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“The best of science doesn’t consist of mathematiodels and experiments, as textbooks
make it seem. Those come later. It springs fremin &t more primitive mode of thought,
wherein the hunter's mind weaves ideas from oltsfand fresh metaphors and the
scrambled crazy images of things recently seemmadywe forward is to concoct new patterns
of thought, which in turn dictate the design of thedels and experiments. Easy to say,
difficult to achieve

- E O Wilson (1992 he diversity of life



ABSTRACT

The loss of global biodiversity is exacerbated gy problem of trying to conserve species
whose biology is not understood. The conservatibifacan snakes provides a striking
example of this problem as many species remaimedninigmatic. If we are to effectively
manage or conserve these species, then we neeegio to describe and quantify their
ecology. This project aimed to increase the bodynofwledge regarding the ecologyRitis
schneideri an arid-adapted African viperid, and as suchyidethe basis for an informed
critical assessment of the conservation statub@pecies. The improved understanding of
the ecology oB. schneiderwill contribute to the emerging study of Africanake ecology,
allowing scientists to compare and contrast thdoggoof African snakes with those from
northern temperate systems on which most of thbafjlonderstanding of snake ecology is
based.

Bitis schneideris a species of very small-bodied viperids thatngrapidly and reach sexual
maturity within the first two years. They are sekualimorphic for several traits, and
evidence suggests that fecundity selection haseglaan important role in shaping their
morphology. Moreover, | suggest that the selectdegantage of being able to bury into
sandy substrates has resulted in the extreme bzdy dssplayed in the specie&itis
schneideriis diurnally active, a state that is probably &l condition, a83. caudalis(the
sister species tB. schneide)iis reported to be nocturnal. Additionall, schneidershows
seasonal variation in activity, with increased \atti during the spring mating season.
Activity during winter is reduced, but not abseand appears to be governed by the
availability of suitable environmental condition&ctivity in B. schneideriis limited at all
temporal scales by environmental conditions. Raelemetry and mark-recapture analysis
showed thaB. schneideris highly sedentary, moving between 0.8 + 6.5 hadd 47.3 + 3.9
m.d”, inhabiting small homeranges’:( 0.85 + 0.09 ha;?: 0.10 + 0.09 ha). Moreover,
juveniles show limited dispersal that, when combimath sedentary adult behaviour, could
result in vulnerability to fragmentation by limigngene-flow. Population densities are high
(= 8 ha') and survival is low (39% and 56% per annum) camgao viperids from other
parts of the world. Additionally, juveniles havegher survival rates than adults. Small litter
sizes imposed by small-bodies, and low survivalamsethatB. schneiderimust reproduce
frequently, probably annually, in order for popidat to persist. Such frequent reproduction
is atypical, even among closely related species,imB. schneidetiappears to be facilitated

through the capacity to feed year-round in the smea habitat in which they occuBitis
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schneideriis a generalist that ambushes prey in proportoertcounter frequency. Also, |
show that the capacity @&. schneiderito capture and consume relatively large prey items
provides snakes with a large energetic advantagendant generalist predatory birds are
likely to be more important predators Bf schneiderithan are rare specialist predatory
raptors, although snakes are also vulnerable ter gifedators that include small mammals,
other reptiles, and large invertebrates.

Small body-size has two important implications Br schneideribiology — reduced litter
size, and vulnerability to a wide suite of predstdrhese attributes interact to result in low
survival, reduced movement and dispersal, frequeptoduction, generalist foraging, and
year-round feedingBitis schneideris not at significant risk of facing extinction the near
future. The primary biological factor that ameli@s against extinction risk is large
population size and high population density.
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CHAPTER 1

IN THE BEGINNING

1.1 Conceptual framework and problem identification

The loss of biodiversity globally has been recogdias one of the greatest challenges facing
modern society (Wilson, 1992; Pimm et al., 1995;ekdy et al., 2000). Anthropogenic
utilization of resources has pressurized numergissesis to the point of collapse, and
numerous ecosystems and ecosystem processes leavarbgersibly altered, with resultant
loss in integrity, function, and ecosystem goodd services (Folke et al., 1996; Jackson et
al., 2001). Moreover, species extinctions, prinyasi a result of anthropogenic impacts, are

purportedly currently higher than ever in recortedory (Butchart et al., 2010).

Efforts to conserve biodiversity gained global mguition and became more formalized
during 2002 with the formation of the Convention Biological Diversity (CBD), wherein
signatory countries pledged to significantly redtlee current rate of biodiversity loss by the
year 2010 (Secretariat of the Convention on BiaabDiversity, 2003). However, a recent
meta-analysis has demonstrated that there is dittidence to suggest that a reduction in the
loss of biodiversity has taken place at all, arat ith fact, we are not close to meeting the

objectives set out by the convention (Butchari.e2810).

One approach to combating the loss of biodivetsity been to target biodiversity hotspots as
priorities for conservation and focus to conseonragfforts in regions where those efforts can
gain the greatest return on investment (Myers.e280D0). Myers et al. (2000) recognized 25
biodiversity hotspots, among which southern Afric&ucculent Karoo was recognized as

one of only two arid regions with exceptional levef biodiversity.

Within the global biodiversity hotspots, consergatibiologists have endeavoured to
conserve biodiversity through concerted effortsrianage conservation needy species, and
develop improved understanding of ecosystem func{e.g., Reyers et al., 2009), the
function of particular species within ecosystemg.(eDelibes-Mateos et al., 2007), and the
likely responses of species to changes in thossystams (e.g., Midgley et al., 2002). As a
result, many studies have attempted to describantdy, and understand the biology of

species of conservation concern — as evidenced hby profusion and popularity of
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conservation-orientated journals (e.g., Biologidabnservation, Conservation Biology,
Conservation Letters, Environmental Conservatiod, @ryx).

While the number of studies describing the biolagy species continues to grow, the
available information is strongly outweighed by theamber of species of conservation
concern for which we require such information. Thaucity of information thus provides
one of the largest hindrances to modern conservaftorts — how do we conserve that

which we do not understand?

The problem of trying to conserve what we do nadarstand is exacerbated by the fact that
most of the earth’s biodiversity occur in areas @@ politically unstable (Hanson et al.,
2009), and as a result are poorly investigated.thus unsurprising that Africa, with its long-
standing political turmoil and significant biodig#ly, remains a major challenge for
conservation biology. Moreover, increasing humapupations and the resultant pressure on
ecosystems has resulted in African biodiversitynigsignificant pressure.

Finally, even though conservation biologists haaesignificant inroads to understanding
the biology of many species, those investigatioagsehnot been evenly spread among
taxonomic groups. As a result, certain groups (gritn mammals and birds) have received
attention and funding disproportionately to theiwvedsity, while other taxonomic groups,

primarily “lower vertebrates” such as amphibiansptiles, and fish, have received little

attention (Bonnet et al., 2002a; Trimble & Van Aarga010).

The snakes is one example of a taxonomic grouphhstbeen poorly investigated. This is
partly because many people consider snakes to be model organisms for research
(Turner, 1977; Huey et al., 1983). Seigel (199&)joaily challenged this dogma, suggesting
that such perceptions resulted from, among othetofs, the inappropriate matching of
research question, technique, and study specig¢ise Ipears following Seigel’'s (1993) paper,
at least one aspect of snake-oriented researcke @wlogy and behaviour, has proliferated
(Shine & Bonnet, 2000). Shine and Bonnet (2000hligét some of the likely causes for the
increase in snake ecological research, includirtgnbti limited to, advances in technology,

changes in social attitudes, and increased furalnagability.

One result of the increase in the number of stuldiessing on snake ecology and behaviour
is the emergence of several model organisms anceinsbady systems. Work o@rotalus

horridus C. viridis, Thamnophis sirtalisLiasis fuscus Hoplocephalus bungaroidesand
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Vipera berushave undoubtedly shaped our understanding of see&®gy. Notably, these
species are restricted to North America, Europd, Aumstralia, and studies of African, South

American, and Asian species are conspicuous by d@hsence.

A major challenge facing African biologists and servation planners is the obvious gap in
our understanding of the ecology of African snapecges. The theory driving management
of African snakes is by default based on specied systems that may be entirely
inappropriate. Janzen (1976) hypothesised thatc&frisnake populations occur at lower
population densities than snakes from equivalemit&is in other parts of the globe and
suggested that such differences were the resulin@fjue population drivers in Africa.

Whether correct or not, Janzen (1976) highlights fibtential that theory developed on the
basis of non-African species, may be entirely imappate for understanding and managing
populations of African snake species. In short,icafris in desperate need of studies that

describe and quantify the biology of African specie

1.2 Problem statement

The loss of global biodiversity is exacerbated g problem of trying to conserve species
whose biology is unknown. The conservation of Adricsnakes provides a striking example
of this problem as many species remain entirelgreatic. If we are to effectively manage or
conserve these species, then we need to study ¢kelogy. Species that are already
recognized as being of conservation concern proardeleal initial focusBitis schneidetia
small arid-adapted viperid that occurs along thettsgrn African west coast, has long been
regarded as a species of conservation concermuyetollective knowledge of its biology is

meagre.

1.3 Aim

This project aims to increase the body of knowledggarding the ecology oBitis
schneideri an arid-adapted African viperid. In doing sowill provide the basis for an
informed critical assessment of the conservati@iust of the species. Additionally, the
improved understanding of the ecology of the sgewaidl contribute to the emerging body of
knowledge on African snake ecology and thus allggientists to compare the ecology of
African snakes with those from northern temperat&tesns on which most of the global

understanding of snake ecology is based.
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1.4 Choice of species

Several facets of the biology Bitis schneidermake the species ideally suited to ecological

research. Factors that influenced my decision tkwa this species included: -

a) Abundance -Bitis schneideriwas purported to be easily detectable and locally
abundant. Seigel (1993) implicated sample sizeéeélaonstraints as one of the major
constraints to snake research, and one of therdrofélizard-envy”.

b) Habitat — Many habitats are structurally complexaking field observation difficult.
Bitis schneiderinhabits a structurally simple arid habitat thae&sily accessible and
logistically simple in which to work.

c) Size —Bitis schneideris the smallest viperid (Branch, 1998). While #mall body-
size of individuals caused logistical constraimisthe implantation of equipment, the
species provided an ideal animal to investigate #welution and ecological
implications of small body size in snakes.

d) Conservation status — At the inception of this gfuBitis schneideriwas listed as
Vulnerable by the IUCN (World Conservation Monitagi Centre, 1996). This
conservation status provided a strong motivatiostioy the species as findings could

have important conservation implications.

1.5 Structure of this thesis

Chapter two presents data on the morphology, degfreexual size dimorphism, and growth
patterns inB. schneideri Given thatB. schneideris the smallest viperid, such information
can provide valuable insights into the evolutionestreme traits, and is also essential in
understanding other aspects of the species’ biokogi as population dynamics, energetics,
and reproductive biology. This chapter has beere@ed for publication by Journal of
Herpetology.

Chapter three investigates variation in activityttgga@s of my study population oB.
schneideri | present data collected using radio-teleme&ahhiques and field observations,
and investigate the relative importance of envirental cues and internal motivations on
patterns of activity. This chapter has been suleahifior publication to Journal of Arid

Environments.
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Chapter four investigates the spatial ecologyBofschneiderithrough the use of mark-
recapture techniques and radio-telemetry. Moreipaity, the chapter presents data on the
variation in daily displacement during differentasens. This chapter has been accepted for

publication by Copeia.

Chapter five uses mark-recapture analysis to estinp@pulation density, survival, and
recapture probabilities fd8. schneiderpopulations at two sites. The chapter also quastif
and discusses the contribution of emigration taveges of survival. This chapter has been

submitted for publication to Herpetologica.

Chapter six investigates the reproductive biolof oschneiderby estimating reproductive

frequency in the context of body size constraints law survival rates.

Chapter seven and eight provide insight into tHatike trophic position oB. schneideri
Chapter seven uses data on the abundance of peejesprollected using pitfall traps to
estimate prey availability. | also discuss the ioipe prey size and feeding frequency on the
evolution of the ability to consume relatively largneals exhibited by many ambush
predators. Chapter eight uses data published ititérature to assess the tendency for each
of the various bird species on my study site talfea B. schneidetiand quantifies the
abundance of these species at the site. | use tmessures to estimate the relative
importance of each avian species as potential pexlafB. schneideriChapter 8 has been
published in African Zoology (Maritz & Scott, 2010)

Finally, chapter nine critically assesses a readr@nge in the conservation status of the
species from Vulnerable to Least Concern, by piagica synthesis of how the separate
chapters integrate to elucidate the ecologyBofschneideri Additionally, this chapter

assesses the recognised threats facing the sjpedmescontext of its ecology.

1.6 The status quo

1.6.1 The Namaqua Dwarf Adddsjtis schneider(Boettger 1886)

Taxonomy Boettger (1886) describédipera Schneiderirom Angra Pequenig= Luderitz
Bay, Namibia). Later the species was synonymiseld Bitis caudalis before Haacke (1975)
finally recogniseitis schneiderias a full species on the basis of morphologicalatters.

Recent preliminary molecular data indicate tBatschneideris a valid species, but th&t
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caudalisis polyphyletic relative t@B. schneider(W. R. BranchPers. Comn). Research is
underway to ascertain the taxonomic statusBofcaudalisand B. peringueyi and their

phylogenetic relationships relativeBo schneider{A. Barlow, Pers. Comn).

Distribution - Bitis schneideriranges from Luderitz, Namibia, southwards to cdasta
Namaqualand (Broadley, 1983; Branch, 1998). Boy(f187) collectedB. schneiderfrom
the Oliphants River Settlement (3118CA). Receritlg, South African Reptile Conservation
Assessment (SARCA), using data from Broadley (198&®)ycott (1987), the CapeNature
database, as well as the SARCA Virtual Museum (URittp://vmus.adu.org.za/), showed
that the species occurs almost continuously albagcbastline, from Luderitz to the Olifants
River Settlement (Fig. 1.1). The distribution o&thpecies in Namibia is less well known.
Broadley (1983) describes the species as occusonth of the Luderitz — Aus road (26° 30°
S). It is also known from various scattered logaditsouthwards to Oranjemund (Broadley,
1983) and | have observ&d schneidernear the Boegoeberg Mountains (2715DD). Limited
access to the central parts of the Sperrgebietdsasgted in a dearth of locality data from this

area, although it does contain suitable habRatg. Obs.

Feeding -Several species of small vertebrates have beendexti the diet oB. schneideri
Broadley (1983) lists the geckd3achydactylus range{(as Palmatogecko ranggiand
Pachydactylus austenas well as an unknown frog of the gerreviceps(probably B.
macrop$ as prey items. Like othditis spp.,B. schneideris likely to be an ambush-forager
as foraging mode appears to be phylogeneticallgemed among snakes (Greene, 1997) and
the snake’s stout body form is typical of ambustaders.

Reproduction -Namaqua Dwarf Adders are viviparous, producing betwthree and seven
live young (Branch, 1998; Alexander & Marais, 2007)

Activity - Branch (1998) reports that Namaqua Dwarf Adderdileeé/ to be nocturnal.

Conservation MacLachlan (1978) listeBitis schneideras Rare (Restricted). Branch (1988)
listed the species as Vulnerable in South Afridae World Conservation Monitoring Centre
(1996) listed the species as Vulnerable on theslidssuspected population declines resulting
from habitat loss and exploitation. More recentbhmMever, the species has been re-evaluated
as Least Concern by the Southern African Reptilaséovation Assessment (Bates et al., In
Press), based on improved knowledge of the digtobuof the species and information

presented in this thesis.
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Figure 1.1: The distribution of Bitis schneideri at quarter degree square
resolution. Data from Broadley (1983), Boycott (198 and the CapeNature
and SARCA databases (see text for details). The staepresents the

approximate location of my study site.

1.7 Study site

All data were collected along coastal dune fieldgtee farm Noup, Northern Cape Province,
South Africa (30°08’S, 17°12’E). Noup forms partiémaqualand Mines and the De Beers
Diamond Route, but all dune habitats on the farenratatively pristine. My study site was
approximately rectangular in shape and approximat80 ha in extenfThe region receives
50 — 150 mm rainfall per annum, and coastal foffaguent (Cowling et al.1999). More
than 60% of annual rainfall falls during winter @eet, 2007). Temperatures are cool year-
round, ranging from a mean temperature of 14.3°@iirter to 18.2°C in summer (Desmet,
2007). The substrate primarily comprises recentatabus aeolian sands that form semi-
vegetated longitudinal dunes (Desmet, 1996; Des&nefowling, 1999). Vegetation is

succulent or sclerophyllous as is typical for Satdwhabitats along the coast (Mucina &
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Rutherford, 2006). Habitats on the farm compris® tmajor elements, semi-vegetated
aeolian dune fields, antoolia faranosadominated flatlands (Fig. 1.2). Although the spscie
is occasionally found in th&/oolia faranosadominated flatlands, it is more abundant in the
dune cordons. My search efforts were thus conceatren dune habitat which appears to

constitute a source area for populations.

Figure 1.2: Woolia faranosa-dominated flatlands (left), and semi-vegetated

aeolian dune fields (right) that made up the majotly of available habitat on

the farm Noup, Northern Cape Province, South Africa
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CHAPTER 2

MORPHOLOGY, SEXUAL DIMORPHISM, AND GROWTH IN THE SMLLEST
VIPERID, BITIS SCHNEIDER(REPTILIA: SQUAMATA: VIPERIDAE)

This chapter has been published as Maritz, B., andlexander, G. J. In Press.
Morphology, sexual dimorphism, and growth in the srallest viperid, Bitis

schneideri (Reptilia: Squamata: Viperidae). Journal of Herpeblogy.

Abstract — Species that exhibit extreme traitsmavide valuable insight into the
evolution of those traitBitis schneiderihas the smallest body size of all vipers,
reportedly reaching a maximum length of 254 mm. Selied size, sexual size
dimorphism, and growth in a population ®f schneiderfrom the Northern Cape
Province, South Africa to better understand theséstin the smallest viperid. We
weighed and measured 285 snakes (124 males, 1Qilefen®0 juveniles) over
three austral summers. We recorded a maximum beagth of 251 mm, and
body mass of 38 g. Mean adult female body lengd7 @+ 27.6 mm) was longer
than mean adult male body length (191.6 + 20.2 Mm)predicted, female snakes
were heavier bodied than males of the same lermgtt, shorter tails, and had
relatively larger heads. Growth rate was rapid diddnot appear to differ among
the sexes. Individuals reach mean adult body lengtpproximately 2.2 years,
and male snakes are likely to reach reproductivedyure size in approximately
10 months. We suggest that sexually dimorphic Srasve evolved primarily
through fecundity selection for females. Additidpalwe propose that the
evolution of small body size iBB. schneideriis a result of the selective
thermoregulatory, foraging, and predator avoidaadeantages gained by being

small enough to shuffle into sandy substrates.

2.1 Introduction

Organisms that exhibit extreme traits can be usedlucidate the selective pressures and
evolutionary processes that have driven biologilvetrsification (Secor & Diamond, 1998;

Hedges, 2008). The study of such organisms is fitverevaluable to science, especially in
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cases where those organisms are from geographmneegr phylogenetic lineages that are
understudied (Parker & Plummer, 1987; Shine & Cbeynl992; Webb et al., 2002a;
Hibbitts et al., 2005).

Bitis schneider{Namaqua Dwarf Adder) is a species of small vibsrniakes thahhabit arid
habitats along the west coast of southern AfricadBley, 1983; Branch, 1998). Adult snout-
vent length (SVL) is reported to reach 254 mm (Bhgnl998), makind3. schneiderithe
smallest viperid (Greene, 1997; Branch, 1998). Addally, the species is currently
classified as Vulnerable by the IUCN (World Consdion Monitoring Centre, 1996).
Accordingly, information regarding the biology dfi¢ species can inform studies of broad-
scale ecological and evolutionary questions reggrdither small arid-adapted viperids, as

well as conservation-oriented management decisions.

We quantified body size, size-class distributiomrpmology, sexual size dimorphism (SSD),
and growth rates for a population of free ranghgschneideriWe used these measures to
evaluate various candidate selective pressures rifegt have been responsible for the

evolution of small body size in this species.

Sexual dimorphism in snakes has been widely ingattd and reviewed (Shine, 1978, 1990,
1993, 1994; Fitch, 1981; Bonnet et al., 1998). Ehesiews have made several inferences
about the effects of overall body size on morphgialgtraits and SSD (Shine, 1993). Shine
(1993) and Madsen and Shine (1994) suggest thatlésnof smaller species are likely to be
larger than conspecific males. Conversely, Shi®®3) suggests that males are likely to be

larger than conspecific females in species whele-smale combat is common.

Although B. schneideriis reported to exhibit sexual dimorphism in tahdth (Broadley,
1983; Branch, 1998; Shine et al., 1998) and thee#egf sub-caudal scale keeling (Shine,
1993; Branch, 1998), these conclusions are basectignfew data fronB. schneideriand

inference from trends recorded for closely relagecies.

Previous research on SSD for other species of snpkevides a basis for predictions
regarding SSD irB. schneiderimorphology. (1) We expected femaBe schneiderito be
longer than males. Female snakes are generallgrldhgitn males, particularly in smaller
(Shine, 1978; Fitch, 1981; Shine, 1993; Shine, 13 viviparous species (Fitch, 1981;
though see Shine, 1993). Our observations suggatBt schneiderido not exhibit male-

male combat (see Shine, 1978). (2) Females shdstd e heavier than males because
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females are heavier bodied than males in most epdacluding the closely relatedl.

caudalis(Shine, 1994; Shine et al., 1998). (3) We expeatedes to have longer tails than
females of the same body length (Fitch, 1981; Kihg89), and female snakes to have
relatively larger heads than male snakes as obd@nather species (Shine ,1994). (4) Given
that sexual differences in head size and shapeareon to snakes (Shine, 1986; Shine,
1993), we expected to find differences between dbres for head characteristics with

females having broader heads.

Additionally, the small body size @&. schneiderindividuals suggests a relatively short life-
span. Accordingly, we predicted that individigalschneidershould exhibit rapid growth as
early maturation would be selected for in ordemtaximize life-time reproductive output
(Madsen & Shine, 1992).

2.2 Materials and Methods
2.2.1 Study site

We studied a population @. schneiderion the farm Noup on the Namaqualand Coast,
Northern Cape Province, South Africa (30°08; 17°12 E). The region receives
approximately 50 - 150 mm of rain per annum, butdemsation of coastal fog represents a
major input of water to this ecosystem (Cowlingaét 1999; Desmet, 2007). In general,
temperatures are determined by wind direction, wiminant southerly winds significantly
cooling day-time temperatures, and easterly windslycing hot, dry conditions. Summer
temperatures are mild (mean = 18.2 °C), while witémperatures are cool (mean = 14.3 °C;
Desmet, 2007)Bitis schneiderinhabits semi-vegetated, ocean-derived, aeoliad daposits

of varying depth. Vegetation structure and botdntcanposition are relatively homogenous
across the habitat in which the snakes occur. Ahoinglant species that significantly
contribute to vegetation structure includgium cinereumZygophylum morgsanaebeckia

sericea Ruschia robustaandCladoraphis cyperoides

2.2.2 Measurements and analysis

We actively searched for individu8l. schneideriover a period of 16 months during three
consecutive austral summers between September 20@7March 2010. On most days,
searching lasted between two and five hours (me&n8=hours.day). We captured 101
female, 124 male, and 60 juvenile (SVL < 140 mnaividuals, totalling 285 captures. All
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snakes were uniquely marked by ventral scale ¢lgppiVe measured SVL, tail length, and
mass of each snake. SVL and tail length were meddwy placing the anterior portion of the
snake into a transparent acrylic tube, and measisieg a ruler. Each snake was weighed to
the nearest 0.1 g using a digital field balancedifhally, a subsample of 54 individuals
were digitally photographed while resting on grg@iper and appropriately scaled in ImageJ
(Abramoff et al., 2004). From this subsample we snead head length (HL - straight line
distance from the angle of the jaw to the tip & #imout) and head width (HW - straight line
distance across the widest part of the head). \&&e cdlculated two secondary head metrics:
head area (HA: product of HW and HL) as an indexowérall head size, and head shape
(Shape: division of HL by HW) as an index of hebhdse: large values suggest longer heads,

small values suggest wider heads.

The degree of sexual dimorphism for each trait ealsulated by dividing the mean value
from the larger sex by the mean value from the lEnakx (Gibbons & Lovich, 1990). The

index for degree of sexual dimorphism was arbiyratesignated as positive when favouring
females. We compared adult SVL between males amdlés using a one-way T-test with
SVL as dependent variable and sex as the catebyqgredictor. Comparisons of head

characteristics relative to body length were mad®ray adult males and females using
analysis of covariance (ANCOVA). Comparisons of snard tail length were made relative

to body length and compared among adult males duid f@males using ANCOVA.

We also examined 22 road-killed individuals (13 @sal9 females) for the presence and
extent of keeling on subcaudal scales as desciibéke literature (Haacke, 1975; Shine,
1993; Branch, 1998). All analyses were performetatistica v. 6 (Statsoft, 2001). Results

were considered statistically significant for p.€%

We used growth data collected from 26 recapturattes (14 females, 12 males) to estimate
growth rates. We calculated the paramé&tewhich defines the shape of the Von Bertalanffy
growth function, using a Standard Forced Gulland Holt Plot (De Graaf & Prein, 2005).
The Von Bertalanffy growth function is known to gitowth patterns in snakes accurately and
has been frequently used in the literature for phigpose (Andrews, 1982; Plummer, 1985;
Webb et al., 2002a; Webb et al., 2003). We chosasgmptotic length of 264 mm for our
calculations as this value was 5% longer than dmgédst individual measured during our
study (Taylor, 1962; Pauly, 1981; Shine & Chan@92).
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2.3 Results

Snout-vent length measured from 285 wild-caughtviddals ranged from 96 mm to 251
mm and mean £ SD adult SVL (individuals with SVI140 mm) was 198.7 + 25.0 mm (Fig.
2.1). Body mass ranged from 2.5 g to 35.5 g andnme&8D adult mass was 15.8 + 6.3 g
(Fig. 2.2). Length and mass did not regress ligeavith adult snakes (particularly females)
becoming disproportionately heavier as they gaindength (Fig. 2.3).
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Figure 2.1: Length-class distribution for 285 Bitis schneideri measured
during our study, over three austral summers betwee September 2007 and
March 2010.
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Figure 2.2: Mass-class distribution for 257Bitis schneideri measured during
our study, over three austral summers between Septder 2007 and March
2010.
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Figure 2.3: The relationship between mass (g) andv& (mm) for 56 juvenile (A),

92 adult female @), and 109 adult male ¢) Bitis schneideri. Fitted lines represent
power relationships for juvenile (Mass = 0.0001 x\A_2.16), adult female (Mass =
0.00001 x SVL2.67), and adult male (Mass = 0.0000&VL??") Bitis schneideri.
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Predictions regarding sexual size dimorphisnBinschneideriwere supported in all cases
(Table 2.1). Mean + SD adult SVL was greater indta (207.4 = 27.6 mm) than males
(191.6 = 20.2 mm; ANOVA: F 3= 24.37; P < 0.001). Analysis of covariance indichathat
the slopes of the regressions of tail length on $Vleach sex were parallel, and that tail
length was longer in males than females of the shody length (ANCOVA: Fj 22, =
287.78; P < 0.001, Fig. 2.4). The slopes of theaggons of mass on SVL in each of the
sexes were not parallel, precluding us from repgrtihe main effects of the ANCOVA.
However, the differences in slopes (females: m220males: m = 0.15) showed that female
shakes were heavier than males of the same bodyhlehhe slopes of the regressions of
each of the head metrics (HL, HW, HA, and HS) onLSY each sex were parallel.
Differences in head length (ANCOVA: F35= 3.70; P = 0.063) and head width (ANCOVA:
F 1 35= 3.54; P = 0.068) were not statistically significabut head area was significantly
greater in females than males of the same lengNC@VA: F ; 35= 6.13; P = 0.018). Head
length and head width increase proportionally (B&ais R = 0.94) indicating that head shape
changes little with increasing size. Head shapendidvary among sexes (ANCOVA:1Fs5=
0.00; P~ 1.00).

Table 2.1: Mean measures of morphological traits (@an £ SD (N)), degree of
SSD (Gibbons and Lovich, 1990; positive for femalesiegative for males),
and statistical test of significance foBitis schneideri.

Adult Trait Males Females Degree of SSD P
SVL (mm) 191.63 + 20.25 (124) 207.40 £+ 27.60 (101) +1.08 <0.001***
TL (mm) 24.35+3.54 (124)  19.12 +3.37 (101) -1.27 <0.001***
HW (mm) 13.85 +1.32 (16) 14.98 +1.73 (22) +1.08 0.068
HL (mm) 16.51 + 1.35 (16) 17.66 = 1.63 (22) +1.07 0.063
HA (mm?)  230.08 +39.88 (16) 266.79 +50.14 (22) +1.16 0.018*
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Figure 2.4: The relationship between SVL (mm) and @il length (mm) and
for 64 juvenile (A), 103 adult female ¢), and 120 adult male ¢) Bitis
schneideri. Fitted lines represent straight lines regressionsor juvenile (TL =
0.076.SVL + 3.12), adult female (TL = 0.083.SVL +.@0), and adult male (TL
= 0.095.SVL + 6.57Bitis schneideri.

Examination of the preserved specimens confirmad gbbcaudal keeling is more extensive
in females than males. Subcaudal scales of fenamkekeeled along the length of the tail

while those of males are keeled along the posteatironly.

Growth rate is size dependent and decreases vatbasing SVL (Pearson’s R = -0.69). We
detected no sex effects on growth rate (ANCOVA§= 0.97, p = 0.34), though this may
have resulted from the poor statistical power tesylfrom small sample size. The slope of
the regression adSVL/dT against asymptotic length minus mean SVL (Fi§) 2ielded an

estimatedK = 0.0012 day or 0.438 yeat. The predicted theoretical growth trajectory
showed that, on average, snakes reach mean adiyltldnagth of approximately 200 mm at

approximately 2.2 years of age (Fig. 2.6).
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Figure 2.5: Standard Forced Gulland and Holt plot, showing change in
growth rate with SVL. The slope of the regressionithe forced through the
origin (0.0012 day') and represents the parameter K in the Von Bertalaffy

growth function.
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Figure 2.6: Standard Forced Gulland and Holt plot, showing change in
growth rate with SVL. The slope of the regressionithe forced through the
origin (0.0012 day') and represents the parameter K in the Von Bertalaffy

growth function.
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2.4 Discussion
2.4.1 Body size

Our data confirmed th&. schneideris the smallest viperid, with maximum length nkely
to significantly exceed 254 mm, and body mass rRoeeding 38 g. Small body size in this

species may be the result of several selectivespres, which may not be mutually exclusive.

Firstly, several studies have demonstrated thdtssim body size (in both directions) of
insular snake populations can be attributed toatians in the size of available prey items
(Boback, 2003; Keogh et al., 2005). Small body s$iz®&. schneiderimay also have been
driven by this selective pressure. Field obserwatiat our study site suggest that there is a
gap in prey size distributions (small reptilian ardphibian prey items are common, but the
dominant rodenOtomys unisulcatuss relatively large (100 - 150 g), smaller rodspecies
are rare, and there are few prey items betweendtddl00 g). Thus the small body size of
B. schneidercould be the result of a shift towards the smditety size of prey species. It is
important to note that within thB. caudaliscomplex, mean adult body size appears to

increase with increasing aridity (Shine et al.,8)99

Secondly, the scarcity of prey in arid environmédrds also been postulated to have resulted
in a dietary shift inEchisfrom vertebrate to invertebrates, often to aneswer degree (e.qg.,
Echis coloratusandE. pyramidium Barlow et al., 2009). Our observations have redected
any such shifts in the diet &. schneiderilt is therefore possible that a reduction in body

size may represent an alternative solution to tbblpm of reduced food availability.

We propose an alternative hypothesis for the emsiubf small body size iB. schneideri
small body size provides physiological and ecolaljadvantages when burying into sandy
substrates. The ability of a snake to bury its body below the surface of the sand substrate,
as B. schneideridoes, has evolved independently on several occasiorarid adapted
viperids, often with morphological correlates (fhlacement of the eyes &fitis peringueyi
and Cerastes viperaocular decorations such &itis caudalis Cerastes ceratesnd C.
gasperetli. This capacity appears to also be correlatedhallsbody sizeBitis schneideri
andB. peringeuyiare the two smallest species within the gedesastes viperas smaller
than its congenersEristocophis macmahonis generally smaller than closely related
Pseudocerastespp., andCrotalus cerastess small relative to most of its congeners. Within
the morphologically similar elapid genuscanthophis A. pyrrhus is smaller thanA.
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antarticusor A. praelongusWe suggest that large body size may hinder tfeetfe use of
this microhabitat in two ways. Firstly, large snslkeve difficulty in burrowing into densely-
packed aeolian sand, due to mechanical constr&@etsondly, the range in sub-surface soll
temperatures decreases very rapidly with depth (Deth & Norman, 1998), effectively
prohibiting large, thick-body snakes from achieviagget temperatures as the ventral body
parts would be in contact with cold sand througtibatdiel cycle.

Near to the surface, the subsurface thermal prpfiwides a favourable microclimate for an
B. schneideriit is warmed by incident radiation during the dajiowing small snakes to
warm to target temperatures without being exposed provides a buffered thermal
environment that can maintain heat loads into trenimg when air temperatures decrease.
Thus, small bodied snakes can easily and effegtivedrmoregulate while remaining hidden
by burying below the surface. Remaining buriechimm $and is also an ideal ambush position.

2.4.2 Sexual dimorphism

We found that femal®. schneideriare larger and more heavy-bodied than males. Fesmal
also have larger heads but males have long tallesd sexually dimorphic trends are
common among snakes and have generally been &ttidto three suites of selective
pressures: sexual selection, natural selection, #ewdindity selection (Shine, 1993).
Unfortunately, teasing apart the determinants ofuaky dimorphic traits is difficult
(Katsikaros & Shine, 1997). While our study hashtighted various sexually dimorphic
traits in B. schneideri our data do not allow us to confidently attribuusality to these
traits. However, given that sexual dimorphismBnschneideriappears to fit trends from

other studies, we agree with the standing hypothpsmposed for other snake species.

Females of many species of snakes are relativalyeloand heavier-bodied than conspecific
males (Fitch, 1981; Shine, 1993; Shine et al., 19%98is difference is likely a result of

fecundity selection, whereby larger females tendotoduce larger clutches (Semlitch &
Gibbons, 1982). This selection is especially imaotrtin small species where reproductive
output is limited by body-size constraints (e.gedges, 2008) and is likely the selective

pressure that has maintained sexual dimorphismdly kize inB. schneideri

Sex differences in tail length (relative to SVLeaommon in snakes, particularly among
lineages with relatively short tails (King, 198%i&e, 1993). King (1989) suggests three
alternative hypotheses regarding the evolutionexiual dimorphism in tail length. Two of
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these, fecundity selection for a more posteriorcgtaent of the cloaca in females, and
morphological constraint of housing the hemipenes$ associated musculature in males, are
relatively well supported by King's review of colitb snake morphology. The third
hypothesis, that increased tail length in males isesult of a mating advantage during
courtship, is unlikely to be important in snakesthwrelatively short tails such aB.
schneideri and where male combat does not appear to ocaug. (K989) also demonstrated
that the hemipenes and associated musculature oqake greater proportion of the tail
volume in species with relatively short tails. dtpossible that morphological constraint has

resulted in the evolution of longer and thickelstam male individuals.

Changes in tail morphology of males appear to Be@ated with maturity, with juvenile tail
morphology exhibiting similar traits to females dFi2.4). Tail length in males appears to
increase rapidly at body lengths approximating migtuT his suggests that increased growth
at the base of the tail to house the hemipenes taiklys place at maturation. Since these
tissues have a different temporal (and possiblytiapaorigin, it may explain the lack of

subcaudal keeling in the anterior part of the ntale

Differences in head size relative to body lengtlrevalso expected (Shine, 1993). Shine
(1991) reviewed head size dimorphism in snakesfaodd that 47% of the 114 species
examined showed sexual dimorphism in head lengtlne@lly such differences are
interpreted as the result of differences in dietsvieen the sexes (Shine, 1991), although this
need not always be the case. Shine and Crews (t@#8ynstrated that differences in head
size among male and female Red-sided Garter Sn@Kesmnophis sirtalis parietaljs
resulted from changes in growth associated wittagahhormone secretion. Thus differences
in head size among sexes may result from changesrmonal production resulting from

some other cause and may not necessarily be faadiiiaelated to diet specialization.

We were unable to test for differences in diet agneexes due primarily to the infrequent
feeding occasions for which we have data. Ecoldgidéerences in prey size (or prey size
range) would provide interesting insight into tlwelegy ofB. schneideriAn analysis of the
gut content of museum preservilis caudalisshowed that female snakes were more likely
to feed on mammalian prey (Shine et al., 1998%. ossible thaB. schneiderfemales share
this propensity because of the ecological simiesiand phylogenetic proximity between the

two species.
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Sex differences in relative head size have beeeactsst among juveniles of some species
(King et al., 1999), though we were unable to festhis trend among juveniles because of
the difficulties involved with sexing juvenile srexk and the relatively small number of

neonate snakes that we captured.

2.4.3 Growth

Our growth data suggests that individial schneiderigrow very rapidly and are likely to
reach mean adult body length 200 mm) at approximately 2.2 years of age. Thmdifig is
supported by the bimodal distribution of body ldrsy{Fig. 2.1). This pattern can easily be
explained by rapid growth if data were collectetiyaturing one season. Our estimated value
for K (0.438 yeal) was similar to other estimates Kf for other snake species in the
literature (Shine & Charnov, 1992; Webb et al.,200Webb et al. (2002a) demonstrated that
Acanthophis praelongusom tropical Australia grows rapidly and matuisckly despite
the ecological expectations resulting from the gtofl congeners (Shine, 1980) and other
ambush predators (Webb & Shine, 1998). Unfortugated do not have direct data on age at
maturity in B. schneideri However, Andrews (1982) demonstrated strong adloin
relationships between mean adult SVL and SVL atuntst for snakes. This allometric
relationship suggests that males and femBleschneiderishould reach sexual maturity at
approximately 150 mm and 170 mm SVL respectivelyr @rowth data suggest that males
and femalesare reaching these reproductive lengths at appedeig ten and 15 months
respectively. These estimates are much shorter tth@se for other viperid species. Shine
(1980) reports mean age of maturation for femafesight species to be 44.3 months. Our
data also suggest that males are likely to be #gxomature by one year of age and could
breed during the first mating season of their liv&gice large snakes tend to be longer-lived
than small snakes, and larger species tend to laager reproductive output (Dunham &
Miles, 1985), we propose th&t schneiderihas evolved rapid growth as a mechanism of

increasing total lifetime reproductive output.

Our data suggest thBt schneideris very small snake that exhibits typical sexuaiatphic
traits that have probably been shaped by the salaetive pressures that are acting on other
snake species. Our data also suggestBhachneideriexhibits very rapid growth and that
such rapid growth has evolved in order to maxiniatel life time reproductive output, in the

face of size constraints. Future studies into tiebogy and evolution oB. schneideriand
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other southern African snakes have the potentiaprwvide a valuable contrast to the
northern-temperate dominated literature regardiade biology (Cottone & Bauer, 2009).
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CHAPTER 3

SEASONAL VARIATION IN MOVEMENT PATTERNS OF AN ARIDADAPTED
VIPER FROM SOUTHERN AFRICA

Abstract — The timing of bouts of movement by agamism is important as it
affects benefits and costs during phases of moveriWéa investigated variation
in the timing of movement in a population of Namadgbwarf Adders Bitis
schneiderj using radio telemetry and field observations. \Weasured the
proportion of individuals that were moving at difat times of the day, at
different times of the year, and relative differemcbetween sexes. We also
assessed the degree to which environmental vasighble temperature, relative
humidity, atmospheric pressure, and wind speededaamong encounters with
moving and non-moving snakes. Telemetry data shawatisnakes were more
likely to move during the day-light hours, with agk in movement during the
late afternoon. Our field observations revealed Bemaqua Dwarf Adders show
seasonal variation in movement, moving more fretjyeduring spring months
than during other seasons. This finding was suppobly data from telemetered
snakes that showed that snakes move between 93%B080df days depending
on their sex and the season. Principal componaiysia showed that movement
was linked more closely to environmental conditich#ing winter, than in
summer or spring. Our data also show that environaheonditions had a far
greater influence on movement during winter, whenditions were generally
less suitable for movement. We hypothesise that dhserved variation in
movement patterns at all temporal scales is theltre$ the selective pressure

imposed by the costs of activity during sub-optimayironmental conditions.

3.1 Introduction

Movement (displacement from one location to angtheas important implications for
organisms and is necessary for most aspects af bi@ogy (Nathan, 2008). As a result,
studies of the timing of bouts of movement helpcilate the ecological pressures

experienced by organisms (Bonnet et al., 1999)thadevolutionary history of the species
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(Luiselli, 2001). This information is also essehtiar understanding the life-history and
ecology of organisms, and thus developing adeqoatservation and management plans
(Dodd et al., 2004). Yet despite its importancey &udies (Alexander, 1997; Alexander &

Marshall, 1998) have measured the timing of botitm@vement in African snakes.

The decision to move represents the trade-off betwihe advantages of moving at a
particular time, and the cost associated with thatement (Metcalf et al., 1999). Thus, it is
not surprising that many organisms vary the timaidoouts of movement to maximise the
associated benefits and minimise costs. For exampay organisms limit foraging activity
to night-time hours to reduce the risk of predatitom diurnal predators (Metcalf et al.,
1999), while others avoid heat stress and riskesiatation during the hottest hours of the

day by moving at night (Walsberg, 2000).

For many organisms, environmental conditions camstain the timing of movement. In
extreme cases, environmental conditions may lifnéses of movement to a few months in
the year. At broad temporal-scales variation intiiméng of bouts of movement are observed
as seasonality, while variation at short tempocales is conventionally classified as
nocturnality, diurnality or crepuscularity. Assessih of variation in observed patterns
reveals the interplay of factors influencing movemand the mechanisms that result in the
observed patterns. This provides a framework fatesstanding other aspects of ecology and

evolution, which, in turn, allows for the developmef effective conservation management.

We investigated the patterns of movement of a smaaidl-adapted viperid from southern
Africa, Bitis schneideriBecausa. schneideris an ambush predator, quantifying the degree
to which resting time and foraging time is partial is impossible (resting positions and
ambush positions are indistinguishable). We theeefovestigated the timing and frequency
of movement, rather than activity patterns in gahe3pecifically we aimed to investigate 1)
what time of dayB. schneiderindividuals are most likely to move, 2) whettigrschneideri
exhibits seasonal or sexual variation in the fregyeof movement, and 3) to what degree are
patterns of movement related to environmental deondi and food availability. In
accordance with the ecology of most temperate enment snake species, we predict that
patterns of movement will show seasonal variatisspaiated with environmental suitability,

as well as sex-based differences associated witingnaehaviours.
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Given the biological uniqueness and general lackaohal ecological understanding of the
Succulent Karoo Biome to whicB. schneideriis endemic, as well as the conservation
concerns regarding the species, our results hapertamt implications for understanding and

managing arid-adapted species in the region.

3.2 Methods
3.2.1 Study animal

Bitis schneideriis the smallest viper. It is arid-adapted and intisaboastal dune systems
along the southern Africa west coast (Broadley 3l®anch, 1998). Although it is currently
listed as Vulnerable by the IUCN (Branch, 1988; WdConservation Monitoring Centre,
1996), recent evaluations suggest that its conservatatus is likely to change to Least
Concern in the future. Like most other viperis, schneideris an ambush predator and
individuals thus tend to be relatively sedentarynpared to actively-foraging species.
Although it is not known which factors influence wement, risk of avian predation may be
important (Maritz & Scott, 2010).

3.2.2 Study site

Our study site falls within the Succulent Karoo B® (Mucina & Rutherford, 2006) of

southern Africa, one of two globally-recognisedidabiodiversity hotspots (Myers et al.,

2000). All investigations took place on the farmugd30° 08’ S; 17° 12’ E), Northern Cape
Province, South Africa. The study site receives lgmn 150 mm rainfall per annum, but
coastal fog is frequent (Cowling et al., 1999). Bltinan 60% of the annual rain falls during
winter (Desmet, 2007). Temperatures are cool, rapgiom a mean temperature of 14.3 °C
in winter to 18.2 °C in summer (Desmet, 2007). Thebitat in the area is relatively

homogeneous and consists primarily of semi-vegétalengitudinal aeolian dunes,

dominated by sclerophyllous shrubs and succuléhigifia & Rutherford, 2006).

We collected data on the timing of movement by NauaaDwarf Adders using two
approaches. We used data collected from 585 hduesctove searching for snakes, and
supplemented these with data collected from 37 eséited with miniature radio-frequency

transmitters.
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3.2.3 Field surveys

We surveyed (active searching by at least one expaxd observer, for at least one hour) the
study site on 350 occasions, between October 26@7Jaly 2010, in search of Namaqua
Dwarf Adders. Survey effort was biased toward warmenths: September (37 surveys),
October (43 surveys), November (65 surveys), Deeer(db surveys), January (23 surveys),
February (45 surveys), and March (52 surveys). Hewewe were also able to conduct
surveys during the months of April (4 surveys), Maysurvey), June (20 surveys), and July
(15 surveys). No surveys were conducted during Audgsurveys were conducted at various
times throughout the day, but primarily during tmerning (generally between 08:00 and
11:00) and afternoon (generally between 15:00 a@d0) when the ambient lighting

conditions were best for detecting snake track® ffacks left by Namaqua Dwarf Adders

are unique and are easily differentiated from oflyeitopic snake species.

During each survey we recorded the number of olesgrthe duration of the survey, and the
number of snake tracks observed during each surSeyxe wind speed was likely to
influence the persistence of tracks, we also resmbndind speed at the start of each survey
using a Kestrel 4000 hand-held weather meter (Kksaters.com). Whenever a snake was
encountered we recorded the time of day and thavi@lr (moving, resting/ambush) being
exhibited. We also recorded the shaded air temperatt ground level (°C), wind speed
approximately 1 m above the ground (), selative humidity (%), and atmospheric pressure
(hPa) using a Kestrel 4000 hand-held weather meter.

3.2.4 Radio telemetry

We actively searched for and captured 37 aBulschneiderifrom the study site for radio
telemetry work. Transmitters (BD-2NT, Holohil Syste Limited) were attached using a
cyanoacrylate adhesive to the dorsal surface o$nlages slightly anterior to the tail, so that
the 140 mm whip antenna trailed behind the snake.uégéd small, lightweight transmitters
(0.55 g) because of the small body siz&8oschneider(mean adult snout-vent length = 200
mm; Maritz & Alexander, In Press-a) and thus wémgtéd to short battery lives (21 days at
40 °C; according to manufacturer specificationg)céxdingly, telemetry work was limited to
three sessions during spring (October 2009), sun{becember 2008 - January 2009), and
winter (July 2010; see Maritz & Alexander, SubmijteAll telemetered snakes were released

at point of capture within seven days of capturactEsnake was located daily using a
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Communications Specialist R1000 handheld receiver Zrelement Yagi antenna. During
each encounter we recorded the time of day andémaviour (moving, resting/ambush)
exhibited by the snake. We also recorded the locatf each snake using a handheld GPS
(Garmin eTrex Datum WGS 1984), and marked each location witnge flagging tape.
Finally we measured shaded air temperature at gréawel (°C), wind speed approximately
1 m above the ground (i) relative humidity (%), and atmospheric presqtfa) using a

Kestrel 4000 hand-held weather meter.

3.2.5 What time of day dod&. schneidermove?

For logistic reasons, our field observations weranarily limited to day-time hours.
However, night-time searches never revealed actimakes, and only once did we
incidentally locate an active individual at nightrfale during spring). Conversely, 10.7 % of
all radio-telemetry observations during day-timeifsowere of active snakes. Moreover, our
study site frequently receives strong winds durafiggrnoon hours, but still evenings. On
mornings following such conditions, we rarely engtaued snake tracks. These observations
strongly suggest that Namaqua Dwarf Adders are tila@ly to move during day-time hours.
In order to assess variation of activity within eaye hours, we plotted the proportion of
snakes that were active during observations madeakes fitted with radio transmitters.
Visual inspection of these data suggested littigatian in the timing in movement between
seasons. We therefore pooled the data for all sgeasworder to estimate overall variation in
diel activity.

3.2.6 DoesB. schneiderexhibit seasonal variation in movement?

To assess the relative amount of movement in esa$os we compared the relative number
of tracks observed (tracks.observer®ur’) during field surveys. We pooled the data into
four three-month seasons (spring — September toemdber, summer — December to

February, autumn — March to May, and winter — JimeAugust) and compared track

abundance during each season using analysis ofiaoga with wind speed included as a
covariate. Additionally we calculated the propamtiof observations of telemetered snakes
that were active when observed, and compared thesess each of the three telemetry

seasons usingf analysis.
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3.2.7 DoesB. schneiderexhibit sexual variation in frequency of movement?

We calculated the proportion of days during whielernetered individuals moved (total
number of days with movement of more than 2 m digidby the total number of days of
observation), during each telemetry session andpeosa this measure (after arcsine

transformation) between sexes and seasons usittgigh@nalysis of variance.

3.2.8 To what degree are patterns of movement relatesht@onmental conditions and

prey availability?

We investigated the degree to which environmeraailables influenced movement patterns
separately for each season using Principal Compen&nalysis (PCA) to distil the four

measured and auto-correlated environmental vagatdevn to two principal components
(PC1 and PC2). We then compared mean principal ooemd vector for telemetered

individuals that were active or not active wheneskied using Student’s T-test. Additionally,
we correlated mean estimated prey encounter rages Chapter 7) with a proxy for snake
movement (track abundance) to investigate the éeigrevhich movement is correlated with

prey availability.
3.3 Results

3.3.1 What time of day does B. schneideri move?

The likelihood of a Namaqua Dwarf Adder being agtivas not even through the day €
895.33, p < 0.001; Fig. 3.1). The proportion of DwAdders active during telemetry
observations was generally low (8%). Although leditby sample size, observations during
the middle of the day suggest that snakes may nesgefrequently during the hottest part of
the day.
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Figure 3.1: Proportion of telemetered snakes that are moving when

observed at different times of the day.

3.3.2 Does B. schneideri exhibit seasonal variation invatoent?

Our analysis of the prevalence of Namaqua Dwarfekddacks varied significantly across
seasons (ANCOVA: gass = 22.69, p < 0.0001, Fig. 3.2). Tukey HSD test dmnificant
differences showed higher levels of movement dusipigng. Observations of radio-tracked
snakes over three seasons mirrored these findihwg#ng spring, snakes were more likely to
be active when observed (22%), than during sumfé) (or winter (7%° = 13.77, p <
0.001).
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Figure 3.2: Relative Activity Index showing weightd mean seasonal activity
levels estimated from the encounter of tracks. TukeHSD test for significant
differences shows that activity in spring (Septembe October, and

November) is significantly higher than all other sasons.

3.3.3 Does B. schneideri exhibit sexual variation in fregcy of movement?

The proportion of days during which male and fensekes moved varied significantly
across seasons and sexes (ANOVAsfy= 5.26, p = 0.01, Fig. 3.3). Tukey HSD post-hoc
analysis revealed that during spring, males (93418% of days) moved significantly more
often than females (64.9 + 5.6%). However, thereew® significant differences between
males and females in summer (males 67.1 + 5.6%alés166.5 + 4.5%) or winter (males
50.9 + 6.1%; females 29.0 £ 7.9%).
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3.3.4 To what degree are patterns of movement relatesht@onmental conditions and

prey availability?

In each season, the four measured environmentables could be distilled down to two
principal factors. In all cases, PC1 was dominatethe effects of air temperature and
relative humidity, while PC2 was composed primaofywind speed and atmospheric
pressure (Table 3.1). The degree to which actoatyelated with environmental variables
differed across seasons. During winter, mean al@domponent vector for PC1 and PC2
were significantly different between observatiohsnoving and non-moving snakes (Table
3.1). During spring, mean principal component veto PC1 was significantly different
between observations of moving and non-moving snékable 3.1) but not significantly
different for PC2. During summer, the mean princgeanponent vectors for observations of
moving and non-moving snakes were not significadifferent, although differences in PC1

were nearly significant (Table 3.1).

45



Variation among Relative Activity Index for summagtumn, and winter was negatively
correlated prey availability (r =-0.099; p = 0.038ch that periods of little movement (and

possibly frequent ambush behaviour) are assocvaitbchigh levels of prey availability.

Table 3.1: The factor coordinates of each environnmal variable to principal
components one and two, for each radio telemetry ason, as well as F test
statistic for the comparison of each principal compnent between active and

non-active snakes.

Spring Summer Winter

Variable PC1 PC 2 PC1 PC 2 PC1 PC 2
Air temperature 0.857 -0.369 0.893 0.321 -0.939 -0.108
Relative humidity -0.901 0.071 -0.923 0.171 0.894 -0.024
Atmospheric pressure -0.622 -0.067 0.260 -0.713 0.675 -0.261
Wind speed 0.373 0.909 -0.069 -0.816 0.099 0.975
F 8.240 0.899 3.654 0.280 13.283 5.047

p 0.005* 0.344 0.056 0.596 <0.001* 0.026*

3.4 Discussion

Our analyses demonstrate that the activity pattefiMéamaqua Dwarf Adders vary over the
course of a 24 hour cycle, between seasons, ameéetsexes. Additionally our analyses
demonstrate that bouts of activity are more strprglrelated with environmental conditions

during winter, suggesting that it may be constrdidering this season.

Our field observations, coupled with our observadicof telemetered snakes show that
Namaqua Dwarf Adders exhibit a peak in activity idgrthe late afternoon. This pattern
occurred across spring, summer and winter seasaggesting that the ecological pressures
that drive it also do not vary seasonaByjtis schneiderhas traditionally been considered to
be nocturnal (Branch, 1998), but this is based amiyfew, anecdotal observations and
activity patterns of related species. Given thatriost closely related speci® €audali3 is
generally nocturnal (Shine et al., 1998; DeNardalgt2002) and reduces activity levels in
response to low ambient temperatures (DeNarda,e2@02), it is possible th&. schneideri
has become secondarily diurnal, shifting to diutpah response to the cool coastal deserts

of western southern Africa, where low night-timmperatures are not conducive to activity.

Compared to larger congenerics, Namaqua Dwarf Adaeve relatively frequently. Mak.

schneiderimove on a nearly-daily basis during spring, andiga data for females in spring,
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and males and females in all other seasons sutiggstnakes move on approximately two
days out of every three (59.8 + 18.3%). This catgratrongly with activity levels of Gaboon
Adders B. gabonica that move on approximately only 10% of days (Veéayr2009). Secor
(1995) showed that Sidewinder Rattlesnakeoialus cerastes arid-adapted viperids from
North America, move on approximately 32% of dayauadly, with a maximum of 60% of
days during their active season. Conversely, adtiveging snakes are known to exhibit
much higher frequencies of movement, with individuaf arid-adapted species such as
Masticophis flagellunmoving on approximately 75% of days (Secor, 198wever not all
ambushing viperids exhibit low movement frequencharshall et al. (2006) demonstrated
that Eastern Massasaug&ssfrurus catenatyssmall new-world viperids, moved relatively
frequently ¢ 76% of days). Thus our estimates of movement #aqy are within the

recorded range for ambush foraging viperids.

The level of movement exhibited by Namaqua Dwarfdé&d varied significantly across
seasons. There was an obvious increase in the muofibteacks observed during spring
months, a pattern that was supported by telemedts, showing that snakes moved more
during spring than in other seasons. Moreover, mabkes were more likely to be active
than female snakes during spring months. All of @oservations (N = 4 pairs) of copulating
Namaqua Dwarf Adders were made during the montatbber, supporting the notion that
increased male movement in spring is linked to msataching. The observed pattern of
increased movement frequency in spring by malesiisored by an increase in the mean

distance moved during these periods (Maritz & Atedex, In Press-b).

Namaqua Dwarf Adders maintained a surprising lesfebctivity during winter. In fact,
snakes even continued feeding during winter mofWesssels & Maritz, 2009). While winter
activity in snakes from sub-tropical latitudes @ mncommon, many other more temperate
species in southern Africa are thought to fastuglhothe winter months (Phelps, 2010). The
general aseasonality of Namaqua Dwarf Adder biology be due to the mediating effect of

the Benguella Current off the west coast of SoufticA.

Given the extent to which the behaviour of orgasisi® governed by environmental
constraints, we expected variation in movementléetebe influenced by external factors to
a greater extent than we recorded Borschneideri During spring months, movement was
related to a change the principal component assaciaith air temperature and relative

humidity. A similar, although not statistically sifjcant, pattern was seen in summer.

47



However, during winter, movement was related tonificant changes in both principal
components, indicating that movement is restrictadre directly by environmental

conditions, even though activity levels are simitatevels in the other seasons.

Our data support the idea of activity being modadaty an array of ecological pressures. It is
well known that high levels of activity make an angsm vulnerable to predation (Gerritsen
& Strickler, 1977). Additionally, reduced predatiask resulting from infrequent movement
may be one of the potential pressures that hawdtedsin the evolution of ambush foraging.
However, movement frequency can also be up-regutht®eugh a need to find novel suitable
ambush sites (Tsairi & Bouskila, 2004), alternatithermal conditions (Webb & Shine,
1998), and to avoid being detected by olfactorgmted predators and prey (Burghardt,
1990; Downes & Shine, 1998; Kats & Dill, 1998). Queasures of movement frequency are
high compared to some other ambushing viperidsmduspect that this is likely a result of
a combination of these factors. Seasonally, agtiletvels can also be up-regulated by
motivations such as the need to mate. The largease in movement frequency exhibited by
males, and concomitant observations of copulatibumgig spring provides clear evidence of
this motivation in our study system. Additionalthe relatively low movement frequency of
females during spring supports the idea of predatisk modulated down-regulation of
movement frequency. Finally, our analysis suggdéisés overall movement frequency is

constrained by environmental conditions, but ordyiously so during winter.

Our experimental design was limited by the rangd&iroés at which our observations took
place since we were only able to track snakes duleylight hours. However, we do not
believe that this logistic impediment greatly regldiche explanatory power of our data. We
were able to integrate prevailing weather condgiomth snake track counts, and with
opportunistic observations, to be confident thamidgua Dwarf Adders were not often active
during the night. Moreover, the use of radio-teleroetechniques provided an unbiased
assessment of activity patterns during the day uscaf the high detection probability
associated with locating marked animals. Accordinge are confident that our measures

accurately describe activity in Namaqua Dwarf Adder

Our study demonstrates that the timing of boutsnolrement vary at different temporal
scales. The observed pattern of movement overlgdaile was common to all seasons and
similar to the pattern in environmental thermal ditions over this period, suggesting that

movement at this fine temporal scale may be moddlaly environmental conditions. At a
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seasonal scale, however, environmental constrapgsar to have a weaker effect on activity
— only during winter (when we expect the availapilbf suitable thermal conditions to be
constrained) did we find a strong relationship kestvenvironmental conditions and activity.
Rather, variation in internal motivations to mowpecifically mate-searching behaviour,

appears to drive such broad-temporal scale vaniatiosnovement patterns.

The diurnal activity pattern shown B/ schneiderin our study provides evidence that the
biology of arid-adapted organisms may be modified the proximal, prevailing
environmental conditions. AlthoudB. schneideribccurs in a desert environment, prevailing
temperatures in its range are greatly moderateddacdeased due to the proximity to the
Atlantic Ocean and Benguella Current. We postulade the atypical diurnal activity pattern
shown byB. schneideris a derived condition and is a direct responsthése conditions.
Furthermore, we predict that similar responses beagxpected in other species that occur in

close proximity to this coastline.
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CHAPTER 4

DWARFS ON THE MOVE: SPATIAL ECOLOGY OF THE WORLD'SMALLEST
VIPER, BITIS SCHNEIDERI

This chapter is published as Maritz, B., & Alexande, G. J. In Press. Dwarfs on

the move: spatial ecology of the world’s smallestiper, Bitis schneideri. Copeia.

Abstract — Namaqua Dwarf AdderBiijs schneidedi are small viperids that inhabit
sandy coastal habitats within the Succulent Kara® in southern Africa. Their
ecology, and the faunal ecology within the regiorgéeneral, is poorly documented,
hampering effective conservation planning for thiediversity hotspot. We used
radio telemetry to investigate the spatial ecolofyg population oB. schneideriWe
measured mean daily displacement (MDD) of 19 matk 28 female snakes during
the austral spring, summer, and winter. We also peved mean squared
displacement from centre of activity range (MSDime@asure of home range area, for
males and females between the three seasons.yfimalcompared MDD of another
60 individuals collected using mark—recapture témpines. In general, snakes did not
move great distances. Males moved further durifg47.3 + 3.9 m.daj) than
during summer (3.3 + 4.5 m.ddyor winter (3.0 + 5.0 m.da}). Female MDD did
not vary significantly across spring (6.4 + 4.6 ayd), summer (2.7 + 3.7 m.ddy,

or winter (0.8 + 6.5 m.da}), nor was it different to the MDD of males during
summer and winter. MDD in the mark-recapture grdigp not differ among adult
males, adult females, or juveniles. Home range astimates varied between sexes
and within seasons, generally corresponding toepattshown for MDD. Overall
mean home range size was larger in males (0.88%ta) than females (0.10 £ 0.09
ha). Our data suggest that gene flowBitis schneideriis likely to be facilitated
through the movement of male snakes during spktoyvever, the relatively short
distances over which males range (even the mostilenobales are sedentary
compared to other species), and the apparent la@ny significant dispersal in
juveniles, implies that the species may be vulreraéd fragmentation at relatively
fine spatial scales. Thus, conservation managerokrthe Succulent Karoo, the
biome to which the species is restricted, shouldaimed at minimizing habitat
fragmentation.
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4.1 Introduction

The Succulent Karoo Biome of southern Africa repnés one of few arid global biodiversity
hotspots (Myers et al., 2000). The region exhib&sarkable levels of both diversity and
endemism for the flora (Lombard et al., 1999) amahtr (Vernon, 1999; Myers et,&000;

Le Roux, 2002). It is also very poorly protectediy@er et al, 2005), despite facing several
threats including pressure from overgrazing (Lordber al, 1999), mining (Driver et al
2005), and climate change (Erasmus et28102). However, the basic understanding of the
biology of the organisms that inhabit this regioaquired to make informed conservation

management decisions, is still severely lacking.

Namaqua Dwarf AddersBi(tis schneide)i are arid-adapted viperids that inhabit semi-
vegetated coastal sand dunes along the southercaAfivestern coast (Broadley, 1983;
Branch, 1998). Individuals of this species are gecsed as the smallest viperids, reaching a
maximum snout-vent length of no more than 255 mnatiBh, 1998; Maritz & Alexander, In
Press-a). Our unpublished data also demonstratenti@iduals occur at high population
densities.Bitis schneideriis currently listed as Vulnerable by the IUCN (Bch, 1988;
World Conservation Monitoring Centre, 1996). Howewecent assessments, based on the
discovery of additional localities and our ongomplogical investigations indicate that the
IUCN conservation status may change to that of t_€amcern in the future. Nonetheless,
information regarding the ecology of this speciesof value to conservation managers
because the fauna of the region (especially tympaicies such aB. schneideriwhich is
endemic to part of the Succulent Karoo) remainsrigoknown. Additionally, ecological
information from a wide range of species is neeedevelop the holistic understanding of

arid ecosystem processes required to conserve andge such environments.

Movement patterns are an important component oétisdogy of all animals (Nathan, 2008).
In snakes, movement allows individuals to find fegdgrounds (King & Duvall, 1990;
Webb & Shine, 1997), thermally suitable retreatefly & Shine, 1998), overwintering sites
(King and Duvall, 1990; Secor, 1994), and matesds4a et a] 1993). Moreover, measures
of space-use can provide valuable insights intangatystems (Shine et.aR001), risk of
mortality (Bonnet et al 1999), and conservation issues such as gene fla habitat
fragmentation (Clark et al2008). As a result, studies focusing on spacebysenakes, and
snake ecology in general, have become increasipgpular in recent years (Shine and

Bonnet, 2000). However, studies of the spatial agplof snakes suffer from a strong
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geographic (and thus phylogenetic) bias as the wagority are concerned with species
inhabiting the Americas, Europe, and Australia. iesAfrica’s rich snake fauna (Greene,
1997), the spatial ecology of relatively few Afnicanake species has been investigated.
While there is an abundance of radio-telemetridisaion snakes in general, fewer than ten
have focused on African snake species (Angelicalet2000a; Angelici et al 2000b;
Lawson, 2006; Linn et gl2006; Alexander, 2007; Cottone, 2007; Warner, 2009

In this paper we present the results of a studithefspatial ecology of a population Bf
schneideri Given the paucity of knowledge regarding the egglof reptiles (especially
snakes) from southern Africa, and the conservasisnes associated with bdgh schneideri
and the Succulent Karoo Biome, our findings prowadealuable contribution to conservation
managers working in this and other arid regions.rédger, information regarding the
ecology of the world’s smallest viper can providduable insight into the evolution of this

and other ‘dwarf’ species.

4.2 Materials and methods
4.2.1 Study site

We collected data on the movement patterns of Nam&xyvarf Adders along coastal dune
fields on the farm Noup, Northern Cape ProvinceytBdfrica (30°08 S; 17°12 E). Field
observations (primarily by the senior author) tqokce on more than 420 days between
September 2007 and July 2010. The study site wasosmately 480 ha in extent and
comprised primarily of young calcareous aeoliardsahat form semi-vegetated longitudinal
dunes (Desmet, 1996; Desmet & Cowling, 1999). Takitat was relatively homogenous,
and was characterised by small succulent or sdigtlmus plants typical for Sandveld
habitats along the coast (Mucina & Rutherford, 200®e study site receives 50 - 150 mm
rainfall per annum, and coastal fog is frequentwliay et al, 1999). More than 60 % of
annual rainfall falls during winter (Desmet, 200Tgmperatures are moderated by the close
proximity of the cold Benguela Current and are galhe cool, ranging from a mean

temperature of 14.3 °C in winter to 18.2 °C in suenifDesmet, 2007).

4.2.2 Radio-telemetry

We used radio-telemetry to investigate movementepa of 18 female and 19 male adult
individuals (Table 4.1). We actively searched fod acaptured snakes on the study site,
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anesthetized them using vaporised isoflurane, #tetlfeach with a temperature sensitive
radio-frequency transmitter (BD-2NT, Holohil Systeiimited, mass = 0.5 g). Transmitters
were glued to the dorsal surface of the snakesguairtyanoacrylate adhesive, and were
positioned slightly anterior to the tail, with ti&0 mm whip antenna trailing behind the
snake (Fig. 4.1). Although we did not quantify diffnces between telemetered and non-
telemetered snakes, transmitters did not appeiflt;ence movement, behaviour, or retreat
site selection. We fitted transmitters to snakesvlez than 12 g to ensure that transmitter
mass remained below 5 % of snake body mass. Asnaeqaence of their small size,
transmitters had short life-spans (21 days at 4GatCording to manufacturer specifications).
For this reason, and in order to quantify diffeea seasonal movement patterns, telemetry
work was performed on three groups of snakes duhirge austral seasons: spring (October
2009), summer (December 2008 - January 2009) aném({July 2010; Table 4.1).

All telemetered snakes were released at theirr@aigioint of capture within 7 days of initial
capture. Each snake was located daily using a Conwations Specialist R1000 handheld
receiver and 3-element Yagi antenna. On the day @¢hah transmitter was predicted to
deplete its battery power, the relevant snake weaptured, the transmitter removed, and the
shake returned to its last known location. Duriagheencounter we recorded the date and
time, and bearing from last-known location (degyeessng a compass. We also recorded the
straight-line distance to the previous location (mping a 50 m tape measure for
displacements of less than 100 m, and a handhelf @ice (GarminEtrex datum:

WGS84) for displacements greater than 100 m.

We calculated mean daily displacement (MDD: mtjafor each radio-telemetered
individual (as a proxy for overall movement) as slien of the lengths of all steps during the
observation period, divided by the total numberdals over which that individual was
tracked. Using analysis of variance we tested &asenal and sex effects in MDD. MDD
data were log-transformed before analysis to nteetassumption of normality required for

analysis of variance.
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Figure 4.1: Coastal Sandveld habitat at our studyige (A), and adult male
Bitis schneideri fitted with an externally attached radio-transmitter (B), and
an adult male B. schneideri fitted with a radio-transmitter in the process of

ingesting a Namaqua Rain Frog Breviceps namaquensis).

Table 4.1: Number of individuals, snout-vent length(SVL), mass, and

duration of observation for 37Bitis schneideri, fitted with radio transmitters.

n SVL (mm) Mass (9) Duration (days)
Season 29 4d QQ 33 QR 348 ?Q 3d

Spring 6 8 219.33+11.20 195.63+10.16 23.132F3. 14.00+2.37 12.00+7.07 19.38+2.26
Summer 9 6 215.44 + 13.56 207.83+7.73 21.8793.96.95+1.85 25.33+1.73 19.00+5.69
Winter 3 5 220.67 £9.29 194.60 £24.05 20.9341.816.62+7.01 19.00+1.73  19.40+0.89
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4.2.3 Home range size

We calculated homerange size as the mean squdrsptdicement from the geographic mean
of all known locations (MSD; Slade & Swihart, 1988) each telemetered individual. We
used MSD as a measure of home range size as thisanes known to require fewer data to
provide a realistic estimation of home range atem ttraditional location-based methods
(Giuggioli et al., 2006). We compared mean homgeagize among seasons and sexes using
factorial analysis of variance. We also pooleddalfla and calculated the mean home range

area for each sex.

4.2.4 Juvenile movement

As juveniles of this species are too small to carapsmitters (mean juvenile mass = 4.1 +
0.9 g; Maritz & Alexander, In Press-a), we compakDD of adult and juvenile snakes

recaptured during a mark-recapture study. Searcthads involved active searches for
snakes across a 22 ha and a 16 ha plot on our stiedySurvey effort totalled 629 observer
hours over three consecutive austral summers (ginetaily from September to March)

beginning in September 2007. Each individual cagatun the mark-recapture program was
sexed by assessing relative tail length (Maritz @xander, In Press-a), marked by clipping
ventral scales (Fitch, 1987), weighed, measured,raleased at the point of capture which
was recorded on a handheld GPS device (Garatnex datum: WGS84). For each

recaptured individual, we recorded the straight-ldisplacement from the original point of
capture using a GPS and the time interval betwaptuces (number of days). Given the size
of the study plots, our methods allowed us to detkkgplacements of between 0 m and
approximately 900 m and 660 m for each plot respelgt (equal to the longest axis of each
plot). We calculated MDD as the total displacem@mt between captures over the duration
between captures (days), and compared these medsetveeen adult males, adult females,

and juveniles using analysis of variance.
4.3 Results

4.3.1 Radio-telemetry

Mean daily displacement of telemetered snakes daigmnificantly across sexes and seasons
(Factorial ANOVA: Ry, 31)= 6.27, p < 0.01, Fig. 4.2). Tukey HSD post-hoalgsis revealed
that during spring the MDD of male snakes (47.3%m.day") was significantly higher than

55



the MDD of females during spring (6.4 + 4.6 m.dgysummer (2.7 + 3.7 m.day, and
winter (0.8 + 6.5 m.day), and males during summer (3.3 + 4.6 m:jaand winter (3.0 + 5.0

m.day"), which were all similar.
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Figure 4.2: Mean daily displacement (MDD; m.day/) of female (dashed) and
male (solid) telemeteredBitis schneideri during austral spring, summer and

winter. Error bars represent 95% confidence intervds.

4.3.2 Home range estimation

Mean squared displacement from the center of &gtiginge varied significantly among
individuals (ANOVA: Rss, 663)= 31.03, p < 0.001), but estimated home range ws n
significantly related to the number of observatiaiseach individual (Spearman’s Rank
Order Correlation: R = 0.064). Estimates of homegeaarea exhibited large variation and
were not significantly different from one anothEa¢torial ANOVA: R, 31y= 3.18, p = 0.055,
Fig. 4.3), although Tukey Post-hoc analysis revee@tat MSD of males during spring was
significantly higher than all other measures of M®3Iales exhibited the largest home ranges
(1.07 = 0.21 ha) during spring. Home range estiméte males in summer (0.02 £ 0.25 ha)
and winter (0.02 + 0.27 ha) were similar to thoséemales during spring (0.02 + 0.25 ha),
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summer (0.02 £ 0.20 ha), and winter (0.001 + 0.8h Area estimates of home ranges of
females snakes (mean £ SE = 0.10 £ 0.09 ha; max8& IBa) were significantly smaller
(ANOVA: F(1, 698)= 39.67, p < 0.001) than the home ranges of maleesngkean + SE =
0.85 = 0.09 ha; max = 1.03 ha).
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Figure 4.3: Mean home range area estimates for malgsolid) and female
(dashed) telemeteredBitis schneideri during austral spring, summer, and
winter. Error bars represent 95% confidence intervds.

4.3.3 Juvenile movement

Active searches on our study site produced 340vithaal B. schneider{134 females, 145
males, 61 juveniles) of which 60 (23 females, 28as189 juveniles) were recaptured at least
once. ANOVA did not detect any significant diffecexs in the MDD of adult females, adult
males, and juveniles (ANOVA: Fs6 = 2.58, p = 0.08, Fig. 4.4). MDD for males (3.9 %
m.day") and females (3.1 + 0.8 m.dywere similar and generally greater than the MPD f
juveniles (1.1 + 1.3 m.day.
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Figure 4.4: Mean daily displacement (m.day) of recaptured adult female,
adult male, and juvenile Bitis schneideri. Error bars represent 95%

confidence intervals.

4.4 Discussion

In general, mean daily displacement of telemet&l@asaqua Dwarf adders was low, ranging
from 0.8 m.day for females during winter to 47.3 m.dafor males during spring. Thi
schneiderihas a relatively sedentary lifestyle. Female saakeemplified this lifestyle and
showed low MDD in all seasons. The MDD of male NgoaDwarf Adders in summer and
winter was similarly low suggesting that movemeatt@rns of the two sexes do not differ
during these seasons. It is likely thus, that tleéivations for moving during these seasons do
not differ between the sexes (e.g., movements fewlitate feeding or thermoregulation).
However, MDD of male snakes during spring were ificantly greater than both of the
sexes in all other seasons. This increase is ligsgociated with mate searching activities
during this period. Our field observations supghbi$ idea - during the austral spring, male
and female snakes were found in close contactedtth other, and this was the only time of

the year during which we observed courtship behavio
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Although the total number of individuals used tareate mean home range area is small, our
estimates are not correlated with sample size, esigg that they are realistic. Seasonal
home ranges for female snakes were similar inealésns, suggesting an aseasonal pattern of
space-use. This pattern contrasts strongly withst#@sonal home range estimates for males,
in which mean spring home ranges (1.07 ha) weraenage more than 56 times greater than
males during other seasons combined (0.02 ha).

Estimating the area of long—term home ranges ofafensnakes was easily achieved by
calculating MSD of all females in all seasons. @satimate of female home range area is
particularly small (mean = 0.096 ha, range = 028(Ma), even when considering the snake’s
small body size (MaCartney, 1988). The large seaseoariation in home range area
estimates from males made our assessment of lomgtteme range more difficult. We
define home range as the area utilised by an iddali during the course of its activities.
Such a definition would mean that the home rangdudes areas utilised during mate
searching activities, even if these parts were usidquently. Accordingly our estimate of
home range area from the pooled seasonal datkely lio underestimate total male home
range area. Instead it is likely that the sprimgetimate searching home range area represents

a better estimate of long-term home range areaaie B1 schneideri

Because our radio telemetry work was conductediffereint groups of individuals during
each season, it is difficult to be sure that snakes not occasionally undergoing long
migrations to new areas of activity, and thus sitily much larger home ranges. However, if
this were the case we would expect snakes frommidudk-recapture group to exhibit much
greater displacements than our telemetered snakés.was not the case, even though our
survey plots were large enough to detect large mews. Additionally, there is no evidence
to suggest that Namaqua Dwarf Adders make largeosea habitat shifts typical of many
other species (e.gGrotalus cerastes Secor, 1994Hoplocephalus bungaroides Webb &

Shine, 1997) as snakes were found only in sand dabiats during all seasons.

In general, the individuals of smaller-bodied spedend to occupy smaller home ranges than
do individuals of larger-bodied species (Mace et184; but see MaCartney, 1988). Thus
the small home ranges that we measuredBfaschneideriare not surprising. However the
small size oB. schneidermeans that directly comparative home range artgaass are not
readily available. Work oRrotalus cerastegSecor, 1994) an8istrurus catenatu@viarshall

et al, 2006) showed that some small pitvipers have coatiaty large home ranges. Several
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other species of pitvipers are known to use smalndr ranges: the asiaGloydius
shedaoensibas home ranges of < 0.3 ha (Shine et al., 2@0®) the small and arid adapted
Crotalus pricei has a home range of 0.2 - 2.3 ha (Prival et 2002). The elapid,
Hoplocephalus bungaroideslso exhibited relatively small home ranges, wibults

occupying mean home range areas of 3.3 ha (WebhigeS1997).

Comparison of MDD of recaptured snakes showed #ititpugh not statistically significant,
MDD of juveniles was lower than those of adult nsate females. Although limited by
sample-size, our analysis suggests that juvend&eshare not highly vagile, and are unlikely
to exhibit long-distance dispersal. The longespetisal of an individual that was initially
marked as a juvenile was 140 m, recaptured morettha years later. Such limited dispersal

of juveniles is unlikely to be an artefact of stymlgt size given the size of our study plots.

We have demonstrated that Namaqua Dwarf Addersetatvely sedentary snakes that show
low levels of dispersal. Accordingly, they may exiha limited capacity to overcome barriers
to gene flow, and are therefore potentially vulbérato habitat fragmentation. We would
therefore expect limited gene flow between geogragbly proximate habitats, something
that conservation managers need to consider whekinghadecisions regarding the
management of this habitat.
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CHAPTER 5

POPULATION DENSITY AND SURVIVAL ESTIMATES OF THE ARICAN VIPERID,
BITIS SCHNEIDERI

This chapter has been submitted to, Herpetologicaof publication. It is
currently under review.

Abstract— Estimates of population characteristics suchumgiveal and density are
essential for understanding and managing wildlifgpydations. Although such
measures are available for several snake poputatiomost of these are for
populations in northern temperate environmentsw #&e available for African
species. Here we present the results of a threeipeak-recapture study on the
Namaqua Dwarf Adder Bjtis schneide)i We estimated survival, recapture
probability, and population density by marking Zftakes (121 males, 108 females,
50 juveniles) on two study sites along the Namaandhlcoast. We recaptured 54
individuals (27 males, 23 females, 4 juvenilesg)ding recapture rates of 20.4% and
17.9% at each site respectively. The adult sex ratiour sample did not differ
significantly from equality. We fitted eight modetkat included both individual-
dependent and time-dependent covariates to ouptigeadata from each site, and
compared models using Akaike information critericorrected for small sample-
sizes (AICc). Mean (= SD) estimated monthly appasenvival was low at both sites
(0.86 + 0.11 and 0.86 = 0.12), as were mean recapittelihoods (0.06 £ 0.04 and
0.06 + 0.01). Population density estimates werdlairfor the two sites (7.52 Hat
3.62 and 8.31hh + 7.38). Juvenile snakes exhibited higher survitrein adult
females, which in turn, had higher survival thanlachales. Additionally, juveniles
had a lower recapture probability than adult mabesadult females. We also
estimated the likelihood of an individual leavirgetstudy area during each month
using 1000 simulated random-walks at each of twer@piately sized sites.
Likelihood of emigration was 6.8% (+ 0.5%) and 9#1.0%) per month for the
larger and smaller sites respectively. Based ommasures of apparent survival and
emigration, we estimate annual survival rates d%%3&nd 45% for the two sites
respectively. Our measures of population charadiffies substantially from those of
other viperids highlighting the need for additionsiudies of African snake
populations.
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5.1 Introduction

Robust estimates of population size calculatedgusimark-recapture techniques generally
require large samples, and relatively high recaptates. For species that are cryptic and
exhibit low detection probability, such as many ks these data are difficult to collect.

Additionally, working in difficult to access or pbtally unstable areas, makes fieldwork

difficult and expensive to conduct. It is therefanet surprising that Africa, despite its

remarkable snake diversity, remains enormously magdeesented in the field of snake

population ecology (Parker & Plummer, 1987; Boneeétal.,, 2002). Moreover, recent

analyses describing global declines in snake ptipuk (Reading et al., 2010) highlight the

importance of population-based studies, espedialiggions where biodiversity loss remains
poorly quantified.

Most of the theory governing snake ecology has l#mved from information garnered
from a few well-studied, model species (see Sexyell., 1987). Geographically, there is a
strong bias to North America and Europe (Shinelgtl1®98). While such studies have
formed the basis for an increase in the use ofesak ecological model organisms (Shine &
Bonnet, 2000), there is little indication of whatlieey are representative of African species,
especially given the phylogenetic distinctivenesafoican snake lineages (Cadle, 1994). In
fact, Janzen (1976) argues that snake abundankkida is generally lower than that found

in the Americas and Australia, but this idea rermaangely speculative.

Population characteristics such as abundance,tdeasid survival rate are essential in the
development of an understanding of the autecolofyro organism. While population
estimates are available for several species ofesnglobally (Parker & Plummer, 1987),
relatively few of these have been robustly estighatseing mark-recapture models (Koons et
al., 2009). In Africa, the situation is confoundey the fact that the population ecology of
very few species has been investigated. Madsen Gstdrkamp (1982) analysed mark
recapture data for a populationlofcodomorphus bicoloon Lake Tanganyika, while more
recent work in West Africa has provided densityreates for a few, large, forest-associated
species such aBitis gabonica,B. nasicornis(Luiselli, 2006), andDendroaspis jamesonii
(Luiselli et al., 2000). Given the geographic extand diversity of Africa, studies of four
species, restricted to particular biomes, are ehliko be representative of snake populations

across Africa.
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Here we present the estimates of population densipparent survival, and recapture
probability of an arid-adapted African viperid, tNamaqua Dwarf AddeBitis schneideri
This species is currently listed as Vulnerable hy RJCN (World Conservation Monitoring
Centre, 1996) and is very poorly represented inemuomscollections (fewer than 50 specimens
globally). It has traditionally been consideredraie (McLachlan, 1978) and our study was
thus aimed at evaluating the conservation statukeSpecies. Here, our primary objectives
are to report on measures of capture probabilijy ¢Brvival (), and density (D) for two
populations that occur in the coastal dune systemgathe Namaqualand coast in South

Africa.

5.2 Materials and Methods
5.2.1 Study species

Bitis schneideriis an arid-adapted viperid that inhabits coastaldveld habitats along the
west coast of southern Africa (Broadley, 1983; Brgri1998). It is the smallest viperid, with
adults averaging 200 mm snout-vent length and roéexling 254 mm snout-vent length
(Maritz & Alexander, In Press-a). Our unpublishésld observations strongly support the
assertion that it is an ambush predator and they ponsists mainly of small vertebrates
(Branch, 1998). The species is currently listedvaterable by the IUCN as a result of
habitat degradation over much of its distributioBrapnch, 1988; World Conservation
Monitoring Centre, 1996).

5.2.2 Methods

Our study was conducted on the farm Noup, in thetiéon Cape Province, South Africa
(30°08 S; 17°12 E). The study site has been described elsewheegitV& Scott, 2010;
Maritz & Alexander, In Press-a, b). We searched M@amaqua Dwarf Adders at two
localities: a 27 ha ‘North Site’ and 16 ha ‘SouiteS The sites were similar with regards to
topography and vegetation, differing only in ared distance from the coastline (South Site
0.8 km; North Site 2.6 km). Surveys were conduatgdr 17 months between September
2007 and March 2010. Search effort totalled 596enks-hours, and was biased toward
summer months when Dwarf Adders are more active ranck likely to be encountered.
Most snakes (88%) were located by following thdinitsive tracks that moving individuals

leave in the sand. All individuals that we encouediewere captured by hand and marked by
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clipping a unique sequence of ventral scales (Fit®87). For each snake, we measured mass
(to the nearest 0.1 g) using a digital balanceysment length (SVL; to the nearest 1.0 mm)
using a ruler, and sex (as either males, femajewanile), based on obvious differences in
tail length. Sex-based differences in tail length aot apparent in individuals smaller than
140 mm SVL and these were thus designated as jegefMaritz & Alexander, In Press-a).
For each capture, we also recorded the date, &ingegeographic coordinates of the location
(using a handheld GPS device - Garmirex datum WGS1984). Additionally we recorded

the total search effort (sum of the duration ofsaliveys) invested during each month.

In order to provide more accurate estimates of [adjmn parameters, we included two
covariates in our analyses: SVL was included amdinidual-dependent continuous variable
that ranged from 99 mm to 251 mm, and allowed us$b for age effects on survivorship
and capture probability. We also included surveforefas a time-dependent covariate,
calculated as the total duration of all observatiaha particular study site, during a particular

capture occasion. We standardised this covariatieadat ranged between zero and one.

We fitted Cormack-Jolly-Seber models to recaptuata drom each site separately using the
Mark-recapture Analysis package (McDonald, 2010)Rin(R Development Core Team,
2009). We started by fitting a fully parameterisaddel (i.e.,p(svl) P(effort, svl)) to the
capture histories from the two populations, andetedor goodness of fit using Hosmer-
Lemeshow (Hosmer & Lemeshow, 2000), and Osius-R@ehus & Rojek, 1992) goodness
of fit statistics. We then fitted an additional saweduced models (Table 5.1), and compared
them using Akaike information criterion correcteor fsmall sample sizes (Burnham &
Anderson, 2002). To account for variation in moalelputs we averaged all model estimates

for ¢, P, and N and weighted the contribution of eackehasing AlCc weight scores.

To test for differences in the survival and recapfurobabilities of adult males, adult females
and juveniles, we averaged our estimateg ahd P for each individual, pooled the data for
our populations, and tested for differences usingls factor ANOVA. We used Tukey HSD
Post-hoc tests to assess the statistical signdeahpaired contrasts.

Apparent mortality (1p) is comprised of those animals that do not suntvehe next

sampling occasion, as well as those that emigreden fthe study site. The relative
contribution of emigration to estimates of appaneatrtality have been poorly investigated
for most snakes (Parker & Plummer, 1987) but remamportant in understanding overall
survival. In order to estimate the likelihood ofiadividual having emigrated from our study
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sites after 30 days (i.e., the likelihood that amrel initially detected on the study site will
be absent during the following sampling occasiovg,produced a random walk simulation
model in Microsoft Excel, that placed 1000 indivadii randomly within an appropriately-
sized rectangular plot, and allowed them to modeendently in a step-wise manner. Data
collected from radio-telemetered individuals (searikz & Alexander, In Press-b) suggested
no directional biases in movements, allowing usntwdel movements with random turning
angles. Model movements were based on mean dajylestgths of 3.2 + 4.8 m.dayMaritz

& Alexander,In Press-b). Although this estimate of daily disglaent under-represents the
movement of male snakes during spring, our radamtetry work (Maritz & Alexanderin
Press-b) suggests that male snakes return to desroahtral portion of their home-ranges
after mate searching forays, and the increasedgprtovements of males are thus unlikely to
have a significant impact on our estimate of entigna We ran each cohort of 1000
individuals ten times, for each study site, andcualted mean (x standard deviation)
likelihood of emigration of individuals at eachesit

5.3 Results

Search effort totalled 346 and 250 observer-hoarthe North and South Sites respectively.
In total, we captured 279 snakes, comprising 12lesnd 08 females, and 50 juveniles. Of
these, 162 snakes (70 males, 67 females, and 2hijes) were captured at the North Site,
and 117 individuals (51 males, 41 females, andu2Brjiles) were captured at the South Site.
Twenty seven individuals (13 males, 11 females, &aveniles) from the North Site were
recaptured once, and six individuals (two males faimal females) were recaptured twice.
Nineteen individuals (ten males, eight females, and juvenile) from the South Site were
recaptured once, and two males were recapturee tiecapture rates from the North and
South Sites did not differ from one anothgr<£ 0.016,P = 0.68) returning 20.4% and 17.9%
of all marked animals respectively. The adult satiorfor captured adult snakes was 1:1.12

(F:M), which was not significantly different fromnity (x> = 0.74,P = 0.39).

We tested for overall goodness of fit of our mostameterised model at each site using the
Osius-Rojek and Hosmer-Lemeshow goodness of fis.t€soodness of fit tests provided no
indication of a lack of fit at either the North S{O-R:Z = 1411.19P = 0.99; H-L:H = 3.13,

P = 0.37) or South Site (O-RZ:=1032.81P = 0.58; H-L:H = 4.75,P = 0.19) which allowed

us to continue to fit our suite of reduced models.
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At both sites, the saturated modelsvl)P(svl, effort)) performed best (i.e., attaintge
lowest AICc score — Table 5.1). However, severaépmodels scored similar AlCc values:
one model at the North Site, and four models atStheth Site attainedAlCc scores of less
than two. We chose the saturated model from thdidate models at both sites on the basis
of their relatively low AICc scores, and for th&keaf congruence in models across our study
sites.
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Table 5.1: Relative performance of our eight candidte mark-recapture models.¢ = Survival; svl = snout-vent length; P =

monthly capture probability; effort = sampling effort.

North Site South Site

Model No. Parameters No. Coefficients  AICc A AICc  AlCc weight AICc A AICc AlCc weight
o(svI)P(svl, effort) 4 5 314.30 0.00 0.41 197.85 0.00 0.28
o(svI)P(effort) 4 4 318.02 3.72 0.06 198.69 0.84 0.18
o(svI)P(svl) 3 4 330.36  16.06 0.00 198.86 1.02 0.17
o(svl)P(.) 3 3 333.80 19.50 0.00 199.80 1.95 0.10
o(.)P(svl, effort) 4 4 314.32  0.02 0.41 201.56 3.71 0.04
o(.)P(effort) 3 3 316.89 2.59 0.11 199.45 1.60 0.13
o(.)P(svl) 3 3 330.37 16.07 0.00 202.634.79 0.03

o()P(.) 2 2 332.70  18.40 0.00 200.55 2.70 0.07




At both sites, our saturated model suggested mifluences of SVL on either survival or
recapture probability (Table 5.2). Search effortswaositively associated with capture

probability at both sites.

Table 5.2: Model outputs for the best models at ouNorth and South Sites.

Site  Capture Variables Beta SE  Survival Variables etaB SE

North Intercept -6.30 1.24 Intercept 248 1.23
Effort 251 0.60 SVL -0.001 0.01
SVL 0.01 0.01

South Intercept 447  1.29 Intercept 552 1.90
Effort 1.39 0.76 SVL -0.02 0.01
SVL 0.01 0.01

Averaged estimates af and P were very similar for the two sites (Tablg)5Because of
differences in site area, the North Site produ@eddr estimates of N than the South Site.
However, area-corrected density estimates for the sites were similar (Table 5.3).
Assuming that survival is fixed through the couddea year, our apparent monthly survival

estimate of 0.86 translates into an annual appatewival estimate of 0.19.

Table 5.3: Model-averaged estimates ap, P, N, and density (D) for each study
site. Density calculated as N divided by the ared the study site.¢ = Survival; svl
= snout-vent length; P = monthly capture probabiliiy; N = Number of individuals

at site; D = population density (h&).

North Site South Site
) P N D ® P N D
Mean 0.86 0.06 203 7.52 0.86 0.06 133 8.31
SD 0.11 0.04 98 3.62 0.12 0.01 118 7.38

Range 0.57-0.91 0.01-0.24 99-388 3.7-14.4 0.38-0.9.03-0.11  22-357 1.4-22.3

Apparent monthly survival differed significantly amg adult males, adult females and
juveniles Ep 275 = 116.34;P < 0.001), with juvenile snakes (0.93 + 0.0063) ikitimg

significantly higher (mean = SE) survival, than hdamales (0.84 + 0.0049), who in turn
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exhibited significantly higher survival than adoiales (0.82 £ 0.0046). Recapture probability
also varied significantly among adult males, aflebales, and juvenile$ »75= 295.11,P

< 0.001), however this significant effect was autesof juvenile snakes exhibiting
significantly lower (0.036 = 0.0011) recapture likeod than adult males (0.066 + 0.00082)
and females (0.064 + 0.00078).

The area of each site influenced likelihood of ewatign from that site. At the larger North
Site, mean (x SD) likelihood of emigration after @@ys was estimated to be 6.8% (x 0.5%),
which was lower than the mean estimated likelihobeémigration for the South Site, 9.4% (+
1.0%). Using these estimates of emigration likedthancreases the estimated mean monthly
survival to 0.92 and 0.95 for the North and SoutfesSrespectively, which translate into

annual survival estimates of 0.39 and 0.56 respagti

5.4 Discussion

We have demonstrated that ditis schneiderstudy populations do not exhibit a biased sex
ratio, experience very low apparent survival, aocuo at relatively high population densities.
Additionally we demonstrated that juvenile snakekilat relatively high apparent survival
and relatively low recapture probabilities compargml adults. Adult males exhibit
significantly lower apparent survival than adulini@es, but similar recapture probabilities.
Finally, we demonstrated that emigration is likédy make up less than 10% of apparent

mortality.

Our findings represent one of the first robust, eicgl assessments of the survival rate,
capture probability, and population density of gkfyican snake. The general congruence
among model outputs for the two populations supgwet authenticity of our findings. In
general, our capture rates were low, and as atresty of the parameters that we have
estimated are associated with wide confidence dimidowever, such problems are
unavoidable for cryptic organisms such as many esrggecies (Turner, 1977; Parker &
Plummer, 1987).

Studies of African snake population dynamics ame,ranaking direct comparison of our
result against African species difficult. To ourokviedge, no other estimates of survival exist
for an African snake population. Numerous studies psimarily European and North

American populations suggest that (apparent) sarwaries widely among snake species
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(0.35 — 0.85; Shine & Charnov, 1992). More recemtigrk-recapture analyses of snake
populations have reported survival estimates fpewnds includingvipera aspig0.75; Flatt et
al., 1997) Crotalus viridis oreganu$0.55 — 0.82; Diller & Wallace, 2002%rotalus horridus
(0.82 — 0.95; Brown et al., 2007), aidgkistrodon piscivorug0.79; Koons et al., 2009),
colubrids includingThamnophis radiX0.35 — 0.45; Stanford & King, 2004) aid atratus
(0.56 — 0.64; Lind et al., 2005), and elapids idatg Hoplocephalus bungaroide®.82;
Webb et al., 2003) ari@hinoplocephalus nigresce((®.74; Webb et al., 2003).

Our estimates of survival faBitis schneideri(0.39 - 0.56) are low in comparison to the
estimates reported above, especially in compatisoneasures for other viperids. Shine and
Charnov (1992) demonstrated a strong relationskivden mean annual survival and age at
maturity for snakes, with rapidly maturing specedibiting lower annual survival rates.
Maritz and Alexander (In Press-a) show that serualrity is reached at the age of ten to 15
months inB. schneideriThis rapid maturation and the low survival repdrhere fit the trend
described by Shine and Charnov (1992).

Our finding that juvenileB. schneiderhave higher survival rates than do adults mayhkee t
first corroborating evidence of Pike et al. (2088prediction that juvenile snakes exhibit
behavioural traits that reduce predation risk. langnambush-foraging species (suchBas
schneideriand other ambush-foraging snakes) bouts of moveareriikely to pose increased
predation risk (Bonnet et al., 1999). Given thateysearching movements appear to be the
motivation for the majority of movement in our syuspecies (Maritz & Alexander, In Press-
b, Maritz & Alexander, Submitted-a) and that judensnakes do not mate-search, then
juvenile snakes may face greatly reduced predaisknand thus high survival. This idea is
supported by our concurrent estimates of recagtoobability that are relatively low (see
below), and relatively low measures of daily disglment by juvenile snakes (Maritz and
Alexander, In Press-b).

We calculated a mean recapture probability=06% for our study population. Recapture
probability was low compared with those estimat@dother snake populations (Brown et al.,
2007; Diller and Wallace, 2002; Lind et al., 200%)ur best models unsurprisingly
demonstrated that recapture likelihood was strontfluenced by search effort, but showed
that SVL had little influence on recapture probipilWe detected no difference in recapture
likelihood of adult males and adult females, despitales moving much further than female

snakes during the spring mate-searching seasonit¢gMard Alexander, In Press-b). This
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finding supports the hypothesis that outside of lthef mate-searching season, male and
female snakes are exhibiting similar behaviourperwires. Mean (£ SE) juvenile recapture
likelihood was low (3.6% + 0.0011%), supporting dwypothesis of reduced movement
during this life-phase.

Density estimates for African snake populations aleo rare, making generalisations
regarding African snake populations difficult. Lelis (2006) estimated that botBitis
gabonica(0.16 h&) andB. nasicornis(0.10 h&) occurred at much lower densities than our
measures foB. schneideri Additionally, Dendroaspis jamesoniia large elapid snake, is
reported to occur at low population densities ((hdt; Luiselli et al., 2000). Conversely, the
aquaticLycodonomorphus bicolds reported to occur at densities of up to 38% (Madsen

& Ostercamp, 1982), but this measure may be irdlétg snakes being attracted to a focal
feeding point. Parker and Plummer (1987) revieweaks population densities, and found
that estimates of population density ranged frorh ka' (including the viperid<Crotalus
cerastes, C. horridugndC. viridis) to more than 1000 HaDiadophis punctatuandRegina
alleni). However not all of the estimates reported byk@amand Plummer (1987) are the
result of robust mark-recapture analyses, and fevitee result of models that simultaneously
include estimates of recapture probability (e.gqos et al.,2009). Generally, viperid
populations do not occur at densities greater tttama" (Parker & Plummer, 1987). Two
noteworthy exceptions are the island enderfitts/dius shedaoensis 273 h&'; Sun et al.,
2001) andBothrops insularis(= 55 ha"; Martins et al., 2008). WhileB. schneideri
populations do not reach such extremes, our mes§drg2 ha + 3.62 and 8.31ha+ 7.38)
are still high compared to most viperid populatioi®eters and Wassenberg (1983)
demonstrated that for most groups of animals, emalbdied species tend to occur at higher
densities. However, this pattern has not been uwnecaily demonstrated for snakes (Luiselli
et al., 2005). NonethelesBitis schneideris the smallest viperid making our relatively high

density estimates unsurprising.

Partitioning the effects of mortality and emigration apparent mortality is problematic, and
remains one of the biggest challenges facing meckpture analysis. Most studies report
apparent survival, as we have, but with little ar discussion of the contribution of
emigration to those measures. Our random walk msteled that in the short term,
emigration from the study site by a marked indialdis relatively low (< 10%)Bitis
schneideriindividuals are relatively sedentary animals, @géag small homeranges (Maritz

& Alexander, In Press-b). Given the generally sikeur study sites, and the sedentary nature
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of our study animals, the likelihood of a markediudual emigrating from the study site is
more likely to be dependent upon the initial captimcation of the animal — snakes captured
closer to the boundary of the study plot have atgrelikelihood of leaving the plot than
those initially captured close to the centre of phat. Accordingly, estimates of emigration
likelihood are probably more sensitive to studyt giae and shape, than to the duration of the
study — increased duration gives snakes the tim@rigrate, but is also likely to give them
time to return to the plot. We therefore think tlmatr estimates for a 30-day sampling

occasion provide an appropriate estimate of emagrdikelihood for our two sites.

If viewed as a proportion of apparent mortalityy eumulations suggest that emigration could
have important implications for the interpretatioh survival estimates. Our measures of
emigration show that it could make up 49% of appmneonthly mortality at the North Site
and 67% at the South Site. Differences here ardaltlee difference in size of the sites. This
finding also has important implications for othardies that have not factored emigration out
of apparent survival measures. However, our emaratorrected measures of monthly and
annual survival are relatively low, and do not apaour interpretations of our study system
as one that experiences high mortality.

Parker and Plummer (1987) summarised the popul&tsts of snakes, and described three
major groupings. These were characterised by eaalytring temperate colubrids (low adult
survivorship, low longevity, annual reproductionghh fecundity), late-maturing colubrids
(high adult survivorship, high longevity, annualpreduction, low fecundity), and late-
maturing viperids (high adult survivorship, higmggevity, bi- or triennial reproduction, low
fecundity). Of these groupsitis schneideriis more closely allied with early-maturing
colubrids of temperate regions. Importantly, outadsuggest tha. schneiderexhibits very

different population characters to other viperiust thave been investigated.

Our study represents one of very few studies tleate hempirically assessed population
parameters for an African snake population. We hdemonstrated thaBitis schneideri
exhibits low recapture probability, experience higbrtality rates, and occurs at relatively
high population densities. Unfortunately, studiashsas ours (focusing on African taxa) are
scarce. The development of generalised theoridsajaropriately describe African snake
ecology requires the study of additional Africaregps. Until this situation is remedied,
management actions related to African snake papugtill remain speculative at best.
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CHAPTER 6

BITIS SCHNEIDERMUST BREED ANNUALLY TO PERSIST: THE PROBLEM WITH
BEING SMALL

Abstract — Reproductive frequency is an importapeat of reproductive output
of an organism, and thus has important influencesrganismal fitness. Viperid
snakes, like many other ectothermic vertebratesibéxlow reproductive
frequency, whereby females only reproduce everyprsggear, or even less
frequently. However, for small-bodied species theate constrained clutch/litter
sizes, and also experience low survival, low repobee frequency may not
produce sufficient offspring to sustain a populatib aimed to assess whether
Bitis schneideri a small, arid-adapted viperid snake from southAfrica
exhibits low reproductive frequency typical of athvperids, despite producing
small litters of offspring and experiencing lowaual. | adapted the formula of
Pike et al. (2008) to calculate the reproductivefrency required to sustain a
population ofB. schneiderithat experience low survival, low mean litter size,
and that become reproductively active at two yeéege. | found that the small
litter size imposed by being small-bodied, and lawnual survival, requir8.
schneiderito reproduce frequently (probably annually) ineréor populations
to persist. | also dissected all available preskrfeanale specimens to assess
their reproductive status and found that five ok tkix females were
reproductive, containing follicles, oviductal ovar developing young. Such
frequent reproduction is atypical among even closelated viperids, and
appears to be facilitated through the capacit.achneiderio feed year-round

in the aseasonal habitat in which they occur.

6.1 Introduction

Reproductive frequency (the number of clutchesftitt produced by a female organism
annually) is an important metric to the understagdhe total lifetime reproductive output,
and ultimately the fitness of an organism. It hakiadamental impact on the number of

young entering a population over time and thusmaltely, the viability of the population.
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Despite its importance, it remains a poorly underdt aspect of reproductive biology,
especially among poorly studied groups of vertesrauch as snakes (Seigel & Ford, 1987).

Reproductive frequency in snakes ranges widelynfosganisms that may produce multiple
clutches annually (Tryon, 1984), to those that Grieérequently (Seigel & Ford, 1987), often
in response to resource availability (Shine & MasE997; Madsen & Shine 2000). Low
reproductive frequency (LRF; Bull & Shine, 1979) asbehavioural condition in which
individuals of a species reproduce every altergatg, or even less frequently. The condition
is widespread among ectothermic vertebrates (BulSKine, 1979), and is particularly

common among viperid snakes (Seigel & Ford, 198Mme& 2003).

Measuring reproductive frequency is logisticallyfidult. Frequently, it is measured as the
proportion of reproductive females among a samplmwseum specimens (Seigel & Ford,
1987). Such data are difficult to collect when aa@es is poorly represented in collections
and may also be misleading since the presencelladide in the female reproductive tract

does not guarantee that a female will reproduceytbar (Seigel & Ford, 1987), or if females
breed aseasonally or asynchronously. Despite thlksdfalls, such data are valuable and
form the basis of our understanding of reproductreguency among snakes. Alternatively,
reproductive frequency can be measured from tleztobservation of wild populations (Vitt

& Seigel, 1985), a method that is becoming easighn awdvances in technologies such as
radio-telemetry. While field observations providermere direct measure of reproductive
frequency in a study population, such studies are-tand effort-intensive, making the

collection of data difficult and expensive.

Reproductive frequency has an important effect odufating population size. Pike et al.
(2008) modelled survival rates of juvenile reptiles a function of adult survival, mean
clutch/litter size, age at first reproduction, aegroductive frequency. Using this approach it
is possible to estimate the likely reproductivegfrency for a stable population of equal sex
ratio from information regarding survival, clutatt®r size, and age at first reproduction.
Although this approach is contingent on knowledfetber aspects of the study organism’s
biology, it can provide a powerful tool for undenstling the interaction of reproductive

biology with other facets of biology such as suabj\growth, and morphology.

Bitis schneideriis a small arid-adapted viperid that inhabits taladunes along the west
coast of southern African (Broadley, 1983; Bran@®98). In an effort to develop an

improved understanding of the biology of the spgcleinvestigated several aspects of its
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ecology (Maritz & Scott, 2010; Maritz & Alexandein Press-a, b; Maritz & Alexander,
Submitted-a, b; Chapter 7Bitis schneideriis poorly represented in museum collections (a
total of fewer than 50 specimens in all major seuthAfrican collections) making adequate
assessment of reproductive frequency through thesediion of preserved material
challenging. However, Maritz & Alexander (In Pregsprovide information on age at first
reproduction, while Maritz & Alexander (Submittedl4eport on survival rates in two wild
populations ofB. schneideriWhen combined with measures of litter size, thfermation

can provide estimates of reproductive frequencyggiBike et al.’s (2008) approach.

Hedges (2008) demonstrated the importance of dmoaly size in constraining litter size in
snakes.Bitis schneideriis a small-bodied viperid (Maritz & Alexander, Press-a) and
females are thus likely to produce small litter@rbbver B. schneiderhas low survival rates
(Maritz & Alexander, Submitted-b). | investigateelproductive frequency iB. schneideri
using two approaches. Firstly, | dissected the fayseum specimens available to us in order
to measure the proportion of females in the sart@lewere gravid (or contained vitellogenic
follicles). Next | derived measures of reproductikeguency based on our existing estimates
of litter size, survival, and age to maturity. Bgimg so | aimed to assess whether LRFs
typical of viperids would allowB. schneiderto persist given the constraints of body size and

low annual survival.

6.2 Methods

Bitis schneideriis poorly represented in museum collections makimg dissection of a
meaningful number of preserved specimens impossidavever, during the course of our
fieldwork, | encountered six female snakes that leeh killed by motor-vehicles. | dissected
all of these to examine whether they containedlogdenic follicles or developing young. To
support the evidence provided by museum specinheslitionally investigated reproductive
frequency using the approach of Pike et al. (20D8arranged formula 4 from Pike et al.
(2008) to make annual reproductive frequemyya(function of mean clutch size){ juvenile

survival §), adult survival $1), and age at first reproductioa) (so that:

2(1-5,)
B (S])aC

The parameters needed to solve for reproductigiénecy were derived as follows:
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6.2.1 Survival rates (adult and juvenile)

Maritz & Alexander (Submitted-b) derived annual\sual estimates for aduB. schneideri
from two populations (45% and 56%). | calculated tkproductive frequency required to
sustain a population using survival rates rangmgf40% to 60%, encompassing the range

of likely survival rates for adult snakes at owrdst site.

Maritz & Alexander (Submitted-b) demonstrated glo@enile survival was likely to be higher
than adult survival. | thus varied annual juvemsilgvival between 44% to 66% in our model
(set to be 1.1x adult survival).

6.2.2 Litter size

| chose a mean litter size of 3 offspring, butaddr sensitivity of our analysis by estimating
reproductive frequency required to maintain a pafaih for mean clutches of two, three, and
four offspring per litter. These metrics were basadinformation from the literature (litter

size of between two and seven; Haacke, 1975; Beyad983; Branch, 1998) and from our

own personal observations (litter size of 3; N = 3)

6.2.3 Age at first reproduction

Maritz & Alexander (In Press-a) showed that femBleschneiderigrow rapidly and reach

sexual maturity at approximately 15 months, sugggghat a female would be capable of
breeding during the second spring of her life. Base our observations of free-ranging
snakes, | assumed mating to be seasonal, takicg piaNovember, with females producing

young during the following February.

6.3 Results

| was limited to very few adult female snakes fossdction. Of the six female snakes
collected during field work, five (83%) containedllicles or developing young (Table 6.1).
Although these data represent a very small sartlpg,do provide support for relatively high

reproductive frequency iB. schneideri
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Table 6.1: Details of material examined in order tcassess the proportion of

reproductive femaleB. schneideri.

Field number SVL Date of collection Status
BM161 210 10 October Not reproductive
BM165 224 25 July Oviductal eggs present
BM168 178 13 October Two oviductal eggs present
BM193 208 10 December 3 mature follicles
BM194 207 10 December 3 mature follicles
BM196 222 12 December 3 mature follicles

Our calculations based on Pike et al.’s (2008) #gua}l produce measures of reproductive
frequency between 0.45 and 3.04 litter$.far a stable population. The range in measures is
the result of us varying the metrics of survivatlditter size. Reproductive frequency was

sensitive to changes in estimated survival ratelittied size (Fig. 6.1).
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Figure 6.1: Reproductive frequency ) as a function of annual adult survival
rate (x-axis) and mean litter size to maintain a stble population (short
dashes: mean litter size = 4; solid line: mean lgtr size = 3; long dashes: mean

litter size = 2).
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The calculated range of reproductive frequency céiffely covered the range of likely
reproductive frequencies, from annual reproducttonbiennial reproduction. However, for
the most realistic measure of litter size (littézes= 3) and survival~ 50%; Maritz &

Alexander, Submitted-b) reproductive frequency wlonked to be to be approximately

annual (Fig. 6.1) to order to maintain a stableupaion.

6.4 Discussion

My results demonstrate that femde schneiderreproduce frequently, as evidenced by the
observation that a high proportion of the femalesat tl dissected contained follicles or
developing young. Moreover, small litter size armv|estimated survival rates @.
schneiderimean that it is essential that females breed alyritithe population is to persist.

A high proportion of female museum female specintéas | examined were reproductive at
the time that they were preserved. By contrasty di% of femaleB. caudalisfrom arid
habitats were considered reproductive by Shind. ¢1898).Even though not all females in
our sample were reproductive, the link between bealydition and reproduction in many
shake species (Bonnet et al., 2002c) suggestom@gsproximate role for energy surplus in
reproduction. As a result, not all females wouldelpected to show signs of reproduction,
even in an annually breeding species, and fembhlshive recently given birth are unlikely
show signs of their next litter. Thus, our findiafja high proportion of reproductive females

provides support for the idea Bf schneiderreproducing annually.

Seigel & Ford (1987) reviewed the literature onroejctive frequency and found that most
viperid species exhibited a low frequency of repicitbn. Only three species listed in their
review showed~100% of females as reproductive, and all three lufs¢ species
(Trimeresurus flavoviridis, Ovophis okinavensiand Protobothrops tokanarengisare
oviparous. Among viviparous viperids, most spe@ghibited LRF, with only four studies
reporting proportions of reproductive females geedhan 75%. Shine et al. (1998) have
demonstrated thaB. caudalis(the sister-species . schneideji exhibits LRF, typical of
viperids. These findings suggest that annual remtah is uncommon among viperids and

that it is likely a derived condition iB. schneideri

Given that the most closely related species arka@er-bodied, reduction in body size Bf

schneideris likely to be a derived condition and can bemad as a case of neoteny, whereby

79



adults exhibit smaller bodies typical of juvenileakes. Maritz & Alexander (In Press-a)
suggest that reduced body size Bn schneideriis a result of the selective advantages
associated with the capacity to bury themselves sandy substrates. Moreover, mean litter
size is strongly correlated with maternal body sizenost species (Shine, 1988; Hedges,
2008), and thus it is unsurprising that very srbalilied species (such Bs schneideji have
small litters. Because litter size is constrained small-bodied species, the apparent
relationship between litter size, annual surviaad reproductive frequency dictates that for
species that have evolved small bodies, populatiersistence can only be maintained
through an increase in reproductive frequency ovigal (or both). SinceB. schneiderihas
low survival, | thus expect females to reproduesjérently.

If mean litter size is constrained by body sizemmall-bodied species, population persistence
becomes a trade-off between reproductive frequandysurvival: a population can persist by
breeding more frequently, or having improved suakiFew data are available to test this
idea, primarily because of the limited number ofdgts that have quantified survival in snake
populations (Parker & Plummer, 1987), especiallalstmodied species. | predict that among
small-bodied species, survival rate and reprodadtigquency are likely to show a negative

linear relationship typical of a trade-off betwehg two traits.

My calculations suggest that, in order to sustgmojpulation at low levels of annual survival,
a species with low mean litter size should prodomge than one litter annually. Although
Tryon (1984) reported that several species (ovimrand viviparous) are capable of
producing multiple broods in a year, Seigel & F¢t887) state that no conclusive evidence
exists for this taking place in the wild, citingethigh levels of food provided in captivity as
an explanation for the behaviour in captive aninfalg see Brown & Shine, 2002). These
ideas support the assertion that food availaliléy the potential to be a proximate limiter of
reproductive output in snakes (Shine & Madsen, 1983dsen & Shine, 1999a; Madsen &
Shine, 2000). Importantly, it also means thatBoischneiderto breed annually, as required
by the combination of small litter size and low\sual, snakes need to be able to overcome
the limited energy intake associated with ambugdation (Secor & Nagy, 1994). Energy
intake in B. schneideriis not well understood but individuals may be atdeovercome
limited rates of energy intake by feeding throughthe year (Wessels & Maritz, 2009).
Year-round feeding is probably facilitated by tledatively aseasonal environment produced

by the moderating effect of the Atlantic Ocean.
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One consequence of the neotenic adaptation of eeldbody size inB. schneideriis a
requirement for increase in reproductive freque(toyreproduction annually) in order to
compensate for reduced litter size, and relatiVely annual survivalBitis schneiderimay
well be unique in this regard in that litter sizeconstrained by small body size, and that
characteristics of their habitat sandy substratesthat year-round food availability (despite
the temperate climate), allow them to achieve iasee reproductive frequency.
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CHAPTER 7

THE ENERGETIC ADVANTAGES OF CONSUMING VERY LARGE HE:
FORAGING ECOLOGY OF THE AFRICAN AMBUSH PREDATORITIS SCHNEIDERI

Abstract — Ambush predators, and particularly seatteat ambush prey, are
known to consume relatively large meals. While ttusts associated with
consuming large meals have been investigated, fadies have attempted to
guantify the relative advantages of consuming viamge meals, primarily
because the frequency with which such prey itenes eanrcountered by wild
shakes remains unknown. | quantified prey availgbénd feeding preferences
for the African viperidBitis schneiderin order to understand the advantages of
consuming very large meals. | used captures froBb4ditfall trap-nights to
guantify the prey community available to ambushsmakes. Additionally, |
used observations of feeding by wild snakes, aagdnexed the stomach contents
of road-killed snakes to quantify the relative atbamce of prey types in the diet
of B. schneideri Finally 1 used an individual-based modelling aygwh to
estimate the relative energetic advantages ofdpadty to consume very large
meals (largest 5% of prey items in the prey commyinl found that the prey
community at my study site was dominated by lizanasrticularly Meroles
knoxi and that community structure did not vary siguifitly between seasons.
Moreover | found a strong, positive correlationvioen the relative abundance
of prey types in my traps, and in the dietBofschneidetisuggesting that they
are generalist feeders that consume prey typeopropally to the rate at which
those prey types are encountered. | found thatligtebution of availability of
prey, and thus energy, was right-skewed, and tleay Varge meals were
encountered infrequently by ambushing snakes. Hewewny modelling
suggests that even when snakes only rarely enaeghlarge meals, the ability
to consume them increased energy intake by 1.3stirhgropose that this
represents a strong selective force, especiallgngithe strong relationship

between energy intake and reproductive output atkas.
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7.1 Introduction

Predators are known to exhibit a continuum of forggmodes, ranging from ambush
predation, to active foraging (Pianka, 1966; Scleoei971; Gerritsen & Strickler, 1977;
Pianka, 1978; Perry, 1999). Particular ecologidg;slogies, and morphologies correlate
with foraging mode, and this is most obvious whera§ing mode is near either extreme of
the continuum (Secor & Nagy, 1994; Secor 1994; B&®iamond, 1998; Greene, 1997;
Secor & Ott, 2007). A correlate of ambush-foragbehaviour is the capacity to consume
large meals (Greene, 1997; Secor & Diamond, 1988p65& Ott, 2007). Being gape-limited
predators, snakes have generally developed thecicpga consume relatively large prey
items, and some snakes are able to consume maaksxtteed their own body mass (Greene,
1997; Secor & Diamond, 1998). This is particulamye of the pythons, boas, and vipers.
Morphologically, the capacity to consume such lamggals has been related to a stout body
form, relatively large head and highly fragmentedlation on the head (Shine, 1980; Greene,
1983), typified among viperids by members of germreh as the America@rotalus and
African Bitis. Ambush-foraging Australian elapids (i.eAcanthophis spp.) show
morphological convergence with viperids, most §kak a result of foraging mode (Shine,
1980).

Ambush foraging is often associated with low prawcaunter frequencies (Gerritsen &

Strickler, 1977). The need to take advantage akquient prey encounters may have thus
been the selective pressure that has resultec inliity of ambush predators to capture and
consume large prey. Consuming large meals is krtowbe associated with particular costs,
specifically increased handling time (Cruz-Netoakt 2001) and digestion costs (Secor &
Diamond, 1995). While several studies have aimequiantify the costs of consuming, few

have investigated the energetic advantages of agngwery large meals, primarily because

the frequency with which such large meals are als&elto wild snakes is unknown.

| investigated the foraging ecology of a populatd®itis schneidetian arid-adapted viperid
from the west coast of southern Africa. My studgteyn presents a unique opportunity to
answer questions related to prey availability fwo treasonsB. schneideriis the smallest
viperid (Maritz & Alexander, In Press-a), and sirstekes are gape-limited predators, small
snakes are likely to include a smaller range of miees, and thus prey types, in their diet
(Arnold, 1993). Also, Namaqua Dwarf Adders inhabistructurally simple habitat, and are
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entirely terrestrial, making it possible to measthie range of prey items available to the
snakes.

My objective was to measure the primary metrictheffeeding ecology of Namaqua Dwarf
Adders. This included quantification of the relatimbundance of the various prey species,
meal sizes and energy content, and prey encouates with snakes. | also show that
Namaqua Dwarf Adders are generalist feeders, amdurne prey in proportion to their
availability, and accordingly | was also able twastigate the energetic advantage of the
ability to consume very large meals using compbtesed simulations. | demonstrate that
large meals represent energy jackpot bonanzas,hwpiovide snakes with substantial
benefits. This may explain the evolution of theitgb stocky body/large head morphology
typical of ambushing snakes.

7.2 Methods
7.2.1 Study site

The study was conducted on the farm Noup, in thehdon Cape Province, South Africa
(30°08 S; 17°12 E). The study site has been described in detagwdlere (Maritz &
Alexander, In press-a, b; Maritz & Alexander, Sutted-a; Maritz & Scott, 2010). Climatic
conditions are moderated by the cold Benguellaeniiyrand as a result seasonality is limited
— mean summer and mean winter temperatures difféeds than 4 °C, and although more
frequent in winter, precipitation (predominantlyneection fog, but also rainfall) occurs in all
seasons (Robinson & Seely, 1980; Desmet, 2007).ifMgstigations were conducted in

stable dune habitat within the study site, wH&rechneideris most abundant.

7.2.2 Prey trapping

| used six pitfall trap-arrays to measure prey labdity to ambushing snakes. Each array
consisted of nine 10-litre plastic buckets (230 aiameter; 240 mm deep), buried flush into
the sandy substrate. Pitfall traps were installedhree rows of three pitfall traps, each
separated from the nearest bucket by approximsgalyneters and drift fences were not used.
Traps were kept open for periods of between ten Hndlays, depending on logistical
constraints. After a trapping session was completaidouckets were lefin situ and filled
with sand so that a new session could be initiabegbly by emptying the buckets. Trapping

sessions were separated by at least 14 days aimg) d@pping, buckets were inspected daily.
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Captured animals were removed and released witlimdt the pitfall trap. Animals of the

same species and similar size, captured in the sap®n consecutive days were considered
to be recaptures (this occurred on very few occa3idn order to estimate the body mass
distribution for each prey type, | weighed a subygke of the captured prey items to the
nearest 0.1 g, using a digital field balance. TeHprt was not equal in all seasons, totalling
986 trap-days, 1710 trap-days, 834 trap-days, &adtap-days in spring, summer, autumn

and winter respectively.

Since some prey species exhibited bimodal masghdisbns due to the presence of more
than one demographic cohort, | separated thesewuaategories. | calculated the relative
abundance of a prey type as the abundance of antdtar prey type, divided by the sum of

all other captures at a particular trap-array sessaand averaged these measures across each
trap array session. | used Kruskal-Wallis ANOVA dompared mean relative abundance
between prey types, and Analysis of Similarity (€& Gorley, 2001) to compare prey

communities in each season.

Since other aspects of my field investigation imeol measuring growth and survival Bf
schneider; | refrained from palpating individuals to inducegurgitation. As a result, the
information on the diet oB. schneiderifrom the study population was limited to direct
observations of wild snakes feeding, of gut corstaitspecimens killed by vehicles, and a
single case of a regurgitated prey item. | compéhnedelative abundance of prey types in the
diet of snakes, with the relative abundance of pgyges trapped on the study site using

correlation analysis.

7.2.3 Simulation of prey encounter rate

| estimated the energy content of prey items byhgigiublished energy conversions. |
assumed wet mass energy contents of 8*kdrgnammal tissue (Secor & Diamond, 1995).
Estimated energy content of lizard tissue was basethe equation of Vitt (1978), and the
energy content of amphibians was based on watdemband energy estimates of Dierenfeld
et al. (2002). | simulated a standardized energgilavility frequency distribution by

producing a prey community of 10000 virtual indivéds comprising prey types at
representative relative abundances, whose mass dnasn randomly from a normal

distribution with the mean and standard deviatibthe weighed sample of that prey type.
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Finally, using an individual-based modelling apmtmal simulated energy intake of an
ambushing snake. Encounters occurred with a prbtyabased on the mean daily encounter
probability of each prey type in each season (itee,number of captures of that prey type
during each trap-array session, divided by thel twianber of trap-days that the array was
open, averaged across each trapping array sesbkiasdumed that 13% of encounters with
prey items were successful (see Clarke, 2006, asures on percentage successful strikes).
| calculated the annual energy intake of an amimgsbinake as the sum of the energy content
of all successfully captured prey items in a y€am estimates of mean (x SD) annual energy
intake are based on simulations of 1000 model each. | compared mean energy intake of
snakes capable of consuming very large meals @arfsfd of prey population) with mean

energy intake of those incapable of consuming leaye meals using a paired t-test.

The estimates of mean annual energy intake arby ltkebe sensitive to the efficacy of the
traps, and the measures represent minimum preyuaterolikelihoods (the buckets were
probably more obvious to prey than were ambushimakes). | therefore investigated the
sensitivity of the model outputs to various enceurgrobabilities, corresponding to 1x, 2x,
3%, 5x, 8%, and 10x trap efficacy. While the sewityt analysis was primarily aimed at
assessing the sensitivity of my findings, it had #ulded advantage of outlining the effect of

increasing overall prey abundance on food intakesra

7.3 Results

| captured 240 prey items representing nine spe@es lizard, two mammals, and one
amphibian species) over 4185 trap-nights resultirgn overall daily encounter rate of 0.057
encounters.trahd’. Where prey body mass distributions were bimodeal & species, |
treated each size class (large vs. small) of epehiass as a separate prey type. Mean mass

and accordingly energy content varied approximaiéiyold among prey types (Table 7.1).

Prey communities did not vary among seasons (ANOSHWbbal R = -0.005, P = 0.52)
allowing us to pool the data. Overall prey typeratance varied significantly between prey
types (Kruskal-Wallis: Hzs07)= 81.44, P < 0.001; Fig. 7.1Meroles knoxiiwas the most
abundant prey species captured by traps, makirppmpximately 40% of all captures.
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Table 7.1: Mean (x standard deviation) mass and engy content of prey

types accessible t@®itis schneideri. Energy content based on assumed energy

content values of (see text for details). n = sangbkize of weighed animals, N

= Total number of captures of each prey type. * Mas data for Crocidura

flavesence from Skinner & Chimimba (2005).

Species Size Mass (g) Energy (kJ) n N
category
Breviceps namaqguensis Large 14.81 + 3.79 77.09 + 29.95 6 17
Breviceps namaqguensis Small 5.10+1.96 23.04 +8.88 10 26
Crocidura flavesence Large 30.00 +£5.10 240.00 + 40.8 * 3
Mus spp. Small 3.07+0.41 24.52 +3.27 9 20
Meroles ctenodactylus Large 13.12+0.40 114.11 +33.3 2 5
Meroles ctenodactylus Small 2.14+0.23 23.31+1.93 2 2
Meroles knoxii Large 4.06 £1.35 39.22+11.2 11 49
Meroles knoxii Small 1.28 £ 0.43 16.20 + 3.58 22 47
Pachydactylus austeni All 1.35+£0.30 16.85 + 2.47 12 28
Trachylepis capensis All 13.06 £5.72 113.62 £47.31 3
Trachylepis cf. homalocephala All 12.6 +5.29 109.85 +42.32 3
Trachylepis varia Large 2.71+0.37 28.03 +3.02 4 22
Trachylepis varia Small 0.45+0.35 9.38+2.92 3 12
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Figure 7.1: Mean (x SD) relative abundance (i.e.he number of captures of

that prey type, divided by the sum of all other cafures) of prey types per

trapping session captured from 4185 trap-nights opitfall trapping.
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| recorded 13 instances of feeding over the coofsthe study (Table 7.2). Feeding was
observed in all seasons except autumn. My obsensahighlight two important aspectsef
schneiderifeeding ecology: FirstlyB. schneideti like most ambush-foraging snakes are
capable of killing and consuming relatively largeats. | collected a juvenile snake (SVL +
tail length = 105 + 10 mm, mass = 4.3 g, Fig. Tha} had consumed an adileroles knoxii
(SVL + tail length = 55 + 63 mm, mass = 4.3 g). @elly, | noted that large snakes do not
exclude small prey items from their diets, as eva#el by the observation of an adult male
snake (SVL + tail length = 219 + 25 mm, mass = Xf).tonsuming drachylepis variegata
(SVL + tail length = 27 + 28 mm, mass = 2.1 g) esenting a relative prey mass of only
11%.

Figure 7.2: JuvenileBitis schneideri, with regurgitated adult Meroles knoxi.

Table 7.2: Feeding records collected during 17 mohs of fieldwork between
September 2007 and March 2010. | observed no feedinduring limited

fieldwork during autumn.

Prey species Season Frequency of occurrence
Meroles knoxii Spring X5
Breviceps namaquensis Spring X3
Trachylepis variegata Summer & Winter X3
Pachydactylus austeni Summer x1
Bradypodion occidentale Winter x1
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The frequency with which | recorded prey typesha tiet of snakes was strongly positively
correlated (Pearson r = 0.90, p = 0.001, Fig 7.@) the relative abundance of those prey
types collected in pitfall traps. This finding prdes strong empirical support fds.

schneideribeing a generalist predator.
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Figure 7.3: The relationship between expected relate abundance of prey
species (based on relative abundance in pitfall tps) and observed relative
abundance of prey species (based on feeding obsdiwas and gut content of
road-killed animals).

| simulated the standardised frequency distributibprey energy content by creating ten
replicates of a community of 10000 prey animalsnpnosing thirteen prey types that varied in
their relative abundance (as shown in Fig. 7.1)aréed in their mean energy content (Table
7.1). The resultant frequency distribution is sglgrright-skewed (Fig. 7.4; gamma

distribution).
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Figure 7.4: Mean (x SD) standardised frequency digbution of prey energy
content available to an ambushing snake. SincB. schneideri are likely to
consume different prey types proportionally to thei relative abundance (see
Fig. 7.1), the above frequency distribution also mgresents the relative

likelihood of snake procuring a meal of any particlar energy value.

Mean energy intake of snakes that could consumelasge meals was significantly higher
(Ts) = 3.42, p = 0.019) than mean energy intake ofeltbat could not, at all levels of prey
encounters (Table 7.3). Mean energy intake inccelsearly with increasing prey
availability, but the factorial increase in energiake associated with the capacity to

consume large meals was approximately 1.3 at\aldeof prey availability.

Table 7.3: Simulated mean energy intake for snakdbat include, or exclude,

very large meals in their diet, at various levelsfgprey encounter rates.

Prey encounter Mean (x SD) energy Mean (x SD) energy Factorial increase in energy

correction intake excl. very large intake incl. very large intake associated with
factor meals meals consuming very large meals
1 84.8 + 58.49 112.46 +87.35 1.3
2 160.10 +80.30 202.70 £112.33 1.3
3 242.61 £100.73 313.29 £ 143.36 1.3
5 401.24 +130.59 504.69 + 181.54 1.3
8 633.74 £ 155.36 818.57 + 245.33 1.3
10 798.63 £ 172.77 1014.54 + 262.55 1.3

90



7.4 Discussion

My data show thaBitis schneideriis a generalist predator that consumes a varietyey
types approximately proportionally to the frequenbgt those prey types are encountered.
Moreover, the relative abundance of prey typeslabig to ambushing snakes, and the mean
estimated energy content of those prey types, siigge available-energy encounter
frequency distribution that is right-skewed, withl@ng right tail. This has important
implications for foraging success, and demonstrates of the selective pressures that may
have been responsible for the evolution of the cpaf ambush predators to consume very

large meals as snakes that are able to ingestenergy are more likely to reproduce.

7.4.1 Feeding

Observations of feeding suggest that laBges schneiderido not exclude small meals from
their diet. Arnold (1993) reviewed studies that éawvestigated snake-size prey-size
relations, and found that the majority of specleswsed an ontogenetic shift in lower limit of
prey size. Arnold (1993) argued that for marginedypto be valuable to a predator, the
energetic gains from the meal (however small) rnteedutweigh the risks of consuming it.
Shine (1977) proposed that relatively small preyewstill valuable to snakes from three
genera of Australian elapids because the snakes weromous and thus able to limit the
costs associated with consuming prey. The use wbmeby B. schneidericould similarly
explain the presence of relatively small prey itemsthe diet of large individuals.
Additionally, in ambush foraging snakes suchBasschneidetilow metabolic expenditure
resulting from reduced activity and physiologicebptations to infrequent feeding (Secor &
Nagy, 1994; Secor & Diamond, 1998), the overallrgagc expenditure is low relative to
more actively foraging snakes, and thus the cokiaating and capturing such marginal prey
is reduced. Studies of species that do exhibitgeretic shifts in minimum prey size have
attributed such changes to ontogenetic shifts mtéause or morphological limitations that
prevent large snakes consuming small prey (Arndf93). Field observations suggest no
ontogenetic shifts in habitat use Bh schneidetilimiting the effect of habitat on prey size
availability. Moreover, even aduB. schneideriare capable of consuming the smallest
vertebrates in the prey community, suggesting ttete are no morphological constraints to

feeding on small prey items.
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| found no evidence th&. schneiderconsumes arthropods, as do many other small-bodied
viperids (Phelps, 2010) including several arid-addpAfrican species (Barlow et al., 2009).
The most abundant invertebrates on the study ste Wenebrionid beetles, which have thick
chitinous exoskeletons that increase the cost gégion and probably make ingestion of
them unprofitable (Chen et al., 2004).

Feeding behaviour during winter is often restricte@ctothermic vertebrates such as snakes
(Mori et al., 2002). The arid coastal region tBaschneiderinhabits is tempered by the cold
Benguella current, and as such experiences redsessbnality (Robinson & Seely, 1980).
The feeding behaviour that | observed during wingehus likely a result of the mild winters
that occur in the region, and possibly, the digestidvantage resulting from the use of
venom at low temperatures (but see Chu et al., )200% capacity to feed year-round has
important implications for energy intake, and maytbe factor that allowB. schneiderio

breed annually (Chapter 6).

Estimated prey encounter rates resulted in fewucaptand thus low mean energy intake.
Secor and Nagy (1994) estimated energy expendiu@rotalus cerasteas 38.6 kJ.kg.d™.

If I assume similar energy expenditure #r schneiderithen a 15 g snake would need to
consume approximately 210 kJ'in order to survive. This estimate would sugghst the
measures of prey encounter rates are artificially fonly half of the energy needed to sustain
an individual would be available), most likely tresult of prey animals avoiding pitfall traps

more easily than they avoid ambushing snakes.

7.4.2 Advantages of consuming very large meals

My simulations showed that mean energy intake f@akss that had the capacity to capture
very large meals was always higher than the meanggnintake of snakes that did not.

Moreover, the relative advantage of consuming Varnye meals was dependent on the shape
of the energy availability distribution and was épeéndent of prey encounter rates. Based on
the shape of the energy availability distribution fhe prey community, snakes that had the

capacity to consume very large meals had a 30%owepnent in energy ingestion.

The relationship between energy surplus and fitnessomplex, making it difficult to
guantify the biological significance of the incredsenergy intake associated with the
capacity to consume very large meals. However,rakgtudies have linked patterns of prey

abundance and thus food availability with reproohectoutput (Shine & Madsen, 1997,
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Madsen & Shine, 1999a,b, 2000) suggesting that egktively small differences in prey
availability can translate into changes in repraidecoutput. Thus the capacity to consume
very large meals is likely to represent a stronggetitive, and therefore selective, advantage

to snakes that have such a capacity.

There are undoubtedly costs associated with comgunery large meals (as well as costs
associated with the morphology required to consuarg large meals), and these should be
weighed against the energetic advantages of inetdeasergy intake. Larger prey items are
associated with increased handling time which mapose snakes to predators, limit
locomotion, and utilize time that may be spent tmep activities. While increased handling
time is likely to influences snake foraging behaviby influencing the cost-benefit ratio of
particular prey items, a single very large meal majil an individual’'s annual energetic

maintenance requirements.

This study demonstrates that the energy gain tamaloushingB. schneideris governed by
the relative abundance of prey types, and thepeds/e energy contents. Moreover, the
availability of meals derived from these factorsggests that very large meals are
encountered only rarely by ambushing snakes, kit ifhthey are consumed, provide the
predator with a large energy bonanza. Given thael@nergy surplus is likely to result in
increased fecundity it is unsurprising that vipkave evolved the capacity to consume very

large meals.
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CHAPTER 8

ASSESSING THE THREAT OF AVIAN PREDATION ON A SMALNVIPERID SNAKE

This chapter has been published as Maritz, B., andcott, S. L. 2010.
Assessing the threat of avian predation on a smalliperid snake. African
Zoology. 45:309-314.

Abstract — Predators are important because they influence ivalirvates,
population density, and behaviour of prey specidswever, assessing the
predation pressure facing a particular speciesfisudt when that species faces a
suite of predators. We aimed to characterise tite sfi avian predators that are
likely to feed on the Namaqua Dwarf Addditis schneideri and used field
surveys to assess their relative abundance. Weliiseature records to map the
feeding preferences of avian species, and poinintsoto estimate relative
abundance. Finally, we produced an index of Redafixedatory Pressure (RPP) to
assess the relative importance of each avian spasipredators. We counted 490
individual birds from 30 species during 39 pointuots. A cluster analysis of
similarity between diets produced a dendrogrameasplit into three functional
groups: specialist predators, generalist predatams, non-predators. Specialist
predators and generalist predators made up a ¢tdl0.6 % of the entire
community by abundance. Generalist predators ke¢ylio be the most important
predators of Namaqua Dwarf Adders. We also notetchereased abundance of
anthropophylic species outside of our study sité smggest that anthropogenic

areas could provide regions of increased predgtiessure on small vertebrates.

8.1 Introduction

Predators play an important role in regulating ppepulations (Greene, 1988; Lima, 1998;
Meunier et al., 2000; Newton, 2003; Begon ef 2006), activity patterns (Greene, 1988;
Lima & Dill, 1990; Webb & Whiting, 2005), and drivgj anti-predatory behaviour and
mechanisms (Greene, 1988; Lima & Dill, 1990). Irtun@, most prey species encounter
multiple predators (Sih et al., 1998). Accordinglyderstanding the range of predators that

feed on individuals of a particular prey specieessential for understanding factors that
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regulate populations and influence the evolutionaofi-predatory behaviours (Sih et al.,
1998). Despite its value, few data are availabjmming predation on African snakes. Most
records are represented by anecdotal or isolajgartee(e.g., Alexander & Maritz, 2010),

from the dissection of museum specimens (Louettdegroelen, 2007), or from the analysis
of faecal pellets (Macdonald & Dean, 1984; Simmeial., 1991; van Zyl, 1994).

Small vertebrates are often subject to predatioraldgirge and diverse suite of predatory
species ranging from other vertebrates to largeriebrates (Greene, 1988; Andrews &
Gibbons, 2005). However the relative abundancéhe$d¢ predators and their propensity to
feed on a particular prey species will influence tlegree of predation pressure that they
exert on the prey species (Greene, 1988). For eearap abundant generalist predator may
have little effect on a prey species, whereas asommon specialist predator can exert a
strong effect on the prey population (Paine, 19lf4}jhis study we investigated the potential
predatory pressure that avian predators place popalation of a small viperid snakBitis

schneideri.

The Namaqua Dwarf AddeBitis schneide)iis a desert adapted viperid snake, endemic to
the west coast of southern Africa (Broadley, 1®B@&nch, 1998). Individuals are small (100
mm to 285 mm total length), and abundant within$laadveld bioregion that they inhabit (B.
Maritz, unpubl. data). While Branch (1998) descsibthe species as nocturnal, our
unpublished activity data indicate that individuate primarily diurnal with limited nocturnal
movement.Bitis schneideriis listed as Vulnerable by the IUCN on the badishabitat
destruction from diamond mining activities and gk collection for the pet trade (Branch,
1988; World Conservation Monitoring Centre, 19%ince predators play an important role
in regulating population sizes, understanding thedatory pressure facing a threatened

species can help inform conservation actions.

Individual B. schneideriface predation risk from a vast array of predatoctuding birds,
mammals (e.g. Yellow Mongoos€ynictis penicillataand SuricateSuricata suricatty other
reptiles (e.g. Cape Cobrdgja niveg, and potentially even large invertebrates (e gmblqua
Baboon Spiderdarpactira namaquensjsall of which are syntopic witB. schneiderivithin

our study site. We chose to investigate avian pioegdaressure because birds are likely the
most important predatory group, on account of thelative abundance and ecological
diversity (Hockey et al 2005). Moreover, the relative ease with which thay be surveyed
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and quantified means that their predatory signiit@acan be more accurately estimated than
is the case for other taxa.

Using the available literature we compared the diedll detected bird species at our study
site during the summer activity period to ascertaimich species are likely to feed on
Namaqua Dwarf Adders. We then surveyed birds orsiteeto calculate relative abundance
of the candidate predatory species. Finally, wedube data from these two analyses to
produce an index of Relative Predatory PressureéPRidsed by avian predators Bf
schneideri

8.2 Methods

All data were collected during the austral summleng coastal dune fields on the farm
Noup, Northern Cape Province, South Africa (30°83 17°12 E). Noup forms part of
Namagqualand Mines and the De Beers Diamond RouwwgeVver all dune habitats are
relatively pristine. The study site is approximgtetctangular in shape and covers 480 ha.
The study site was selected to meet the criteriangfoing research on the ecology Bf
schneideri The area is comprised primarily of recent caloaseaeolian sands that form semi-
vegetated longitudinal dunes (Desmet, 1996; Desgénefowling, 1999). Vegetation is
succulent or sclerophyllous as is typical for Sasdvhabitats along the coast (Mucina &
Rutherford, 2006). The region receives 50 - 150 raimfall per annum, and coastal fog is
frequent (Cowling et al 1999). More than 60% of annual rainfall falls dgriwinter
(Desmet, 2007). Temperatures are cool, ranging &enean temperature of 14.3 °C in winter
to 18.2 °C in summer (Desmet, 2007).

We obtained dietary data from the literature (Hgckeal, 2005 and references therein) for
all bird species that we observed at the studydsiteng extended field work over the austral
summers since September 2007. We scored each spkecighe presence of insects,
arachnids, molluscs, reptiles, fish, amphibiansjimammals, fruits, seeds, nectar, foliage,
or carrion in their diet. We calculated the Eudiidedistances between the diets of each
species and plotted the resultant dendrogram USiatistica v. 6 (Statsoft Inc., 2001). We
subjectively defined three primary feeding groupstbe basis of dietary overlap, namely

specialist predators, generalist predators, andpnedators.
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We sampled the avian community at our study saefi5 - 29 December 2009. In total we
conducted 39 point counts of 15 min each to santpde species richness and relative
abundance of birds within the study site. Surveygsewconducted daily during the early
morning and late afternoon to sample birds duriifigrént periods of activity. During point

counts it is often necessary to account for theugdn in detectability with increasing

distance from the observer (Reynolds et al., 1980)vever, our study habitat was relatively
sparsely vegetated allowing us to comfortably ddteds from long distances. Accordingly,

we limited our counts to birds within 100 m to agobfor the relatively open habitat and the
low density of birds in the arid environment. Prtoreach survey we identified landmarks
approximately 100 m from our observation point. Wauded all individuals that were seen
or heard. Birds identified on the basis of callgavenly included if both observers agreed
that the calling individual(s) were within the dgsated 100 m radius. To minimize the

likelihood of duplicating counts, points were saetpht least 200 m apart.

On the basis of our literature survey and our avammunity survey we constructed an
index of Relative Predatory Pressure (RPP), caledlasRPP = (RA x G)/Gax WhereRPP

is Relative predatory pressure that ranges from @,{RA is the relative abundance of a
particular species; is a defined guild-specific integer scored as Orfon-predators, 1 for
generalist predators, and 2 for specialist predamdGn,ax is the highest value fdg in the
analysis. Our index of RPP is similar to that dissad by Gunzberger & Travis (2004), but
differs in that we did not have access to predafmcific information on consumption of
Dwarf Adders. In our analysi&max equalled 2, however this assumes that a specialist
predator consumes twice as many Dwarf Adders anarglist predator. Data to support this
assumption were not available to us. However, vatete sensitivity of our analysis by
varying Gmax between 1 and 10 and comparing the rank ordeneospecies using Spearman
Rank Order Correlation, and found that our resaltsl conclusions were supported (a
generalist predator achieved the top rank) up @& equal to approximately four which we

think is an ecologically reasonable assumption @erger & Travis, 2004).

8.3 Results and Discussion

Field observations on the study site yielded 64ciggethat we included in our feeding
analysis (Fig. 8.1). Avian species likely to feed Namaqua Dwarf Adders (specialist

predators + generalist predators) clustered togethealistinct from non-predators (Fig. 1).
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Within this group specialist predators (13 specwesje distinct from generalist predators (8
species) (Fig. 8.1). The remaining species (43 ispeavere classified as non-predators,
though they included two subsets of birds that heweeptionally been noted as including
small reptiles in their diets (Fig. 8.1).
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Figure 8.1: Dendrogram showing Euclidian dissimilaity in diet among 64
species of birds observed on our study site duringummers of 2007, 2008 and
2009. Most species are non-predators, however groungs of generalist
predators (G), specialist predators (S), and the tavcases of exceptional cases

(E) are shown.

Surveys of the avian community yielded 490 indibrecords representing 30 species. Non-

predators were most abundant (the 5 most abundaeties were non-predators and
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comprised 50.4% of all individual birds by abundan€ig. 8.2). Specialist predators make up
a relatively small proportion of the avian commurby abundance and were represented by
only three species during our survey (Black-heattedon + Southern Pale Chanting
Goshawk + Greater Kestrel = 1.8%). Generalist poeda primarily Bokmakierie and

Common Fiscal, made up 8.8 % of all individual bittktected during our surveys.
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Figure 8.2: Relative abundance of all bird speciedetected during surveys on
our study site from 15 - 29 December 2009. Black lkemnns represent specialist
predators, grey columns represent generalist predats, and white columns

represent non-predators.

In our study system, a relatively large proportminrecorded avian species are likely to
include Dwarf Adders in their diets. In our anatysif dietary composition, 13 species
(20.3%) clustered as specialist predators, whiladdlitional 8 species (12.5%) clustered as
generalist predators that could include Dwarf Addespecially juvenile snakes, in their diet.
Thus 32.8% of the avian species known to occurhe drea are likely to include Dwarf

Adders in their diet.

Relative Predatory Pressure (RPP) indicated thatB&ierie were likely the greatest avian

threat to Namaqua Dwarf Adders, followed by Bladatied Heron and Common Fiscal
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(Table 8.1). Despite their small size, African Stomat scored relatively high (RPP = 0.007)
because of its relative abundance and the inclusiarertebrates (including fish and reptiles
— Keith et al., 1992) in its diet. Despite making a significant proportion of the species
community, specialist predators appear to be k&btiscarce in abundance, as predicted by
trophic theory (Begon et .al2006). The estimated relative abundance of alkiapst
predators during our surveys was 1.84 %. Thus, evbich typical predators are often
expected to form the major predatory pressure oticpéar species (Broadley, 1990), their
relative abundance and RPP indicates that theybmdgss important in terms of individual

prey items consumed over a period of time.

Table 8.1: Relative predatory pressure (RPP) for th seven likely predators

detected during our surveys. RA = Relative abundare; G = Feeding guild

score.
Species RA G RPP
Bokmakierie Telophorus zeylonlis 0.055 1 0.028
Heron, Black-headed\¢(dea melanocephala 0.014 2 0.014
Fiscal, CommonlL(@nius collarig 0.020 1 0.010
Stonechat, AfricanJaxicola torquatus 0.014 1 0.007
Crow, Cape Corvus capens)s 0.004 1 0.002
Goshawk, Southern Pale Chantindg{ierax canoruy 0.002 2 0.002
Kestrel, GreaterHalco rupicoloide} 0.002 2 0.002

We suggest that the major avian predatory prestgi@ag Dwarf Adders is likely from
generalist predators that feed on Dwarf Adders dppestically. Our cluster analysis
indicates that 8 species that occur in the stuép @an be included in this group, and our
survey data suggest that these species make upoB &b birds occurring in the area by
abundance (Fig. 8.1).

Our survey of the avian feeding literature recordsded several surprising feeding records.
These include the inclusion of small reptiles (@iity lizards) in the diets of Karoo Prinia
(Frazer, 1987) and Malachite Sunbird (Starck, 190hile these records are for small
lizards, and these species could potentially feech@onate Namaqua Dwarf Adders (110
mm, 2.5 g), we designated these species as noatpred choosing to interpret their

observations as exceptional cases. Nonethelespptbatial threat posed by species that are
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abundant (Karoo Prinia was the most abundant specieng our surveys) but rarely feed on
target taxa could be very important and shouldhlbestigated.

Although we did not quantify the abundance of lspecies along major roads, power lines
and towns in the area, many of the anthropophyl&ces that are common in these areas
(Cape Crow, Pied Crow, and European Starling) vepexies that we included as potential
predators ofB. schneideri The prevalence of raptors along power lines idl \eown
(Ledger & Hobbs, 1999; Meunier et,&000; Landman et al2001; Lasch et g/2010), and
Greater Kestrel, Rock Kestrel, and Southern Pal@n@hg Goshawk are common along the
major road and power line that runs nearBgr6. Obg, yet made up a relatively small
proportion during our surveys, away from the roatsl other anthropogenic areas. It is
therefore likely that anthropogenic areas are yikiel produce artificially inflated risk of
predation on Dwarf Adders from anthropophylic tspkcies.

While specialist predators do impose populatiorelleffects on Dwarf Adders, we suggest
that generalist predators and opportunists may smpa greater influence on snake
populations and behaviour. Our data has shed tighthe risk that Dwarf Adders face from
avian predators in the wild and provides a valuatstlemework for assessing future
behavioural ecology investigations Bitis schneideri We also think that our approach
provides a valuable tool for dealing with the diffities associated with estimating predation

pressure.
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CHAPTER 9

CRITICALLY ASSESSING CHANGES IN CONSERVATION STATUSHE VALUE OF
HOLISTIC ORGANISMAL BIOLOGY

9.1 Introduction

A species can be viewed as a house built from péagards where each card in the species’
card-house represents a facet of its biology. Thectsiral integrity of a house of cards is
dependent on how stress is distributed throughhthse. Similarly, the persistence of a
species is the result of the interaction of thefed#nt facets of the species’ biology.
Disturbance of one card may, or may not, comprortiisestructural integrity of the house.
Similarly, introduce a perturbation that acts tgngicantly influence a facet of the species’
biology, or its interaction with other facets, aheére is a risk that the integrity of the species
will be compromised, resulting in changes in popafasize, and potentially extirpation or
even extinction. Not all perturbations influenckefatets of biology, just as physical removal

of a card or a light breeze will have differenfurginces on the house.

For species that are of conservation concern, tefeeconservation requires an understanding
of their life history (Saether et al., 1996; Greed@05). However, such basic information is
lacking for most species, hindering effective conagon and management (Greene, 2005). It
is only through the development of a holistic ursteending of the biology of the threatened
species, and the resultant capacity to predictebponse of that species to perturbation, that

effective conservation management can be developed.

Threatened species are not evenly distributed a¢hesglobe. A disproportionate number of
threatened species occur in politically unstabigiors, and the biology of most of those
organisms are generally very poorly understood @danet al., 2009). Moreover, not all
organisms have been given equal attention by ssienReviews of the literature regarding
the ecology of snakes, for example, have demoestritat snakes have historically been
drastically under-represented by ecological stufidtsne & Bonnet, 2000), and that studies
on snake ecology are more difficult to publish tihose investigating the ecology of other
vertebrate taxa such as birds and mammals (Bohaét 2002a).

102



Recent work describing global declines in reptilgpylations in general (Gibbons et al.,
2000), and snake populations specifically (Read&igal., 2010), have highlighted the
conundrum of trying to conserve what we do not prijpunderstand. The conservation of
African snakes provides a clear example of thisdasspoorly studied organisms that inhabit
poorly studied environments in which the respowsproximal threats are unknown. African
snakes are diverse (Broadley, 1983; Greene, 19€ahch, 1998), very poorly understood
(Branch, 1988), phylogenetically distinct (Cadl®94), and appear to differ ecologically
from snake faunas in other parts of the world (8anzl976). Additionally, political
instability has limited biologists from easily asseng many parts of the continent, hindering
research into the biology of these and other specie

Branch (1988) has pointed out that even in soutAdrina, with its relatively well-developed
infrastructure and relative political stabilityttle research on snake ecology has been
conducted. The situation has not changed apprgcsbte this statement was made. The
work onPython natalensigAlexander, 2007)HemachatusraemachatugAlexander, 1996),
Bitis gabonica (Bodbijl, 1994; Linn et al., 2006; Warner, 2009nd Psammophisand
PsammophylaxCottone, 2007; Cottone & Bauer, 2010) stand sutbha only field ecological
research to be conducted on snakes in southernaAdiuring the last two decades. Without
exception, all other knowledge of snake ecologgasved from the dissection of museums
specimens (e.g., Shine et al., 1998; Keogh e2@00; Webb et al., 2001, Ineich et al., 2006;
Shine et al.,, 2007), anecdotal observations (&lgrais & MaGahey, 2010; Visser, 2010;
Warner & Kyle, 2010; Deans, 2011), or community-evglrveys (e.g., Maritz & Alexander,
2007; Masterson et al., 2007; 2008).

Bitis schneiderhas long been considered to be of conservationeztan(McLaughlin, 1978;
Branch, 1988; World Conservation Monitoring Cenfi€d96). Recently, however, the species
has been listed as Least Concern (Turner & Mdrtpress) as a result of more information
on its distribution and ecology, as described irs tinesis. Turner & Maritz (In press)
explicitly state that the species is now “consideteeast Concern, pending analyses of
population size and threats.” In this chapter,ifically assess this change in conservation
status by synthesizing recent work on the speaasd, interpreting the threats facirig
schneiderin the light of our improved understanding ofetlogy.
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9.1.1 Ecologyof the Namaqua Dwarf AddeBitis schneide (Fig. 9.1)

Bitis schneide is a species « smaltbodied vperids. Maritz & Alexander (In Pre-a)
hypothesise that the selective advantage of bable to bury into sandy substrates
resulted in the extrer smal body size in the species. Small body size has tgortant
implications for the biology of the species. Fiystemall body size provides a physi
constraint to the number of gpring that a snake can prodi. Secondlyit negates the nee
for feeding specialization among predators and is likely to wider the suite of predato

capable opreying ot B. schneide.
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Figure 9.1 The interaction of the various aspects oB. schneideri ecology.

Direction of arrows designates the direction of irfience

Being vulnerable to a wide suite of predatorskelyi to result in increased predation pres:
and may be the reason thB. schneide experieices low levels of survive. Bouts of
movemer are strongly associated with increased predatskiamong relatively sedenta
and cryptic animaly(e.g., Alexander & Maritz, 201). Thus it is unsurprising that crypt

ambush predators minimize dation risk by reducing the distance and frequeof
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movement. An additional driver of reduced movemsrgnergy savings. Ambush predators
have low energy requirements because of physiabgicd behavioural mechanisms that act
to reduce energy expenditure (Secor & Diamond, L99®reover, many ambush-foraging
snakes tend to move shorter distances and leasefndy than actively foraging snake species
(Secor, 1994). Risk of predation while moving anel €énergetic costs of that movement have
likely been important in shaping of the sedentégstyle exhibited byB. schneiderand as a

result predispose the species to being vulneraltabitat fragmentation.

Low survival has an additional important implicatidor B. schneideribiology: when
combined with small litter size, low survival ditda thatB. schneiderreproduce frequently.
This condition is unusual among viperid snakes astrapecies reproduce only every second
or third year (Seigel & Ford, 1987). An importawonstraint that appears to prohibit viperids
from breeding frequently is the low energy intalksaciated with ambush predation (Seigel
& Ford, 1987). Thus an important ecological trattallowsB. schneiderito persist is the
capacity to continue to feed year-round. This @bpbly a fortuitous consequence of the mild
winter conditions that prevail along the coast his tregion, moderated by the Benguella
current. However, Maritz & Alexander (Submitted-dgmonstrated that activity, and
probably other aspects of biology, are constraittedays with suitable weather conditions
during winter, suggesting sensitivity to changesthia frequency at which those weather

conditions occur.

Finally, Maritz & Alexander (Submitted-b) demonsé&d that Dwarf Adders occur at high
population densities and accordingly, have largeufaiion sizes. This aspectB®f schneideri
biology provides the context in which all aspedidiology need to be interpreted, as large

populations tend to be more buffered against peations.

9.2 Threats

Conservation assessments #r schneiderihave highlighted two primary threats to the
species. These include habitat loss, primarily agsalt of mining activities, and illegal
collection for the pet trade (Branch, 1988; Worldn€ervation Monitoring Centre, 1996;
Turner & Maritz, In press). Additionally, the Sudent Karoo is expected to experience

significant changes in climate in the future (Rutbel et al., 2000).
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9.2.1 Habitat loss/transformation

Habitat loss and transformation are among the raiggtificant threats facing biodiversity
globally (Brooks et al., 2002). Recently, Readingle (2010) proposed that global declines
in snake populations are likely to be linked toitetdoss, among other threats. Habitat loss
and transformation are likely to influence a pogiolain two important manners. Firstly,
reduction in total available habitat is likely teduce the overall population size through
reduction in the absolute availability of resoura@sking the population more vulnerable to
extinction. Large population size can provide resite to extinction by allowing the
population to recover from population crashes. smcies that exhibit large fluctuations in
population size associated with variable environaesirivers or stochasticity, the capacity to
recover from large reductions in population sizessential. Although long-term population
data are not available, | suspect that schneideripopulations probably exhibit large
fluctuations in population size because of varigbih the suitability of conditions (including
fluctuations in prey availability, predator pressuand habitat structure) and because they
have low survival rates (apart from low fecundi®, schneideriis a typicalr-selected

species). Large population size may thus be esséntibuffering such fluctuations.

The second way that habitat transformation may tnegjg impact the conservatioB.
schneideriis the fragmentation of populations due to haldtgradation or the formation of
barriers. Habitat fragmentation has been implicasdan important threat to biodiversity
(Meffe & Carroll, 1997) and is known to result iergetic effects associated with inbreeding
depression as well as the isolation of small pdpmra vulnerable to extirpation (Templeton
et al., 2000). The impact of habitat fragmentaigstrongly related to dispersal ability, with
species that exhibit low dispersal ability beingnesable to even small barriers. Clarke et al.
(2010) demonstrated significant genetic structurmg population ofCrotalus horridusas a
result of habitat fragmentation stemming from tlevelopment of the road networRitis
schneideriis known to display a sedentary lifestyle, low pdigsal ability (Maritz &
Alexander, In Press-b) and strong habitat assoaistisuggesting that even moderate habitat
fragmentation could have important impacts on géme-and isolation of sub-populations,

especially given the fragmented nature of suithblatat.

Minimum viable population size has been a much-tbgbaspect of conservation biology for
decades (Flather et al., 2011). From a speciepgetige, the IUCN has defined the threshold

for extinction concern as 10 000 mature individualshe global population (IUCN, 2001).
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At population densities of 8 Hathe primary dune cordon on which my work was qenied

(of which my study site forms only part) is likelg host a population in excess of 20 000
individuals, and is thus large enough to be comsitld.east Concern by IUCN criteria.
However, species that naturally exist under highuytation densities may depend on those
high densities to avoid extirpation. Passenger grigegctopistes migratoriyjswere once
abundant, but reductions in population size fromtimg apparently reduced population size

below a threshold and resulted in the extinctiothefspecies (Halliday, 1980).

9.2.2 lllegal collection for pet trade

The illegal collection of snakes for the pet trddes been cited as a threatBoschneideri
(Branch, 1988; World Conservation Monitoring Cent&096; Turner & Maritz, 2011).
Because of the nature of illegal trade, the exéaat intensity of illegal collection of reptiles
in Africa is unknown (Schlaepfer et al., 2005). Tgr@nary impact of illegal collection is a
reduction in population size. However, secondarfeot$ such shifts in sex ratios or
population structure can also result in negativpaaots on wild populations (Milner et al.,
2007).

Several life history traits have been identifiedirageasing vulnerability to over-harvesting.
Primary among these are species that are long-lavedl mature slowly, occur at low
population densities, are not highly fecund, omnfatense aggregations during times of the
year and are thus easy to collect (Reed & Shin@2;20/ebb et al., 2002bRitis schneideri
has none of these attributes, and it is thus likie#f the species would be resistant to all but

the most intensive collecting impacts.

Given the dependence of population persistencereguént reproduction iB. schneideri
(Chapter 6), changes to population structure, artiqularly sex ratios may have negative
impacts on wild populations. However, Maritz & Abnder (Submitted-b) did not detect
significantly different detection probabilities farale and female snakes, suggesting that the
collection of individuals is unlikely to bias pamtilar sexes. Biased collecting favouring adult
snakes over less detectable juvenile snakes (M&arAexander, Submitted-b) will probably
simulate a minor increase in general predationspires and as such not have a large impact

on population dynamics.
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9.2.3 Climate change

Climate change is predicted to have significantaotp on the Succulent Karroo Biome
(Rutherford et al., 2000). In general, climate medaedict increased mean temperatures,
increasing aridity, and reduced reliability of failh However the difficulties associated with
down-scaling broad-scale climate model predictidoasthe local scales at which those
changes influence individuals and populations Bnptediction of proximal responses of
species to changing environments (Wiens & Bach&ef,0). Moreover, population-level
responses to changing environments are likely tonbdiated through both mutualistic and
antagonistic interactions with other species, n@kiiccurate prediction of those changes
challenging (Hulme, 2005). However, any assessmérgonservation risk that does not
include the threat of climate change is short-gghHere, | present my expectations for some

of the major environmental changes associateddliitate predictions.

Maritz & Alexander (Submitted-a) showed that adyiwdid not cease during winter, but was
more strongly associated with suitable (generalymer) environmental conditions during
this season. | proposed that it is the continuabibactivity, and particularly feeding, during
winter months that allow individuals to reproduceguently and thus persist in the face of
low clutch size and low survival. Increased tempess during winter months would likely
result in a greater number of days suitable fodifegg and as such have the potential to

impactB. schneiderreproductive output, directly influencing poputatisize.

Warming may not, however, have only positive infloes on snake populations. For
example, our unpublished data suggest that expsaedy patches reach lethally high
temperatures (> 42 °C) for much of the day duringpmer months, excluding snakes from
this component of the habitat. An increase in dayettemperatures could exacerbate this
problem - longer periods of lethally high temperatufor a greater number of days annually.
Additionally, if increased temperatures are asgediavith a decrease in vegetation cover,

then the proportion of habitat remaining availabl8. schneidercould be reduced.

Secondary impacts of climate change Bnschneideribiology are even more difficult to
predict than primary impacts. Two important potaihsecondary impacts include changes in
the composition and abundance of predator and ggeymunities. Becaud®. schneideris a
generalist predator that does not appear to digietary preferences, a change in the prey
community composition is unlikely to have a negatiufluence. However, because of the

apparent link between food intake and reproductiwéput, a reduction in overall prey
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abundance may well have severe negative impactsnake population size by reducing
population recruitment (Chapter 7). Similarly, potithg the response oB. schneideri
populations to changes in predator communitiesfiicult. Changes in predator communities
are known to have significant destabilizing impaots food-webs (Prugh et al2009).
Additionally, small body size, low survival, andvdrse suite of predators (Maritz & Scott,
2010), suggests that predation is likely to playnaportant role in governing population size.
However, Maritz & Scott (2010) also demonstratedt tamong avian predators, abundant
generalist are likely to be have a greater impacBoschneideripopulation size than less
abundant specialist predators. Vulnerability toegahst predators suggests that changes in
predator community composition are unlikely to hawajor impacts on mortality rates.
However, overall changes in predator abundance maag significant impacts on mortality

rates.

Finally, changes in climatic conditions may havepautts on prevailing on-shore winds. The
semi-vegetated dunes that form the primary habft& schneiderare aeolian in origin, and
as such, changes in the wind could impact dunetsiie;, and potentially result in the loss of
suitable habitat. However, such changes are véiigudt to predict accurately.

9.3 Discussion

This review suggests that the change in conservastatus ofBitis schneideti from
Vulnerable to Least Concern, is appropriate, ard Bh schneideris not facing significant
risk of extinction in the near future. The priméplogical factor that ameliorates against
extinction risk is large population size and popialadensity. Thus the combination of very
large global population size, geographic range, andevidence of population declines
excludes the species from all threat categoriesgmsed by the IUCN (IUCN, 2001).
However, this work reveals low dispersal abilityrdmned with habitat fragmentation as the
most important threat tB. schneideri Additionally, impacts associated with climate oha
are likely to be both positive and negative througtreasing the availability of suitable
weather conditions for activities such as foragimgthrough reducing vegetation cover and
food availability respectively. So although thekraf extinction forB. schneideris low, the
dynamic nature of how threats and species inteeat, the low confidence associated with
climate change predictions means that the spetiesld not be ignored by conservation

biologists.
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Critical assessment of conservation status chamgesan important step in effective
conservation planning. My approach to the reassessmof the conservation status Bf
schneideriprovides a valuable framework for how such reaseests should take place. And
while my research has undoubtedly provided a strfmugpdation for understanding the
biology of B. schneideti and makes the species one of the best ecologinalierstood
species in Africa, there are still some importaapg in the knowledge that need to be

guantified. These include:

1) Reproductive cycles, including the timing of speand egg production will provide a
better understanding of life-time reproductive aitp

2) Explicit quantification of energy intake, energypexditure, and the subsequent effect
of energy surplus on reproductive output wouldridermative and clarify the impacts
of changing food availability and foraging successpopulation dynamics.

3) Measurement of long-term fluctuations in populatgize would provide insight into
population resilience.

4) The relative contribution of top-down (predator-trofied), and bottom-up (resource-
limited) regulation of population size would inforour understanding of population
dynamics.

5) The genetic effects associated with isolation ofpytations through habitat
fragmentation will allow for more accurate assessn® the risks associated with
habitat fragmentation.

6) The taxonomic status of the species and more $pabif the status of Namibian
populations.

7) More intensive and comprehensive mapping of thiiligion including the mapping
of source and sink areas will help to understarddégree of fragmentation in the

population.

The approach that | have adopted is not novel.dgists have, for many years, called for
holistic approaches to understanding the vulndatabilf organisms to extinction. Greene
(2005) explicitly highlights the role of organismablogy as a central focus of conservation
biology. However, in the context of Africa, and tleenservation of poorly understood
organisms, the approach that | have used and edthere, and ideally including the facets
listed above, should form the protocol for how $ergpecies conservation should be

approached.
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Developing an understanding of the biology of acggsegoes beyond effective conservation
management. Population persistence governs patbérgsographic distribution, and range
edges are defined by areas where a species caersi$tp Given that the persistence of a
species is governed by the interactions of theedifit facets of the biology of an organism,
my approach is likely to highlight the aspects of @arganism’s biology that allow its
persistence in certain areas, while excluding dthrers.

In southern Africa there are several snake spéciedich my approach, and indeed my data,
could be immediately applied. BotB. armata (Endangered) an@&. albanica (Critically
Endangered) are small vipers that are very poorgetstood and face severe risk of
extinction in the near future (Bates et al., Ind8jeStudies quantifying and characterizing the
biology of these species will not only aide dirgatli the conservation of those species, but
also help to clarify issues of conservation at aigiaxonomic levels. The genBgis contains
several small-bodied, restricted-range speciegraewof which are of conservation concern.
Ascertaining the factors that have lead to memlwdrghe genus being susceptible to
environmental perturbation can have important iogtions for the identification of life
history traits that characterize species of coraem concern.

The African snake fauna is diverse, poorly docum@ntpoorly understood, and given
growing human populations, increasingly imperill&t research investigating the ecology
of these charismatic and ecologically importantraais remains conspicuous by its absence.
However the potential for such research is an dppdy waiting to be exploited. Hopefully a
growth in African snake ecology, mirroring the gtbwof the science globally, is on the

horizon.
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