed in my surveys that the 

wells near the eastern bald dunes were often unvegetated or tended to have sparse Early-



63 
 

Succession vegetation communities. In contrast, most of the ponds had short lawns surrounding 

them with thick vegetation nearby. When excluding the communities that were not present in the 

eastern region in the Lysak (2013) dataset, 44% of those vegetated points in the west were Early-

Succession compared to 60% of vegetated points in the east. The west also has more Mid-

Succession (33% vs. 25%) and Late-Succession points (23% vs. 15%) than the east when 

excluding the sandwort and pond vegetation communities. According to the average grazeable 

biomasses for each community type (Figure 3.4), Mid-Succession growth had the most grazeable 

dry biomass per meter squared and according to these results, it seems to be slightly more 

common in the western region.  

Perhaps a combination of sand movement and less surface-level water in the east could 

lead to eastern vegetation patches becoming overgrazed or trampled more easily in spite of the 

lower population density leading to constraints on accessing food that was independent of 

population density (competition). Before my field season, the eastern patches of sandwort had 

been either eliminated or greatly reduced as I was unable to find any patches of sandwort in the 

east despite them being found there previously (Lysak (2013). Perhaps erosion was a factor in 

the loss of these patches. A combination of these factors could lead to the west having more 

grazeable biomass which could lead to a greater energetic intake rate for the horses that forage in 

that region, despite higher expected competition. If there is a difference in biomass, it could be 

important to study the geology of the vegetated areas and the nutrients of the vegetation in more 

detail as there are many factors that can influence vegetation cover and dune stability such as: 

sediment deposition, water availability, vegetation cover, vegetation species, and foot 

traffic/trampling frequency (Delgado-Fernandez et al. 2019). 

Interestingly, the horses in the west may also have high energy intake rates despite 

certain environmental disadvantages. Strongyle nematode infections are known to cause a 

decrease in appetite (Khan et al. 2015). It is also known that the horses in the west have a higher 

population density which could lead to more competition and there is a positive correlation 

between population density and parasite burden in stallions (van Beest et al. 2014, Debeffe et al. 

2016. If the horses in the west have a higher energy intake rate in spite of these handicaps, this 

would indicate a further departure from IFD (Fretwell and Lucas 1970; Abrahams, 1986).  
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 Fleurance et al. (2007) found that domestic horses avoided pastures that had been 

contaminated with feces when offered choices between different foraging grounds which they 

speculated could be a strategy to avoid infection by parasites. Given that the horses in the 

western portion of the island live in a much higher population density than the horses in the east 

(van Beest et al. 2014), it is possible that it is more difficult for horses in the west to avoid 

pastures that have been contaminated with parasites than their eastern counterparts and so could 

open themselves to these additional costs and higher parasite burdens. Another factor potentially 

influencing parasitic infection is that Fleurance et al. (2005) found that this instinct to avoid feces 

could be overwritten if the horse was offered patches with low nutritional quality and low 

parasite risk (no feces) with high nutritional quality patches with high parasite risk (with feces). 

In that case, the horses selected high nutritional quality even when it could lead to higher parasite 

burdens. Given that the western half of the island has more high-quality nutritional patches (van 

Beest et al. 2014; Debeffe et al. 2016) this may be a factor that could affect future findings in 

studies on population density and parasite avoidance. It is possible that the high-quality 

vegetation in the western regions combined with the barriers to dispersal eastwards leads to the 

higher population density in the west which spreads parasite infections more easily. 

The interaction indicated that the horses observed at ponds had a negative relationship 

between parasite burden and net energy intake though this was no longer present in the truncated 

dataset. The interaction also suggested a positive relationship between parasite burden and net 

energy intake (as well as average bite size) when looking at horses observed at wells (east). I 

considered that the horses observed at wells had a lower average parasite burden than the horses 

observed at ponds (see Sections 3.1 and 3.4) and so I would not extrapolate this relationship 

beyond the range of parasite counts that I was able to collect during this project. This 

relationship does indicate that there is an interaction between the two groups their parasite 

burdens. In the case of this dataset, the interaction is an important factor to consider when 

making predictions on net energy intake related to parasite burden as the horses with high 

parasite burdens in the west may have energy intake levels more similar to the horses in the east. 

I did further tests on parasite burden and geographic location in Section 3.4 to explore the 

mechanics of this relationship when the data was separated into a western group and an eastern 

group (discussed in the next section). 
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All this being said, differences in parasite burdens and vegetation biomass would not 

indicate a departure from IFD without first violating the core assumptions of IFD. In this case, I 

saw a possible difference in net energy intake between the western and eastern habitats (in the 

case where parasite burdens overlapped) when IFD would likely predict a balance in energetics 

between the two regions as the western region has a higher population density and a higher 

parasite burden. This should have resulted in either the east having a higher net energy intake (as 

eastern horses would be free from these constraints) or the western horses having a lower net 

energy intake because of these constraints. Perhaps the assumptions in IFD regarding 

unrestricted access to resources or perfect knowledge of resource distribution have been violated 

in this environment.  

Another factor is that the horses in the two regions have different water sources that they 

must return to. In the west, the horses do not spend as much time drinking as they do in the east 

(Rozen-Rechels et al. 2015, van Bommel 2017). Rozen-Rechels et al. (2015) observed that mean 

drinking time for a band at a pond was less than eight minutes while bands at wells needed (on 

average) over 25 minutes to finish using the well. This leads to a situation where the horses in 

the west could possibly have a wider variety of regions to choose from when they forage as they 

move further from their water sources than do the horses in the east. Horses in the west could be 

found up to four or five kilometers away from ponds (mean distance: 879 m away from water 

source) while horses that used wells were not observed further than two kilometers away from a 

well with a mean distance of 754 m from a water source (Rozen-Rechels et al. 2015). While this 

movement restriction would violate IFD at the coarse scale (or at least resembled the more 

relaxed central-place foraging model in the study by Rozen-Rechels et al. [2015] as the horses 

needed to return to a central point in the landscape for drinking) when considering movements 

over the landscape, perhaps this could also result in a violation of the IFD model at fine-scale 

energetics selection. Based on my findings in the resource selection functions, it is possible that 

water is a more important factor than digestible energy when horses are selecting foraging 

regions (more detail in Section 4.3) and so it may be an important currency to study more closely 

in a future project. 

Coupled with the lower average vegetation quality in the east, this movement constraint 

around water sources could mean that the horses in the east are not free to select the most 
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advantageous vegetation patches as the best resource patches might be outside the region that 

they are willing to forage due to the movement constraint from the well. While the eastern horses 

have a lower population density over the whole region, it is possible that they have a high density 

within the regions that they routinely select which could lead to more competition for a poor-

quality habitat than IFD would predict under its assumptions which would lead to a difference in 

energy intake between the two regions that I would not have expected under the IFD model. 

More research would likely be needed to verify how constrained the horses are in their 

movements related to vegetation community selection, population density and intraspecific 

competition.  

It is also unlikely that the horses all have equal competitive ability, but this would 

possibly be easier to test if data on males were included because some males are competitive to 

the degree that they can hold bands of females while others are not and remain bachelors. Rozen-

Rechels (2015) observed that horses drinking from ponds had fewer instances of conspecifics 

ending their drinking time than horses drinking from wells which could indicate differences in 

competition either within bands or between bands. The assumption regarding decreasing 

resource intake with an increasing population would only be able to be tested with additional 

data as I did not have any fine-scale resource data from any other years to compare in relation to 

a changed population.  

In future, it would be useful to collect more data for these models to better understand 

how severe the negative relationship between the parasite burden and the net energy intake is 

given that I had a relatively small sample size. Overall, I only had five horses that had parasite 

counts of over 2500 eggs/g and 14 horses that were observed at wells for the net energy intake 

models. More data on the eastern horses could allow us to fit a better regression to the parasite 

burden and net energy intake as I would have doubts that having more parasites would lead to 

large increases in net energy intake. I suspect a flat slope could also be possible given the spread 

of the data points. Further studies could also allow for the possibility of trying to fit different 

types of regressions as I had worked with linear models but there is the possibility that the 

relationship between net energy and parasite burden is non-linear.  

Increased sample sizes for vegetation quality would be important as well. I was only able 

to visit 10 random plots of each community type twice to collect biomass. Further, the west had a 



67 
 

higher bite size on average which would lead me to expect a significantly lower bite rate in 

comparison to the east according to the Process 3 grazing model from Spalinger and Hobbs 

(1992) but when I tested differences in bite rate, I did not find a significant difference between 

the west and the east. It is possible that this was a result of data limitations by not having as 

many points in the east, but it is also possible that there were limitations in my methods. The 

formula I used for bite size in continuously vegetated areas was developed in a situation where 

the grasslands were of a uniform community type (as it was performed using vegetation from 

one pasture) and different species from what I observed (Fleurance et al. 2009). For example, a 

bite of wet sandwort could have less dry biomass than a bite of wet marram (due to differences in 

water content) or a square meter of short pond vegetation may have the same biomass as a square 

meter of thin marram that would be taller and easier to bite, and these differences may have 

affected the bite rate as well as bite sizes.  

Finally, I only collected data on a small sample of female horses (both adults and sub-

adults) during one season. Perhaps, there would be other trends if males and younger horses were 

included in the study or if the sample size was a bit larger. For example, in a study on dispersal 

effects on the sex ratio of the Sable Island horses, they found that males were not as affected by 

dispersal costs as females and that they had higher adult survivability (Regan et al. 2021). It 

would also be interesting to include information on local population density to account for the 

movement constraints associated with water sources, year to year mortality, and what resources 

are available in the area that is occupied by each band of horses as the territories occupied by 

horses would be smaller than the western or eastern region and this could mean that not all 

horses in the same region have access to exactly the same resources. It would also be useful to 

examine how the interband relationships differ in the west vs. the east as it may give more 

information on the foraging patterns of other ages/sexes and information on how well individuals 

do in different bands and how this relates to the resources present in the territory occupied by the 

band.  
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4.2 Objective 2 – Parasite Burdens 

 

My results indicate that there could be a negative relationship between net energy and parasite 

burden however, more data is needed to verify these trends. In the western horses, there was a 

slight negative trend for both gross energy and net energy when tested with parasite burden 

which could be related to the significant decrease in bite size seen in Figure 3.13. This trend was 

only observable when the top four highest parasite counts were included in the dataset and when 

the dataset was restricted to only including horses observed in the west. the literature had 

mentioned that horses with high parasite levels tended to have colic and a reduced appetite when 

compared to horses without infections (Fleurance et al 2005; Khan et al. 2015). The negative 

trend in bite size resembles other findings in the literature as domestic horses were shown to 

reduce biomass intake when parasitized. Fleurance et al. (2005) found in a study on parasitized 

horses that horses with more parasites took 5% fewer bites than horses with no parasites (they 

did not test bite size specifically in this study). Deviations from what was expected from 

experimental studies could be the result of working with feral horses when the literature (e.g., 

Fleurance et al. 2005; Fleurance et al. 2007) mainly dealt with domestic horses. In the case of the 

horses on Sable, it was found in a previous project that there was a negative correlation between 

overall body condition and increasing parasite burdens which could potentially indicate an 

energy deficit (Debeffe et al. 2016).  

When I removed the top four parasite counts from the dataset, the trends were no longer 

significant which indicates that while the symptoms of parasite infection can be observed on 

Sable, the trends were most likely driven by the individuals with the highest parasite levels. The 

horses with more parasites were eating less biomass at the instantaneous intake level and the 

amount of time spent grazing over the entire observation period did not differ significantly based 

on the parasite load.  

While anorexia could cause reduced biomass intake at the instantaneous level, there is 

also the possibility that highly parasitized horses are less competitive than their non-parasitized 

counterparts. Because I estimated bite size from dry biomass per meter squared in many cases, it 

could be that highly parasitized horses are foraging in areas with lower average biomass than 

their non-parasitized counterparts. If the areas with a higher biomass are more advantageous to 
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select, it is possible that healthier horses want to forage in those areas and could defend them 

from other bands which would be a departure from IFD as not all individuals would have the 

same competitive abilities.  

Previous research had shown that horse location from one year could be used a predictor 

for the fecal egg count in the next year (Debeffe et al. 2016). It would be interesting to see how 

the parasite burdens of the band stallions relate to these energetic measurements as high-quality 

stallions are able to hold larger bands and defend their territories (Cameron et. al. 2009). 

Stallions on Sable were found to have lower parasite burdens than bachelors on the western and 

eastern extremities on the island and that stallion parasite burdens would increase with increasing 

density and competition (Debeffe et al. 2016). Perhaps future studies could focus on how band 

parasite burdens (including the burdens of the males) are related to fine-scale habitat selection 

and the biomass/energy quality of the foraging regions. This information could be used to further 

explore the negative relationship between energy intake and parasite burdens to see if the 

relationships are related to the symptoms of strongyle infection or if they are related to the 

territory occupied by the band.  

In either case, the horses in the west had both a higher average net energy intake rate and 

a significantly higher parasite load than the eastern half of the island which further indicates a 

departure from ideal free distribution. The trends associated for the parasite loads suggested that 

the parasites are a handicap towards energy intake (which supports my initial hypothesis) and 

that the difference in parasite burdens should have been reducing the difference between the two 

populations by lowering the net energy intake rate in western horses. In Section 4.1, I found that 

the horses frequenting the ponds (in the west) may have a higher energy intake rate than the 

horses frequenting the wells (in the east) despite the handicap in this region. This indicates a 

departure from the ideal free distribution model (further supporting my hypothesis in Sections 

1.3.1 and 4.1) as the constraints were not enough to equalize the resource acquisition between the 

two subpopulations.  

Additionally, while there was no significant trend between the energy expenditures and 

parasite burden, horses with more parasites may spend less time resting. Further samples are 

needed because there was a high number of zeros given that not all horses were performing all 

actions when they were being observed and the trends were no longer significant when the zeros 
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were omitted. Further studies could be used to test whether there may be a trend in activities 

performed and energy expenditures that my data is unable to capture. This could also be a result 

of some of the horses in the west traveling long distances to access both the sandwort spit and the 

freshwater ponds further inland. Not all horses travel these distances on a regular basis but two 

of the horses with high parasite burden scores were observed on the spit and close to the ponds 

multiple times over the course of the field season which would indicate that they were frequently 

traveling between those two points which would lower the amount of time spent resting.   

I had initially predicted that horses with more parasites would spend more time resting 

due to the lethargy associated with strongyle infections though it seemed that horses with more 

parasites may spend less time resting on average (Khan et al 2015). Perhaps the difference could, 

again, be related to the fact that I was studying feral animals instead of domestic animals. In this 

context, the highest parasite load on Sable was higher than the burdens tested in domestic horses: 

e.g., 34–1435 eggs/g (Fleurance et al. 2005) and 80–1175 eggs/g (Fleurance et al. 2007). The 

parasite loads in our focal animals had a range of 0–6716 eggs/g with one third of the animals 

having parasite loads higher than 1450 eggs/g. The averages also differed with the average 

parasite load from Fleurance et al. (2007) being 574 eggs/g and the average of the focal animals 

in my study being 1262 eggs/g. Because the parasites are so costly, it was possible that the 

highly parasitized horses on Sable were spending more time looking for food despite their 

symptoms to avoid starving during the winter months.  

In the future, additional parasitological studies may be needed to verify the trends that 

were observed in this study as they were somewhat inconsistent between locations, and it was 

difficult to tell whether the trends associated with energy intake were being solely driven by the 

horses with the highest parasite loads and to what degree the actions performed in the activity 

budgets are influencing the overall energetics of individuals. Doing more studies on highly 

parasitized horses could be useful as most studies on how parasites affect horses were performed 

on domestic horses and so there were limits to the parasite burdens before the horses were 

treated. Because this is an unmanaged environment, we may be able to see how the horses react 

to severe parasite infections in terms of appetite and activity budgets. This could give us 

important information on what symptoms to expect in farm horses if they have severe strongyle 
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infections or if these gastrointestinal parasites become more resistant to the conventional 

treatments which is a concern (Kuzmina et al. 2016). 

 

4.3 Objective 3 – Resource Selection  

 

My results indicated that Sable Island horses were likely not selecting vegetation based on the 

amount of energy in the community as I had initially predicted. They were most strongly 

selecting for low-energy sandwort and pond vegetation when they had access to those 

communities. Therefore, it is likely that a different currency is driving their selection patterns. 

Based on my results and reading of the literature, I contend that water may be acting as a limiting 

factor as this was seen in previous studies for horses (Scheibe, Eichhorn, Kalz, Streich, & 

Scheibe 1998). That is, selection for pond vegetation was in fact selection for water (the ponds 

located in close proximity to this community). Additionally, the sandwort community (sandwort 

being a succulent plant) had the highest water levels of all the vegetation communities and this 

community was most common in the western spit of the island (Contasti et al. 2012), but not at 

all associated with surface fresh water (which is located further inland).  While the Sable Island 

horses likely get most of their water from the permanent water sources, vegetation could also be 

a source of fresh water as has been observed in the case of Przewalski’s Horses (Equus ferus 

przewalskii) which use dew and vegetation water content as additional water sources (Scheibe et 

al. 1998). During the 2018 field season, many western horses had occupied the western spit of 

the island (where sandwort is located) early in the field season (July) before moving closer to the 

freshwater ponds towards August.  

 One pattern that was observed in Przewalski horses was that horses that had higher water 

needs (in comparison to the other horses in their band) initiated band movements more often 

both towards water and to all other sites (Scheibe et al. 1998). Perhaps a similar situation is 

occurring in Sable Island horses with water-stressed individuals initiating movement towards the 

water sources with the other individuals in the band following and eating nearby. The trend in 

Przewalski’s horses was unable to be statistically verified and I had not noted which individuals 

were initiating band movement while surveying the horses (Scheibe et al. 1998). Therefore, 

further research would be needed to verify this possibility.  
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If this is the case, water may be a more important resource than I originally thought 

because at the coarse scale, water is a very important resource in the distribution of Sable Island 

horses and my results indicate that they are selecting feeding locations based on water at a finer 

scale as well (Contasti et al. 2012). If they were selecting for water at both fine and coarse scales, 

this indicates that fresh water is a very valuable resource to the animals (Rettie and Messier 

2000). This would be in line with the findings of Rozen-Rechels et al. (2015) where they found 

that horses would stay within certain distances to sources of fresh water and that the selection 

patterns would change from being found more often in heath lands (though not necessarily 

foraging) close to water and more often in more profitable grasslands further from water.   

Horses choosing surface level freshwater is supported by other recent research on the 

movement data of equid species including Asiatic wild ass (khulan, Equus hemionus hemionus), 

mountain zebra (Equus zebra), feral burro (Equus asinus), Przewalski’s wild horse and others 

(Esmaeili, et al., 2021). Researchers found that while there were patches of vegetation that would 

allow for higher rates of energy intake within the studied ranges, the equid species of the study 

would select for vegetation nearer to water when compared to ruminants occupying the same 

regions. They posited that this could be due to differences in the digestive tracts of these two 

groups with equids (being hindgut fermenters) needing more water to expel all the urea that they 

produce. The fact that the hindgut fermenting digestive system requires more water to eliminate 

nitrogen waste means that energy is not the only important currency for equids and that surface 

level freshwater must also be prioritized in these other environments.  

Crude protein may also play a role as the sandwort community had the highest protein 

levels of all the plant communities. My analysis of vegetation characteristics was quite limited, 

and it is also possible that there could be vitamins or minerals outside my scope that affected 

vegetation selection. For example, sandwort may be a source of vitamins A and C (Quattrocchi 

2016). More research is likely needed pertaining to most vegetation nutrient levels on Sable 

Island to accurately determine which currencies are important for the horses when they are 

selecting their foraging grounds and which currencies are less valuable. Additionally, more 

information on the nutrients of the vegetation, might lead to improved voluntary dry matter 

intake and digestibility estimates as many calculations that were suggested in the literature 

needed more nutrient data than what was feasible to do in this project. It may be valuable to look 
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at NDF more closely as well. While Edouard found that horses increased daily dry matter intake 

in relation to increasing fibre levels, they mentioned that it was an unusual finding as other 

studies that did not work with fresh forage found decreasing daily intake in relation to fibre 

(Edouard et al. 2008). 

 In the east, most horses did not have access to pond assemblages (there was a single 

small patch) and none of the eastern horses had access to the sandwort community. The highest 

selection ratio in the east was for Early-Succession (Sparse) was still a relatively neutral 

selection pattern as the selection ratio was almost equal to one. It is possible that this vegetation 

community may be associated with the presence of wells as this vegetation association tended to 

be on the sides of dunes and near the locations of the self-excavated drinking holes (personal 

observation). However, Early-Succession could also be located on the sides of dunes, near 

blowouts, and near the shores which covers a wide variety of land features. As there is no 

separate vegetation community that is associated with the presence of water, it is more difficult 

to tell if water may be driving community selection in the east as well. Further research would be 

needed to see if the wells are driving vegetation selection in the east to the same extent that water 

is likely to be driving selection patterns in the west.   

The horses in the east also had lower average instantaneous energy levels in the available 

and used vegetation communities in that region (see Figures 3.16–3.19) which could be due to 

lower biomass intake rates and lower levels of biomass in the communities (as vegetation 

biomass was used to estimate instantaneous intake rate in available points). This could indicate 

an uneven distribution of resources at the digestible energy scale which could be affected by 

competition levels that are not proportional to the region and restrictions on movement. This 

would further support the deviation from ideal free distribution that I observed in Sections 3.1, 

3.3, and 4.1.   

The findings in this series of tests do not support my prediction that horses would select 

vegetation solely based on energy levels. They were mainly selecting sandwort and pond 

vegetation which were assemblages with low energy levels. It is therefore likely that water is a 

more important currency than energy for horses at the scale at which I measured selection, 

although further research is needed to determine whether water-stressed horses could be 

initiating group movement and affecting selection patterns of other individuals and how water 
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stress could affect vegetation selection. Other nutrient (vitamins and minerals) may also be 

important, and I recommend a further detailed nutrient study on the vegetation and the vegetation 

cover on Sable Island, expanding on my work and perhaps re-modelling resource selection 

functions with other currencies, interactions, or scales to see if there are better explanations for 

selection patterns than energy or water. It could be important as well to test the selection patterns 

and nutritional quality at other times of the year as I was only able to collect data for the 

nutritional qualities of the vegetation in the summer. More data on resource selection and 

vegetation cover on the island could also allow for more specific RSFs to be fit as I did not have 

enough data to control for the territories that horses would be occupying beyond dividing the 

island into eastern and western sections. It would be interesting to explore the vegetation 

selection pattern within the smaller territories that the horses occupy with more detailed 

information on the vegetation communities surrounding them and how that may relate to my 

findings.  

4.4 Overall Conclusions and Future Directions 

 

My thesis focused on expanding on previous research using IFD as a null model to describe the 

distribution and abundance of individuals within a landscape. Overall, it appeared that the fine-

scale patterns I had observed could be linked to coarse-scale patterns observed in previous 

studies and the observed deviations from IFD (van Beest et al. 2014). I observed trends that 

indicated a departure from IFD at the fine scale with additional results indicating that freshwater 

could be an important resource for selection. If water is an important resource for selection, then 

it would be reasonable to observe horses at the large scale select the western habitat as western 

habitats have more surface-level fresh water than eastern habitats.  

I also observed trends showing that the grasslands in the west allowed for a higher intake 

rate on average which would make it easier for western horses to have a high energy intake rate 

than horses in the east. Although western horses had higher FECs (which had a negative 

relationship with net energy intake), the parasites and increased competition were not enough of 

a constraint to lower their observed net energy intake rate to the same level of the eastern horses. 

This indicates a departure from IFD at the fine scale which likely carries up to coarse-scale 

patterns as horses disproportionately select for the western habitat (despite the increased 
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competition and parasite burdens) and have costs to survival associated with dispersing 

eastwards (Contasti et al.  2013; van Beest et al. 2014). By studying this model ecosystem at the 

fine scale, my work provides insight into what additional factors may be affecting the large-scale 

patterns in dispersal and mortality related to the west-east population gradient on Sable Island. 

This study also showed how fine-scale resource availability and selection in combination with 

fine-scale limiting factors can potentially affect the coarse-scale distribution patterns of a large 

herbivore in a simplified ecosystem.  

In the future, I would recommend studying how water intake affects population 

distribution and whether horses in certain areas are more dehydrated than others. I found in 

Sections 3.5 and 4.3 that the digestible energy was not the most important currency for the horses 

at the scale of my project. This could mean that water was a more important resource than 

originally thought under the hypothesis that animals select important resources at coarse scales 

and secondary resources at finer scales (Rettie and Messier 2000). The fact that Sable Island 

horses select for water at both scales could mean that water is one of the most important 

currencies for the Sable Island horses. Perhaps the amount of water that horses need could 

influence horse movement patterns on Sable as this was suspected in other arid environments 

occupied by horses that experience shortages of fresh water (Scheibe et al. 1998). More 

information on the selection patterns of the Sable Island horses could be beneficial to the 

population of horses as it may provide additional understanding towards their mortality patterns 

and their resource selection patterns. An updated vegetation map could allow for improved 

resource selection functions as it would be possible to test how vegetation selection is affected 

by the available vegetation in the territory that the band occupies. Data from additional seasons 

could also give more insight into the selection priorities of the horses as I was only able to collect 

nutritional data for the summer. Data from such a study and from my project could prove to be 

complimentary to ongoing studies on equine resource selection and distribution as Esmaeili et al. 

(2021) recommended that more intensive field studies were needed to corroborate findings from 

large scale telemetry data.  

I did not see many trends associated with energy expenditures in terms of total work, but 

I saw that females with more parasites may have spent less time resting. I also saw that in the 

west, the focal animals decreased biomass intake when they had more parasites. The unexpected 
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results in how they were spending their time could be affected by the fact that these horses are 

feral and so must forage on their own without any supplementary feed. Further research is likely 

needed on the species of parasites that infect the horses and how they affect horse foraging 

ecology to differentiate between causality and correlation in these patterns. Additional research 

in this area could provide information on what symptoms to expect in domestic horses if they 

were not medicated for these conditions or if the parasites become more resistant to the 

conventional treatments which is currently a concern (Kuzmina et al. 2016). It would also be 

useful to collect more data on parasite burdens and how they relate to energetic currencies as this 

could allow us to fit more accurate relationships between energetics and parasite burdens as the 

relationships between these factors may not be linear or could be driven by high FEC 

individuals.  

Lastly, I would also recommend future studies on how energy could be affected by 

density and band social dynamics as it appeared that differences in parasite burdens in the west 

and the east were affecting the relationships with net energy intake levels and geographic 

location. Given that population density could affect parasite levels (Debeffe et al. 2016) and 

competition can affect resource selection (van Beest et al. 2014), studying energetics in tandem 

with population density and social factors related to how bands and individuals of different age-

classes and sexes interact with each other may provide some interesting insights into the patterns 

observed at coarse- and fine-scales in this system.  
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APPENDIX A 

 

The following table (A.1) is a summary of gross energy values (with their sources) that were 

used to estimate average gross energy (and, by extension, average digestible energy) for each 

community type. Overall, most of the gross energy values were near 18 kJ/gDM and the values 

used in energy intake rate estimations are listed in Table A.2.  

 

Table A.1 – Gross energy values from literature with lists of relevant sources  

 

 

Table A.2 – List of values used in calculations of energy intake rates 

 

 

 

The following three tables provide the list of the averages I used for gross energy for 

sandwort, yarrow/miscellaneous herbs, and clover. All measurements were taken from 

Feedipedia; a joint project between INRA (French National Institute for Agricultural Research), 

CIRAD (French Agricultural Research Center for International Development), AFZ (French 

Association for Animal Production), and FAO (Food and Agriculture Organization of the United 

Nations). When possible, measurements were taken from nutrition sheets for fresh aerial parts of 

the plant as that would be most similar to what a horse would graze. Entries in italics represent 

Gross Energy Constants

Species Gross Energy (kJ/gDM) Source

Marram 18.6 Welsh, 1975

Beach Pea 16.02 Welsh, 1975

Sandwort 15.8 Average of succulents listed in INRA and GE values from Ben-Thlija (1986)

Yarrow and other herbs 17.6 Average of herbs listed in INRA with gross energy values

Rushes 18.5 Welsh, 1975

Clover 18.3 Average of clovers listed in INRA with gross energy values 

Red Fescue/Grass 18.4 Bolvolenta, 2008

Vegetation Estimates

Community Type Average GE (kJ/gDM) Average NDF (%) Digestibility (%) Estimated DE (kJ/gDM)

Early Succession (Marram) 18.53 63.21 51.56 9.55

Mid Succession (Beach Pea) 18.20 61.93 52.60 9.57

Late Succession/Heath 18.06 56.40 57.08 10.31

Sandwort 17.13 49.76 62.45 10.70

Pond Vegetation 18.16 64.02 50.90 9.25
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datasheets that were being updated/under construction at the time of this project. In those cases, 

the source listed is the reference that the website provided for the nutrient table as of January 

2019. The pages undergoing revisions had information from FAO's Animal Feed Resources 

Information System (1991-2002) and from Bo Göhl's Tropical Feeds (1976-1982) during the 

creation of this document. Table A.3 represents the values used for calculating the average gross 

energy for miscellaneous forbs such as yarrow. Only non-woody plants were selected to be in 

this table. Table A.4 represents the values used for calculating the gross energy estimate for 

sandwort. These values all came from succulents as sandwort leaves are reminiscent of 

succulents. In this case, the opuntia values came from a thesis on nutritional quality of different 

species of prickly pear cactus. Table A.5 represents the values used for calculating the gross 

energy estimates of clover as there were some plots where there was enough clover to separate 

from the other species.  

  



87 
 

 

Table A.3 – List of gross energy values (kJ/gDM) used to estimate average for miscellaneous 

forbs with the sources listed for the data table as of January 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genus Species Gross Energy kJ/g Reference as listed on Feedipedia

Acalypha fructicosa 17.5 Wilson et al., 1963

Acanthus mollis 17.4 Heuzé V., Tran G., Hassoun P., Lebas F., 2015

Cynara cardunculus 18.7 Vargas et al., 1965

Achyranthes aspera 17 Bartha, 1970; Dougall et al., 1958

Gynandropsis gynandra 16.8 Bartha, 1970

Alocasia macrorrhizos 17.4 Lim Han Kuo, 1967

Amaranthus graecizans 16.7 Bartha, 1970

Musa sp 17.7 Heuzé V., Tran G., Archimède H., 2016

Cordyline terminalis 18.4 Johnson et al., 1918

Canna indica 17.3 French, 1938

Daucus carota 16.1 Tran G., 2016

Apium graveolens 16 FAO/US. Dpt of Health, 1968; Kelley et al., 1953; Tobias Marino et al., 2010

Celosia anthelmintica 19 Dougall et al., 1958

Ensete ventricosum 17.3 Heuzé V., Thiollet H., Tran G., Hassoun P., Lebas F., 2016

Erodium botrys 18.1 Vargas et al., 1965

Linum usitatissimum 18.7 Heuzé V., Tran G., Lebas F., 2015

Helianthus tuberosus 16.8 Heuzé V., Tran G., Chapoutot P., Bastianelli D., Lebas F., 2015

Justicia exigua 16.4 Dougall et al., 1958

Leucas microphylla 18.6 Dougall et al., 1958

Luffa aegyptiaca 18.3 Heuzé V., Tran G., Lebas F., 2017

Cucumis melo 19.7 Bartha, 1970

Tithonia diversifolia 17.7 Heuzé V., Tran G., Giger-Reverdin S., Lebas F., 2016

Solanum incanum 18.1 Dougall et. al., 1958
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Table A.4 – List of gross energy values (kJ/gDM) used to estimate average for sandwort with 

the relevant sources as of January 2019 

 

 

 

 

Table A.5 – List of gross energy values (kJ/gDM) used to estimate average for clover with the 

relevant sources as of January 2019 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Genus Species Gross Energy kJ/g Reference as listed on Feedipedia

Agave americana 16.6 Fraps, 1932

Agave atrovirens 17.7 Calvino, 1952

Opuntia engelmannii 14.8 Ben-Thlija, 1986

Opuntia filipendula 13.7 Ben-Thlija, 1986

Opuntia versicolor 15.9 Ben-Thlija, 1986

Opuntia polyacantha 15.7 Ben-Thlija, 1986

Opuntia fragilis 16.2 Ben-Thlija, 1986

Genus Species Gross Energy kJ/g Reference as listed on Feedipedia

Trifolium repens 18.3 Heuzé V., Tran G., Hassoun P., Lebas F., 2019

Trifolium tembense 18.3 Heuzé V., Thiollet H., Tran G., 2017

Trifolium subterraneum 18.3 Heuzé V., Thiollet H., Tran G., Delagarde R., Bastianelli D., Lebas F., 2018

Trifolium pratense 18.4 Heuzé V., Tran G., Giger-Reverdin S., Lebas F., 2015



89 
 

APPENDIX B 

 

Figure B.1 shows that the horses in the west (1579.67 ± 246.98 SE) had a visibly higher 

mean parasite burden (eggs/g of feces) than did the horses in the east (772.56 eggs/g ± 115.48 

SE). While group identification was not accounted for in this graph, previous research showed 

that parasite counts were variable among individuals (Debeffe et al. 2016). 

The horses in the west had a higher mean digestible energy intake (4194 kJ/hr ± 445.6 

SE) than did horses in the east (2736.4 kJ/hr ± 293.6 SE); Figure B.2). This graph is more likely 

to have pseudo replication as the horses that shared bands would have been foraging in the same 

locations with very similar vegetation.  This difference was not significant when tested with a 

mixed model (t37.85 = 1.49, P = 0.144; n = 65).  

The western horses had a greater mean energy expenditure (40.7 kJ/hr ± 7.98 SE) than 

the east (24.1 kJ/hr ± 4.03 SE); Figure B.3). This graph could have pseudo replication as the 

horses that shared bands have been more likely to be performing similar activities in that they 

would travel together, eat together, and rest together.  
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Figure B.1 – Mean parasite burden (strongyle fecal eggs/g) ± 1SE (standard error) in relation to 

Sable Island horse location. East (n = 24), West (n = 37). All fecal samples collected in summer 

2018 
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Figure B.2 – Mean digestible energy intake (kJ/hr) ± 1SE for western (n = 40) and eastern          

(n = 25) Sable Island horses; From data collected in summer 2018.  
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Figure B.3 – Mean energy expenditures (in average total work; kJ/hr) ± 1SE for western          (n 

= 35) and eastern (n = 18) horses; From data collected in summer 2018.  

 

 

The trend for net energy followed a similar pattern to the models for digestible energy 

intake (Figure B.4). The western horses had a higher mean energy intake (4192.0 kJ/hr ± 507.18 

SE) than the eastern horses (2461.1 kJ/hr ± 344.23 SE). This graph would have pseudo 

replication for the same reasons listed in the two previous figures as net energy is the difference 

between digestible energy intake and work performed. There was no significant difference 

between these means when tested with a linear mixed model (t29.4 = 1.53, P = 136; n = 53). 
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Figure B.4 – Mean net energy intake (kJ/hr) ± 1SE for western (n = 35) and eastern (n = 18) 

horses; From data collected in summer 2018.  
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APPENDIX C 

 

The following figures are the diagnostic plots for all the presented models in this thesis. There 

are no plots for the Resource Selection Function as the generalized linear models have more 

relaxed assumptions about error than general linear mixed models (Crawley 2013) however, I ran 

models with the random effect of band added to the model structure and the tables of the outputs 

are included.  

 

Figure C.1 – Fitted residual plot for maximal model in Section 3.3 (Table 3.1); there were no 

visible trends in the data which indicates an appropriate lack of heteroscedasticity in the 

residuals. 
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Figure C.2 – Q-Q plot of residuals for maximal model in Section 3.3 (Table 3.1); there were two 

points that deviated from the line of normal distribution but checking the data revealed that they 

were valid measurements and so were left in the model, the rest of the points indicate an 

appropriate distribution of the residuals. 
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Figure C.3 – Q-Q plot of residuals for maximal model’s random effects in Section 3.3        

(Table 3.1), the points indicate an appropriate distribution of the residuals. 
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Figure C.4 – Fitted residual plot for the top-rated model in Section 3.3 (Figure 3.5); there were 

no visible trends in the data which indicates an appropriate lack of heteroscedasticity in the 

residuals. 
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Figure C.5 – Q-Q plot of residuals for top-rated model in Section 3.3 (Figure 3.5); there were 

two points that deviated from the line of normal distribution but checking the data revealed that 

they were valid measurements and so were left in the model, the rest of the points indicate an 

appropriate distribution of the residuals. 
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Figure C.6 – Q-Q plot of residuals for top-rated model’s random effects in Section 3.3         

(Figure 3.5), the points indicate an appropriate distribution of the residuals. 
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Figure C.7 – Fitted residual plot for the truncated top-rated model in Section 3.3; there were no 

visible trends in the data which indicates an appropriate lack of heteroscedasticity in the 

residuals. 
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Figure C.8 – Q-Q plot of residuals for truncated top-rated model in Section 3.3; there were 

points that deviated from the line of normal distribution but checking the data revealed that they 

were valid measurements and so were left in the model, the rest of the points indicate an 

appropriate distribution of the residuals. 
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Figure C.9 – Q-Q plot of residuals for truncated top-rated model’s random effects in Section 3.3, 

the points indicate an appropriate distribution of the residuals. 
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Figure C.10 – Fitted residual plot for the model with the relationship between time spent grazing 

and parasite burden with horse locations in Section 3.3 (Figure 3.6); there were no visible trends 

in the data which indicates an appropriate lack of heteroscedasticity in the residuals. 
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Figure C.11  – Q-Q plot of residuals for model of the relationship between time spent grazing 

and parasite burden with horse locations in Section 3.3 (Figure 3.6); there were two points that 

were below the expected normality trend, but they were valid measurements and so were left in 

the model. The other points follow an appropriate distribution.  
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Figure C.12  – Q-Q plot of residuals for the random effects of the model of the relationship 

between time spent grazing and parasite burden with horse locations in Section 3.3 (Figure 3.6), 

the points indicate an appropriate distribution of the residuals.  
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Figure C.13 – Fitted residual plot for model of the bite size and parasite burdens with horse 

locations in Section 3.3 (Figure 3.7); there were no visible trends in the data which indicates an 

appropriate lack of heteroscedasticity in the residuals. 
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Figure C.14 – Q-Q plot of residuals for model of the relationship between bite size and parasite 

burdens with horse locations in Section 3.3 (Figure 3.7); the points indicate an appropriate 

distribution of the residuals. 
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Figure C.15 – Q-Q plot of residuals for the random effects of the model of the relationship 

between bite size and parasite burdens with horse locations in Section 3.3 (Figure 3.7), the points 

indicate an appropriate distribution of the residuals.  



109 
 

 
Figure C.16 – Fitted residual plot for the truncated model of the bite size and parasite burdens 

with horse locations in Section 3.3 (Figure 3.8); there were no visible trends in the data which 

indicates an appropriate lack of heteroscedasticity in the residuals. 
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Figure C.17 – Q-Q plot of residuals for the truncated model of the relationship between bite size 

and parasite burdens with horse locations in Section 3.3 (Figure 3.8); the points indicate an 

appropriate distribution of the residuals. 
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Figure C.18 – Q-Q plot of residuals for the random effects of the truncated model of the 

relationship between bite size and parasite burdens with horse locations in Section 3.3 (Figure 

3.8), the points indicate an appropriate distribution of the residuals.  
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Figure C.19 – Fitted residual plot for model of the relationship between digestible energy and 

parasite burden in Section 3.4 (Figure 3.9); there were no visible trends in the data which 

indicates an appropriate lack of heteroscedasticity in the residuals. 

 

 

 

 

 

 



113 
 

 

Figure C.20 – Q-Q plot of residuals for model of the relationship between digestible energy and 

parasite burden in Section 3.4 (Figure 3.9); the points indicate an appropriate distribution of the 

residuals. 
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Figure C.21 – Q-Q plot of residuals for the random effects of the model of the relationship 

between digestible energy and parasite burden in Section 3.4 (Figure 3.9), the points indicate an 

appropriate distribution of the residuals of the random effects. 
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Figure C.22 – Fitted residual plot for model of the relationship between net energy and parasite 

burden in Section 3.4 (Figure 3.10); there were no visible trends in the data which indicates an 

appropriate lack of heteroscedasticity in the residuals. 
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Figure C.23 – Q-Q plot of residuals for model of the relationship between net energy and 

parasite burden in Section 3.4 (Figure 3.10); the points indicate an appropriate distribution of the 

residuals. 
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Figure C.24 – Q-Q plot of residuals for the random effects of the model of the relationship 

between net energy and parasite burden in Section 3.4 (Figure 3.10), there is some deviation 

from normality in this test which could partially explain the weakness of the trend when 

compared to the trend between digestible intake and parasite burden in western horses. 
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Figure C.25 – Fitted residual plot for model of the relationship between the amount of time 

spent resting and parasite burden in Section 3.4 (Figure 3.11); there is some clustering in the 

residuals caused by zeros in the dataset as mentioned in the text.  
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Figure C.26 – Q-Q plot of residuals for model of the relationship between the amount of time 

spent resting and parasite burden in Section 3.4 (Figure 3.11); the points indicate an appropriate 

distribution of the residuals. 
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Figure C.27 – Q-Q plot of residuals for the random effects of the model of the relationship 

between the amount of time spent resting and parasite burden in Section 3.4 (Figure 3.11); visual 

deviations from normality were affected by the number of zeros in the dataset as mentioned in 

the text.  
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Figure C.28 – Fitted residual plot for model of the relationship between the average bite size and 

parasite burden in Section 3.4 (Figure 3.12); there were no visible trends in the data which 

indicates an appropriate lack of heteroscedasticity in the residuals. 
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Figure C.29 – Q-Q plot of residuals for model of the relationship between the average bite size 

and parasite burden in Section 3.4 (Figure 3.12); there were four points that deviated from the 

line of normal distribution but checking the data revealed that they were valid measurements and 

so were left in the model, the rest of the points indicate an appropriate distribution of the 

residuals. 
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Figure C.30 – Q-Q plot of residuals for the random effects of the model of the relationship 

between the average bite size and parasite burden in Section 3.4 (Figure 3.12); the points indicate 

an appropriate distribution of the residuals of the random effects. 
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Table C.1 – Resource selection function testing how horses select for vegetation associations 

(community type) on Sable Island, Nova Scotia (2018). Band ID is included as a random effect.  

 

 

Table C.2 – Resource selection function testing how horses select for vegetation associations 

(community type) in the Western portion of Sable Island, Nova Scotia (2018). Band ID is 

included as a random effect.  

 

 

 

 

 

 

 

Whole Island 

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Sparse Early Succession/Marram 0.91 -5.39 0.20 -26.39 <0.0001

Continuous Early Succession/Marram 0.87 -0.05 0.26 -0.19 0.85

Continuous Mid-Succession/Beach Pea 0.85 -0.07 0.26 -0.27 0.76

Sparse Mid-Succession/Beach Pea 2.03 0.80 0.46 1.74 0.08

Late Succession/Heath 0.59 -0.44 0.31 -1.4 0.16

Sandwort 2.03 0.80 0.38 2.11 0.03

Pond Vegetation 4.48 1.59 0.29 5.53 <0.0001

Random Effects: Variance Standard Deviation

Band ID <0.0001 <0.0001

Western Points Only

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Continuous Mid-Succession/Beach Pea 0.79 -5.11 0.20 -24.94 <0.0001

Continuous Early Succession/Marram 0.60 -0.27 0.34 -0.82 0.41

Sparse Early Succession/Marram 0.79 -0.01 0.35 -0.02 0.98

Sparse Mid-Succession/Beach Pea 2.17 1.01 0.46 2.20 0.03

Late Succession/Heath 0.57 -0.33 0.35 -0.94 0.35

Sandwort 2.17 1.01 0.38 2.67 0.007

Pond Vegetation 4.79 1.80 0.29 6.24 <0.0001

Random Effects: Variance Standard Deviation

Band ID 0 0
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Table C.3 – Resource selection function testing how horses select for vegetation associations 

(community type) in the Western portion of Sable Island, Nova Scotia (2018). Band ID is 

included as a random effect.  

 

 

Eastern Points Only 

Community Type Selection Ratio Estimate Standard Error z  value P  value 

Continuous Mid-Succession/Beach Pea 1.00 -5.11 0.20 -24.94 <0.0001

Continuous Early Succession/Marram 1.08 -0.27 0.34 -0.82 0.41

Sparse Early Succession/Marram 1.12 -0.01 0.35 -0.02 0.98

Late Succession/Heath 0.66 -0.33 0.35 -0.94 0.35

Random Effects: Variance Standard Deviation

Band ID 0 0


