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ABSTRACT

The Eastern Cape contains the majority of the remaining forested areas in South Africa
(95.8% Coastal forests and 47.6% Afromontane forests), however these occur in fragments.
Due to the rapid rise in the human population and its needs, conversion of forests to
agricultural land and the extraction of timber increases, natural vegetation are lost and this

therefore leads to forests becoming fragmented into small forest patches.

One of the main consequences of forest fragmentation is loss of contiguous habitat, which is
the dominant threat to species globally as it negatively affects both species richness and
genetic diversity. This research investigates the effects that forest fragmentation has on small
mammal diversity and abundance. The study sampled small mammals in Southern Mistbelt

Afromontane forest patches in the Eastern Cape.

The first aim of this study was to identify which environmental variable, or combinations of
variables, affect the diversity and abundance of small mammals in fragmented forest patches
in the Eastern Cape during the austral summer. The second aim was to compare seasonal
changes in small mammal diversity and abundance at a forest edge compared to the forest

core at Beggars Bush, an Afromontane forest in the Eastern Cape, South Africa.

To identify the environmental impacts that different forests have on small mammals, nine
different forests were chosen in the Eastern Cape and sampled during the summer in 2013.
These nine forests were: Fort Fordyce Forest, Thaba Ndoda Forest, Hogsback Forest, Dassie
Kraans Forest, Langeni Forest, Burchell’s Reserve Forest, Maiden Dam Forest and Kagaberg
Forest. At each site, three transects of 30 Sherman Traps each were used. Trapping periods
within each forest patch lasted between three to five consecutive nights and traps were
inspected once a day in the morning. Nine environmental variables were initially identified
and after being tested for normality and colinearity, five variables were chosen. These
variables were Altitude, Mean Annual Temperature, Gradient, Patch Size and Mean annual
potential evaporation. The number of individuals captures and species richness were then
incorporated as dependent variables for best subset multiple regression model selection using
the Akaike Information Criterion (AIC).

For the second aim, the same trapping methods were used when comparing seasonal changes
to diversity and abundance within the forest core. However at the forest edge, due to the small



size of the forest, only 20 Sherman traps were used in each transect with five traps (25%)

placed in the grassland and 15 (75%) placed in the forest along each transect.

This study was one of few to survey small mammal diversity and abundance in fragmented
forests in the Eastern Cape. Gradient, patch size and mean annual potential evaporation were
the variables that best predicted the individual number of small mammal captures while only
gradient best explained species richness. It does however, need to be noted that capture rates
and species richness were very low and this would therefore effect the analysis of
environmental variables. Future studies should have a larger sample size of forest patches and
include more microhabitat environmental variables to determine their effects on small
mammal diversity and abundance. However, it should be noted that through climatic
extinction filtering, forest mammals are resilient generalists that can tolerate fragmentation

effects.

Furthermore, it was found that forest edges appear to play a significant role in small mammal
diversity and abundance in the Beggars Bush Afromontane forest. Some species were habitat
specialists such as Rhabdomys pumilio preferring the grassland habitat and Graphiurus
murinus and Aethomys namaquensis the forest habitat, while Myosorex varius was the only
species that was not habitat dependant. It was found that there was a greater diversity and
abundance at the forest edge compared to within the forest core throughout most of the
seasons. One possible flaw was that the sampling methods were different at the edge and
within the forest and therefore future studies should ensure that the method stays uniform

throughout the study.
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Chapter 1

General Introduction

1.1 Forests and Forest patches

South African indigenous forest is a multi-layered vegetation unit dominated by trees with
overlapping crowns where grass and herbaceous vegetation is infrequent (Mucina &
Rutherford 2006). Forests support a high proportion of South Africa’s biodiversity yet they
form the smallest biome in southern Africa (Lawes et al. 2000; Hayward et al 2005). These
forests are broadly divided into two main categories: Afrotemporate and Coastal forests.
Afrotemporate forests are more persistent and ancient while coastal forests are younger
having expanded southwards from Mozambique (Lawes et al. 2007). Afrotemperate forests
occur at higher altitudes and experience colder temperatures as well as considerable seasonal
variation in rainfall when compared to coastal forests (Lawes et al. 2007). The forested
areas of South Africa are mainly small isolated islands surrounded by other vegetation such
as grassland, Albany thicket, fynbos and savanna (Mucina & Rutherford 2006). These forest
patches are scarce, and while only a few large recognised forests are left in South Africa, the
many small and isolated patches are still significant in maintaining biodiversity. The Eastern
Cape Province of South Africa contains the majority of the remaining forested areas in the
country (95.8% of all Coastal forests and 47.6% of all Afromontane forests), however these
only occur in fragments (Low & Rebelo 1996), with the majority of these forests not larger
than 1 km? (Rutherford & Westfall 1986).

The fundamental unit within a landscape is a patch and hence landscapes can be defined as
patch mosaics (Hanski & Gilpin 1991). A patch can be defined as an area that differs in
nature or appearance from its surroundings (Kotliar & Wiens 1990). Patches come in various
shapes, types, sizes and are differentiated by physical gaps, biotic and abiotic gradients, and
may have resulted from human land-use activities and/or changes over time (Bowers &
Matter 1997).

Historically, it is believed that the general patchy distribution of South African forests has

two major probable agents (excluding man) that caused this spatial pattern — climate and fire



(Mucina & Rutherford 2006). The refugia theory suggests that forests were repeatedly
fragmented during cold glacial periods and expanded during warm wet interglacials and yet
during these unfavourable climatic periods, fauna persisted in fragmented forests (Levinsky
et al. 2013). Along with substrate and rainfall environmental variables, fire determines the
distribution and shape of forest patches, particularly in mountainous areas (Geldenhuys
1994). This is because wind fans fires thereby causing fire patterns and the interaction with
natural boundaries such as mountain ranges determines a fires’ spread (Geldenhuys 1994).
The wind is channelled through valleys and its direction is determined by physical barriers.
Hence forests generally exist in wind shadowed areas (Geldenhuys 1994). Forests also occur
in South Africa on wetter south-facing slopes while grasslands occur on drier north-facing
slopes (Holland & Steyn 1975). However, it is also believed that extreme changes in
vegetation and climate, including the last glacial maximum, were responsible for the

distribution and patchiness of South Africa’s forests (Lawes et al. 2007).

Despite the role of climate and fire in shaping the distribution of forests in South Africa, the
influence of humans cannot be ignored. Iron Age farmers are believed to have cut down
portions of forest (Mucina & Rutherford 2006) and this practice has essentially continued to
the present day with forests being cleared for agriculture, and exploited for timber, food and
medicines (Feely 1980; Castley & Kerley 1996; Lawes et al. 2004). It is this human
exploitation that has led to the continued fragmentation of forests in South Africa.

1.2 Forest Fragmentation and Small Mammals

The composition of the faunal assemblages of South African forests has been shaped by large
scale historical and regional processes (Lawes et al. 2007). These include palaeoclimatic
change, speciation, extinction and geographic dispersion which have dominated ecological
processes (Lawes et al. 2000). Lawes et al. (2007) believe that climatic extinction filtering
and species recolonization after the last glacial maximum (LGM) have influenced the
distribution and structure of South African forest fauna. At a local scale, the extent of
fragmentation effects on small mammals depends on the magnitude and type of human
activity surrounding the forest patches and the plant and animal species affected by forest
destruction (Schmid-Holmes & Drickamer 2001; Castley & Kerley 1996).



Numerous forest patch characteristics have been identified which are related to small
mammal abundance and diversity in temperate forests in southern Illinois, USA (Schmid-
Holmes & Drickamer 2001). These include habitat patch size, patch shape and related edge
effects, patch isolation, inter-patch distance and matrix character, type of anthropogenic
activity, vegetation characteristics and microclimate. However, the effects of patch
characteristics on small mammals differ with the type of habitat patch and the small mammal
species investigated. For example, Buckner & Shure (1985) found that the abundances of two
sympatric Peromyscus species were inversely related to patch size within clear-cut patches in
a forested landscape. However, Bowers & Matter (1997) reviewed 12 publications assessing
the effects of patch size on small mammal diversity and found a positive relationship
(increase in size increases diversity) in four species, a negative for seven and 21 species for

which it had no effect.

1.3 Small mammals

South African indigenous forests contain 14% of threatened vertebrates and are therefore of
high conservation value. However, little is known about the fauna inhabiting these forests
(Hayward et al. 2005). One particular group of forest dwelling vertebrates are small
mammals. Small mammals are defined as mammals weighing less than 300g and are non-
volant terrestrial mammal species (Skinner and Chimimba 2005). In southern Africa, this
group consists of three mammalian orders, namely Rodentia (rodents), Eulipotypha (shrews)

and Macroscelidea (elephant shrews).

Rodents are the largest order of mammals, comprising 32 extant families and approximately
2 277 species worldwide (Carleton & Musser 2005). Rodents are vital components in
ecosystems as they function in habitat modification, nutrient cycling, and the dispersal of
seeds and provide a link between primary and secondary consumers (Ecke et al. 2001;
Avenant & Cavallini 2007). Rodent community structure and species richness have been
related to habitat complexity, structure, productivity, area, surrounding landscape and
distances between similar habitats (Armstrong & van Hensbergen 1996; Avenant 2000).
Small mammals are thus good indicators of overall mammalian diversity and are often used
in ecological surveys (Skinner & Chimimba 2005). Rodents can be used as ecological
indicators where disturbances in their habitats are associated with decreases in rodent species

richness or the presence or absence of indicator species (Avenant & Cavallini 2007).



1.4 Aims

Some research has been conducted on the effects of forest fragmentation on biodiversity
(Castley & Kerley 2006; Fahrig 2003; Lawes et al. 2000; Lawes et al. 2007) while other
research has been done on small mammals and their effect on ecosystem function (Armstrong
& van Henbergen 1996; Avenant & Cavallini 2007; Kok et al. 2012). However, little
research has been done on the effects of forest fragmentation on small mammal diversity in
South Africa. Due to the severe threat of deforestation, it is imperative that trapping surveys
take place to determine the distribution and abundance of small mammals in South Africa’s
fragmented forests (Stephenson 1994). This study investigates the effects that forest

fragmentation has had on small mammal diversity and abundance.
There were three broad aims for this study:
1. To, firstly, document small mammal diversity and abundance in Afromontane forest
patches in the Eastern Cape, South Africa;
2. To determine which environmental variable, or combinations of variables, affect the
diversity and abundance of small mammals in fragmented forest patches in the

Eastern Cape during the austral summer; and

3. To investigate the seasonal diversity and abundance of small mammals at the edge

and within in an Afromontane forest patch in the Eastern Cape, South Africa.



Chapter 2
The environmental correlates of Small Mammal diversity and
abundance in Afromontane forest patches in the Eastern Cape,
South Africa

2.1 Introduction

2.1.1 Fragmentation

Fragmentation is a landscape-level occurrence where species survive in habitat remnants and
are confronted with a modified environment of increased isolation, reduced natural area, new
ecological boundaries and a loss of original habitat (Bentley et al. 2000). The forest biome in
South Africa is an extremely fragmented landscape (Lawes et al. 2000), highly susceptible to
both climate changes and fire and is under severe threat from human activities (de Villiers &
White 2002; Mucina & Rutherford 2006). Anthropogenic habitat modification is the largest
cause of habitat loss in the landscape (Fahrig 2003; Ewers & Didham 2006). Due to the rapid
rise in the human population and its resource needs (Mucina & Rutherford 2006), conversion
of forests to agricultural land and the extraction of timber increases results in the loss of
natural vegetation and this therefore leads to forests becoming fragmented into small forest
patches (Schmid-Holmes & Drickamer 2001; Fischer & Lindenmayer 2007).

One of the main consequences of forest fragmentation is the loss of contiguous habitat, which
is the dominant threat to both fauna and flora species globally as it negatively affects both
species richness and genetic diversity (Sala et al. 2000; Fahrig 2003; Asquith & Mejia-Chang
2005; Fischer & Lindenmayer 2007). Landscape modification, such as fragmentation,
classifies threatening processes associated with it into two broad groups; exogenous or
endogenous (Fischer & Lindenmayer 2007). Exogenous threatening processes are
independent of species biology and include threats that often coincide with habitat loss such
as habitat degradation, habitat sub-division and habitat isolation (Liu et al. 2001). An
example would be habitat loss of natural vegetation which is important to many species
through agricultural expansion (Kerr & Deguise 2004). Endogenous threatening processes are
part of the species biology and include changes in behaviour, biology and interactions with



other species (Fischer & Lindenmayer 2007). An example of this could be that landscape
modification leads to changes in home-ranges and this may affect the predation and

competition of a species (Pope et al. 2004).

Fragmentation effects are grouped under five categories: fragment area, fragment isolation,
edge effects (more on this in Chapter 3), and fragment shape and matrix structure (Ewers &
Didham 2006). Firstly, in terms of fragment area, the reduced habitat area threatens
biodiversity because habitat remnants support smaller populations of species and these
populations are therefore at a greater risk of extinction through processes such as reduced
genetic variability and demographic stochasticity (Andren 1994; Asquith & Mejia-Chang
2005; Ewers & Didham 2006; Wilson et al. 2010).

Secondly, in terms of fragment isolation, the distance between remnants is then increased due
to reduced habitats, which impedes inter-patch dispersal of individuals which further
decreases the fragmented landscape’s ability to maintain biodiversity (Andren 1994,
Laurance et al. 2002; Ewers & Didham 2006; Wilson et al. 2010). Small mammals may be
more restricted compared to species such as birds or larger mammals which are more mobile
(Schmid-Holmes & Drickamer 2001).

Fragment shape is the core habitat remaining in a habitat fragment and is determined by the
interaction between fragment area and the perimeter (Ewers & Didham 2006). Fragments
with complex shapes have a greater proportion of edge than core habitat, leading to greater
edge effects of the habitat (Ewers & Didham 2006). An irregular shape can also lead to
division of core habitats, separated by edge-affected habitat (Ewers 2004). One of the most
pertinent characteristics about the shape of habitat fragments is that complex fragments,
which are irregular in shape, are colonised by mobile species more frequently than compact
patches, which are more regular in shape (Collinge & Palmer 2002; Cumming 2002). This is
because the high shape complexity has a greater amount of edge and therefore has an
increased likelihood that the patch will be encountered by a moving individual (Collinge &
Palmer 2002).

Lastly, matrix structure and quality are crucial in determining the abundance and composition
of species within fragments (Cook et al. 2002; Ewers & Didham 2006). Invasion of both

fauna and flora from outside a fragment changes the habitat characteristics within the
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fragment, and the exterior matrix might be hospitable to fragment-dwelling fauna (Gustafson
& Gardener 1996; Lawes et al 2007). There is often species ‘spill-over’ or ‘species overlap’
between fragment and matrix where an overlap occurs along the ecotones of large patches
and in small patches that are dominated by processes common to ecotones (Cook et al. 2002).

As human-dominated landscapes become more expansive, it is important to understand the
effects that this has on fragmented natural habitats (Ewers & Didham 2006). Fragmentation
causes species to survive in habitat fragments with a modified environment of a reduced area,
new ecological boundaries and increased isolation (Ewers & Didham 2006). Due to the
destruction of these natural forests through increased human activities, a large number of
remnant forest patches are now surrounded by non-indigenous vegetation (Wethered &
Lawes 2003). The matrix that surrounds these forest remnants is presently the most connected
and extensive and therefore has the greatest effect on landscape functioning (Forman 1997).
Therefore, to understand the effects of forest fragmentation on forest fauna, fragmented forest
patches must be examined as a part of a dynamic landscape mosaic (Lindenmayer et al.
2002).

2.1.2 Environmental Variables and Small Mammals

There are many environmental variables that may explain the observed patterns in small
mammal abundance and diversity (Andrews & O’Brien 2000). These can include climatic
variables such as temperature and precipitation, microhabitat variables such as herbaceous
cover and plant species richness or physical factors such as altitude, aspect and gradient
(Andrews & O’Brien 2000). Many studies have focused on the effects of individual
environmental variables such as the relationship between habitat area and number of species
in forest fragments (Bower & Matter 1997; Didham et al. 1998; Goodman & Rakotondrvony
2000; Laurance et al. 2002; Wethered & Lawes 2003; Pardini et al. 2005). Some studies
investigated plant richness, potential evaporation and temperature (Andrews & O’Brien
2000) while only a few (Schmid-Holmes & Drickamer 2001; Lawes et al. 2000; Lawes et al.
2005; Kotze & Lawes 2007) have taken into account a combination of environmental
gradients to determine which one or combination of variables has the greatest effect on
abundance and diversity. Rowe (2009) also found that a combination of environmental

variables and not just one are responsible for small mammal variability.



Climate is believed to have an important role in determining the floristic diversity of a habitat
and ultimately affects small mammal diversity (Andrews & O’Brien 2000). However, the
extent of climate-related effects on small mammals is not clear because mammals are
endothermic and are mobile and can therefore tolerate changes in climate. It is also assumed
that mammal diversity is related to plant diversity (Avery 1993) and climate has an effect on
vegetation. Therefore indirectly, climate may have an effect on mammal diversity.
Temperature and rainfall play important roles in maintaining faunal diversity (Yarnell et al.
2007) while individual species distributions are set by temperature and rainfall increases
primary production which leads to increased species diversity (Rowe 2009). In terms of
altitude, the hypothesis for the effects of altitude on small mammals states that diversity will
peak at mid altitudes (Rowe 2009; Kok et al. 2012). This theory is explained by the mid-
domain effect which is defined as the overlap of species ranges towards the centre of a
geographic domain, constrained by geometric boundaries (Colwell & Less 2000). The result

is that there is increased species richness towards the centre of that domain.

The aim of this chapter was to identify which environmental variable or combinations of
variables influence the diversity and abundance of small mammals in fragmented forest
patches in the Eastern Cape during the austral summer. The variables assessed were patch
size, elevation, gradient, mean annual rainfall, mean annual temperature, mean annual

potential evaporation, heat units annually, herbaceous diversity and herbaceous cover.

2.2 Study Sites

South Africa has numerous small forest patches scattered around the eastern and southern
escarpments of the country (Figure 2.1). Nine different forest patches in the Eastern Cape,
South Africa were used as study sites for this part of the study (Figure 2.2). They are all
Afromotane forests patches classified as Southern Mistbelt Forest (Mucina & Rutherford
2006). One of the reasons the Eastern Cape was selected as a study area was because it holds
the majority of forested areas remaining in South Africa yet they occur mainly as fragments
(Low & Rebelo 1996; Hayward et al. 2005).



Figure 2.1: Distribution of mapped indigenous forest units in South Africa and Lesotho
(Mucina & Rutherford 2006)
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Figure 2.2: A Google Earth Map of all nine Afromontane forest study sites in the Eastern
Cape, South Africa.



2.2.1 Southern Mistbelt Forests

Southern Mistbelt Forests occur on south and south-east facing slopes in fire-shadow habitats
along the Great Escarpment in the KwaZulu-Natal and Eastern Cape Provinces of South
Africa (Mucina & Rutherford 2006) (Figure 2.1). Forest patches are found in various sizes
and are found at altitudes between 850 — 1600 m. However, the majority of forests are
between 1000 — 1400 m. At high altitudes, these forests are generally tall (between 15 — 20
meters) and multi-layered, meaning that they have two layers of trees, a well-developed herb
layer and a dense shrubby understorey (Mucina & Rutherford 2006). At lower altitudes,
southern Mistbelt Forests are generally lower with fewer tree layers (Mucina & Rutherford
2006).

In the Eastern Cape, Southern Mistbelt forests are classified as Amotole Mistbelt forests.
They are located on the Transkei escarpment and are characterised by emergent trees of
Afrocarpus falcatus and deciduous and semi-deciduous species such as Zanthoxylum davyi,
Vepris lanceolata, Celtis africana and Calodendrum capense. Some of the endemic
herbaceous taxa include: Eugenia zuluensis, Plectranthus elegantulus, P. rehmannii, Pyrrosia

africana, Streptocarpus bolusii, S. candidus, S. fanniniae, S. silvaticus.

The majority of soils found under Southern Mistbelt Forests have a high nutrient status, are
deep, loamy and are developed on weathered dolerite intrusions or sandstones, shales and
mudstones of the Karoo Supergroup (Mucina & Rutherford 2006). Low-lying forests have
shallower soils and are developed on quartzitic Wittenberg Sandstones or sandstones of the

Karoo Supergroup.

Rainfall is higher during the summer in Mistbelt Forests with a Mean Annual Precipitation
(MAP) of 988mm (Mucina & Rutherford 2006). In addition, precipitation tends to increase
with altitude and increases from west to east across the study area (Mucina & Rutherford
2006). For example, Beggars Bush (33° 17' 16.39" S, 26° 41' 02.24" E) situated 15km East of
Grahamstown has an elevation of 684 m with annual precipitation of 495 mm, while Langeni
Forest (31° 24" 40.95" S, 28° 32' 15.93" E) near Umtata has an elevation of 1092 meters and
an annual precipitation of 1157 mm (Schultze 1997). The Mean Annual Temperature (MAT)
in Southern Mistbelt Forests is 15.7 °© C. However, temperature decreases with both altitude
and latitude (Mucina & Rutherford 2006).
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Table 2.1: The physical variables of each of the nine Afromontane forests in the Eastern Cape, South Africa

Patch Size Herbaceous Herbaceous

Study Site Longitude Latitude Altitude (m) (km?) Gradient Aspect Diversity Cover (%)
Kaggaberg 32°38'49.33"S [26° 04'06.74" E 942 7.9 0.31 S 76 25
Burchells Reserve |33°13'46.75"S |26° 08' 14.22" E 846 1.05 0.3 S 73 22
Dassie Kraans 33°19'43.59"S [26° 30'01.93"E 741 0.1 0.23 SW 24 11
Fort Fordyce 32°40'46.33"S [26°28'17.43"E 1014 6.93 0.27 SW 33 10
Hogsback 32°36'05.08" S [26°55'44.52" E 1164 7.34 0.31 SE 80 21
Langeni 31°24'40.95"S [28°32'15.93"E 1092 1.75 0.18 SE 133 62
Maiden Dam 32°44'06.83"S [27°17'44.78" E 551 10.1 0.04 SE 104 15
Thaba Ndoda 32°48'16.00"S [27°07'44.31"E 867 1.66 0.07 S 100 40
Beggars Bush 33°17'16.39"S [26°41'02.24" E 684 0.67 0.36 S 32 10

11




Table 2.2: The climate variables of each of the nine Afromontane forests in the Eastern Cape, South Africa

Mean Annual | Mean Annual Potential Heat Units Annually Mean Annual

Study Site Rainfall (mm) Evaporation (mm) (°days) Temperature (°C)
Kaggaberg 537 1723.3 108.9 16.7
Burchells Reserve 412 1884.8 111.3 14.5
Dassie Kraans 576 1761.6 114.7 13.1
Fort Fordyce 701 1771.7 111.8 12.4
Hogsback 1371 1675.8 103.6 11.9
Langeni 1157 1578.8 101.3 13.7
Maiden Dam 898 1719.5 119 12.4
Thaba Ndoda 653 1723.7 118.4 13.3
Beggars Bush 495 1734.8 118.6 13
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2.3 Methods

2.3.1 Experimental Design

To identify the impacts that different forests patches may have on small mammals, nine
different forests were chosen in the Eastern Cape Province, South Africa. These nine forests
were selected as they were known to be accessible, span the range of the climatic gradient
and varied in size, altitude and latitude. These nine forests were: Fort Fordyce Forest, Thaba
Ndoda Forest, Hogsback Forest, Dassie Kraans Forest, Langeni Forest, Burchell’s Reserve
Forest, Maiden Dam Forest and Kagaberg Forest (Figure 2.2). All the forests sampled were
Southern Mistbelt Forests and were all found on Southern-facing slopes. The nine forest
patches were sampled for small mammals during the Austral Summer in 2013 (between
January and the beginning of March). The summer season was chosen as this is when small
mammals are most active due to the warmer temperatures (Skinner and Chimimba 2005). At
each site, three transects of 30 Sherman Traps (229 x 76 x 89 mm) (Pearson & Ruggiero
2003; Kok et al. 2012) were laid out perpendicular to the slope, with transects located along
contours at the top, middle and bottom of the slope. In each transect, traps were spaced ~10
meters apart (Pearson & Ruggiero 2003; Keller & Schradin 2008), while transects were
spaced between 50 to 100 meters apart from one another depending on forest size. A study in
South Africa on coastal dune forests showed that transects spaced 50 m apart or more showed
sufficient sampling independence for millipedes, birds and rodents (Weiermans & van Aarde
2003). Therefore, transects were assumed to be statistically independent.

2.3.2 Trapping Protocol

Live-trapping allows the captured species to be identified, sexed, weighed and marked for
possible recapture (Jones et al. 1996). Sherman Traps are effective at capturing small to
medium sized rodents (20 — 50 g) and have been used successful in a number of studies on
small mammal diversity (Maddock 1992; Madikiza et al. 2010; Wilson et al. 2010; Kok et al.
2012). The thermoregulatory demands of small mammal’s increases due to stress caused by
captivity or due to capture during colder periods (especially winter) and needs to be
minimised (Sikes et al. 2011). This was done by ensuring a sufficient supply of food and

nesting material within the live trap (Sikes et al. 2011). The bait used to capture small
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mammals was a mixture of oats with peanut butter as this was found to be the most
successful bait for trapping small mammals (Schmid-Holmes & Drickamer 2001; Kok et al.
2013). A ball of cotton wool was used as nesting material and this was sufficient to separate
the small mammal from the conducting surface of the metal trap and keep them warm during
periods of cold temperatures (Sikes et al. 2011). Traps were placed next to prominent
microhabitat features such as rocky terrain, logs or tree trunks to increase the likelihood of

small mammal capture (Stephenson 1994; Schmid-Holmes & Drickamer 2001).

Trapping periods within each forest patch lasted between three to five consecutive nights and
these varied due to time constraints (Caro et al. 2001; Schmid-Holmes & Drickamer 2001,
Yarnell et al. 2007). Traps were inspected once a day in the morning (Stephenson 1994; Van
Aarde et al. 1996; Schmid-Holmes & Drickamer 2001). If a species was caught in a trap, it
would be transferred to a ziplock bag, where it could be photographed, identified and marked
so as to identify if the individual had been caught previously. If an individual was caught
with no markings, it was toe or hair-clipped (Van Aarde et al. 1996). The species, location on
transect and if it was a unique or a recaptured individual were marked on a recording sheet.
Initially hair-clipping was done to identify recaptures, but the possibility of doing a genetic
study as an adjunct project was considered, and toe-clipping was then used. The genetic
material of one species collected (Graphiurus murinus) has since been used in a small student

project.

Individuals that were toe-clipped had the toe tissue stored in 100% ethanol for DNA studies
on genetic diversity (Sikes et al. 2011). Toe clipping is a widely recognised practise and
serves a dual role: it is a permanent marking method, and can hence facilitate the calculation
of the number of individuals caught per species using mark-recapture methods (Southwood &
Henderson 2000), and it is also used as a non-lethal method to acquire DNA material for
genetic studies (Gannon et al. 2007). Toe clipping was performed using sharp sterilized nail
clippers (Braude & Cizek 1998; Gannon et al. 2007). Nail clippers were sterilized between
samples by washing them in 97% ethanol followed by flaming (Braude & Cizek 1998) and
toes were clipped at the first digit (Pavone & Boonstra 1985). Previous studies have
conclusively demonstrated that toe-clipping does not significantly affect the survival (Pavone
& Boonstra 1985) or weight loss, a surrogate for stress, (Korn 1987; Wood & Slade 1990).
Ethical clearance for this study was obtained prior to the commencement of the fieldwork
from the Rhodes University Ethical Standards Committee (clearance number: ZOOL-07-
2012).
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2.3.3 Data Analysis

Nine environmental variables likely to influence small mammal diversity and abundance
were selected to be included in the analysis, namely: patch size (km?), patch elevation (m),
gradient, mean annual temperature (°C), mean annual rainfall (mm), mean annual potential
evaporation (mm), heat units annually (° days), herbaceous diversity and herbaceous cover
(%). The co-ordinates (Longitude and Latitude), elevations (meters) and gradients
(elevation/distance) for each forest were identified or calculated using Google Earth. The
gradient of the entire forest was calculated on Google Earth using the elevation and distance
from highest point to lowest point within the forest. The elevation was calculated by taking
the average elevation of the forest. The data for mean annual rainfall, mean annual
precipitation, mean annual potential evaporation and heat units annually were found using SA
Atlas on Agrohydrology and Climatology (Schultze 1997) on ARCview version 10 (ESRI,
Redlands, California). Forest patch sizes were calculated using Google Earth and the
freeware earthpoint.us which used boundary co-ordinates of the forest from Google Earth to
calculate the areas (earthpoint.us). Herbaceous diversity was the total number of herbaceous
species found in several quadrats within the forest while herbaceous cover was calculated by
taking the average estimate of herbaceous cover (%) at several sites within each forest. These
latter data were obtained from an unpublished MSc study conducted by Ms. A. Matiwane.

In order to determine the completeness of sampling, rarefaction curves were constructed for
species richness at each site. This was done using the Estimate S v8.2 where individuals are
set as samples and were then calculated using the ICE and Chao 2 estimators compared to the
observed richness (Colwell 2005). To determine which environmental variable or
combination of variables were the most significant on small mammal diversity and
abundance, a multi-model selection procedure was performed (Burnham & Anderson 2002;
Archibald et al 2005).The number of individuals and the species richness of small mammals
caught each day in each forest were incorporated as dependent variables for a best subset
multiple regression model selection using the Akaike Information Criterion (AIC) in the R
Studio statistics program (Akaike 1983; Burnham & Anderson 2002; Archibald et al 2005).
Firstly, Generalized Linear Models (GLMs) were set up for the number of captures per day
and the species richness per day in each forest with the most complex models initially run.

Secondly, the independent variables were tested for co-linearity and normality (Burnham &
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Anderson 2002) using variance inflation factors (VIFs), calculated using the ‘car’ package in
R (Fox & Weisberg 2011) where no values were >2 (indicating no problematic multi-
collinearity (Menard 1995)). The model was run with all the variables and the variable with
the highest value removed and the model rerun and variables removed until the model was
left with all the variables having a value of less than 2 (Painting & Holwell 2014). The
analysis found that Heat units, Mean annual rainfall, herbaceous cover and herbaceous

diversity had values greater than 2 and were therefore excluded from the analysis.

Multiple regression models were then constructed for each dependant variable and every
combination of variables giving a combination of models for each diversity measurement.
The second order AIC. scores were used instead of normal AIC scores due to the small
sample size (n = 9 sites) relative to the number of variables selected (Burnham & Anderson
2002; Rowe 2009; Symonds & Moussalli 2011). . Finally, a GLM was performed on the best
model from the AIC data which is the model at the top of the AIC results. All statistical
analyses AIC model building and GLMs were calculated in R Studio (RStudio 2014) and the
R script used can be found in Appendix A.

2.3.4 Overall trapping results

The trapping results were summarised by seven parameters. These were the number of
captures, the number of unique individuals caught, number of recaptures, traps success,
species richness and Shannon diversity. A trap night was defined as the number of traps
active per 24 hours (Rowe-Rowe & Meester 1982). Trap success was calculated by taking the
total number of small mammal captures divided by the number of trap nights and multiplied
by 100 (Rowe-Rowe & Meester 1982). Species richness was the number of observed small
mammal species, which according to Magurran (2004) is a count of the number of different
species observed from sampling at a site. The other classification of species richness is true
species richness which is the total number of species present at a site during sampling
(Magurran 2004). This, however, is almost impossible as not all species are likely to be
sampled by means of physical sampling during the three to five trap nights at sites (Magurran
2004). Therefore, the species richness represented throughout the analyses will be observed
species richness as this can be used to calculate other diversity measures (Magurran 2004).
The Shannon diversity index was used to analyse heterogeneity (Shannon 1984) using the

following equation:

16



5
H= —sz' In p;
i=1

H’ is diversity, s is the number of species, p; is the proportion of species found in the ith

species (Rowe-Rowe & Meester 1982; Magurran 2004).

17



2.4 Results

Table 2.3: Summary of trapping data for nine different forests sampled during the summer season of 2013 in the Eastern Cape, South Africa.

No. of Trap Trap Success Species Shannon
Study Site No. of Captures | No. of Individuals | No. of Recaptures Nights (%) Richness Index
Kagaberg 3 3 0 450 0.67 2 1.89
Burchells
Reserve 12 11 1 270 4.44 2 1.84
DassieKraans 3 3 0 270 1.11 2 1.89
Fort Fordyce 2 2 0 450 0.44 2 2
Hogsback 8 6 2 450 1.78 2 1.89
Langeni 16 13 3 270 5.93 2 1.33
Maiden Dam 3 2 1 270 1.11 2 1.89
ThabaNdoda 3 2 1 450 0.67 2 2
Beggars Bush 28 23 5 450 6.22 3 1.68
Total 78 65 13 3330 4

There was a total of 78 captures of which 65 were individuals and 13 recaptures over 3330 trap nights across the nine forest patches in the

Eastern Cape (Table 2.3). The overall trap success was very low at 2.34 %. At eight of the nine sites only two species were caught, however the

two species varied at each site while three species were found at Beggars Bush. Photographs of the nine forest can be found in Appendix B,

Figures5to 7.
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Figure 2.3: Rarefaction curves of species sampled in each of the nine forests. A — Beggars
Bush, B — Burchells Reserve, C — Dassie Kraans, D — Fort Fordyce, E — Hogsback, F —
Kaggaberg, G — Langeni, H — Maiden Dam & | — Pirie.



Figure 2.3 shows that sampling saturation was achieved in the majority of the forest sites
sampled. This means that the observed species richness was equal to the two estimators (ICE
mean and Chao 2 mean) at Beggars Bush, Burchells Reserve, Dassie Kraans, Fort Fordyce,
Hogsback and Kaggaberg forests. While at Langeni, Maiden Dam and Pirie forests the

observed richness was slightly greater.
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Figure 2.4: Total number of small mammal captures at the nine forest sites in the Eastern
Cape, South Africa.

Overall, four species of small mammals were caught; Aethomys namaquensis (Namaqua
Rock Mouse), Myosorex varius (Forest Shrew) Graphiurus murinus (Woodland Dormouse)
and Mastomys natalensis (Multimammate Mouse) (Figure 2.4). Mastomys namaquensis had
the highest number of captures but was only found in Beggars Bush and one caught at
Maiden Dam. M. varius was the next most captured species in Langeni and it was the only
species to be caught at each of the nine forests. While G. murinus was also caught at each of
the nine sites. The photographs of each of the species caught and the forests can be found in
Appendix B, Figure 1. The raw data for this figure can be found in Appendix C, Table 1.
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Table 2.4: GLM table of

Species Richness

coefficients of the best AIC models for Individual Captures and

Individual Captures Estimate Std Error z value Pr(>|z|)
Intercept 7.821 2.693 2.905 0.003
Gradient 4.989 1.356 3.68 0.002
MAPE -0.005 0.002 -2.78 0.005
Patch Size -0.179 0.041 0.041 0.007

Species Richness
Intercept -0.568 0.479 -1.186 0.236
Gradient 2.79 1.708 1.634 0.102

Table 2.4 shows the best model from the AIC analysis for both individual captures and

species richness. From the table it can be seen that for individual captures, as gradient

increase so does the individual captures while when Mean Annual Potential Evaporation

(MAPE) and patch size increase, individual captures decreases.
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2.4 Discussion

In this study the average trap success of the nine forests was 2.34 %. In a similar study, in
different sized Brazilian Atlantic forest fragments trap success was similar at 2.39 % (da
Fonseca & Robinson 1990). However, a study by Schmid-Holmes & Drickamer (2001) in the
temperate woodlands of southern Illinois, USA, showed that trapping success varied in
different years, having a success rate of around 50 % in 1996 and around 14 % in 1997. In a
fragmented forest in Queensland Australia, trap success was 2.9% (Laurance 1994). These
show that trap success does vary; however, the study in Brazil which is closest in
methodology does have a similar trap success.

Across all nine forests only four small mammal species were found. M. varius was the only
species to be found in all nine study sites while the next most common species was G.
murinus which was found at six sites (Figure 2.4). Graphiurus murinus has a large
distribution over South Africa and is found in a wide range of habitats from grasslands to
rocky areas, however, within the Eastern Cape they are only found in forests (Mzilikazi et al.
2012) and in particular have been found in Afromontane forests. This could be a possible
reason for finding this species in six of the nine forests sampled. Mastomys natalensisis often
found in forest clearings but rarely in the forest itself (Coetzee 1975) and is often the first
coloniser in areas recovering from disturbance before it gets replaced by specialist species
through succession (Perrin et al. 2001). This possibly explains why it was caught so few
times in the forests sampled and possibly why it was caught in Langeni as the natural forest

in surrounded by pine plantations and forest clearings.

Apart from Beggars Bush, there were a relatively low number of total captures, number of
individuals and species richness which affected the Shannon Index values due to these low
numbers. Interestingly, the two sites that had the most captures (Langeni - 16 and Beggars
Bush - 28) had the most varied environmental variables compared to each other. For every
variable, apart from mean annual temperature, the one site would have a high value and the

other a low.

The graphs in Figure 2.3 show that sampling saturation was achieved in six of the nine sites.
This means that the sampling effort was sufficient in those six sites, showing a true
representation of the small mammal community at each site. The three that did have the
richness estimators greater than the observed were however, never greater than one. This

means that overall, the methods used to sample the small mammal richness at these sites was
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sufficient for this study. Other studies also found that sampling saturation was achieved
between 4 — 5 days (Caro et al. 2001; Schmid-Holmes & Drickamer 2001; Yarnell et al.
2007; Avenant 2011).

The analysis of environmental variables on captures and species richness (Table 2.4) shows
that only gradient affected both dependant variables. The GLM analysis found that when
gradient increases, captures and species richness also increase while when patch size (-0.179)
and MAPE (-0.005) increase, captures decreases. It would therefore seem that variables
measured at both larger spatial scales (MAPE) and local spatial scales (gradient and patch
size) both play roles affecting small mammal community structure. These results should,
however, be analysed with the number of captures and species richness recorded at each site.
Both are very low and because of these low captures and number of species, this effects the

results and is difficult for true conclusions to be drawn from this.

Not many articles have been published about the effect of gradient on small mammals,
however, many papers have been published on elevational gradients (altitude) and it has been
found that there is a clear pattern of mid-elevational peaks in species richness (McCain 2005;
Rowe 2009; Kok et al. 2012).Factors such as food and shelter are crucial to small mammal’s
survival to reproduce and survive (Hansson 1978, Hansson 1997; Andrews & O’Brien 2000)
and therefore food sources and vegetation structure should affect the diversity and abundance
of small mammals. However, my results found herbaceous cover and diversity to be too
highly correlated to the other variables and were therefore not included. Other studies found
different results; Ecke et al. (2001) found the cover of logs (coarse woody debris) to be of the
greatest importance to explain small mammal diversity and abundance in birch and
coniferous forests in northern Sweden. It is generally believed that cover from vegetation and
logs as well as the scrub layer are three crucial variables to provide small mammals with food
and protection from predation (Ecke et al. 2001). Hansson (1978) demonstrated that rocky
outcrops and dense herbaceous cover were the two variables in forests that showed greater
small mammal abundance. In Beggars Bush, there were many rocky outcrops throughout the
forest and it was near these physical features where the majority of captures occurred. It is
believed that these rocky outcrops are ideal for small mammals to escape predation by being
in close proximity to them (Hansson 1978). Therefore, measuring the rocky outcrops in a
forest could have been another variable to include as other factors such as rainfall and

temperature have no effect on them..
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Schmid-Holmes & Drickamer (2001) undertook a similar study on the effects of forest patch
characteristics (patch size, shape, isolation, vegetation characteristics and microclimate) on
small mammal communities in the temperate woodlands of southern Illinois, USA. Their
study revealed that different small mammal species respond differently to environmental
gradients, possibly due to ecological requirements. Their study found that temperature
conditions did have an impact on small mammal abundances while spatial characteristics
such a patch size and shape had little impact. Andrews and O’Brien (2000) found that mean
annual temperature has little relation to mammal diversity and it is only large mammals (45-

90kg) that are correlated with annual temperature, similar to results obtained here.

This study showed that patch size does have an impact on abundance, which is in agreement
with Bower & Matter (1997) but is in contrast to other studies which show that patch size has
a minimal impact of small mammal abundance (Schmid-Holmes & Drickamer 2001).
Conversely to my study, other studies found that small patch sizes (>1km?) have fewer
species and that species are less abundant with decreasing patch size (Didham et al. 1998;
Goodman & Rakotondrvony 2000; Nupp & Swihart 2000; Laurance et al. 2002; Pardini et al.
2005). However, Goodman & Rakotondrvony (2000) show that the sampling effort decreased
with the decreasing size of the forest and this could have led to some bias in the analysis. In
my study, patch size was inversely related to captures. However, a possible reason for this
could be that the forest patches in my study did not represent a sufficient range of sizes to

determine environmental gradients.

It must be noted that different environment gradients also affect small mammal abundances at
different temporal scales. For example, temperature conditions will affect abundances at a
short temporal scale while gradients such as forest structure will affect abundance at a longer
temporal scale. Small mammals are well known to have inter-annual population fluctuations
and this may obscure the impact of some environmental gradients on small mammal
abundances in different sampling years (Schmid-Holmes & Drickamer 2001). Therefore, in
order to get a true representation of the impacts of temporally different environmental

variables, a study site would have to be observed over a longer period of time.

In conclusion, gradient, patch size and mean annual potential evaporation are the combination
of variables that have a high probability of affecting the abundance of small mammals in
Eastern Cape forests while gradient alone effects the species richness. However, the study
had low capture rates and found the species richness to be low even though sampling
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saturation was achieved. Lawes et al. (2000) and Lawes et al. (2007) found that
Afrotemperate fauna have a low species richness, fewer forest specialists and are vulnerable
to invasion by generalist species from surrounding habitats. This therefore shows that my
findings of low species richness and the universal presence of generalists such as G. murinus

are similar to other South African Forest studies.

25



Chapter 3

The role of seasonality on the diversity and abundance of small
mammals at the edge of an Afromontane forest patch, Eastern
Cape, South Africa

3.1 Introduction

3.1.1 Climate and Fragmentation

Climate change and destruction of natural habitats are two of the greatest threats to
biodiversity (Travis 2003). This is because specialist species with low colonization ability
and distribution are prone to extinction from both climate change and habitat destruction
(Travis 2003). The susceptibility of a species to climate change may increase due to habitat
fragmentation and therefore reducing the ability of the species to survive (Travis 2003).
Changes in temperature and precipitation influence the frequency, duration and intensity of
natural disturbances such as fire, drought, windstorms or introduced species (Baker 1995).
This chapter looks at the effects of short term seasonal changes rather than the long term
effects of climate change.

Due to isolation through fragmentation, species become vulnerable to extreme weather and
seasonal changes because range expansion is restricted (McLaughlin et al. 2002; Opdam &
Wascher 2004; Ewers & Didham 2006). An example of this was found by McLaughlin et al.
(2002) where changes in precipitation amplified population fluctuations in the checkerspot
butterfly (Euphydrase dithabayensis) and this led to the local extinction of two isolated
populations. McLaughlin et al. (2002) considered that throughout its history, the checkerspot
butterfly must have persisted through much larger variations in climate but would have only
become susceptible to local extinctions through reduced habitat.

Species responses to seasonal changes, depends on a number of factors, such as the biology
of the species, degree of resource specialisation, intensity of fluctuations and the
presence/absence of predators (Leigh 1982). Therefore different species may respond
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differently to seasonal changes within the same community. Hence, seasonal changes from
hot summers to cold winters could affect small mammal behaviour. Within disturbed habitats,
such as fragmented forest patches, where their isolation, patch size and edge effects already
play possible roles in changing the behaviour of small mammals, seasonal changes in climate

could affect their behaviour due to these fragmentation characteristics.

Small mammals may change their behaviour due to changes in climate in various ways. One
way is through seasonal hypothermia, which is the lowering of body temperature during
colder months to conserve energy, while many species also breed seasonally (Eisenberg &
Gould 1970; Stephenson 1994). It could therefore be expected that the abundance and
diversity of small mammals would differ during different seasons of the year. The seasonal
effects on small mammals can also be related to climate changes throughout the year.
Andrews & O’Brien (2000) found that the effects of climate on mammal diversity are indirect
and that climate affects the growth of vegetation which is a source of food and shelter for

mammals and therefore has an indirect effect on mammal diversity.

3.1.2 Habitat Edges and Edge Effects

Habitat edges and their effect on vertebrate species are extensively studied by ecologists as
their responses are crucial in understanding landscape structure and quality of habitat (Ries &
Sisk 2004). Edges are defined as the border between patches of differing qualities as
perceived by a specific individual of species and this alters their behaviour (Lidicker 1999;
Strayer et al. 2003). Edges therefore separate habitat types, are species specific and edge
widths vary with habitat types (Lidicker 1999). These habitat edges have important effects on
the abundance and diversity of fauna and flora (Harris 1988; Fischer & Lindenmayer 2007).
This is because habitat fragmentation diminishes habitat quality by increasing the proportion
of habitat edge exposed to the surrounding matrix and some species may utilize these habitat
edges differently compared to core habitats (Schmid-Holmes & Drickamer 2001; Wilson et
al. 2010). The extent to which exterior environmental conditions penetrate a habitat fragment
is determined by the conditions in the matrix surrounding a habitat fragment (Ewers &
Didham 2006). These reduce the unaffected portions called core habitats and therefore
increase the risk of extinction for species that inhabit the fragment (Ewers & Didham 2006;
Wilson et al. 2010).

The outermost section of a forest, adjacent to the edge, becomes a zone of transition where

changes in microclimate, species composition and vegetation structure occur (Stevens &
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Husband 1998). With the consequences of habitat fragmentation, edges can have both
positive, negative or have no effects on biodiversity depending on the specific edge or type
encountered; these are known as edge effects (Ries & Sisk 2004). For example, a positive
effect is that edges often result in a more diverse and greater vegetative complexity due to the
mixture of two or more habitat types and therefore providing a combination of food and
shelter (Heske 1995). Initially, when edge effects were first described by Leopold (1933), it
was thought that all edges had positive effects on diversity and were encouraged by wildlife
managers (Lidicker 1999; Harper et al. 2005). However, more recent findings suggest that the
nesting success of songbirds decreases and predation and parasitism increase at forest edges
(Gates & Gysel 1978). Increasing the habitat edge will also increase the fragmentation and
isolation of patches, therefore decreasing population sizes and the potential movement
between patches (Lidicker 1999).

Edge effects are changes in biological and physical conditions at an ecosystem boundary and
can therefore be abiotic and biotic (Murcia 1995). Abiotic edge effects are changes in the
physical conditions such as temperature, humidity and soil nutrients (Chen et al. 1990;
Matlack 1993). Biotic edge effects are changes in biological variables such as species
composition and predation (Malcolm 1994; Valladares et al. 2006). However, edge effects
can also be caused by ecological flows across edges (Candenasso et al. 2003), changes in
interspecific interactions (Fagan et al. 1999) or a combination of some of these and other
factors. Ultimately the magnitude of these effects depends on the type and extent of human
activity as well as the species under consideration (Schmid-Holmes & Drickamer 2001,
Ewers & Didham 2006). Nupp & Swihart (2000) suggest that habitat fragmentation may
affect behaviourally inflexible species and habitat specialists more than habitat generalists

and behaviourally flexible species.

Three mechanisms have been identified as the most common mechanisms to explain
increased abundance near edges: spill over, edges as enhanced habitats and complementary
resource distribution (Ries & Sisk 2004). Spill over occurs when individuals cross the
boundary into habitats that are not their preferred habitat due to proximity and the edge may
be enhanced by its adjacency to a higher quality habitat (Shmida & Wilson 1985). For
example, forests near open edges will be hotter, drier and have more light compared to forest
interiors (Chen et al. 1999). By contrast, open habitats near forest edges will have lower
temperatures and higher humidity resulting from increased shade from trees (Cadenasso et al.

1997). The second mechanism that enhances edge effects is by containing resources rare or
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absent from adjoining patches (Ries & Sisk 2004). Complimentary resource distribution is
the third mechanism, which occurs when the edge allows easiest access to different resources
found in bordering patches (McCollin 1998; Fagan et al. 1999).

The forest edge has a strong influence on the microclimate of a forest fragment (Turner
1996). A tall and relatively continuous forest canopy produces a cool, dark and humid
microclimate (Turner 1996) in the forest interior, while at the edges there is an increase in
temperature, up to 2° C (Nichol 1994), and a decrease in humidity. These effects on
microclimate have been recorded up to 40 meters into the interior (Kapos 1989) while others

have found the extent to be much less, around 7 — 12 meters (MacDougall & Kellman 1992).

The depth of edge effects varies widely from a few meters to a couple of kilometres
depending on the ecological boundary type and the specific edge effect (Fischer &
Lindenmayer 2007). The surrounding matrix is the most extensive landscape element and
therefore has the dominant impact on landscape functioning. In South African Afromontane
forests, the fragmented remnants are dominated by grassland matrices and this has had an

effect on how forest species evolved (Wethered & Lawes 2003).

The aim of this study was to compare the seasonal changes in small mammal diversity and

abundance at a forest edge in an Afromontane forest in the Eastern Cape, South Africa.
3.2 Methods

To assess the influence of seasonality on small mammal community structure, a small forest
patch (0.67km?) located in the Beggars Bush Nature Reserve near Grahamstown, was
selected. This particular forest was chosen due to its close proximity to Rhodes University
and had the right characteristics; a small and isolated Afromontane forest patch (See Chapter
2). This site was visited twice during each season: One sampling event comprised five
consecutive trap nights within the core forest habitat (Stephenson 1994) and the second four
consecutive trap nights at the forest edge (Wilson et al. 2010). This was done because

captures were compared between the forest edge and within the forest core.

Within the forest, three transects each of 30 Sherman Traps (229 x 76 x 89 mm) were laid out
perpendicular to the slope, with transect lines located along the top, middle and bottom of the
slope (Pearson & Ruggiero 2003). In each transect, traps were spaced ~10 meters apart
(Pearson & Ruggiero 200; Keller & Schradin 2008), and transects were spaced ~80 meters
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apart instead of 100 meters apart (See Chapter 2) due to the small forest size (Figure 3.1).
The first transect line was spaced only 50 meters away from the forest edge, again this was

due to the small forest patch size.

Grassland

30 Traps

Transect 1

Transect 2

Transect 3

Figure 3.1: Diagram of the trapping layout for the seasonal forest study in the Beggars Bush

Forest, Eastern Cape, South Africa

At the forest edge, three transect lines spaced 100 meters apart were laid out perpendicular to
the forest border (Wilson et al. 2010). Along the transect, 75% of the traps were within the
forest and 25% were in the neighbouring grassland (Wilson et al. 2010). At Beggars bush, the
forest edge is situated on the top of a South-facing slope, adjacent to a grassland matrix
(Figure 4 in Appendix B). Three transects lines were used that ran from the grassland at the
top and down into the forest core (Figure 3.2). Due to the small size of the forest, only 20
Sherman traps were used in each transect with five traps (25%) placed in the grassland and 15
(75%) placed in the forest along each transect (Wilson et al. 2010). Captured small mammals
were hair-clipped or toe-clipped to identify if the individual had been recaptured during the
four trap nights. If an individual was recaptured, it would be marked on the recording sheet.
Due to its small size, captured M. varius individuals were not toe or hair clipped.

The reason for the two different sampling methods is because literature cited different
methods for sampling small mammals within the forest (Pearson & Ruggiero 2003) and
compared to sampling at the forest edge (Wilson et al. 2010). Also, only after the sampling
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was it decided that the edge and forest interior would be compared seasonally as opposed to

analysed separately against seasonal differences.
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Figure 3.2: Diagram of the trapping layout for the seasonal edge effects in the Beggars Bush

Forest, Eastern Cape, South Africa.

Photographs of the transects located in Beggars Bush can be found in Appendix A, Figure 2

and Figure 3.
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3.3 Results

3.3.1 Total and Individual Small Mammal Captures

60 -
50 -
$ 40 -
‘E_ B Winter 2012
T 30 - .
o Hm Spring 2012
©
§ 20 - = Summer 2013
B Autumn 2013
10 -
B Winter 2013
O .
R. pumilio A. M. varius  G. murinus
namaquensis
Species

Figure 3.3: Total small mammal captures per season in Beggars Bush Forest Interior, Eastern
Cape, South Africa. (R. pumilio — Striped Field Mouse, A. namaquensis — Namaqua Rock
Mouse, M. varius — Forest Shrew & G. murinus — Woodlands Dormouse.
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Figure 3.4: Unique individual small mammal captures per season in Beggars Bush Forest
Interior, Eastern Cape, South Africa. Note: In the first Winter collection, no fur or toes were

cut to identify individuals.
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Within the forest, over the five sampling periods (Winter and Spring 2012; Summer, Autumn
and Winter 2013) four species of small mammal were caught (Figure 3.3 and 3.4). The
species, total number of captures and number of individual captures (in brackets) for each
species were: Aethomys namaquensis (Namaqua Rock Mouse) n = 134 (43), Myosorex varius
(Forest Shrew) n = 28 (25), Graphiurus murinus (Woodlands Dormouse) n = 24 (13) and
lastly the Rhabdomys pumilio (Striped Field Mouse) n = 8 (4).

Seasonally, within the forest, there were changes in abundance and diversity for both total
captures and individual captures (Figure 3.1 and Figure 3.3). Aethomys namaquensis and M.
varius were the only two species caught in all five sampling sessions while R. pumilio was
only caught during the Spring sampling trip. Graphiurus murinuswas only caught in
Summer, Autumn and in the Winter 2013 sampling session but not in 2012. There were no
individual captures in the 2012 Winter period as this was a trial sampling session and
individuals were not toe or hair clipped to identify individual species (Figure 3.3). Due to its
small size, captured M. varius individuals were not toe or hair clipped within and at the edge

of the forest and therefore recaptured individuals could not be identified.
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Figure 3.5: Total Small mammal captures per season at the Beggars Bush Forest Edge,

Eastern Cape, South Africa
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Figure 3.6: Individual Small mammal captures per season at the Beggars Bush Forest Edge,

Eastern Cape, South Africa.

At the edge of the forest, over four consecutive seasons (Winter and Spring 2012 and
Summer and Autumn 2013), a total of four small mammal species were caught and they were
the same four species that were caught within the forest. The species, total number of
captures and number individual captures (in brackets) for each species were (Figures 3.5 and
3.6). A. namaquensis n = 143 (86), M. varius n = 20 (20), G. murinus n = 27 (16) and R.
pumilio n = 136 (90).

Unlike within the forest core, all four species were caught in every season at the edge.
Aethomys namaquensis was caught the most in every season except in Spring, where R.

pumilio was caught more frequently.

Aethomys namaquensis, G. murinus and R. pumilio had more individual and total captures at
the edge than within the forest (Figures 3.3 to 3.6). Only M. varius was caught within the
forest more frequently than it was caught at the forest edge (Figure 3.4 and 3.6). Seasonally,
R. pumilio was caught more in each season at the edge than within the forest. Aethomys
namaquensis was only caught more times within the forest than at the edge during Spring
while M. varius was only caught more times at the edge during the Summer (Figures 3.3 to
3.6). Lastly, G. murinus was caught more times at the edge for every season than within the
forest, except in the winter of 2013 where it was caught more than the previous winter within
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the forest. In terms of the total number of each species caught; A. namaquensis, G. murinus
and M. varius had similar captures at the edge compared to within the forest (Figure 3.3 and
3.5). The only difference was that at the edge, of the total R. pumilio captures, 94% (136)
were caught at the edge while there were only eight total captures within the forest.

3.3.2 Trapping Summary

Table 3.1: Summary of trapping data during five consecutive seasons, within the Interior of

Beggars Bush Forest, Eastern Cape, South Africa

Number of | Trap
Total Number of | Number of Trap Success | Species | Shannon
Captures | Individuals | Recaptures Nights (%) Richness Index

Winter 26 26 0 450 5.78 2 1.43
Spring 72 32 40 450 16 3 1.66
Summer | 28 15 13 450 6.22 3 1.68
Autumn | 35 18 17 450 7.78 3 1.87
Winter 2 | 33 20 13 450 7.33 3 1.97
Total 194 111 83 2250 8.62 4

Within the forest, a total of 194 captures occurred over the 2250 trap nights with a trap
success of 8.62% over the whole sampling period (Table 3.1). A total of 111 were individual
captures while 83 were recaptures. Spring had the most total captures (72) and individual
captures (32) while Summer had the least total captures (28) and individual captures (15). In
terms of diversity indexes, the highest Shannon index value was in Winter 2013 (1.97) while
the lowest was Winter 2012 (1.43) with the other values very similar. The raw data can be

seen in Appendix C, Table 2.
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Table 3.2: Summary of trapping data during four consecutive seasons at the edge of Beggars

Bush Forest, Eastern Cape, South Africa.

Number | Trap

Total Number of | Number of | of Trap | Success | Species | Shannon

Captures | Individuals | Recaptures | Nights (%) Richness | Index
Winter 48 32 15 240 20 4 1.24
Spring 83 55 27 240 34.58 4 1.27
Summer | 86 52 34 240 35.83 4 1.63
Autumn | 109 71 38 240 45.42 4 1.49
Total 327 210 114 960 33.96 4

At the forest edge, 327 captures occurred over a total of 960 trap nights resulting in an overall
trap success of 34% (Table 3.2). A total of 210 individuals were caught while 114 were
recaptures. Autumn had the most total captures (109) and individual captures (71), Spring
and Summer had a similar amount of total captures (83 and 86 respectively) and individuals
captures (55 and 52 respectively) while Winter had the lowest total (48) and individual (32)
captures. Summer had the highest Shannon index value (1.63) while winter had the lowest

(1.24). The raw data can be seen in Appendix C, Table 3.

The number of trap nights at the edge and within the forest varied due to differing
methodology (See methods). The forest had 450 trap nights (3 transects x 30 traps x 5 nights)
while the edge had 240 trap nights (3 transects x 20 traps x 4 nights). Yet, although the forest
interior had more trap nights, the forest edge had more total captures (326), more individuals
were caught (210), had more recaptures (114), a higher trap success (33.96%), and in each
season, all four species found in Beggars Bush were caught. In each season, the forest edge
also had the most total and individual captures than the forest interior.
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3.3.3 The effect of the forest edge

Table 3.3: Total abundances of small mammals caught at the forest edge between the two
habitats (grassland and forest) and the dividing edge at Beggars Bush Forest, Eastern Cape,
South Africa. (T1 —-T20 refers to the trap number along the transect)

Grassland (T1-T4) | Edge (T5-T6) | Forest (T7-T20) | Total
R. pumilio 108 27 2 137
A. namaquensis | 0 0 143 143
M. varius 5 2 13 20
G. murinus 0 3 24 27
Total 113 32 182 327

Different species preferred different habitats (Table 3.3). Rhabdomys pumilio (137 captures)
and A. namaquensis (143 captures) make up the majority of captures (86%) in all three
transects over all four seasons. Seventy nine percent of R. pumilio captures were in the
grassland and 20% on the edge while 100% of A. namaquensis captures were in the forest
core. Myosorex varius was the only species that truly caught in all three transects across
ecotones although it was mainly caught in the forest core (65%). Lastly, G. murinus was
caught 89% of the time in the forest core and the rest of the captures were along the forest
edge. All species were caught in the forest core while only two were caught in the grassland
(R. pumilio and M. varius) and all were caught along the edge except A. namaquensis (Table
3.3). The forest core had the majority of captures (56%), but it did contain the majority of
traps. Therefore, the trap success of each habitat was the grassland at 59%, the edge at 33%
and the forest at 27%.

At the forest edge, all four species were caught in every season but in varying abundances
and habitat (Figure 3.2). Aethomys namaquensis (143 captures) was the most abundant in
each season and was only caught in the forest core followed by R. pumilio (108 captures) in
the grassland matrix. Spring (83) and Summer (86) had very similar total captures of all
species combined while Autumn had the most total captures (109) particularly due to the high
capture rate of A. namaquensis (51) within the forest core. Myosorex varius varied the most
seasonally over the three ecotones while R. pumilio was relatively the most constant each

season between grassland and edge captures.
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3.4 Discussion

Within the forest interior at Beggars Bush, there was an overall trapping success rate of 8.6%
(Table 3.1) while the forest edge had a trap success of 33.96%. A study on the effects of
season on small mammals in two Madagascar forests showed trap success at 3% and 8%
(Stephenson 1994). A study by O’Connell (1989) in a premontane forest in northern
Venezuela had a trap success rate of 6% in the forest patch studied throughout the seasons.
They highlighted that inter-annual fluctuations are common in small mammal studies and that
unusual temperatures were possible reasons. These studies show that although small mammal
capture does vary seasonally and within different forests, an 8.6% capture rate is similar to

other studies.

At the forest edge, the trap success was 33.96%, which is higher than the forest interior
success but similar to a study by Wilson et al. (2010) where the same method was used on a
forest edge in the Blyde River Canyon, Mpumalanga, South Africa. The trap success rate of
their forest-grassland edge study was 24.38%. The trap success was possibly higher at the
edge than within the forest because more species were found at the edge due to the mixing of
vegetation and specifically to my study, R. pumilio was the most frequently caught species

(136) while only eight of these captures occurred within the forest.

In terms of diversity over the seasons, three species were caught in each season except only
two in the first inter trapping period in the forest interior, whereas all four species were
caught in each season at the forest edge. The diversity in the forest interior differs from that
reported by Stephenson (1994) who also assessed the seasonality effects of trapping in forests
in Madagascar and found that more species were caught over the austral wet summer season
than in the Winter season. My results showed a constant diversity throughout the seasons
within the forest (3 species) and at the edge (4 species). Therefore, not only did the edge have
a higher trap success, small mammal diversity was also greater at the edge than within the

forest. However, it must be noted that there was very low species richness for this study.

Aethomys namaquensis was the most frequently caught species (134 captures of 34
individuals) within the forest while it was caught 143 times with 86 individuals at the edge.
Possible reasons for this are that Beggars Bush has many rocky outcrops and scattered rocks
within the forest which are the ideal nesting and living sites of this species (de Graaff 1981).
They are also partly arboreal and therefore the Beggars Bush habitat of both rocks and trees

suits its natural habitat (Skinner & Chimimba 2005). Aethomys namaquensis is also a
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communal species and this could be a reason for the many captures as well as capturing
different individuals in the same trap during a five night trapping session. Wilson (1975) also
found this in Wankie National Park (now Hwange National Park), Zimbabwe, where seven

individuals were taken from under one rock in a period of four days.

Rhabdomys pumilio was only caught eight times within the forest and this only occurred
during spring. According to de Graaff (1981), R. pumilio prefers grassland but have been
known to be captured along forest edges. This correlates with the findings that this species
was caught 136 times (90 individuals) at the forest edge. Rhabdomys pumilio breeds in the
summer, from September to April/May and this is the reason for higher number of captures

from spring to autumn than in winter (Skinner & Chimimba 2005).

Graphiurus murinus is presently the smallest known African mainland hibernator and these
bouts of torpor become progressively longer during winter (Mzilikazi et al. 2012). A study by
Madikiza (2010) on G. murinus in a forest in the Great Fish River Reserve found the species
to be active all year round while a study in the same forest by Mzilikazi et al. (2012) did not
have any captures during their winter collection. This is similar to my results within Beggars
Bush forest where | did not catch G. murinus in the winter of 2012 but I did in 2013.
Interestingly, in another study by Madikiza et al. (2010) in the Great Fish River Reserve
found no ground captures of G. murinus. Furthermore, G. murinus diet comprises of ground-
dwelling tenebrionid beetles and millipedes so it would be expected to forage on the ground
(Mzilikazi et al. 2012). However, similarly to my study where the species was caught on the
ground, Qwede (2003) in the Afromontane forest in Hogsback (140km from Beggars Bush)
and Kaplan (1995) in a forest remnant in Thomas Baines Nature Reserve (<10km from
Beggars Bush) also caught G. murinus on the ground.

Graphiurus murinus showed a seasonal difference, having not been captured in winter or
spring of 2012 within the forest, yet it was caught in the summer, autumn and a peak in the
winter of 2013. However, during the winter and spring of 2012 at the forest edge, the species
was caught only a few times. The findings within the forest differs slightly to Madikiza et al.
(2010) who found that abundance increases in Spring, peaks in Summer and Autumn and
decreases in Winter. Interestingly, this pattern was found to be exactly the same when
assessing the edge effects at Beggars Bush, which is unusual because the edge effects
trapping session took place only a few days after the interior trapping session. Reasons for
this variation are likely to be that young are born in the Spring/Summer and can be trapped
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after three-four weeks (Madikiza et al. 2010), while the decrease in Winter is explained by
decreased mobility in the cold (hibernation) and possible mortalities (Bertolino et al. 2001).
A study by Wirminghaus & Perrin (1993) found higher abundances of small mammals in a
Kwa-Zulu Natal forest during the summer than the winter. They believe that it could be due
to poor food quality over the colder months of the year and hence less breeding. A possible
reason for the differences between the interior and edge trapping variations in my study could
be due to trap placing, as it has already been mentioned that G. murinus are arboreal could
thus not have the exact recordings of this species.

The results from both the forest edge and the forest core studies showed that the different
species preferred different habitats. Rhabdomys pumilio was found mainly in the grassland
matrix while G. murinus was found mainly in the forest matrix. These findings are similar to
Wilson et al. (2010) who also performed a study on edge effects between a forest core, its
edge and a grassland matrix in an Afromontane forest in South Africa. Their results also
showed that R. pumilio was mainly found in grassland areas and that G. murinus was found
mainly in covered habitats in the forest core with only a few captures along the edge. The
reason for R. pumilio findings is that it predominately prefers grassland habitats as it eats
grass seeds but can also be found in a variety of habitats (Perrin et al. 2001). As stated in
Chapter 2, a possible reason for G. murinus findings is that although its species has a wide
range of habitats from grasslands to rocky areas, within the Eastern Cape they are only found
in forests (Mzilikazi et al. 2012) and in particular have been found in Afromontane forests.
Myosorex varius was found in both the forest and grassland as their habitat around South

Africa ranges from dense grasslands to forests (Skinner & Chimimba 2005).

The small mammal community around the Beggars Bush forest edge comprised of a selection
of forest and grassland species rather than edge associated specialists. Other studies had
similar findings (Pimm 1998; Anderson & Burgin 2002; Laurance et al. 2007; Wilson et al.
2010) while Fox et al. (1997) and Villard (1998) also showed a greater diversity at habitat
edges. Wilson et al. (2010) found that species diversity increased from the grassland matrix
(2 species) through the edge (3 species) and into the forest core (4 species). However,
Stevens & Husband (1998) found that both the diversity and abundance of small mammals

caught in Brazilian Atlantic forests increased with increasing distance from the edge.

Similarly to this study, Bider (1968) found a higher diversity of mammals along a forest-field
edge than in either habitat in Montreal, Canada. In Heske’s (1995) study, transects were set
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along forest edges and within the forest interior, and found no significant difference between
the edge and interior. This study was similar to my study in that both study sites had “hard”
edges, meaning there was an abrupt transition from forest core to surrounding matrix. Both of
the edges were narrow zones (less than five meters) and could therefore possibly not provide
the amount or type of vegetation sufficient to affect population communities significantly
(Heske 1995).

In conclusion, both small mammal diversity and abundance were greater at the edge than
within the forest interior. Over the seasons, small mammal diversity was the same at the edge
and within the forest but captures varied seasonally in the forest and at the edge. Lastly, the
findings show that the species captured comprised both habitat specialists and habitat

generalists.
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Chapter 4

General Discussion

This study is one of the most recent to survey small mammal diversity and abundances in
fragmented forests in the Eastern Cape. It therefore provides a species list of small mammals
found within these forests (Photographs in Appendix B, Figure 1). This information can
therefore be used to compare to other forest types in South Africa or for future studies on

diversity in fragmented forests.

Small mammal diversity and abundance in Eastern Cape forests seems to be low compared to
other studies in Africa and around the world. A possible reason for the low diversity could be
due to the fragmented nature of these forests and their destruction is leading to a decline in
many species (Ewers & Didham 2006). However, this cannot be proven because no studies
were done before the forests were fragmented. Another possible reason could be that inter-
annual fluctuations are common in small mammal studies and this could have been a year
when capture rates were low (Schmid-Holmes & Drickamer 2001). A study by Lawes et al.
(2007) supported the hypothesis that Afrotemperate faunas have low species richness and
contain less forest specialists than coastal forests. The authors believes that palaeoclimatic
extinction filtering is the cause of this lowered species richness, and suggest that
Afrotemperate communities are vulnerable to invasion by generalist species. This could be

the reason for finding species such a G. murinus within these forest patches.

This study has shown that gradient, patch size and mean annual potential evaporation are a
combination of variables that affect the individual captures while only gradient effects
species richness. Therefore, these variables can be used to explain small mammal abundance
and diversity in these Eastern Cape forests. Both gradient and mean annual potential
evaporation are interesting variables, as there is little literature on how these affects mammal
abundances. While patch size is a variable found in many papers explaining small mammal
communities (Didham et al. 1998; Goodman & Rakotondrvony 2000; Nupp & Swihart 2000;
Laurance et al. 2002; Pardini et al. 2005), they all found an increasing patch size to correlate
to increased abundance, yet my study found the opposite. It does however, need to be noted
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that in my study capture rates and species richness were very low and this would therefore

affect the analysis of environmental variables.

Future studies should have a larger sample size and the study should be carried out more than
just once at each forest in order to get accurate trapping results from a whole year. More
microhabitat environmental variables could also be used as they are better predictors of small
mammal abundance and diversity (Schmid-Holmes & Drickamer 2001). Variables such as
herbaceous vegetation height and rock cover should be determined as these are crucial for

shelter from predation.

In conclusion, it needs to be noted that ecologically sensitive fauna are likely to be removed
by climatic filtering (Balmford 1996) resulting in species-poor yet ecologically robust and
persistent communities (Lawes et al. 2000). Therefore, variation in forest history to climatic,
ecological and anthropogenic challenges would have filtered out assemblages of species that
are vulnerable to current threats such as habitat fragmentation (Lawes et al 2007). Therefore,
although fragmentation can affect small mammals, these forest mammals can tolerate these
changes because they resilient generalists (Lawes et al. 2007).

From the results in Beggars Bush, it can be concluded that forest edges did play a significant
role in small mammal diversity and abundance in forests (Murcia 1995; Sisk et al. 1997;
Wilson et al. 2010). Ries & Sisk (2004) conclude that many species respond variably to
edges and suggests that mechanisms are complex with very few general patterns. However,
these responses are predictable when based on patterns of resource use by a species and its

distribution.

The results from Beggars Bush also show that species richness is greater along the edge and
decreases into the fragment interior (as found by Ewers & Didham 2006; Kotze & Lawes
2007). The mixing of fragment and matrix fauna at the habitat edge is the most common
explanation for the greater species richness. Species composition is also affected by edge
effects with a similar decreasing with distance from edge to interior (Ewers & Didham 2006).
Forest fragment edges are also affected by climate as edges become warmer, less humid and
better lit (Fetcher et al. 1985; Asquith & Mejia-Chang, 2005). Therefore, both diversity and
abundance are greater at the forest edge than within the forest core.

Seasonally, the edge had more captures and more species were caught. However, the high
number of R. pumilio caught at the edge does increase the total captures significantly because
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the other species were more or less evenly caught in each season. The responses of small
mammals to habitat fragmentation depend on individual species traits (Ewers & Didham
2006). Table 3.3 shows that the species caught were habitat specialists with R. pumilio
preferring the grassland habitat and G. murinus and A. namaquensis the forest habitat while
M. varius was the only species that was not habitat dependant. The fact that G. murinus and
A. namaquensis were not caught in the grassland could also mean that these two species have
now become isolated within this small forest patch and migration to another forest patch is
not possible due to the surrounding grassland matrix.

To conclude, the diversity and abundance of small mammals in Beggars Bush forest are
affected seasonally within and at the forest edge and it is the edge that has the greater

diversity and abundance.

Additional research on fragmented forests will give us a better understanding of how
fragmentation has affected the faunal and floral diversity within these forest patches. Also by
looking at the effects of more variables on small mammals, a better indication of small
mammal diversity in fragmented forests will be obtained (Schmid-Holmes & Drickamer
2001). This, along with comparisons to other forest types around South Africa will lead to
better understanding of factors that influence and drive small mammal diversity. However, it
is also argued that these forest communities have evolved naturally in these forest patches,
and although they are small, are still able to hold sustainable populations (Eeley et al. 1999 &
Lawes et al. 2007). Other questions that need to be answered include: what are the long term
effects of forest fragmentation and can these effects be mitigated in the future? This
information can also help with conservation of small mammals and essentially the

conservation of these fragmented patches across South Africa.
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Appendix A
The R Script used for determining the AIC and GLM values

rm(list=1s())

setwd("C:\\Users\\Kyle\\Desktop\\Forest determinants")
mydata<-read.csv("'determinants.csv”, header=T)
attach(mydata)

mydata[1:10,]

require(MuMIn)

require(car)

fitl <- glm(richness~eledens+yearsPA+yearsELE+rainfall+thicketDENS+height+complex,
data = mydata, family=poisson)

vif(fitl)

modelsl <- dredge(fitl)

Models2

#Check assumptions

par(mfrow=c(2,2))

plot(fitl)

termplot(fitl,se=T,partial.resid=T)

best.fitl <- glm(richness~rainfall*yearsELE, data = mydata, family=poisson)

summary(best.fitl)
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Appendix B

Photographs

Figure 1: Photographs of the five species caught in the nine forest, Eastern Cape, South
Africa Myosorex varius (A), Rhabdomys pumilio (B), Graphiurus murinus (C), Aethomys
namaquensis (D) and Mastomys natalensis (E))
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Figure 2: Sherman traps and the vegetation along Transects 1 (A), Transect 2 (B) and
Transect 3 (C) at Beggars Bush, Eastern Cape, South Africa.
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Figure 3: Photographs of a trap in transect 2 during all four seasons in Beggars Bush Forest,

Eastern Cape, South Africa. Starting top left clockwise — winter (A), spring (B), summer (C)
& autumn (D).
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Figure 4: Photographs of the Forest-Grassland Edge at Beggars Bush, Eastern Cape, South
Africa (A and B). A Sherman trap in the grassland matrix (C)
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Figure 5: Photographs of the Bedford/Kagaberg Forest (1), Burchells Reserve Forest (2) and

Dassie Kraans (3) in the Eastern Cape, South Africa and photographs of traps within the
forest (1A, 2B, 3C).
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Figure 6: Photographs of Fort Fordyce Forest (1), Hogsback Forest (2) and Langeni Forest
(3) in the Eastern Cape, South Africa and photographs of traps within the forest (1A, 2B, 3C).
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Figure 7: Photographs of Maiden Dam Forest (1) and Thaba Ndoda Forest (2) in the Eastern
Cape, South Africa and photographs of traps within the forest (1A, 2B)
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Appendix C

Data

Table 1: The raw data of the total number of species caught in each of the nine forests.

M. namaquensis | M. varius | G. murinus | M. natalensis Total
Kaggaberg 1 2 3
Burchells Reserve 3 7 10
Dassie Kraans 1 2 3
Fort Fordyce 1 1 2
Hogsback 4 2 6
Langeni 11 1 12
Maiden Dam 1 2 3
Thaba Ndoda 2 1 3
Beggars Bush 16 2 5 23
Total 17 27 19 2 65
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Table 2: The raw data of species caught in the Interior of Beggars Bush.

Season/Species Transects Totals
Winter T1 T2 T3 Total
A. namaquensis 15 6 2 23
M. varius 3 0 0 3
Total 18 6 2 26
Spring Tl T2 T3 Total
R. pumilio 8 8
A. namaquensis 20 12 23 55
M. varius 3 1 5 9
Totals 31 13 28 72
Summer T1 T2 T3 Total
G. murinus 2 4 6
A. namaquensis 7 5 8 20
M. varius 2 2
Totals 11 9 8 28
Autumn T1 T2 T3 Total
G. Murinus 2 3 5
A. namaquensis 3 11 7 21
M. varius 5 3 1 9
Totals 10 17 8 35
Winter 2 Tl T2 T3 Total
G. murinus 10 3 0 13
A. namaquensis 3 8 4 15
M. varius 2 0 3 5
Totals 15 11 7 33
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Table 3: The raw data of species caught at the edge of Beggars Bush.

Season/Species Transects Totals
Winter Tl T2 T3 Total
R. pumilio 6 6 10 22
A. namaquensis 6 5 12 23
M. varius 1 1 2
G. murinus 1 1
Total 12 12 24 48
Spring T1 T2 T3 Total
R. pumilio 13 14 16 43
A. namaquensis 18 5 11 34
M. varius 3 1 4
G. murinus 2 2
Total 34 20 29 83
Tl T2 T3 Total
Summer 9 6 15 30
R. pumilio 14 9 12 35
M. varius 2 3 1 6
G. murinus 5 6 4 15
Total 30 24 32 86
Autumn Tl T2 T3 Total
R. pumilio 9 14 18 41
A. namaquensis 24 20 7 51
M. varius 6 2 0 8
G. murinus 0 3 6 9
Total 39 39 31 109
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