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Abstract

This thesis provides a broad outline of the effect of taphonomic and ecological
processes on the accumulation and transformation of micromammalian faunal
assemblages, and the importance of the signatures left behind by these processes in
the reconstruction of ancient ecosystems. Micromammalian remains recovered from a
rich Terminal Pleistocene site near the Saldanha Bay Yacht Club (SBYC) along the
South African west coast have been examined following Andrews’ (1990a)
procedures.

In the investigation of the effect of taphonomy on the SBYC faunal remains, murids
(rodents) and soricids (shrews) have been examined separately and in as much detail
as possible. The analyses have shown that the long bones of the soricids exhibit a
relatively higher degree of completeness than those of the murids, suggesting
preferential preservation of the former. Additionally, soricid jaws have yielded higher
minimum number of individuals (MNIs) than long bone counts whereas for murids
the opposite is the case. These observations have indicated the need for more
taxonomically resolved analyses on the effect of taphonomic processes on
micromammalian remains.

Three micromammalian species represented in the SBYC faunal samples (Tatera
afra, Myosorex varius and Suncus varilla) yielded much higher MNI counts than did
other species. This reflects the intermediate selective behaviour of the inferred
accumulator of the fauna, the barn owl, although the spotted eagle owl has not been
completely ruled out. The study of the SBYC micromammalian fauna has
underscored the need to integrate both taphonomic and ecological factors in the
attempts to infer potential predators that might have been responsible for the
accumulation of microfaunal occurrences. This is also necessary for understanding the
environmental contexts in which the fauna was accumulated and/or derived. The
micromammalian species represented at SBYC have suggested that in the SBYC area
some 15,000 years ago, there was a mosaic of microhabitats including well-vegetated
and moist microhabitats, and an admixture of bush and sandveld. Overall, climatic



conditions in the SBYC area when the microfauna accumulated were moderate, and
generally not different from the conditions prevailing today.
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CHAPTER ONE

Introduction

1.1 Background

At many fossil sites including important African Pleistocene localities there are
substantial accumulations of microfaunal remains. Because of this, the impetus to
study microfauna and more particularly small mammal remains has increased over the
passage of time. This has been born out of the realization that small mammal remains
have the potential to offer information about palaeoenvironments, site formation
processes and a wide range of taphonomic processes to which the remains would have
been subjected (Avery 1982, 1987, 2001; Andrews 1990a; Fernandez-Jalvo and
Andrews 1992; Fernandez-Jalvo 1995). Additionally, there has been an increasing
interest in understanding the environmental contexts in which our early ancestors
evolved (e.g. Avery, 1987, 1995, 2001; Black and Krishtalka 1986; Vrba 1989;
Wesselman 1995). For these reasons, this research project investigates the taphonomic
and ecological aspects of micromammalian faunal remains from the Saldanha Bay
Yacht Club site (SBYC), with the intention of making some contribution towards the
understanding of the effect of taphonomic processes on micromammalian fauna, as
well as enhancing the understanding of the South African west coast

palacoenvironments.

1.1.1 The site

The SBYC site is located on the southwest sheltered extremity of Saldanha Bay (33°
01’ §; 17° 56’ E), approximately 150 km northwest of Cape Town (see Figure 1.1.1).
The site, situated about 7 m above sea level, was chosen for investigation primarily
because of the abundant micromammalian remains eroding down a relatively gentle
slope. For the purpose of sampling and analysis, the site has been arbitrarily divided
into three sampling units namely, Down Slope, Upper Slope, and the Hanging
Remnant. The first two units are on the slope on which overwhelmingly large
accumulations of microfauna are eroding, whereas the Hanging Remnant is a small



remnant outcrop with micromammalian fauna that are loosely cemented and appear to
be largely in situ. A radiocarbon date derived from micromammalian remains taken
from a section in the Upper Slope has placed the fauna at about 15,540 = 70 years
B.P. (GrA 18075, S. Woodborne, pers. comm., 2001).

17 5250

Y]

Figure 1.1.1: A regional map showing the location of the SBYC site (information
supplied by Cedric Poggenpoel)



1.1.2 Past and present environments

Although a number of scientists have been aware of the microfaunal accumulation at
SBYC, no prior palacontological investigations have been conducted al the site (J. E.
Parkington, pers. comm., 2002). For this reason, i has not been possible (o find any
literature about the site. The geological selling and also the past and modern
environments of the site will therefore be given in relation to the general setting of the

Saldanha Bay arca, as well as the nearby Langebaan area,

Figure 1.1.2: A map showing the geological setting of the Saldanha
region (arrow shows the location of the SBYC site: information
supplied by Dave Roberts)

SBYC lics in the Langebaan Formation (Figure 1.1.2), which comprises calcified
biocalc-siliciclastic arenites of aeolign origin, with interbedded caleretes representing



palacosols (Knox 1977; Roberts, In press)y. According to Du Plessis and De La Cruz
{1977), the biogenetic deposits also contan a substantial amount of quartz, and show
cross-bedding in somc arcas but not others. The deposits are believed to have
accumulaled over a considerable time during the middle or the ke Pleistocene
{Hendey and Deacon 1977 Knox 1977: 657, Parkinglon 1999). Most of the
Lungebaan Formuation was deposited during the marine transgressive episodes or in
the early phases ol regression {e.g, Rogers 1986; Pether ef af 2000). According to
Flemming {1977), sediment distribution in the area is controlled by waves. and this 18
mainly delermined by the energy level und the refraction patterns ol the waves.
Echoing Flemmng (1977) bul not relerring to the Saldanha Bay arca, Lyman (1994)
has noled that coastal blown sand may be deposited in the surrounding areas, as long
as the areas lack surtace vegetation. Sirmlarly, deposits of blown sand und orpanic
remains such as shell msay alse accumulate in coastal arcas characterized by broad
shallow coaslal vones or bays (Lyman 1994). It is beheved that the calearcous
deposils in the Saldanha Bay arca developed into a caliche profile and calcrete ridges
which over the passage ol time formed the hard and strongly indurated surfaces of
calerete that characterizes the whole arca (Knox 1977: 657 Low and Pond 2001).

Although climatic conditions in the Suldanha region during much of the Upper
Pleistocene were gencrally cooler than those of today, the later Pleistocene fauna in
the Saldanha region were essentially the same as the modern (Ilendey and Deacon
1977). According to Parkington (1999), faunal remains occurring in most of the
acolian deposits {calcrelcs) along the South African west coast arc later msertions into
the earlier sedimentary deposits. As owls, and more particularly barn owls, prefer to
roost under rocky kedges (Steyn 1982), the “contintuous pavements of indurated
caliche™ (Knox 1977: 661) would have provided roosting sites for not only owls. but
also other animals {e.g. Parkington 1999).

Currently, the Saldanha Bay area lies within the range of the Thicket Biome of South
Africa (Lubke 1996). The Thicket Biome, although not [ormally recognized as a
biome (Lubke 1996), comprises a mosaic of smaller veretational zones that mclade

the Dune Thicket, which characterizes the Suldanha Bay area (see Figure 1.1.3).
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Figure 1.1.3: A map showing the current biomes along the South African west
coqst (information supplied by Cedric Poggenposl)

Dune Thicket, comprising dense thicket (e.g. shrubs) stretches from the Wesiern Cape
into the KwaZulu-Natal. The region is fairly mesic and is characterized by dunes of
a&_ﬁnﬂm up 1o 30 m (Lubke 1996). Although the biome lacks the vegetation height
and the numerous strata below the canopy thai are normally associated with the Forest
Biome, it has vegetation ranging from closed shrubs (such as Rhws glauca and
Tetragonia spicata) to dwarl forests, with evergreen, sclerophvllous or succulent



trees, shrubs and vines, many of which have stem spines. These vegetation tvpes tend
to replace forest in most arcas (Boucher and Jarman 1977; Lubke 1996). According to
Low and Pond {2001), the flora in the Saldanha Bay region is mainly restricted to the
calcrete and calcareous sands, and is home for some 297 endemic floral species.
These specics range from limestone shrubs to floral speeics occupying the stable {(e.g.
FPlerocelastrus tricuspidatus) and the unstable {c.g. Eriocephafus racemosus) dunes m
the Saldanha area (Low and Pond 2001). Inherent in the Thicket Biome area inchuding
the dune thicket, are a few endemics. which are predominantly suecculents with a
Karoo ornigin {Lubke 1996). Because of the presence of such vegetation types that are
characteristic of other major biomes, the Thicket Biome has often been relerred to as
a “transitional thicket” {(Lubke 1996: 14). In some places, the distribution of the dunc
thicket is confined to a velatively narrow area along the beach {Tubke 1996), Over the
passage of time, however, the distribution of the dunc thickel in the neighborhood of
the SBYC has been disturbed by twiman activities. Low and Pond {2001) have
indicated that moderm human activities such as mining and dust-production by
factories such as the Saldapha Steel facility may be destabilizing the plant
communities around the Saldanha area. This may happen when dust influences the
photosynthetic processes of some plant species. Boucher and Jarman (1977) have
also indicated that over a long period of tme man has greally influenced the
vegelation in the Saldanha area.

The soils in the Saldanha area and the Thicket Biome as a whole are predommanthy
deep regic dume sands, together with pockets of granites, caleretes, shales and
sandstones {(Lubke 1996, Low and Pond 2001). Because of the absence of prominent
drainage svstems in the Saldanha area, the acobanites that have developed over twne
contain relatively high levels of bioclastic carbenates, as major vivers would have
helped in diluting the bioclastics (Knox 1977; Roberts and Brink, In press). The
granite soils are relatively fertile and support a farly wide range of vegetation types.
including some endemic species. Some of the plant species found in the gramite soils
mchide Zetragonia spicata and Zyvgophylium morgsana. Biomass production on the
guanite soils is, however, impeded by the relatively low ramlall {Boucher and Jarman
1977; Low and Pond 2001). The relatively shallow limestone soils support a number



of plant species, including Zygophviium flexuosum, Z. morgsana and Semecio
flovibunda, The plant communities en the mesione seils are distinguishable from
other communities by the high dominance of common species such as 7. morgsana, £
fexuosum, 8. floribunda and Fhrharia calyeing, as well as low occurrence of species

such as Rhus glanca and Salvia lanceolata (Boucher and Jarman 1977),

As detailed in Table 1.1.2, the Lungebaanweg area experiences winter rainfall, and
receives an average annual rainfall up to about 278 mm. Maxinmm mean annual
temperature in the Langebaanweg area is about 23°C ({Weather Bureau 1986;
vwww.weathersa.co.za/climat/Climstars/Langebaan Stats.html).

Table 1.1.2: Temperature and rainfall data for the
Langchaanweg area.

Temperature Precipitation
Average daily  Average dailly  Average monthly {(mm)

Manth maximum {(°C)  minimurm (°C)

January 28 15 =]
February 28 15 4
harch 27 14 11

April 25 12 24

May 21 10 40
June 19 B 41

July 18 T 47
August 19 7 45
September 20 8 24
October 23 10 12
Movember 25 12 12
Decembar 25 14 10
Year 23 11 278

1.2 Chapter summaries

Small mammals living loday in various microhabitats and climatic zones have been
well studied which has enabled assoctations between faunal types and ecology to be
inferred (e.g. Kingdon 1974; Southern 1979; Smithers 1983: Avery ¢ ol 1990:
Skinner and Smithers 1990). Tt has, however, been demonstrated (e.g. Krebs 1996)



that intraspecific and interspecific relations in small mammal communities are far
from simple. With 2 view 1o shedding some hight on the structures and dynamics in
small mammal populations, Chapter Two discusses the interactions within and
between modern small mammal populations and their environment, and the influence
that these interactions may have on the composition of micromammalian faunal
assemblages. Il is plausible that the same interrelationships existed among the small
marmmal species represented in the SBYC faunal samples, and these relationships
would have influenced the composition of the faunal cccwrrence. In addition, Chapter
Two further looks into the role that predation and other environmental phenomena
play in determining the composition of micromammalian faunal assemblages {(e.g.
Mellel 1974).

Most analyses of small mammal remains in South Africa (e.g. Avery 1982, 1986,
1987, 1990) and elsewhere (e.g. Marean ef ¢/ 1994) have concluded thal barn owls
are the major accumulaiors of micromammahan remains. Tuphonomic analyses of
micromammalian remains from Flands Bay Cave, South Africa, have, however,
favoured the suggestion that several predators might have contributed towards the
accumulation of at least some of the faunal assemblages (Matthews 1999). Elsewhere,
Andrews (1990a) and Femandez-Jalve and Andrews (1992} have suggested {hat
several predutors were involved in the a¢cumulation of the Wesibury (in England) and
the Gran Dolina (in Spain} small mammal remains, respectively. Although no prior
palacontological investigations have been conducied al SBYC, il has been sugpesied
(I. E. Pakington, pers. comm., 2001} that owls, which are major predators and
aocumulators of small mammal remains {e.g. Avery 1982, 1992; Andrews 1990z
1990b; Matthews 1999}, would have played a significant role n the accumulation of
the SBYC microlauna. In view of the debate regarding the accumulation of small
mammal remains, and without making reference to any pariicular micromammalian
faunal site, Chapler Three offers some insight into the different processes through

which micromammalian remains may accumulute.

Taphonomic processes such as digestion, trampling, weathering, abrasion, diagenesis,

as well as damage through the recovery procedures all cause modifications to bones.



These processes may alter the structure, size and texture of skeletal elements
(Behrensmeyer 1975; Andrews and Cook 1985; Bonnichsen 1989a; Marshall 1989,
Oliver 1989 Andrews 19904: Fernandez-Jalvo and Andrews 1992; Fernandez-Jalvo
1995, Reitz and Wing 1999). Once identified, diagnostic signatures lefl by the
different taphonomic processes, which may inclode etching during digestion,
breakage caused by the predators and pedogenic corrosion after burial. have the
potertial to vield mlormation about the taphonomic history of the fauna. The
diagnostic features may. for instance, provide information about the potential
predators that would have aceumulated the faunal assemblages, and also the
environments in which the fauna aceumulated or were derived (e.g. Andrews 1990a;
Fernandez-Jabo and Andrews 1992; Denvs ef ol 1997b; Matthews 1999). While
borrowing largely from Andrews (1990a), Chapter Four discusses the effect of

taphonomic processes on small mammal remains,

Because of the taphonomic and ecological factors that influence micromammalian
fauna {e.g. Andrews 1990a), interpreting patterns in micromammalian  faunai
assemblages may not only be fraught with difficuities but may also result n erroneous
interpretations about the communities from which the fauna were derived (e.g. Avery
1990), This is essentially because, depending on the taphonomic and ecological
factors that would have influenced the fauna, the composition of fossil assemblages
may sometimes differ from the living commumities from which they came (Marshall
1889; Andrews 1990a). Andrews (1990a) and Wesselman (19295) have noted that a
faunal assemblage may sometimes include representatives from a mosale of
palacocommunities, all represcnting  different  palaco-habitats. Taking  into
comsideration the wide range of taphonomic and ecological factors that influence
micromammalian  faunal assemblages {c.g.  Andrews 1990a), Chapter Five
demonstrates the importance of imtegrating both taphonomic and ecological factors in
the attempts to understand patterns evident in micromammalian faunsl assemblages
and also in the use of micromammalian remains to reconstruct palacoenvironmients

(e.g. Avery 2001).



Investigation of the taphonomic and ecological facters that have influenced the SBYC
micromammalian Buna followed procedures ouilined in Chapter Six. The patierns
that characterize the SBYC microfauna are clearly reported in Chapter Seven, and
these include a species list thal shows the represeniation of at least 18
micromammalian species in the SBYC launal samples.

In South Africa and other parts of the world, micromammalian remains have been
used in the reconstruction of palaccenvironments (Avery 1981, 1982; Black and
Krishtalka 1986; Andrews 1990a; Femandez-Jalvo 1995; Wesselman 1995}
According to  Wesselman (1995 356). the use of micromammals as
“palacoenvironmental indicalors rests on the principle of actvalism, which implies
thai the fossil taxa had ecological requirements similar 1o those of the contemporary
species they most resemble”. The theoretical basis for the use of micromammals as
palacoenvironmental indicators is also predicated on the assumption that climate
change brings about change in vegetation, which in turn may affect the dynamics and
community structures of small mammeals, as small mammals are relatively habitat
specific and sensitive o envirenmental lucluations {e.g. Avery 1990; Marean et ol
1994). Using the SBYC micromammalian fauna as an example, faunas that prefer
moist envirormments with dense vegetation (e.g. (Momys irroratus) are, for mnstance,
distinet from faunas that prefer sandy substrates with dry grassland {e.g. Steatomys
krebsiiy and when these distinetions are made, it is possible to correlate and discern
ecological zones {e.g. Avery 1992). In view ol this, akhough Chapier Eight is largely
dedicated to discussing the patterns (results) observed in the SBYC faunal samples,
the micromammalian specics represented at SBYC are further used to infer

palagoenvironments in the SBYC area.
The main findings thal have resulted from this project are summarized in Chapler

Nine, and suggestions on issues that need {o be investigaled or considered while
studying micromammalian fauna are made in the same chapter.
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CHAPTER TWO

Biological and ecological factors affecting the

composition of micromammalian faunal assemblages

2.1 Introduction

Investigations of modern ecosystems have shown thal complex ecological,
gvolulionary, geological and geochemical processes influence the imteractions within
and between species in biological communities (Husten 1994). Although it is beyond
the scope of a thesis to discuss the processes ndividually, it is important,
nevertheless, to0 point out that biological parameters such  as  mutualism,
commensahsm, predation and competition are al play in all hving communities and
that these may impact either positively or negatively onlo the ecosysiems or parts of
the ecosystems. The removal or introduction of 2 particular species in & communily or
even a change of behaviour in a keystone species such as a predator, for instance, may
call for certain readjustiments in the community, depending on the role the species
plaved in the dynamics of that communily (Nel and Rautenbach 1975; Krebs 1978,
1996; Andrews 1990a; Huston 1994; Reitz and Wing 1999). Disruptions of
community dyvnamics and structures may be followed by new patterns of communiry

organization, gradually leading 1o stability (Nel and Rautenbach 1975; Krebs 1978).

An accurate interpretation of the communities from which micromammalizn faunal
remaing may have been derived will require an understanding of the dynamics and
structures in small mammal communities. This understanding will provide a logical
basis on which to interpret the composition of small mammal faunal assemblages, as
intraspecific and interspecific chavacteristics and relationships such as predation and
competition, together with environmental factors such as the nature of the substrate,
may influence the distribution and dynamics of small mammal populations (e.g. Nel
and Rautenbach 19753; Krebs 1978; Krohne 1997; Stapp 1997) It is realistic 1o
surrnise that the distribution and the dynarmes inherent n small mammal communities

will influence factors such as prey availability and vulnerability 1o predators, and
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subsequently the micromammalian remains that appear in predator-generated faunal

assemblages.

2,2 The small mammal community

As Krohne (1997) has rcported, the quest to document spatial dynamics of
micromammalian communities requires an understanding of the landscape. This is
largely because it is factors associated with the landscape such as the naturc of the
substrate and moisture conditions that influcnee, for instance, plant communities.
Plant communitics may in turn inflocnee spatial distribution, speeics composition and
also speocies eguitability in small mammal populations (Nel and Rautcnbach 1975;
Krohne 1997). In addition, Huston (1994) has pointed out that the composition of any
hiological community will bc influenced by many cnvironmental parameters,
including productivity. It has been suggested (Inouye ef al. 1997) that variations in the
microtopography may influence the available resources for small mammal
populations, as demonstrated by the mounds of soil created by the pocket gopher
{Geomys bursarius) as it bwrows. On the mounds, a mosaic of vegetation typcs
develop, leading to numerows discrcte microhabitats ([nowyc er &l 1997).
Investigations by Stapp (1997) have revealed how the microtopographic variations
created by the pocket gophers influence the dynamics of the northern grasshopper

mouse {Chiychomys leocogaster).

While acknowledging that each individual as well as specics in a compmnity responds
uniquely to extermal factors such as the availability of resources, Stapp (1997)
investigated habitat nse by the northern grasshopper mousc {(Gnychomys feocogaster)
inhabiting short-grass prairic in north-central Colorado, in the United States.
Investigations revealed thait the grasshopper mouse preferred to live in areas wherc
soil had been disturbed by another rodent, the pocket gopher {Geomvs Bursarius),
which according to Inouye ef al (1997) bulds extensive underground burrow
svstemns, depositing soil on the surface and forming discrete moynds. These mounds

and burrows provided homes for a wide range of arthropod species. The grasshopper
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mouse, being msectivorous, showed more preference for the burrows and mounds
microhabitats (disturbed soils) than to the shrub and other micrchabitats in the
vicinily {Siapp 1997).

IL is important 10 point out that the dynamics of anv particular rodent species are
complex. and niraspecilic dynamics and population structures may be influenced by
lactors related to both the macro- and microhabitats. The climate of a large ares, for
instance, may affect the vegelation ol the microhabitals within that arca (c.g. Stapp
1997, As an example, Stapp (1997; 1128) has pointed out that, “although the local
abundance of the grasshopper mouse is best explained by the availability of suitable
foraging microhabitats, the relationships between these microhabitats and the cdaphic
characteristics are intertwined”. According to Stapp (1997), it would be difficult to
separate the roles of the microhabilat and macrobabitat for a wide-ranging species
such as the grasshopper mouse. Krohne (1997) has also arpucd that cven within
micromanunalian  populations there arc fundamental spatial differences in the
dynamics and structures of the individual species apd that thesec may vary from one

place Lo another,

It has forther been argued {c.g. Krohne 1997) that, although there may be spatial
varations in resources between different habitats, boundaries between habitats are not
thstinet. This s because factors such as behavioural traits within and between
micromammalian specics may provide opportunities for competition and differential
cxploitation of resources, with the better adapted and common species having an
advantage over the others (Nel and Raulcnbach 1975; Krebs 1978; Krohne 1997).
Investigations of habitat heterogeneity and habitat use by rodents in the southern
Kalahari have, [or instapce, shown that, although the micromammalian species
prelerred differcnt and spatially discrete microhabitats, some species showed a
widespread oceurrence (Nel and Rautenbach 1975). Among the small mammal
populations, Gerbillurus sp. occurred in high density in the dune crest habitats and
was also widespread in other habitats, The high oceurrence ol (Ferbillurus sp. in the
dune crest microhabitats suggested ihat it would have faced little competition from
other todenl species in that habitat. On the other hand, the very low occurrence of
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Gerbillurus sp. in habitats such as the calcrete riverbank suggested that this species
would have been foraging possibly In vears of low productivity m resident areas, but
not living there. The observations made on the micromammalian populations in the
southern Kalahari led the researchers to point out that “the number of species n a
habitat reficcts the availability of niches, but not the relative carrying capacity of the
habitat™ (Nel and Rautenbach 1975: 15). 1t is conceivable thar predator assemblages

derived from habitats with many niches will tend to yield higher species diversity.

The presence or absence of dispersal corridors may {urther influence the distribution
of micromammalian species (Krohne 1997). Because Gerbilfirus sp. thrives in sandy
subsirates, the presence of sandy environments in the sourhern Kalahari would have
provided dispersal corridors for this rodent (Nel and Rautenbach 1975). In fact,
Hughes ef ol (1995) have experimentally observed that there are intraspecific
differences in the dispersal and foraging patierns among the Namib Desert gerbils
{Gerbillurus tytonis), which may be significantly influenced by the nature of the
substrate particularly in relation to the size of plant seeds that the gerbils preferred to
eat. As the size of the substrate sand grains differed from one microhabitat to another,
there was competition for the microhabitats in which substrates comprised sand grains
larger than the size of seeds. This was largely because the ability for the rodent to
discriminate sceds was higher in such substrates, making foraging more cfficient. The
more dominant members of this species would have inhabited the microhabitats in
which foraging was more efficient (Hughes ¢f &f, 1995),

[t is worth emphasizing that the essential feature of the landscape that will determine
the distribution of small mammals is the quality of the habitats and niches in terms of
their resources. This is larpely due to most individuals or species living in just one
microhabitat In a heterogeneous landscape that contans habitat patches of
significantly different quality {Krohne 1997}, Huston (1994} has argned that the most
mobile verichrates tond to minimize the effect of environmental heterogeneity by
concentrating their activities in favourable areas that prowvide their ecological
requirements. By so doing, they convert a heterogeneous habitat into a homogeneous

one by feeding and living in & restricted arca (Huston 1994).
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Also importani is the relative behavioural plasticity inherent n small mammal
populations. As Halle {1995; 88) has argued. the behavioural {rails inherent jn most
small mammal populations are not “a fixed program”, but are flexible and subject to
change, depending on particular situations. Investigations by Fenn and MacDonald
(1995) on the Norway rats (Raftus norvegicuy) living near a rmdden in Oxlordshire
have, for instance, revealed that this largely noctumal ral becomes almost entirely
diurnal in summer when red foxes (Vulpes vulpes), which are also nocturnal, frequent
the midden. This is a predalor-avoidance behaviour, which is Jargely determmed by
the periodic changes in the foraging behaviour of the red foxes, as the rats revert to
their nocturnal activity pattern in winter when the red foxes stop visiting the midden.
Similarly, Tamura and Yong (1993) have reported that tree squirrels {(Callosciurus
spp.) living in Ul Gombak, in Malaysia, have developed anti-predator vocalizations
and are able to alert one another through staccato barks when a predator has been
sighted. In wview of this, it may be stated that, alkthough predation may impact
negatively on small mammal populations, most small mammals have developed
escape mechanisms and this helps n stabilizing the populations (e.g. Fenn and
MacDonald 1995).

In spite of predator-aveidance behaviours among micromanmalian species, predation
continues to be an important phenomenon that significantly directs and influences the
dynamics and structures in small mammal communities (e.g. Krebs 1978). Depending
on factors such as the reproductive rate of small mammal populations, the ellect of
predation in small mammal commumities may, however, vary. Observations by Krebs
(1996) on the collared lemmings (Dicrostoryx groenlandicus) and the tundra voles
(Microtus eaconomus) at Pearce Point in the western Canadian Arctic have revealed
that heavy summer predation on the lemmings by predators such as the red fox
(Mulpes vulpesi and the rough-legged hawk {Bufeo lagopus) leads lo population
decline in the rodent communities. The periodic population decline has largely been
attributed to heavy predation im summer that does not correspond with the
reproduciive rate of the rodents. This is because the rodent populalions erupt again in
winter when the rodents breed {Krebs 1996). It has, however, been argued (e.g. Krebs
1994) that predation alone may not always lead to periodic fluctuations in small
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mammal populations, FExperiments by Krebs (1996) showed that the removal of
predators from vole populations did not lead to a sharp increase in the populations,
suggesting that predation by itself may not have an adverse effect on small mammal
populations, 1t 1s, nevertheless, widely accepted that predation plays a sigmlicant role
in determining the composition of micromammalian populations and also the kind of

predator assemblages that accumulate from such populations (e.g. Mellet 1974).

2.3 Predator and prey habitats

While acknowledging the complexity of the predator-prey relationships (e.g. Andrews
1990a), attempts to understand these relationships should include the investigation of
how they are intertwined to their habitats. This 15 because the kand of habitats that
both the predator and the prev species prefer to inhabit may influence species
diversity in predator assemblages. Understanding the preferred habitats for each one
of them, as well as their hunting areas is therelore imperative, as these phenomena
have been shown to govern to a large extent the distribution of both the prey and the
predatar species (Krebs 1978; Pernandez-Jalva 1995).

Predators may prefer to live in ceriain habitats simply because their prey species
occupy those sreas. Skinner and Smithers (1990) have shown that servals (Felis
serval) in southern Africa prefer to live in proximity to water and in areas with good
vegetation cover. This may be because one of the servals’ main prey species, the vlei
rat ((omys spp.). is also known to prefor grassy and swampy arcas {c.g. Avery 1982,
1987). Conversely. Andrews (1990a) has pointed out that a prey species from a
particular microhabitat may be underrepresented in predator faunal accumulations if
the habitat docs nat fall within the hunting range of the predator. Such a phenomenon
has been observed in buvvard pellets where the vole, Clethrionomys glareofus, 1s
underrepresented essentially because it prelers microhabitats with dense vegetation,

whereas the burzard [avours more open environments {Andrews 1890a).
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In spite of the poor understanding ol the living/foraging ranges of most predators and
its effect on species diversity in predator assemblages, it has been acknowledged (e.g.
Meller 1974; Andrews 1990a) that, depending on the size ol their hunting territory,
predators may increase species diversity in faunal assemblages by including small
mammals from areas that are distant from those where the pellets or scats are
deposited. In southern Africa, plasticity in habitat selection has been reported among
the small-spotted genet (Genefta geretia). This small carmivorous mammal occurs n
parts of both the southern Savanna Biome and in the South West Arid Biome, where
it utilizes a mosaic of environments (Skinner and Smithers 1990). It is plausible that
the plasticity exhibited by the small-spotted genet will influence the composition of
faunal assemblages accumulated by thns carmivore, As noted earher m the current
chapter, plasticity in the selection of habitats has also been observed among small
mammal communities. The pvazmy mouse (Muy minutoides), [or instance, is known to
occur in a variety of microhabitats, including the Cape finbos (e.g. Stuart and Stuart
2001). It may therefore be surmised that plasticity in the ecological requirements of
both the predator and prey would bear a significant effect on the mature ol launal
assemblages that will result from the once living community (e.g. Shotwell 1955), and
that this may be determined by the disiribution of both the prey and predator species,
rather than by the size ol the territory (e.g. Andrews 1990a).

2.4 Predator behaviour

Although g considerable amount of time has been expended in trying to understand
the behaviour of the predator and how this influences the accumulation of small
mammial remains (e.g. Andrews and Evans 1983), the details of predator behavioural
traits are far from being understood (Krebs 1978). This deficit may be associated with
a lack of understanding of all the structures and dynamics of any particular
community (Chaplin 1971; Krebs 1978). In fact, Delcourt and Pelcourt {1991) have
argued that no modern ecosystem has completely been investigated and therefore the
heterogeneous nature of ecosystems is not fully understood, Actualistic investigations

ol not only predator but also the prey species, have, nevertheless, vielded interesting
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idormation concerning possible behavioural traits that would also have existed in the
pasl communities (e.g. Andrews 1990a), More importaotly, it is worlh mentioning
that predator-prey syslems have co-evolved over the passage of time and thal the
slabilily existing in these systems has resulled from this continued and gradual co-
evolution (Krebs 1978; DiMichele 1994).

In addition to the many physical peri-mortem and posi-mortem processes to which
small mammals are subjecled, predalor behaviour may resull in faunal assemblages
thal may nol be a true muror of the original communities from which they were
derived (Avery 1982; Andrews 1990z, 1990b; Maithews 1999}, Invesligations oi’both
favnal accumulations avd modern ecosysiems have suggesied thal predalors hunt
selectively. Hunting behaviour may be mfluenced by laclors such as prey prelerence,
prey availability and vulnerabilily, prey daily actlivity pallem {diumal or nocturnal),
seasonal variations, prey size and prey palatability (Krehs 1978; Vrba 1980; Kenp
and Calburn 1987; Andrews 1990a). As a result of these factors, among others,
predator assemblages will only represenl remains of the prey species commonly
hunted or available Lo the predalor.

If all taphonomic factors were equal, faunal assemblages accumulated by the more
generalized and opportunistic predators such as the tawny owl will 1end 10 vield high
species diversity and to exhibit a relatively high micro-spatial heterogeneity
(Soulhern 1954; Andrews 1990a), On the other hand, fwnal assemblages
accumulated by specialized predators such as the great-grey owl, which prefers voles
and particularly Microtus agrestis, will tend to vield assemblages with a relatively
low species diversity and low micro-spatial heterogeneity, The barn owl, an
intermediate predator that preys largely on the more abundant species while at the
same time exploiting other available prey species within a certain size range, lends Lo
vield assemblages with a relatively high species richness, Predator assemblages
resulting from barn owls also tend to exhibit & relatively high micro-spatial
heterogeneity, although equitabilily may vary with a hias lowards the more dominant
prey speeies {Avery 1982, 1990; Andrews 1990a, 1990b). In spite of the prey
selectivity exhibited by predators, it is important Lo point out that whenever prelerred

13



prey species are unavailable, predators, even the very specialized ones revert to other
prey species (Southern 1954; Andrews 19%0a),

Another factor limiting the range of species diversity in faunal assemblages will be
the maximum prey size particular predators can take (Andrews 1990a; Taylor 1994).
Although Aondrews (1990a: 28) concurs that there is normally a size bias in all
predator assemblages, he points owr that there is a generally “predictable size
eguivalence between the predator and the prey”. In view of this relationship, Avery
{1988, 1953) has reported that the barn owl preys largely on rodents and insectivores
whose average body weight is below 150 g. On the other hand, the Cape eagle owl,
one of the largest owls, preys on much bigper prey species than does the barn owl and
remains of terrestrial mammals as large as the hare have been found in their nest sites
{e.g. Kemp and Calburn 1987). The small carnivorous mammals are alse known to
take prey of a certain size range. Among the viverrids, the white-tailed mongoose
takes prey up to the size of the hare (2.6-5.0 kg), while the small-spotted genet takes
prey species berween 1-2 kg (Andrews and Evans 1983; 297).

The daily activity patterns of both predator and prey will also have an impact on the
species represented in predator assemblages. Largely nocturnal predators such as bam
owls are hkely to miss diurnal prey species. Avery (1987, 1992) has reported that
remains of the predominantly diurnal striped field mouse (Rhabdomys pumilio) are
usually underrepresented in pellets of the barn owl, which is largely nocturnal.
Similarly, the diurnal grass mouse (Arvicanthis miloticus) is missing from faunal
assemblages accumulated by nocturnal eagle owls in the Serengeti (Andrews 1990a).
Behavioural traits in one species may, however, vary from one place to another. Steyn
{1982} has reported that in England, the barn owl is known to hunt in dull days as
well as at dusk. It is therefore realistic to suppose that these bebavioural variations
will influence species representation in predator assemblages, resulting in predator
assemblages in which both nocturnal and diurnal prey species are represented. Table

2.4.1 summarizes some of the factors that may influence prey intake by predators.
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Tuhle 2.4.1: Predatores, their preferred habitats and prey species {compiled from Appendix 2.

Species Habitat & activity pattern Prey prefarence
Owls
Barn owl oper: country of all ersironments. salacts most dominart sgacies, mainky rodents; aiso
tarqely noctumial lakes shrews, birds, lizards, amgnibians ard insecls
Grass owl lives anlirely on the ground: confined roderts, mainly 192 vlei rats; small birds. frogs and
mainiy i apen but madst grassland. inzects alzo taken
bracken and heath; neclurnai, but may
also hurt on cvercast daye
Marsh owl ztards of rank grass. clumps of weeds, rodents &g, mice ard vei rais; shrews, insects.

African Wood owl

Spotted eagle owl

Cape eagle owl

Giant eagle owl

matghes of 1erbs; a crepussuiar

lives mainby in fereste, includirg
rgeing farests, sinclly nocturnal

a variety of hatitals including open
wandignd and savenna. naciumal
fewouts racky ledues and woocled
qulleys, and near running water, |3 gely
ngoturnal bul gy et at dawn o dusk
SnEt aness (B, Savanna acacia
woosland), and also i rvenne rees
nociurna!l but may alsa burt duricg the
S

Carnivorous mammals

African wild =at

Bat-eared fox

Black-backed jackal

Cape fox

Small spotted genet

Surlcate

wica nabitat talerance, bl reguines
o Cover, & g underbi s, stands of
tanl grass. entingly rocturns

wide habilat range, e.0. open arassland
ans waed'ans, and karoe scrul; doarnal
ans nocturnal

witle habitat talerance, bl moe in drier
and gpen terrgin divinal and noctuagnal
open country (e, karao and sorub,
crazsland, fyrbosh: mainly nocturnal
miairly open and arid areas; also ooours
in woodland savanna. strictly rociusral
preters Goar, and (siany or CaltarBi]
and ligithy venetated takiats, diurnal

Small grey mohygoease wirde hakita woleranca (2.9, foresi, open

Yellow mongoose

s0oul. bushy country Pymbigs). dsumal
sandy substrate on oper countny. e g.
shot gressland. seri-desad ook,
largel: diurral

f~oqs, izards and Dirds are also1aker

varied ey, but mairly insecls, diet alea includes birds,
smal rodents shrews ard frogs.

wared prey, but mainly bords: rodents, shrews

soeub hares, lesser bust Labies, fFuit bats alsa taken
prifarily hares and dassies ooenis, shrews, and

sMal camivores, &0 the genat and the Gt also teken

wids range of prey speces incluging small monkeys,
redents, shrews, ords. hares ans rsects

rueicls (g0, Masfornes spp., el rats, ocerbils) dominate:

birds alsg 1aken

variex] diet, including murids, nsects, arlhrepods,

wil Z-frelts and termites

waried diet, including grasshoppers, enies bestles,
mdrids. restiles, birdze and small anteoges

yaried diet, but mairly invergbrates (.. ath-opodst mice,
reptiles, birds and wilZ-fruds are aizatakan

small grey, inchuding murds, hares, birds, reptiles, ampnibians

rainky inverebrates: birds. imice, reptiles and amgaibiars
aAis0 taken

mainky inversbratas: small -odaniz 2.9, murids], birds,
ampsibiars ard reptiles ace Aiso taken

manly ryetel-ges airall ocdenis frats and mice), reptiles
and amphitzans also 1aken

Seasonal changes i diet and degree ol prey conswmnption have also been observed in

some predators (e Steyn 1982). Analyses of tawny owl pellets in the northem



temperate zones have suggested that these owls revert to taking moles and rats during
their breeding period around Mav because it becomes difficult to locate mice in the
thick vegetation at that time of the year (Southern 1954). Steyn (1982: 241) has also
reported that in the Transvaal (South Africa), barn owls’ daily consumption was
highest in autumn and winter when the birds breed. Of interest to note is that seasonal
behavioural changes in some prey species have made them more vulnerable to
predation. The relatively high representation of male root rats (Fachyoryctes
splendens) at the Enkapune Ya Muto rock-shelter in the Kenyan Central Rif, together
with the available behavioural data on root rats, led the analysis (Marean ef /. 1994)
10 suggest that male rats would have been heavily predated by the owls during the
mating season as they would have left therr burrows in search of mates. Andrews
{1990a) has also noted that in the northern temperate zones meles are heavily
predated by birds of prey as they leave their nests to travel on the surface. Although
the above phenomena are ephemeral and may not be detected m the fossil record (e.g.
Axery 1982), 1t 18 plausible that the mdividuals and therelore species that are heavily
predated will appear in relatively higher proportions in the faunal assemblages.

2.5 The physical environment

Environmental factors may influence the diversity of prey species that will be
available to the predator and that may end up in the fossil record. It has been reported
{e.g. Krebs 1978; Avery 1990; Reitz and Wing 1999) that environments that are
unpredictable and have extreme climatic conditions and little vegetation tend 1o hest
relatively low numbers of species. Conversely, it has been suggested (e.r. Krebs
1978; Reitz and Wing 1999) that enviromnpents that are generally favourable and
enjoy a relatively high productivity tend to have quite high species diversity and liner
specialisation of faunas. These statements are based on observations that the tropics
host relatively higher biotic diversity than do the temperate regions. This has been
attributed to the complexity and the stability of the former regions, which has enabled

more species to evolve and diversify over time (e.z. Krebs 1978; Avery 1990; Reitz
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and Wing 1999), It is thus regsonable to suppose that predator assemblages from
regions that are fairly stable will yield relatively high species diversity.

Because nrcromammalian populations are relatively habitat specific, fluctuations in
cnvironmental parameters such as temperature and meisture level may influence the
nature of vegetation cover and other ecological requirements of various species
(Avery 1987, 1088, 1990, 1992). As an example, investigations of small mammal
populations in a semi-arid sile in south-central California revealed that the 1989-1991
drought reduced the small mamimal populations (White ez ol 1996). 1t is realistic to
suppose that such changes in small mammal populations will influence the

compesition of predalor assemblages.

IL has been suggesied {e.g. Kemp and Calburm 1987} thai the noclurnal behaviours of
micromammalian species may be influenced by physical environmental conditions.
Some rodent prey specics such as root rats (Micretus oeconomys) are known to show
reduced levels of activity at full moon (Halle 1995). According t¢ Kemp and Calburm
(1987}, these seasonal behavioural patterns are associated with the amimals’ avoidance
of predators. It is realistic to surmise that such behavioural changes may influence the
prey species that will be available to the predator, with the possibility of a relatively
similar influence on species diversity in the predaior assemblages.

While acknowledging the complexity in the relations between species diversity. biotic
and abiotic factors, as well as underscoring the fact that cnvironmental changes in the
past may have triggered changes in mean population densitics, Avery (1982, 1990}
has argued that long term fluctuations in the mean population densities would have
been caused by large scale environmental phenomena. Avery (1982} has further noted
that long-term fluctuations are more noticeable in faunal assemblages than short-term
fluctuations. Delcourt and Delcourt {1991) have also argoed that on a maero-scale,
Quaternary ecology would have becn disturbed by large scale environmental changes,
while at the micro-level, short term disiurbances such as fire, would have resulted in
the depletion of the vegetation. decimation of nests or burrows, and consequently the

disturbance of community dynamics and structures. The latter propesition by Delcourt
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and Delcourt (1991) has been echoed by Marean et el (1994) and Matthews {1996},
who havc argued that fluctuations in micromammalian populations may be caused by
factors that havc no dircet association with larpe-scale conmtrols on the natural
environment. Marcan ef af. (1994) have, for instance, reported that at Enkapune Ya
Muto, the pastoral burning of grassiand that took place after 5200 years B.P. would
have influenced the decline in the relative abundance of the groove-toothed rat
(Ctomys irroratus), a small mammal species that prefers thick grassland and bush and
finds difficulty n living m areas where grass 1s regularly burned. Krebs (1978) has
also noted that changes in climate and/or other cnvironmental variables may bring
about small-scale cyclic changes in the internal dynamics ol communities. which
would affect aspects of the community such as species diversity. Similarly, Osman
and Whitlatch (1978) have argued that any form of environmental disturbance,
ranging from changes I envirommental variables such as  temperabwe to
cnvironmental productivity would alfect species diversity. especially at the mucro-
level. This i1s because such disturbances would influence factors such as predation and
species reproductive Tates, which are believed to wvary in responsc to changing
environment, The eflect of the disturbance te the biotas would, however, he
determined by the frequency and magmiude of the disturbance, and habitats that arc
fuirly stable would tend 1o wield rclatively high specics diversity (Osman and
Whitkatch 1978). It may be argued that the environmental changes mentioned above
mav have some miuence on the prey speeies that will be available to the predator and

subsequently the faunal remains that will reach the analyst.

Although environmental factors may have somc impact on small mammal
populations, it is worth emphasizing that different species react differently to a variety
of environmental parameters and may adapt in response to a changing environment
{Krcbs 1978), Investigations have suggested that species diversity may be relatively
high in unstable environments as suggested by the ability of species such as the
southern Kalahari Gerfiffirus sp. to colonize certain optimal areas, and also expleit
other areas in the event of unfavourable chmatic regimes in the optimal arcas {Ncl
and Rautenbach 1975). In addition, thore are cnvironments that are transiticnal in

nature and therefore host relics of ecological characteristics that are, otherwise, found
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mamnly in adjacent mam zones (Chaplin 1971). Such transitional zones, otherwise
called ecotones tend to be homes for large numbers of species that have adapted to
living topether. Although optimum habitats may be modified by micro-climatic
changes, adaptation of the faunas to a variety of micro-vegetation zones enables them
to survive in the event of climartic changes (Chaplin 1971). Delcourt and Delcourt
{1991) have, however, asserted that the extent of stability i (ransitional zones
depends on the magnitude and frequency of the disturbances, and the effect of the
disturbances upon the ecotone can be measured by species furnover in the ecotone. It
i5, therefore, reasonable to conclude that although environmental changes may cause
fluctuations in species diversity, which may in turn influence factors such as
predation, faunas do adapt to a variety of ecological requirements and this may enable
them to become resilient to certain environmental changes (Krebs 1978; Delcourt and
Delcourt 1991), Similarly, even thoupgh the repulation of the species pool in any
particular community may be influenced by both bictic and abietic factors, individual
species react differently to a variety of envirommental factors such as climatic
fluctuarions, since ecolopical requirements may vary from one species to another

{Krebs 1978; Coe 1980; Bonnichsen 1989h).
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CHAPTER THREE

The agency of micromammalian faunal accumulations

3.1 Introduction

Origing of micromammalian faunal accurnulations may principally be explained through
the scatclopical and fluvial hypotheses. The scatological hypothesis helds that
accumulations of micromammalian remains result from the deposition of pellets and
seats by avian and mammalian predators respectively. The fluvial hypothesis states that
hydraulic transpert plays a significant role in the dispersal and ultimate deposition of
micromammalian remaing (Mellet 1974; Korth 1979; Andrews 1990a). It may, however,
be noted that besides these two processes. there is a wide range of other patural means
through which micromammalian fauna may accumudate (e.g. Andrews 1990a) This
chapter will discuss the predator-induced mechanisms through which micromammalian
remains accumulate, as well as other natural processes that may contribute towards the

accumulation of micromnammalian faunal remains,
3.2 Predators as aceumulators of small mammal remains

A substantial amount of literature and research has implicated predation as the main
cause of micromammalian faunal aceurnulations {e.g. Mellet 1974; Behrensmeyer and
Dechant Boar 1980; Avery 1982: Andrews and Lwvans 1983; Andrews 1990a;
Fermandes-Jalve and Andrews 1992; Matthews 1999). In acknowledging the role of
predation in the accumulation of not only micromammahan faunas but also some
reptilian and avian species, Mellet (1974: 349) has arpued that most or all
micravertebrate faunal accumulations would have passed through the digestive traets of
carnivores. Followng their consumption by predators, the mdigestible remains of small
mammals may be deposited in the pellets of avian predators or in the scats of small
carnivorous mamimals (Andrews and Evans 1983; Andrews 1990a). The behavioural
patterns of the predators determine to a large extent the sites on which micromammalian
remains will be accumulated. In southern Africa, barn owls, which are presumed to be
the main accumulaters of small mammal remains (e.g. Avery 1982, 1992; Avery ef al.

25



1990, are relatively catholic in their habitat requirements. These owls may roost or nest
in many sites, incleding fissures with crevices, caves and rocky oulcrops in relatively
open country (Steyn 1982, 1584: Kemp and Calburn 1987). According to Taylor (1994,
barn owl pellets may accumulate in the nesting places when the bird is breeding and at
roost sites durtg other times of the vear, Andrews (1990a) has reported that regurgitated
pellets may alse accumulate at the entrances of caves. In Kenya, the Cape or
Mackinder’s eagle owl (Bubo capensis mackinderi) has been reported to nest on tree
sturnps (Steyn 1982). Both owls may use the same nesting sile for long period, resulting
n large aceumulation of bones of their prey (Steva 1982, 1984).

Most amall carnivorous maminals predominantly prey on small mammal species (e.g.
Skinner and Smithers 1990) and studies have shown that small carnivorous mammals
may accumulate micromammalian bones in their scats (e.g. Andrews and Evans 1953).
Deposition of scats by small carnivorous mammals will greatly be influenced by the
hehavioural patterns of the predator. The white-tailed mongoose and the genet are, for
instance, known to habitually use certain areas as latrines, accumulating large
assemblages of scats (Andrews and Evans 1983). Small carnivorous mammals may also
accumutlate scats at the entrances to their dens (Andrews and Evans 1983), behaviour
that has also been recorded among large carmivorous mammals such as hyenas (e.g.
Behrensmeyer 1993).

The important role that predator behaviour plays in determining faunal accumulations
cannot be over-emphasised. The effect of behavioural traits on the accumulation of
micromammalian fauna has finther been demonstrated through the tendency of some
predators to cache food, Village (1990) has reporled that some diurnal raptors such as the
Eurppean kestrels and falcons choose when to eat and also cache food for later use.
Kestrel caches. which may be stacked in crevices, tend to comprise both
micromammalian and avian faunal remains (Village 1990). Amoeng the nocturnal birds
of prey. the marsh owls are also known to cache their prey, especially if the prev 1s in
abundance {Steyn 1982; Kemp and Calburn 1987). Similar caching of food for later use
has been recorded in some small camivorous mammals. Observations on Ethiopian

wolves (Canis simensis} have revealed that these camds sometimes cache their prey in
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the vicinity of thetr dens. This they do by digging a hole and then covering the prey with
soil or vegetation (Sillero-Zubiri and Gottelli 1993), 11 caches are not reineved, skeletal
remains of the prev species may accumulate (c.g. Andrews and Fvans 1983), Because
predator roostingdliving  sites  have significani mlluence on the accumulation and
preservation of micromammalian remains, Table 3.2.1 summarizes different places

where predators roost/hive.

Table 3.2.1: T'redators and their preferred romsting | living places {eompiled fram Appendix 2).

Species preferred roosting/living sites

Owils

Barn owl roasts o cawlies gr crevices 0 fiees buildings. recky iedges (e.q. caves)
Grass owl roastsdlives entinaly an the graund. mainby o open Sub most gressland
Marsh owl roasts 0 stands of rank grass, clumps of weeds. patones of Ferts

Spotted cagle owl
African wood owl
Cape eagle owl

Slant eagle owl
Diurnal pirds of prey
Black-zhouldered kite
The Liack eagle
Sieppe buzzard
Lesser kestrei
Carnivarous mamntals
Bat-eared fox
Black-backed jackal
Cape fox

Afrlcan wild cat

Caracal

Small spotted cat
Honey hadger
Siriped polecat
Cape clawless oHer

Emall spotted genet

Large-spofted genet
Suricate

Small grey mongoose
Yellow mongoose

roosis - orocky ledges, buldings. hal'ows inlamge irees burows
[rves marly o furasts
favours rochy bedgesifissures and wooded gulleys, and near running wate:

roastsdives in savarns acasia owoodland) a1d also in riverine trees

roosts mainly i resds: may alsa rxast in ress; carrmunal soosting takes place
prefers rocky or rmauntainous emdranmerts
[ves redr agriculural activities such as wheat Farming

roosts commoeniy in areas inhabited by Fumansz, .2 slands of eucalypts

sleeps in Buirows, undermeath wegetation. o just in ihe open: defecales nesr testing placss
shefters in noles in the groand. rock crevices. unoer vegetstion cover, among piles of boulders
prefers some cover during the day (e.9. holes in ne sround o slands of grass

requires some cover, &g, underbush, mocky hillsides, nollow trees: droppings are usually boried o
deposited at |atrine sites

piefers plains and rocky hills in open country and oper woaoded savanna

reafars some covar, 8.4, wegatalion and Losrows; alspiives - hollow tarmite maoirds

may use ook crevices to sheler: an adept digger and may d.z Polzs in which mo live

shelterz in turrows under icose and soft sandy/iocky subatrate amongst vegetarion, piles of stones
dves predormranthy wy “resh g manne waters may also be found foragirs on dry Bnaroninerts g

wiraded ard grazsland envronmerts) deposils droppings &l Istine sites

wide habitat tolerance: may coour o gpen and and. woodiaod, dvarire & grassland habitats aond also
o pockets of rechky outcrops on open plains: droppirgs ore deposited a0 iat<ine aircs

prefers well warered habilats. relativey denae vegeration cover; droppings cepasited at larrine sites
o5 bs ey buriche CaImpiaxes warensy, and also jives in burows dug by other small marmmals
prefiers oy rocky giound whase it shelers, e.q. ander wegeation cover, in burraws

gnalars in coramunal burrows; scals get decceited in latrnes nears the entrances o the burrows




It has further been reported that predator species may live communally n areas such as
caves {e.g. Southern 1954). The black-shonldered kites (Elanmmy coerufeny), for mstance,
regularly roost communally throughout the year {Steyn 1982). Because of eommunal
roosting by some predator species, faunal assemblages representing a wide range of prey
species may accumulate, leading to a phenomenon referred to as “predation mixture”
(Denys ¢ af. 1997 58). Andrews and Evans (1983) have noted that communal roosting
may lead to pellet or seat clusters containing high numbers of micromammalian
individuals and specics. Interpretations of faunal acenmulations resylting from
commumal roosting may, however, lead to crroncous conciusions especially in sitnations
where avian predator specics with different behavioural traits were roosting together (1D,

M. Avery, pers. comm., 2001).

It is rcalistic to supposc that owing to the wide range of sites on which pellets or scats
may be deposited, the micromammalian faunas that are preserved and become available
later to the scholar may only be a small percentage of what was initially deposited. This
is becausec, as i will become cvident in Chapter Four, taphonomic processes influence
micromammalian faunas differently, and this mayv depend on factors such as the
chemical compaosition of the arca of deposition {e.g. Andrews 1990a).

3.3 The role of scavenging in the accumulation of smaill mammal

remains

Whereas the accumulation of large mammalian bones by large carnivorous mammals
and by large rodent species such as the porcupines has been well siudied (e.g. Brain
1981; Marshall 1989; Kicin and Cruz-Uribe 1991; Behrensmeyer 1993), there is poor
understanding of the role that scavenging plays in the accumulation of micromammalian
remains. Shipman and Walker (1980} have, however, shown that accumulation of
micromammalian fauna is not limited to mammalian and avian predators alone. They
have documented harvester ants (Messor barbarus) accumulating small mammal
remains in 2 single ant hill in a farm in Athi Plains, near Nairobi. Kenya. Investigations
of this rare phenomenon suggested that there would have been high populations of both

the harvester ants and the rodents in the Athi Plans, following heavy rains in the ares
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An increase in rodent carcasses would have allowed the harvester ants to augment their
seed and grain diet by scavenging on the bits of flesh on the small mammal bones,
According to Shipman and Walker (1980), the ant hill yielded 1167 bones and teeth
belongmg to diverse species that included the pygmy mouse (Mus minuioides) and the
striped field mouse (Rhabdamys pumilic).

3.4 The role of nateral deaths

Small marmmal remains are alse known to accumulate in natural pitfalls after the animals
get trapped and die n the pitfalls {Chaplin 1971; Andrews 1990a). Although there is
poor documentation, shafts and fissures bave been reported as natural death traps for
both small and large mammals (e.g. Chaplin 1971). According to Andrews (19%0a),
factors such as age and visual acuity affect the likelihood that animals will fall into such
traps with species such as some shrews, which have poor eyesight being more likely to
fall in pitfalls. The fact that some species are more vulperzble to natural pitfalls than
others may imply that ihe assemblages accumulaied m this way will tend to yield
relatively low species diversity (Andrews 1990a). In view of this, the low frequency of
micromammalian fauna from the otherwise thick level TD8 at Gran Dolina, Atapuerca,
Spain, led Fernandez-Jalvo and Andrews (1992) fo suggest thal these sccumulations
would have heen remains of incidental small mammal deaths.

Catastrophic mortality may also cause the accumulation of small mammal remains. This
phenomenon, relerred by Chaplin (1971: 153) as death in sife, may occur in a number of
ways such as burrowing rodents being trapped and killed m their burrows by floods {e.g.
Andrews 1990a). Such synchronic and passive accumulations may also result from
factors such as hibernation or aestivation deaths as well as animals dying as a result of
starvation (Andrews and Evans 1983; Andrews 1990a; Lyman 1994). Although such
occurrences may be rare in ihe fossil record (Andrews 1990z), “catastrophocenoss
assemblages” (Denys ¢f ol 1997h: 63) accumulated during such short periods usually
represent single events. The time and the faunas sampled, therefore, may yield distorted
information about the palaeoecosystems from which the assemblages were drawn {Vrba
1980, Andrews 1990z; Denys e¢f aof 1997b). In fact, Andrews and Livans (1983) have
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noted that catastrophic assemblages such as those associated with aestivation may
comprise & single species only and, because of that, such assemblages provide minimal
mformation about the communities from which they were derived. Conversely, Western
(1980). who has studied large mammals, has argued that, as long as the phenomenon was
widespread and instantaveous, catastrophic assemblages tend to répresent a true mirror
of the living commumity from which they were drawn. It is alse important to note that
catastrophic accumulations such as those associated with aestivation or hibermation
usually vield assemblages with minimal modifications. Such assemblages often tend to
vield faunal assemblages with all skeletal parts relalively well represented (Andrews
1990a).

3.5 Transport as an agent of accumulation of small mammal remains

Agents of transport such as water play a significant role in determining the final resting
place of faunal remains (e.g. Hanson 1980: Andrews 1990a; Denys ef of 1997h).
Although 1t is difficult to determine the effcct of transport on the final resting place of
small mammal remaing largely because of their small size (Andrews 1990a). it is worth
noting that this taphonomic process may significantly determine the kind of faunal
assemblages that accumulate in particular areas, As WollT (1975) has indicated, runoff
water disperses bones and teeth of small animals much more casily than those belonging
to large animals, While referring to large mammals, Behrensmeyer (1975) has also
clucidated how, depending on factors such as thew shape and density, different bones
from different origins may be differentially transported and deposited In a particular
sedimentary deposit. Simularly, Korth (1979), who cxperimented with the effect of water
transport on micromammalian remains, has argucd that some skeletal elements, because
of their shape and density, may be sorted, resulting in thetr absence in particular faunal
assemblages. It is theretore feasible that differential sorting and deposition of skeletal
clements, inclading those belonging to micromammals, may result in the accumulation
of biascd faunal asscmblages. This, according to Korth (1979), may explain the scarcily
of some skeletal elemenis in some faunal sites. This is because, assuwming that faunal

remains had been hydraulically transported, the sizes of faunmal remains found in aoy
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particular environmental context will always tend to be hydrawlically equivalent to the
sediments of the deposit {Behrensmeyer 1975; Korth 1979). Following Korth {1979).
Table 3.5.1 gives the settling velocities of micromammalian remains belonging to three
species, a shrew (Sorex sp.), a mouse {FPeromyscus sp.) and a squirrel (Sciurus sp.).
Table 3.5.1 shows that skeletal elements are differentially dispersed and this may vary
within and between species.

Table 3.5.1: Experimentally determined settling groups of some
small mammal remains (After Korth 1979, Table 3).

Genus | (low) Il I 1] Il (high)
Sorex
atlas calcaneum malar (M) mandible
astragalus skull
femur
Peromyscus
rib metatarsal maxlla+  molars tibia-fibuta
scapula  lumbar vert. calcansum maxilla-
phalanx atlas astragalus incisars
radius skull mandible
ulna humerus
pelvis femur
Sciurus
skl astragalus tibia
atlas calcaneum mandibie
scapula
molar (M%)
femur

Denys et af. (19970) have shed further light on the nature ol faunal assemblapes thal
may accunulate subsequent to transport. They have reporied that transport into a channel
may form a faunal assemblage with relatively high species diversily, representing a
relatively high ecological heterogeneity. This 15 because through transport, faunas from a
wide range of habitats may be deposited together. If such an accumulation takes place
over a long period, this results in a phenomenon known as “taphonomic time-averaging”
(Behrensmeyer 1993: 402). Such diachronic assemblages may be associated with active
large-scale phenomena such as fluvial transport (Lyman 1994), Time-averaged

occurrences, however, tend to yield faunal assemblages whose origins are difficult to
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determine (Andrews 1990a; Denys er af 1997a). As Andrews (1990a) has pointed out,
ccological interpretations from such faunal assemblages can be achieved through
taphonomic and microstratigraphic analyses of the faunas. Similarly, an understanding of
the depositional and environmental contexts of the sitc may provide crucial leads that
can help in understanding the origins and history of the fauna {c.g. Denys et al. 1997a).
The importance of understanding the depositional contexts has been demonstrated by
Fernandez-Jalvo’s (1993} investigations of the micromammalian favna from La
Trinchera de Atapuerca, in Spain. An understanding of the sedimentological context of
La Trinchera de Atapucrca helped in the interpretation of the micromammalian fauna,
cnabling aspects such as the cnvironment at the time of deposition to be discerned
{(Fernandez-Jalvo 1595, It is therefore important to stress that while investigating the
mode of faunal accumulations and the subsequent processes that may have affected the
assemblages, understanding the depositional and/or geological contexts is a prereguisite,
if a true image of the past is to be realized (Oliver 1989},



CHAPTER FOUR

Taphonomic processes affecting small mammal

remains

4.1 Introduction

The faunal samples that reach the analyst are relics of many taphonomic processes.
These processes may alter aspects of the fauna such as their shape and chemical
composition, leaving faunal remains that essemtially differ from their original form.
The taphonomic processes start al the lime of death and consumption of small
mammals and continue after the mndigestible skeletal remains have been deposited in
the pellets of avian predators or in the scats of small carniverous mammals. Prior to
their burial, micromammalian remains, like iheir large mammalign counterparts, may
be modified by a wide range of taphonomic processes which may ac! either dependent
on or idependent of each other. Following burial, further modifications take place,
and this may continue until the fauna are recovered by the excavator. Dependmg on
the recovery methods employed, the bones may frther be modified during this
process (Behrensmeyer 1975; Korth 197%; Behrensmeyer er al. 1989; Oliver 1989
Andrews 1990a, 1990b; Fernandez-Jalvo 1995). This chapter will highlight the
{aphonomic processes that affeet small mammal remains prier to and after burial.

4.2 Pre-burial processes

The term pre-burial in this discussion refers to the taphonomic processes and
modifications that occur prior to the mineralization of faunal remains (Behrensmeyer
er af. 1989). These initial taphonomic processes play a crueial role in the life of faunal
assemblages and may significantly influence later taphonomic processes (e.g. Denys
et ol 1997a).
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4.2.1 Modifications caused by predators

Investigations of micromammalian fauna encased in modern pellets repurgitated by
avian predators (e.2. Dodson and Wexlar 1979; Andrews 1990a; Avery 1992), as well
33 modemn scats deposited by small camivorous mammals (e.g, Mellet 1974; Andrews
and Evans 1983), have yielded crucial information about the modificaiions inflicted
by predators to the bones of their prey. These investigations have suggested that
predators modify the bones of ther prey differently, and this may depend on faciors
such as the digestive processcs of the predators {Dodson and Wexlar 1979, Andrews
1990a).

Modifications to small mammal bones may start at the time of death (Andrews 1995).
{t has becn reported (Dodson and Wexlar 1979; Andrews 1990a) that a common way
of killing prey is cither by breaking the neck or piercing the back of the skuil
Obscrvations made by Dodson and Wexlar (1979) have revealed ihat the barn owl
holds its prev in its talons, puncturing and damaging the cranium of the prey, after
which the prey is swallowed whole, Diurnal raplors including buzzards, falcons and
kesirels, whose maodifications to Lhe bones of their prey arc relatively high. usually
kill their prey by their sharp talons, tearing it apart. While feeding, the kestrels hold
their prey with their feet, picking flesh off the prey with their beaks. and each small
hite causes damage to the bones of the prey (Dodson and Wexlar 1979; Andrews
1990g; Village 1990).

Depending on the predator and its {&eding patlerns, lurther modifications may ensue
after predators have consumed their prey. This may inchide digestion, breakage and
loss of skcletal elements ol the prey. Noclurnal owls, for cxample, arc gencrally
known to swallow their prey whole. Once the prey has been swallowed, the digestive
processes separate the nuiritions components, leaving the indigestible components
that include the bones. feathers and fur. Wiih litile dismemberment, the indigestible
remaing are colleeted at the bottom of the stomach where they are compacted into
pellets and later regurgitated {e.g. Kemp and Calbwrm 1987; Andrews 1990a). The
gastric juice in the stomach causes differential corrosion on the undigested skelctal
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remains. The amount ef cerresion depends largely on the stomach acidity, as well as
the morphology of mdividual skeletal elements (Andrews1990a; Fernandez-Jalve and
Andrews 1992), Studies have shown that among the owls, the pH of the barn owl’s
stomach is higher and (heretore less acidic than that of many other avian predators.
Because of the high pH m the barn owl’s stomach most of the regurgitated bones
belonging to the owl's prey species are fairly undigested (Dodson and Wexdar 1979;
Andrews 1990a).

Depending on the relative size of the prey and predator, differential modifications
may occur on prey bones (e, Andrews 1990a; Matthews 1999). Investigations of
pellels regurgitated by the great hormed owl (Bubo virginianus) have revealed that
bones belonging to larger prey are more broken than those of smaller ones (Korth
1979). Similarly, Dodson and Wexlar {1979) have noted that young owls tend to
digest and therefore modify the bones of their prey much more than mature ones. This
has been attributed to the need of the young owls to replenish their skeletons with
salts m the bones of their prey (Dodson and Wexdar 1979). Overall, as can be seen in
Table 4.2.1, barn owls generally cause minimal breakage to the bones of their prey
{e.g. Dodson and Wexlar 1979; Andrews 1990a; Matthews 1999,

Modifications of prey bones by small carnivorous mammals may differ from that of
avian predators in that the former have teeth that they use to kill and comminute their
prey {Andrews and Evans 1983). These predators habilually break and chew their
prey and digestion starts in the stomach and continues into the mtestines (Andrews
1990a). The prey of small carnivorous mammals are therefore subjected to much
more digestion than those of avian predators. The effect of this thorough digestion
causes distinctive damage to the bones, sach as rounding of exposed edges of bones
or the articular ends of limb bones, puncture marks and etching of tooth enamel as a
resull of acid corrosion (Andrews and Evang 1983; Andrews 1990a, 1990b;
Fernandez-Jaivo and Andrews 1992}
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Table 4.2,1; Predator breakage categaries from least (1} to greatest (33 {After Andrews 19%a,
Table 3.16 and Magthews 1998, Table 2.2).

Predator categories

1 2 : 3 4 5
Breakage of BO, S0, LE, | SE, SE(O, t LiT, KES, H - MAM
skulls GEO,GGO | EEO,TO
i
Breakage of BO, LE, | SO, SE, ! SEO,KES, H LIT, MAM -
mandibles GEO, GGO | EEQ, TO
: Mandibular BO, 50, LE, | GEO, SEO, | LT, KES, | H, MONG, GEN, | -
! tooth loss SE, GGO, |TO COY,  ART, | BAT,RED
: EEO FINF i
¢ Maxillary BO, SO, LE, | GGO. TO SE, EEQ, SEO, | LIT. KES, H, -
! tooth loss GED BAT, COY GEN,  MONG,
| RELD, ART,
: PINE
| Proportions BO, SO LE, | GGO, COY, | TO,LIT, BAT | KES, GEN, | H, ART
| isolated teeth | SE  GEO, | MONG RED, PINE
: EED, SEO |
| Post-cramisl/ | BO, LE, SE, | TO, GED, | H. ART SO. LIT, MONG, | -
 evaniat EED, GGO, | SEO, KES, COY, RED
| proportions PINL, BAT | (GEN
| Loss of distal | BO, S0, LE, | SE, EEOQ, | LIT, KES SEO, H, RED FINL,
! elements of OEO, TO Goo, COY, MONG,
: Post-crania . ART GENM, BAT
; Breakageof | BO. SO, LE. | SE. GEO, | EEQ, TO KES, I MAM
| teeth | GGO SEQ. LIT
. Tncisor B(, SE, SO | LE, GEOQ, | EEQ, 5EQ, TO, | KES H,  ART,
! digestion BAT, GGO | LIT, PIME, RED, COY
: MONG, GEN
. Breakage of BO. GGO. | 8O,EEOQ SEQ, TO LIT, KES, H, | PINE, ART,
i Post-crania LE. SE, GEO MONG, GEN, | RED, COY
: BAT

Key: BO = Bamn owl, LE = Lung-sured vwl, 30 = Snowy owl. SE = Short-carcd owl, GEO = Giam caple owl,
SEQ = Spotted caple owi. EED =European eagle owl, GGO = preat grev owl, TO = Tawny owl, LIT = Little ol
COY = Covote. BAT = Bat-gared fox, PTNE = Pine Marten, H = Hen harrier. ART = Artic oy, MONG =
Mongoose, GEMN = Genet KIS Kestrel, RED - Read fox, MaAM Marmunalisn carmivores

In some small earnivorous marmmals such as the {elids and more particularly the

serval (Felis serval), bone modification and destruction through digestion is so scvere

that only the teeth are famly well represented in scats. Very often, the bones are

completely digested and only appear as a powdery admixiure bound together with the
hair of the rodents that had been consumed (Skinner and Smithers 1990). Among the

viverrids. the white-tailed mongoose (Ichneumia albicauda) has been reported to

cause severe breakage to the bones of its prey, vielding assemblages predominantly

represented by the most resistant skeletal clements such as the distal humeri
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Rounding of bones at their edges and bone cotrosion are relalively common in
micromammalian assemblages accumulated by the white-tailed mongoose (Andrews
and Evans 1983). On the other hand, investigations of the small-spotied genet
{Genetta genetta) have revealed that not all small carmivorous mammals complelely
destroy the bones of their prey. The small-spotied genet preys on micromammalian
species such as gerbils (Taferg spp.) and muliimammate mice (Mastomys spp.). It
chops its prey nlo pieces that ¢an easily be swallowed without much mastication so
that small manmmal remains found in ther scats can be ideniified (Skinner and
Smithers 1990). The effect of comminulion among small camivorous mammals may
depend upon the size of the prey relative to that of the predator. Andrews and Evans
(1983) have, for instance, reported that the smaller mustelids do not consume prey
that are larger than they are but prefer 1o consume prev with bones that they can easily

comminte,

Trampling by predators may cause further modifications to small mammal remains.
Although Andrews (1990a) has acknowledged that there is little understanding of the
effect of natural trampling on micromammalian remains largely because of their small
size, he has reported that owls such as the European eagle owls are known to trample
on the pellets in their nest sites, causing a substantial amount of destruction to the
small marrnal remaing encased therein. Fernandez-Jalve (1995) has also noted that
trampling may leave striations and punciure marks on the small mammal remains. As
will become more evident when trampling by non-predaiors is discussed later in this
chapter, the effect of trampling on microvertebrate fiauna may be influenced by a
range of factors, including the hardness of the substrate on which the fauna is resting
(e.g. Mellet 1974). It is also conceivable that the effect of trampling on
micromammalian remams may also be influenced by factors such as the size of the
predator. Because of their weight, large predaiors are likelv to cause more destruction
to micromammaliaa bones than small sized predators.

Modifications to micromammalian bones during and after consumption may therefore
be identified through diagnostic features such as breakage and digestion patterns, the

presence of superficial tooth marks and rounding or polishing of ends of bones
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{Andrews and Evans 1983; Andrews 1990a; [ernandez-Jalve and Andrews 1992;
Fernandcz-Jalvo 1995; Matthews 1999),

4,2.2 Muodifications resulting from non-predator actions

Following the accunmulation of small mammal remains by predators or other agents of
accumulation, a wide range of environmental processes shape the faunal assemblages.
resulting in ones that may differ from the primary accnmulations {Korth 1979,
Bonnichsen 1989%9a; Andrews 1990a; Lyman [994). The survivability of the bones
may be determined by factors such as the chemical and physical properties of the
bones, as well as the nature of the environment on which they have been discarded
{Chaplin 1971). While aclmowledging that different skeletal clements have distinct
durabilities in the face of physical environmental processes (e.g. Gifford-Gonzales
1989b), this section will occasionally borrow from observations made on
macromammalian fauna. This will be done with the view to shedding more light on
the taphonomic proccsses other than those associated with the primary predator that
may shape the muliilaceted micromammalian faunal assemblages. These proccsses,
which may include trampling, weathering and transport may come into play before
the faunal accumulations are deposited and buried in their final resting place {e.g.
Behrensmeyer 19735).

Depending on the area of deposition, the most immediatc modification to mammalian
faunas, including those belonging to micromammals, is decomposition. Although
decomposition §s often associated with the soff tissue, prolonged scavenging by
insects tends to acccleratc the processes that cause modification to bones. This
happens when insect actions result in the disarticulation of skeletal elements, leaving
them more vulnerable to z range of sub-aerial processes such as weathering and
trampling (e.g. Behremsmeyer 1975, 1978; Korth 1979; Andrews 1990a; Fernandez-
Jalvo 1993). The rate of decomposition of bone is dependent upon the chemical and
biological properties of the area where the carcase lies (Behrensmeyer 1975, Andrews
1990a). Korth (1979) has experimentzily observed that as a result of insect action,
small mammal remains in hol climates may disarticulate (if not already disarticulated



by the predator) and start to decompose within a period of eight days. Behrensmeyer
{1975), whose focus has bcen large mammals. has also stated that in humid
environments, decay causes the dissolution of the orgamic material in the bone tissue,
while in dry cnvironments. dehydration of the organic material may take place on
fresh bones, resulting in cracking and splitting of the bones. Further acknowledging
the importance of understanding the effect of decomposition on fossil assemblages,
Korth (1979} has noted that the ellect of decomposition on faunal assemblages may
mnflucnce subsequent taphonomic processes that affect faunal assemblages.

Andrews (1990a) has reported further that scavenging by non-predator species may
inflict damage on micromammalian bones. Experimentation in which small mammal
carcases were deliberately protected from scavenging by diurnal raptors and small
carnivorous mammals, revesled that scavenging by shrews caused extensive damage

and gnawing to both cranial and post-cranial bones (Andrews 1990a).

Another cause of modification to small mammal bones may be trampling by non-
predator species. The effect of trampling on micromammalian faunal rermains
resulting from species other than the predators is, however, as unclear as the effect of
trampling by the predators themselves {e.g. Andrews 1990a). This is largely becausc
the small size and fragility of micromammaban remams make them vulrerable to
destruction by a wide range of laphonomic processes (c.g. Western 1980; Andrews
1990a). Hill (1980) has, however, argucd (hat the size of an animal docs not always
count, as remains of large animals such as the elephant may also be highly modified.
The effect of trampling may, nevertheless, vary from one skeletal element to the other
angd this may be determincd by faciors such as the infrinsic properties of cach skeletal
element (e.e. Andrews 19904, 1995).

Andrews (1990a) has demonstraicd that large mammals may cause differential
damage to small mammal remains encased in pellels, depending on whether the
pellets are wel or dry. Experimentally, Andrews (1990a) has shown that dry pellets
trampled by large animals are more resistant 10 destruction than wet ones, with the

former affording more protection to the small mammal remains nside them. The
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extent of destruction to the pellets and consequently to the small mammal remains
inside them, may also be influenced by the kind of substrate on which the pellets are
resting. Those resting on soft substrates tend o be impelled inlo the substrate with
little breakapge (Andrews 1990a). Andrews’ (1990a) experiments demonstrated that
cranial and post-cranmial elements may differentially be destroved by irampling,
resulting in almost total absence of the skulls.

The effect of trampling on macromanumalian bones {(e.g. Andrews and Cook 1983)
compare relatively well with Andrews’ (1990a) experimental observations on small
mammal bones. Andrews and Cook’s (1985) studies revealed that on sandy or rocky
substrates. the pressure exerted on bones by the feet of ungulates causes damage to
macromammalian bongs. Trampling on large bones may result in spiral fractures,
pitting, scouring, rounding and polishing of the bones {e.g. Behrensmever ef al. 1989;
Oliver 1989). The effect of trampling on large bones may be identified through
variations in the numbers of scratches and the way they are distributed on the bones as
well as the prevalence of superimposed scratches that vary m ther orentations
{Behrensmeyer ef qf. 1989). Depending on its intensily, the effect of trampling on
large bones may depend upon the weathering stage of the bones. Behrensmeyer ef al.
{ 1989) have reported that relatively unweathered bones tend to show less modification
as a result of trampling. While referring to larpe mammal bones, Hill {1980) has noted
that unburied bones that are shielded, for instance, by vegetation are more hkely to
survive sub-aerial taphonorpic processes, including trampling. It 13 reasonable to
suppose that micromamumalian remains protected by vegetation may alse become
buried and therefore protected from sub-aenal taphonomic processes, inchuding
trampling {e.g. Andrews 1995).

4.2.3 Mechanical meodification
Another taphonomic process that may modify micromammalian remains prior to their

burial is weathering. Because of the shortage of literature on the subject, Andrews
{1990a) attempted to understand the effect of weathering on small mammal bones by

experimenting on barn owl pellets. Barn owl pellets exposed o varying environmental
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conditions were left for a period ranging from ten months to two years. [t was found
that the pellels thal had been exposed 1o wealhering on a dry ledge for two years had
experienced some weathering, although they were largely intact (Andrews 1990a). On
the other hand, the pellets that were exposed to weathering in a damp cnvironment
had completely disintegrated after ten months. After further experimentation in which
the bones derived from intact pellets were exposed to weathering for 18 menths, it
was observed thal these bones had cxperienced minimal weathering, mcluding
chipping of the molar enamel. Generally, a stoular trend of slight splitting and
chipping thal was evident n the cranial parts was also ebserved in post-cranial
elements such as the femur and the tibia {Andrews 1990a). It is therefore important to
point out that the effect of weathering on micrermammalian bones may depend on the
time of exposure of the bones to the environmental factors that cause weathering and
bones that had previously been subjected to some weathering may be more vulnerable
than fresh ones (Andrews 1995; Fernandez-Jalve 1993). Table 4.2.3 summarizes the
effect of weathering on micromammalian remains that had been artificially exposed in

wel temperate climate.

Table 4.2.3: Wealhering stages in small mammal bones artificially cxposed
in wet femperate ¢climate (After Andrews 1990a, Table 1.3).

Stage Small mammul bones artificially expased Range in yrs.
] no rodification 0-2
I slight splitting of bone parallel to fibre strocture; 1-3

chipping of tecth and spliting of dentine

& more extensive aplitting but little flaking; chipping 3-5+
and gplitting of teeth leading 1o loss of parts of
Crown

3 deep splitting and some loss of deep segments or 4-5+

“flakes' botween splits; extensive splitting of teeth
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Depending on the environmental properties of the arca of primary deposition, sub-
aerial weathering may ntroduce changes in the chemical compesition of faunal
remains {e.g. Andrews 1995; Fernandez-Jalvo 1995). Andrews (1995) has reported
that in temperate environments weathering of small mammal bones may cause
splitting and decaleification of the bones. Fernandez-Jalvo (1995) has also observed
calcite crystal infillings in rmicromammalian faunal remains from La Trinchera de
Atapuerca. The presence of calcite crystals in the bones suggested that they were
either deposited during a wet period or were hydraylically transported {Fernandez-
Jalvo 1995), Cutler ef al (1999) have further shown that large animal bones found in
the same oceurrence may show variations in the degrec of pre-burial weathering, This
may be attributed to differences in the intrinsic properties of bones as more compact
skeletal elements such as thc podials arc more resistant not only to sub-acrial
weathering but also to other taphonomic processes (e.g. Behrensmever ef /. 1989). It
is important to peint out that after deposition. small mammal bones cannot withstand
long periods of cxposure to sub-asrial processes without being completely destroyed
and will therefore only be preserved if they have been covered by sediments (Korth
1979).

As micromammalian remaing may be dispersed through a wide range of agents,
further wodifications to the bones may occur. When considering taphonomic
processes such as hydranlic transport, which may significantly influence among other
lactors, the [inal resting place of bones, it is reasonable to treat faunal remamns as
sedimentary particles that may be altered by a wide range of geological phenomena
that affect other sedimentary particles (Behrensmever 1975, Korth 1979; Oliver
1989). Although it is difficult to trace the cffcet of transport on small mamumal
rcmains due to their small size, Andrews (1990a, 1990b) has noted that transport of

micro [aunal remains by agents such as water may cause damage to the bones.

The dispersal potential of [aunal remamns, and its effect on skeletal elements may
depend upon a multiplicity of factors, including the physical properties ol the
cnvironment in which the animal died. A skeleten lving in dense vegetation, for

instance, is less likely to be dispersed than a skeleton Tyving on 2 flood plam. This is
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because the vegetation may protect the bopes from the extreme hydraulic forces,
thereby helping to reduce the effect of dispersal (Behrensmever 1975, 1993).
Simifarly, small mammalian bopes transported in & low emergy environment such as
overbank waters are likely to be less dispersed and modified than those transported in
fast moving and high epergy channels, High-energy channels tend to disperse bones
more, causing relatively tngh destruction especially to the less durable skeletal
elements (Graham 1956}, Observations in the Drayeott cave system in the UK. have
revealed that small mammal bones deposited in caves show both minimal dispersion
and modifications (Andrews 1995),

In an attempt to provide more nsight into the hydraulie behaviour of
micromammalian remains, and ultimately the modifications caused to microfaunal
remains by water transport, Kerth (1979) artificially simulated stream action on small
mammal bones for 80 hours. He found that there was preferential modification of the
bones, with the earliest modification of the skeleton being the disarticulation of the
skull bones as well as the loss of teeth from the jaws. As a result of weathering,
rounding of the cranial bones that had detached from the crania became prominent
and signs of abrasion were evident on the coronoid processes of the jaws. Although
breakage did not cccur on the major limb bones until advanced stapes of the
experiment, signs of erosion were evident. The relatively compact bones of the feet,
however, showed no clear signs of meodilication. The experimentation by Korth
{1979) further revealed that it was difficult to follow the influence of water transport
when bones were being transported at the bottom of the artificially simulated stream.
This was mainly because the bones became essentially invisible against the irregular
bottom of the stream (Korth 1979: 262). Referting to large bones, Behrensmeyer
{1975) has pointed out that bones transported as bed load tend to be more abraded and
broken than these transported as suspended load. In general, lack of abrasion on bones
may imply that they had not been transported far from their primary site of depositien
and that the faunal occurrence may have remained undisturbed {Andrews 1990a).

The level of bone modification resalting from transpori may depend on the extent to

which preceding taphonomic processes such as weathering, have modified the bone
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structurally, with bones that are structurally weak being more prope to breakage.
Weathered bones, for instance, having lost much of their organic material, become
relatively wesk and therelore are easily abraded and destroyed dwring transport
(Behrensmeyer 1975). In view of this, and with regard to small mammal remains,
Denys et al. (1997a) have pointed out that the examination of modifications caused by
taphonomic processes not related to predation must take into consideration how much
predation may have influenced the structure of the faunal remains, as the extent of
later taphopomic modifications will be influenced by the effect predation has had on
the bones. Korth (1979) and Avery (1990} have also stressed the importance of
identifving the original source of faunal remains as predation leaves a fairly
disarticulated skeleton, more vulnerable particularly (o hyvdravbe transport. It is
significant that bones derived from predators such as the bam owls, which cause little
modification to the bones of their prey, tend to be structurally stromg, and therelore
less subject to modification by other taphonomic processes (Andrews 1990a). In
addition, Korth’s (1979) experiments on the effect of hydraulic transport on
micromammalian  faunas  have revealed that bomes belonging to  ditlerent
micromammalian species may differentially be destroyed in hydrauvlic transport.
(Observations by Korth (1979} on bones belonging to a vole (Microfus sp) and a
mouse (Peromyscus sp.), which had been artificially subjected to hyvdraulic transport,
revealed that destruction was more rapid on the bones belonging to the former than
those of the latter species. It is therefore reasonable to conclude that during the pre-
burial stages, a range of taphonomic factors determine which bongs, and ultimately
which species, will be available for burial and subsequent fossilisation.

4.3 Post-burial processes

Following Behrensmever ef af. (1989), post-burial processes in this discussion refer to

taphonomic progesses and modifications that occur during and after fossilization.
4.3.1 Muodifications caused by sediments

Although faunal remains are protected [rom the extreme eflect of sub-aerial

taphonomic processes following thewr burial, further modifications resulting from
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diagenetic processes may occur, altering the chemical and physical conditions of the
fauna (e.g. Andrews 1990a). The sedimentological or depositional contexts on which
bones are deposited, buned and mineralised (fossitised) play a significant rele in the
subsequent history of the bones. This is because different pedopenic environments,
depending on their chemical and physical propertics modify bones differently (Klein
and Cruz-Uribe 1984; Oliver 1989: Andrews 19903, 1995: Fernandez-Jalvo and
Andrews 1992; Fernandez-Jalve 1993). It has been observed (¢.g. Chaplin 1971;
Behrensmever 1975) that one of the immediate modifications to bone surfaces after
burial results from organic decay. The effect of organic decay upon bones may
depend on a range of factors, including the chemical properties of the area of burial.
Andrews (1990a) has reported that small mammal bones buried under wet pedogenic
conditions tor a long time become sofi and break relatively easily, vielding a very
fragmented faunal assemblage. This phenomenon may occur in various environments,
including closed environments such as caves. Behrensmeyer (1975) has also noted
that when bone is soflened by underground water it becomes very weak and therefore
breaks very easily. Andrews (1990a) has further reported that bones buried in wet
envirpnments tend to accumulate high levels of manganese staining, changing the
cortical appearance of the bones. Such chanpes to the cortical appearance of bones
have been observed on the micromammalan faung from Mumbwa, a Middle Stone
Auwge site in Zambia {Andrews and Jenkins 2000},

Upon burial, the original organic matertal m bones is replaced by minerals such as
calcium carbonate, which not only chanpe the structure of the bones but also help in
their preservation or destruction. Modification may result from a range of phenomenaz,
including situations in which bones are caused to “explode by the outward growth of
carbonate nodules”, a phenomenon that has been observed at East Rudolf (now
Turkana), in Kenya (Behrensmever 1975: 482). Anpother phenomenon, post-
depositional leaching, has been observed in South African sites. Together with slow
sedimentation, post-depositional leaching causes extreme fragmentation of bones
{Klein and Cruz-Unbe 1984).
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Depending on the sediment type. buried bonres may alse break as a result of profile
compaction  (Behrensmeyer 1975; Klein and Cruz-Uribe 1984). Because of the
relatively minimal contraction of sand, bones buried in sandy seduments tend to show
fairly little breakage. On the other hand. bones buried m clay sediments, whose
contraction and expansion is relatively high, tend io be distorted and are often crushed
{Chaplin 1971; Behrensmever 1975).

Depending on the acidity or alkalinity level of the soils or sediments, a more
advanced alieration of bones mayv result from chemical corrosion. Fernandez-Jalvo
and Andrews (1992) have noted that in highly acidic soils, etching by the sediments
affects the tooth epamel and, in extreme cases, may also infiliraie bones. High
alkalinity causes etching thai aliers the bone and the denting more than the enamel.
Unlike the localised etching caused by digestion, which tends to be more evident on
the tips of meisors, sedunents cause etching that affects all surfaces of the bones
equally (Fernandez-Jalvo and Andrews 1992: Fernandez-Jalvo 1995).

4.3.2 Biotic-induced modifications

Further modifications o buried bones may resuli from biological processes such as
root action (Fernandez-Jalvo and Andrews 1992; Fernandez-Jalve 1995). Plants have
been reported 1o leave root marks on bones and, through their organie acids, they may
glso cause corrosion. The effect of root action may appear as channels that conform o
the shape of the roots (Andrews 1990a; Fernandez-Jalvo and Andrews 1992:
Fernandez Jalvo 1995). Bone modifications resulting from root action have been
observed among the micromammalian fauna from Gran Doling, where organic acids
from rools caused the erosion of bone surfaces and changed the cortical appearance of
the bones (Fernandez-Jalvo and Andrews 1992).

Burrowing amimals may also contribute towards the destruction of bones, as they
churn sediments or soils, disrupting the bones and therefore leaving them weak and
vulnerable 10 other diagenetic processes (Behrensmeyer 1975; Behrensmever er al.

1989). Fungal action and the activiiies of micro-organisms such us bacteria may
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modify buried bones. These modifications may be localised in any part of the bones
(I'ernandez-Jalvo 1995). Andrews’ (1995) observations on bones deliberately buried
in the Overton Down Experimental Earthworks in the U.K. revealed that fungal
attack, together with the action of other micro-organisms may differentially modify

bhones, leaving features such as small-scale grooves on bones,

Pre- and post-burial processes may either act independent of the other or may work
together to cause modifications to both unburied and buried bones. In view of this,
understanding the microstratigraphy and sedimentological contexts in which fossils
are found is very imporiant. Knowledge of these geological conditions will help in the
interpretation of both pre- and post-depositional taphonomic precesses to which the
bones may have been subjected (Klein and Cruz-Urihe 1984; Oliver 1989; Andrews
1590a; Denys ef o/ 1997a). As Oliver (1989) has pointed out, however, one of the
main obstacles encountered by taphonomists is the discernment of taphonomic
modifications associated with geological and/or depositional processes. This may
become more complicated when further modifications to the bones are introduced

during recovery processes (Oliver 1989).

4.4 Modifications caused through the recovery methods

Depending on the technigues employed in the recovery of faunal remains, further
modifications may ensue from this mporiant stage i the history of faunal remains.
Oliver (1989) has argued that retrieval procedures such as excavation may continue to
destroy the very record that archaeclogists and palaeontologists are trying to
understand. Regardless of how carefully the sampling procedures are conducted,
gieving, which is the main recovery method for small mammal remams, may cause
not only destruction but also loss of some skeletal elements {Andrews 19%0a). Payne
(1975) has also indicated that, although most fossil sites host & wide range of small
mammal remains, many excavators do not suspect their presence. It is. therefore,
reasonable to suppoese that in such sites, unsuspected breakage will take place, thereby
skewing any micromammalian investigations conducted. In view of this, it cannot be
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over-emphasised that post-burial processes such as excavation and the associated
collection procedures determine to a large extent the kind ol [aunal samples that will
be available to the analyst (Grayson 1984, Rertz and Wing 1999).

4.5 Differential destruction and preservation

Having highlighted the taphonomic processes that influence micromanumalian
remains, it remains to consider the effect of differential destruction and preservation
on faunal assemblages. It is importamt to note that differential destruction and
preservation of skeletal elements may be determined by factors such as the intensity
of the taphonomic processes (e.g. digestion) and the microstructure of the skeletal
elements {Lasker 1976; Marshall 1989; Andrews 1990a; Avery 1990; Fernandez-
Jalvo 1995). Denys et al. {1995) have, for instance, noted that the epiphysis of the
distal humerus is better preserved than the proximal. This may be associated with the
early fusion and development of the distal humerus in most species (e.g. Reitz and
Wing 1999). Analyses of remains from the Middle Stone Age Mumbwa Caves in
Zambia have also confirmed that the distal humerus and the proximal femur tend to be
well represented in micromarmalian faunal assemblages (Andrews and Jenkins
20040, Modifications resulting from diagenetic processes may, however, have more
severe effect on skeletal elements belonging to mature individuals than to bones
belonging to immature individnals. Andrews’ (1995) observations on metapodials
experimentally buried at Overton revealed that bone degradation was more intense on
bones belonging to the mature individual than it was on those of the immature one.
Andrews (1995) attributed this phenomenon to the possibility that the mature and
more mineralised bones would have been more prone to acid attack than the immature

ones,

Studies on predation by Andrews (1990a) have also shown that skeletal elements
belonging to different micromammalian prey species are modified differently. Among
the insectivores {particularly the shrews) and the rodents, the mandibles of the knmer
rarely break at the inferior border, as they lack the thin alveolar bone that is associated
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with rodent incisors {Andrews 1990a). In view of the effect of differential destruction
and preservation in faunal assemblages. it may be concluded that species whose
glements are more durable, and therefore more often preserved, will stand a better
chance of being encountered and/or recovered and that a faunal sample may represent

only a small measure of the total species that were actually present {Foole 1992).
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CHAPTER FIVE

The relationship between taphonomic and ecological
analyses in the inferpretation of micromammalian

faunal assemblages

5.1 Imtroduction

As taphonomic and palacoecological issues arc fundamental to any interpretation of
micromammalian faunal samples, it is nccessary to consider the relationship between
them. 1t is also csscntial to examine the effect of this relationship on the patterns
observed in faunal assemblages, if these patterns are to be used in the reconstruction
of ancient cnvironments. This is largely because, as summarized in Figure 5.1.1, the
paticrns apparcnt in micromammalian faunal assemblages result from a wide range of
taphonomic factors, including breakage and loss of skeletal elements during the
recovery/sampling procedures, as well as earlier modifications introduced on hones
by both the predator and diagenetic processes. Moreover, ecological factors such as
the behaviour of predators to select certain prey species would also bhave had
influence on the patterns evident in mictomammalian faunal assemblages (e.g. Krcbs
1978; Kletn and Cruz-Uribe 1984; Andrews 1990a). In reconstructing ancicnt
cnvironments, attempts should therefore be made to identify and unravel the
taphonomic and ecological factors that would have influenced the patterns evident in
faunal asscmblages. The arrows in Figure 5.1.1 delineate the process that the faunal

analyst should follow in the attempt to reconstruct past enviromments.

It is important to point out that the influence that the collector/fanalyst may have on
patterns evident in faunal assemblages may be fully or partially controilable. Control
may be exercised, for instance, through the decisions madc during the
recovery/sampling and analysis progesses. On the other hand, the analyst would have
no control over the cffect of taphonomic processes that have no direct association

with recovery and other associated procedurcs. This may include modifications (e.g.
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breakage) that have resulted from environmental processes such as transport and those
caused by the predator. Similarly, patterns in faunal assemblages (e.g. Sspecies
diversity) that would have resulted from: ecological factors such as predator behaviour

cannnt be controlled.

aphonomic
processes

Figure 5,1.1: Factors that influence patterns in micramammalian favnal assemblages

In view of the many obstacles that an analyst is likely to face in the attempt to
understand ancient environments (e.g. Figure 5.1.1). Oliver (1989) has stressed the
need for taphonomic issues to be sorted out prior to any ecological interpretations of
faunal assemblages. In his attempts to demonstrate the importance of
micromammalian and macromammalian faunal assemblages in  palaeoecological
interpretations, Shotwell (1955} also emphasizes the importance of understanding the
effect of taphonomic processes on faunal assemblages. According to Shotwell (1955).
skeletal elements that are relatively complete suggesl that the fauna was deposited in
proximity to the habitat of the once living animal and, because of this, the bones had
been subjected to mimimal taphonomic processes. On the other hand, very fragmented

faunas suggest that imtense taphonomic processes such as stream action influenced the
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fauna and this may have resulted in the deposition of such faunas in sites some
distance from the habitat in which the once living individual died or lived (Shotwell
1955).

While appreciating the importance of taphonomic analyses in the reconstruction of
palaecoenvironments, Avery (2002) has argued that taking account of mechanical
taphonomy (e.g. breakage and acid-etching) alone will not lead to accurate
palaeoecological information; taphonomy must be combined with ecological analyses
to increase the likellhood of achieving realistic palacoecological interpretations.
Similarly, Andrews (1995) has underscored the importance of understanding the
interrelationships between taphonomy and palaeoecology, as past variables, including
climate and vegetation will have contributed to past taphonomic processes and hence
to the palacoecology. It may, however, be noted that because of the changing nature
of environmental parameters, the effect of taphonomic and ecological processes on
the faunal record has changed through time (e.g. Krebs 1978; Gifford-Gonzalez
1989a).

5.2 The changing nature of taphonomic and ecological processes

The actualistic approach employed to understand palacoecosystems has shed light on
the different ecological processes that may have influenced biological communities
over the passage of time (e.g. Behrensmeyer 1975, 1993; Andrews 1990a; Avery
1992; Wesselman 1995). Actualistic studies have also provided clues to the
taphonomic processes that may have influenced factors such as deposition and
breakage of faunal remains (e.g. Gifford-Gonzalez 1989b; Andrews 1990a).

In spite of the regular use of modern taphonomic and ecological analogues in
inferring ancient biological communities and their associated physical environmental
parameters, the assumption of uniformitarianism has been questioned (e.g. Van
Couvering 1980; Gifford-Gonzalez 1989a). The idea that communities and their
constituent species as well as environmental parameters have remained constant and

linearly ordered over time and that the same biological and physical processes being
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observed presently correlate with processes in the past is seen as untenable (Van
Couvering 1980; Gifford-Gonzalez 1989a). Following Krebs (1978: 159),
“environments in nature are continuously varying; they are never consistently
favourable, never consistently unfavourable, but fluctuate between the two extremes”.
In view of this, although the dependency of faunas on the environment has not
changed (e.g. Krebs 1978, 1996; Chapman and Reiss 1992), it is imperative to
acknowledge that the environment and its associated parameters have changed over
time, and community structures and dynamics, including the biological species, have
responded to such changes through processes such as adaptation. The effect of
environmental changes should therefore be considered when using modern ecological
and taphonomic analogues or patterns to interpret palacoecosystems (e.g. Krebs 1978,
1985; Van Couvering 1980; Vrba 1980; Andrews 1990a: 29; Delcourt and Delcourt
1991; Reitz and Wing 1999). Similarly, the role played by the human species, which
according to Reitz and Wing (1999) has been a factor in promoting environmental
modifications, and the impact that this has had on ecosystems, should also be
investigated (Chaplin 1971: 145; Delcourt and Delcourt 1991: 15; Reitz and Wing
1999: 306). Steyn (1984) has reported that the specialised habitat required by the
grass owl (Tyto capensis) in southern Africa has suffered loss or decline and this has
been attributed to the effect of human activities. In view of the changing nature of
taphonomic and ecological factors, it is realistic to suppose that these changes pose a
challenge to the interpretation of patterns evident in faunal assemblages, and generally
the reliability of data derived from micromammalian faunal assemblages (e.g. Avery
1990).

5.3 The reliability of data derived from micromammalian faunal

remains

Although faunal remains, including small mammal remains, have generally been
acknowledged as reservoirs of information relating to the past, the reliability of the
information derived from them has been questioned by a number of scholars (e.g.
Mellet 1974; Gifford-Gonzalez 1989a; Marshall 1989; Avery 1990). While
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acknowledging the potential of faunal remains to yield information about
palacoecosystems, Klein and Cruz-Uribe (1984) have argued that the many
taphonomic processes that influence faunal remains can result in loss of some
information. Fernandez-Jalvo and Andrews (1992) have also observed that secondary
modifications may be superimposed on primary modifications, resulting in
modifications to the bones that are unrelated with the cause of death. Additionally,
Marshall (1989) has reported mimicry in faunal assemblages, which may result when
different taphonomic processes produce similar patterns of modifications. As
demonstrated in Figure 5.1.1, it is conceivable that secondary modifications may
result from a wide range of taphonomic processes, including the recovery methods
employed by the collector/analyst.

As highlighted in Chapter Two and further summarized in Figure 5.1.1, faunal
remains will bear a distinctive signature of the behaviour of a particular predator as
predators hunt their prey selectively. Before micromammalian faunas are interpreted
for palacoenvironmental reconstruction, it should be acknowledged that the selective
behaviour of predators would have influenced the composition of the subsequent
predator faunal assemblages (e.g. Mellet 1974; Andrews 1990a). Although one cannot
reliably identify and/or quantify the biases introduced by the predator and the wide
range of taphonomic processes that influence faunal remains (D. M. Avery, pers.
comm., 2002), all these biases significantly influence the faunal assemblage that will
be accumulated, preserved, and finally become available to the analyst. Interpretations
of such faunas are likely to result in flawed conclusions, such as an averaged and
therefore meaningless index of completeness among skeletal elements, especially if
remains of some species are underrepresented in the sample because of factors such as

an inadequate sample size (e.g. Avery 1984).

5.3.1 Sample size

Although all faunal samples suffer from some bias (e.g. Klein and Cruz-Uribe 1984),
it is imperative to note that prior to excavation or any other faunal recovery method,

certain decisions must be made by the collector/analyst. These should include the best
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way of recovering faunal samples that will provide a relatively clear and valid picture
of the original living communities from which the samples were derived (e.g. Payne
1975; Wolff 1975; Avery 1984; Grayson 1984). In fact, the recovery methods should
be tailored in such a way that no new biases are introduced (D. M. Avery, pers.
comm., 2001). The size of screen used in the sieving of small mammal remains, for
instance, will have tremendous effect on the samples retrieved. It is generally
accepted that fine sieves tend to recover relatively high numbers of skeletal elements
(e.g. Reitz and Wing 1999).

Due to the many factors that influence micromammalian faunal remains, faunal
samples will only reflect the number of species in a sediment sample which may or
may not be the same as the total richness of the hypothesised community (e.g. Foote
1992). Similarly, a sample will only reflect the faunal remains that reached a certain
depositional area and were actually preserved and later retrieved by the analyst (Klein
and Cruz-Uribe 1984). Because of essentially these factors, Payne (1975) and Avery
(1984) have demonstrated the importance of collecting as large a sample as possible.
This is because large faunal samples have a greater potential for yielding high number
of identified specimens (NISPs) and minimum number of individuals (MNIs),
therefore increasing the possibility of greater species diversity in the sample (Payne
1975; Avery 1984; Grayson 1984; Klein and Cruz-Uribe 1984). Conversely, small
samples have less chance of accurately reflecting the proportional representation of
each species, and are less likely to include all possible species represented in the
faunal assemblage (e.g. Reitz and Wings 1999).

Without completely precluding possible biases in subsequent interpretations, Shotwell
(1955) has offered some insights into faunal sampling procedures that will help in
ensuring that the number of specimens recovered will be reasonably adequate for
palaeoecological investigations. Shotwell (1955) has stressed the need to collect or
retain all faunal specimens in a given volume of sediments, including the fragments.
The need for not only large samples but also samples with fairly complete skeletal
elements may also be emphasized. This is because depending on factors such as the
intensity of the taphonomic processes, it is conceivable that relatively complete
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skeletal elements will have a greater potential for yielding much more information on
the taphonomic history of the fauna than fragmented ones (e.g. Marshall 1989). In
view of this, the importance of large samples in all these analyses cannot be over-
emphasised, as aspects such as the determination of relative taxonomic richness and
equitability, as well as skeletal frequency and equitability may fairly be achieved
through relatively large samples. Large samples too, have greater potential to not only
include new species but also rare ones (Grayson 1984; Koch 1987; Reitz and Wing
1999). The crucial role that the collector/analyst plays in determining patterns in
faunal assemblages therefore continues to be underscored. It is, however, important to
point out that the need for a large sample will vary from one faunal occurrence to
another and that this will depend on the heterogeneity of the parent population from
which the fauna were derived (D. M. Avery, pers. comm., 2002). Interpretations of a
faunal sample from a more homogeneous population such as catastrophic assemblage,
for nstance, may not strictly require a large sample size, as such faunas often
represent one or a few species (e.g. Andrews 1990a).

5.4 Micromammalian remains as palacoenvironmental indicators

In spite of the many taphonomic and ecological factors that influence
micromammalian remains, it has become widely accepted that with appropriate
caution, small mammal remains are useful in the interpretation and reconstruction of
palacoenvironments (e.g. Kowalski 1971; Avery 1982, 1987, 1993; Thackeray 1987,
Andrews 1990a; Reitz and Wing 1999). The recognition of small mammals as
palacoenvironmental indicators is based on the ecological premise that small
mammals are relatively habitat-specific and sensitive to climatic and environmental
changes that may affect them either positively or negatively, depending on their
ecological requirements (e.g. Avery 1982, 1990; Black and Krishtalka 1986).

Small mammals are largely dependent upon vegetation for food, shelter and
protection from predators. Because of this, extrinsic factors such as climate tend to
affect the structure and dynamics of small mammal communities through their
positive or negative impact on vegetation. Rainfall, for example, is known to
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influence the vegetation as well as the general biomass of an area (e.g. Nel and
Rautenbach 1975; Coe 1980; Avery 1990, 1992, 1993). Because of their great
dependence upon vegetation, therefore, small mammals provide indirect evidence for
climatic interpretations. The interpretations may be made after discerning fluctuations
in vegetation in response to changing environments (Avery 1987, 1993). As an
example, the dominance of moist dense vegetation at Boomplaas in the southern Cape
some 6200 years ago led to the inference that rainfall may have been an all-year-
round phenomenon (Avery 1993). This inference has also been supported by the
dominance of Krebs’s fat mouse (Steatomys krebsii) in the southwestern Fynbos at
Byneskranskop since this species is associated with relatively wet summers (Avery
1993). Similarly, micromammalian remains from Klasies River Mouth on the south
coast of South Africa have provided a relatively clear sequence of vegetational
changes during the Late Pleistocene. The fauna suggest that the environment would
have been a mixture of vegetation types comparable with those in modemn
environment. Because Saunders’s viei-rat (Otomys saundersiae) occurs in open
vegetation including restioids and small-leaved shrubs, the presence of this species at
Klasies River Mouth suggested that the vegetational mosaic during the Late
Pleistocene would have included open vegetation associated with Dune Fynbos
(Avery 1987). Following Kowalski (1971), the rodent spectrum in faunal assemblages
has the potential to offer insights into vegetation fluctuations, including very slight
ones. The prominence in faunal assemblages of micromammalian species that are
presently known to be generally adapted to extreme but relatively predictable
environments may also help in the reconstruction of the palacoenvironment. Avery
(1993: 224) has indicated that because of its breeding characteristics the prominence
of the fat mouse (Steatomys pratensis) in South African sites may imply that the area
received “strongly seasonal but predictable rainfall regime”.

Depending on temperature extremes, it has been observed (e.g. Krebs 1978) that the
life cycle of mammalian species including micromammals may be impeded, resulting
in disruption of important aspects of the community such as reproduction. The Late
Quaternary fluctuations in species diversity and equitability in micromammalian
fauna in southern Africa have been associated with changes in temperature
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(Thackeray 1987). Atmospheric moisture, another key variable in the environment
(e.g. Krebs 1978, 1985), is also known to affect small mammal populations. Avery
(1982) has, for instance, noted that the broad-niched forest shrew (Myosorex varius) is
very sensitive to changes in the atmospheric moisture levels and, being an inhabitant
of relatively moist environments, would be affected by changes in available moisture.
According to DiMichele (1994), however, minor environmental perturbations may not
dramatically disrupt biological communities, as some species are able to adapt.

Micromammalian remains accumulated by both avian and mammalian carnivores will
tend to offer reliable palaeoecological interpretations (Korth 1979). This is largely
because through predation, both avian and mammalian predators sample different
micromammalian species and, therefore with all other factors being equal, an
assemblage resulting from these predators is more likely to provide a relatively close
approximation of the communities from which the micromammalian species were
derived (Korth 1979). In view of this, even though micromammalian data will only
offer evidence for the subset of the environments within which the predator hunted
(e.g. Andrews 1990a), an understanding of not only the habitats from which prey
species may have been derived but also those in which the predators lived, will help in
deriving relatively accurate interpretations of palacoenvironments (e.g. Fernandez-
Jalvo 1995). By and large, because of the many taphonomic and ecological processes
that influence micromammalian fauna, it is worth emphasizing the need to understand
patterns evident in micromammalian faunal assemblages, as this will help in reaching

more accurate interpretations of ancient ecosystems,
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CHAPTER SIX

Material and methods

6.1 Introduction

The material on which this project is based comprises cranial and post-cranial elements
of mainly murids (rats and mice) and soricids (shrews), the former being much more
abundant than the latter in the SBYC faunal samples. Although Andrews (1990a: 57) has
noted that insectivores are much less commonly represented in pellet assemblages, it was
felt worth investigating separately the soricids represented in the SBYC faunal samples.
Other micromammalian species investigated included the molerats, golden moles,
elephant shrews and bats. These micromammalian groups, together with the birds,
reptiles and amphibians, are poorly represented in the faunal samples, which explains
why they were given little attention.

6.1.1 Specific aims and hypotheses

Because the microfauna at SBYC appears to be eroding down slope (see Figure 6.2.1),
one of the main motivations of this study is to determine whether the site represents a
single predator faunal accumulation that has been modified subsequently by later
processes such as erosion. If this is the case, there should be differences in the
representation and condition of bones among the three samples, bearing in mind
differences in durability among body parts. These differences will therefore be attributed
to the differential effect of taphonomic processes at work during the exposure and down-
slope movement of the assemblage. In addition, there should be no significant differences
in species composition among the three samples, and because skeletal morphology plays
an important role in relative degrees of damage, MNIs based on the same skeletal
element should be consistent across taxonomic groups. On the other hand, if several
predators were involved in the accumulation of the assemblage, there should be
noticeable differences in species composition among the three samples, largely because
of the tendency of predators to hunt certain prey species. In addition, although
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madilications (o skelelal elements subsequent lo deposition would have substantially
masked the predator-induced modifications, the (auna should also exhibil differences in
the levels of breakage and, most importanily etching as a result of predator digestion,

becanse predators differentially modify the bones of their prev.

6.2 Sampling and analysis of the fauna

Two surface samples, termed Upper Slope and Down Slope, were taken from ditferent
heighis of the slope. A third sample, termed Tfanging Remnant, was taken from the
believed im situ material. In both the Dewn Slope and the Upper Slope. surface sediments
were arbitrarily collceted in polythence bags. With the aim of ensuring that minimal
damage was caused to the bones, the scooping of sediments into the bags was carefully

done with a soft brush and a trowel.

Figure 6.2.1: The 5BYC site showing the pusitions along the slope of the three
sampled arcas (phota by .l E. Farkington}

Beeause of the partially cemented nature ol the Hanging Remnant {Figure 6.2 2), dental
picks werc used (o supplement the soll brush and trowel. This was done with the

intention of extracting sedimcent samples of relatively the same size as those obtained
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from both the Down Slope and Upper Slope, where the loose sediments were easy 10

sample (see Figure 6.2.3}.

Figure 62.2: The cemented nature of the Hanging Remnant {outerop pointed
by the arrow: phote by J, E. Parkington)

Figure £.2.3: The position of the Down Slope relative (o the Upper Slope and the
loose sediments in bath areas {photo by J. E. Parkington)
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In the laboratory, two bags of sediment samples from each of the sampled areas were
arbitrarily chosen for investigation of the microfauna inside them. These sediment
samples were carefully sieved through a 1.5 mm flour sieve, and sorted for microfauna.
After sorting, the SBYC microfauna were taken for identification at the Iziko South
African Museum in Cape Town, where a comparative collection of modern material was

available.

Although every faunal occurrence has its unique characteristics (e.g. Olson 1980), the
small mammal remains from SBYC have been analysed following largely the procedures
described by Andrews (1990a), supplemented by the work of Matthews (1998),
Femandez-Jalvo and Andrews (1992), and Avery (1982, 1999).

6.3 Number of identified specimens (NISPs)

The number of identified specimens (NISPs) was taken for all skeletal elements
represented in the SBYC faunal samples. Because ofthe fragmented nature of the skulls,
a phenomenon that Andrews and Evans (1983) and Andrews (1990a) have also reported,
it proved difficult to assign the cranial fragments to any particular taxonomic group,
especially in situations where dentition is lacking. Cranial fragments have therefore been
counted for each sample, and the few that could certainly be identified assigned to their
respective taxonomic groups. The mandibles and the maxillae belonging to murid
rodents, insectivores (shrews and golden moles), molerats and bats, were counted and
recorded for the three sampled areas. Similarly, loose molars were also counted and
recorded. Andrews and Jenkins (2000) have noted that large numbers of incisor
fragments may not always indicate their abundance, especially when they are
fragmentary. In view of this, because of the large numbers of incisor fragments in the
SBYC faunal samples, counts were confined to those incisors that have their tip intact,
and were half or more complete. Without separating the rodents and the insectivores,

counts were also taken for all post-cranial elements represented in the three samples.
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fauna, and more particularly the murids, yielded relatively high numbers of long bones as
compared to the jaws, the MNIs derived from the counts of the best represented jaws
were further augmented by MNIs derived from the long bones. As Klein and Cruz-Uribe
(1984) and Avery (2002) have suggested, the best represented long bone (either from the
left or right side) was used to obtain the MNIs in the SBYC faunal samples.

Following Avery (2000), proportional representation of species among the three sampled
areas was determined through the Shannon-Wiener index for general diversity, H=
> (/N) *LN (ny/N)* —1. Here n; is the number of individuals assigned to each species and
N is the total number of individuals in the sample (Avery 2000: 64). Because
identification of the micromammalian species represented in the SBYC fauna was based

on the jaws, analyses of diversity indices were based on the MNIs derived from the jaws.

6.5 Breakage patterns of the skulis

Investigations of breakage patterns of the skulls were only carried out on the murids and
soricids, and not on the rest of the micromammalian fauna in the SBYC samples. As
noted earlier, this was largely because the rest of the fauna are poorly represented in the
SBYC samples. In addition, because of differences in morphology, it became apparent
that the breakage categories developed to suit the large murid and soricid samples
(especially the jaws) would not have suited the other fauna without upsetting the
categories. It was, however, acknowledged that molerats and golden moles would
possibly have exhibited a similar breakage pattern, owing to their similar bone
morphology adapted to the burrowing lifestyle (D. M. Avery, pers. comm., 2001).

6.5.1 Breakage of the crania

Andrews (1990a) adapted some categories to define different cranial proportions
depending on their degree of completeness. He has, for instance, defined a complete
cranium as one that has the maxillae and frontal bones, and approximately half of the
cranial vault still intact. Because of the fragmented nature of the crania in the SBYC
samples, however, it was difficult to assign them different categories. Most of the cranial

portions were therefore counted and assigned to the category of ‘cranial fragments’.
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Identifiable portions of the cranium such as the zygomatic processes and the auditory

bullae were also counted.

Although the available literature (e.g. Andrews 1990a; Matthews 1998) on maxilla
breakage does not investigate rodents and insectivores separately, this project attempted
to do so. According to Andrews (1990a), the detachment of the maxillae from the
cranium is one of the primary stages observable in the breakage of a rodent skull. When
this happens, the zygomatic process (see Figure 6.5.1) may remain attached to the
maxilla, an aspect that Andrews (1990a) used to investigate maxillae breakage patterns,
depending on the retention of the zygomatic process.

premaxilla

diastema

cheek teeth
M)

zygomatic
process

Figure 6.5.1: The ventral view of a rodent cranium showing elements used
in the text (labelling after Avery 1982, Figure 7)

Among the SBYC murids, the number of maxillae with zygomatic processes still
attached was relatively high, and therefore this phenomenon was used as an important
key in the analysis of murid maxillae breakage. The following categories were used:
Category 1  Alveoli (with or without teeth) of M'-M° intact, and a
portion of the zygomatic process intact; slight damage on
any part of the alveoli was disregarded
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Category 2  As Category 1, but zygomatic process missing

Category 3  Alveoli (with or without teeth) of M' or M'-M? intact, and
a portion of the zygomatic process intact

Category 4 Maxilla fragments; include portions of the premaxilla, and
the alveolus of either M', M? or M® or any combination of

two of these (with or without teeth)

It was not possible to use the zygomatic process as a key in the investigation of breakage
patterns among the soricids. This is largely because, as Meester (1963) has shown, the
incomplete zygomatic processes ofthe soricids (see Figure 6.5.2) posed a difficulty in the

analysis of maxillary breakage among the soricids.

zygomatic
process

Figure 6.5.2: The ventral view of a soricid cranium showing elements used
in the text (labelling after Meester 1963, Figure 12 and text)

Following Andrews’ (1990a) and Matthews’ (1998) procedures in the analysis of maxilla
breakage patterns among small mammals, the breakage of soricid maxillae was

investigated mainly by counting the maxillae occurring as part of the cranium as well as
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those that were detached from the cranium. The following categories were employed to
investigate breakage among soricid maxillae:
Category 1 Left and right maxillae still joined by the palatine bone,
with alveoli (with or without teeth) of I' 23: C1; PA: M 123,
These were termed complete, with slight damage on any
part of the maxillae disregarded

Category 2  As Category 1, but maxilla detached from the opposite side
Category 3  Alveoli (with or without teeth) of P*-M?

Category 4 Maxilla fragments; include alveoli portions (with or
without teeth) of I'-P* or P*-M’, M or M'-M?or M*

6.52 Breakage of the mandibles

Andrews (1990a) indicated that breakage categories resulting from different predators are
similar for both rodent and soricid mandibles. While analysing the SBYC mandible
samples, however, it became apparent that the breakage categories adopted by Andrews
(1990a) and Matthews (1998) required some adjustments to suit the SBYC samples. This
was largely because a variety of individual portions of the mandible, and more
particularly among the soricids, were fairly well represented in the faunal samples. The
breakage categories used by both Andrews (1990a) and Matthews (1998) could therefore
not have accommodated all the individual mandible portions in the SBYC samples. A
similar phenomenon was also evident among the rodent (murid) mandibles. Due to some
differences in the anatomy and morphology of micromammalian mandibles, such as the
presence of a diastema in rodent mandibles and not in insectivores (see Figures 6.5.3 and
6.5.4), or the absence in the soricids of the thin alveolar bone associated with rodent
incisors (Andrews 1990a: 57), it became necessary to adopt different breakage categories
for the murids and the soricids represented in the SBYC faunal samples.
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inferior body height of ascending ramus
border

Figure 6.5.3: The lingual view of 2 rodent mandible showing elements used
in the text (abelling after Avery 1982, Figure 7)

coronoid
process

posterointernal
ramal fossa

condyle

angular
process

height of ascending
symphyms bo dy ramus

Figure 6.5.4: The lingusl view of s soricid mandible showing elements used
in the text (labelling after Meester 1963, Figure 14, and Avery 1982, Figure
U
Following Andrews (1990a: 56) and Matthews (1998: 49), breakage of the murid
mandibles was investigated by placing the individual jaws into the following categories,
depending on their degree of breakage:

Category 1 Complete mandibles; slight damage on any part of the
mandible was disregarded

Category 2  As Category 1, but with ascending ramus missing

Category 3  As Category 2, but with inferior border broken; ascending

ramus broken or missing
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Category 4

Mandible fragments; include portions of body (with or
without teeth) with or without the diastema, and portions of

ascending ramus with or without any alveoli

Mandible breakage patterns among the soricids were investigated by grouping them into

the following categories:
Category 1

Category 2

Category 3

Category 4

Category 5

Complete mandibles (with or without teeth); slight damage
to the ascending ramus and the anterior part was
disregarded

As Category 1, but ascending ramus missing; slight damage
to the anterior and the posterior part was disregarded

Anterior portion with I,-P, missing. M; and M, may also be
missing; ascending ramus intact or slightly damaged

Anterior portion with L-P, and the ascending ramus

missing. My, M, M3 or any combination of this intact

Mandible fragments; include portions anterior to the M;
(may include the alveoli of I - M;, with or without
teeth), and portions of the ascending ramus without any

alveoli.

The above investigations were carried out separately on all jaws from the three sampled

areas. No distinction at this stage was made between left and right maxillae and

mandibles.

6.5.3 Tooth loss from maxillae and mandibles

According to Avery (1984) and Matthews (1998), determination of the relative number of
teeth lost from both the maxilla and the mandible is far from simple. This is because

many factors, including the sampling and/or sorting procedures may result in the loss of
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teeth. To determine the extent of tooth loss at SBYC, the number of isolated teeth in each
faunal sample were counted. This was done without separating the rodent and the

insectivore molars, and without the distinction of lower and upper molars.

In this preliminary investigation of the SBYC micromammalian fauna, no comparison
was made between the isolated molars and those in situ. This was because it was felt that
the data obtained from the breakage patterns of the murid and soricid jaws were sufficient
to explain the breakage patterns of the jaws.

6.6 Effect of acid-etching

Because of the mineralized nature of tooth enamel, the effect of acid-etching in predator
assemblages tends to be relatively higher on teeth than other skeletal elements (e.g.
Andrews 1990a). In view of this, this groundwork study investigated the effect of
predator digestion only among the incisors. Andrews (1990a) pointed out that among
micromammalian species, incisor digestion tends to be restricted to rodents, and different
rodent species show less structural differences in the incisors than in the molars. Because
of the relatively low numbers of incisors belonging to the non-rodent species in the
SBYC faunal samples, only the murid rodent incisors were investigated for acid-etching.
The lower incisors were separated from the upper ones as according to Andrews (1990a),
there is usually differential incidence of digestion between upper and lower incisors, with
upper incisors exhibiting a relatively greater incidence of digestion than the lower ones.
The greater incidence of digestion on upper incisors has been ascribed to the higher
breakage of the maxillae (Andrews 1990a).

Etching caused by digestion is evident mainly on the tips of the incisors (Figure 6.6.1)
and, depending on the predator, may spread along the enamel surface and the dentine of
the incisor (Andrews 1990a; Fernandez-Jalvo 1995). For this reason, investigations on
acid-etching were only carried out on incisors with intact tips and were half or more
complete. Although it is important to note that acid-etching may have been present on
other incisor fragments, it is believed that the incisors investigated for acid-etching would

provide a clear image on the effect of etching on the SBYC micromammalian fauna.
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tip

Figuere 6.6.1: A morid incisor showing elements used in the text

Following Matthews (1998: 54), the following categories were used in the investigation

of acid-etching among the SBYC murid incisors. A light microscope was used in the

investigations and magnifications up to x 40 were employed.

Category 1

Category 2

Category 3

Category 4

Category 5

No visibile elching on the incisor

Slight digestion and pitiing of the enamel surface
{mainly on the inc¢isor tip, bul not restricled there);

ctching has not penetrated ihe dentine

Aren of digestion nol much greater than Category 2,
but etching has slightly penetrated the dentine

Much more extensive area of digestion with total removal
of the enamel in some areas; underlying dentine exposed

and digested

Almast total removal ofithe enamel and extensive digestion

of the dentine

6.7 Breakage of post-cranial bones

Investigations of post-cranial breakages started with the long bones. as these are some of

the more durable skeletal elements {c.g. Chaplin 1971; Reitz and Wing 1999) thal may

provide unique information about the taphonomic history of faunal assemblages.

Following Andrews’ (1990a) procedures, the best represented long bones in the samples,

namely humeri, ulnae, femora and tibiae, were chosen for analysis. The fibula, which is
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normally attached to the tibia, was not considered in the analysis. This is because, except
for a few golden mole tibiae, this very fragile bone was rarely preserved. Due to the
relatively poor representation of the radius in the faunal samples, the breakage pattemn of
this limb bone was not investigated.

Breakage patterns of the soricid and murid humeri and femora of which it was fairly easy
to distinguish, were investigated separately. In this exercise, the sides (left or right) of the
humeri and femora were also determined. The separate analysis of the murid and soricid
long bones was undertaken with the aim of shedding some light on how differential
destruction, a phenomenon associated with many taphonomic processes (e.g. Korth 1979;
Andrews 1990a), has affected the long bones belonging to the two different taxonomic
groups. On the other hand, it proved difficult at this stage to certainly assign elements
such as the tibia proximal ends and shafts to taxonomic group. Similarly, it was difficult
to certainly assign all proximal ends of the ulnae to taxonomic group. Because of'this, the

tibiae and the ulnae were at this stage treated as indeterminate micromammalian remains.

L

proximal

shafls

| N
B 0V B ) e

humerus ulna femur

tibia
Figure 6.7.1: Categories of long bones represented in the SBYC fauns
In the investigation of breakage among the long bones, the same breakage categories
established by Andrews (1990a) and further adopted by Matthews (1998), among others,

were used. These are ‘complete, proximal, shaft and distal’ (see Figure 6.7.1). A long
bone was categorised as complete if the shaft contained part or most of the proximal and
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distal ends intact. Proximal and distal ends comprised the relevant end with a portion or
all the shaft. Long bones lacking both the proximal and articular ends were categorised as
shaft. Long bones represented in these different categories were counted for each
sampled area in the SBYC. The percentage of each category was calculated against the
total of each category.

6.7.1 Analysis of other post-cranial bones

Because scapulae and innominates are relatively abundant in the SBYC faunal samples, it
was felt worth investigating their breakage patterns. Although there is little literature on
the breakage of the scapula and the innominate, keys were invoked to help analyse the
breakage patterns of these two bones.

Following Dodson and Wexlar (1979) and Matthews (1998), but making some
adjustments to suit the SBYC samples, the scapulae were grouped into two categories,
depending on their degree of breakage. The scapulae with the glenoid fossa (i.e. the
proximal end) and less than half of the blade intact (see Figure 6.7.2), were categorized as
‘proximal’. On the other hand, those that have the glenoid fossa and haif or more of the

blade intact were categorised as ‘complete’.

spine

Figure 6.7.2; A rodent scapula showing elements used in the text

The innominates were also grouped into two categories, depending on their degree of
breakage. Following Matthews (1998), an innominate was classified as ‘complete’ if it
retained all or most of the acetabulum, ilium, ischium and pubis (see Figure 6.7.3); slight
damages were disregarded. Portions of the acetabulum, ilium, ischium or the acetabulum
together with part of one or two of the pelvic bones were classified as fragments.
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ischium

pubis

acetabulum

Figure 6.7.3: A rodent innominate showing elements used in the text

Analysis of post-cranial bones other than the long bones, scapulae and innominates, was
restricted to taking their counts. In this exercise, patellae, loose epiphyses, metapodials,
calcanea, astragali and other associated podials, phalanges, and the vertebrae were

counted.

6.8 KEpiphyseal fusion in the long bones

The extent of modifications to mammalian remains, including those belonging to small
mammals may depend on the age of the individuals at the time of their death. Bones
belonging to young individuals are less durable and therefore more likely to be destroyed
by taphonomic processes, including the effect of predation (Chaplin 1971; Western 1980;
Klein and Cruz-Uribe 1984; Andrews 1990a; Reitz and Wing 1999). In view of this, two
of the relatively abundant long bones in the SBYC samples, the humerus and femur, were
chosen for investigation of epiphyseal fusion. This aimed at determining whether their
abundance may be ascribed to their early fusion and therefore durability and survivability
against taphonomic processes (e.g. Klein and Cruz-Uribe 1984). Without determining
whether the epiphyseal line was visible or obscure (e.g. Reitz and Wing 1999) as long as
the epiphysis was ‘fused’ to the limb bone, investigations were carried out on each limb
bone. Although the distal humeri fuse early in life (e.g. Bates and Harrison 1980: 584-5),
investigations of epiphyseal fusion among the humeri were carried out on both the
proximal (head of the humerus and its tuberosities) and distal ends. With regard to the
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femur, investigations were confined to the femur head and the distal extremity (e.g. Bates
and Harrison 1980). Because rates of epiphyseal fusion may differ from one species to
another and from one individual to another (Bates and Harrison 1980), investigations of

epiphyseal fusion were carried out separately on the murids and the soricids.

In each sampled area, loose epiphyses for both humeri and femora were also counted.
Besides lending some support to the relative age classes of the fauna across the three
sampled areas, the main aim behind taking the counts for loose epiphyses was to
investigate whether their proportions generally corresponded with the proportions of

unfused humeri and femora.
6.9 Post-cranial to cranial proportions

In an attempt to investigate the possibility of preferential destruction/preservation
between the cranial and post-cranial bones, the relative proportions of post-cranial to
cranial elements were determined. Following Andrews (1990a), the relative proportions
of post-cranial to cranial elements were established on the premise that if there had been
no preferential damage, the numbers of the long bones (i.e. humeri, ulnae, femora and
tibiae) should correspond with those of the maxillaec and mandibles, and any disparity in
this would mean that there has been preferential damage. Proportions <100 have been
taken to imply relative loss of skeletal elements, while on the other hand, proportions
>100 have been taken to imply surplus skeletal elements. The following indices were
investigated:

1) [Humeri + femora}/ [maxillae + mandibles] x 100
In the above exercise, the proportions of post-cranial to cranial elements in each sampled
area were determined separately for both murids and soricids, whereas in the two
exercises below, all skeletal elements were treated together.

2) [humeri + ulnae + femora + tibiae})/ [maxillae + mandibles + isolated teeth] x

100

Following Andrews (19902), an index to investigate any possible selection for or against
the proximal, as opposed to distal limb bones, was invoked:

3) total numbers of [tibiae + ulnae}/ femora + humeri] x 100
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In addition to the investigations of relative proportions between the three samples, chi-
squared tests (X*) were carried out for a number of skeletal elements. Following
Weatherburn (1962: 164-184) and Shennan (1988: 65-76), the X tests were carried out
with a view to statistically testing the distribution of skeletal elements among the three
samples, and whether the distribution of the fauna in the three sampled areas has been
dependent on or independent of one another. The following formula was used in the chi-

squared (¥°) tests:

X?=X (0 —E) where O is the observed number of cases (elements) in each
E
category and E is the expected number of cases (elements) in each category. The chi-

squared tests were also augmented by computer-derived gamma analyses. The gamma
analyses were carried out with the intention of investigating whether there are statistically
discernible directional (ordinal) relationships between the position of the fauna along the
slope and the degree of breakage. The gamma statistic is constructed to be sensitive to the
proper ordering of categories for two distinct variables, whereas the chi-squared (%) is
constructed so as to ignore the ordering of categories, and is not able to detect ordinal
patterns (T. Dunne, pers. comm., 2002).

6.10 Analysis of other microfauna represented in the SBYC samples

With a view to conclusively understanding the SBYC microfauna, the non-mammalian
microfauna were investigated. The analysis of these faunal remains was, however, limited
to the identification of the various taxonomic groups. In this exercise, the most
commonly preserved skeletal elements were used to determine relative abundance of the

different species represented.

6.11 Palacoenvironmental reconstruction

In reconstructing the microhabitats represented by the SBYC micromammalian species,
taphonomic and ecological issues investigated on the SBYC micromammalian fauna will
be considered. This will include factors such as the breakage patterns of skeletal
elements, modern distribution and microhabitats of the small mammals represented at
SBYC, as well as their proportions in the faunal samples (e.g. Avery 2001, 2002). A
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general understanding of the habitats of the potential predator/s that may have been
involved in the accumulation of the fauna will also aid in the reconstruction of the

palacoenvironment around the SBYC area (e.g. Femandez-Jalvo 1995).
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CHAPTER SEVEN

Results

7.1 Skeletal elements in the SBYC micromammalian faunal samples

Although the faunal samples on which this project is based are portions of the
microfaunal occurrence at SBYC, the numbers listed in Table 7.1.1 will give some
idea about body-part representation at the site.

Table 7.1.1: Number of identified specimens from SBYC (N).

Skeletal Down Upper Hanging
element Slope Slope Remnant

N % N % N %
Mandibles 280 3.7 860 4.0 135 4.5
Maxillae 198 2.6 398 1.8 &8 2.2
Cranial fragments 87 1.1 146 0.7 61 2.0
Zygomatic processes 56 0.7 60 0.3 13 0.43
Auditory bullae 2 0.03 13 0.1 0 0
isolated molars 1258 16.5 3081 14.2 510 16.9
Isolated incisors 337 4.4 1185 55 100 3.3
Scapulae 89 1.2 166 1.0 25 0.83
Humert 387 5.1 698 32 158 52
Uinae 238 3.1 846 39 118 40
Radii 158 2.1 424 2.0 83 27
innominates 148 1.8 352 1.6 85 2.1
Vertebrae 1329 17.4 3548 16.5 402 13.3
Femora 337 4.4 714 33 166 55
Patellae 47 06 09 0.5 18 1.0
Tibiae 379 5.0 1054 4.9 174 58
Astragali 208 27 481 22 66 2.2
Calcanea 229 3.0 570 2.6 78 2.6
Podials 75 1.0 314 1.5 22 0.72
Metapodials 838 11.0 2680 12.4 448 14.8
Phalanges 9681 12.86 3831 17.8 318 10.5
TOTAL 7641 21530 3026

The percentages in Table 7.1.1 suggest that there are no significant differences in the
proportions of number of identified specimens (NISPs) among the three samples. The
results further show that in the three samples, there seems to have been preferential
destruction of the skull, as indicated by the absence of complete crania, the presence
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of low proportions of identifiable cranial fragments and the high proportions of
isolated molars. In all the sampled areas, the percentages of isolated molars, vertebrae,

phalanges and metapodials are quite high.

Among the long bones, there are relatively low percentages of radii and generally
higher percentages of tibiae relative to other long bones. In the three samples, it is
interesting to note the minimal differences in the percentages of skeletal elements
such as mandibles, radii, ulnae, podials, astragali, calcanea and zygomatic processes.

7.2 Micromammalian species from SBYC and the minimum number
of individuals (MNIs)

Table 7.2.1: List of micromammalian species encountered in the SBYC faunal samples
{(Nomenclature after Meester ef al. 1986; Skinner and Smithers 1990; Wilson and Reeder 1993).

~ Order Family Genus, specles Common name

insectivora Chrysochloridae Chrysochloris asiatica Cape golden mole
Soricidae Crocidura cyansa reddish-grey musk shrew
Crocidura flavescens greater musk shrew
Myosorex varius forest-shrew
Suncus varilla lesser dwarf shrew
Chiroptera Rhinclophidae Rhinolophus clivosus Geoffroy's horseshoe-bat
Rodentia
' Muridae Dendromus melanofis grey climbing mouse
Dendromus mesomelas Brants's climbing mouse
Steatomys krebsii Krebs's fat mouse
Gerbillurus paeba hairy-footed gerbil
Tatera afra Cape gerbil
Mystromys albicaudatus white-tailed rat
Rhabdomys pumilio striped mouse
Otomys irroratus viei-rat
Otomys saundersias Saunders's viei-rat
Otomys unisuicatus bush Karoo rat
Bathyergidae Bathyergus suillus Cape dune molerat
Cryptomys hotfentotus common molerat
Macroscelidea Macroscelididae  Elephantulus edwardii Cape rock elephant-shrew

Table 7.2.1 lists the micromammalian species recovered from SBYC. The maxillary
and mandibular frequencies of the micromammalian species are recorded in Appendix
3. From the results in Table 7.2.1, it is apparent that small sized rodent species are
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well represented in the fauna than any other taxonomic group. Among the
insectivores, soricids are fairly well represented in the SBYC faunal samples.

Table 7.2.2 gives the MNI and percentage representation of all micromammalian
species from SBYC. Table 7.2.3 presents the Shannon-Wiener indices for general
diversity (H). The MNIs have been derived from the most represented jaw (upper or
lower, left or right). Based on the jaws, Table 7.2.4 further shows the total MNIs for

the murids and soricids.

Table 7.2.2: MNI and percentage representation of micromammalian
species from SBYC based on maxilise and mandibles.

Taxon Down Slope Upper Slope Hanging Remnant
N % M % N %
insactivora
C. asiatica 2 1.1 12 2.4
cf. C. cyanea 7 3.7 3 08 3 3.4
. C. flavescens 4 2.1 5 1.0 1 1.1
- M. varius 48 280 164 327 12 135
cf. M. varius 3 186 16 3.2 1 1.1
S. varilla 20 106 63 125 19 213
cf. S. variila 1 0.2
Chiroptera
" R. clivosus 1 053 1 0.2
Rodentia
»D. melanotis 2 1.1 9 18 2 2.25
= . mesomelas 2 0.4
Dendromus spp. 2 04 2 2.25
. 8. krebsii 8 4,2 22 44 3 3.4
4 G. paeba 7 3.7 9 18 3 3.4
T. afra 50 265 121 24.1 25 28.1
‘WM. albicaudatus 2 1.1 4 08 2 2.25
R, pumilio 4 21 4 08
cf. R. pumilio 1 0.53
v1Q. lrroratus 1 0.53 7 1.4 1 1.1
0. saundersiae 10 53 24 48 12 135
~Q. unisulcatus 5 2.65 6 12
Otomys spp. 9 48 17 3.4 3 34
B, suillus 1 0.2
4. hottentotus 4 2.1 g8 16
Macroscelidea
E. edwardii 1 0.2
TOTAL MNI 189 502 89

P
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The results in Table 7.2.2 show relatively high MNIs for Tatera afra, Myosorex
varius and Suncus varilla in all the samples. The minimal differences in the
percentages of Tatera afra among the three samples may also be observed. The results
further show that the Otomys spp., particularly Otomys saundersiae, are fairly well
represented at SBYC. The total percentage representation of Otomys spp. is highest in
the Hanging Remnant and least in the Upper Slope. On the other hand, the relatively
low representation of species such as Dendromus spp., Crocidura spp., Gerbillurus
paeba and Rhabdomys pumilio, as well as the negligible representation of relatively
larger species such as Bathyergus suillus, Cryptomys hottentotus and Elephantulus
edwardii, is evident in Table 7.2.2.

Table 7.2.3 shows that there are minor differences in the indices for general diversity
(H) among the three samples. When the highly represented Tatera afra is omitted
from the analysis, the diversity indices fluctuate, as indicated by the higher index in
the Down Slope and the lower indices in the other samples. On the other hand, when
Mpyosorex varius is omitted from the analysis, there is a noticeable decline in the
diversity indices in all the samples, and this phenomenon is more prominent in the
Hanging Remnant. Among the three samples, the Down Slope yielded the highest
diversity indices.

Table 7.2.3: Shannon-Wiener indices for general diversity (H).

Down Upper Hanging
Slope Slope Remnant

With T. afra and M. varius 2.16 2.04 1.95
Without 7. afra 2.24 1.97 1.8
Without M. varius 2.07 2.02 1.74

The results in Table 7.2.4 clearly show that in both the Down Slope and the Upper
Slope, soricids yielded higher MNIs than did the murids. It is, however, worth
mentioning the minimal difference in the MNIs between murids and soricids in the
Down Slope. On the other hand, the murids yielded higher MNIs in the Hanging
Remnant than did the soricids.
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Table 7.2.4: Minimum numbers of murids and soricids (in bold) based on
maxillae and mandiblies.

Skeletal Down Slope Upper Slope Hanging Remnant
oclement Murids Soriclde WMuride Soricids Murds Soricids
Lmax 73 13 149 43 26 2
Rmax 80 16 148 37 35 1
Lman 52 61 199 218 32 33
Rman 72 83 199 238 41 25

To complement the MNIs derived from the most represented jaw, Table 7.2.5 presents
MNIs derived from the most represented distal humeri and proximal femora (left or
right). The relatively durable distal end of the humerus and the proximal end of the
femur (e.g. Andrews 1990a), of which it is fairly easy to separate the left from the
right, were used to obtain the MNIs.

Looking at the MNIs derived from the long bones presented in Table 7.2.5, it is very
clear that in all the samples, murids yielded the highest MNIs. The results further
show that the Upper Slope yielded the highest MNIs for both murids and soricids,
followed by the Down Slope.

Table 7.2.5: Minimum numbers of murids and soricids (in bold) based on humeri and femora.

Skeletal Down Slope Upper Slope  Hanging Remnant
element Murids Soricids WMurids Soricids Murlds Soricids
Lt. distal humeri 109 37 215 80 33 20

Rt. distal humeri 133 31 194 65 49 14

Lt proximal femora 99 23 258 61 58 14

Rt. proximal femora 92 30 214 72 42 14

Comparing the MNIs derived from the jaws and those obtained from the long bones
(Tables 7.2.4 and 7.2.5, respectively), it may clearly be seen that murid MNIs are
greater than those of the soricids when long bones are considered, whereas the soricid
MNIs are generally higher than those of the mwurids when jaws are considered.
Overall, among the three sampled areas, the Hanging Remmnant yielded the lowest
MNIs.

82



7.3 Breakage patterns of the skulls

As reported in Chapter Six, breakage of the crania was investigated separately for the

murids and soricids. Tables 7.3.1 and 7.3.2 record the breakage patterns of the murid
and soricid maxillae respectively. N is the number of skeletal elements in each
category, and percentage (%) is calculated against the total of each category. These
results are further illustrated in Figure 7.3.1 for the murids and Figure 7.3.2 for the

soricids.

Table 7.3.1: Breakage patterns of murid maxiilse.

Breakage Down Slope Upper Slope Hanging Remnant
Category N % N % N %
1 35 20.5 91 29.2 12 19.0
2 6 3.51 7 2.24 1 1.6
3 82 48.0 151 48.4 26 41.3
4 48 28.1 63 20.2 24 38.1
TOTAL 17 312 63
Table 7.3.2: Breakage patterns of soricid maxillae.
Broakage Down Siope Upper Slope Hanging Remnant
Category N % N % N %
1 2 7.4 5 58 0 0
2 0 0 4 4.7 0 o
3 8 29.6 21 244 2 86.7
4 17 63.0 56 85.1 1 33.3
TOTAL r 86 3

The amplified results in Figure 7.3.1 show a very interesting trend. Although the
percentage of Category 1 murid maxillae is higher in the Upper Slope, the percentages
of this category are generally high in all the sampled areas. The results in Figure 7.3.1
further show that percentages of Category 4 murid maxillae are generally high in the
three samples, but higher in the Hanging Remnant. Of interest to note are the
relatively high percentages of Category 3 maxillae, as well as the minimal disparity in
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the percentages of this category between the Down Slope and the Upper Slope. In all
the sampled areas, percentages of Category 2 maxillac are the lowest. Overall, the
Upper Slope yielded the highest percentage of Category 1 as well as the lowest
percentage of Category 4 murid maxillae.

—a— Down
Slopa |

>

= —=— Upper

i Slope

& Hanging |
Ramnant |

Breakage categories

Figure 7.3.1: Relative completeness of the murid maxillae
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Figure 7.3.2: Relative completeness of the soricid maxillae

Table 7.3.2 indicates that the proportions of soricid maxillae are very low especially
in the Hanging Remnant. The clearly exemplified results in Figure 7.3.2 above show
that there is high incidence of breakage among the soricid maxillae, as suggested by
the relatively low percentages of Categories 1 and 2 maxillag. The high incidence of
breakage among the soricid maxillae is further suggested by the high percentages of
Category 4 maxillae, especially in the Down Slope and the Upper Slope samples.
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Comparing the murids and soricids (Figures 7.3.1 and 7.3.2 respectively), the results
show that the former yielded a higher percentage of Category | mazxillae.

Tables 7.3.3 and 7.3.4 record the breakage patterns of both murid and soricid

mandibles respectively. These patterns are further demonstrated in Figures 7.3.3 and
7.3.4.

Table 7.3.3: Breakage patterns of murid mandibles.

Breakage Down Slope Upper Slope Hanging Remnant
Category N % N % N %
1 1 076 34 B.56 3 4.0
2 13 a.85 &0 5 g 12.0
3 12 g1 45 11.3 11 147
4 106 BO.3 258 65.0 52 £8.3
TOTAL 132 397 75

Tahle 7.3.4: Breakage patterns of soricid mandibles,

Breakage Down Slope Upper Slope Hanging Remnant
Category N % N % N %

1 7 4.73 91 18.7 8 83

2 T 473 102 X0 B 10.0

3 28 17.6 79 17.1 23 283

4 sje] 67.0 121 32.6 20 333

& S 6.1 40 884 B 10.0
TOTAL 148 463 B0

Figure 7.3.3 shows that the Upper Slope vielded a higher percentage of Category 1
murid mandibles than the other samples. This phenomencon has alse been observed
among the maxillae i Figare 7.3.1. [t is also evident in Figure 7.3.3 that the Upper
Slope yielded the highest percentage of Category 2 murid mandibles. Although the
percentages of Category 4 mwrid mandibles are generally high in the three samples,
Figure 7.3.3 suggests that there has been a higher destruction of mandibles in the

Down Slope sample, as indicated by the relativelv low percentage of Category 1
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mandibles and the very high percentage of Category 4 mandibles. There are minimal
differences in the percentages of Category 3 murid mandibles among the three SBYC
faunal samples.
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Figure 7.3.3: Relative completeness of the murid mandibles

Figure 7.3.4 shows that there are higher percentages of sorcid Categories 1 and 2
mandibles in the Upper Slope than in the other samples. This phenomenon has also
been observed among the murid mandibles (Figure 7.3.3). Of interest to note among
the soricid mandibles (Figure 7.3.4) are the generally low percentages of Category 5
mandibles in all the samples, and the relatively high percentage of Category 4

mandibles in the Down Slope.
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Figure 7.3.4: Relative completeness of the soricid mandibdes
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7.4 Incisor etching

Table 7.4.1 delails elching among the murid lower and upper isolated incisors. Table
7.4.2 reporis on elching amonyg iz sifu munid Jower and upper ineisors. The resulls lor
the relatively abundani lower and upper wolated incisors are clearly illustrated in

Figures 7.4.1 and 7.4.2 respeciively.

Table 7.4.1: Etching of murid isolated incisors.

Etching Down Sicpe Upper Slope Hanging Remnant
Category N % N % N %

Lower incisors

1 L 547 165 2 T 1e.0
2 54 347 30 hE.Q 35 785
3 18 10.6 g3 158 2 4.5
4 0 W] o ¢ ¢ 4
5 0 ) o) 1] 4] ¥
TOTAL 170 585 44
Upper incisors
1 65 33.0 147 2510} 14 25.0
2 a7 581 4430 581 38 0.0
3 15 o 40 581 3 536
4 2] 0 0 o 0 0
5 0 0 o 0 0 ]
TOTAL 167 587 56
50 ") -
BG 7 Sl R
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o 3[] e g T O . :
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Figure 7.4.1: Etehing among isolated lower incisors
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The most obvious observation i Figures 7.4.1 and 7.4.2 is the absence in all the
samples of Categories 4 and 5 incisors, which following Andrews (19902) represent
high levels of etching. In Figures 7.4.1 and 7.4.2, the rcsults elearly show that the
percentages of Categorv 1 incisors are generally higher among the lower incisors.
Among the three sampled areas, the Down Slope yiclded the highest percentage of
Category | lower isolated incisors. Generally, there are high pereentages of Category
2 isolated incisors, the highest coming from the Hanging Remmant. The results further
show thal the percentages of Category 3 incisors arc generally low for both lower and

upper isolated incisors.
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Figure 7.4.2: Etching among isolated upper incisors

Although the counts for im sifu incisors arc quite low, the results in Table 7.4.2
ndicate that there are no Categorics 4 and 5 i situ incisors in the SBYC samples. The
results also show that the percentages of Category 1 inecisors arc relatively lower
among the lower incisors. Conversely. the percentages of Category 2 in situ incisors

are quiet high among the lower incisors.

Table 7.4.2 further suggests that there are higher proportions of lower than upper in
situ incisors. In all the sampled areas and for all incisors, the percentages of Category
3 incisors are very low. Overall, etching in the SBYC incisors is minimal, as indicated
by the percentages of Categories 1 and 2 incisors. Following Andrews (1990a),
Appendix 4.2 further elucidates the calegories of incisor etching resulting from

different predators.
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Table 7.4.2: Etching of murid ir sifu incisors.

Etching Down Slope Upper Slope Hanging Remnant
Category N % N % N %
Lower inclsors
1 2 18.2 12 162 0 4]
2 8 727 58 78.4 21 BY 5
3 1 81 4 5.41 3 12.5
4 0 0 4] a 4] a
5 4] a ] 0 4] 0
TOTAL 11 74 24
Upper incisors
1 1 1.0 T 43.8 3 25.0
2 i a 8 50.0 2] 75.0
3 0 a 1 825 4] 0
& 0 0 4 ad 4] ad
5 0 J 0 J 0 d
TOTAL 1 16 12

[t is important to point out that among the incisor fragments that were not investigated
for etching, there are some incizsor fragments in which the dentine has completely
been removed. leaving behind the relatively thin enamel According to D. M. Avery
{pers. comumn., 2(102), this appears to have resulted from mechanical breakage.

7.5 Breakage patterns of the long bones

Table 7.5.1 presents the breakage patterns for murid and soricid humerl. W is the
number of skeletal elements in each category. and percemtage {%) is calculated
agaimnst the total of each category. The breakage patterns are amphtfied in Figures 7.5.1
and 7.5.2.

As shown in Figure 7.5.1, the Upper Slope vielded the hiphest percentage of complete
murid humeri. Of interest (o note 18 the minimal difference in the percentages of
complete humeri between the Down Slope and the Hanging Remnant, and also the
reduced difference in the percemtages between complete and proximal humeri in the
Down Stope. The results further show that the Hanging Remnant yielded the highest
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percentage of proximal murid humeri. Although there are high percentages of distal

humeri m the three samples, the Down Slope sample yielded the highest percentage.

The minimal difference i the percentages of distal humeri between the Upper Slope

and Hanging Remnant may also be observed.

Table 7.5.1: Breakape patterns of morid and sorieid homeri.

Down Slope Upper Slope Hanglng Remnant
M % M Ya N e
Murid
Complete 42 14.2 102 19.6 16 14.5
Froximal 40 136 849 171 24 218
Shaft 13 4.41 21 4.0 4 364
Distal 200 B7.8 308 59.2 86 &80.0
TOTAL 295 520 10
Soricid
Complete 33 35.9 88 48.4 21 43.8
Proximal 20 217 29 16.3 14 282
Shaft 4 4.34 4 225 ad ad
Distal 35 380 L 320 13 271
TOTAL a2 178 43
80 - " = e
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Fipure 7.5.1: Relative completeness of the murid humeri

Figure 7.53.2 shows that the percentages of complete soricid humeri are quite high in
all the sampled areas, but highest in the Upper Slope. The results further indicate that
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the Hanging Remmnant yiclded the highest percentage of proximal bumeri The Down
Slope sample viclded the highest pereentage of distal humeri.
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Complete Proxirmal  Shaft Distzl|

Figure 7.5.2: Relative completeness of the soricid humeri

Comparing Figures 7.5.1 and 7.5.2, it is intcresting to note that soricids yiclded the
highest percentages of complete humeri, as opposed to the relatively low percentages
of the same among the murids. In both the murids and soricids, the Hanging Remnant
vielded the lghest pereentage of proximal humeri The percentages of humeri shafis
arc quitc low. In fact, there arc no soricid humeri shafts in the Hanging Remnant.
Even though the perceniages of distal humeri are lngh in both the murids and the
soricids, the results show that the murids yiclded higher percentages of distal humerni
than did the soricids. Of particular interest to note are the relatively higher

percentages of murid and soricid distal humeni in the Down Slope.

Table 7.5.2 records the breakage patterns for murid and soricid temora. These patterns
are turther llustrated in Figures 7.5.3 and 7.5.4 respeetively.

Figurc 7.5.3 shows that the Tipper Slope yielded the highest percentage of complete
murid fomora. There is minimal difference in the percentages of complete femora
between the Down Slope and the Hanging Remnant. Of particular notice in Figure
7.5.3 are the relatively high percentages of proximal murid femora. and especially in
the Down Slope. The Hanging Remnant yielded the highest percentage of distal murid

femora.
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Table 7.5.2: Breakape paiterns of murid and soricid femora.

Down Slope Upper Slope Hanging Remnant
M % N % N %
Murid
Complete 23 2.16 113 189.7 10 7.25
Froximal 228 809 358 g2.7 80 652
Shaft D 0 10 1.75 5 3.62
Distal a1 1.0 81 158 33 238
TOTAL 282 573 138
Soricld
Complete 14 255 a7 47 5 T2 42.9
Froximal 39 70.9 fals 46 .8 16 57.1
Shaft D 0 2 1.41 !
Distal 2 364 & 426 0
TOTAL 55 141 28
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Figure 7.5.3: Relative completeness of the murid femora

Figure 7.5.4 clearly indicates that the percentages of complete soricid femora are quite
high. In fact, comparing the murids and the soricids, the latter vielded the highest
percentages of complete femora, This phenomenon has also been ebserved among the
humeri {Figures 7.5.1 and 7.5.2). As Figure 7.5.4 fwrther shows, the Down Slope
yielded the Inghest percentage of soricid proximal femora, as it did for nmrid

proximal femora.
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Figure 7.5.4: Relative completeness of the soricid femora

Figures 7.5.3 and 7.5.4 clearly show that the percentages of shafts are very low in all
the sampled areas. Although the percentages of distal femora are quite low among the
murids and the soricids, the former yielded slightly higher percentages than the latter.
Overall, comparing the murids and the soricids, the latter show a greater index of
completeness m both the humeri and femora.

Table 7.5.3 reports on the breakage patterns of the tibiae and ulnae. These patterns are
clearly shown m Figures 7.5.5 and 7.5.6.

Table 7.5.3: Brealtage paiterns of the indeterminate micromammalian ulnac and tibiae

from SBYC.

Skeletal Down Slope Upper Slope Hanging Remnant
element N e N Yo N 2%
Ulna

Complete 8 3.78 11 1.3 & 8.8
Froximal 220 gz.4 745 B&.1 103 873
Shaft g 378 87 10.3 T 5.93
Distal ] d 3 .35 0 0
TOTAL 238 846 118

Tibia

Complete 5 1.32 27 2.56 3 1.72
Proxdmal T2 19.0 254 241 34 19.5
Shaft 133 35.1 322 06 49 282
Distal 169 44 5 451 42 8 1] 50.6
TOTAL 378 1054 174
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The results mn Figure 7.5.5 indicate that the proportions of complete ulnae are gnite
low in all the sampled areas. The results further show that, except for minimal
differences in the percentages of proximal ulnae. the percentages are generally high in
all the sampled areas. Interestingly, as also observed earlier among the murid and
soricid proximal long bones (humeri and femora), the Down Slope yielded the highest
percentage of proximal ulnae. which by nature is sturdy (e.g. Andrews 1990a). On the
other hand, the very low percemtapes of ulnae shatts and distal ends are evident in
Figure 7.5.5. In fact, there are no distal ulnae in the Down Slope and the Hanging
Remnant, and the percentage of distal ulnae in the Upper Slope is negligible.
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Figure 7.5.5: Relative completeness of the ulnae

Figure 7.5.6 displays & very inieresting trend in the breakage of the tibiae. In all the
three samples, the percentages of complete tibnae are the lowest. After the complete
tibiae, the proximal tiblae are mext with the second lowest percentages. The results
further indicate that the percentages of distal tibiae and tibia shafts (in that order) are
the highest in the three sarmples, Although the Hanging Remnant yielded the highest
percentage of distal tibiae, it is interesting to observe the relatively high percentage of
distal tibiae in the Down Slope, Among the three sampled areas, the Down Slope has
continued to wield relatively high percentages of the portions of limb bones that are by
nature sturdy. Interestingly, the Down Slope yielded the highest percentage of tibia
shafts. The high percentages of shafts evident among the tibiae have not heen

observed in the other long bones,
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complete innominates in the Hanging Remnant.
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7.6 Breakage patterns of other post-cranial bones

As detailed in Table 7.6.1, the percentages of proximal scapuiae are guite high in all
the BBYC faunal sampies. Although the Ilanging Rempant vielded the highest
percentage of proximal scapulae. generally there are po remarkable differences in the
percentages of proximal scapulae among the three samples. On the other hand. even
though the percentages of complete scapulac are low in all the sumples, the Down
Slope vielded a higher percentage. With regard to the innominates, the percentages of

innominate fragments are very high in all the sampled areas. In fact, there are no

Table 7.6.1: Breakage patterns of scapulae and innominates,

Down Slope Upper Slope Hanging Remnant

'] %a N % N Y
Scapula
Completa 21 236 ar tR.O 4 16.0
Proximal 68 764 159 811 21 84.0
TOTAL 89 196 25
Innominate
Complete 4 2.7 15 4.3 a0 o]
Fragments 144 97.3 3ar 8957 B85 100.0
TOTAL 148 352 65
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7.7 Epiphyseal fusion in the long bones

Tables 7.7.1 and 7.7.2 detail epiphyseal fusion for humeri and femora belonging to
the murids and soricids respectively. In these two tables, it is important to point out
that one long bone may be represented twice, depending on whether both the proximal
and distal ends are joined. Table 7.7.3 presents the total number of loose epiphyses
belonging to the two long bones investigated for epiphyseal fusion.

From Table 7.7.1, all murid distal humeri in the three sampled areas are fused. On the

other hand, there are relatively high proportions of murid bumeri with proximal ends
not fused. It is interesting noting the minimal disparities in the percentages of unfused
proximal humeri among the three samples. Although the percentages of fused
proximal femora are fairly high, the results show much higher percentages of unfused
proximal femora in the three samples. The very high percentages of unfused distal
femora may also be noted in Table 7.7.1. Conversely, there are very low percentages
of fused distal femora across the three samples.

Table 7.7.1: State of fasion of the murid bumeri and femors.

Skeletal Down Slope  Upper Slope Hanging Remnant
slement N % M % N %
Humerus

Proximal fused 3 4.0 11 6.0 2 5.0
Proximal unfused 79 96.0 180 84.0 38 95.0
TOTAL 82 191 40

Distal fused 160 100.0 360 100.0 62 100.0
Distal unfused 0 0 0 0 0 0
TOTAL 160 3680 62

Femur

Proximal fused 54 24.0 114 26.0 29 30.0
Proximal unfused 168 76.0 321 74.0 87 70.0
TOTAL 222 438 96

Distal fused 4 7.0 7 2.0 4 8.0
Distal unfused 50 93.0 290 98.0 39 1.0
TOTAL 54 297 43

96



As may be seen in Table 7.7.2, all soricid humeri are fused on the distal end. In all the
samples, there are fairly high proportions of proximal humeri that are not fused.
Comparing the murids and the soricids, the results indicate that the proportions of
fused proximal humeri are much higher among the latter. Table 7.7.2 further shows
that except for a negligible percentage in the Hanging Remnant, all soricid proximal
femora are fused. This phenomenon has not been observed among the murid proximal
femora. Unlike the relatively low percentages of fused distal femora, the percentages
of unfused soricid distal femora are quite high in all the three samples especially in
the Hanging Remnant. This phenomenon has also been observed among the murid
distal femora.

Table 7.7.2: State of fusion of the soricid humeri and femora.

Skeletal Down Siope Upper Slope Hanging Remnant
element N % N % N %
Humerus

Proximal fused 17 33.0 45 41.3 10 29.4
Proximal unfused 34 67.0 64 58.7 24 706
TOTAL 84 109 34

Distal fused 64 100.0 179 100.0 34 100.0
Distal unfused 0 0 0 0 0 0
TOTAL 64 178 34

Femur

Proximal fused 52 100.0 128 100.0 23 96.0
Proximal unfused 0 0 0 4] 1 4.0
TOTAL 52 128 24

Distal fused 4 25.0 16 220 1 80
Distal unfused 12 75.0 57 78.0 11 82.0
TOTAL 16 73 12

The results on loose epiphyses recorded in Table 7.7.3 indicate that there are very
high percentages of loose epiphyses from the proximal end of the humerus. There are
quite high percentages of loose epiphyses from the distal end of the femur particularly
in the Down Slope and the Upper Slope. The proportions of loose epiphyses from the
proximal end of the femur are also substantial.
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Table 7.7.3: Loose micromammsalian long bone epiphyses from SBYC.

Skelotal Down Slope Upper Slope Hanging Remnant
element M % N % N %
Humerus

Proximal 145 100.0 144 100.0 55 100.0
Distal 0 0 0 0 0 0
TOTAL 145 144 85

Femur

Proximal 80 32.8 153 33.8 26 42.6
Distal 164 67.2 209 86.2 35 57.4
TOTAL 244 452 61

7.8 Relative proportions of skeletal elements

Table 7.8.1 reports on the relative proportions of both murid and soricid skeletal

elements.

Table 7.8.1: Relative proportions of murid and soricid skeletsl elements.

Murids Soricids

Total No. Total No. % Total No. Total No. %

of mandibles of femora femur + humerus of mandibles of femora femur + humerus

& maxllae &humeri mandible+maxilia &madliae & humeri mandible + maxlla
Down 303 577 180.4 175 147 84.0
Slope
Upper 709 1003 164.2 549 319 58.0
Slope
Hanging 138 248 180.0 63 76 121.0
Remnant

The results in Table 7.8.1 show that among the murids, there are excess femora and
humeri relative to mandibles and maxillae in the three samples, and this phenomenon
is more salient in the Down Slope and the Hanging Remmant. Among the soricids, the
relative proportions of femora and humeri to mandibles and maxillac are lower in
both the Down Slope and the Upper Slope, with the latter sample showing the least
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percentage. On the other hand, the Hanging Remnant shows high proportions of
soricid humeri and femora relative to mandibles and maxillae.

Tables 7.8.2 and 7.8.3 show relative proportions of cranial to post-cranial elements. In
these tables, all skeletal elements have been treated as micromammalian remains
without separating the murids and the soricids.

From Table 7.8.2, it is apparent that the relative proportions of femora and humeri to
mandibles and maxillae are quite high in the three sampled areas. This phenomenon
is, however, more pronounced in both the Down Slope and the Hanging Remnant.
Interestingly, although the Upper Slope yielded the highest numbers of femora and
humeri, the relative proportion of these elements to the mandibles and maxillae is
lower than in the other samples. In both the Down Slope and the Hanging Remnant,
the relative proportions of tibiae and ulnae to femora and humeri are fairly low.

Conversely, there are excess tibiae and ulnae relative to femora and humeri in the

Upper Slope.

Table 7.8.2: Relative proportions of skeletal elements.

Sampled Total No. Total No. Total No. % %

area of mandibles of femora of tibise femur + humerys fibla + ulna

& maxillae &humeri &ulnge  mandible + maxilla fermur + humerus

Down 478 724 617 151.5 85.2
Slope

Upper 1258 1412 1800 112.2 134.6
Slope

Hanging 201 324 292 161.2 90.1
Remnant

From Table 7.8.3, it may be observed that the proportions of post-cranial relative to
cranial elements are low. It is interesting to note the similar proportions in both the
Down Slope and the Upper Slope. As the results further show, the index for relative
proportion of post-cranial to cranial elements is greater in the Hanging Remnant than
in both the Down Slope and the Upper Slope.
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Table 7.8.3: Relative proportions of post-crania to crania.

Sampled Total No. Total No. Total No. Total No. %
area of mandibles of isolated of femora oftibiae Total No.of h i + ulnae + + {ibi
& maillae  molars &humeri &ulnae  Total No. mavdllae + mandibles + isolated molars
Down 478 1258 724 617 77.2
Siope
Upper 1258 3061 1412 1900 76.7
Slope
Hanging 201 510 324 292 86.6
Remnant

7.9 Non-micromammalian species at SBYC

Besides the micromammalian species, non-micromammalian species are also
represented in the SBYC faunal samples. These include, Reptilia (snakes), Amphibia

(frogs), Pisces (fish) and Aves (birds).

Table 7.9.1: Non-micromammalian fsuns recovered from

the SBYC faunal samples.

Skeletal Amphibla Aves Places Reptilia
slement N N N N
Humeri 61 35

Ulnae 54 35

Femora 1 10

Tibiae 3

Vertebrae 42 18 28 192
Phalanges 77

The results in Table 7.9.1 show that there is a considerable representation of

amphibians. Following (Klein and Cruz-Uribe 1984), 61 humeri would account for a
MNI of at least 31. Aves as well are reasonably well represented at SBYC, as 35

ulnae would account for a MNI of at least 18.
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CHAPTER EIGHT

Discussion

8.1 Introduction

The analysis of the SBYC micromammalian fauna yielded some interesting observations
that will form the basis of this chapter. Although there are some differences among the
three samples, the depositional contexts (see Figures 6.2.1 and 6.2.3) and patterning of
the three samples strongly suggest that the fauna in both the Upper Slope and Down
Slope originated from down-slope movement of the fauna in the Hanging Remnant. The
Hanging Remnant, because of its partially cemented nature, appears to be in situ. In
testing the hypothesis on whether or not the SBYC faunal samples belong to one parent
population, comparisons will be made between different aspects of the samples. This will
include skeletal representation and breakage patterns among the three samples (e.g. Klein
and Cruz-Uribe 1984). Besides shedding light on species diversity in the SBYC
micromammalian fauna, the species represented in the faunal samples will also be used to
test the suggestion that the three SBYC samples represent one faunal occurrence that has
been re-distributed across the site by natural taphonomic processes other than the primary
agent/s of accumulation (e.g. Andrews 1990a). Based on taphonomic factors such as
breakage patterns and ecological factors such as species representation in the SBYC
fauna, the predator/s that may have been responsible for the faunal accumulation will be
inferred (e.g. Matthews 1999). The species represented in the fauna will further be used
to interpret the microhabitats in the SBYC area some 15, 000 years ago.

8.2 Number of identified specimens (NISPs)

In all, 32,197 micromammalian skeletal elements (NISPs) have been investigated from a
variety of perspectives. Among the three sampled areas, the Upper Slope yielded
generally high proportions of skeletal elements. Even though the sediments sample from
the Upper Slope is larger relative to those from the Down Slope and the Hanging
Remnant (see Table 8.2.1), the very high NISPs from the Upper Slope sample strongly
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suggest a higher faunal density in that part of the site. The higher faunal density in the
Upper Slope is confirmed by the 10 NISPs for each gram of coarse material sorted, as
compared with approximately 2 and 5 NISPs from the Hanging Remnant and Down
Slope respectively.

Table 8.2.1: Mass in grams of unsorted fine sediments (1) from 1.5 mm

flour sieve and of coarse sediments sorted for microfauna (2), total NISPs
derived from the sediments (3) and approximate NISPs for each gram

of sorted coarse sediments (4).
Down Slope Upper Slope Hanging Remnant
1 2307.4 5082.6 2378.3
2 1588.6 2108.2 1737.3
3 7641 21530 3026
4 5 10 2

The higher density of faunal remains in the Upper Slope relative to the other sampled
areas is further confirmed by chi-squared (X*) tests on the distribution of different
skeletal elements. The tests show generally higher proportions of observed relative to the
expected numbers of skeletal elements in the Upper Slope, as opposed to the generally
lower numbers of observed relative to the expected numbers of skeletal elements in both
the Down Slope and Hanging Remnant (see e.g. Appendices 5.1.1-4 and 5.2.1).

As Table 7.1.1 clearly shows, the percentages of isolated molars, foot bones and
vertebrae are generally high in the three samples. Although there are minor differences
among the SBYC samples, the high percentages of phalanges, metapodials and vertebrae
in all the samples may be attributed to a range of factors. While there are large numbers
of these bones in the body, their frequent preservation in the SBYC samples is a feature
of barn owl collections (e.g. Dodson and Wexlar 1979; Korth 1979). In addition, it has
been noted (Korth 1979; Behrensmeyer et al. 1989) that the durability of foot bones
enables them to survive many taphonomic processes, including abrasion during transport.
With regard to the high percentages of isolated molars in the SBYC samples, this
phenomenon may be ascribed to the loss of teeth from the jaws as a result of post-
depositional breakage of the jaws (e.g. Andrews 1990a). Overall, the generally consistent
percentages of NISPs across the three sampled areas and, more particularly those of the
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four most abundant skeletal elements (isolated molars, vertebrae, phalanges and
metapodials) support the suggestion that the three SBYC samples represent one faunal

occurrence.

8.3 Damage to the skull

8.3.1 Breakage of the crania

There seems to be high breakage of murid crania at SBYC. This is clearly demonstrated
by the absence in all the samples of murid maxillae or maxilla fragments that are still
attached to the cranium. Similarly, the paucity in all the samples of cranial fragments that
could certainly be associated with a particular taxonomic group further confirms the high
degree of cranial breakage in the SBYC fauna. This agrees with observations by Dodson
and Wexlar (1979) as well as Andrews (1990a) that complete skulls of small mammals
rarely occur in predator assemblages. This is essentially because the most common way
of killing prey is by breaking the neck and piercing through the back of the skull (Dodson
and Wexlar 1979). Additionally, Korth (1979) has also noted that post-depositional
processes such as hydraulic transport easily destroy the skull. In view of this, it may be
concluded that damage resulting from post-depositional processes has exacerbated
predator-induced modifications, resulting in severe breakage of the crania at SBYC.

Even though the SBYC samples yielded fairly high percentages of complete murid
maxillae and generally maxillae with a portion of the zygomatic process still intact, murid
maxillae breakage among the samples is generally high. Because Andrews’ (1990a)
modern predator assemblages show generally high proportions of complete maxillae and
maxillae with the zygomatic process intact (see Appendix 4.1), the relatively lower
proportions of these maxillae in the SBYC samples suggests that post-depositional
processes have also contributed towards the damage of the SBYC maxillae. The higher
percentage of murid maxilla fragments in the Hanging Remnant relative to the other
sampled areas suggests a greater breakage of murid maxillae in this sample. It is possible
that the use of dental picks to extract sediment samples from the Hanging Remnant may
have partially contributed towards the higher breakage of not only the maxillae in this
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sample, but also other skeletal elements. Comparing the Down Slope and Upper Slope,
the relatively higher breakage of murid maxillae in the former sample is suggested by the
lower percentage of complete maxillaec as well as the higher percentage of maxillae
fragments. It is conceivable that down-slope movement of the maxillae would have
partially contributed towards the higher breakage evident in the Down Slope sample. The
relatively high percentages of murid maxillae with a portion of the zygomatic process
still intact in all the SBYC samples, nevertheless, support the suggestion that the
zygomatic process is one of the most durable parts of the skull (e.g. Andrews 1990a). It
is, however, important to point out that since Tatera afra yielded the highest number of
maxillae (see Appendix 3), the results obtained from the breakage pattemns may have
been significantly influenced by this dominant species (e.g. Avery 1999).

Although there are a few complete soricid maxillae (see Table 7.3.2), the much higher
breakage of soricid crania in all the samples as compared to those ofthe murids, probably
reflects the more delicate nature of soricid skulls (pers. observ.). At this stage, although
there is no clear explanation for the low proportions of soricid maxillae in the Hanging
Remnant, it is plausible that both predator-induced breakage and breakage resulting from
post-depositional processes (including recovery procedures) would have adversely
contributed towards this phenomenon. Because of the fragility of soricid maxillae, the
lower proportions of these jaws in the Down Slope relative to the Upper Slope may also
be explained by the greater distance of the former from the presumed source in the
Hanging Remnant.

8.3.2 Breakage of the mandibles

Because the morphology of mandibles makes them less susceptible to damage, mandibles
tend to be commonly preserved in predator assemblages (e.g. Dodson and Wexlar 1979;
Andrews 1990a). In the SBYC faunal samples, the low percentages of complete murid
mandibles, together with the generally high percentages of mandible fragments,
especially in the Down Slope, suggests that post-depositional factors have compounded
the effect of predator-induced processes to significantly influence the number of
complete murid mandibles. It has been shown (Andrews and Jenkins 2000) that post-
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depositional processes may cause extensive breakage to mandibles. It should, however,
be noted that mandible breakage patterns may vary from one species to another (e.g.
Korth 1979). In all the SBYC samples, mandibles belonging to the most common murid,
Tatera afra, are not only abundant (see Appendix 3) but are also generally well
preserved. This is largely because these mandibles are big and robust (D. M. Avery, pers.
comm., 2002). Overall, unlike in the modern predator assemblages (Appendix 4.1), there
are relatively low proportions of complete murid mandibles in the SBYC faunal samples
and generally high percentages of murid mandibles of which the ascending rami are
missing or broken, which further confirms the higher breakage of the SBYC murid

mandibles.

The occurrence of generally high proportions of soricid mandibles in all the SBYC
samples agrees with Andrews’ (1990a: 57) postulation that because of the morphology of
insectivore mandibles, these jaws tend to be more common in predator assemblages.
Nevertheless, although there are fairly high percentages of complete or nearly complete
soricid mandibles, especially in the Upper Slope, the effect of predator and post-
depositional breakage on the soricid mandibles is suggested by the relatively high
percentages of Category 4 mandibles, especially in the Down Slope, and the fairly high
percentages of Category 5 mandibles in all the samples.

By and large, the percentages of different elements of the skull in the three SBYC faunal
samples point to a relatively high breakage of the skull. Following Andrews (1990a) and
Fernandez-Jalvo (1995), the high breakage of the skull has largely contributed towards
the high proportions of isolated molars in all the SBYC faunal samples. It is also likely
that the high breakage of the skulls may have resulted in the loss of cranial elements (e.g.
Andrews 1990a). In view of the breakage patterns among murid mandibles, the down-
slope movement may have contributed towards the much higher proportion of mandible
fragments as well as the very low proportion of complete mandibles in the Down Slope.
Similarly, among the soricid mandibles, the very low percentage of complete mandibles
in the Down Slope and the much higher percentages of mandible portions (Categories 4
and 5) indicate that there has been an increase in breakage as the jaws moved down slope,

a proposition that has been confirmed by the gamma analyses.

105



Although the gamma analyses on both the murid and the soricid maxillae suggest that
there are no statistically discernible directional relationships between the position on the
slope and the degree of breakage, the corresponding gamma analyses on both murid and
soricid mandibles show statistically discernible evidence of directional (ordinal)
relationships between the position of the fauna at the site and the degree of breakage (see
Appendix 5.3.5). These statistically significant relationships indicate an increase in
breakage as the bones erode down slope. As reported in Tables 7.3.3 and 7.3.4, the high
proportions of both soricid and murid mandible fragments in the Upper Slope and Down
Slope support the statistical evidence of increased breakage as the bones move down
slope. Contrasts in the levels of breakage as the fauna moved down slope are further
suggested by the chi-squared (X) tests. The chi-squared results (e.g. Appendices 5.1.1,
5.2.1 and 5.3.1) show that although the proportions of the observed murid and soricid
complete jaws relative to the expected are lower in both the Down Slope and the Hanging
Remnant, the differences in the proportions are generally more pronounced in the former
sample. Additionally, comparing the Down Slope and the Upper Slope, the chi-squared
tests suggest higher breakage of the jaws as the fauna moved down slope, as strongly
indicated by the generally lower numbers of the observed relative to the expected
Category 1 maxillae and mandibles in the former sample. The overall image reflected by
the results on cranial elements is, therefore, that the SBYC faunal samples belong to one
parent assemblage and that taphonomic processes, including post-post-depositional
processes (e.g. the down-slope movement) have not only contributed towards the current
location of the fauna along the slope but have also differentially modified the fauna.

8.4 Ktching of the incisors

Examination of incisors for acid-etching strongly shows that in all the SBYC samples
etching is minimal. This is indicated by the generally high percentages of Categories 1
and 2 incisors. Although there are some differences in the percentages of etching among
the three samples, the generally high percentages of incisors that show either no evidence
of etching and/or pitting or very light etching and/or pitting imply that the predator/s
responsible for the accumulation of the SBYC fauna belonged to the lower etching
categories (see Appendix 4.2). Moreover, because etching and/or pitting on the SBYC
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incisors are not restricted to the tips of the incisors, post-depositional corrosion by the
alkaline sediments at SBYC cannot be ruled out. This is because, unlike the localized
effect of digestion, corrosion resulting from non-digestive processes such as alkaline
sediments tends to affect all parts of the element (Andrews 1990a; Fernandez-Jalvo and
Andrews 1992). In addition, because the Hanging Remnant yielded higher percentages of
incisors (isolated and in situ, lower and upper) that show light etching and/or pitting, it is
likely that longer presence of the incisors in the partially cemented Hanging Remnant
may have contributed towards this phenomenon. Since heavier digestion by predators
such as the barn owl and giant eagle owl (Category 1 predators) may sometimes penetrate
the dentine, the incisors in the SBYC samples in which etching has slightly infiltrated the
dentine (Category 3) may have resulted from either digestion by such predators or from
corrosion by sediments (e.g. Andrews 1990a; Fernandez-Jalvo and Andrews 1992). On
the whole, the high percentages of Categories 1 and 2 incisors and the low percentages of
Category 3 incisors in all the samples indicate minimal etching of the SBYC incisors.
This phenomenon further strengthens the contention that the SBYC faunal samples
belong to one faunal accumulation that may have been accumulated by the same agent/s
and that the apparent differences in the percentages of etching may have resulted from
factors such as the differential effect of predator-induced corrosion as well as post-

depositional processes.

8.5 Post-cranial elements
8.5.1 Breakage of the long bones

As clearly illustrated in Figures 7.5.1-7.5.4, the analysis of breakage patterns among the
humeri and the femora yielded some very interesting results. As further demonstrated in
Figures 8.5.1 and 8.5.2, even though there are some differences in the percentages among
the three SBYC samples, overall the soricids yielded higher proportions of complete
humeri and femora than did the murids. Given that the faunal remains at SBYC appear to
have been subjected to generally similar taphonomic processes, the higher proportions of
complete humeri and femora among the soricids relative to the murids suggest that there

has been preferential preservation of the soricid proximal long bones.
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Figure 8.5.2: A comparison berween the percertazes of complete
murid and sericid femora across the three sampled areas

Because the material in the Down Slope lies at the foot of the slope, the generally Jower
percentages of complete humeri and fernora in this sample, especially among the soricids
(Figures 8.5.1 and 8.52), suggest an increase in breakage as the bones moved down
siope. On the other hand, the higher percentages of distal humeri and proximal femora in
the Down Slope sample (Figures 8.5.3 and 8.5 4) should have been influenced by the
durability of these portions of the long bones (e.g. Andrews 19%0a: Andrews and Jenkins
2000),
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The generally low percentages of distal femora (see Figures 7.5.3 and 7.5.4) may have
resulted from the preferential destruction of that part of the bone. Dodson and Wexlar
{1979) have reported that as a result of predator activity, the distal end of the femur tends
to sustain damage. It is therefore apparent that, besides the modifications to the long
bones that would have resuited from the predator/s or other modes through which the
SBYC fauna may have been accumulated. both post-depositional processes {e.g.
diagenesis) and post-post-depositional factors (e.g. erosion) have influenced the breakage
patterns ofthe long bones. Additionally. it is evident that survival of not only down-slope

movement but also the preceding taphonomic processes such as predator-induced
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breakage favoured the more robust and therefore durable skeletal elements (i.e. distal
humerus and proximal femur).

The chi-squared tests of the murid and soricid humeri (Appendices 5.4.1 and 5.5.1)
indicate that there are no statistically discernible correlations between position on the
slope and the types of bone (complete, proximal, shaft or distal) commonly represented
there. Conversely, the tests of the murid and soricid femora (Appendices 5.6.1 and 5.7.1)
show high statistical evidence of correlation between position on the slope and the types
of bone highly represented there. As an example, the higher than expected numbers of
complete murid femora in the Upper Slope and the lower than expected numbers in the
Down Slope illustrate this relationship (see Appendix 5.6.1). In sum, the chi-squared tests
for both murids and soricids show generally lower numbers of observed relative to the
expected complete humeri and femora in the Down Slope. In addition, the chi-squared
tests show higher numbers of observed relative to the expected distal humeri and
proximal femora (sturdy ends of the bones) in the same sample (see e.g. Appendices
5.4.1-2 and 5.5.1-2). Figures 8.5.1 and 8.5.2 clearly demonstrate the low percentages of
soricid complete humeri and femora in the Down Slope. These observations agree with
the suggestions that there has been an increase in breakage as the fauna moved down
slope and also that there has been a selective bias for the more durable elements. The
generally lower numbers of observed relative to the expected complete humeri and
femora in the Hanging Remnant, on the other hand, may be attributed to a range of
factors, including the poor representation of skeletal elements that characterizes this
sampled unit (see e.g. Table 8.2.1).

Although the percentages of complete ulnae and tibiae are very low in all the SBYC
samples, the generally high percentages of proximal ulnae and distal tibiae indicate
preferential preservation of these two ends of the bones. Among the three samples, the
higher percentage of proximal ulnae and the fairly high percentage of distal tibiae in the
Down Slope provide further support for the hypothesis that there has been a selective bias
for the more durable portions of the long bones in the Down Slope. With regard to the
generally high proportions of proximal ulnae, this end of the bone fuses early in life and
is therefore more durable (Andrews 1990a). On the other hand, the distal end of the ulna
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tends to be more prone to damage by predators (through e.g. digestion) than the proximal
end (Dodson and Wexlar 1979), which may explain the high percentages of proximal
relative to distal ulnae in the three SBYC faunal samples. Andrews and Jenkins (2000)
have also reported high proportions of distal tibiae from Mumbwa Caves, which agrees
with the situation at SBYC.

Andrews (1990a) has noted that lower proportions of shafts in a faunal assemblage may
imply secondary breakage rather than predator-induced damage, which tends to yield
relatively high proportions of shafts. This phenomenon tends to be more apparent among
avian predators such as hen harriers, kestrels, little owls and also many of the small
carnivorous mammals (Andrews 1990a). Following Andrews (1990a), although the fairly
high percentages of tibia shafts in the SBYC fauna contrasts with the very low
proportions of shafis from the rest of the long bones, it is apparent that both predator and
post-depositional destruction have influenced the SBYC fauna. The very low percentages
of long bone shafts (except for the tibiae) in the SBYC faunal samples correlate with
results from the Dark Brown Breccia, Unit 12, at Westbury (Andrews 1990a) and from
Elands Bay Cave (Matthews 1998). Generally, comparing the breakage patterns in the
SBYC samples with the results from modermn predator assemblages (Appendix 4.3), there
seems to have been greater destruction of the long bones in the SBYC samples. The
patterns clearly indicate that both predator-induced and post-depositional processes have
differentially influenced the breakage patterns among the SBYC faunal samples, as
demonstrated by the preferential preservation and/or destruction of elements such as

proximal and distal humeri and femora.

85.2 Breakage of other post-cranial bones

Although the scapulae show higher index of completeness than the innominates, the high
percentages of scapula and innominate fragments indicate high incidence of breakage in
these two bones. This could be associated with the effect of both predation and post-
depositional processes. Dodson and Wexlar (1979) have reported that, except for those
accumulated by barn owls, most predator assemblages tend to yield scapulae and
innominates that are badly damaged. Because of the relatively delicate nature of the
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scapulae and the innominates (e.g. Dodson and Wexlar 1979), it has also been
demonstrated (Korth 1979) that post-depositional processes such as transport easily
abrade these bones. It may therefore be concluded that, in all the sampled areas, the effect
of both predation and post-depositional processes on these bones has largely been
influenced by their fragility.

8.6 Epiphyseal fusion in the long bones

The absence of distal humeri without epiphysis in both the murids and the soricids is
ascribed to the early fusion of that part of the bone (e.g. Andrews 1990a). Bates and
Harrison (1980), who have investigated epiphyseal fusion in wild mice (Adpodemus
sylvaticus) observed no unfused epiphyses on the distal end of the humerus, implying that
this end of the bone fuses early in life. Although the percentages of fused and unfused
humeri and femora suggest that both mature and young individuals are represented in the
SBYC faunal samples, the relatively higher proportions of unfused murid proximal
humeri in all the samples indicate that a considerable percentage of the murids were
juveniles at the time of their death (e.g. Chaplin 1971). The high proportions of unfused
proximal and distal murid femora in all the samples further supports the suggestion that
young individuals are fairly well represented at SBYC.

The percentages of fused and unfused humeri and femora among the soricids also suggest
that young individuals are well represented in the SBYC faunal samples. The very high
percentages of fused soricid proximal femora, however, indicate that proportions of
soricid juveniles are lower than those observed among the murids. Overall, although
skeletal remains of young individuals are more vulnerable to taphonomic processes such
as digestion, Avery (1992) has shown that at Geelbek B in the West Coast National Park,
young Otomys irroratus are fairly well represented in bam owl pellets. Following Avery
(1990: 410), “the rates of early post-natal development and maternal practices will
influence the likelihood of the very young being caught by predators™. In spite of the
suggestion that both mature and young individuals are represented at SBYC, it is
imperative to point out that the age at which epiphyseal fusion occurs is variable and that
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this may be influenced by factors such as individual variation, as well as those associated
with the environment (e.g. Chaplin 1971; Bates and Harrison 1980).

With regard to the loose epiphyses, the high proportions of these elements from the
proximal end of the humerus correlate with the high percentages of unfused proximal
humeri. The relatively high proportions of loose epiphyses from the distal end of the
femur compare with the fairly high percentages of unfused distal femora especially
among the murids. Similarly, the generally high proportions of loose epiphyses from the
proximal end of the femur correspond with the relatively high percentages of unfused
murid proximal femora. Generally, it may therefore be concluded that the proportions of
loose epiphyses are comparable with the unfused ends of the humeri and femora,

particularly among the murids.

8.7 Relative proportions of skeletal elements

Because the SBYC samples, especially the Down Slope, show excess murid humeri and
femora (proximal long bones) relative to mandibles and maxillae (Table 7.8.1), this
supports the suggestion that there has been differential destruction or loss of jaws at
SBYC and that this phenomenon is more pronounced in the Down Slope. Among the
soricids, the excess of maxillae and mandibles over humeri and femora in the Down
Slope and Upper Slope is expected. This is largely because there has been generally a
selective bias for soricid jaws, and more particularly the mandibles (see e.g. Tables 7.2.4
and 7.2.5). The higher proportions of soricid humeri and femora relative to maxillae and
mandibles in the Hanging Remnant, on the other hand, shows that there has been a
selective bias against soricid jaws in the Hanging Remnant, a suggestion supported by the
low proportions of soricid jaws in this particular sample relative to the other samples.
Overall, comparing the SBYC faunal samples with modem predator assemblages
(Appendix 4.4), the proportions of femora and humeri relative to mandibles and maxillae
in the SBYC fauna indicate that predator-induced and post-depositional processes have

selected against the jaws.
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When murids and soricids are combined (Table 7.8.2), the excess of femora and humeri
over mandibles and maxillae in all the faunal samples further indicates that jaws are
poorly represented at SBYC. Although the excess of femora and humeri over the jaws is
more prominent in both the Hanging Remnant and the Down Slope, it may be noted that
the generally high proportions of murid long bones relative to the jaws in the three
samples may have influenced the indices for relative proportions (e.g. Andrews 1990a).
Except for assemblages accumulated by a few predators such as the mongoose (see
Appendix 4.4), the proportions of excess humeri and femora relative to mandibles and
maxillae are generally higher in the SBYC samples than they are in modern predator
assemblages. Again, this may be partially an artifact of the generally high proportions of
humeri and femora in the SBYC samples, which as Andrews (1990a) also noted on the
Westbury Pink Breccia Unit 11 fauna, may be associated with the sturdy nature of these
two long bones.

The proportions of femora and humeri relative to tibiac and ulnae (distal long bones)
indicate excess of the former in both the Down Slope and the Hanging Remnant (Table
7.8.2). Conversely, the indices indicate higher proportions of tibiae and ulnae relative to
femora and humeri in the Upper Slope. It may therefore be concluded that there is
differential representation of long bones in the three samples and that this may be
associated with the differential effect of taphonomic processes on the bones across the
site. Additionally, the low proportions of post-cranial to cranial elements (Table 7.8.3)
reflect the high proportions of isolated molars in all the three sampled areas (e.g.
Andrews 1990a). This is because relative proportions of post-cranial to cranial elements

are quite high in cases where isolated molars have not been considered (see Table 7.8.2).

8.8 The microfaunal species and the minimum number of individuals

(MNIs)

8.8.1 Micromammalian species

Even though there are some differences in the percentages based on MNIs among the
three SBYC faunal samples (Table 7.2.2), the dominance of Tatera afra, Myosorex varius
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and Suncus varilla in all the samples is evident. Importantly, when murid and soricid
MNIs are compared, it is apparent that the jaws yielded generally higher MNIs for
soricids than for murids (Table 7.2.4), but the humeri and femora gave higher MNIs for
murids (Table 7.2.5). In view of this, it may strongly be argued that for one to arrive at
MNIs that are likely to be accurate, both jaws and long bones should be considered, and
attempts should be made where possible to identify the taxa represented by these
elements at least to family level. This is largely because faunal remains are relics of a
wide range of ecological and taphonomic processes, and these processes differentially
influence the composition of faunal assemblages (e.g. Korth 1979; Andrews 1990a).

From the perspective of the predator-prey relationship, the high representation of Tatera
afra, Myosorex varius and Suncus varilla in the three samples indicates that the
predator/s that accumulated the fauna had a preference for these three micromammalian
species or that these species were particularly abundant (e.g. Andrews 1990a). If all
taphonomic processes at SBYC affected the remains of the different species equally (e.g.
Korth 1979), the relatively low proportions of the other rodent and insectivore species in
all samples suggest that either the predators avoided them or they occurred in low
proportions around the SBYC area. Similarly, the negligible representation of molerats
and Cape rock elephant-shrews shows that these two species were rarely taken by the
predator/s that accumulated the SBYC microfauna (e.g. Andrews 1990a; Avery et
al. 1990).

As indicated in Table 8.8.1, the micromammalian species represented in the SBYC fauna
have been derived from a wide range of microhabitats. Investigations of barn owl pellets
recovered from the West Coast National Park have, however, suggested a co-occurrence
of different micromammalian species (Avery et al. 1990; Avery 1992). The
investigations suggested that species such as Myosorex varius and Otomys irroratus
tended to co-exist. Suncus varilla and Otomys unisulcatus were both found to occur
together, while Steatomys krebsii co-occurred with Suncus varilla. The investigations
further revealed that in some areas, Tatera afra, Otomys unisulcatus and Steatomys
krebsii co-occurred (Avery 1992). Following these observations, it is likely that in the
neighborhood of the SBYC faunal site some 15,000 years ago, the co-existence of species
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would have influenced the sampling by the predator of the most preferred and possibly
abundant species in each microhabitat, resulting in the evidently high representation of
Tatera afra, Myosorex varius and Suncus varilla. Overall, the dominance of Tatera afra,
Myosorex varius and Suncus varilla in all the samples together with the relatively low
representation of other micromammalian species strongly support the suggestion that the
three SBYC faunal samples represent one occurrence that would have been accumulated

by one predator species.

Table 8.8.1: Micromammalian species from SBYC, their preferred modern habitat, activity pattern
and mean individual mass (Mass® to the nearest 3g. See Appendix 1 for further details),

Taxon Preferred modern habitat Activity pattern Mass*
insectivora
Chrysochionis asiatica sandy soil loosened by e.g. cultivation; 50
fairly open grass or semi-arid scrub
Crocidura cyanea wide habitat tolerance; grass or fynbos  diurnal and noctumal 10
Crocidura flavescens  dense vegetation diurnal and nocturnal 25
Myosorex varius moist, dense vegetation largely noctumal 15
Suncus varilla open grassland 5
Chiroptera
Rhinolophus clivosus  caves, rock crevices, mine adits efc. largely nocturnal 15
Rodentia
Dendromus melanotis  tall dense grass in rivering conditions  nocturnal 5
Dendromus mesomelas rank vegetation of tall grass or bushes nocturnal 10
Steatomys krebsii dry sandy grassland and sandy alluvium nocturnal 25
Gerbillurus paeba loose sand; sparse grassiand nocturnal 25
Tatera afra loose sandy or sandy alluvium soils; nocturnal 100
open grassiand
Mystromys albicaudalus savanna grassiand nocturnal 80
Rhabdomys purmilio dense vegetation largely diumnal 45
Oftornys irroratus moist dense vegetation largely diumnal 120
Otomys saundersiae  mountainous areas; grass or fynbos diurnal 100
Otomys unisulcalus sparse semiarid shrub or fynbos largely crepuscular 125
Bathyergus sullius soft coastal sandveld 650
Cryptomys hoftenfotus sandy soils; sparse vegetation largely noctumal 200
MRacroscelidea
Elephantulus edwardii rocky outcrops; sparse semi-arid scrub largely nocturnal 50

Although the Shannon-Wiener indices for general diversity () suggest that the three

samples are not absolutely the same, the lower index (H) in the Hanging Remnant may be
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attributed to the much smaller faunal sample from this part of the site. According to
Avery (1982), the number of species can be affected by sample size even when evenness
of representation is not. It is, however, interesting that the Down Slope sample yielded
slightly higher index (H) than did the Upper Slope one, considering that the latter sample
is the largest of all. Avery (1999) demonstrated that there is a lower species diversity
index in modern faunal samples when a dominant species is included in the analysis, and
higher when this species is omitted. The slightly lower diversity index (H) in the SBYC
Upper Slope sample may therefore be attributed to the much higher Myosorex varius
MNIs in this sample (see Table 7.2.2). This does not, however, explain the continued
lower index (H) in the Upper Slope relative to the Down Slope when Myosorex varius is
omitted from the analysis (Table 7.2.3). The fluctuating indices depending on whether or
not Myosorex varius and Tatera afra are included in the analyses, nevertheless, agree
with Avery’s (1987) observations on the micromammalian fauna from the Klasies River
Mouth. These studies showed fluctuations in species indices (H), depending on whether
or not the dominant species, Otomys irroratus, was included in the analysis. This
demonstrates the effect that high representation of particular species may have on faunal

interpretations.
8.8.2 Non-micromammalian fauna

Even though the representation of non-micromammalian fauna appears to have been
minimal at SBYC, its presence confirms that the predator/s that accumulated the SBYC
fauna were not restricted to micromammalian species (e.g. Steyn 1982; Andrews 1990a).
Because amphibians and birds (in that order) are the best represented, this may suggest
either that the two were more highly favoured than the others or that they were more
abundant. Although accidental inclusions of not only micromammalian but also other
microfaunal remains may result in their occurrence in predator assemblages (e.g.
Fernandez-Jalvo and Andrews 1992), the relatively high MNIs for both amphibians and
birds in the SBYC fauna compared to micromammalian species such as the Cape rock
elephant-shrews, strongly indicate the involvement ofsome predator/s. As summarized in
Appendix 2, most avian and mammalian predators prey on a wide range of microfaunal

species.
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8.9 Identifying the predator

Given that post-depositional factors will have obscured some characteristic signatures left
by predators (e.g. Andrews 1990a), the attempt to infer the potential predator/s that may
have been responsible for the SBYC micromammalian fauna will be based on both
ecological and taphonomic patterns evident in the fauna (e.g. Matthews 1999).

Appendix 2 gives modern ecological data for some avian and mammalian predators that
could have been responsible for the accumulation of the SBYC micromammalian
remains. Although most small camivorous mammals prey on a wide range of
micromammalian species (e.g. Skinner and Smithers 1990), the likelihood that these
predators would have been responsible for the accumulation of the SBYC fauna is ruled
out by a range of factors. As highlighted in Chapter Four, most small carnivorous
mammals cause considerable damage to the bones of their prey. Through consumption
and digestion the mustelids, for instance, cause so much damage to the bones of their
prey (Andrews 1990a) that they are unlikely accumulators of the micromammalian
remains at SBYC. The destruction of micromammalian bones found in scats of mustelids
such as polecats is so high that it is difficult to positively identify skeletal elements.
Likewise, the felids cause great damage to the bones of their prey, to the extent that it is
difficult to obtain any meaningful samples. Micromammalian bones derived from canid
scats have also shown large-scale destruction (Andrews and Evans 1983; Andrews
1990a).

The range of prey species taken by small camivorous mammals also makes them unlikely
candidates for the SBYC micromammalian faunal accumulation. Among the felids,
although the caracal’s diet may include micromammals such as mice, the absence in the
SBYC fauna of larger prey species (e.g. small antelopes and dassies) that commonly
occur in the diet of the caracal, calls into question the involvement of this carnivore in the
accumulation of the SBYC fauna (see Appendix 2). Among the canids, the largely
nocturnal black-backed jackal preys on larger prey species such as young antelopes and
hares (Stuart and Stuart 2001). The Cape fox and the bat-eared fox, on the other hand, are
predominantly insectivorous (Kingdon 1997; Stuart and Stuart 2001). Among the
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viverrids, the largely diurnal and insectivorous small-grey mongoose and yellow
mongoose (Stuart and Stuart 2001) are not potential accumulators of the SBYC fauna.
The suricate is completely diumal, living in burrow complexes (warrens) and preying

predominantly on insects and other invertebrates (Stuart and Stuart 2001).

Studies have also shown that scats of many small camivorous mammals yield
micromammalian incisors that exhibit high levels of etching. Canid scats, for instance,
have generally yielded micromammalian incisors that are highly etched (Category 4).
One exception is the largely insectivorous bat-eared fox, which causes Category 1 or 2
etching. The viverrids yield intermediate incisor etching that falls between Category 2
and 3 (Andrews 1990a).

Since most of the micromammalian species at SBYC are largely noctumnal (Table 8.8.1),
the possibility that diurnal raptors would have accumulated the fauna is minimal.
Analyses done on diurnal raptors’ pellets (e.g. Dodson and Wexlar 1979) have yielded
very few micromammalian bones, largely because through digestion, these birds cause
considerable destruction to the bones of their prey (Dodson and Wexlar 1979; Andrews
1990a). In addition, although most diurnal raptors prey on micromammals, the generally
mobile existence of these birds makes them less potential accumulators of

micromammalian bones (e.g. Steyn 1982).

Among the owls, the small size ofthe micromammalian species represented in the SBYC
samples does not suggest large owls such as the Cape eagle owl (Bubo capensis capensis)
and the giant eagle owl (Bubo lacteus) as potential accumulators of the micromammalian
fauna at SBYC. This is largely because these owls feed primarily on larger prey species
such as molerats, red hyraxes, vervet monkeys, warthog piglets, dassies, mongoose, scrub
hares, red rock hares and springhares (Steyn 1982, 1984; Kemp and Calburn 1987).

On their present distribution, the grass owl (Tyto capensis), marsh owl (4sio capensis)
and wood owl (Strix woodfordii) may be ruled out as potential accumulators ofthe SBYC
micromammalian fauna on the premise that the first two species roost and nest in open

expanses of moist grassland while the largely insectivorous wood owl occurs mostly in
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forests. The marsh owl is also one of the most mobile owls in southern Afiica, and
therefore its roost sites usually contain few pellets (Steyn 1982; Kemp and Calburn
1987).

Because of the catholic diet associated with the spotted eagle owl (Bubo africanus), this
owl may have contributed towards the accumulation of the micromammalian fauna at
SBYC. This owl takes a wide range of prey species including rats, mice, shrews, birds,
amphibians, molerats, and also arthropods. Depending on their abundance, species such
as the gerbils may also be taken in large numbers by this owl (Steyn 1982). Although
molerats are represented at SBYC, their negligible representation, and the total absence
of small mammalian prey species such as scrub hares which occasionally occur in the diet
of'this owl (Steyn 1982), does not favour the spotted eagle owl as a potential accumulator
of the SBYC micromammalian fauna. As also recorded in Table 4.2.1, the spotted eagle
owl causes considerable damage to the bones of its prey (e.g. Grindley et al. 1973; Dean
1989; Andrews 1990a). Andrews (1990a: 75) has reported further that the spotted eagle
owl causes extensive enamel digestion over the entire incisor, a phenomenon that is not
evident among the SBYC incisors. In addition, the large accumulations of bones at SBYC
tend to rule out the spotted eagle owl. This owl has a tendency to use various nest sites
(Steyn 1982), and therefore not to accumulate large clusters of pellets, which further calls
into question the candidacy for this owl as a potential accumulator of the SBYC

micromammalian fauna.

Overall, considering all the factors highlighted above and the relative completeness of the
SBYC micromammalian fauna, particularly the long bones, the possibility that any of
these predators would have been responsible for the SBYC fauna is minimal. Because of
the factors discussed below, the most probable accumulator of the SBYC
micromammalian fauna is the barn owl. The barn owl occurs in a wide range of habitats
but its hunting over-emphasizes riverine environments (Steyn 1982; Kemp and Calburn
1987; Avery 2002). The owl preys largely on rodent and insectivore species with mean
body mass below 150 g (e.g. Avery 1988, 1990, 1993). As shown in Table 8.8.1, the
micromammalian fauna from the three sampled areas at SBYC represent largely

micromammalian species weighing below 150 g, with negligible representation of larger
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rodent species such as the molerats. Table 8.9.1 further shows that nearly all the
micromammalian species represented at SBYC have also been recorded in bam owl
pellets from the region.

Table 8.9.1: Micromammalian species encountered in modern barn owl
pellets from the West Coast National Park (Afler Avery ef al 1990, Table 2)

and in the SBYC faunal samples.
inowi InSBYC

Species Common name pelists fauna
insectivora
Chrysochloris asiatica Cape golden mole # #
Eremitalpa granti Grant's goiden mole #
Crocidura cyanea reddish-grey musk shrew #
Crocidura flavescens  greater musk shrew #
Myosorex varius forest shrew # #
Suncus varijia lesser dwarf shrew # #
Chiroptera
Rhinolophus clivosus  Geoffroy's horseshoe bat #
Eptesicus hottentotus  long-tailed serotine bat #
Rodentia
Dendromus melanolis  grey climbing mouse # #
Dendromus mesomelas Brants'sclimbingmouse # #
Steatomys krebsii Krebs's fat mouse # #
Gerbillurus paeba hairy-footed gerbil # #
Tatera afra Cape gerbil # #
Mystromys albicaudatus white-tailed rat #
Rhabdomys pumilio striped mouse # #
Otomys irmroratus viei-tat # #
Otomys saundersiae Saunders's viei-rat #
Otomys unisulcatus bush Karoo rat # #
Mus muscuius house mouse #
Mus minutoides pygimy mouse #
Bathyergus suillus Cape dune molerat #
Cryplomys hotlentotus  common molerat # #
Georychus capensis Cape molerat #
Macroscelidea
Elephantuius edwardii Cape rock elephant-shrew #

Although the barn owl takes a wide range of micromammalian species, it tends to over-
emphasize the most abundant prey species, particularly rodents and shrews (Steyn 1982;
Andrews 1990a). The relatively high representation of Tatera afra, Myosorex varius and
Suncus varilla (Table 7.2.2) may be interpreted as implying that these three species were
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abundant around SBYC when the fauna was accumulated, and the barn owl would have
preferred the three micromammalian species to others (e.g. Andrews 1990a). At
Steenbokfontein, situated on the western coast of South Africa, Avery (1999) has also
recorded a relatively high representation of Sumcus varilla in some of the layers,
indicating that this species formed a significant part of the diet for the predator/s at
Steenbokfontein. Investigations of modern barn owl pellets from Steenbokfontein (Avery
1999) have also shown a fairly high representation of Tatera afra, indicating that this
species occupies a significant part in the diet of the bamn owl in certain parts of the
Western Cape.

Most of the micromammalian species represented in the three sampled areas at SBYC are
largely nocturnal (Table 8.8.1) and, because the barn owl is largely nocturnal (e.g. Kemp
and Calburn 1987), this further strengthens the contention that this owl is the most likely
accumulator of the SBYC micromammalian fauna. The presence at SBYC of largely
diurnal micromammalian species such as Rhabdomys pumilio (e.g. Avery 1992) can be
explained by the fact that the barn owl is known to hunt during dull days (Steyn 1982).
Because the barn owl may roost in one site for a very long time, large quantities of pellets
can accumulate (e.g. Steyn 1982). It is therefore conceivable that the barn owls could
have been responsible for the large quantities of microfauna at SBYC. Because of the
nature of the depositional context, however, it is difficult to determine how long it would
have taken for the SBYC fauna to accumulate.

According to Andrews (1990a), Category 1 predators, including the barn owls, cause
minimal digestion to the incisors of their prey (see Appendix 4.2). Although not frequent,
etching resulting from the barn owl “may be distributed over the whole enamel surface”
(Andrews 1990a: 74). Because the SBYC faunal samples yielded high proportions of
both un-etched incisors and incisors with very slight etching and pitting, this
phenomenon lends further support to the suggestion that the barn owl was responsible for
the accumulation of the fauna. Given that heavier etching by Category 1 predators
including the barn owl may sometimes penetrate the dentine, the presence of low
proportions of incisors in the SBYC faunal samples in which etching has penetrated the

dentine are generally consistent with barn owl behaviour. Investigations of incisor
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etching among the Mumbwa Caves micromammalian fauna have also suggested that,
because of the low incidences of etching, the barmn owl would have been the most
probable accumulator ofthe fauna (Andrews and Jenkins 2000). Following Andrews and
Jenkins (2000), the differences in levels of etching evident in the SBYC incisors may
have resulted from physiological differences in the barn owl, as nesting and roosting owls
tend to yield different degrees of etching. In addition, although the effect of post-
depositional breakage has substantially influenced the SBYC micromammalian fauna, the
relatively high proportions of complete long bones, especially among the soricids, and
also the high proportions of foot bones and vertebrae in the three samples correlate with
those from barn owl pellets (e.g. Dodson and Wexlar 1979; Korth 1979; Avery 2002).
Overall, the above observations provide further support to the hypothesis that the SBYC

micromammalian faunal samples belong to one faunal accumulation.

8.10 Palaecenvironments in the SBYC area

The barn owl has been reported to hunt up to a maximum of 16 km from the roost site
(e.g. Kemp and Calburn 1987). Assuming that the behaviour of the barn owl has not
changed over time and that this was the responsible predator, it is reasonable to suppose
that the micromammalian species represented at SBYC may have been derived from
within a range of no more than 16 km.

Although the micromammalian species represented at SBYC may presently occur in a
wide range of microhabitats (Appendix 1), the environment around SBYC when the
fauna was accumulated appears to have been largely open vegetation and dry sandy soils
on flat ground and hillsides. This is indicated by the preference of the bam owl for
hunting in open habitats and also the high representation of micromammalian species
such as Tatera afra and Suncus varilla, which currently inhabit sandy ground and open
scrub environments. The occurrence of sandy and fairly open scrub microhabitats around
SBYC is further suggested by the presence, although in generally low proportions, of
Crocidura cyanea, Gerbillurus paeba, Steatomys krebsii, Otomys saundersiae,
Mystromys albicaudatus, Chrysochloris asiatica, Bathyergus suillus and Cryptomys
hottentotus. In addition to the scrub microhabitats, there would have been areas with
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closed vegetation, as indicated by the presence of Rhabdomys pumilio, Dendromus
melanotis and Dendromus mesomelas. More particularly, grassy microhabitats in flat
grounds are suggested by Dendromus melanotis. Conditions in the grassy environments
would have varied, and sparse and possibly semi-arid grassy environments are suggested

by Otomys unisulcatus and Elephantulus edwardii (see Appendix 1).

On the other hand, lusher vegetation and moist microhabitats on slopes as well as on flat
ground and riverine environments are indicated by the high representation of Myosorex
varius and also the occurrence of Otomys irroratus in the SBYC samples. Although
Dendromus melanotis may occur in a range of microhabitats, its presence at SBYC
further emphasizes mesic microhabitats on flat grounds. The common association of
Crocidura cyanea and Crocidura flavescens with habitats such as vleis, as well as the
_close association of Otomys saundersiae with sedge fields in heathlands further
emphasize mesic microhabitats (see Appendix 1). The presence of these microhabitats at
SBYC agrees with the tendency of the inferred predator, the barn owl, to also hunt in

riverine environments (e.g. Avery 2002).

The Shannon-Wiener indices for general diversity (H), particularly those from the Down
Slope and Upper Slope, are comparable with other Holocene or interglacial values from
the entire southern Cape region (e.g. Avery 1987). These indices, which suggest
moderate climatic conditions, generally correlate with those of the micromammalian
fauna from both Byneskranskop 1 and Steenbokfontein (Avery 1982, 1999). In sum,
although Talma and Vogel (1992) have noted that late Quaternary temperature along the
southernmost part of South Africa would have been 2 degrees lower until about 13,800
years B.P., over all the SBYC micromammalian fauna supports the contention of Hendey
and Deacon (1977) that climatic conditions in the SBYC region at the time the fauna

accumulated were essentially modemn.
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CHAPTER NINE

Conclusion

9.1 Findings

This thesis has sought to reach an understanding of the many factors that have
influenced the accumulation, transformation and structure of the SBYC
micromammalian faunal assemblage. It has been shown that, although there are some
differences in aspects such as the percentages of NISPs, MNIs, breakage patterns and
etching on incisors, the three SBYC faunal samples exhibit a clear picture of a unitary
faunal occurrence. The differences that exist may be explained in terms of the
differential effect of largely taphonomic processes. In addition, even though the chi-
squared and gamma analyses show some differences that do not perfectly support the
suggestion of a single faunal occurrence, these tests generally indicate that there has
been an increase in breakage as the fauna eroded down slope. The gamma analyses
have generally shown statistically discernible directional relationships between the
breakage patterns of the fauna and their position along the slope, a suggestion that is
also supported by the high representation of the most durable skeletal elements in the
Down Slope. The preferential preservation of the more durable elements as the fauna
eroded down slope is more apparent when the Down Slope and Upper Slope samples
are compared. At this stage, there seems to be no clear explanation of the differences
between the Hanging Remnant and the other two sampled areas. Nevertheless, the fact
that the fauna from the Hanging Remnant was derived from partially cemented
sediments, as opposed to the loose sediments from which the Down Slope and Upper
Slope fauna were derived, may explain the patterns evident in the Hanging Remnant

fauna.

Species diversity and equitability among the SBYC faunal samples, together with the
levels of acid-etching among the incisors, have strongly suggested that the SBYC
micromammalian fauna was accumulated by the barn owl. The high representation of
Tatera afra, Myosorex varius and Suncus varilla in the SBYC faunal samples is a
feature of the barn owl, which tends to over-emphasize certain prey species depending
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on their abundance. Moreover, because the barn owl is largely nocturnal, the high
representation of Tatera afra and Myosorex varius in the SBYC fauna has been
ascribed to the nocturnal activity pattern of these micromammalian species, which
would have made them more vulnerable to predation by the barn owl. Ecological
factors such as predator preference for certain prey species may have led to poor
representation of other prey species that may have occurred in the SBYC area. The
deduction that the barn owl was responsible for the SBYC micromammalian fauna
lends further support to the hypothesis of a unitary faunal assemblage.

Even though taphonomic studies of African micromammalian material are greatly
hindered by the lack of modern comparative data (Avery 2002), this thesis has
presented a wide range of taphonomic factors that affect micromammalian faunal
remains. The study of the SBYC micromammalian fauna has provided more
clarification of the fact that, beginning from the time of death up to the time when
micromammalian bones are recovered by the analyst/s, taphonomic processes
including those resulting from the recovery procedures, differentially affect bones.
These processes may lead to phenomena such as loss of skeletal elements and greater
destruction of some skeletal elements than others. The latter phenomenon has been
demonstrated through the differential preservation of skeletal elements at SBYC, as
strongly indicated by the higher proportions of complete soricid humeri and femora
relative to murid humeri and femora and also the generally higher soricid MNIs based
on the jaws relative to the long bones. It has also been shown that taphonomic
processes may yield similar patterns on bones, or new patterns including breakage
may be superimposed on earlier ones. In view of this, as has been suggested by the
high proportions of the most durable skeletal elements in the SBYC Down Slope
sample, emphasis has been made on the importance of understanding the
environmental contexts in which faunal assemblages have been deposited. This
understanding has the potential to help in discerning the taphonomic processes that
may have influenced the composition of faunal assemblages.

Because of the many taphonomic and ecological processes that influence
micromammalian faunal assemblages, the importance of relatively large samples has
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been expressed through this thesis. From the relatively low proportions of soricid
maxillae in the Hanging Remnant, for instance, it has become apparent that small
samples are more likely to yield erroneous interpretations of the taphonomic history
of the fauna and ultimately the communities from which the fauna were derived.
Additionally, the importance of integrating mechanical (e.g. breakage patterns) and
ecological data (e.g. species diversity) from micromammalian faunal assemblages has
been emphasized. This integration has helped in inferring the barn owl as having
being responsible for the accumulation of the SBYC micromammalian fauna, as well
as in reconstructing the microhabitats from which the micromammalian species were

derived.

The SBYC fauna includes species that have wide vegetational tolerance (e.g. Suncus
varilla), species whose distribution is controlled by physical features such as nature of
substrate rather than vegetation type (e.g. Tatera afra and Cryptomys hottentotus), and
species adapted to moist and closed vegetation (e.g. Otomys irroratus and Myosorex
varius). In view of this, the general picture of the SBYC area some 15,000 years ago
has been suggested to have been a mosaic of microhabitats including well-vegetated
and moist microhabitats, fairly dry and moderately open grass and scrub (sandveld),
and an admixture of bush and sandy flats. In addition, drier and karroid microhabitats
would have existed, as suggested by the presence of Otomys unmisulcatus. Overall,
climatic conditions in the SBYC area 15,000 years ago were moderate, as further
suggested by the Shannon-Wiener indices for general diversity (H).

9.2 Recommendations

In acknowledgement of the possible use of average body size and morphological
changes in faunal remains in the interpretation of palaecoenvironmental changes (e.g.
Avery 1982, 1990; Klein and Cruz-Uribe 1984; Thackeray 1987; Marean et al. 1994),
it is worth pointing out that possible variation in mean body size is an important area
that may in future be investigated on the SBYC fauna. This will augment the findings
that have resulted from this first study of the SBYC micromammalian fauna.
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Because the SBYC soricids yielded generally higher MNIs than did murids when jaws
are considered and the opposite when long bones are considered, this demonstrates
the great need for all faunal analyses to compliment MNIs based on the jaws with
those derived from the long bones, and vice versa. Similarly, because the soricid
proximal long bones (humerus and femur) showed higher levels of completeness
relative to those of the murids, micromammalian faunal analyses should attempt to
examine insectivore and rodent faunal remains separately. Such analyses will have a
higher potential for providing accurate interpretations of the taphonomic history of the
bones. Additionally, because soricids yielded higher proportions of fused proximal
long bones relative to the murids, studies on modern skeletons should investigate
whether this may have been caused by early fusion of the soricid bones relative to

those of the murids.

In summary, this thesis has indicated further areas of investigation in the study of
micromammalian fauna, including the need for future studies to analyse
micromammalian bones or species separately. At the same time, this study has shown
that, with appropriate caution in the analysis and interpretation of micromammalian
fauna, the multivariate faunal record has great potential for yielding information about
palacoenvironments and the many taphonomic processes that have influenced the

fauna.
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APPENDIX 1

Short notes on the southern African modern babitats, behaviour and diets of the small
mammal species represented in the SBYC faunal samples

Insectivora

Cape golden mole (Chrysochloris asiatica)

Cape golden moles are endemic to the southwestern Cape Province, extending up to the Namaqualand
coastal plain. The total length of an adult is about 110 mm, and a mean body weight of about 50 g. Females
are usually smaller than males. Cape golden moles may occur (solitarily) in a variety of preferably flat
habitats, including sandy fimbos, succulent karroid veld types, and grasslands. These moles also live in
cultivated lands and may thrive in the neighborhood of man. The Cape golden moles are fossorial, and are
more active after rains. In the southern Cape, these moles occur in areas with annual rainfall up to 600 mm.
Although they are generalist feeders, their diet comprises predominantly insects, earthworms and
millipedes (Information compiled from: Avery 1982; Avery et al 1990; Skinner and Smithers 1990;
Bronner 1997; Kingdon 1997; Stuart and Stuart 2001).

Reddish-grey musk shrew (Crocidura cyanea)

This shrew is widely distributed in southem Africa, including the Western Cape Province. It has a total
length of up to about 130 mm, and a mean body weight of about 9 g. It is tolerant to a wide variety of
environments, and may occur in montane forests and grassiands or fynbos, vleis, dense shrubs, savanna
grasslands and rocky outcrops. It may also occur in relatively dry areas. In the southern part of the Western
Cape Province, its areas of residence (preferably rocky slopes) receive annual rainfall up to 500 mm.
Although this species of the shrews has been trapped during the day, it is predominantly nocturnal, solitary
and a terrestrial forager, preying largely on insects. It is also known to prey on small vertebrates
(Information compiled from: Avery 1982; Smithers 1983, Skinner and Smithers 1990; Dippenaar 1997a;
Stuart and Stuart 2001).

Gresater musk shrew (Crocidura flavescens)

This is a large and predominantly nocturnal shrew, which is endemic to southern Africa, including the
southwestern part of the Cape. Its total length is about 160 mm, and an average body mass of about 26.7 g
for males and 22.2 g for females. It occurs in & mosaic of vegetation types, including habitats with dense
vegetation cover in fynbos, temperate and subtropical grassland, coastal forest (or along vleis), woodland
and savanna. In the southem Cape, it prefers rocky grounds and generally habitats that receive rainfall of
more than 400 mm. It is also known to exploit drier environments. It is predominantly solitary, preying
largely on insects and small vertebrates (Information compiled from: Avery 1982; Skinner and Smithers
1990; Dippenaar 1997b; Kingdon 1997).

Forest shrew (Myosorex varius)

Myosorex varius is endemic to southern Africa, occurring widely in the region, including the Western Cape
Province, It has a total body length of about 120 mm, and an average body mass of about 15 g, This shrew
is largely nocturnal. It is active beginning from dusk, and by dawn, activity starts to decline. It is an
aggressive species and, although it prefers moist habitats (e.g. riverine) with dense vegetation, it may occur
in a wide range of vegetation types, including grassland. In the Western Cape Province, it occurs under
drier conditions on coastal mountains, preferring areas with dense continuous vegetation cover of low
succulent bushes. This shrew makes nests with grass, and may habitually burrow even when in captivity.
Although this shrew is an opportunistic feeder, it preys predominantly on invertebrates including beetles,
grasshoppers, termites, carthworms and spiders. The forest shrew also preys on small vertebrates such as
lizards and frogs. Remains of forest shrews often appear in barn owl pellets. Small carnivorous mammals
such as the water mongoose and the polecat are also known to prey on forest shrews (Information compiled
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from: Avery 1982; Smithers 1983; Avery et al. 1990; Skinner and Smithers 1990; Dippenaar 1997¢; Stuart
and Stuart 2001).

Lesser dwarf shrew (Suncus varilla)

The lesser dwarf shrew is widely distributed in the southwestern, southern and eastern parts of southern
Africa, including the Western Cape Province. Its average body length is about 89 mm, and an average body
mass of sbout 6.5 g. Because of its catholic ecological requirements, it occurs in a wide range of
environments and vegetation types, including open grassiand. In the central Free State, for instance, it has
been found to nest in termite mounds that are in disuse. It is predominantly insectivorous. Suncus varilia
lives for about 24 to 30 months. Its activity pattern is not known (Information compiled from: Skinner and
Smithers 1990; Dippenaar 1997d; Stuart and Stuart 2001).

Chiroptera
Geoffiroy’s horseshoe bat (Rhinolophus ciivoss)

This is the commonest of the horseshoe bats in southern Africa. It occurs in parts of the sub-region
including South Africa, Zimbabwe and Mozambique. In South Africa, it occurs in a number of areas,
including the Transvaal and the Western Cape Province. The total length of an adult Rhinolophus clivosus
is about 97 mm, with an average body mass of about 17 g. In the Western Cape Province, this species most
commonly live in colonies. It usually roosts during the day, preferring a range of roosting sites that offer
shelter such as caves, hollow trees and abandoned mines. Generally, Rhinolophus spp. may inhabit all kinds
of vegetation types, but those species living in temperate regions prefer warm roosts especially when they
are active. Rhinolophus clivosus is predominantly a savanna woodland bat. Like most horseshoe bats living
in temperate regions, Rhinolophus clivosus is known to hibernate during the winter. It is predominantly
insectivorous, and like most Rhinolophus spp, its diet may include mosguitoes, moths, spiders and beetles
(Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Rautenbach 1997; Stuart and
Stuart 2001).

Rodentia
Grey climbing mouse (Dendromus melonods)

The grey climbing mouse is a very successful species and has a wide distribution in southemn Africa. In
South Africa, it occurs in a number of areas including KwaZulu-Natal, northern Free State, and Eastern and
Western Cape. Adults of this species have a total body length of about 150 mm, and an average body mass
of about 8 g. This is a nocturnal and terrestrial mouse and prefers living in tall grassland and rank
vegetation on valley floors. In Botswana, this meuse occurs in dry grassland along the edges of marshy
areas and/or rivers. It is a successful climber, being able to climb even grass stalks, and also build nests
between grass stems. This mouse is also known to burrow especially when taking cover from veld fires.
Although it is largely insectivorous, it is also known to consume seeds, grass, and a wide range of
invertebrates. Some of the predators that prey on this mouse inchude the bam owls and a range of snakes
(information compiled from: Avery 1982; Smithers 1983; Skinner and Smithers 1990; De Graaf 1997a;
Kingdon 1997; Stuart and Stuart 2001).

i!rants’s climbing mouse (Dendromus mesomelas)

In southermn Africa, this mouse occurs in & number of aress, including the northern part of Botswana,
northeastern parts of Namibia, northern part of South Africa, and in the Western Cape Province. Iis total
body length is about 170 mm, and the average adult body mass is about 14 g. It is a nocturnal mouse,
although also active during the day. This mouse is a successful climber especially in low vegetation. It uses
its long tail in its skillful climbing maneuvers, It prefers living in rank vegetation and more preferably in
tall grass and shrubby habitats, where it uses the grass to build its nests. It is mainly insectivorous, although
its diet may also include grass and seeds. Some of the predators that prey on this mouse include snakes, the
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barn owls and the grass owls (Information compiled from: Smithers 1983; Skinner and Smithers 1990; De
Graaf 1997b; Kingdon 1997; Stuart and Stuart 2001).

Krebs’s fat mouse (Steatomys krebsii)

Although there is poor understanding of the distribution of the Krebs’s ft mouse in southern Africa, its
occurrence is known in South Africa, Angola and Zambia. In South Africa, its distributional range includes
much of the country except KwaZulu-Natal. This species weighs about 24 g and has an average body
length of about 130 mm. This nocturnal and terrestrial mouse prefers dry environments, especially ones
with sandy substrate {e.g. dty sandy grassland and sandy alluvium). Its diet is not clearly known, but like
that of other Steatomys spp., may include insects, seeds, bulbs, roots and grass (Information compiled from:
Smithers 1983; Skinner and Smithers 1990; De Graaf 1997¢; Kingdon 1997; Stuart and Stuart 2001).

Hairy-footed gerbil (Gerbillurus paeba)

The hairy-footed gerbil is a solitary, very aggressive and active gerbil, which occurs widely in arid areas, In
southern Affrica, its distributional range includes Namibia, Botswana and Zimbabwe. In South Africa alone,
it is widely distributed in the western half of the country. Its average body mass is about 25 g. This gerbil is
nocturnal and terrestrial. It usually spends its diurnal hours in burrows. Although the distribution of the
hairy-footed gerbil may extend to the relatively moist southern coastal zone, this gerbil prefers dry sandy or
sandy alluvial substrate, with sparse grass, scrub or some form of cover. The hairy-footed gerbil is,
however, scarce around calcareous river banks. It occurs in high densities on vegetated dunes that may be
conducive for burrowing. In the southern part of the Western Cape Province, this gerbil prefers habitats that
are flat, and also the sandy slopes. Its diet comprises seeds, vegetable matter as well as insects (Information
compiled from: Avery 1982; Avery ef al. 1990; Skinner and Smithers 1990; Kingdon 1997; Perrin 19973;
Stuart and Stuart 2001).

Cape gerbil (Tatera afra)

The Cape gerbil is endemic to the Western Cape Province and more particularly the Cape Macchia zone,
which stretches “southward from Niewoundtville in the northwest of the Western Cape to the Cape
Peninsula, and eastward along the coast to Herold’s Bay” (Perrin 1997b: 155). This gerbil has an average
body length of about 300 mm, and a mean body mass of about 100 g Males are slightly heavier than
females. Cape gerbils are extensive burrowers and are predominantly confined to areas with loose, sandy
soils, or sandy alluvium, especially in cultivated areas. Cape gerbils are nocturnal and terrestrial, preferring
areas of open grassland with well-drained sandy soils. The diet of this gerbil includes grass, bulbs, roots,
seeds, and other vegetable matter. The Cape gerbils are also partly insectivorous {(Information compiled
from: Skinner and Smithers 1990; Kingdon 1997; Perrin 1997b; Stuart and Stuart 2001).

White-tailed rat (Mysiromys alblcandatug)

This rat is endemic to South Africa, Lesotho and Swaziland. Throughout its distributional range, it occurs
in low densities. In South Africa, the distribution of this rat includes the low-lying areas in the southern
parts of the Eastern and Western Cape, as well as the Free State and the northern provinces. Adult white-
tailed rats have an average length of sbout 220 mm, and an average body mass of about 78 g. Mature
males may, however, measure up to 111 g. This rat is nocturnal and terrestrial. It is mainly confined to the
highveld and montane grassland, but may also occur in the savanna grassland. The white-tailed rat prefers
living in burrows and in crevices on the ground, where it builds a nest with shredded materials. Its diet
inciudes insects, seeds and green vegetable matter. It is frequently preyed upom by the bamm owl
(Information compiled from: Smithers 1983; Skinner and Smithers 1990; De Graaf 1997d; Kingdon 1997;
Stuart and Stuart 2001).

Striped mouse (Rhabdomys pumilio)

This mouse is widely distributed in southern Africa, occurring in a number of regions in the sub-region
including Namibia, Mozambique and Botswana. In South Africa, it occurs over much of the country. fts

149



average body mass is about 35 g, It is largely diurnal and a grassland mouse (closed vegetation) occurring
in a wide variety of habitats as long as there is some grass cover. It is also known to dig burrows. Although
the striped mouse is opportumistic in its diet requirements, it is generally granivorous. It also takes green
plant material, including stems, leaves and berries, as well as some small invertebrates. The striped mouse
is preyed upon by a wide range of predators, including snakes, diwrnal birds of prey, owls, as well as small
carnivorous mammals such as the caracal and the mongoose (Information compiled from: Smithers 1983;
Avery 1987; Skinner and Smithers 1990; De Graaf 1997¢; Kingdon 1997; Stuart and Stuart 2001).

Viei rat (Otomys irrorafus)

This moderate to large-sized stocky rat is widely distributed in southern Africa. In South Afkica, its
occurrence is absent only in the more arid western and north-western regions; it is widely distributed
throughout the Western Cape Province, Its total average body length is about 240 mm, with a body mass of
about 120 g for males, and 114 g for females. This rat prefers mainly vleis or marshy environments, but
may also occur in grassland. The vlei rat is terrestrial, although to some extent may also be referred as
semi-aquatic. It is predominantly diwmal, but may also show some activity at night. It is completely
omnivorous, and its diet includes succulent stems of grasses (e.g. green grass, reeds), seeds, and sedges.
Predators for viei rats include small carnivorous mammals, snakes, diurnal birds of prey, and also nocturnal
birds of prey and more particularly the barn owl and the spotted eagle owl (Information compiled from:
Smithers 1983; Avery et al 1990; Skinner and Smithers 1990; Kerley 1997a; Kingdon 1997; Start and
Stuart 2001).

Saunders’s viei rat (Otomys saundersiae)

The distribution of the Saunders’s viei rat is mainly in two disjointed areas in South Africa. These are the
southwestern part of the Western Cape Province and the eastern parts of the Eastern Cape Province up to
the Free State. This rat has an average body length of about 250 mm and 220 mm for males and females,
respectively. Average body mass for this rat is about 111 g for males and 95 g for females. Although very
little is known about the habitat, the diet and the behaviour of this rat, it may occur in the mountains and in
close association with sedge fields in heathlands. It is generally herbivorous and diurnal (Information
compiled from: Smithers 1983; Skinner and Smithers 1990; Stuart and Stuart 2001).

Bush Karoo rat ((fomys unisulcatus)

The bush Karoo rat is endemic to South Africa and is confined largely to the drier bushy habitats of the
Western and Northern Cape provinces, and more particularly in the Karoo and the west coast. Adults have
an average body length of about 240 mm, and an average body mass of 125 g. This rat is associated with
the fynbos and grassy habitats, preferring drier environments and avoiding moist and damp environments,
It builds its nest by accumulating heaps of twigs. It takes refuge under the heaps in the event of possible
attack by a predator, and also when taking cover from the harsh desert environment. This rat is largely
crepuscular and terrestrial. Being exclusively herbivorous, the diet of the bush Karoo rat comprises a wide
variety of plants, including the green foliage of succulent plants (Information compiled from: Avery 1982;
Skinner and Smithers 1990; Kerley 1997b; Stuart and Stuart 2001).

Cape dune molerat (Bethyergus suillus)

The Cape dune molerat is largely a fossorial rat confined to the coastal areas of the southwestern part of the
Western Cape Province, South Africa. It is particularly widespread in the West Coast National Park. This
molerat is the largest of all the bathyergids, with a body mass ranging between 550 and 750 g. & occurs
only in areas with sandy substrate such as the coastal sandveld, or riverine alluvial sands. When burrowing,
its presence is announced by numerous mounds of soil, which accumulate as it pushes soil on to the
surface. It is also during mound formation when most predators catch this molerat, as the exercise betrays
its presence. It is very territorial, and its vegetarian diet includes leaves, stems, tubers and bulbs. A range of
predators including snakes, jackals, caracal and man prey on the Cape dune molerat. This molerat is beyond
the size limit of the barn owls (Information compiled from: Avery ef al 1990; Skinner and Smithers 1990;
Jarvis 1997a; Kingdon 1997; Stuart and Stuart 2001).
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Common molerat (Cryplomys hollentolus)

The common molerat is widely distributed in the southern Africa sub-region, occurring in places such as
eastern Botswana and much of South Africa. Generally, body mass ranges between 100 and 300 g.
Cryptomys hottentotus live in small colonies of about 14 individuals, and are able @ inhabit a mosaic of
sparsely vegetated substrates ranging from sandy soils to heavy and compacted soils. This molerat,
however, prefers granitic sands where it burrows, throwing up mounds of soil. Cryplomys hottentotus is
more active during the night. Because of its vegetarian diet, the distribution of the common molerat is
greatly influenced by the availability of food items such as corms, tubers and bulbs (Information compiled
from: Avery 1982; Smithers 1983; Avery et al. 1990; Skinner and Smithers 1990; Jarvis 1997b; Kingdon
1997; Stuart and Stuart 2001).

Macroscelidea

Cape rock elephant-shrew (Elephantulus edwardii)

This elephant shrew is endemic to South Africa, and occurs in disjointed areas in the southwestern and
central parts of the Western Cape, Little Namaqualand as well as the region around Port Elizabeth in the
Eastern Cape. Adults’ total body length is about 250 mm, with an average body mass of about 50 g. This
species prefers habitats with pockets of layered rocks in either dwarf shrubs, karroid (semi-arid scrub)
vegetation, or relatively open environments. It is ferrestrial and mainly solitary, although pairs have been
recorded. It is crepuscular, diurnal and nocturnal, Although this shrew is predominantly insectivorous, it
also preys on a wide range of other invertebrates with a notable preference for ants and termites. In
captivity, this shrew readily eats vegetable matter, including seeds (Information compiled from: Skinner
and Smithers 1990; Perrin 1997¢; Stuart and Stuart 2001).
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APPENDIX 2

Short notes on the behavior, diet and preferred babitats of possible predators of small
mammals around the SBYC area (based on their present distribution)

The Owlis
Barn owl (Tyto alba)

The barmn owl is a cosmopolitan owl, occwrring in most parts of the world., Although this owl is very
widespread and can thrive in varied conditions, it prefers open habitats especially for hunting. It is most
common in open savanna adjacent to grassland or low scrub, It may also occur in deserts, but not in forests.
As barn owls require some form of cavity for their nesting and roosting needs, this greatly influences their
habitat choice. The presence of some cavities or crevices in trees, buildings or rocky outcrops are sufficient
for barn owls to roost or nest in. The barn owl is largely nocturnal (although may hunt at dusk), and is
generally opportunistic in its hunting behaviour. In southern Africa, its catholic diet comprises largely
nocturnal rodents and shrews, and to & lesser extent, birds, reptiles, amphibians and arthropods. Other
mammals that may also be taken by bam owls include some diurnal rats and mice, golden moles, bats,
young hares and hedgehogs, although the last two are taken in rare cases. In southern Africa, it has been
estimated that the bamn owl requires about 42 g of food per night, and this figure may rise during winter and
also during the nesting period for the females. The barn owl preys on the most abundant prey species. It
usually regurgitates one pellet a day and, through this, skeletal remains of its prey accumulate at the roost
site or below the roost site. The foraging range of barn owls may vary from one place to another, and their
roost sites which are usually used for a long time, may be located up to about 16 km from their lunting area
(Information compiled from: Prestt and Wagstaffe 1973; Steyn 1982; Kemp and Calburn 1987; Andrews
1990a; Skinner and Smithers 1990; Taylor 1994).

Grass owl (Tyio capensis)

The grass ow! superficially looks like the barn owl, although it is biologically different. It roosts and nests
entirely on the ground in vast and open grasslands and more preferably in long grass. It also prefers living
in the vicinity of some water. It is largely nocturnal (although occasionally hunts during the day), and
roosts in hollows or tunnels in the long grass. This owl is resident, but when its residence is decimated, it
often shifis to another area within the local range. In South Africa, its distribution stretches from the
southwestern part of the Western Cape Province through the eastern part of the country, and northwards
towards Zimbabwe, This owl preys mainty on rodents and shrews. As a result of its habitat specialization,
the grass owl often takes more vlei rats (Otomys spp.) whose habitat preference tend to be similar to that of
the owl. Similarly, the climbing mice (Dendromus spp.), which may also occur abundantly in moist
grassland, occupy an important part in the diet of the grass owl. Like its phenotypically related cousin, the
barn owl, the grass ow! also takes a wide variety of birds and insects. Frogs appear very rarely in the diet of
this owl. Generally, although the grass owl does not take a8 wide range of prey species like the barn owl
largely because of its more specialized habitat requirements, it may take similar prev species as the bam
owl. This owl uses pearticular roost sites for a long time, and in these sites, pellets may accumulate
(Information compiled from: Prestt and Wagstaffe 1973; Steyn 1982, 1984; Kemp and Calburn 1987).

Marsh owl (4sio capensis)

In southern Africa, the marsh owl is thought to be one of the most nomadic owls, and this often happens
when its habitat has been disturbed, for instance, by fire. It prefers habitats similar to those of the grass owl,
and these include stands of rank grass, clusters of weeds and patches of herbs, all of which tend to be
relatively transient in the southern African region. It can, however, cope with fluctuations in the quality of
its favoured habitats by meking locsl migrations. In southern Afiica, this owl is widespread and its
occurrence ranges from southwestern South Africa to Zimbabwe and westwards into both the northern
parts of Botswana and Namibia. This owl is mostly crepuscular, as this is the time when most small
vertebrates and also arthropods are most active. It may, however, extend its hunting up to daylight. Its diet
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comprises mostly small rodents (including multimammate mice and vlei rats), shrews, and birds. Other
small vertebrate species, such as the striped polecat and young scrub hares may also be taken. It also takes
termites, small beetles, and generally a wide variety of arthropods. It occasionally takes frogs and lizards.
When hunting, a marsh owl may often rest on the ground to regurgitate a pellet. The roosts of marsh owls
tend to be temporary, and are mainly hollows in the grass. The roosts usually contain very few pellets
{Information compiled from: Steyn 1982, 1984; Kemp and Calburn 1987).

African wood owl (Strix weodfordii)

The African wood owl occurs commonly in forests, but it is not entirely confined there. It may occur in a
mosaic of forest habitats, including coastal bushes, dense woodland, pine plantations and wooded riverine
belts. In South Africa, its distributional range extends from the southwest through the Eastern Cape and
northwards towards Zimbabwe. This owl is strictly nocturnal. It prefers to roost in dense foliage, where it
may roost in one site for a long time. Although this owl is largely insectivorous, it also preys on small
rodents, shrews, frogs and birds. Because of its predominantly insectivorous diet, the roost sites of this owl
rarely yield pellets and if they do, the pellets uysually contain very few and highly fragmented bones
(Information compiled from: Steyn 1982, 1984; Kemp and Calburn 1987).

Spotted eagle owl (Bubo africanus)

Among the three southern African eagle owls, the spotted eagle owl is the smallest of all, This owl is
widespread and common, and occurs in a wide range of places, including lightly wooded savanna areas,
and also in desert; it does not occur either in evergreen forest or open flat grassland. It is most common on
rocky ledges, and also on steep slopes, hollows in large trees, burrows, old nests belonging to other species,
and generally on rocky substrates in areas of broken tetrain. In southern Aftican, it has also adapted to
living in urban areas, where it roosts on buildings. This owl is largely nocturnal, roosting in pairs during the
day, and starting to hunt at dusk. Hunting sometimes may also take place during the day. The spotted eagle
owl is opportunistic in its diet requirements, and may prey on a wide variety of species, including relatively
large-sized prey. Rodents, inchiding gerbils and vlei rats, shrews, birds (including some large birds such as
the speckled and feral pigeons) and arthropods form the main diet in most places. This owl may also take
small mammals such as scrub hares, lesser bush babies, and fruit-bats. Other prey species taken by this owl
include reptiles such as geckos and snakes. The diet of this owl is greatly influenced by the available prey
species, and this enables the owl to inhabit one area for a long time, in spite of changes in prey species
(Information compiled from: Fodgen 1973; Steyn 1982, 1984; Kemp and Calburn 1987).

Cape eagle owl (Bubo capensis capensis)

The Cape eagle owl is one of the largest and powerful owls confined to South Africa It occurs mainly in
rocky and fragmented mountainous terrain, and also more often in montane grassland, as well as thick
woodland in riverine environments. In the southwestern part of the Western Cape Province, this owl ocours
in the fynbos mountains stretching down to the sea. The Cape eagle owl is resident and during the day, it
prefers to roost in isolated spots on the ground behind some cover, and also in fissures or ledges. It hunts
between dusk and dawn. As it prefers hunting the locally abundant and large prey of particular types, its
distribution may to some extent be influenced by the distribution of such prey species. It preys on a wide
diversity of prey species, including the red rock hares, rock dassies, scrub hares, springhares, small
antelopes, hedgehogs, genets, golden moles, tree squirrels, viei ras, mice and shrews (including the
elephant shrew). It also takes birds such as barn owls and the Cape robins, and reptiles such as lizards, and
a wide variety of arthropods. As this owl may commonly occur in rocky environments, prey species
inhabiting such environments are highly preyed upon. Such prey species may include the scrub hares and
hyraxes. The presence of this owl may be recognized by the white droppings of the owl, which may be
deposited on rocks within its roosting, nesting or hunting ranges. In the droppings are large accumulations
of bones belonging to the larger prey species. Some of these bones such as the hind limbs of the hares may
still be articulated with the feet. The presence of such faunal accumulations, together with some pellets,
help to distinguish nests belonging to the Cape eagle owls from those belonging to other smaller owls such
as the spotted eagle owl (Information compiled from: Fodgen 1973; Steyn 1982, 1984; Kemp and Calburn
1987).
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Giant eagle owl (Bubo lacteus)

The giant eagle owl is the largest of all owls in Africa. It is sedentary, and prefers to inhabit mainly drier
savanna woodland and more preferably acacia. It may also occur abundantly in large trees in riverine belts.
It is, however, not found in forests. This owl is nocturnal, and may roost in pairs, or close to one another. It
is opportunistic in its feeding behaviour and its prey may range from larger species such as the hedgehogs
(most favoured), vervet monkeys, springhares, hares, hyraxes, cane rats, warthog piglets, large birds (e.g.
secretary birds), to shrews, small birds, ground squirrels, fruitbats, insects, frogs, snakes, gerbils, rats and
mice. It may also prey on other owls such as the barn owl, grass owl, marsh owl and the spotted eagle owl
(Information compiled from: Fodgen 1973; Steyn 1982, 1984).

Diurnal birds of prey

Black-shouldered kite (Elanus caeruleus)

In southern Africa, this bird is one of the most widespread and common among the birds of prey. Although
it is very mobile, it roosts mainly in reeds, and may also roost in trees. Communal roosting takes place
throughout the year. When hunting, it may solitarily perch on trees or other high vantage points from where
it locates its prey. Its prey comprises mainly rodents, including the viei rats, striped mouse, and the
multimammate mouse. Other prey species may include reptiles (e.g. lizards), birds and insects (Steyn 1982;
Mendelsohn 1989).

Yellow-billed kite (Milvus migrans parasitus)

The yellow-billed kite is an intra-African migrant. This bird occurs in most habitats in southern Africa,
including the coastal regions. It is, however, most common in during the summer, In South Africa, it occurs
in & mosaic of areas, including the Western Cape Province. Its diet includes a wide range of insects, fish,
frogs, small birds, small mammals and reptiles, and may also scavenge on carrions (Steyn 1982; Hartley
1989a).

The Black eagle (Aquila verreguxii)

The black eagle is widespread in South Africa, occurring in areas of high rainfall as well as semi-arid areas.
It prefers mainly rocky or mountainous environments. Its habitat preference, just like the black eagle
population in the Zimbabwe’s Matobo Hills, is greatly influenced by the distribution of its principal prey,
the dassies. Besides the dassies, its diet may also include young baboons, vervet monkeys, mongoose,
suricates, small antelopes, cane rats, ground and tree squirrels, birds (e.g. chicks of Cape vultures), young
springboks and bushbucks (Steyn 1982; Gargett 1989).

Booted eagle (Hieraaetus pennatus)

This eagle is widespread in South Africa. In the Western Cape Province, it occurs both in the dry parts of
the fynbos and the semi-arid Karoo. In other parts of southern Afiica, it may occur in a variety of habitats,
including the desert and the woodland environments. In southern Afiica, this eagle preys on a wide variety
of birds, lizards, rats, mice and insects (Steyn 1982).

Martial eagle (Polemaetus bellicosus)

This is the largest eagle in Africa. The martial eagle occurs throughout southern Africa, and is most
common in bushveld. Its diet varies from one place to another, and may include large birds (e.g. black-
headed heron), small or young antelopes (e.g. red duikers, steenbok, oribi, impala and springbok), young
baboons, vervet monkeys, ground and tree squirrels, greater cane rat, snakes, lizards, black-backed jackals,
and a wide array of small carnivorous mammals (Steyn 1982; Tarboton 198%9a).
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Steppe buzzard (Buteo buteo)

The steppe buzzard is a seasonal migrant into southern Africa from the Palesrctic, arriving in October and
leaving by early April &t occurs in open country, and more particularly in places where there are
agricultural activities such as wheat farming. It may also occur in light wooded habitats. This buzzard is
widespread in southern Africa, including the Western Cape Province. lts prey comprises mainly small
rodents, birds, small snakes, lizards, and a wide variety of insects (Steyn 1982).

Jackal buzzard (Buteo rufofuscus)

This species of the buzzards occurs in hilly or mountainous environments, including high mountain ranges.
It may also prefer to hunt in montane grassland or flat country. &t is restricted to South Africa and the
southern part of Namibia. The jackal buzzard is widespread in South Africa, including the Western Cape.
Its diet includes rodents such as mice, rats, and the greater cane rat. Other mammalian species taken by this
bird include young mongoose and dassies, The jackal buzzard also preys on reptiles, other birds, and
occasionally termites (Steyn 1982; Tarboton 1989b).

Red-breasted sparvowhawk (Accipifer rufiventris)

In South Aftica, this bird ocours in a number of places, including eastern Free State, the northern provinces
and the Western Cape. It prefers living in stands of exotic trees, including pines and eucalypts, where it
may be found nesting. It preys almost entirely on birds of varying sizes; mice, bats and insects particularly
termites, may occasionally appear in its diet (Steyn 1982).

Reock kestrel (Falco tinnunculus)

Although this species of the kestrels prefers mainly mountainous environments or adjacent areas, it may
also occur in open country away from mountains. Its diet comprises small rodents, small birds, lizards, bats,
and a variety of arthropods, including spiders and locusts (Steyn 1982; Hartley 1989b).

Lesser kestrel (Faloo naumanni)

In southern Africa, this species of the kestrels occurs in open country, preferring the ‘sweet’® grassland of
the highveld. Although it is very mobile, it shuns well-wooded habitats, but may be found living/roosting in
areas inhabited by humans (e.g. urban areas), especially if there are stands of eucalypts or other trees in
which it can roost. It is widely distributed in the south-west of South Africa from where its distribution
extends towards the northern parts of southern Africa. In southern Affica, this bird preys mostly on insects,
although it may sometimes also catch some rodents (Steyn 1982: Liversidge 1989).

Greater kestrel (Falcon rupicololdes)

The greater kestrel is widespread in southern Africa, and occurs principally in open country with short
vegetation cover, It does not, however, occur in wooded habitats. Its wide distribution in southern Africa
also extends into the semi-desert and desert environments. This bird preys largely on arthropods, with a
particular preference for grasshoppers and termites. The greater kestrels also prey on rats (e.g. vlei rats),
lizards and also the small snakes (Steyn 1982; Jensen 1989).

African marsh harvier (Clrous ranivorss)
The distribution of the African marsh harrier is largely confined to south and east of southern Africa.
Although this bird occurs mainly in marshlands and other moist areas, it may also venture into the

surrounding dry country to hunt. The African marsh hagrier preys largely on rats, mice and birds, Other
prey species include reptiles, frogs and insects (Steyn 1982).

155



Black harrier (Circus maurus)

Unlike most harriers that are more dependent on marshlands, the black harrier occurs mainly in dry country
such as the Karoo scrub and other dry areas with short grassveld. This harrier may, however, bunt on the
borders of wet areas. In South Africa, the distributional range of this bird includes the Western Cape
Province. In the south-west Cape, the black harrier occurs in mountainous areass. It is an opportunistic
hunter, and its prey species include birds, small rodents (particularly rats and mice), amphibians and insects
(Steyn 1982; Martin 1989).

Small carnivorous mammals
Canidae
Bat-eared fox (Odocyon megalotis)

The bat-eared fox is a common camivore, which is widely distributed in southern Africa. It occurs in a
wide range of areas in this sub-region including Mozambique, Botswana, Zimbabwe and South Africa. In
South Africa, it occurs widely, including in the Cape Peninsula. Its body mass may range between 3 10 5.3
kg. In autumn, winter and spring, it is active beginning from late morning to the early hours of the evening,
becoming more noctumal in summer. It ocours in &ry and open country, and especially in areas {e.g.
valleys) with acacia savannas and short grasslands, where it may be found living/sheltering in burrows,
under vegetation cover, or just in the open. The bat-eared fox, however, avoids densely wooded and
forested areas. Bat-eared foxes are sociable animals and hunt in groups or pairs, relying on their acute sense
of hearing to locate their prey. Their diet comprises largely insects, and also rodents, reptiles, wild fruits,
and a wide range of invertebrates. They defecate near their resting/sheltering places, and therefore their
droppings accumnulate at these sites (Information compiled from: Andrews and Evans 1983; Skinner and
Smithers 1990; Kingdon 1997; Nel 1997; Stuart and Stuart 2001).

Cape fox (Vulpes chama)

The Cape fox (despite its name) is not confined to the former Cape Province, as it also occurs in other parts
of the southern African sub-region including Namibia and Botswana. In South Africa, it also occurs in
areas such as KwaZulu-Natal, the Western Cape and the northern provinces. Its total body length is in the
range of 860 to 970 mm, with body mass ranging between 2.5 t0 4.0 kg, Although difficult to observe, the
Cape fox is largely nocturnal. It prefers to lie in holes in the ground or in the cover of stands of grass during
the day. Preferring mainly open country, including arid scrub (e.g. of the Karoo), acacia grasslands and the
fynbos areas of the Western Cape, this asocial fox hunts solitarily. Although it predominantly preys on
invertebrates and mice, its diet may also include reptiles, birds, wild fruits and a wide range of small
mammals (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Mills 1997a; Stuart and
Stuart 2001).

Black-backed jackal (Canis mesomelas)

In southern Africa, the black-backed jackal occurs in different parits of the region incloding Zimbabwe,
Namibia, South Africa and Botswana. In South Africa, this jackal occurs over much of the country,
including the Western Cape Province. This medium-sized carnivore has a body mass ranging between 6.5
to 13.5 kg Although it prefers drier areas with acacia savannas, it has a wide habitat tolerance. In the
southern part of its distributional range, it may occur in moist areas. This jackal is both diurnal and
nocturnal, and occurs solitarily or in pairs, or in family groups. When resting, it may be found in burrows
dug by other mammalian species, in rock crevices, under vegetation cover, and also among piles of
boulders. This very adaptable animal is omnivorous, and preys on a wide range of items, including wild
fruits and berries, small vertebrates such as hares, birds, rodents, reptiles, as well as a wide variety of
invertebrates (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; McKenzie 1997;
Stuart and Stuart 2001).
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Felidae
African wild cat (Fellls lybica)

Felis lybica, also known in some literature as Felis silvestris lybica {e.g. Kingdon 1997; Stuart and Stuart
2001), is widely distributed in southern Afiica. It occurs in different parts of the sub-region, including
Namibia, Botswansa, South Africa and Mozambique. In South Africs, this cat occurs in 8 number of areas,
including KwaZulu-Natal, Free State, and the Western Cape Province where it is widely distributed. This
cat has a body mass ranging between 2.5 to 6 kg It is a largely noctumal and solitary cat. It has a wide
habitat tolerance, and may occur in habitats such as woodlands, savannas and grasslands; but does not
occur in true deserts. Throughout its disteibutional range, it requires some form of cover and this may be in
the form of rocky hillsides, hollow trees, crevices, and stands of tall grass. Droppings are usually buried,
but may also be deposited at latrine sites. It hunts silently, and its ever-changing catholic diet comprises
mainly murids, hare-sized mammals, birds, and to a lesser degree, frogs, reptiles and insects (Information
compiled from: Skinner and Smithers 1990; Apps 1997; Kingdon 1997; Stuart and Stuart 2001).

Caracal (Felis caracal)

In southemn Africa, the caracal is very successful and widely distributed, occurring in many areas including
South Africa, Namibia, Botswana and Zimbabwe. In South Africa, it ocours over much of the country,
including the Western Cape Province, It is a robustly built camivore, with an average adult weight of about
17 kg and 11.5 kg for males and females, respectively. Felis caracal is largely nocturnal, and very secretive
in its solitary habits. & can withstand arid environments, although it generally prefers plains and rocky hills
in open country and open wooded savenna, with a higher preference for open vieis and open grassland. Its
diet depends on the available prey species, and may include dassies, small antelopes, hares, birds, small
carnivores, shrews, and rodents such as the Otomys spp. and Tatera afra (Information compiled from:
Avery et al. 1990; Skinner and Smithers 1990; Davies 1997; Kingdon 1997).

Small spotted cat/ black-footed cat (Felis nigripes)

This cat, also known in some literature as the black-footed cat (e.g. Sliwa 1997; Kingdon 1997) is endemic
to the arid western parts of southern Africa, including, Botswana, Namibia and South Africa. In South
Africa, it occurs marginally in the Transvaal, but has a wide occurrence further south, including the west
coast. Its body mass may range between 1 to 2 kg. It oocurs mainly in arid regions and more particularly
open habitats with some vegetation cover such as grass. It is nocturnal, solitary and very secretive in its
habits, and may be found lying in termite mounds and also in burrows dug by other species, Felis nigripes
is an opportunistic hunter, and its diet comprises largely rodents (particularly gerbils); other prey species
include birds, spiders, reptiles and insects (Information compiled from: Skinner and Smithers 1990;
Kingdon 1997; Sliwa 1997; Stuart and Stuart 2001).

Mustelidae

Cape clawless otter (4onyx capensis)

This otter is widely distributed in southern Africa, occurring in areas such as Zimbabwe, Mozambique and
Botswana. It is absent in most of the dry and interior parts of the sub-region. In South Africa, the wide
distributional range of this otter includes the Western Cape Province. Its body mass may be up to 16 kg. It
occurs predominantly in fresh and marine waters (e.g. rivers, lakes and swamps), although it may also be
found on dry land (e.g. wooded and grassland environments) looking for food. It is both diurnal and
nocturnal. As these otters move widely, accumulations of droppings associated with them may be rare and
if they are found, they largely contain crab shells. Latrine sites associated with this otter, however, have
been reported. Its diet comprises mainly crabs and frogs, and to a lesser extent, fish, insects, birds, reptiles,
small mammals and mollusks (Information compiled from: Skinner and Smithers 1990; Somers 1997,
Stuart and Stuart 2001).
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Honey badger (Mellivora capensis)

In southern Afica, the honey badger is widely distributed, and occurs in parts of the region including South
Africa, Botswana, Mozambique and Zimbabwe. In South Africa, the honey badger also occurs over much
of the country, including the Western Cape Province. Its body mass ranges between 7 to 16 kg. It is
catholic in its habitat requirements. It may occur in montane forests, in waterless desert steppe (but not
extreme deserts), and is most common in open woodland. Mellivora capensis often uses crevices in rocks
to shelter itself. It is also an adept digger, and may dig holes in which to live. The honey badger is
predominantly nocturnal, but may also hunt during the day. In widely overlapping ranges, this carnivore
hunts solitarily, although pairs have also been observed hunting together. It is an opportunistic omnivore,
and its diet includes murids, reptiles, insects, beetles, spiders, birds and wild fruits (Information compiled
from: Skinner and Smithers 1990; Kingdon 1997; Mills 1997b; Stuart and Stuart 2001).

Striped polecat (Jctonyux siriatus)

The striped polecat occurs throughout the southern Affican sub-region, including the Western Cape
Province. Its body mass ranges between 0.5 to 1.4 kg. It has a wide habitat tolerance, and occurs in ail
major habitat types including areas with scrub cover, savanna woodland and cool upland grasslands. It is
not common in areas with dense vegetation, and it is absent in deserts. The striped polecat may buwrow
under loose and soft sandy substrate, or take shelter in burrows belonging to other species that are not in
use. It may also take shelter amongst matted vegetation, piles of stones, and under tree roots or fallen logs.
This camnivore is strictly noctumnal. Polecats are largely solitary, although they may occur in pairs or in
family groups. Polecats’ diet comprises mainly invertebrates and mice, although reptiles, amphibians, birds,
and a wide variety of small animals are also taken (Information compiled from: Skinner and Smithers 1990;
Kingdon 1997; Rowe-Rowe 1997; Stuart and Stuart 2001).

Viverridae
Small-spotted genet (Genetla genetin)

The small-spotted genet is widely distributed in southern Africa, occurring in parts of the region such as
Namibia, Swaziland, Botswana, South Africa and Lesotho. In South Africa, its wide distribution includes
areas such as KwaZulu-Natal and the Western Cape Province. Its body mass is in the range of 1.5 t0 2.6 kg.
This genet has a wide habitat tolerance and may occur in open and arid, woodland, riverine and grassland
habitats, and also in pockets of rocky outcrops on open plains. Although rarely seen, this genet is strictly
nocturnal and occurs mostly solitarily or in pairs. Its diet includes largely insects and rodents; reptiles,
shrews, birds, amphibians, bats, and a wide range of invertebrates, may also be part of its diet. It deposits
droppings at latrine sites, which are usually in open and conspicuous places (Information compiled from:
Skinner and Smithers 1990; Maddock 1997a; Stuart and Stuart 2001).

Large-spotted genet (Genetia tigrina)

In southern Africa, this genet occurs in discrete areas in different parts of the region, including South
Africa, Namibia, Botswana and Zimbabwe. In South Africa, it occurs in KwaZulu-Natal, as well as in the
Western Cape Province. Hts body mass ranges between 1.5 to 3.2 kg. This nocturnal and solitary genet
prefers habitats that are well-watered, receive high rainfall, and have relatively dense vegetation cover. It is
generally well adapted to the arboreal habitat. The diet of the large-spotted genet comprises mainly rodents
(particularly murids), insectivores and insects. This genet also preys on birds, reptiles, amphibians, wild
fruits and a wide range of invertebrates. It deposits droppings at lairine sites, which are usually in open and
conspicuous places (Information compiled from: Skinner and Smithers 1990; Maddock 1997b; Stuart and
Stuart 2001).

Yellow mongoose (Cymictis penicillata)
This mongoose is widely distributed in southern African, and frequently sighted in most parts of the region.
It occurs in most parts of southern Africa, inchuding South Africa, Namibia, Botswana and Zimbabwe. In
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South Afiica, its widespread distribution includes KwaZulu-Natal and the Western and Northern Cape
provinces. Its body mass is in the range of 450 to 950 g. It prefers sandy substrates and open country with
short grass, or semi-desert scrub. It does not, however, occur in desert or in areas with dense vegetation. It
has, however, penetrated the fairly dense but low scrub fynbos of the Western Cape. This mongoose may
dig burrows, and may also communally occupy burrows belonging to other species. Droppings are
deposited in latrines near the entrances to the burrows. Although the yellow mongoose may live in groups,
foraging is a solitary affair. It is predominantly diurnal, although it is also known o hunt at night. It is
known to forage in large areas fir from its den and depending on the season, its diet mainly comprises
insects and a wide range of invertebrates, small rodents (including murids), amphibians and reptiles
(Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Stuart 1997a; Stuart and Stuart
2001).

Small grey mongoose (Galerella pulverulenta)

This mongoose is often referred to as the Cape-grey mongoose, and this is because the type specimen of
this species was found at the Cape of Good Hope. It is widely distributed in South Africa, apart from the
more northerly parts. Its body mass may range between 500 to 1000 g. This mongoose has a wide habitat
tolerance, ranging from forest to open scrub. It prefers overgrown bushy country, and also occurs
abundantly in dry rocky ground snd hillside coastal plains, where it may be found sheltering under
vegetation cover, in burrows, and other holes. In the southwestern part of the Western Cape, this mongoose
also occurs in fynbos areas with relatively little annual rainfall. It is diurnal, terrestrial, and largely solitary,
although pairs have been sighted. Its diet comprises largely invertebrates (insects, crabs and earthworms)
and small rodents (rats, including the vlei rats, and mice). Other prey species include reptiles, amphibians
and birds (Information compiled from: Skinner and Smithers 1990; Kingdon 1997; Stuart 1997b; Stuart and
Stuart 2001).

Suricate (Suricata suricatia)

The distributional range of the suricate is mainly within the semi-arid regions of southern Africa, including
the Namib and the pro-Namib deserts. In South Africa, it marginally occurs in the northwestern parts of
KwaZulu-Natal, but is widespread in the Western and Northem Cape provinces. Its body mass ranges
between 620 to 960 g. The suricate prefers areas with stony or calcarcous substrate, and inhabits open, arid,
and lightly vegetated country where it digs its own burrow complexes (warrens). ik may also be found
living in burrows made by other small mammals such as the ground squirrels. It avoids dense vegetation
and deserts, although its distributional range includes the Namib Desert. Suricates are diurnal and hunt in
groups, traveling up to about 6 km from their dens to forage. They, however, retumn to the same dens to
sleep afler their diurnal foraging. The diet of the suricates predominantly comprises insects, and a wide
range of mvertebrates (e.g. spiders and scorpions). Other prey species include birds, amphibians, mice and
reptiles particularly geckos (Information compiled from: Skinner and Smithers 1990; Kingdon 1997,
MacDonald 1997; Stuart and Stuart 2001).
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APPENDIX 3

SBYC maxillary and mandibular frequency according to species (Key: Lmax = Left maxilla, Rmax =
Right maxilla, Lman = Lef mandible, Rman = Right mandible).

Taxon Down Slope Upper Slope Hanging Remnant
Lmax Rmax Lman Rman Lmax Rmax Lman Rman Lmax Rmax Lman Rman

insectivora

C. asiatica 2 12 7

cf. C. cyanea 1 7 3 2 1 3

C. flavescens 2 2 1 4 1 3 3 5 1 1 1 1

M. varius 7 10 41 49 27 24 135 164 1 12 ]

cf. M. varius 1 3 18 4 1

8. varilla 4 4 17 20 15 7 63 62 19 11

cf. S. varilia 1 1

Chiroptera

R. clivosus 1 1

Rodentla

D, melanotis 2 1 1 1 9 4 9 7 2 2 1 1

D. mesomelas 2 2

Dendromus spp. 2 2 2

8. krebsii 2 8 2 3 12 8 17 22 2 2 3

G. paeba 7 5 5 7 9 9 2 1 k] 2

T. afra 40 50 34 50 84 85 112 121 ] 16 10 25

M. albicaudatus 2 1 1 4 4 3 2 1 1

R. pumifio 4 1 1 2 1 4

cf. R pumilio 1

O. irroratus 1 1 4 7 4 1 1

0. saundersiae 7 10 4 (] 20 24 20 14 8 12 8 7

O. unisulcatus 5 5 1 6 2 4 1

Otomys spp. 4 1 3 ] 4 3 18 17 1 3 3

B. suillus 1

C. hottentotus 4 4 8 8

Macroscelidea

E. edwardii 1 1 1
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APPENDIX 4

This appendix records results from work by Andrews (1990a) on a wide
range of modern predator faunal assemblages

Appendix 4.1: Rodent cranial breakage in predator assemblages (*Maxillae still present im
skulls: After Andrews 1990a, Tables 3.5 and 3.7).

Predator % % % % % mandibles
specles complete maxillae complete mandibles with inferior
*Maxiliae with mandibles with ramus border broken
zygomatic missing

Bam owl 75 80 78 é 3

Snowy owl 80 80 58 5 21
Long-eared owl 74 04 81 2 2
Short-eared owl 24 24 24 38 10
Verreaux eagle owl 85 94 84 ] 3
Spotied eagle owl 17 48 7 62 27
European eagle owl 27 64 38 18 14

Great grey owl 83 83 88 0 7

Tawny owl 64 69 19 18 14

Littie owl 0 0 0 33 50

Kestrei 5 19 4 71 44

Hen harrier ] 30 2 55 69
Mongoose 0 10 0 95 100

Genet 0 24 0 g4 75
Bat-eared fox 0 10 0 95 86
Coyote 0 i2 0 100 75

Red fox 0 0 0 75 100

Artic fox 0 0 0 100 100

Pine marten 0 0 0 100 100
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Appendix 4.2: Predator categories based on the digestion of micromammalian incisors (After
Andrews 1990a, Table 3.14 and Matthews 1998, Table 2.3).

Predator Category Percentage of inclsor digestion
Category 1
bam owi, short-eared owi, snowy owl absent or light digestion; Incisor % elched =8 - 13%
bat-eared fox - intermediate light digestion; incisor % etched = 19%
Category 2

long-eared owl, giant eagle owl, great grey owl moderate digestion (lips only); incisor % eiched = 20 - 30%

mustelids intermediate between Categories 2 and 3; incisor % efched = 24%
viverrids intermediate between Categories 2 and 3;
inclsor % etched = 34 -40%
Category 3
fawny owl, fitie owl, European and moderateeavy digestion; incisor % etched = 50 -70%
spotted eagle owls
Category 4
kestrels and peregrines heavy/extreme digestion; incisor % etched = 60 - 80%
canids - coyote, red fox, artic fox intermediate, may fall either in Categories 4 or §; extreme
digestion with incisor % etched = 70 - 100%
Category §
buzzards, kites, hen harriers exireme digestion; incisor % efched = 100%; dentine comoded
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Appendix 4.3: Breskage patterns of the major long bones in medern predator assembiages (%)
{Key: C = Complete, P = Proximal, S = Shaft, D = Distal: After Andrews 1990a, Table 3.3 and
Matthews 1998, Appendix 4, Table 6).

Predator Humerus Uina Femur Tibla
spocles

¢ P 8 D €C P &8 D C P 8 D C P 8 D
Bam owl 98 0 0 1 97 3 0 0 87 1 2 0O 68 1 1 0
Snowy owl 7 4 8 12 76 24 0 0 88 4 O 8 88 8 4 0
Long-sared owl 8 0 1 3 95 4 1 0 98 3 1 0 93 6 1 0
Short-eared owl 88 3 2 7 92 8 0 © 93 7 O O 8 4 5 4
Verreaux eagle owl 9% 0 2 2 98 2 0 O 97 2 1 © 99 1 0 0
Spotted sagie owl 44 7 11 38 85 12 3 O 66 32 2 O 7t 0 29 ¢
European eagle owl 82 7 0 11 97 3 0 0 83 12 3 2 8 8 O 5
Great grey owl 89 4 4 4 98 4 0 0 80 8 2 0 €3 7 0 0
Tawny owl 83 7 12 28 69 31 0O O 52 22 6 20 8 7T 4 4
Little owl 33 33 16 16 100 0 O O 12 64 12 12 33 8 &8 &
Hen harrier 22 7 39 32 60 40 0 0 20 40 20 20 22 22 33 22
Kestrel 44 4 27 25 32 52 8 8 20 48 24 7 31 29 25 14
White-talledmongoose 30 20 9 32 8 92 0 0 12 52 13 23 37 25 38 -
Small spotted genet 33 13 10 44 54 48 0 O 12 51 20 17 57 27 186 -
Bat-sared fox 26 7 15 52 57 43 0 O 3 87 3 7 10 80 10 -
Coyote 7 38 17 38 25 75 0 O O 42 28 30 O 60 1t -
Red fox 0 8 9 83 0 67 33 0 0 53 29 26 0 67 33 -
Pine marien 0 30 18 5 28 75 0 0 O 50 5 0 ¢ 8 18 -

163



Appendix 4.4: Relative proportions of post-cranial to cranial elements (Afier Andrews 1990a, Table
3.2).

proportions of post-cranial  proportion of distal limb

to cranial elements elements

Predator HMo. of pellet femur + humerus tibia + radius
species samples mandible + maxiiia femur + humerus
Bam owl 4 23 105
Snowy owl 1 133 98
Long-eared owl 2 102 92
Short-eared owl 2 111 82
Vemeaux eagle owl 2 80 100
Spotted eagle owl 1 74 52
European eagie owl 2 111 75
Great grey owl 1 92 89
Tawny owl 3 82 92
Little owl 1 164 70
Kestrel 3 74 72
Hen harier 1 a3 58
Mongooss 1 138 30
Genet 1 76 44
Bat-eared fox 1 g2 25
Coyote 1 133 79
Red fox 1 233 50
Artic fox 1 38 75
Pine marten 1 114 25
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APPENDIX 5§

This appendix records chi-squared (X°) results and other data relevant in the
interpretation of the SBYC micromammalian fauna

Appendix 5.1.1: Chi-squared analysis comparing the distribution of murid maxillae
between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant

Category Observed Expected Observed BExpected Observed Expected TOTALS

1 35 43 91 79 12 18 138

2 6 4 7 8 1 2 14

3 82 81 151 148 26 30 259

4 48 42 63 77 24 16 135

TOTAL 174 312 63 546
X* = 13.851 df=6 p=0.031354

Appendix 5.1.2: Chi-squared analysis comparing the distribution of
murid maxillne between the Down Slope and Upper Slope.

Down Slope Upper Slope

Category Observed Expecied Observed BExpected TOTALS

1 35 45 o1 81 126
2 6 5 7 8 13
3 82 82 161 151 233
4 48 38 63 72 111
TOTAL 174 312 483

X'=688 df=3 p=0.4

Appendix 5.1.3: Chi-squsred anslysis comparing the distribution of
murid mazxilise between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

1 35 34 12 13 47
2 6 5 1 2 7
3 82 79 26 29 108
4 48 53 24 19 72
TOTAL 171 63 234

=256 di=3 p=08
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Appendix 5.1.4: Chi-squared analysis comparing the distribution of
murid maxillae between the Hanging Remnant and Upper Slope.

Hanging Remnant Upper Slope

Category Observed BExpected Observed Expected TOTALS

1 12 17 91 86 103
2 1 1 7 7 8
3 26 30 161 147 177
4 24 15 83 72 87
TOTAL 63 312 375

X'=987 df=3 p=0.02

Appendix 5.2.1: Chi-squared anslysis comparing the distribution of murid mandibles
between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant
Category Observed Expecited Observed Expecited Observed Expected TOTALS
1 1 8 34 25 3 & 38
2 13 18 80 54 8 10 82
3 12 16 45 45 11 8 68
4 106 91 258 273 82 52 416
TOTAL 132 397 75 604

X=47.19 df=6 p=0.008603

Appendix 5.2.2: Chi-squared analysis comparing the distribution of
murid msndibles between the Down Slope and Upper Slope.

Down Slope Upper Slope

Category Observed Expected Observed Expected TOTALS

1 1 8 34 28 35
2 13 18 60 55 73
3 12 14 45 43 §7
4 106 o1 258 273 364
TOTAL 132 387 529

X'=14.95 df=3 p = 0.002
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Appendix 5.2.3: Chi-squared analysis comparing the distribution of
murid mandibles between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

1 1 3 3 1 4
2 13 14 9 8 22
3 12 15 1" 8 23
4 108 101 52 57 158
TOTAL 132 75 207

X'=490 di=3 p=02

Appendix 5.2.4: Chi-squared analysis comparing the distribution of
murid mandibles between the Upper Slope and Hanging Remnant.

Upper Slope Hanglng Remnant

Category Observed Expected Observed Expected TOTALS

1 34 31 3 8 37
2 €0 58 ] 11 €9
3 45 47 11 8 56
4 258 2681 §2 49 310
TOTAL 397 75 472

X=287 df=3 p=041

Appendix 5.3.1: Chi-sqguared anslysis comparing the distribution of soricid mandibles
between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant

Category Observed Expecied Observed Expected Observed Expected TOTALS

1 7 23 91 71 5 9 103

2 7 25 102 79 6 10 115

3 26 28 78 88 23 11 128

4 99 80 181 186 20 24 270

5 8 12 40 38 8 5 68

TOTAL 148 463 60 671
Xim BT 4445 df=8  p=0.00000
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Appendix 5.3.2: Chi-squared anslysis comparing the distribution of
soricid mandibles between the Down Slope and Upper Slope.

Down 8lope Upper Siope

Category Observed Expecited Observed Expecied TOTALS

1 7 24 91 74 98
2 7 26 102 83 108
3 28 25 79 80 105
4 89 61 181 188 250
& 9 12 40 37 49
TOTAL 148 463 611

X'=67.53 df=4 p = 0,0000

Appendix 5.3.3: Chi-sqguared snalysis comparing the distribution of
soricid mandibles between the Upper Slope and Hanging Remnant.

Upper Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

1 81 85 8 11 96
2 102 96 8 12 108
3 79 80 23 12 102
4 151 151 20 20 171
5 40 41 6 5 48
TOTAL 463 60 523

X'=1987 di=4 p = 0.00053

Appendix 5.3.4: Chi-squared analysis comparing the distribution of
soricid mandibles between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

1 7 9 5 3 12
2. 7 9 6 4 13
3 2 35 23 14 49
4 98 85 20 34 118
8 9 11 6 4 18
TOTAL 148 60 208

X*=200 df=4  p=0.001
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Appendix 5.3.5: Results for gamma anslyses on murid and

soricid jaws.
Gamma Level of significance
value {p)
Murd mandibles  -0.188 0.007
Murid maxilize -0.022 0.738
Soricld mandibles -0.269 0.000
Soricld maxillae  -0.040 0.833

Appendix 5.4.1: Chi-squared analysis comparing the distribution of murid humeri
between the three SBYC faunal samples.

Down Siope Upper Slope Hanging Remnant

Category Observed Expected Observed Expected Observed Expected TOTALS

Complete 42 51 102 80 16 18 160

Proximal 40 48 89 86 24 18 183

Shaft 13 12 21 21 4 5 as

Distal 200 183 308 323 66 68 574

TOTAL 295 520 110 928
X' =9.67550 df=6 p=0.139012

Appendix 5.4.2: Chi-squared analysis comparing the distribution
of murid humeri between the Down Slope and Upper Slope.

Down Slope Upper Slope

Category Observed Expected Observed Expected TOTALS

Complete 42 52 102 92 144
Proximal 40 47 a9 82 129
Shaft 13 12 21 22 34
Distal 200 184 308 324 508
TOTAL 295 520 815

X’=688 df=3 p=076
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Appendix 5.4.3: Chi-squared analysis comparing the distribution of murid
humeri between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Catsgory Observed Expecied Observed Expectsd TOTALS

Complete 42 42 16 16 §8
Proximal 40 47 24 17 64
Shaft 13 12 4 5 17
Distal 200 194 66 72 288
TOTAL 285 110 4058

X'=432 df=3 p=0229

Appendix 5.4.4: Chi-squared analysis comparing the distribution of murid
bumeri between the Upper Slope and Hanging Remnant,

Upper Siope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 102 97 16 21 118
Proximal 89 93 24 20 113
Shaft 21 21 4 4 28
Distal 308 309 66 65 374
TOTAL 520 110 630

Xw241 df=3 p=05

Appendix 5.5.1: Chi-squared analysis comparing the distribution of soricid humeri
between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant

Category Observed Expected Observed Expected Observed Expected TOTALS

Complete 33 49 88 79 21 21 142

Proximal 20 18 29 35 14 10 63

Shaft 4 2 4 4 0 1 8

Distal 35 30 14 59 13 16 108

TOTAL 82 178 48 318
X =9.87207 dgf=6 p=0.13917

170



Appendix 5.5.2: Chi-squared analysis comparing the distribution of
soricid humeri between the Down Slope and Upper Slope.

Down Slope Upper Slope

Category Observed Expected Observed Expected TOTALS

Complete 33 41 88 80 124
Proximal 20 17 29 32 49
Shaft 4 3 4 5 8
Distal as 31 87 61 82
TOTAL 82 178 270

X*=5.032 df=3 p=02

Appendix 5.5.3: Chi-squsred analysis comparing the distribution of
soricid humeri between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 33 35 2 19 54
Proximal 20 22 14 12 34
Shaft 4 3 0 1 4
Distal 35 Ky 13 16 48
TOTAL 92 48 140

X'=442 df=3 p=0.22

Appendix 5.5.4: Chi-squared analysis comparing the distribution of
soricid humeri between the Upper Slope and Hanging Remnant.

Upper Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 88 88 21 23 1098
Proximal 29 34 14 9 43
Shaft 4 3 0 1 4
Distal 87 55 13 15 70
TOTAL 478 48 226

X'=492 df=3 p=02
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Appendix 5.6.1: Chi-squared analysis comparing the distribution of murid femora
between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant

Category Observed Expected Observed Expected Observed Expecied TOTALS

Complete 23 41 413 84 10 20 146

Proximal 228 192 359 391 90 94 877

Shaft 0 4 10 9 5 2 18

Distal a 44 91 89 33 22 15§

TOTAL 282 573 138 993
X'= 51,1576 df=6 p=0.00000

Appendix 5.6.2: Chi-squared analysis comparing the distribution
of murid femors between the Down Slope and Upper Slope,

Down Slope Upper Slope

Category Observed Expected Observed Expected TOTALS

Complete 23 45 113 91 136
Proximal 228 194 359 393 587
Shaft 0 3 10 7 10
Distal 3 40 91 82 122
TOTAL 282 573 855

X*=334 df=3 p = 0.00000

Appendix 5.6.3: Chi-squared analysis comparing the distribution
of murid femora between the Upper Slope and Hanging Rempant.

Upper Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 113 89 10 24 123
Proximal 358 382 80 a7 449
Shatft 10 12 & 3 18
Distal 91 100 33 24 124
TOTAL 573 138 741

X*=164 df=3  p=0.0011
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Appendix 5.6.4: Chi-squared analysis comparing the distribution
of murid femora between the Down Slope and Hanging Remnant.

Down Slope Hanging Remnant

Category Observed Expecied Observed Ewpected TOTALS

Complete 23 22 10 11 33
Proximal 228 214 80 104 318
Shaft 0 3 5 2 5
Distal 31 43 33 21 64
TOTAL 282 138 420

X= 2346 df=3 p = 0.00003

Appendix 5.7.1: Chi-squared analysis comparing the distribution of soricid femors
between the three SBYC faunal samples.

Down 8lope Upper Slope Hanging Remnant

Category Observed Expected Observed Expected Observed BExpected TOTALS

Complete 14 23 67 58 12 12 93

Proximal 39 30 66 75 16 16 124

TOTAL &3 133 28 214
X?=8.859518 df=2 p=0.01182

Appendix 5.7.2: Chi-squared analysis comparing the distribution
of soricid femors between the Down Slope and Upper Slope.

Down Slope Upper Slope

Category Observed Expected Observed Expected TOTALS

Complete 14 23 87 58 81

Proximal 39 29 66 76 108
Shaft 0 1 2 1 2
Distal 2 2 ] 6 8
TOTAL 58 141 196

X=077 df=3 p=0.021
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Appendix 5.7.3: Chi-squared analysis comparing the distribution
of soricid femora between the Down Slope and Hanging Remnant.

Down Siope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 14 17 12 8 26
Proximal 39 36 16 19 55
Shatt 0 0 0 0 0
Distal 2 1 0 1 2
TOTAL 55 28 83

X'=334 df=2 p=02

Appendix 5.7.4: Chi-squared analysis comparing the distribution
of soricid femora between the Upper Slope and Hanging Remnant.

Upper Slope Hanging Remnant

Category Observed Expected Observed Expected TOTALS

Complete 67 66 12 13 79
Proximal 66 68 18 14 82
Shaft 2 2 0 0 2
Distal 6 5 0 1 8
TOTAL 141 28 169

X=221 df=3 p=0.53

Appendix 5.8.1: Chi-squared snalysis comparing the distribution of indeterminate
micromammaslian ulnae between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant
Catagory Observed Expected Observed BExpected Observed BExpected TOTALS
Complete 9 6 11 19 8 3 28
Proximal 220 223 748 737 103 108 1068
TOTAL 229 756 111 1096
X¢= 15,0639 df=2 p = 0.000536
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Appendix 5.82: Chi-squared analysis comparing the distribution of indeterminate
micromammalian tibiae between the three SBYC faunal samples.

Down Slope Upper Slope Hanging Remnant

Catsgory Observed Expected Observed Expected Observed Expected TOTALS

Complete 8 8 27 23 3 4 35

Proximal 72 85 254 236 34 39 360

Shaft 133 119 322 as 49 85 504

Distal 169 187 451 464 88 77 708

TOTAL 379 1054 174 1607
X2 =10.8700 dif=§ p=0.088140
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