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Cavity-Nesting Guild
David Marshall Millican

Academic Abstract
Cavity-nesting guilds are diverse communities of organisms that are hierarchically structured
around the creation of and competition for tree holes as nest sites. Quantifying these
communities as networks of interconnected species, or “nest webs”, is a proven and efficient
method for identifying important species and interactions within a cavity-nesting guild that can
aid the management of these often threatened communities. Yet nest web data does not provide
information regarding how natural resource managers are to encourage the support and adoption
of conservation behaviors. This dissertation comprises two broad studies: one describing a
cavity-nesting guild in central Namibia, and the other exploring methodology for identifying an
effective flagship species for local conservation. In chapter 1, I provide background information
of my study system and a review of the cavity-nesting and flagship species literature. In chapter
2, I quantify the species and resources within a cavity-nesting guild and create a cavity nest web
to depict cavity creation and use in central Namibia. All cavity-nesters depended on sparse, large
trees, which likely contributed to limited use of tree species across the guild. Cavity-excavators
were of disparate importance for secondary cavity-nesters: important for small- and medium-
bodied species but mostly unimportant for large-bodied species who depend more on large trunk
hollows. In chapter 3, I describe and compare species-specific cavity resource niches among
guild members to explore potential instances of cavity resource partitioning. Use of nest cavities
appears to sort out by size among both cavity-excavators and secondary cavity-nesters.
Excavators appear to partition cavity substrate spatially by decay class, while spatial partitioning
among secondary nesters was largely by cavity type. Most interesting is the apparent temporal
partitioning of large excavations among medium- and large-bodied cavity-nesters. In chapter 4, |
explore a novel approach to flagship species selection that identified all previously-existing traits
for flagship species, numerous traits specific to culture and personal experience, and a dozen new
traits that were previously not recognized as potentially important for flagship species. This
method shows considerable promise as a tool for investigating preferences for wildlife among

broad stakeholders, as well as for engaging local people in wildlife conservation.
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General Audience Abstract
Holes in trees, or cavities, are important resources for many birds, who use cavities as a safe
place for raising young. Cavity-nesting birds are linked together in a cavity "nest web" based on
the types of cavities used by each species. Understanding how birds are linked with each other
and with certain types of cavities is critical in order to design conservation plans that preserve
important community relationships. However, successful conservation also depends on strong
support from local people, who are most often the people tasked with implementing the
conservation actions. Flagship species can be used to gain support from necessary groups of
people for specific conservation missions. This dissertation consists of two broad studies: the
first study describes a community of cavity-nesting birds in Namibia, and the second explores a
new way to investigate how people connect with wildlife through emotional connections. In
chapter 1, I provide background information on my area of research. In chapter 2, I outline the
different trees, cavities, and birds at the study site and estimate their abundance in the area. I also
create a cavity nest web that illustrates the links between species. Large trees were relatively
uncommon, but were important for all birds in the community. Cavities made by other birds,
such as woodpeckers, were very important for small- and medium-sized species, but were mostly
unimportant for large-sized species. In chapter 3, I compare the tree cavities used by different
species, including the types of trees, cavities, and cavity sizes. I also explore multiple ways by
which cavity-nesting birds might be dividing cavities between different species. Our most
interesting finding was how medium-sized species seem to share cavities in time rather than in
space; some species (i.e., small owls and woodpeckers) breed before some larger species that use
the same type of cavity. Breeding early may be a way for some species to avoid competition with
more competitive species, and may be the first example of this strategy being used by multiple
cavity-nesters in a community. In chapter 4, I explore a new method for selecting flagship
species. This method uncovered all traits that have been previously recommended for flagship
species, as well as many traits specific to culture and personal experience. We also identified a

dozen new traits that were previously not considered to be important for flagship species. Our



new method is very promising as a tool for investigating preferences for wildlife among broad

stakeholders, and for engaging and involving local people in wildlife conservation.
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Chapter 1: General information
Introduction

This dissertation details the research and findings of a three-year investigation of an avian
cavity-nesting guild inhabiting the Vachellia-dominated woodland of central Namibia. The
objectives of this research are grounded in two fields, ecology and social science. As such, the
dissertation consists of two studies, one based in ecology and one in social science, specifically
human dimensions of conservation, and their associated research objectives and questions, using
methodology and theory from each field. These two studies are then used to develop an
interdisciplinary framework for the conservation of the cavity-nesting fauna of Namibia. All
ecological research was conducted on the property of the Cheetah Conservation Fund (CCF), a
501(c) non-profit organization located east of Otjiwarongo, Namibia. Human dimensions
research was conducted with the support and generosity of Communal Wildlife Conservancies
throughout central and northern Namibia.

The ecological study seeks to describe the structure of a cavity-nesting community in
central Namibia via a nest web analysis by quantifying the prevalence and types of available
cavities, resource use preferences of cavity-nesters, and interspecific relationships that exist
among them. Describing the structure of this particular community contributes to empirical and
theoretical understanding of cavity-nesting guilds, for which there is a dearth of research from
ecosystems in tropical climates, as well as to local avian conservation and forest management by
identifying important tree species and processes involved in cavity formation. We collected
ecological data during each year of this study, using observational and modeling techniques to
describe the structure and relationships underlying this community. We collected data regarding

the abundance and nesting ecology of seventeen cavity-nesting species: five primary cavity-



excavators (PCE), 11 secondary cavity-nesters (SCN), and one weak cavity-excavator (WCE).
We also collected observational data on the abundance and structure of potential nest sites,
which we limited to cavities within live trees and snags (standing dead trees). We used these data
to explore hypotheses regarding predictors of species occupancy and potential interactions
between nesting bird species.

The social science study explores a novel approach to flagship species selection that
focuses on the wildlife preferences and opinions of local stakeholders. We used emotional
prompts as a guide to understanding how local people perceive and interact with wildlife, as a
way to discern what wildlife characteristics would make for effective flagship species. We then
discuss how this method may be used to investigate the flagship species potential of Namibia’s
cavity-nesting birds, and how local conservationists might utilize such a species to encourage the
conservation of this community. We collected social science data via qualitative focus group
surveys during years two and three of the project. We met with the committees of Communal
Wildlife Conservancies in three geographic regions: Kunene, Otjozondjupa, and Zambezi. We
coded interviews for traditional and novel flagship species traits and evaluated our approach in
light of existing literature on flagship species selection.

This dissertation is composed of three manuscripts presented in chapters 2-4, as well as
this introductory chapter and a concluding synthesis. We describe ecological research on
Namibia’s cavity-nesting guild in chapters 2 and 3, and human dimensions research on flagship
species in chapter 4. In chapter 2, we detail the types and prevalence of species within a cavity-
nesting community in Namibia’s Vachellia Dry Tree-and-shrub Savannah. These include tree
species harboring cavities and the birds that use them for nesting. In chapter 3, we describe the

cavity resource preferences of seventeen avian cavity-nesters found at CCF. We present a nest



web analysis, used to identify key species and relationships within the cavity-nesting guild, as
well as an “abundance web”, which visually depicts the guild structure in regards to available
tree substrates, prevalence of different cavity types, and abundance of cavity-nesting birds. We
also explore the cavity resource niche of individual species and explore mechanisms for
partitioning cavity resources. In chapter 4, we describe our novel approach for identifying
positive criteria/characteristics for flagship species among local stakeholders, utilizing emotional
prompts to elicit preferences for wildlife characteristics. In chapter 5, we consider how
conservationists might use our findings to couple the needs of avian and human communities for
sustainable and effective wildlife management. In this introductory chapter, we provide
background information on the ecology of cavity-nesting wildlife, the avifauna of Namibia, and
the Vachellia Dry Tree-and-shrub Savannah ecosystem, the dominant habitat that spans much of

central Namibia.

Cavity-nesting birds

Many species across various animal taxa utilize holes and burrows as shelters for both
roosting and protection, as well as specifically for the purpose of reproduction (Nilsson 1984).
Holes hold intrinsic value as havens against predators, inclement weather, stochastic events, and
other threats to survival, making them a highly prized and potentially limited resource. In forest
ecosystems, trees provide one of the most abundant substrates for hole creation and use. Species
that use tree holes, typically referred to as “cavities”, often constitute a considerable proportion
of the vertebrate community of any forest. Globally, over 18% of the world’s avifauna will use
tree cavities in some capacity, and almost half of those birds breed exclusively in tree cavities

(van der Hoek et al. 2017). In Canada and the continental United States, over 100 mammal and



bird species use tree cavities (Aitken 2007); in the Pacific Northwest specifically, an estimated
25-30% of forest vertebrates shelter and/or reproduce in cavities (Bunnell et al. 1999).

Cavity type is often categorized into two broad groups: excavated and non-excavated
cavities. Excavated cavities are created mechanically, typically by a few species (e.g.,
woodpeckers) termed primary cavity-excavators (PCE) and weak cavity-excavators (WCE), but
are later competed over by a suite of species called secondary cavity-nesters (SCN) that cannot
create their own cavities. Excavators typically create cavities in dead wood, especially WCEs
who can only excavate in wood in advanced stages of decay (Wesolowski 2007). However, some
PCEs are able to excavate in live, primarily hardwood, trees. Since live trees provide inherent
security benefits (e.g., against being blow down by wind), species that excavate cavities in dead
wood will often utilize dead sections of live trees (Conner et al. 1976), portions within decaying
limbs (Reller 1972, Jackson 1976, Stauffer and Best 1982, Ingold 1994b), and the bole of live
trees softened by heart rot (Hart and Hart 2001, Martin et al. 2004, Pasinelli 2007, Zahner et al.
2012).

Non-excavated cavities, hereinafter called “natural” cavities, include those created via a
number of different processes. Natural cavities can form through abiotic forces, such as the
breakage of tree limbs and tops from wind damage and fire wounds (Aitken 2007, Wesolowski
2007, Wesolowski 2011), as well as biotic decay caused by insects and/or fungi (Aitken and

Martin 2007).

Cavities as a limiting resource
Tree cavities can act as a limiting resource for cavity-nesters, particularly SCNs, which

are unable to excavate their own (Newton 1994, Newton 1998). Excavating species are freed



from this limitation; yet, they still may be limited by an availability of appropriate excavating
substrates (Segura 2017). Limited cavity or substrate availability can restrict populations of
cavity-nesters and potentially extirpate species that are unable to find, occupy, and/or defend nest
sites (van der Hoek et al. 2017, Segura 2017, Trzcinski et al 2022).

Cavity abundance may be influenced by forest age, type, and management history
(Wesolowski 2007). The number of cavities in a forest typically increases with forest age, often
as a consequence of an increase in the amount of standing dead wood (Cartwright and Findlay
1958, Peace 1962, Newton 1994, Trzcinski et al. 2022). Forests in the early stages of succession
may harbor a low abundance of cavities, owing to a scarcity of large trees and dead wood, a low
incidence of cavity-forming stochastic events, and the long time necessary for decay to create
usable cavities (Trzcinski et al. 2022). Excavated cavities, which are created relatively quickly,
often in only a few weeks, are likely to comprise a high proportion of the overall available
cavities in young forests and may therefore be crucial for breeding by SCNs in such forests
(Lohmus and Remm 2005, Remm et al. 2006).

Forest type can also play a role in determining cavity availability, particularly if the
dominant tree species are not prone to developing natural cavities. Coniferous trees, for example,
are able to seal wounds more quickly and efficiently than deciduous trees. As a result,
coniferous-dominated forests have been found to contain fewer natural cavities than deciduous
forests (Waters et al. 1990). The paucity of cavities in coniferous trees also helps explain high
usage of deciduous trees in mixed forests (Cockle et al. 2019a). However, cavities in live
coniferous trees, which last longer than those in live deciduous trees (Edworthy et al. 2018), can

be critical for long-term use for species exhibiting high site-fidelity.



Forest management likely has the greatest influence on cavity abundance (Cockle et al.
2010, Ruggera et al. 2016). Common management practices target those trees most important to
cavity-nesters: large, old trees and standing snags (dead trees) (Mannan et al. 1980, Jackson and
Jackson 1986, Poonswad 1995, Gibbons et al. 2000, Whitford 2002, Koch et al. 2008, Smith et
al. 2008, Renton and Brightsmith 2009, Schaaf et al. 2019). Large trees are often felled
selectively for their economic value (Schaaf et al. 2019), while snags are commonly removed
due to undesired aesthetics or potential risks of causing property damage. These practices unduly
remove cavity-bearing trees from the landscape (Segura 2017), particularly large trees (Schaaf et
al. 2020) with large cavities. In this way, timber harvesting may not only reduce the abundance
of cavities overall, but also reduce overall cavity size (Schaaf et al. 2020), placing
disproportionate stress on large-bodied SCNs.

Even where cavities are abundant and of diverse types, cavity-nesters may be limited by
cavities that are available for them to use, both in terms of suitability and freedom from
competition. Natural history traits, such as behavior and morphology, restrict which cavities are
of suitable quality for a given species. Obligate tree cavity-nesters exhibit a narrower realized
niche than facultative tree cavity-nesters, which may use holes in other substrates, including the
ground, termitaria, and anthropogenic structures. As a result, obligate tree cavity-nesters are far
more likely to be limited by cavity availability than facultative tree cavity-nesters. Likewise,
large-bodied species are able to utilize fewer cavities than small- and medium-bodied species
and are therefore typically most restricted by availability of suitable nest sites.

High levels of intra- and interspecific competition may further restrict cavity availability.
For highly territorial species, many cavities may be rendered uninhabitable by the presence of

more competitive conspecifics (Gauthier and Smith 1987). Likewise, the presence of more



dominant SCNs may restrict the number of suitable cavities available to subordinate SCNs

(Ingold 1989, Nycander et al. 1995, Poonswad 1995, Heinsohn et al. 2003).

Evidence for cavities as a limiting resource

Multiple lines of evidence illustrate how cavity abundance can limit populations of
SCNss, including both observational and experimental research. Observational evidence includes
positive correlations between densities of cavity-nesters and densities of cavities and/or snags
(Haapanen 1965, Mannan et al. 1980, Raphael and White 1984, Zarnowitz and Manuwal 1985,
Snyder et al. 1987), birds fighting over cavities (von Haartman 1957, Strange at el. 1971,
Hammerstrom et al. 1973), successive usage of cavities by different breeding pairs in a single
breeding season (Raphael and White 1984, Aitken et al. 2002, Blanc and Walters 2008b, Pakkala
et al. 2018), successive usage of cavities over sequential years (Cockle et al. 2019b, Wiebe et al.
2020), high rates of cavity occupancy (Edington and Edington 1972, van Balen et al. 1982, Robb
et al. 1996, Bonar 2000, Bai et al. 2003, Cockle et al. 2019b), and attempts to integrate cavity-
rich trees into cavity-limited territories (van Balen et al. 1982, East and Perrins 1988).
Experimental evidence for cavities as a limiting resource largely stems from studies using nest
boxes to gauge the community response to nest-site provisioning and/or removal (Newton 1998).
In managed forests, the installation of nest boxes typically leads to an increase in SCN breeding
densities (Brawn and Balda 1988, Caine and Marion 1991, Newton 1994, Holt and Martin 1997,
Miller 2010), while their removal leads to a decrease in SCN densities (Aitken and Martin 2008).

The degree to which cavity availability limits SCN populations is not consistent across
forests. Studies in unmanaged and/or old growth forests have not observed increases in SCN

densities following the provisioning of nest boxes (Higuchi 1978, Jarvinen 1978, Gauthier and



Smith 1987, Waters et al. 1990, Newton 1994, 1998). Some studies have also reported
differential responses following next box manipulations, suggesting some SCNs are more
immediately limited by factors other than cavity availability. Following nest box provisioning,
Brawn and Balda (1988) observed no change in the population densities of three SCNs,
Mountain Chickadee (Poecile gambeli), House Wren (Troglodytes aedon), and White-breasted
Nuthatch (Sitta carolinensis). In contrast, Aitken and Martin (2008) observed three unique
responses among SCNs following the removal of nest boxes: European Starlings (Sturnus
vulgaris) declined, Mountain Bluebirds (Sialia currucoides) increased, and Tree Swallows

(Tachycineta bicolor) showed no change.

Resource selection

Cavity-nesters can exhibit strong selective preferences for nest cavities (Goldingay 2009)
in an attempt to balance their reproductive needs with the risks of nest failure (Cockle et al.
2011b). It should be expected that breeding pairs will attempt to select for cavities that balance
these often-opposing needs and that individuals more successful in doing so will receive
reproductive benefits by fledging larger broods and/or achieving higher rates of nest success.
Since clutch size can be limited by cavity dimensions such as volume and floor area (Wiebe and
Swift 2001), breeding pairs should be expected to select for cavities with large dimensions that
maximize reproductive output, such as large internal volume (Peterson and Gauthier 1985,
Schaaf et al. 2020), and large floor area (Zeleny 1977, Moed and Dawson 1979).

Breeding pairs must also select for cavities that minimize exposure to the causes of nest
failure, such as predation (Wesolowski 2002), flooding of cavities (Wesolowski et al. 2002,

Cockle et al. 2011b), and usurpation by conspecifics or other cavity-nesting species (Deng and



Gao 2005, Cockle 2011). Structural preferences related to minimizing exposure to such agents
include cavities with smaller entrance holes (Zeleny 1977, Moed and Dawson, 1979, Peterson
and Gauthier 1985, Sedgeley 2001, Wesolowski 2002, Wesolowski et al. 2002, Mitrus 2003,
Martin et al. 2004, Remm et al 2006, Cockle et al. 2011b, Robles et al. 2011), greater depth
(Gibbons et al 2002, Aitken and Martin 2004, Berkunsky and Reboreda 2009, Koch et al. 2008,
Cockle and Bodrati 2009, Politi et al. 2009, Cockle et al. 2011b, Saunders et al. 2014), and
higher above the ground (Nilsson 1984, Wesolowski and Rowinski 2004, Cameron 2006, Fisher
and Wiebe 2006, Politi et al. 2009, Cockle et al. 2011b). Cavity-nesters, particularly PCEs, have
also shown strong selection for entrance hole orientation (Rendell and Robertson 1994, Dobkin
et al. 1995), often as a result of local abiotic factors such as weather and climate (Landler et al.
2014).

The spatial and structural characteristics of a cavity’s tree can influence the success of
any nests within; therefore, cavity-nesters should be expected to display strong selection
preferences for structural traits beyond those of the cavity. Trees with an isolated crown are less
prone to predation by arboreal species and may be preferred over trees with canopies that have
extensive overlap with adjacent trees (Snow 1976, Brightsmith 2005, Cockle et al. 2011b). Trees
in more open areas may provide greater visibility from the cavity entrance and thereby more time
to respond to approaching predators or competitors (White et al. 2006, Cockle et al. 2011Db).
Conversely, some species prefer dense vegetation around nest cavities. Eurasian Pygmy Owls
(Glaucidium passerinum) have been found to prefer more dense spruce forest around nest sites
compared to cavities used for food-caching (Morosinotto et al. 2017, Baroni et al. 2021).

Some cavity-nesting guilds have demonstrated strong preferences for particular tree

species, especially in temperate forests (Blanc and Walters 2008b). In British Columbia, over



90% of nests are located in dead or dying quaking aspen (Populus tremuloides), even though this
tree type constitutes only 10-15% of the those in the landscape (Martin and Eadie 1999, Martin
et al. 2004). Research from South America suggests there may be less dependency on singular
tree species in tropical forests, while still indicating the disproportionate value of some trees to
cavity-nesters (Ruggera et al. 2016, Cockle et al. 2019b, Schaaf et al. 2019).

Decay class can play an important selective role in shaping cavity abundance and
distribution, particularly for excavated cavities (Jusino et al. 2016). Many PCEs prefer to
excavate in trees in a particular “sweet spot” range along the spectrum of decay (Blanc and
Martin 2012). This decay class becomes important for SCNs, particularly those utilizing
excavated cavities. Prolonged decay of excavated cavities can facilitate usage by large-bodied
SCNs (Edworthy et al. 2018); however, use of such decayed cavities may increase the risk of
nest failure from blowdown (Vaughan et al 2003, Wesolowski 2012). Where PCEs are important
cavity creators, their selection bias can create the foundation of the local cavity-nesting guild.
For example, the preference described by Martin et al. (2014) for quaking aspen likely stems
from the high susceptibility of quaking aspen to develop heartwood rot, which creates a soft
substrate for excavation (Conner et al. 1976, Harestad and Keisker 1989). The cascading effect
of this PCE decay preference is perhaps literally the driver of nesting for all SCNs. This
particular guild perhaps best exhibits the control PCEs can have over the structural traits of

available cavities.
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Excavation, competition, and nest webs: Inter- and intra-specific interactions
Role of excavators

Primary-cavity nesters (PCNs, combined PCEs and WCEs) can act as keystone species
through their role as ecosystem engineers (Jones et al. 1994, Mikusinski et al. 2001, Martin et al
2004, Drever et al. 2008, Roberge et al. 2008, Robles and Martin 2013). Excavators introduce
new cavities into a landscape, alleviating competition for nest sites and increasing breeding
species richness (Day et al. 2003, Boogert et al. 2006). Some studies have found a positive
association between the presence of SCNs and PCEs (Martin and Eadie 1999, Blanc and Walters
2008b, van der Hoek et al. 2020), suggesting that the presence of excavators may be essential for
SCNss to breed in at least some landscapes. But whether PCEs act as essential keystone species
varies significantly between forests; research from studies across the globe have found
conflicting evidence for strong and weak interdependence between PCEs and SCNs (Remm et al.
2008, Cockle et al. 2011a, Manikandan and Balasubramanian 2018, van der Hoek et al. 2020).

Excavators are likely to be more important for SCNs in forests harboring fewer nest
cavities. Therefore, the same factors influencing cavity availability (i.e., forest age, type, and
management history) may also determine the importance of excavators for those cavity-nesting
guilds. Excavated cavities often constitute a high proportion of the overall available cavities in
young forests and may therefore be crucial for breeding by SCNs in such forests (Lohmus and
Remm 2005, Remm et al. 2006). Forests dominated by trees that efficiently seal wounds and
form few cavities (i.e., coniferous forests) offer some of the strongest support for considering
PCEs as keystone species (Aitken and Martin 2004, Aitken and Martin 2008, Blanc and Walters
2008b, Trzcinski et al. 2022). In a longleaf pine forest in Florida, Blanc and Walters (2008b)

observed a high rate of excavated cavity use by SCNs (432 of 433 nesting attempts) in an area
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with a paucity of natural cavities. Wesolowski and Rowinski (2004) reported a similar effect of
forest type in a primeval forest in Poland, where stands of deciduous-dominated and coniferous-
dominated forests make up a forest complex. Within this forest, European Nuthatches (Sitta
europaea) in deciduous-dominated areas nested in excavated cavities less than one-third of the
time, but used excavated cavities for over 80% of breeding attempts in areas dominated by
conifers. Most recently, Trzcinski et al. (2022) disentangled the specific role of PCEs in a
coniferous forest in British Columbia. By controlling for environmental factors and annual
variation, the researchers showed that SCN nest density is positively related to the density of
PCE nests in the previous year.

Whether PCEs act as keystone species may ultimately be a consequence of forest
management history (Cockle et al. 2010, Cockle et al. 2011b). Since snags and large, old trees
are most likely to maintain cavities (Mannan et al. 1980, Jackson and Jackson 1986, Poonswad
1995, Gibbons et al. 2000, Whitford 2002, Koch et al. 2008, Smith et al. 2008, Renton and
Brightsmith 2009), tree size (DBH) is often the best predictor of cavity abundance in a forest
(Allen and Corn 1990, Fan et al. 2003a, 2003b, 2004, Harper et al. 2005, Altamirano et al. 2017,
Cockle et al. 2019a). Practices that reduce average DBH include some of the most common
forms of management, including commercial felling of large trees and the removal of unwanted
snags (Mannan et al. 1980, Jackson and Jackson 1986, Schaaf et al. 2019). The resulting
decrease in cavity abundance often forces SCNs into a high dependency on cavities created by
PCEs. When left unmanaged, forests will ultimately reach cavity “equilibrium” where cavity
creation equals cavity loss, potentially supplying SCNs with an overabundance of cavities and
rendering excavated cavities superfluous. In mature stands of mixed-deciduous trees in Poland,

Wesolowski (2007) found a cavity density equal to or exceeding 16 holes/ha, which surpassed
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nester demand by 3.5-fold. Sandstrom (1992) found an even higher cavity density, ~60
cavities/ha, in a semi-natural deciduous forest in Sweden, of which only 5-9% were used for
breeding.

Variation among ecosystems has revealed global patterns in the relationship between
PCEs, the cavities they create, and the SCNs who depend on them for nesting (Cockle et al.
2011a, Walters 2022). PCNs have so far been found to be most important for SCNs in North
America (Blanc and Walters 2008b, Drapeau et al. 2009, Trzcinski et al. 2022), where most
research has been conducted in coniferous forests. Research from Eurasian forests has yielded
mixed results, but indicates SCNs are at least moderately dependent on PCNs (Andersson et al.
2018, Pakkala et al. 2019), though less so than in North America. PCNs appear to be unequally
important across SCNs (Remm et al. 2008), typically being more important for small-bodied
species (Manikandan and Balasubramanian 2018). Natural cavities appear to be preferred in
some European forests, evidenced by low use of excavated cavities in unmanaged forests
(Wesolowski 2007). Excavated cavities appear much less important to SCNs in tropical forests
of South American (Cockle et al. 2011b, Ruggera et al. 2016, Altamirano et al. 2017), which
generally support cavity-nesting guilds with higher species diversity and evenness than
temperate forests (Cockle et al. 2019a).

Patterns from North America, South America, and Eurasia offer a potential pattern for a
latitudinal effect on SCN dependence on excavated cavities. PCNs play a more important role in
high-latitude temperate forests of North America and Europe and are progressively less
important in sub-tropical and tropical climates. Australasia is a likely outlier to any latitudinal
effects, as excavators do not occur in this area (Cockle et al. 2011a, Walters 2022), and are thus

wholly unimportant, or perhaps more apt, irrelevant, for SCNs.
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Cavity competition

Species with overlapping resource needs may be expected to compete for possession of
that resource (Heinsohn et al. 2003), resulting in interspecific interactions that may have a strong
influence on broader community structure. In cavity-nesting communities, competition over a
shared resource (i.e., cavities) creates a hierarchy characterized by varying degrees of dominance
and niche specialization (Martin and Eadie 1999, Martin et al. 2004). As cavity availability
declines, the intensity of competition tends to increase, with extreme competition potentially
extirpating the least competitive species from an ecosystem altogether (Newton 1998).

Cavity-nesters employ a number of strategies to acquire nest sites; however, the strategies
available to each species depend on their competitive abilities. Dominant species with the ability
to monopolize a specific resource may exhibit niche specialization, narrowing their resource
niche and thereby reducing the availability of cavities within their niche space to their potential
competitors (Colwell and Fuentes 1975, Martin et al. 2004). Subordinate species, meanwhile,
may require a broader generalized niche, or greater selection plasticity, in order to persist in a
landscape. Wider selective plasticity may allow greater adaptability to temporal, spatial, and
stochastic variation in resource availability (Pimm and Pimm 1982, Ostfeld and Keesing 2000,
Moreno et al. 2001, Palmer 2003, Yang 2004, Robles et al. 2012). Tree Swallows, for example,
have been found to be subordinate to other SCNs and as a result exhibit little specificity in nest
site selection (Munro and Rounds 1985, Lumsden 1986, Parren 1991, Dobkin et al. 1995).
Reports of Tree Swallows nesting in smaller cavities (Peterson and Gauthier 1985, Rendell and
Robertson 1989) and cavities farther from edges (Dobkin et al. 1995) indicate that swallow
persistence in a landscape may depend on maintaining high selection plasticity to overcome

competition from a suite of species.
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Cavity-nesters commonly exhibit resource partitioning of available cavities. Considerable
partitioning results from variation in body size: large species require cavities with a large
entrance hole (Peterson and Gauthier 1985) and internal dimensions (van Balen 1984, Slagsvold
1989), and are thus constrained from using a substantial proportion of available cavities because
they are too small. For example, SCNs in British Columbia primarily partition excavated cavities
by size (ergo excavating species) (Martin et al. 2004): large cavity-nesters, such as the Common
Goldeneye (Bucephala clangula), a cavity-nesting duck, utilize cavities excavated by the
Pileated Woodpecker (Dryocopus pileatus), the largest excavator in the ecosystem, while smaller
SCNs primarily use cavities excavated by the smaller Northern Flicker (Colaptes auratus). In
this same system, Edworthy et al. (2018) found large-bodied cavity-nesters were excluded from
newly excavated cavities but were able to use those cavities after they were enlarged due to years
of wear and use.

Resource partitioning is apparent between dominant and subordinate species and can be
an important strategy for alleviating competition. For dominant species, competition from
subordinate species may pose little risk to breeding capability, requiring minimal energy
expenditure to avoid. Subordinate cavity-nesters meanwhile face serious fitness risks in the face
of dominant species, which can destroy subordinate nests in order to utilize a preferred cavity.
Subordinate species are often relegated to using suboptimal cavities for breeding to avoid
interacting with aggressive heterospecifics. In Sweden, competition with dominant Great Tits
(Parus major) forces Blue Tits (Cyanistes caeruleus) to utilize shallow cavities and Marsh Tits
(Parus palustris) to nest in cavities closer to the ground (Nilsson 1984). In southeastern Peru,
size determines nest partitioning among three sympatric species of macaw (Renton and

Brightsmith 2009). The two larger species, Red-and-green Macaw (A4ra chloropterus) and Blue-
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and-yellow Macaw (4ra ararauna), exhibit little resource overlap with each other, specializing
in either mature, emergent trees or palm snags, respectively, alleviating competition between the
two. Meanwhile, both species exhibit resource overlap with the smaller third species, the Scarlet
Macaw (Ara macao), and demonstrate dominance over this competitor.

Variation in breeding phenology may ease competition for nest cavities, but to date there
is limited research on the impact of breeding phenology on competition, most of which has
focused on invasive species. Ingold (1994a) identified varying degrees of interference
competition between starlings and three species of woodpeckers based on the timing of breeding.
Red-bellied Woodpeckers (Melanerpes carolinus), which initiated breeding simultaneously with
starlings, were most vulnerable to competition from starlings, while Northern Flickers, which
finished excavating when starlings had begun incubation, faced moderate competition from
starlings. However, Red-headed Woodpeckers (Melanerpes erythrocephalus), which initiated
breeding after starlings were well into their breeding attempts, largely avoided competition with
starlings. Drake and Martin (2020) found that the presence of European Starlings caused Tree
Swallows to delay breeding and that Mountain Bluebirds benefited from reduced competition by
nesting slightly earlier than Tree Swallows. No study has so far described temporal niche

partitioning as a community-wide pattern that alleviates competition among endemic species.

The rise of the nest web

Considerable uncertainty surrounds many pressing questions concerning cavity-nesting
bird communities, including the extent to which cavities are a limiting resource, the role of
woodpeckers as keystone species, and how inter- and intra-specific relationships regulate

resource partitioning. Studying and managing cavity-nesting guilds is made difficult by the high
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variability between forest communities in terms of resource abundance and community
composition. General rules governing and/or describing guild structure across forest ecosystems
are, therefore, typically rare. Instead, researchers have focused on developing general methods
for studying cavity-nesting guilds that are applicable and implementable across communities.

Over the last twenty years, researchers have been depicting cavity-nesting guilds in the
form of an interconnected network called a “nest web.” Proposed by Martin and Eadie (1999), a
nest web is a hierarchical network analogous to a food web, in which consumers are connected
with each other through competitive interactions for a critical resource: arboreal nest cavities.
Theory and methodology from food web analyses allow for the identification of the most
important resources and species, and for the classification of interspecific relationships (e.g.,
agonistic, facilitatory, etc.). To date, nest-web analyses have been used to help investigate
resource use, nest-site preferences, direct and indirect interactions, keystone species, nest-site
overlap, resource partitioning, and adaptability to stochastic events (Martin and Eadie 1999,
Bednarz et al. 2004, Martin et al. 2004, Blanc and Walters 2008a, 2008b, Kappes and Davis
2008, Blanc and Martin 2012, Wiebe 2014, Ruggera et al. 2016, Altamirano et al. 2017,
Manikandan and Balasubramanian 2018, Cockle et al. 2019a, Diamond and Ross 2020, Ibarra et
al. 2020, Wiebe et al. 2020).

Despite increasing use of nest web analyses, gaps remain in our knowledge of global
cavity-nesting guilds. Most nest web analyses have been conducted within temperate ecosystems
in North America and Eurasia (Cockle et al. 2011a); few studies have investigated nest webs in
Central and South America, while no studies have been conducted in Africa. Where tropical
climates afford species a longer window for breeding, communities may be structured by

different interactions than those in temperate climates. For example, tropical climates may
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facilitate temporal resource partitioning, allowing species to stagger the timing of breeding to
avoid competition with dominant competitors. There is also limited insight into forests where
natural cavities may be limiting, such as in ecosystems without a significant excavator presence,

and in dry habitats with sparse vegetation where cavity substrates may be severely deficient.

Ecology project overview
Expanding nest-webs to Namibia

Namibia provides a unique opportunity for the application of a nest web analysis. As part
of a diverse community of animals, Namibia’s woodlands often support upwards of two-dozen
cavity-nesting birds, many of which are medium- and large-bodied species that require large tree
cavities for breeding. This diversity persists despite a landscape that is often inhospitable and
unaccommodating to cavity-nesters. With an arid climate that significantly limits floral growth,
much of the landscape is depauperate of large trees. Large excavators are notably absent from the
ecosystem, which may allow for investigating the importance of naturally-formed cavities for
SCNs. Highly variable within- and between-year rainfall patterns may lead to dynamic
interspecific relationships, as the decision to forego breeding by some cavity-nesting species in
years of serious drought may have varying effects on cavity use and reproductive success of
other species.

Namibia is the driest country in sub-Saharan Africa, with mean annual rainfall ranging
from 550-600 mm in the northeastern Caprivi region to less than 50 mm along the western coast.
What rain that does fall is highly seasonal, with most precipitation during the summer months
from November — April with a peak in December and January (Mendelsohn et al. 2002).

Namibia experiences significant fluctuations in annual rainfall as a result of the ENSO (EI Nifo
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Southern Oscillation), which regularly subjects southern Africa to serious floods and droughts
(Nicholson 2000, Usman 2004). High levels of radiation contribute to water scarcity, where
rainfall often does not offset potential water loss via evaporation. As a consequence, crop yields
and sustainable water resources are strongly linked to year-to-year climate variation (Jury 1996,
Mendelsohn et al. 2002).

Namibia broadly consists of four biomes: Namib Desert, Succulent Karoo, Nama Karoo
and Dry Tree-and-shrub Savannah (Mendelsohn et al. 2002, Curtis and Mannheimer 2005). The
most abundant of these four, the Dry Tree-and-shrub Savannah, can be subdivided into the
Broadleaved Tree-and-shrub Savannah and Vachellia Tree-and-shrub Savannah. Vachellia Tree-
and-shrub Savannah consists primarily of open grassland with sparse Vachellia trees. Water
availability significantly impacts the floral community, with taller trees growing in the wetter
northern regions, whereas drier regions are depauperate of tall trees (Goldblati 1978). In the arid
regions, large trees are often limited to areas around ephemeral ponds and rivers. As a result,
large swathes of forest are unable to sustain diverse communities of cavity-nesters, lacking in
particular medium- and large-bodied species, which much of the community comprises.

A nest web analysis might benefit the conservation of Namibia’s cavity-nesting guild,
which faces many potential threats, including several related to anthropogenic behaviors. Over
the past few decades, Africa has seen a growing shift from the use of fuelwood to the use of
charcoal, as charcoal stoves are generally more efficient than wood-burning stoves (Girard
2002). Charcoal producers generally make use of the largest, densest available logs; this often
means felling the largest standing trees for production. As these trees are the most likely to
maintain large cavities, charcoal production unduly impacts large cavity-nesters in Namibia.

Dependence of many rural Namibians on subsistence collection of dead fuelwood (Arnold and
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Jongma 1978, Girard 2002) further strains resource use. While subsistence collection primarily
entails collecting fallen limbs, it also involves felling snags that house a high proportion of
cavities.

Fire suppression in some regions of Namibia may contribute to diminishing cavity
availability for large cavity-nesters. Though wildfires will destroy large snags, in essence
eliminating cavities from a landscape (Saunders et al. 2014), they can also be critical for creating
fire scars in young trees (Inions et al. 1989, Gibbons et al. 2000, Adkins 2006) and increasing the
overall abundance of cavities in a landscape, particularly in ecosystems lacking in PCEs. In
Western Australia, a wildfire that destroyed 38% of possum cavities ultimately tripled the
abundance of trees with possum dens (Inions et al. 1989). In Namibia, ruling German and South
African regimes suppressed the use of fire as a land management tool (Lau and Reimer 1993).
While the use of fires has increased in northern Namibia since the country gained independence
in 1990 (Mendelsohn et al. 2002), the historical fire regime remains suppressed in much of the
country.

Climate change is likely the greatest threat facing Namibia’s cavity-nesting guild. Yearly
fluctuations in rainfall have already become more frequent over the past few decades, while
climate models predict increased aridification throughout the country due to a decrease in rainy
days and rainfall intensity (Hulme et al. 2001, IPCC 2001, Hudson and Jones 2002, Ruosteenoja
et al. 2003), and an increase in the frequency of drought years (Joubert et al. 1996, Fauchereau et
al. 2003). Even if the loss of annual rainfall is negligible, Namibia is predicted to become drier
over the coming century. Evaporation is expected to increase by 5 percent with every one degree
Celsius of warming (Government of Namibia 2002), which may sufficiently increase the loss of

surface water (De Wit and Stankiewicz 2006) and runoff (Arnell 1999) in Namibia to cause
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widespread aridification on its own. The resulting loss in vegetation cover will likely exert extra
pressures on commercial and subsistence land use practices (Thuiller et al. 2006), which will
likely exert their own pressures on cavity-nesting species and the dwindling supply of nest

cavities.

Project research site

This research was conducted on the property of the Cheetah Conservation Fund (CCF),
ca. 40 km northeast of Otjiwarongo (-20.483.159, 17.027918) in central Namibia. CCF is a
501(c) non-profit organization, established in 1990 by Dr. Laurie Marker as a center for the
rehabilitation of wild and captive cheetahs. CCF is a leader in worldwide cheetah research and
conservation, actively engaging local stakeholders and international collaborators to help
conserve local cheetah populations. The CCF facility is a conglomeration of neighboring farms
totaling over 40,000 hectares of land, on which CCF not only rehabilitates cheetahs, but also
engages in broad ecological research (i.e., wildlife surveys) as well as agriculture, primarily
cattle and small stock production. CCF occurs within the Vachellia Dry Tree-and-shrub
Savannah biome, receiving an average annual rainfall of ca. 300-400 cm (Mendelsohn et al.
2002). The landscape consists of grasslands and small shrub-dominated forests with sparse tall
trees, particularly camel thorn (Vachellia erioloba), umbrella thorn (Vachellia tortilis), and

shepherd’s tree (Boscia albitrunca).
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Flagship species
Flagship objectives and early debate

In the absence of sufficient monetary resources, conservationists often look to employ
“short-cuts” to conservation. One such short-cut is the use of surrogate species, whereby the
preservation of one species and its ecological requirements helps to preserve many other species
as well. By conserving a surrogate species, other lesser-known species that are dependent upon,
share a geographic range with, or utilize a similar resource as the surrogate can also be
conserved. Many surrogates are touted as such because of a significant ecological characteristic,
such as a propensity to significantly alter habitat (keystone), impact large ranges (umbrella), or
act as “canaries in the coalmine” to signify the health of an ecosystem (indicator). Flagship
species, however, are not selected due to any ecological role, but solely for their socio-economic
role as a marketing tool for conservation (Walpole and Leader-Williams 2002, Verissimo et al.
2011).

Effective flagship species advance broad goals regarding the conservation of biodiversity,
draw attention to lesser-known species, and secure public support for conservation campaigns
(Walpole and Leader-Williams 2002, Douglas and Winkel 2014). In essence, flagship species are
used as symbols or brands for conservation issues and organizations (Douglas and Verissimo
2013, Douglas and Winkel 2014) who are attempting to elicit positive attitudes from key
stakeholder groups. A review by Kriiger (2005) found that eco-tourism projects with no flagship
species were far less sustainable than projects with a charismatic mammal or bird, or globally
recognized species. In eastern Indonesia, for example, almost all visitors came to visit the local
flagship species, the Komodo Dragon (Varanus komodoensis) (Walpole 1997). In one season,

1995-1996, tourism to Komodo National Park provided 600 jobs and brought in over $1,000,000
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for the local economy, totaling 30% of the entire economy (Walpole et al. 2001). If used
effectively and with consideration for potential drawbacks, flagship species can be highly
effective tools for conservation.

There has been considerable debate over the effectiveness of flagship species, however.
Detractors typically cite confusion over the definition and role of flagships in conservation as a
barrier to the success of flagship species (Simberloff 1998, Caro and O’Doherty 1999). Even
after repeated efforts to clarify the role of flagships as socio-economic and not ecological
(Leader-Williams and Dublin 2000, Walpole and Leader-Williams 2002, Verissimo et al. 2011),
flagships are often attributed characteristics of other surrogate species, such as keystone,
umbrella, and indicator (Verissimo et al. 2011). Misconceptions regarding the definition and
purpose of flagships can create a false impression as to their ecological role, which can inhibit
long-term implementation of a flagship campaign.

Opponents have also been critical of the potential drawbacks of a single-species focus to
conservation. Focusing on one species may cause the public to lose sight of the true conservation
goal (Simberloff 1998). If a flagship species is extirpated from the area of concern, the public
might lose hope for the overall conservation goal and forego further involvement or funding. A
single-species approach may also create problems for other species in the conservation area.
Conservation of flagship species may come into direct conflict with conservation plans of other
species, evidenced by the conflict between the Cape Sable Seaside Sparrow (Ammodramus
maritimus mirabilis) and the Everglades Snail Kite (Rostrhamus sociabilis plumbeus) in the
Florida Everglades (Ehrlich et al. 1992, Walters et al. 2000). Labeling one species as a flagship
can also generate indirect harm by creating a standard for wildlife “consumers” to which other

species are compared (Douglas and Winkel 2014). If other species fall short of a flagship’s
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appeal in the eyes of the public, those species may be viewed negatively and subjected to

backlash from stakeholders.

Flagship selection

Concerns have been routinely raised over how flagship species are selected and
implemented into conservation campaigns. Early flagship campaigns often selected species in an
ad hoc way (Landres et al. 1988, Simberloff 1998, Home et al. 2009) that disregarded public
perception of the chosen species. Public opinion subsequently became central to flagship
selection and many studies identified specific species characteristics that are of high value to
stakeholders (Dietz et al. 1994, Kleiman and Mallinson 1998, Caro and O-Doherty 1999,
Bowen-Jones and Entwistle 2002, Stokes 2007, Home et al. 2009, Barua 2011, Verissimo et al.
2011). However, this focus on public perception has been biased primarily toward the opinions
and preferences of wildlife viewers in the Global North (Bowen-Jones and Entwistle 2002),
possibly due to an overemphasis on the role of flagships as a fundraising tool. Meanwhile, the
insights and experiences of local stakeholders often have been assumed to be similar to those of
international audiences, or have been omitted entirely from consideration. Possessing wide-
reaching appeal to the international community is crucial for a flagship species, as this increases
the awareness for the conservation issue and increases the potential for fundraising. However,
focusing only on international appeal can inadvertently neglect the values of local people and
impair a flagship campaign (Bowen-Jones and Entwistle 2002, Walpole and Leader-Williams
2002).

The significance of specific species and characteristics are culturally-contextual and may

not translate across cultures. Analysis of the use of flagships in Western media found a
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propensity to use large, charismatic species, particularly mammals (Barua 2011). This preference
is understandable for western communities, for whom large vertebrates are rare and exotic, but
may not hold true for developing nations, for whom large mammals can be both common and,
more importantly, sources of conflict. For example, Entwistle and Stephenson (2002) found
drastically different perceptions of species between children in Britain and Tanzania. Some of
the species favored by British children (i.e., Lion Panthera leo and Leopard Panthera pardus)
were feared by their Tanzanian counterparts who lived with the daily threat of these species.
Tanzanian children, in contrast, identified other species (i.e., Zebra Equus zebra and Giraffe
Giraffa camelopardalis) as their favorite species. Similarly, wildlife characteristics often deemed
“requirements” for flagship species may not be effective across cultures. For example, charisma
is often cited as a critical trait for a successful flagship (Leader-Williams and Dublin 2000,
Lorimer 2007, Tisdell et al. 2007); however, a species’ charisma is often a social construct and
not consistent across cultures (Verissimo et al. 2011). Indeed, some atypical flagship species,
such as the Golden Lion Tamarin (Leontopithecus rosalia) in Brazil (Kleiman et al. 1986) and an
endemic skink (Eumeces longirostris) in Bermuda (Entwistle 2000) have been used as effective
flagship species despite lacking in typical flagship charisma.

Like all symbols, flagship species can easily become prone to controversy if not selected
wisely (Douglas and Verissimo 2013). Failure to include local insights in flagship selection
inherently threatens successful implementation and persistence of a flagship campaign. Effective
flagship species are able to persuade necessary stakeholders to adopt specific behaviors that
advance conservation goals. For species in restricted areas, the responsibility of adopting these
behaviors may fall solely upon the local people. In such cases, local support becomes tantamount

to the diligent application and persistence of those conservation behaviors and, ultimately, the
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conservation of the target species.

Fundamental differences exist between how different people perceive and experience
wildlife, particularly species that threaten lives or livelihoods. Without consideration of local
stakeholder values and experiences, flagship species risk pitting stakeholders, and their values,
against each other. For example, if a flagship species requires a particular critical resource, or if
the flagship itself is a critical resource, stakeholders could view a flagship campaign as favoring
wildlife at the expense of human lives or livelihoods. Such a flagship species may generate
hostility toward the conservation campaign, or, at the very least, dissuade local people from
providing support (e.g., time and volunteering) and adopting the necessary conervation
behaviors. Pre-existing opponents (e.g., social, political) may also use a flagship as a strawman
through which they can disparage the other group, resulting in the persecution of the flagship
(Douglas and Verissimo 2013). Therefore, understanding the potential for conflict is critical to

avoid promoting a divisive species as a flagship.

Social Science project overview
Understanding local perceptions for flagship species selection

Namibia is an opportune country in which to investigate flagship species preferences and
selection. Namibia is home to many unique and diverse cultures and people, who themselves
have unique histories and experiences regarding their arrival to and habitation in Namibia. The
density of human settlements ranges widely from urban cities to rural nomadic hunter-gatherers,
differences that can have profound impacts on the experiences and interactions people have with
wildlife. The diverse backgrounds of Namibia’s stakeholders present challenges for

conservationists who must consider, in chorus, the opinions of many different stakeholders;
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however, this simultaneously offers the opportunity to study and practice this clear and present
necessity of engaging diverse stakeholders in community-driven conservation.

Namibia provides further intrigue as a research area because of the high prevalence of
classic charismatic megafauna, including many common flagship species (Albert et al. 2018).
This includes some controversial species, such as large carnivores, that can pose direct harm to
human lives and livelihoods. By evaluating local perceptions of classic flagship species, we may
be able to ascertain whether the fondness for classic megafauna expressed by international
wildlife viewers is shared by the people who live with those wildlife species.

Understanding the preferences of Namibians toward their wildlife could ultimately prove
beneficial for Namibia’s cavity-nesting guild. Cavity-nesters in Namibia face increasing pressure
from growing anthropogenic resource use. Increasing fuel needs, particularly from unregulated
charcoal production, may threaten the persistence of large trees; however, people living in rural
communities require large trees for much more than fuel. Many traditional homes, fences, kraals
(livestock corral), and other buildings require large logs for construction, logs that may come
from the same large trees that harbor important cavities for nesting birds. If any management
recommendations are to be made for conserving Namibia’s cavity-nesting guild, they must give
significant considerations to the human resource needs. Without such considerations,
conservation efforts will likely garner less support, and potentially hostility, from local
stakeholders. Conservation efforts therefore would be bolstered considerably by a detailed
understanding of how local people perceive wildlife, as well as information regarding the tree

resource needs of local people.
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Project research area

We conducted focus groups interviews with the elected committees of 22 Wildlife
Conservancies in Namibia. Wildlife Conservancies comprise tracts of communal land and are
formed by and composed of people living in close proximity. Members of Wildlife
Conservancies are able to manage and obtain the benefits from the natural resources that reside
within their conservancies. To make efficient use of our restricted timeframe, we conducted
interviews in geographic regions with more widespread application and practice of the
conservancy model, specifically Kunene (north-west), Otjozondjupa (central-east), and Zambezi
(north-east). We met with conservancy committees at a location chosen by the committee,
typically the committee’s office headquarters but occasionally a nearby meeting place familiar to
the committee. The three regions are distinct in their ecology and human demographics. Kunene
is the largest region by area and retains the most individual conservancies. Kunene receives the
least average rainfall and is the only region to encompass more than one biome: Namib Desert,
Nama Karoo, and Vachellia Dry Tree-and-shrub Savannah. Otjozondjupa consists of the fewest
conservancies, which encompass either the dense urban areas of the Eastern Communal Lands or
the sparsely populated rangeland occupied primarily by nomadic people. Otjozondjupa occurs
solely within the Vachellia Dry Tree-and-shrub Savannah biome and receives intermediate
rainfall compared to the other two regions. Zambezi is the smallest region by area, but supports
the densest human populations. Zambezi receives the most rainfall of any region in the country
and falls into the Broadleaf Dry Tree-and-shrub Savannah biome, which supports much larger

trees than those found in the Vachellia Dry Tree-and-shrub Savannah biome.
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Abstract

Cavity-nesting guilds are diverse communities of fauna and flora interconnected within a
network structured around the creation of and competition over cavities for nest sites. Cavities
form through processes of decay and excavation in trees and are used by a community of
potentially competing species that exhibit different types of resource use and specialization. We
used a nest web analysis to describe a cavity-nesting guild in central Namibia in a Vachellia Dry
Tree-and-shrub Savannah, quantifying the type, location, and abundance of tree cavities and the
species-specific use of those cavities by cavity-nesting birds. We detected 17 bird species
breeding in tree cavities: five primary cavity-excavators (PCE), one weak cavity-excavator
(WCE), and 11 secondary cavity-nesters (SCN). All species used trees disproportionately larger
than those available in the environment and exhibited narrow use of tree species, focusing on just
three of the 12 species in the study area, only one of which was among the four common species.
We characterized six types of cavities and only one, bird excavation, was used disproportionately
more than its abundance. Excavations were of disparate importance for SCNs; small- and
medium-bodied species relied heavily on excavations, while large-bodied species primarily used
natural cavities, especially trunk hollows. Our study is the first depiction of a nest web in
southern Africa, which we hope will be a launching pad for further such analyses in the region.
This research also provides a baseline for comparison to global cavity-nesting patterns and

theory, particularly for communities in dry environments with few large excavators.

Keywords: cavity-nesting, community ecology, resource use, nest web, Namibia, Vachellia sp.

51



Introduction

Cavity-nesting guilds are communities of species centered around the use of holes
(“cavities”) in the landscape for rearing offspring. Vertebrates and invertebrates use cavities
within a wide array of substrates, including trees, ground, termitaria, cliff faces, and many
anthropogenic structures. One particular community of cavity-nesters, that of tree-hole nesting
birds, exists in forest ecosystems worldwide and can comprise 9-18% of local avifauna (Newton
1994). These guilds are hierarchically structured communities (Martin and Eadie 1999), grouped
into three broad classes: primary cavity-excavators (PCEs), weak cavity-excavators (WCEs), and
secondary cavity-nesters (SCNs). PCEs excavate their own nest cavities, typically in dead or
decaying wood, with some species excavating a new cavity each breeding season. WCEs are able
to excavate cavities in soft wood in advanced stages of decay but will often use cavities of PCEs.
SCNss are unable to excavate cavities of their own and must use those excavated by PCEs or
created through other processes.

Tree cavities form through numerous mechanisms; however, cavities are typically
grouped into two broad category types: “excavated” cavities (those created by nesting birds) and
non-excavated or “natural” cavities (those created via any other mechanism). Natural cavities
can be created through mechanisms including, but not limited to, wind damage, fire scars, and
insect colonization (Aitken 2007, Wesolowski 2007) that create wounds on the tree, with
fungal/biotic decomposition typically contributing to the development of the cavity at the site of
the wound. Many cavities form by fungal decomposition alone, as well (Aitken and Martin
2007). Thus, cavity-nesting depends heavily on dead or decaying wood, either in the form of
snags or decaying wood in live trees, which provides substrate in which decomposers like fungi

and invertebrates create hollow spaces, and in which PCEs can excavate cavities.
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Secondary cavity-nesters may be limited by an availability of suitable cavities for
nesting, and primary cavity-nesters by sufficiently decayed wood in which to excavate (Newton
1994, Newton 1998). Dependence on cavities varies between species along a spectrum from
obligate cavity-nesters (required for breeding) to facultative/incidental cavity-nesters
(opportunistic tree use supplemented by other substrates, Gibbons and Lindenmayer 2002).
Evidence of cavity limitation has come in many forms, including positive correlations between
densities of cavity-nesters and densities of cavities and/or snags (Haapanen 1965, Mannan et al.
1980, Raphael and White 1984, Zarnowitz and Manuwal 1985, Snyder et al. 1987), high rates of
cavity occupancy (Edington and Edington 1972, van Balen et al. 1982, Robb et al. 1996, Bonar
2000, Bai et al. 2003, Cockle et al. 2019b), and successive usage of cavities in the same breeding
season (Raphael and White 1984, Aitken et al. 2002, Blanc and Walters 2008a, Pakkala et al.
2018) and over sequential years (Cockle et al. 2019b, Wiebe et al. 2020). Experimental evidence
primarily comes from the use of artificial nest boxes, the installation and removal of which has
been shown to increase (Brawn and Balda 1988, Caine and Marion 1991, Newton 1994, Holt and
Martin 1997, Miller 2010) and to decrease (Aitken and Martin 2008) SCN breeding density,
respectively. However, degree of limitation is not consistent across forests and likely depends on
a forest’s age, management history, and dominant tree composition (Wesolowski 2007).

Selection of nest trees and snags by cavity-nesters is influenced by many factors. Studies
have repeatedly found large and/or tall trees are used disproportionately more than would be
expected given their relative abundance (Wesolowski 2007, Eskelson et al. 2012, Altamirano et
al. 2017, Cockle et al. 2019a); this is in part because larger trees tend to harbor more cavities, a
higher diversity of cavity types, and/or cavities suitably large for a wider suite of cavity-nesting

species (Wesolowski 2007, Remm et al. 2008). Preferences have been found for particular tree
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species (Martin and Eadie 1999, Martin et al. 2004, Blanc and Walters 2008b) and decay stages
(Blanc and Martin 2012), as well as for trees with an isolated crown without connecting canopy
(Snow 1976, Brightsmith 2005, Cockle et al. 2011b) and in open areas (White et al. 2006,
Cockle et al. 2011b).

Breeding pairs must select cavities that maximize reproduction while also minimizing
risk of nest failure (Cockle et al. 2011b). Consequently, individual species can exhibit strong
preferences for nest cavity characteristics. Since reproductive success (via clutch and brood size)
can be constrained by cavity dimensions, species may use cavities with large internal volume
(Peterson and Gauthier 1985, Schaaf et al. 2020) and large floor area (Zeleny 1977, Moed and
Dawson 1979). Breeding pairs may also try to avoid nest failure (e.g., from predation, flooding,
usurpation, wind blowdown) by selecting cavities with smaller entrance holes (Zeleny 1977,
Moed and Dawson, 1979, Peterson and Gauthier 1985, Sedgeley 2001, Wesolowski 2002,
Wesolowski et al 2002, Mitrus 2003, Martin et al. 2004, Remm et al 2006, Cockle et al. 2011Db,
Robles et al. 2011), greater depth (Gibbons et al. 2002, Aitken and Martin 2004, Berkunsky and
Reboreda 2008, Koch et al 2008, Cockle and Bodrati 2009, Politi et al 2009, Cockle et al. 2011b,
Saunders et al. 2014), and greater height above the ground (Nilsson 1984, Wesolowski and
Rowinski 2004, Cameron 2006, Fisher and Wiebe 2006, Politi et al. 2009, Cockle et al. 2011b).

Cavity-nesting guilds vary greatly in terms of the abundances of cavity types available
and composition of nesting species. A general methodology for describing and understanding
this variation that has become prominent in recent years is the nest web, a hierarchical network
analogous to a food web in which cavity-nesters are linked based on their use of cavity resources
(Martin and Eadie 1999). A nest web is a visual depiction of the links within a cavity-nesting

guild, connecting guild members by their use of shared cavity resources. Nest webs provide an
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easy way to identify resource use (e.g., Martin and Eadie 1999), potential direct and indirect
interactions (e.g., Martin et al. 2004, Blanc and Walters 2008a, 2008b), and important
community components, including keystone species and mechanisms of cavity creation (e.g.,
Martin et al. 2004). Nest webs provide a framework for investigating pressing questions about
cavity-nesting guilds, including cavity availability as a limiting resource, the role of
woodpeckers as keystone species, and how inter- and intra-specific relationships regulate
resource partitioning. Growing application of nest web analyses worldwide has elucidated
patterns among guilds, including dependence on only a few tree species in a community (for
natural cavities and substrate for excavators) (Drapeau et al. 2009, Cooke and Hannon 2011,
Robles et al. 2012) and the relative importance of PCEs as cavity creators for SCNs (Walters
2022).

Most research on cavity nest webs has been conducted within temperate forests in Europe
and North America, with increasing attention paid to temperate and tropical ecosystems of South
America (Cockle et al. 2011a, van der Hoek 2017). Few studies have investigated cavity-nesting
guilds in Africa, a vast continent with considerable habitat diversity experiencing some of the
most rapid human population growth in the world. Research on cavity-nesting guilds is
particularly limited in southern Africa, where woodlands and forests face increasing threats from
anthropogenic land use and climate change. There are currently no studies from southern Africa
describing the cavity-nesting community, including primary cavity-bearing trees, snag
abundance, and selective preferences of cavity-nesting birds.

In this study, we sought to quantify the arboreal cavity-nesting guild in a Vachellia Dry
Tree-and-shrub Savannah in central Namibia and subsequently to discern how the structure of

this community compares to cavity-nesting guilds worldwide. We investigated the abundance
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and types of cavities present in the landscape, documenting their dimensions, mechanism of
creation, and prevalence within individual tree species. To compare resource use to availability,
we documented the density of trees and snags available for excavating species and monitored the
use of nest cavities by PCEs and SCNss. If cavity-nesters prefer particular cavity types, we expect
to observe them using those cavity types disproportionately more often than would be expected
given their relative abundance. If species are selecting specific cavity characteristics, we expect
to observe birds nesting in cavities with significantly different dimensions relative to those
cavities available in the landscape. We hope our data can be used as a reference for wildlife
management to understand how changes to cavity resources could impact community structure

and/or populations of individual species.

Methods
Study Area

We conducted fieldwork from 2016 — 2019 on the research complex of the Cheetah
Conservation Fund (CCF) (20.477299 S, 17.024623 E) in central Namibia, between Otjiwarongo
and the Waterberg Plateau National Park. CCF is a USA-based NGO established in 1990 by Dr.
Laurie Marker as a center for the rehabilitation of wild and captive cheetahs. The organization is
a leading force in worldwide cheetah research, conservation, and education. CCF is located
within the Vachellia Dry Tree-and-shrub Savannah biome, characterized by a landscape
dominated by small Vachellia and low average rainfall (300-400mm) (Mendelsohn et al. 2002).
Canopy height is below 10 meters throughout much of the habitat, and large trees, which are
predominantly of the genera Boscia and Vachellia, are generally scarce and often limited to the

vicinity of ephemeral water bodies, as well as anthropogenic dams.
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CCF is a conglomeration of adjacent farms summing to over 44,000 hectares. The farms
have most recently been used for raising livestock (i.e., cattle and goats), though one farm
utilized for this study has a recent history as a fenced game reserve. Historically the ecosystem
experienced regular grazing by large ungulates (i.e., rhino and elephant) and occasionally fire.
However, declines in ungulate populations and fire suppression, respectively, have potentially
altered the landscape into one with fewer large trees and more low-standing, shrubby brush

(often called “encroaching bush”).

Field methods

We collected data over the course of three breeding seasons from January 2016 — June
2019. We collected data during the rainy portion of the breeding season (Jan — May), when most
nesting occurs, for all three seasons. During the final breeding season (2018 —2019), we also
collected data during the drier spring portion of the breeding season (Sep — Dec) during which
fewer and different species breed than in the wetter summer.

We monitored 22 research plots of 16 ha (400 m x 400 m) each over the course of this
study: 20 from the initial field season and an additional two plots added in the second field
season. We attempted to increase the number of tree cavities, and thereby nest sites, by
establishing most research plots in areas with a relatively higher abundance of large trees as
determined by ground and road surveys. However, we also established some plots in areas with
few large trees in order to incorporate a variety of habitat types and conditions to better reflect
the broad range of cavity densities and availabilities on the landscape. We set plot size at 16 ha

to accommodate species with large territories, while seeking to maintain survey efficiency by not
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making plots excessively large. Plots were divided into four quadrants of 4-ha each, with a

sampling station located in the center of each quadrant, thus establishing four stations per plot.

Vegetation and cavity sampling

To describe the type and abundance of cavity resources, we established eight sampling
stations of 25 m radius within each plot. In addition to the four primary sampling stations located
at the central point of each quadrant, we established one additional secondary sampling station
within each quadrant, creating two stations per quadrant and eight per plot (total area sampled
per plot = 1.57 ha surveyed, 9.8% of research plots). To establish secondary sampling stations,
we divided each quadrant into four sub-quadrants with a central point in the middle of each. We
then randomly selected one of these four points to serve as the central point for a secondary
sampling station within the quadrant. During nest searching, we did not find any nests in cavities
of live trees or snags smaller than 8 cm diameter at breast height (DBH); therefore, we only
surveyed trees with a diameter greater than 8 cm. Likewise, all nests were in cavities with a
depth of at least 5 cm and entrance area of 5 cm?; therefore, we only surveyed for cavities with a
minimum of these dimensions.

We systematically surveyed for cavities in sampling stations. Moving in a circular
pattern, we surveyed around the border of the sampling station and proceeded to work inwards,
continuing in a circular pattern until all trees had been searched for cavities. To investigate cavity
abundance, we recorded the species, DBH, and number of cavities for all trees with a DBH >8
cm within sampling stations. We marked all trees with a DBH >8 cm with temporary flagging to

avoid double counting. We fastened a metal tag to every tree with a cavity and recorded the GPS
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location. We surveyed sampling stations for new cavities once during each field season and
pooled new cavity data with those from previous seasons for statistical analysis.

We recorded four structural dimensions of each cavity: cavity depth, cavity entrance area,
cavity floor area, and cavity volume (Table 2.1). We measured cavity entrance height (h) and
width (w) using J-SO Scale Vernier calipers, and used the formula

ea=mn (h/2) (w/2)

to calculate cavity entrance area (ea). Cavity depth was measured from the bottom of the cavity
entrance to the bottom of the back wall of the cavity. We considered this cavity depth to be the
maximum distance predators would have to “reach” or span in order to access the entire cavity,
which is an indicator of the depth to which nestlings could recede into the cavity. To calculate
the remaining two dimensions, we assumed cavity interiors to be cylindrical. To estimate the
cavity floor area we measured the cavity diameter (d) as the distance from the entrance of the
cavity to the back wall, and used the formula

ca = (d/2)*
to calculate floor area (ca). If cavities had an entrance tunnel, the length of the tunnel was
measured and subtracted from the distance from the entrance to the back wall, so that cavity
diameter did not include the distance of the tunnel. We estimated cavity volume by first
calculating the interior height (i) of the cavity as the third side of a right triangle between cavity
depth (c) and cavity diameter using the formula

i=(c*—dd
and then estimating cavity volume (v) as

v=m(d/2)*i.
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Some cavities in trunk hollows included a significant area above or/and at the level of the (tall)
entrance hole. For these cavities, we used the same calculations to determine the “depth” and
volume of this additional space, where depth instead was measured as the distance from the
bottom of the entrance hole to the top of the back wall of the top of the cavity. We then added the
volumes of the two areas (above and below the entrance) to determine the total cavity volume.

Although most entrance tunnels were short, some tunnels were long and hard to access.
For these cavities, we did not estimate the floor area or volume. There were also many cavities
that existed entirely as a tunnel and did not lead into a hollow. For these cavities, we used the
entrance width as a proxy for cavity diameter.

For each cavity, we also recorded four other cavity characteristics (type, height,
orientation, and decay class) and three tree characteristics (species, DBH, and decay class).
Types of excavated cavities were classified according to the excavating species and natural
cavities by the method of creation or the location of the cavity in the tree. We were able to
identify the excavating species from previous nesting in the same cavity, or by comparing the
dimensions of the entrance hole to excavations whose PCE was known; new excavations (i.e.,
less than two years old) created by Acacia Pied Barbet (Tricholaema leucomelas) were notably
smaller in diameter than those of the Cardinal Woodpecker (Dendropicos fuscens). We defined
five types of natural cavities, two by method of creation (insect hole, limb rot) and three by
location in the tree (trunk hollow, end of limb, trunk fork). We recorded cavity height by
attaching a fabric forester’s tape measure to the lip of the cavity and extending it to the ground.
For cavities too tall to reach by hand, we estimated cavity height by using a Suunto PM-5/360
PC clinometer and Nikon 8397 Aculon laser rangefinder. We recorded cavity orientation using a

Suunto A-10 handheld compass; facing the front of the cavity, we oriented the compass to the
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direction of the cavity and recorded the degree of the anti-parallel direction as the cavity
orientation. We recorded tree DBH at ~1.3 m for each tree using a fabric forester’s tape measure.
For vertical trunks, height was approximated by the observer (DMM); for trunks that did not
have a straight vertical trajectory, height was measured from the ground at the base of the trunk
using the tape measure.

We adapted our qualitative tree decay classes from conditions outlined by Blanc et al.
(2008), with considerations from Downs and Symes (2004), whose classes were created for a
more similar climate and environment in South Africa. Tree decay classes were as follows: 1)
living, 2) recently dead, leaves may be present, most branches and bark, limbs and top present, 3)
dead, no leaves, >50% branches and bark, limbs and top present, 4), dead, no leaves, <50%
branches and bark, <10% limbs, top may be missing, 5) dead, no leaves or branches, <10% bark,
no limbs or top, 6) dead, broken stump. We also sought to describe the decay stage around the
cavity. For this, we developed our own cavity decay classes: 1) live wood in live tree, 2) dead
wood in live tree, 3) dead wood in dead tree, bark present and cavity limb/trunk intact, 4) dead
wood in dead tree, <50% bark and/or cavity limb/trunk broken, 5) dead wood in dead tree, most
bark missing and cavity limb/trunk broken.

After the conclusion of the breeding season, we recorded the structural dimensions of the
cavity, cavity characteristics, and cavity tree characteristics (Table 2.1) for all active nests and
potential old nests (see below). At that time, we also conducted cavity surveys within a 25-m
radius of active nests, recording the same parameters as for nest cavities, which we hope will aid

in future investigations of fine-scale cavity selection.

61



Nest searching

We conducted repeated rounds of nest searching in each plot, including two rounds from
January — May 2016, four rounds from December 2016 — May 2017, and nine rounds from
September 2018 — May 2019. During five-hour searching bouts, we systematically searched for
active and old nests in all trees using an ERAY Endoscope Inspection Camera Borescope. Rather
than using parallel transect lines, which would be difficult or impossible to follow due to the
thick brush habitat and would allocate considerable time to searching areas that had no trees to
harbor cavities, we instead partitioned searching efforts by quadrant, searching the entirety of
one quadrant for nests before moving on to the next quadrant. To begin searching bouts, we
limited time within each quadrant to a fourth of searching time (75 minutes) to ensure all
quadrants were searched during each bout. When a quadrant(s) did not require the full 75
minutes, we spent the remaining time within the five-hour searching bout in areas of the plot
with larger trees. To ensure we searched through the entire quadrant, we recorded our GPS track
location while nest searching to identify areas not yet searched.

We identified active nests by the presence of eggs or nestlings and suspected old nests by
the presence of suspected nesting debris (i.e., feathers, organized nest material). We recorded the
GPS location of all active and suspected nest cavities to facilitate checking during subsequent
searches. For cavities that were too high to reach on foot, we recorded the GPS location and
revisited to search the cavities by ladder within two weeks. We rarely used behavior to find nest
cavities. Not only did most plots require the full five hours to search thoroughly, but the thick
brush made following target birds difficult. If we identified obvious signs of nesting (i.e.,
carrying nesting debris or food, or alarm calling directed at nest searcher), we paused systematic

searching to monitor the bird, when time limits allowed.
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We separated searching bouts into morning (beginning within 30-min after sunrise) and
afternoon (ending within 60-min prior to sunset) sessions. We conducted an equal number of
morning and afternoon bouts on each plot, alternating between morning and afternoon bouts in
consecutive searches. When hard rain occurred during a searching bout, we ceased nest
searching and waited up to an hour for conditions to improve; if conditions did not improve, we
concluded for the day and completed the searching bout the subsequent day, beginning at the
time the previous attempt ended. We attempted to randomize the order in which plots were
sampled during each round of nest searching, but the realized order depended on weather and
road conditions that affected plot access. When road conditions permitted, we conducted
searching bouts on plots farthest away from the research center, as these were the most difficult
to reach after intense rains. When road conditions were poor, we conducted bouts on the most

accessible plots, which generally were closest to the center.

Statistical analyses

All analyses were conducted using the open-source program R. We used nonparametric
statistics to analyze cavity resource data because they were non-normally distributed. For all
tests, we used a significance value of P < 0.05. We assessed the abundance of cavities by tree
species using Type III ANOVA, investigating relationships between tree species and size and
their propensity to develop cavities.

We calculated the density of available trees, snags, and cavities for each 25 m radius
sampling station (0.196 ha). We extrapolated these data to determine the average number of

trees, snags, and cavities per plot, which we converted into per-ha densities for each plot. Snag
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sizes were grouped into six size classes (cm) in order to allow for comparison to other studies
from different ecosystems: 10.2 —12.6, 12.7 — 24.9, 25.0 — 38.0, 38.1 — 48.0, 48.1 — 59.9, > 60.

We investigated species-specific resource preferences by comparing cavity and tree use
with availability in the landscape. We used chi-square tests to compare cavity-nester use versus
availability for cavity type, cavity decay class, tree species, and tree decay class. Tree size, cavity
structural dimensions and cavity height were non-normally distributed; therefore, we used a
Type III ANOVA to compare structural dimensions of cavities used for nesting to those of
cavities available in the landscape and to compare the size of nest trees to those available in the
environment. We used a Rayleigh test of uniformity to investigate preferences for cavity
entrance orientation.

We pooled data on dimensions of available cavities across our three field seasons and
grouped cavities by cavity type (e.g., bird excavation, limb rot, trunk hollow). Cavities were only
counted once during analyses. Likewise, we pooled data on nest cavities across all three field
seasons and grouped nests by nesting species. For each nesting species, we calculated the
density, mean, and inter-quartile range of the four structural dimensions of cavities, as well as
three of the characteristics of cavities (height, orientation, decay class) and two of the tree
characteristics (DBH, decay class). To avoid pseudoreplication, we excluded duplicate nests in
the same year, whereby a cavity or tree was re-used by the same species in the same breeding
season. However, cavities used by the same species in different years were considered unique
nests and were included in analyses. Likewise, nest attempts by different species in the same
cavity during the same breeding season were considered unique nests. Cavities used during

multiple breeding seasons were measured at the end of each season of use.
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We generated a cavity nest web based on the occurrence of active nests within natural
tree-holes and excavated cavities. Links between PCEs and tree species indicate the proportion
of nest cavities of each species excavated in those tree species. Links between SCNs and either
tree species or PCEs were based on the proportion of nests of those bird species found within
natural cavities of those tree species or excavated cavities made by that excavator species,
respectively. To quantify relationships between PCEs, WCEs, and SCNs, we conducted a chi-
square test to compare the use of excavated and non-excavated cavities to their relative

abundances in the landscape.

Results
Vegetation and cavity surveys

We identified 12 tree species at CCF during surveys of sampling stations. Snags that we
could not identify to species with complete certainty were recorded as “unknown snag” (Table
2.2). Four species dominated the landscape, accounting for 86% of all trees: blackthorn
(Vachellia mellifera), candle thorn (Vachellia hebeclada), umbrella thorn (Vachellia tortilis), and
sand-veldt thorn (Vachellia fleckii). Snag density at CCF was 22.25 snags/ha (Figure 2.1). More
than 40% of snags were in the smallest size class (8 — 10.2 cm) and 97% of snags fell within the
three smallest classes (8 — 24.9 cm).

We found 140 cavities in eight tree species across all plots during surveys of sampling
stations. Among the six cavity types, limb rot (32%) and trunk hollows (29%) were the most
common (Table 2.3) and occurred within the most tree species (88% and 63% of species,
respectively) (Figure 2.2). Both cavities formed in the broken ends of limbs and excavated

cavities were restricted to three tree species: candle thorn, umbrella thorn, and camel thorn
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(Vachellia erioloba). We only found trunk forks in umbrella thorn and camel thorn (Figure 2.2).
Umbrella thorn and candle thorn were the only tree species to harbor all six cavity types; the
former constituted a far greater proportion of the overall available cavities (Figure 2.3).

Trunk hollows were the largest cavity type in all four primary cavity dimensions,
particularly total volume (Table 2.4). Hollows were deep with large entrance holes and generally
only formed in the trunks of trees (hence our use of “trunk hollow”). The five other cavity types

were more similar to each other, possessing more narrow chambers with smaller entrance holes.

Nest searching

We found 282 nests of 17 cavity-nesting species during three seasons of nest searching
from 2016 — 2019 (Table 2.5), including five PCEs, one WCE, and 11 SCNs. No nests were
found in cavities located during cavity surveys. Nests were found in eight tree species (Figure
2.4), including two species, leadwood tree (Combretum imberbe) and kalahari appleleaf
(Philenoptera nelsii), in which no cavities were found during cavity surveys. Any nests found
inadvertently off plot were included in analyses of species nest preferences. The most common
nests were of the Southern Grey-headed Sparrow (Passer diffuses, n=89), an SCN, constituting
almost a third of all nests found (Table 2.5). Both Barn Owl nests (7yto alba) (n=2) were located
in the same cavity in successive years. The most common nests of PCEs were those of the
Acacia Pied Barbet (n=65). Four SCNs were detected during avian surveys but were not detected
breeding at CCF: African Grey Hornbill (Lophoceros nasutus), Lilac-breasted Roller (Coracias
caudatus), Purple Roller (Coracias naevius), and Violet Wood-hoopoe (Phoeniculus

damarensis).
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We found the fewest nests during the drier spring period (Sep — Dec), likely because we
spent only one field season nest searching during these months. As a result, we found the fewest
nests of those species that only bred during this period (i.e., Piciformes and Strigiformes). The
fewest nests were found in the pilot season (Jan — Jun 2016), during which we began nest

searching latest in the season.

Secondary cavity-nesters

We found 178 nests of 11 SCNs (Table 2.5) within cavities in eight tree species (Table
2.6). SCNis did not use tree species relative to their abundance (X*=950.12, df=10, p<0.001);
three species, the shepherd’s tree (Boscia albitrunca), camel thorn, and umbrella thorn,
accounted for a majority of nests (n=127, 74%). These three species were the only trees used
more than their abundance, while the two most abundant tree species, the candle thorn and
blackthorn, were used much less than their abundance (Figure 2.4). One nest of the Cape Glossy
Starling (Lamprotornis nitens) was found in a bird excavation in a fence post and was excluded
from analyses of cavity dimensions.

Bird excavations were used by SCNs more than any other cavity type (Table 2.7) and
along with trunk forks were the only types used greater than their abundance (X*=298.3, df=5,
p<0.0001) (Figure 2.5). Small excavations were used predominantly by the Southern Grey-
headed Sparrow, whereas larger excavations were used by five medium- and large-bodied
species. Excavations were particularly important to the Cape Glossy Starling (n=30, 53%), while
the Pearl-spotted Owlet (Glaucidium perlatum) (n=8, 89%) and African Scops-owl (Otus
senegalensis) (n=3, 67%) used cavities excavated by Bearded Woodpeckers almost exclusively.

Natural cavities in limb rot and trunk hollows were also commonly used, but not more than their
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availability, whereas nests in cavities created by insects and in the ends of large branches were
extremely rare (Figure 2.5).

The features of cavities used by each species of cavity-nester are shown in Table 2.8. All
SCNs used cavities in trees with a larger average DBH than those available in the landscape
(Figure 2.6a). SCNs exhibited a general trend of using larger cavities with increasing body size.
Three species used deeper cavities than those available in the landscape, the Cape Glossy
Starling (p<<0.001), Common Scimitarbill (Rhinopomastus cyanomelas; p=0.024) and Yellow-
billed Hornbill (Tockus leucomelas; p=0.041), while only one species, Southern Grey-headed
Sparrow, used shallower cavities than those available in the landscape (p=0.045) (Figure 2.6b).
Every species except the Southern Grey-headed Sparrow used cavities with a larger cavity floor
area than those available in the landscape (Figure 2.6¢). Three species selected cavities with a
larger entrance hole area than those available in the landscape, the Cape Glossy Starling
(p<0.001), Monteiro’s Hornbill (Tockus monteiri; p=0.014), and Yellow-billed Hornbill
(p=0.006) (Figure 2.6d). There was weak support for selection by two other species, the Damara
Hornbill (Tockus damarensis; p=0.055) and Common Scimitarbill (p=0.062), for larger and
smaller entrance holes, respectively. Five species selected cavities with a larger volume than
those available in the landscape, the Cape Glossy Starling (p<0.001), Damara Hornbill
(p<0.001), Monteiro’s Hornbill (p<0.001), Common Scimitarbill (p=0.004), and Yellow-billed
Hornbill (p<0.001) (Figure 2.6e). Five species selected cavities higher above the ground than
those available in the landscape, the African Scops-owl (p=0.034), Cape Glossy Starling
(p<0.001), Pearl-spotted Owlet (p=0.008), Southern Grey-headed Sparrow (p<0.001), and

Yellow-billed Hornbill (p=0.022) (Figure 2.6f).
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No SCN exhibited a significant, non-random cavity entrance orientation (Table 2.9),
although preference for a southwestern orientation by the Southern Grey-headed Sparrow
approached significance (n=76, M=211, TS=0.1956, p=0.056). Combined cavity data for all

SCNss also did not show a significant preference for any entrance orientation.

Primary cavity-excavators

We found 104 nests of five PCEs and one WCE, including > 9 nine nests for four species
(Table 2.5). We only found one nest each of both Bennett’s Woodpecker (Campethera bennettii)
and Golden-tailed Woodpecker (Campethera abingoni). One Cardinal Woodpecker nest tree fell
down before the nestlings had fledged and we therefore were unable to collect data for this
cavity. Excavators did not use tree species in proportion to their abundance (X* = 888.4, df=10,
p-value < 0.001), exhibiting a strong preference for umbrella thorn, which accounted for 65% of
all excavator nests (Figure 2.7). This pattern was driven by the three small species of excavators,
which accounted for 89% of the nests found. Like SCNs (Figure 2.4), excavators avoided the
two most common tree species; but unlike SCNs, excavators rarely used shepherd’s tree or camel
thorn.

The three larger-bodied cavity-excavators, Bearded Woodpecker (Dendropicos
namaquus), Bennett’s Woodpecker, and Golden-tailed Woodpecker, primarily nested in live
wood (Figure 2.8). Even nests of large excavators that were in dead wood were typically in the
middle of large trunks that may have been alive at the time of excavation. The three small-bodied
excavators, Cardinal Woodpecker, Acacia Pied Barbet, and Ashy Tit (Melanipalrus
cinerascens), nested in dead wood almost exclusively. Only the Acacia Pied Barbet used cavities

excavated by other bird species, using Cardinal Woodpecker cavities for 12% of nests, as well as
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one Golden-tailed Woodpecker cavity. Ashy Tits nested in approximately the same number of
excavated and natural cavities (seven and six, respectively). Ashy Tits most often nested in
natural cavities formed by limb rot (n=6), but also excavated in dead wood into broken limb ends
and trunks (n=5) and used insect chambers (n=2).

The features of cavities used by each species of cavity-excavator are shown in Table 2.8.
All excavators used cavities in trees with a larger average DBH than those available in the
landscape (Figure 2.9a). The dimensions of excavated cavities, as well as cavity height,
generally increased with increasing size of the excavator (Figure 2.9). However, the smallest
species and only weak cavity-excavator, the Ashy Tit, used cavities of a wider range of sizes.
The Ashy Tit used cavities that were deeper than those used by the larger Cardinal Woodpecker
and Acacia Pied Barbet (Figure 2.9b). Nest cavities of Acacia Pied Barbets and Cardinal
Woodpeckers were generally similar in size, but newly excavated barbet cavities were distinctly
smaller in the size of the entrance hole (Figure 2.9d), sufficiently so that entrance area allowed
us to identify when barbets used nests excavated by Cardinal Woodpeckers.

Four species of PCEs exhibited a consistent southwestern cavity orientation and one a
consistent northwestern orientation (Figure 2.10). However, cavity entrance orientation was not
significantly non-random for any individual excavator species, although preference for a
southwestern orientation by the Acacia Pied Barbet approached significance (n=61, M=236°,
M=236, TS=0.2187, p=0.054). Combined data for all excavators showed a near significant trend
for a southwestern orientation (n=95, M=234°, TS=0.1705, p=0.0633). If orientation data from
the only WCE, the Ashy Tit, which had the least consistent cavity orientation, is omitted, then
the preference for a southwestern orientation is significant (n=86, M=236°, TS=0.1996,

p=0.0325).
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Nest web

We created a nest web diagram depicting connections between cavity-nesting birds and
cavity-bearing trees at CCF (Figure 2.11). Links between trees, cavity-excavators, and SCNs
indicate the proportion of nests for a given species in different resource types. Cavity-excavators
are linked to tree species in which they excavated/used cavities; SCNs are linked to either the
tree species in which they used natural cavities or to the cavity-excavator that created their nest
cavity.

Excavations created by the Bearded Woodpecker and Cardinal Woodpecker (40% and
42%, respectively) accounted for most of the nests of SCNs (n=84) in excavated cavities.
Excavations by the Bearded Woodpecker were used by the most species (n=6) and were the only
excavations used by large-bodied species. Nests of SCNs in natural cavities (n=94) were mostly

in shepherd’s tree (18%), camel thorn (36%), and umbrella thorn (23%).

Discussion
Resource landscape

Cavity-nesting guilds in tropical and/or wet forests are potentially distinct from those in
temperate and/or dry forests due to the high floral diversity typical of the former. Where tree
diversity is high, cavity-nesters potentially are freed from strong dependence on a limited
number of tree species and instead may occupy a wide niche of tree species (Cockle et al.
2019a). Although our field site occurs within the tropical latitudes, it is a dry forest with low tree
diversity and strong dependence of cavity-nesters on a limited number of tree species, with three
tree species accounting for 74.7% of nests. This high dependence on limited tree species is

inconsistent with cavity-nesting guilds in the wet tropics of South America, where researchers
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report broad use of tree species (e.g., Cockle et al. 2019a) where there is high tree diversity. Low
tree diversity might beget narrow resource use; however, we did not observe the same extreme
level of dependence as observed in some temperate forests with low tree diversity. For example,
in coniferous forests of British Columbia, cavity-nesters use quaking aspen (Populus
tremuloides) for over 90% of nests (Martin and Eadie 1999) due to quaking aspen’s
susceptibility to heartwood rot.

Consistent with past research (Allen and Corn 1990, Fan et al. 2003a, 2003b, 2004,
Harper et al. 2005), larger trees were overly important for nesting. Use of large trees may partly
explain the narrow use of tree species. The three most-used trees were also the three largest in
the environment, whereas the three common species that were rarely used (candle thorn,
blackthorn, and sand-veldt thorn) were the smallest. The latter three species are commonly
considered encroaching bush (de Klerk 2004): fast-growing species that overtake grassland
habitat.

One species, the buffalo thorn (Ziziphus micronata) may have the potential to be an
important cavity tree where present in large numbers. The Buffalo Thorn was the fourth largest
species in the study area, harbored the fourth most cavities and was used by cavity-nesters
proportional to its abundance. However, buffalo thorn was uncommon outside of two plots
located near man-made dams, where it was one of the most abundant species and where it grew
larger on average than on other plots lacking a consistent water supply. Buffalo thorn may thus
provide important substrate for large cavity-nesters in mesic areas.

These qualifications (tree size, number of cavities) may provide loose guidelines for
identifying important cavity-trees in other areas of Namibia. For example, the mopane tree

(Colophospermum mopane) may represent such a species in the dry central-northwest and wetter
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northeast Zambezi. Mopane are large and abundant in these regions and anecdotal observations
indicate common use of cavities in mopane trees. However, mopane are also commonly sought
for subsistence use and charcoal production, which may be a source of conflict for land
management.

A majority of available cavities (85%) were of three types: limb rot, trunk hollow, and
insect chambers. These three cavity types had a propensity to develop in a wide variety of trees
(seven, seven, and five species, respectively), which may partly explain why they were more
abundant than the three least common cavity types (bird excavation, end of limb, trunk fork), all
of which were found only in the same two tree species.

Cavities from limb rot had a variable depth and tended to have a small entrance area but
on average were some of the deepest cavities. Their floor area was small, unless the initial rot
acted as an entrance into a trunk hollow. Cavities from limb rot occurred at all heights and are
able to develop as high as the top branches of a large trunk. Since they can form in many trees
and at all heights, the spatial distribution of limb rot cavities may only be limited by the height of
the tallest trees. Cavities in limb rot were likely undercounted during our surveys because such
cavities can be hard to see from the ground when they occur more than four meters above the
ground. In addition, limb rot can occur on the topside of limbs, where it is further obscured from
observers on the ground.

Trunk hollows were the largest cavities, providing the most internal volume, depth, and
floor area, while also having the largest entrance area. Hollows large enough for nesting required
a large amount of substrate (large DBH) in which to form and were generally restricted to the
base of the trunk. As a result, we did not find any hollows above two meters from the ground

during cavity surveys. Trunk hollows were highly variable and included cavities that were likely
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too large for nesting, typically because the entrance hole was too large. Large entrance holes not
only expose nests to depredation, but also to environmental conditions. Many trunk hollows were
found filled at least partly with sand and debris, indicating environmental conditions (i.e., wind)
may represent a threat to trunk hollow longevity. Cavities with large entrance holes are also
vulnerable to flooding in the rainy season, which can lead to nestling mortality from drowning or

hypothermia.

Primary cavity-excavators

Cavity-excavator diversity was low at our site, as is the case throughout most of Namibia.
Only one PCE, the Acacia Pied Barbet, was observed commonly. The Bearded Woodpecker was
the only large excavator observed with any regularity, and it was infrequent at that. However,
where they are common Bennett’s Woodpeckers and Golden-tailed Woodpeckers may play a
similar ecological role as the Bearded Woodpecker, as all three preferred excavating in the
trunks of live trees.

The Ashy Tit was the only exception to the positive correlation between cavity size and
body size among excavators. As a WCE, the Ashy Tit is limited to excavating in wood in
advanced stages of decay, often where cavities had already begun to form (i.e., insect chamber,
broken limb end), and thus wield less control over cavity dimensions than PCEs. In addition,
Ashy Tits did not excavate exclusively: almost half of tit nests (n=6) were in natural limb rot
cavities. Thus, it is not surprising for Ashy Tits to use a wider range of cavity dimensions than
any of the PCEs, whose cavity dimensions, as an extension of their phenotype, should be

expected to be more uniform.
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The three small excavating species (Ashy Tit, Acacia Pied Barbet, and Cardinal
Woodpecker) always created cavities in dead wood, typically in thin trunks or branches. The
larger excavators (Bearded Woodpecker, Bennett’s Woodpecker, and Golden-tailed
Woodpecker) excavated in the trunks of live trees, though some of these excavations may have
been facilitated by internal rot. Cavities in live wood persist longer in the landscape than those in
dead wood, where they face increased risk of tree fall. Though limited in the landscape,
excavations made by large birds (i.e., Bearded Woodpecker) appear to be disproportionately
important. For large cavity-nesters that depend on a limiting resource (nest sites), we may expect
to observe high nest site fidelity to those few cavities that facilitate breeding. This would require
cavities that persist in the landscape for multiple years, with those maintaining usable condition
the longest facilitating repeated use both within and across breeding seasons. In this case,
Bearded Woodpecker cavities may represent a reliable and predictable component of available

nest sites.

Secondary Cavity-nesters

Despite limited large cavity-bearing trees or large-bodied excavators, the cavity-nesting
guild at CCF consists of primarily medium- and large-bodied SCNs. Bird excavations were the
only cavity type used by SCNs disproportionately more than their abundance and were also used
more than any other cavity type. Trunk hollows were especially important for large-bodied
nesters, likely at least in part due to their large volume and floor area. Large-bodied species
potentially are most limited by cavity availability, as there are fewer cavities large enough for
them to rear offspring within. In central Namibia, trunk hollows may be central to this limitation

as a critical resource for large species. Likewise, camel thorn may be a critical tree species as the
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most common source of trunk hollows. As was the case with available cavities, nests in limb rot
were likely undercounted during our surveys. Any undercounting likely only impacted nest
detection of two species, Ashy Tit and Southern Grey-headed Sparrow, which are able to use
limb rot cavities too small to be seen from the ground.

We observed a general trend of increasing cavity dimensions with increasing body size
among SCNs, with large-bodied species selecting cavities larger than those available in the
landscape, while small-bodied SCNs used cavities similar to or smaller than those available.
However, this was not true for all cavity dimensions for all species. Two of three hornbills
selected cavities significantly shallower than those available, while the Common Scimitarbill
used cavities with a smaller entrance hole and smaller floor area than did smaller SCNs. Cavity
use by the Common Scimitarbill may imply selection of cavities less vulnerable to depredation.
However, selection of small cavities may instead be a means to avoid competition with more
dominant species: we observed usurpation of one scimitarbill cavity by Damara Hornbills.

Contrary to the general relationship of body size to cavity dimensions, hornbills did not
use deeper cavities than smaller species (Table 2.8). However, hornbills can fill cavities with
nest material to alter the depth of the cavity, and smaller species (i.e., Southern Grey-headed
Sparrow) can clog long cavity tubes to likewise modify cavity depth; therefore, final depth may
not represent the depth of the actual selected cavity but rather the distance to the nest material.
Cavity selection by hornbills is further complicated by a unique behavior in which females create
a nest plug to seal themselves inside the nest cavity during incubation and the majority of the
nestling stage (Kemp 1995). By creating this nest plug, hornbills increase protection from
predators, which may facilitate selecting shallow cavities if they provide other traits that are

more important to nesting success. Hornbills also exhibit a tendency to select cavities with a
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large area above the entrance hole, which allows females to hide above the eggs and chicks from
nest predators (Kemp 1995). Shallower cavity depth could actually be beneficial for food
provisioning by hornbills. During nesting, male hornbills pass food through a narrow slit in the
nest plug to the female and subsequently to the offspring once the female exits the cavity. A
shallower cavity depth may increase the likelihood of the male successfully passing food to the

occupants.

Nest web

Our nest web analysis illustrates the restricted tree resource use of cavity-nesters in
central Namibia and the prominent role of three species: the shepherd’s tree, camel thorn, and
umbrella thorn. Even further, it highlights the latter two species as central resources for
individual species. Camel thorn was especially important for large-bodied secondary cavity-
nesters, particularly the Monteiro’s and Yellow-billed Hornbills, while the umbrella thorn was
the central substrate for all four common excavators: the Acacia Pied Barbet, Bearded
Woodpecker, Cardinal Woodpecker, and Ashy Tit, as well as the preferred tree of the third
hornbill, the Damara Hornbill. Extensive use of camel thorn trees is related to their propensity
for harboring trunk hollows, which are especially important for the three hornbill species (n=30,
73.3%), as well as other large-bodied species.

More curious is the concentration by excavators on umbrella thorn. This species is much
more common, accounting for 15% of the trees in the landscape, compared to the other two
species favored for nesting, camel thorn (2%) and shepherd’s tree (1%) (Table 2.2). Umbrella
thorn is disproportionately important for the Acacia Pied Barbet and Ashy Tit in particular, and

although there are indications other species may be preferred by some cavity-nesters (e.g., camel

77



thorn by the Bearded Woodpecker), the umbrella thorn comprised a majority of nests for all
excavators and was the only tree used regularly by all species.

Why might excavators focus on umbrella thorns? Excavations appeared to be broadly of
two types: small excavations in the dead wood of peripheral branches and large excavations in
the middle of trunks, often in live wood. Use of umbrella thorn by large excavators likely
reflects, in part, that it is one of the few common, large trees available in a landscape with low
tree diversity. However, this does not explain high use by small excavators, nor why candle
thorn, another large tree twice as abundant as umbrella thorn, was rarely used. The difference
may lie in the propensity to develop decayed wood. Large umbrella thorns regularly provided
large dead branches, ideal for small excavators. Umbrella thorn also tend to grow a few thick
trunks (though far fewer than blackthorn, which could grow up to a dozen), one or two of which
may die off over time, providing thick substrate (i.e., large DBH) for excavation.

Spatial separation by large and small excavators using live and dead wood, respectively,
may constitute resource partitioning of nesting substrate. Excavating species will often segregate
their excavations, both vertically within cavity trees (e.g., McAuliffe and Hendricks 1988) and
horizontally across forests (e.g., Kosinski et al. 2018), which can cause cascading partitioning at
the community level (Martin et al. 2004). Resource partitioning among excavators may result
from disparate abilities to excavate in live trees. Live trees provide inherent protection against
environmental threats (e.g., wind, fire), but small excavators may be unable to excavate in live
wood, or may avoid competing with larger excavators for this substrate. In our field site, where
large trees tend to be scarce, resource partitioning may be important for species coexistence,
resulting in the divvying of not only live and dead wood, but also potentially of tree species

prone to different levels of decay.
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Spatial partitioning is also common among SCNs, particularly as a result of variation in
body size. In British Columbia, where bird excavations are critical across the cavity-nesting
guild, large SCNs only utilized natural cavities or those excavated by the Pileated Woodpecker
(Dryocopus pileatus), while small SCNs primarily used cavities excavated by the smaller
Northern Flicker (Colaptes auratus) (Martin et al. 2004). Resource partitioning can also be
required within size classes of cavity-nesters, both small (e.g., Nilsson 1984) and large (e.g.,
Renton and Brightsmith 2009). Such may be the case among the three hornbills at our site, which
all used trunk hollows for a majority of nests. While the two larger species (Monteiro’s and
Yellow-billed) primarily nested in camel thorn, the smaller Damara Hornbill primarily nested in
umbrella thorn.

SCNs may also exhibit temporal partitioning. This may apply to hornbills, as the Yellow-
billed Hornbill initiates nesting often several months prior to the Damara and Monteiro’s
Hornbills. Temporal partitioning may also be a broad guild strategy, specifically among medium-
sized SCNs using large excavations. Although the timing of the transition period fluctuates, the
breeding season in Namibia consists of two distinct periods: a drier spring (Sep — Dec) and
wetter summer (Jan — May). Many species initiate breeding once rains begin anytime from Dec-
April; however, some species will begin breeding much earlier at the beginning of the spring
season. The three larger cavity-excavators breed in the spring, as do two SCNs, the African
Scops-owl and the Pearl-spotted Owlet, that rely on cavities excavated by these three species for
the vast majority of nests. Large excavations were also used during the wetter summer, often by
Cape Glossy Starling and sparingly by hornbills, all of which are larger than both owl species.
That owls and larger excavators breed in the drier spring season may be due to seasonality of the

food resources on which they depend for breeding (Lack 1968), but it may also be a means to
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avoid competition for cavities from dominant competitors. Early breeding by Yellow-billed
Hornbills, as well as the often sympatric Grey Hornbills, may also be related to food availability;
however, it seems equally likely that early breeding is a means to avoid competition with the
larger Monteiro’s Hornbill, which is known to usurp cavities from smaller hornbills (Stanback,
unpublished data). Regardless, excavated cavities are the most likely cavity type to be limiting,
given the degree to which their use exceeds their availability (Figure 2.5).

The degree of dependence of SCNs on cavities excavated by PCEs in cavity-nesting
communities is the subject of much discussion. It has become clear that this varies among
systems as a function of a range of factors including forest age, forest type, and management
history. Proliferating use of nest web analyses has elucidated a possible geographic trend:
excavators are more important in temperate forests, especially in North America, less important
in Eurasia and tropical South America, and mostly unimportant in Australasia, where excavators
generally do not occur (Walters 2022). But less discussed is the disparate role that excavators can
play within cavity-nesting guilds, where some members of a guild are highly dependent on
excavations and other members not at all. We observed a spectrum of dependence on
excavations: four SCNs used excavations for more than 50% of nests, two species for fewer than
25%, and five species were never observed using excavations. Excavations appear more
important for small- and medium-bodied species, including two species (African Scops-owl and
Pearl-spotted Owlet) that use excavations for a majority of their nests. Large-bodied species
appear more dependent on large natural cavities, particularly trunk hollows. We only observed
four nests of large-bodied species in excavations, all of which were in large cavities in wood that

was dead enough to be enlarged by subsequent nesters.
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Despite high usage by some species, excavations are not the central resource for SCNs
that they are in some temperate ecosystems. In coniferous forests of British Columbia, the
cavity-nesting guild is structured around the cavities of the Northern Flicker, which may be used
by over a dozen SCNs. But excavations at CCF do represent an important resource for some
species, even in an unmanaged landscape. Excavations are notably unimportant where they are
absent (i.e., Australia), but they are also relatively unimportant in old-growth forests
(Wesolowski 2007), where the abundant natural cavities are both sufficient and preferred by
SCNs. Our results are similar to those from a nest web in Western Ghats, India (Manikandan and
Balasubramanian 2018), where excavators are important for small- and medium-bodied species

and unimportant for large-bodied species, which utilize natural cavities.

Conclusions

This study presents a visual quantification of a cavity-nesting guild in central Namibia
and to our knowledge the first nest web from Africa. We describe a large and diverse community
of predominantly medium- and large-bodied birds, which used both excavated and natural tree
holes. That some species were observed but not detected breeding raises the question of whether
these species were non-breeding residents or temporary visitors, or whether they were breeding
on site but no nests were found; both of these possibilities provide further intrigue. If species did
not breed on site, why are they excluded and what would facilitate their breeding in the research
area? If species did breed on site but their nests were not found, where were they breeding, when
were they breeding, and were they using substrate(s) other than trees?

Our depiction of resource use via nest web analysis allows for comparisons to cavity-

nesting guilds worldwide. Excavators and secondary nesters exhibited limited use of tree species,
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more narrow than has been observed in other guilds within tropical latitudes, but not so narrowly
focused around one tree species such as in British Columbia, Canada. Excavators in Namibia are
moderately important within the guild of SCNs, intermediate between guilds in North America,
where PCE:s are critical keystone species, and Australasia, where PCEs are primarily absent.
That these findings are so easily compared to cavity-nesting guilds worldwide should be viewed
as further support for the utility of nest web analysis as a tool for studying cavity-nesting guilds.
Our nest web data also provide helpful information for local conservation/management of
the cavity-nesting guild. Large trees are disproportionately important across the guild and appear
essential to maintaining a diverse community of cavity-nesters. Use of tree species is likely
narrow and, if possible, local land managers can determine through nest searching which tree(s)
in their area are used most by cavity-nesters. However, nest searching can be time consuming
and is not feasible for all areas. Our findings identified three species that can be prioritized for
preservation where they are present; where they are not present, natural resource managers
should prioritize the largest (DBH) trees in the landscape, especially those species with a
propensity to grow few trunks and/or to maintain substrate of many decay classes (e.g., live tree
with dead branches). Tree species that provide a diversity of cavity types should also be
maintained. We observed multiple instances of different bird species simultaneously nesting in
different cavities in the same tree, suggesting that biodiversity may be better maintained by
preserving one tree with many cavity types than multiple trees with the same cavity type.
Excavations by large woodpeckers are particularly important for some SCNs and any trees that
maintain used cavities of these types should be prioritized for preservation in the landscape.

Trunk hollows are important for large-bodied SCNs, including two near-endemic species
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(Damara and Monteiro’s Hornbills). Any trees with old hornbill cavities (often easily identified
by the presence of old nest plugs) should also be maintained in the landscape.

Overall cavity abundance appears to be low and competition potentially intense. Surveys
revealed a low density of cavities per hectare, and this density is surely bolstered by cavities
unsuitable for any cavity-nesters. That cavity-nesters displayed high use of a limited number of
tree species, two of which were themselves uncommon in the landscape, likely contributes to low
cavity abundance. These factors suggest an environment where cavity availability is limited
overall, supported by high overlapping resource use by medium- and large-bodied SCNs on large
excavations and trunk hollows, respectively. Further research in this area, including the
manipulation of nest site abundance, would be necessary for elucidating the extent to which
cavities are a limiting resource and whether this limitation is consistent across the cavity-nesting

guild.
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Table 2.1. Cavity and tree characteristics recorded for each cavity found during sampling station

surveys, nest searching, and fine-scale surveys around nest cavities.

Cavity Structural Cavity Tree

Dimensions Characteristics Characteristics

Cavity depth (cm) Type Species

Entrance area (cm?) Height (m) Diameter at breast height (cm)
Floor area (cm®) Orientation (degrees) Decay class (1-6)

Volume (cm?) Decay class (1-5)
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Table 2.2. Proportion of the trees in the landscape at CCF comprised of each species found
during cavity surveys, listed in order of their abundance. We also report the density, mean, inter-

quartile range (IQR; measurement of statistical dispersion) and max diameter at breast height

(DBH) for each species.

Tree Proportion ~ Trunks Mean DBH IQR Max DBH
species trees (per ha) (cm) (SD) (cm) (cm)
V. mellifera 0.328 50.6 10.5 (2.3) 8.8-11.6 28.4
V. hebeclada 0.273 42.1 12.3 (4.0) 9.5-14.9 34.6
V. tortilis 0.151 233 15.6 (6.3) 10.7-18.7  42.7
V. fleckii 0.107 16.5 12.5(3.7) 9.8—-143 29.0
Z. mucronata 0.063 9.7 134 (5.1) 9.7-153 379
V. erioloba 0.022 3.5 15.2(5.3) 11.2-181 39.6
Unidentified snag 0.020 32 12.8 (4.8) 9.0-14.5 29.5
V. senegal 0.020 3.1 11.2(18.0) 9.0-12.7 19.5
B. albitrunca 0.014 2.3 18.7 (6.2) 146 -222 445
C. imberbe 0.001 0.2 23.6 (6.1) 19.9-28.7 305
P. nelsii 0.001 0.1 22.6 (6.4) 20.7-263 263
A. anthelmintica <0.001 <0.01 14.8 (6.8) 11.3-154 154
V. karoo <0.001 <0.01 9.6 (na) 9.6-9.6 9.6
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Table 2.3. The types and densities of cavities found during surveys at CCF listed in order of

their abundance. Cavities were compiled from all 176 sampling station surveys (8 surveys per 22

plots).

Cavity Type n (proportion of total) cavities/ha
Limb rot 45 (0.32) 1.28
Trunk hollow 40 (0.29) 1.16
Insect chamber 34 (0.24) 0.93

Bird excavation 15(0.11) 0.43

End of limb 4 (0.03) 0.12
Trunk fork 2(0.01) 0.06

Total 140 3.97
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Table 2.4. Table of mean dimensions of landscape cavities organized by cavity type. Data include dimensions of cavities found during

sampling station surveys, but does not include nest cavities.

Cavity n Depth Floor area Entrance area Volume Height
type (cm) (Range) (cm®) (Range) (cm?) (Range) (cm’) (Range) (m) (Range)
Limb rot 45 323 54.0 18.6 1,338.8 1.19
(10.2-104.2) (1.9-420.7) (5.1-139.4) (76.5 - 6659.7) (0.36 —4.94)
Trunk hollow 40 51.4 136.2 111.9 9,156.2 1.00
(10.2-172.4) (4.4-774.0) (5.3-1083.9) (65.1-114,092.2) (0.38—-1.86)
Insect chamber 34 17.3 42.4 10.9 608.3 0.97
(10.2-34.2) (4.7-135.7) (5.0-44.4) (74.8 —1,964.3) (0.23 -2.01)
Bird excavation 15 23.9 86.4 24.5 3,073.1 2.72
(10.2-283.7) (20.4 - 320.9) (6.2-48.5) (180.4—-26,054.4) (1.56-—-4.14)
End of limb 4 25.1 27.5 28.5 665.1 1.16
(12.1-37.9) (9.0 -55.3) (7.0-50.9) (130.5-1,302.0) (0.43 -1.85)
Trunk fork 2 37.7 583.3 139.1 3,848.7 0.95
(38.4-37.0) (7.9-1,158.7) (5.5-272.6) (290.5 - 7,407.0) (0.82-1.07)
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Table 2.5. Nests of 17 bird species found at CCF from 2016 — 2019. Nest totals are broken down by breeding season, with the final breeding season

separated into spring (Sep — Dec) and summer (Jan — Apr). Species are grouped by guild.

Field Season

Jan’16 Dec’16 Sep’18 Jan’19

Apr’l6 Apr’l7 Dec’18 Apr’19 Total
Species Common Species
name name code
Primary cavity-excavators
Campethera abingoni Golden-tailed Woodpecker GTWO 0 1 0 0 1
Campethera bennettii Bennett’s Woodpecker BENW 0 0 1 0 1
Dendropicos fuscens Cardinal Woodpecker CAWO 0 3 12 0 15
Dendropicos namaquus Bearded Woodpecker BEAW 0 1 8 0 9
Tricholaema leucomelas Acacia Pied Barbet APBA 3 24 24 14 65
Weak cavity-excavator
Melaniparus cinerascens Ashy Tit ASTI 2 6 1 4 13

Secondary cavity-nesters
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Glaucidium perlatum Pearl-spotted Owlet PSOW 0 0 8 0 8
Lamprotornis australis Burchell’s Starling BUST 0 0 0 2 2
Lamprotornis nitens Cape Glossy Starling CAST 0 18 8 4 30
Otus senegalensis African Scops-owl PSOW 0 0 3 0 3
Passer diffuses Southern Grey-headed Sparrow SGSP 15 54 2 18 89
Rhinopomastus cyanomelas Common Scimitarbill COSC 1 3 7 2 13
Tockus damarensis Damara Hornbill DAHO 3 8 0 0 11
Tockus leucomelas Yellow-billed Hornbill YBHO 2 6 3 4 15
Tockus monteiri Monteiro’s Hornbill MOHO 1 3 0 0 4
Tyto alba Barn Owl BAOW 1 1 0 0 2
Upupa africana African Hoopoe AFHO 0 1 0 0 1
Total Nests 28 129 77 48 282
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Table 2.6. Mean and inter-quartile range of tree diameters for nest trees of secondary cavity-
nesters. Mean diameters of nest trees are compared with mean diameters of trees available on the

landscape. Nest trees used by the same species in the same breeding season are counted once.

Species Nest Mean nest tree Inter-quartile Mean landscape
name trees DBH (cm) (SD) range (cm) DBH (cm) (SD)
B. albitrunca 32 24.8 (5.3) 20.0 - 28.3 18.7 (6.2)
C. imberbe 1 40.4 (n/a) 40.4-40.4 23.6 (6.1)
P. nelsii 1 28.5 (n/a) 28.5-28.5 22.6 (6.4)
V. erioloba 32 35.0 (8.3) 28.7-40.8 15.2(5.3)
V. hebeclada 10 28.7 (4.0) 26.5-30.9 12.3 (4.0)
V. mellifera 9 20.8 (8.1) 14.8 -26.4 10.5(2.3)
V. tortilis 52 27.1 (9.0) 20.0-31.7 15.6 (6.3)
Z. mucronata 10 21.6 (7.1) 19.1 -23.5 134 (5.1)
Total 165 27.6 (8.9) 21.1-31.7 12.5 (4.6)
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Table 2.7. Types of cavities used for nesting by secondary cavity-nesters at CCF from 2016 — 2019 (species codes in Table 2.5).

Cavities used by the same species in the same year are counted as only one nest attempt.

Species End Bird Insect Limb Trunk Trunk Total
code of limb excavation  chamber rot hollow fork

PSOW 0 8 0 0 0 0 8
BUST 0 0 0 0 2 0 2
CAST 0 16 0 0 11 3 30
ASOW 1 2 0 0 0 0 3
SGSP 1 54 0 25 3 6 89
Cosc 0 0 1 8 1 3 13
DAHO 0 1 0 2 8 0 11
YBHO 0 3 0 1 11 0 15
MOHO 0 0 0 1 3 0 4
BAOW 0 0 0 0 2 0 2
AFHO 0 0 0 0 1 0 1
Total 2 84 1 37 42 12 178
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Table 2.8. Summary of cavity features listed by bird species. Included are the means and ranges of all features for each species. The number of nests

included for a species (n) varies because not all measurements could be taken reliably or safely for each cavity (species codes in Table 2.5). Cavities

used by the sample species in the same breeding season were considered one nest.

Species n Tree n Cavity n Cavity n Cavity n Cavity n Cavity
code DBH Depth floor area entrance area height Volume
(cm) (Range) (cm) (Range) (cm?) (Range) (cm?) (Range) (m) (Range) (cm’)
Primary cavity-excavators
GTWO 1 26.4 1 21.1 1 60.8 1 233 1 2.72 1 1,166
(26.4-26.4) (21.1-21.1) (60.8 — 60.8) (23.3-23.3) (2.72-2.72) (1,166 — 1,166)
BENW 1 19.3 1 23.7 1 51.5 1 26.0 1 1.50 1 1,471
(19.3-19.3) (23.7-23.7) (51.5-51.5) (26.0 —26.0) (1.50 - 1.50) (1,471 - 1,471)
CAWO 13 19.3 13 18.6 13 43.8 13 18.0 14 2.67 13 712
(10.3-42.1) (12.1-25.3) (25.5-107.5) (10.1 -31.8) (1.01 —4.50) (299 - 1,272)
BEAW 9 31.9 7 27.4 7 105.7 7 253 9 3.24 7 2,590
(19.5-47.2) (23.6 -33.4) (77.7-160.5) (20.1 —32.5) (1.88 —6.30) (1,972 —4,252)
APBA 47 18.6 47 18.5 50 33.2 50 12.0 51 2.38 47 585
(10.1 -31.5) (12.0-28.3) (13.2-166.6) (6.7-26.1) (0.78 —-5.01) (171 -1,561)
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Weak cavity-excavator

ASTI 9

27.5

(8.24 — 43.3)

Secondary cavity-nesters

PSOW 8

BUST 2

CAST 24

ASOW 3

SGSP 74

COSC 13

28.8
(26.2-31.9)
24.8

(24.8 —24.8)
28.4

(20.0 — 40.5)
27.8

(18.5 —34.0)
25.1

(9.2 - 55.3)
23.5

(10.3 — 38.6)

25

75

13

23.2

(13.8 — 42.0)

23.7
(19.1 - 25.2)
74.9

(74.9 - 74.0)
34.1

(16.8 — 70.4)
32.45

(31.5 - 34.1)
223

(8.1 - 60.4)
38.1

(15.0 — 79.9)

25

75

13

32.1

(8.0 - 56.7)

79.3
(43.0 - 118.8)

160.3

2

(160.3 — 160.3)

135.5
(60.8 — 526.6)
117.4

(88.2 — 149.5)
59.3
(9.1-301.6)
77.2

(30.2 - 122.7)

25

75

13
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11.4
(53— 17.4)
23.7
(17.4-32.5)
43.1
(43.1-43.1)
34.9

(17.4 - 74.7)
30.4

(23.7 - 138.3)
19.0

(7.4 — 45.6)
12.7

(7.0 - 24.8)

10

27

76

13

2.50

(0.54 — 3.80)

2.41
(136—4.11)
2.10
(2.10-2.10)
2.21
(1.01 —17.50)
2.24
(2.20 — 3.86)
2.79
(0.98 — 5.01)
1.38

(0.73 —2.06)

25

75

13

738

(108 — 1,730)

1,707
(977 - 2,612)
11,790.8

(11,790.8 — 11790.8)
5,988

(1,166 — 37,289)
1,748

(939 — 3,356)

1,340

(104 — 8,315)

3,006

(751 — 9,680)



DAHO

YBHO

11

14

MOHO 4

BAOW 2

AFHO

1

30.5
(20.3 — 44.4)
36.5
(26.7 - 55.3)
38.3
(30.5 - 55.3)
52.3
(52.3 - 52.3)
28.2

(28.2 - 28.2)

11

14

28.8
(8.7 — 63.5)
31.6

(19.3 - 50.1)
27.5

(18.4 - 43.2)

NA

36.8

(36.8 — 36.8)

11

14

195.6 11
(36.3 -429.8)
289.4 14

(132.7 - 502.1)
355.2 4
(304.7 — 388.6)
186.3

(186.3 — 186.3)
29.8 1

(29.8 — 29.8)

38.5 11
(13.8 - 86.8)
40.3 14
(16.3 - 110.0)
158.3 4
(21.9 - 261.7)
NA 1
24.5 1
(24.5 - 24.5)

1.41
(0.45 — 3.55)
2.04
(0.54 — 4.05)
1.51
(0.48 — 4.05)
1.63
(1.63 - 1.63)
1.63

(1.63 — 1.63)

11

14

(7,722)

(1,190 — 24,632)
14,716

(3,276 — 41,311)
31,940

(12,859 — 44,497)

NA

2,607

(2,607 - 2,607)
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Table 2.9. Cavity entrance orientation summary for nests of secondary cavity-nesters. Cavities
used by the sample species in the same breeding season were considered one nest. Nests with a

cavity entrance facing up were excluded (species codes in Table 2.5).

Species Code n Mean Rayleigh TS p-value
ASOW 2 224 0.9681 0.162
CAST 25 356 0.07 0.887
COSC 13 79 0.1955 0.617
DAHO 11 97 0.3875 0.194
MOHO 4 329 0.6018 0.249
PSOW 8 261 0.294 0.526
SGSP 76 211 0.1945 0.056
YBHO 14 143 0.3391 0.202
Total 156 192 0.0965 0.240
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Figure 2.1. Snag density in the study area, broken down by size classes for comparison to other

studies.
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Figure 2.2. Breakdown of cavity type found within different tree species, including (a)
proportion and (b) total number of each cavity type found within different trees species. Data
include cavities (n=140) found during sampling station surveys, and do not include nest cavities

or those otherwise found during nest surveys.
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Figure 2.3. Breakdown of tree species in which each cavity type was found, including (a)
proportion and (b) total number of tree species found to harbor each cavity type. Data include
cavities (n=140) found during sampling station surveys, and do not include nest cavities or those

otherwise found during nest surveys.
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Figure 2.4. Proportion of tree species used by secondary cavity-nesters (blue) (n=178) compared

with percentage of available trees in the landscape (red) (n=5,332).
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Figure 2.5. Proportion of nests used by secondary cavity-nesters (blue) (n=178) by cavity type

compared with the proportion of cavity types available in the environment (red) (n=140).
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Figure 2.6. Box-plot comparing the features of cavities used by secondary cavity-nesters: cavity

tree diameter at breast height (DBH) (a), cavity depth (b), cavity floor area (¢), cavity entrance

Figure 2.6f.

area (d), cavity volume (e), and cavity height above ground (f). Cavities used by the same

species in the same year are counted as only one nest attempt. Species are listed in order of

increasing body length (species codes in Table 2.5). Since data were non-normally distributed,

we used a Mann Whitney-U test to determine significant differences. Data have been log

transformed. *p<0.05; **p<0.01; ***p<0.001.
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order of increasing body size, grouped by: PCE and WCE tree (a) and cavity (b) decay stages,

and SCN tree (c) and cavity (d) decay stages. Cavities used by the same species in the same year

are counted as only one nest attempt. See text for explanation of decay classes.
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Figure 2.9 Box-plots comparing the features of cavities excavated by cavity-excavators (species
codes in Table 2.5), listed in order of increasing body size: including cavity tree diameter at
breast height (DBH) (a), cavity depth (b), cavity floor area (¢), cavity entrance area (d), cavity
volume (e), and cavity height above ground (f). Cavities used by the same species in the same
year are counted as only one nest attempt. Since data were non-normally distributed, we used a
Mann Whitney-U test to determine significant differences. Data have been log transformed.

*p<0.05; **p<0.01; ***p<0.001.
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Figure 2.10. Orientation of cavity hole entrances used by cavity-excavators. Red arrows indicate
mean orientation direction, bars indicate boot-strapped 95% confidence intervals, intervals where
M is the orientation, TS= Rayleigh test statistic. Species are listed in order of increasing body
size: Ashy Tit (purple; n=9, M=84°, TS=.1232, p=0.878) (a), Acacia Pied Barbet (blue; n=61,
M=236°, M=236, TS=0.2187, p=0.054) (b), Cardinal Woodpecker (green; n=14, M=218",
TS=0.5068, p=0.507) (¢), Bearded Woodpecker (orange; n=9, M=317, TS=0.2692, p=0.534) (d).
Species data are combined into both primary and weak excavators (black; n=95, M=234",
TS=0.1705, p=0.0633) (e) and only primary excavators (red; n=86, M=236, TS=0.1996,
p=0.0325) (f). Cavities used by the same species in the same year are counted as only one nest
attempt. Cavities facing upward with no clear orientation were omitted form analysis. Data have

been log transformed. *p<0.05; **p<0.01; ***p<0.001.
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Figure 2.11. Nest web diagram depicting links in the cavity-nesting guild at CCF. Links between
cavity-excavators and tree species indicate the proportion of nests excavated by that cavity-
excavator in the indicated tree species. Links between secondary cavity-nesters and tree species
indicate the proportion of nests in natural cavities of that secondary cavity-nester in the indicated
tree species. Links between excavators and secondary nesters indicate the proportion of nests of
that secondary cavity-nesters located in an excavation created by that cavity-excavator. Links
between the Acacia Pied Barbet and other excavators indicate the proportion of barbet nests in

cavities excavated by the indicated cavity-excavator.
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Abstract

The use of tree cavities for nesting is a critical component of a species’ niche. The range
of cavities a species can use, or fundamental cavity niche, is often different from the range of
cavities a species will actually use, or realized cavity niche. In the face of interspecific
competition, species may be forced to shift their realized cavity niche to facilitate coexistence,
known as resource partitioning. We explored potential resource partitioning within a cavity-
nesting guild in central Namibia by comparing cavity resource use among species to identify
areas of overlap, including cavity and tree characteristics, breeding phenology, and use of
individual cavities by multiple species. We searched for active nests over the course of three
field seasons, during the wetter summer period (Jan — Apr) in each season and during the drier
spring period (Sep — Dec) in one. We observed considerable overlap in the realized niche of
secondary cavity-nesters (SCNs) in regards to cavity use, particularly among medium- and large-
bodied species. All species exhibited heterogeneity in the dimensions of the cavities they used,
except for the Pearl-spotted Owlet (Glaucidium pelatum). In general, the proportion of their
cavities also used by heterospecifics was highest for species that face the greatest cavity
limitations, namely spring-breeding owls and excavators, and large-bodied species. Spring-
breeding species appear to time their breeding to avoid competition with larger, summer-
breeding competitors. To our knowledge, our findings provide the first evidence of temporal
partitioning as a mechanism for species co-occurrence among cavity-nesters. Future research
should further examine guilds in tropical latitudes with long breeding seasons to explore the
prevalence of temporal cavity partitioning. In particular, describing cavity-nesting guilds along a
gradient of various local climate conditions would help elucidate the impacts of an extended

breeding season and cavity availability on the development of temporal partitioning.
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Introduction

Nest cavity use represents a component of a species’ niche (Holt 1987); all cavities that
are theoretically suitable for use by an individual species are components of their fundamental
niche. Species are rarely able to occupy all cavities within their fundamental niche and instead
use a subset of those cavities available, considered a species’ realized niche (Hutchinson 1957).
When sympatric species exhibit overlapping resource needs, they may be expected to compete
for possession of that resource (Heinsohn et al. 2003), resulting in interspecific interactions that
may have a strong influence on broader community structure. In order for competitors to coexist,
some or all of them may experience displacement of their realized niche, called niche
partitioning (Hutchinson 1957, MacArthur 1958).

Dominance status within a community can have consequences for how species shift their
realized niche in response to interspecific competition. Dominant species may be able to obtain
their most preferred resources and consequently narrow and/or specialize their resource use
(niche specialization) such that their realized niche no longer overlaps those of any potential
competitors (Colwell and Fuentes 1975, Martin et al. 2004). Subordinate species are likely to
adopt the alternative strategy of niche generalization; since they may be outcompeted for any one
resource type, subordinate species may broaden their realized niche and use a wider range of
cavity types and dimensions.

Tree holes represent a critical resource for many organisms as a safe location for nesting,
roosting, and/or protection from predators and the environment. For cavity-nesting bird species,
the availability of tree holes in which to nest can limit population size (Newton 1994). Moreover,
species may be limited by an availability of suitable, high-quality cavities that can facilitate

successful reproduction (Lohmus and Remm 2005). Secondary cavity-nesters (SCN) may be
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especially limited by cavity availability due to their inability to excavate their own cavities,
unlike primary cavity-excavators (PCE) such as woodpeckers, which can. Cavity selection has
direct and immediate impacts on overall reproductive success, providing protection to nestlings
from predators and the environment (Wesolowski 2002, Wesolowski et al. 2002, Cockle et al.
2011) while constraining maximum brood size (Wiebe and Swift 2001). Accordingly, cavity-
nesters will exhibit strong preferences for cavities with particular characteristics (Goldingay
2009).

Cavity-nesting guilds are hierarchically structured networks that include dominant and
subordinate resource users (Martin and Eadie 1999) with varying degrees of resource
specialization. Dominance hierarchies in cavity-nesting guilds are often a consequence of body
size differences and cavity use often reflects those size differences; studies have regularly found
a positive correlation between body size and cavity dimensions (Saunders et al. 1982, Poonswad
1995, Datta and Rawat 2004, Martin et al. 2004, Renton et al. 2015). Species fall on a spectrum
of obligate tree cavity-nesters that nest in tree cavities exclusively, and facultative tree cavity-
nesters that nest in trees opportunistically but will also make use of other substrates (e.g., ground
holes, cliff faces, termitaria). Obligate and facultative cavity-nesters represent specialist and
generalist strategies, respectively, and may be expected to exhibit different shifts in realized
niche in the face of competition.

For dominant cavity-nesters, competition with subordinate species may pose little risk to
breeding capability, such that minimal energy expenditure is required to defend or to gain
occupancy of nest cavities. Some subordinate species can impart fitness costs to dominant
species; for example, the House Wren (Troglodytes aedon), which is one of the smallest species

of any cavity-nesting guild, is able to usurp the cavities of larger, generally more dominant
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species by destroying their eggs (Pribil and Picman 1991). However, such risks are uncommon
for dominant species, whereas subordinate cavity-nesters are likely to face serious threats from
dominant species, which can destroy subordinate nests in order to utilize a preferred cavity.
Dominant species have been found to restrict cavity availability for subordinate SCNs (Nycander
et al. 1995, Poonswad 1995, Heinsohn et al. 2003), with subordinate species forced to use
cavities that are smaller (Peterson and Gauthier 1985, Rendell and Robertson 1989), shallower
(Nilsson 1984), farther from forest edges (Dobkin et al. 1995), closer to the ground (Nilsson
1984), and more susceptible to danger (e.g., fire and predation, Penton et al. 2021) than they
would use in the absence of interspecific competitors.

Resource partitioning has been proposed as a mechanism for alleviating competition
between SCNs competing for cavities (Lindenmayer et al. 1991, Steward et al. 2013, Penton et
al. 2021) and between PCEs competing for excavating substrates (McAuliffe and Hendricks
1988, Kosinski and Winiecki 2004, Vierling et al. 2009, Lammertink et al. 2020, Schaaf et al.
2020). Most proposed instances of resource partitioning have suggested species segregate their
cavities spatially. Excavators have been found to vary in their use of tree species (Bull et al.
1986, Lammertink et al. 2020) and decay substrate (Aubry and Raley 2002, Cockle et al. 2011,
Zahner et al. 2012), as well as location within a tree (McAulife and Hendricks 1988). SCNs
exhibit spatial partitioning across broad cavity types and excavations created by different PCEs
(Blanc and Walters 2008, Martin et al. 2014), as well as cavity sizes as noted above.

Temporal partitioning may be another mechanism for alleviating competition for nest
cavities; however, there are currently few studies of the impact of breeding phenology on cavity
competition. In their study of the Vinaceous-breasted Parrot (Amazona vinacea) and sympatric

parrots, Bonaparte and Cockle (2021) noted that one species, the White-eyed Parakeet
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(Psittacara leucophthalmus), bred later than all other species in the guild, including in cavities
soon after they were vacated by other species, possibly as a mechanism for avoiding competition.
But there are few examples of temporal partitioning with clear impacts on cavity competition,
and most of those come from studies of invasive species. Ingold (1994) found that European
Starlings (Sturnus vulgaris) engaged in greater interference competition for cavities with
woodpeckers that bred simultaneously than with those species that bred later. Drake and Martin
(2020) found that Tree Swallows (Tachycineta bicolor) delayed breeding in the presence of
European Starlings, while Mountain Bluebirds (Sialia currucoides), which nested earlier,
benefited from reduced competition with swallows.

Quantifying cavity resource niches is an important step to ensuring long-term persistence
of cavity-nesters as individual species and a community. Identifying important cavity resources,
particularly those used by multiple taxa, can help wildlife managers predict the impacts of
disturbances to cavity availability (whether they be stochastic natural events or anthropogenic
disturbance) and establish management priorities accordingly. Understanding niche breadth can
also provide insight into the resiliency of a species, which influences the ability of species and
communities to respond to natural and anthropogenic perturbations (Brown et al. 2001, Hooper
et al. 2005, Richmond et al. 2005).

The cavity-nesting birds of Namibia would benefit from studies of their use of cavity
resources. Namibia supports a high diversity of medium- and large-bodied cavity-nesters, despite
an arid climate and low cavity abundance (Chapter 2). Anecdotal evidence of repeated intra- and
inter-specific use of cavities indicates some species may experience high overlap in cavity
resource niches, suggesting some species may experience intense competition for nest sites.

Namibia also provides a potentially unique research opportunity to study a cavity-nesting
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community with a tropical climate with a potentially long breeding season, which may afford
species the opportunity to partition cavity resources temporally in addition to spatially.

The goal of our study was to describe patterns of cavity use by cavity-nesting bird species
in central Namibia. Specifically, we hoped to 1) compare cavity resource use by multiple species
of cavity-nesting birds and examine for possible resource overlap, and 2) evaluate whether
species may be employing some form of resource partitioning. We assessed possible cavity niche
overlap by comparing resource use traits among breeding birds, including a) structural
dimensions of cavities, b) cavity characteristics (decay class, height above ground), c) tree
characteristics (species, decay class, size), ¢) timing of breeding, and d) use of individual cavities

by multiple species.

Methods
Study Area

We conducted fieldwork from 2016 — 2019 on the research complex of the Cheetah
Conservation Fund (CCF) (20.477299 S, 17.024623 E) in central Namibia, ~40 km east of
Otjiwarongo abutting the Waterberg Plateau National Park. Our study site falls within the —
Vachellia Dry Tree-and-shrub Savannah biome, a landscape dominated by small, brushy trees,
predominantly of the genus Vachellia. Low average rainfall (300-400mm) (Mendelsohn et al.
2002) restricts canopy height below 10 meters throughout much of the habitat. Large trees,
predominantly of the genera Boscia and Vachellia, are generally scarce and often limited to the

vicinity of ephemeral water bodies and anthropogenic dams.
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Field methods

We collected data over the course of three breeding seasons: January — June 2016,
December 2016 — June 2017, and August 2018 — June 2019. We collected data during the wetter
portion of the breeding season (Jan — May), when most nesting occurs, during all three seasons
and also collected data during the drier portion of the breeding season during our final field
season, from August — December 2018.

We monitored 22 research plots of 16 ha (400 m x 400 m) each over the course of this
study; we established 20 plots before our initial field season (January 2016) and two additional
plots in the subsequent season (December 2016). We designated most plots in areas with an
abundance of larges trees in order to increase the number of tree cavities, and thus nest sites,
located during surveys (Wesolowski 2007). We also deliberately selected some plots in habitat
with few large trees to incorporate a broader range of cavity types and dimensions that might
impact cavity selection, as well as cavity availabilities that might impact competitive
interactions. Within each plot, we established four primary sampling stations to be the center of
point counts, as well as vegetation and cavity surveys. We also established four secondary

sampling stations for cavity surveys only. See Chapter 2 for further details.

Avian point count surveys

We conducted four rounds of point counts during the summer months of each breeding
season (Jan — May 2016, 2017, 2019), as well as four rounds during the drier spring of the final
field season (Aug — Dec 2018). We conducted surveys from sunrise until three hours after
sunrise at each primary sampling station, censusing all four points within two plots during each

morning of point counts (eight total points per morning). In order to ensure we completed all
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eight surveys in the allotted time, we paired plots to visit during the same morning based on
close proximity to each other. We rotated the order in which we visited paired plots to eliminate
potential temporal differences in bird activity during dawn chorus, such that the first of two plots
visited during one round of point counts would be the second of the two visited during the
subsequent round.

We began point count surveys five minutes after the surveyor reached the sampling
station, in order to minimize potential disturbance from the surveyor moving through the habitat.
Over an eight-minute period, we recorded all avian species detected within a 100 m radius of the
sampling station, noting the distance from the sampling point, method of detection (seen or
heard), and minute of detection (1-8 minutes) for each observation. One surveyor conducted all
point counts to minimize observer bias. Point counts were only conducted when weather
conditions were satisfactory: minimal to no rain and light winds.

We attempted to randomize the order in which we surveyed plots during each round of
point counts, but the realized order often depended on how weather conditions affected road
conditions and thereby plot access. We prioritized point counts on plots farthest away from the
research center when road conditions were good, as these were the most difficult to reach after
intense rains. When road conditions were poor, we conducted point counts on the most

accessible plots, generally closest to the research center.

Nest searching
We conducted repeated rounds of nest searching in each plot, including two rounds from
January — May 2016, four rounds from December 2016 — May 2017, and nine rounds from

August 2018 — May 2019. We systematically searched for active and old nests during five-hour
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searching bouts, inspecting cavities in all trees using an ERAY Endoscope Inspection Camera
Borescope. We identified active nests by the presence of eggs or nestlings and old nests by the
presence of suspected nesting debris (i.e., feathers, organized nest material). We recorded the
GPS location of all active and old nest cavities and checked them during each subsequent bout
on that plot. Cavities too high to inspect on foot were recorded by GPS and revisited within two
weeks to be searched by ladder. Behavior was rarely used to find nest cavities, as the thick brush
and large plots rendered spending time using bird behavior to locate nests unproductive.
Therefore, we searched each plot systematically and attempted to traverse the entire plot over the
course of each searching bout. If obvious signs of nesting were identified (i.e., carrying nesting
debris or food, or alarm calling directed at nest searcher), we paused systematic searching to
monitor the bird, when time limits allowed. Searching bouts were separated into alternating
morning (beginning within 30-min of sunrise) and afternoon (ending within 60-min of sunset)
sessions, with an equal number of morning and afternoon bouts conducted on each plot. See

Chapter 2 for further details.

Vegetation and cavity measurements

We measured the structural dimensions of each cavity at the conclusion of the breeding
season (June — July). Because we did not find any nests in cavities of live trees or snags smaller
than 8 cm DBH, we restricted our vegetation surveys to trees with a diameter greater than 8 cm.
We recorded five structural dimensions of each cavity: cavity depth, cavity entrance area, cavity
floor area, cavity volume, and interior height. We also recorded four other characteristics for
each cavity: type, height, orientation, and decay class. We classified types of excavated cavities

by the excavating species, and defined five types of natural cavities, two by method of creation
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(insect hole, limb rot) and three by location in the tree (trunk hollow, end of limb, trunk fork).
We also recorded three characteristics of each tree harboring a nest cavity: species, diameter at
breast height (DBH), and decay class. See Chapter 2 for further details of cavity measurements.
To estimate the abundance of tree species within each plot, we recorded the number and
DBH of all trees and snags >8 cm DBH within each sampling station, for a total of eight
sampling stations per plot. We combined data from each sampling station in a plot and calculated

the average number and size of each species per hectare within each plot.

Statistical analyses

All analyses were conducted using the open-source program R. We generated a bird-
abundance web diagram depicting significant correlations between cavity-nesters, tree species,
and cavity resources. We used point count data to estimate abundance of individual cavity-
nesting species using the Distance package in R. During point count surveys, we recorded the
distance of a bird from the sampling station in units of 10 m intervals; for example, the distance
from the sampling station for two birds that were 3 m and 7 m from the sampling station,
respectively, were both recorded as ‘10°. We began our assessment of model fit by using as
cutpoints all ten groups (bins) provided by our field data and sought to identify potential models
that maintained all cutpoints. We identified models that fit the data well using the Cramér-von
Mises goodness of fit test (p > 0.05). Visible inspection indicated that some models that passed
the goodness of fit test were obviously poor fits for particular data (i.e., detection functions did
not mirror data bins), and so were not included in model selection. We selected final models
from candidates by comparing associated AICc scores from combinations of key functions (half-

normal and hazard-rate) and adjustments (cosign, simple polynomial, and hermite polynomial).
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Though we attempted to maintain as cutpoints all 10 bins for each species, some species
required the removal of bins in order to generate detection functions that would pass the
goodness of fit test. For such species, we removed cutpoints in a stepwise approach until we
found a detection function that passed the goodness of fit test and maintained the most cutpoints,
beginning by removing bins closer to the sampling station. If no good models were found, we
omitted data in the bin farthest from the sampling station (i.e., 90-100 m) and continued our
stepwise removal of bins closest to the sampling station. We subsequently explored
combinations of functions and adjustments using those cutpoints and selected the model with the
lowest AICc that passed the goodness of fit test.

We tested the effects of four covariates on model fit: season, year, wind, cloud cover.
Season was recorded as either spring (Sept — Dec) or summer (Jan — Apr). Year was recorded as
either the first, second, or third field season. Wind and cloud cover were recorded at the end of
every point count. Wind was scored on a scale of 0-5 by visually assessing vegetation movement
(Table 3.1). We recorded cloud coverage as the percentage of sky covered by clouds.

We created an abundance web by linking together cavity-nesting birds that shared
significant correlations in their abundance. Specifically, we used Spearman’s Rank analysis to
generate correlations between the abundance of cavity-nesting species across the 22 plots. We
used the same procedure to generate correlations between the abundance of cavity-nesting bird
species and the abundance of tree species. We determined tree species abundance by
extrapolating data from sampling station surveys.

We generated nest webs depicting the occurrence of active nests within the decay classes
of both trees and cavity substrates (Figure 3.5). Links between PCEs (Figure 3.5a) and SCNs

(Figure 3.5b) and decay classes indicate the proportion of nest cavities in trees of each decay
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class and the decay class of the wood immediately surrounding the cavities. We also generated a
nest web depicting the use of cavity types by SCNs (Figure 3.6), with links between SCNs and
cavity types indicating the proportion of nest cavities of each SCN found in each cavity type.
We conducted a Nonmetric Multi-Dimensional Scaling (NMDS) of cavity structural
dimensions using the metaMDS package in R. We used Euclidean distance to calculate
dissimilarity, and constrained ordinations to two dimensions (k=2) by using a scree diagram to
identify the point beyond which the addition of extra dimensions did not yield a lower stress
value. We used a PERMANOVA to compare the similarity of multivariate centroids and
dispersion of each species using the packages adonis2 and permdisp, respectively. We included
nine cavity variables in our analysis: depth (cm), floor area (cm?), interior height (cm), entrance
area (cm?), entrance minimum (cm), entrance maximum (cm), height above ground (m), tree
decay (1-6), and cavity decay (1-5). We used entrance height and width to represent the entrance
minimum and entrance maximum, recorded as the smaller and larger of the two entrance

measurements, respectively.

Results
Abundance correlations

We estimated the abundance of 13 cavity-nesting birds, including four cavity-excavators
and nine SCNs. We restricted our analyses to species detected at least 30 times during point
count surveys, except that we also included the Monteiro’s Hornbill (7Tockus monteiri, n=27) and
Pearl-spotted Owlet (Glaucidium pelatum, n=16) because they were documented using the same
individual cavities as other SCNs and were therefore of particular interest as species that may

exhibit resource partitioning due to cavity competition. Detection probabilities generally were
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very high (Table 3.2); the only low detection probability was that for the Southern Grey-headed
Sparrow (Passer diffuses, 0.19). Cloud coverage was the variable most commonly included in
the best detection model, although most models did not include a covariate. We report the model
descriptions in Appendix: 3.1.

We documented correlations between cavity-nester abundances and the availability of the
three tree species that accounted for nearly all cavity nests (see Chapter 2). Correlations
between cavity-nester species abundances and the abundances of those tree species are depicted
in Figure 3.1. Because we recorded a small sample size of observations for some species, we
included all correlations with a p<0.10 in order to avoid omitting relationships that would be
statistically significant provided more observations. The abundance of each tree, the umbrella
thorn (Vachellia tortilis), shepherd’s tree (Boscia albitrunca), and camel thorn (Vachellia
erioloba), was correlated with the abundance of one SCN; umbrella thorn and shepherd’s tree
abundances were also correlated with those of two and one PCE, respectively.

We identified 17 correlations between the abundances of cavity-nesting species: one
between PCEs, seven between a PCE and a SCN, two between a weak cavity-excavator (WCE)
and a SCN, and seven between SCNs (Figure 3.1). All but four correlations between cavity-
nesting species were positive. Among the species whose abundances were significantly
correlated, in the field we observed subsequent use of a cavity used initially by a Bearded
Woodpecker (Dendropicos namaquus) by the Southern Grey-headed Sparrow (n=10), Cape
Glossy Starling (Lamprotornis nitens) (n=13), and Yellow-billed Hornbill (Tockus leucomelas)
(n=3), and subsequent use of a cavity used initially by an Acacia Pied Barbet by Southern Grey-
headed Sparrows (n=7). We recorded one instance of SCNs with a significant abundance

correlation, the Monteiro’s Hornbill and Yellow-billed Hornbill, using the same nest cavity in
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successive years. However, the correlation between the abundances of these two species was

negative (r=-0.41).

Nest characteristics

We found 282 nests of 17 cavity-nesting bird species over the course of three field
seasons from 2016 — 2019: 104 nests of six cavity-excavators, including one WCE and five
PCEs, and 178 nests of 11 SCNs. We found nests beginning in September and ending in April
(Figure 3.2). Eight species initiated the majority of nest attempts in the drier spring (Sep — Dec,
Figure 3.2a) and nine species initiated the majority of nests in the wetter summer (Jan — Apr,
Figure 3.2b). One early breeding species, the Common Scimitarbill (Rhinopomastus
cyanomelas) also initiated breeding routinely during the wetter summer. We found almost twice
as many nests during the summer (n=184) than during the spring (n=94); however, we only spent
one field season nest searching from September — November and two field seasons nest
searching from December — January, whereas we searched from February — May during all three
seasons.

Our NMDS analyses found volume accounted for almost all variation in nest cavities for
both PCNs and SCNs (Figure 3.3a and Figure 3.3¢). We subsequently repeated NMDS
analyses with volume excluded (Figures 3.3b and Figure 3.3d). Analyses of cavity dimensions
identified considerable overlap between species (Figure 3.4). All three small excavators used
cavities of similar dimensions (Figure 3.4a and Figure 3.4b), which differed from those of
cavities excavated by Bearded Woodpeckers (Table 3.3). Our analysis of dispersion revealed

Ashy Tit (Melaniparus cinerascens) used a significantly and near-significantly wider range of
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cavity dimensions (greater dispersion) than the Bearded Woodpecker and Acacia Pied Barbet
(Tricholaema leucomelas), respectively (Table 3.4).

SCNss also exhibited high overlap in the dimensions of the cavities they used. The only
pairwise comparison of species that were significantly different (adjusted p) included either the
smallest species, the Southern Grey-headed Sparrow, or one of the two largest species, the
Monteiro’s Hornbill or Yellow-billed Hornbill (Table 3.3). Only one species, the Pearl-spotted
Owlet, exhibited a near-significant trend toward a wider range of cavity dimensions compared to
other species, both the Yellow-billed and Damara Hornbill (Tockus damarensis) (Table 3.4).

Twelve species used at least one cavity nest that was also used by a different species
during the course of our study (Table 3.5); half of those species used the same cavity as at least
two different species. The Pearl-spotted Owlet (n=8, 0.63) and Yellow-billed Hornbill (n=10,
0.60) had the highest proportion of nest cavities shared by other species. The Southern Grey-
headed Sparrow shared cavities with the most other species (n=5), despite sharing a relatively

low proportion of their cavities with other species (0.18).

Discussion
Abundance web

Describing ecological communities and the interactions that connect compositional
species can be a complicated endeavor, especially when species are cryptic or uncommon as to
make observing their behavior difficult. Collecting correlational data is often a critical first step
toward identifying interactions between species; however, these interactions remain hypothetical
until tested through additional empirical and especially experimental research. We explored

correlations between the abundances of cavity-nesters and resources, documented use of cavities
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for nesting, and employed multivariate analyses of cavity dimensions to investigate whether and
how birds may be partitioning cavity resources.

Our abundance web revealed links between species that are consistent with expected
patterns, particularly between cavity-nesters and tree resources and between PCEs and SCNs
(Martin and Eadie 1999). Our results suggest that species such as the Cape Glossy Starling and
Damara Hornbill that rely on trunk hollows for nesting may be the most likely to be limited by
an availability of natural cavities. Trunk hollows are the cavity type used by the most individual
species, especially large-bodied SCNs. While trunk hollows are the second most common cavity
in the landscape (Chapter 2, Table 2.3), many of these are excessively large and deep and/or
have a large entrance hole that would expose nestlings, and as such may be unsuitable for
nesting. It is therefore easily conceivable that subordinate cavity-nesters that depend on trunk
hollows are limited by cavity availability.

We found significant positive links between the abundance of each of the three common
PCEs — Acacia Pied Barbet, Bearded Woodpecker, and Cardinal Woodpecker (Dendropicos
fuscens) — and at least one SCN. However, only the three SCNs linked to the Bearded
Woodpecker were observed nesting in cavities excavated by the PCE in the field. Only one SCN,
the Southern Grey-headed Sparrow, used small excavations, those of the Cardinal Woodpecker;
yet, we found no correlation between the abundances of sparrows and Cardinal Woodpeckers.
Though sparrows (n=89) used excavations for a majority of nests (61%) they also used all other
cavity types except insect chambers (Figure 3.6) and routinely used anthropogenic structures
(DMM pers. comm.) Thus, Southern Grey-headed Sparrows do not appear limited by cavity

availability generally, and no SCNs appear to be limited by small excavations.
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We corroborated links in abundance between the Bearded Woodpecker and three SCNss,
the Cape Glossy Starling, Yellow-billed Hornbill, and Southern Grey-headed Sparrow, that used
large excavations for 53%, 20%, and 11% of nests, respectively. As with small excavations,
sparrows do not appear to be limited by an availability of large excavations. Hornbills relied
primarily on natural cavities, especially trunk hollows, and thus do not appear to be limited by
large excavations. However, Cape Glossy Starlings appear moderately dependent on large
excavations made primarily by Bearded Woodpeckers and may be limited by an availability of
these large excavations (Chapter 2, Figure 2.11). Starlings only used two other cavity types,
most of which were trunk hollows, a cavity type used by many large species as previously
mentioned. Consequently, starling dependence on large excavations may be mediated by the
presence of other large-bodied cavity-nesters. Where the diversity of medium- and large-bodied
SCNss is low, Cape Glossy Starling may have greater access to trunk hollows and be less
dependent on large excavations.

Generally, the correlations in abundance of SCN species we observed are likely the result
of shared habitat preferences unrelated to nest cavities. However, the negative correlation of the
abundance of Monteiro’s and Yellow-billed Hornbills could reflect interference competition
between species that exploit the same trunk hollow resource (Figure 3.6) in the same tree
species, Vachellia erioloba (Chapter 2, Figure 2.11). Support for this hypothesis is weak as our
detections of Monteiro’s Hornbills were few (Table 3.2), and an overlapping resource niche does
not necessarily indicate competition (Leibold and McPeek 2006). We observed these species
using the same cavity in different years, and the timing of breeding suggests these species might

be able to use the same cavities during the same breeding season, as Yellow-billed Hornbills
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begin breeding well before Monteiro’s Hornbills (Figure 3.2). Thus, temporal partitioning of
cavity resource use might contribute to the co-occurrence of these two species (see below).

All species within the cavity-nesting guild use large trees disproportionately more than
their abundance (Chapter 2, Figure 2.6a). Large trees are scarce in the landscape and often
concentrated around ephemeral water sources and anthropogenic dams. Areas with large trees
and hence high cavity availability are likely important for many species. Some degree of
correlation between abundances of cavity-nesters should be anticipated, given the shared
dependence on a specific, and patchy, shared resource (i.e., large trees). This may especially
explain correlations in abundance between cavity-nesting species that exploit very different
cavity resources. For example, a positive correlation between the abundances of the Ashy Tit, a
small WCE, and Monteiro’s Hornbill, a large SCN, may reflect shared dependence on large
trees. These two species had the greatest size disparity among guild members and exhibited no
overlap in cavity type or dimensions, yet their abundances were highly correlated (Figure 3.1).

It should be reiterated that we recorded limited observations for some species and, as a
result, their intra-guild correlations may not accurately portray how their abundance correlates
with those of other cavity-nesters. Further investigation into cavity-nester abundances could
focus on the density of breeding birds; however, greater sample sizes would likely be needed for
many species in the guild. Combining species into their individual guilds (i.e., PCE, WCE, and
SCN) and investigating correlations between these three cavity-nesting types may also illuminate

relationships within this community.
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Cavity resource niche

Cavity-nesting species largely sorted themselves by cavity volume, indicating cavity
selection was largely driven by overall body size (Figure 3.3). Volume aside, PCEs largely
sorted by cavity entrance size, floor area, and decay class (Figure 3.3b). These three
characteristics exhibit the aforementioned sorting by size, as the three small cavity-excavators
showed high overlap in cavity resource niche, as well as high niche separation from the larger
Bearded Woodpecker. Part of the overlap among small excavators was the direct result of Acacia
Pied Barbets reusing Cardinal Woodpecker cavities (Table 3.5). Surprisingly, we did not
observe any Ashy Tits using excavations of other birds. Instead, Ashy Tits used existing natural
cavities or made their own excavations in very decayed wood, typically in the end of limbs.
Segregation between the two groups of excavators was also reflected in their use of decay
classes. The large Bearded Woodpecker excavated in live wood in live trees, while smaller
excavators used wood in more advanced stages of decay (Figure 3.5a), though often in live trees
as well.

SCNs sorted out primarily by entrance hole characteristics and floor area once volume
was removed (Figure 3.3d), but showed high overlap among all medium- and large-bodied
species. Both small owl species, the African Scops-owl (Otus senegalensis) and Pearl-spotted
Owlet, showed particularly high overlap with multiple species, indicating they may encounter
competition from many different species. Both small owl species depended almost exclusively
on large excavations, the cavity type used by the second most species (Figure 3.6) and the only
type used more often than expected relative to its abundance (Chapter 2, Figure 2.5). An
exceptionally high proportion of Pearl-spotted Owlet nests were in cavities also used for nesting

by other species (Table 3.5), further suggesting that at least this species directly interacts with
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other species over cavity use. Most SCNs used cavities in live trees for a majority of nest
attempts (Figure 3.5b); however, very few nested in live wood and most nested in wood with
some degree of decay. We did not observe any trends to suggest SCNs may be partitioning nest
cavities by decay class.

The Common Scimitarbill also showed high overlapping use of cavity dimensions with
multiple SCNs. However, scimitarbills were never found using the highly popular trunk hollows
or bird excavations. Instead, scimitarbills used cavities uncommonly used by other birds,
including the only instance of a bird using an insect chamber (although these cavities were often
used by black-tailed tree rats (Thallomys nigricauda)). Scimitarbills may thus avoid competition
with more dominant species by specializing on cavity types not used by other species. However,
we did record one instance of a Damara Hornbill usurping a limb rot cavity from a Common
Scimitarbill and later nesting in it.

Our analysis of cavity dimensions indicates most species exhibited generalist tendencies
with respect to cavity resource use. Large-bodied species used cavities with the widest array of
cavity dimensions, which may be counterintuitive given that large-bodied cavity-nesters are most
often limited by cavity availability (Wesolowski 2007). Small cavities are inherently more
common in a landscape than larger cavities, and small species that are able to exploit those more
abundant cavities will have more options for nesting. An increased availability of usable cavities
may allow small-bodied nesters to use cavities with a narrow range of dimensions, while large-
bodied nesters may have to adopt a “take what you can get” strategy for nest cavity selection.
However, large species also used trunk hollows almost exclusively, indicating some
specialization on a cavity type that is potentially limited in its availability. In this cavity-nesting

guild, breadth of cavity type use may provide better insights into niche specialization or
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generalization than average features do. Unsurprisingly, the Southern Grey-headed Sparrow,
whose routine use of anthropogenic structures for nesting indicates a general adaptability to
cavity availability, used the most cavity types. Common Scimitarbills also displayed broad use of
cavity types, particularly towards those types uncommonly used by other species. However, even
sparrows and scimitarbills exhibited little variation in the dimensions of the cavities they used.
Where indications of cavity specialization from statistical and field observations
converged were in regards to the two small owl species, the African Scops-owl and Pearl-spotted
Owlet. Both exhibited limited variation in the dimensions of the cavities they used, particularly
the Pearl-spotted Owlet. In addition, both species nested almost exclusively in large cavities
excavated by a single species. Yet other results suggest it should be difficult for either owl
species to specialize on large excavations; large excavations are used disproportionately more
than their availability by many different species, including species larger than the two owls, such
as the Yellow-billed Hornbill, and aggressive species, such as the Cape Glossy Starling and
Grey-headed Sparrow. Further, cavities used by owls experienced some of the highest rates of
use by other species (Table 3.5), indicating the cavities they used were sought by other species.
The key to small owls being able to specialize on large excavations may be the timing of
their breeding. Both species initiate nesting in the drier spring and fledge their young before the
onset of the wetter summer when more species breed overall, particularly those larger species
that also use large excavations (Figure 3.2a). Specializing on large excavations by owls may
only be possible through temporal partitioning of resource use in order to avoid breeding
simultaneously with many larger competitors. However, we cannot say whether niche
specialization requires the owls to breed early in order to coexist with competitors, of if early

breeding facilitates niche specialization in the absence of competition.
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In fact, for early-breeding species in general, a higher proportion of their nest cavities
were also used by other species compared to late-breeding species (Table 3.5). All woodpecker
species (including the uncommon Bennett’s (Campethera bennettii) and Golden-tailed (C.
abingoni) Woodpeckers) are among the early nesters (Figure 3.2a), suggesting that they may
rely on temporal partitioning to avoid competition with SCNs over the cavities they excavate.
While Bearded Woodpecker cavities generally were used by other species larger than the
excavator, Cardinal Woodpecker cavities were only used by smaller species, primarily the
Southern Grey-headed Sparrow. Still, sparrows may present a tangible threat to Cardinal
Woodpeckers; not only are sparrows the most abundant cavity-nester on site, but they accounted
for most of the aggressive behaviors that we directly observed during this study, including
harassing both Cardinal and Bearded Woodpeckers at nest cavities. The relationship between
Monteiro’s and Yellow-billed Hornbills (see above) may represent another case of temporal
partitioning of cavity use (Figure 3.2b). Temporal partitioning may therefore be an important
and entrenched mechanism within this community for facilitating species coexistence. We
suggest that the possibility of temporal partitioning of cavity resources should be explored in

other tropical systems with large cavity-nesting communities and prolonged breeding seasons.
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Table 3.1. Wind code for point count surveys. We recorded wind code at the end of each point

count, selecting the highest scale observed during the count. Scale adapted from the Beaufort

Wind Scale.

Wind Code Visual Description

0 No wind detected, no movement of vegetation

1 Slight breeze may be felt on face, tall grasses move

2 Wind felt on face, leaves in rustle but branches do not sway
3 Clothes move slightly in wind, small branches move

4 Clothes move in wind, small trees may begin to sway

5 Clothes flapping in wind, large trees and branches move
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Table 3.2. Density estimates of cavity-nesters, including number of detections per species (n),
estimated density at CCF (number/100 ha), range across 22 plots, and detection probability.

Species are listed in order of decreasing density estimates at CCF (species codes in Table 2.5).

Species n Detection probability Density (range)
SGSP 610 0.19 98.68 (28.47 — 213.53)
ASTI 281 0.87 12.07 (3.81 —20.91)
APBA 384 0.99 11.58 (1.33 - 21.88)
CAST 304 0.81 11.28 (0.00 — 34.29)
CoscC 60 0.61 4.49 (0.00 — 10.25)
CAWO 81 0.79 3.09 (0.00 - 6.71)
YBHO 59 0.99 2.78 (0.00 — 8.29)
BUST 42 0.82 2.41 (0.00 —25.81)
BEAW 47 0.79 1.78 (0.00 — 5.01)
DAHO 32 091 1.66 (0.00 — 10.66)
LBRO 31 0.79 1.18 (0.00 — 5.88)
MOHO 27 0.69 0.91 (0.00 — 3.52)
PSOW 16 0.81 0.60 (0.00 — 4.09)
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Table 3.3. PERMANOVA of NMDS centroid locations for nest cavities, grouped by guild, using
the adonis2 package in R (species codes in Table 2.5). All listed interactions were significant or

approaching significance.

Species Interaction  df SS F p p-adjusted

Primary and weak cavity-excavators

APBA vs BEAW 1 36.795 75.35 0.001 0.006**
ASTI vs BEAW 1 18.773 20.88 0.001 0.006**
CAWO vs BEAW 1 21.038 48.97 0.001 0.006**

Secondary cavity-nesters

DAHO vs COSC 1 25314 7.58 0.006 0.102

DAHO vs SGSP 1 113.877 51.81 0.001 0.028*
DAHO vs PSOW 1 33.043 10.46 0.006 0.102

DAHO vs MOHO 1 56.215 11.45 0.008 0.112

COSC vs SGSP 1 24.308 13.36 0.001 0.028*
COSC vs YBHO 1 85.091 23.49 0.001 0.028*
COSC vs MOHO 1 125.042 52.62 0.001 0.028*
SGSP vs CAST 1 114.651 50.93 0.001 0.028*
SGSP vs YBHO 1 290.883 125.43 0.001 0.028*
SGSP vs MOHO 1 230.375 120.78 0.001 0.028*
PSOW vs YBHO 1 89.520 25.27 0.001 0.028*
CAST vs YBHO 1 56.304 13.48 0.002 0.038*
CAST vs MOHO 1 97.670 26.48 0.001 0.028*
ASOW vs YBHO 1 44.276 9.26 0.007 0.105
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Table 3.4. PERMANOVA of NMDS dispersion for nest cavities, grouped by guild, using the
betadisper package in R (species codes in Table 2.5). All listed interactions were significant or

approaching significance.

Species interaction difference Tukey p adjusted

Primary and weak cavity-excavators
ASTI vs APBA 0.36 0.098

ASTI vs BEAW -0.59 0.050*

Secondary cavity-nesters
PSOW vs DAHO -1.29 0.118

PSOW vs YBHO 1.35 0.058
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Table 3.5. Proportion of nests for each species that were used by other species over the course of

our study (species codes in Table 2.5). Superscript indicates whether a species breeds early in the

drier spring (E), late in the wetter summer (L), or in a median period overlapping early and late

breeders (M). Proportion of nests shared indicates the number of unique nest cavities that were

used by a different species during our study; each nest cavity used by a species during the full

duration of our study was only counted once. Species are listed in order of decreasing proportion

of use by other species. Bold codes denote known instances of cavity usurpation, when the

subject species displaced the emboldened species from an active nest attempt and subsequently

bred.

Species Unique Prop Shared cavity users

code cavities shared (usurped)

GTWO" 1 1.00 CAST, PSOW

PSOW* 8 0.63 (BEAW), CAST, GTWO
YBHOY 10 0.60 ASOW, (CAST), DAHO, MOHO
BEAW" 9 0.44 CAST, PSOW, SGSP

DAHO" 9 0.44 (COSC), SGSP, YBHO

CAWO" 15 0.40 APBA, SGSP

ASOW" 3 0.33 YBHO

MOHO" 3 0.33 YBHO

CAST" 22 0.27 BEAW, PSOW, SGSP

coscM 11 0.27 DAHO, SGSP

SGSP* 57 0.18 APBA, BEAW, CAWO, COSC, DAHO
APBA" 46 0.17 CAWO, SGSP
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Figure 3.1. Abundance webs depicting correlations of abundance data from December 2016 —
May 2017 and September 2018 — May 2019, pooled across years. Numbers between cavity-
nesters and between cavity-nesters and tree species represent Spearman’s correlation coefficients

(r) between species with a significance value p<0.10. Bold lines indicate correlations with a

significance value p<0.05.
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Figure 3.2. Timing of breeding for all cavity-nesters at CCF (species codes in Chapter 2, Table
2.5). Data indicate the number of nests initiated in each month, pooled from all three field
seasons. Species are separated into those species that initiated the majority of nests in the drier
spring (Sept — Dec) (a) and those that did so in the wetter summer (Jan — Apr). Species are listed

within each figure in an order to allow for visualization of all trends.
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Figure 3.3. Nonmetric multidimensional scaling (NMDS) depicting dimensions of cavities used
by cavity excavators (a and b) and SCNs (¢ and d), with volume both included (a and ¢) and
excluded (b and d) (species codes in Chapter 2, Table 2.5). Blue arrows indicate the weights of

each cavity characteristic included in the analyses.
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Figure 3.4. Nonmetric multidimensional scaling (NMDS) depicting dimensions of cavities used
by cavity excavators (a and b) and SCNs (¢ and d), with volume both included (a and ¢) and
excluded (b and d) (species codes in Chapter 2, Table 2.5). Stars represent mean centroids of the

data points for associated species. Ellipses denote one standard deviation from the mean.
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Figure 3.5. Decay web diagram depicting the decay class of trees and cavities used by PCNs (a)
and SCNs (b) (species codes in Chapter 2, Table 2.5), listed in order of increasing body size.
Links indicate the proportion of nests in trees of each decay class, and the decay class of the
wood immediately surrounding cavities. Cavities used by the same species in the same year are

counted as only one nest attempt.
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codes in Chapter 2, Table 2.5), listed in order of increasing body size. Links indicate the
proportion of nests in each cavity type of that SCN. Cavities used by the same species in the

same year are counted as only one nest attempt.
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Abstract

Flagship species are a common tool in conservation used to raise awareness and funds for a
particular conservation campaign and to encourage the adoption of conservation behaviors.
Research spanning two decades of use of the flagship species has generated a surplus of
characteristics recommended for effective flagship species, with a few characteristics (i.e.,
charisma, appearance, endangered status) often touted as essential. However, more recent studies
have found that species meeting classic flagship criteria are not guaranteed to be effective
flagship species. One explanation is the selection of flagship species, which usually prioritizes
the preferences of people in the Global North over those of the local communities who live with
those species. Excluding local stakeholders from flagships species selection can result in
lackluster local support that ultimately sinks a flagship campaign. With increasing appeals to
give due respect to local beliefs and experiences, conservationists need to identify an effective
but efficient method for identifying what traits are important for local stakeholders. We designed
and implemented a novel approach to flagship species selection, using emotional prompts during
semi-structured focus groups to explore connections people have with wildlife and to identify the
positive and negative traits most relevant for local people. Our 22 focus groups engaged 159
members of local conservancies. We identified 67 species traits: 29 identified from existing
flagship species literature, 26 related to culture and personal experience, and 12 new traits for
flagship species. Positive traits were similar to pre-existing flagship criteria, including large and
colorful physical traits and exciting behaviors. However, participants provided many negative
answers regarding threats to people, livestock, and infrastructure, particularly in regards to some
of the most classic flagship species. Our method uncovered a wide breadth of answers related to

physical and non-physical traits, behaviors, economic benefits, and services, and provided rich
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detail and depth to specific traits. Positive responses largely corresponded to pre-existing traits
associated with flagship species, while negative responses highlighted the disparate preferences

between local and international audiences.

Keywords: flagship species, focus group interview, wildlife traits, Namibia Wildlife

Conservancies, CBNRM
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Introduction

Surrogate species have become a common tool in wildlife conservation, whereby the
conservation or promotion of one species can facilitate the protection of other organisms or
entire ecosystems (Simberloff 1998). Surrogates are often selected for their ecological role
(keystone), wide-ranging distribution (umbrella), or use as an indication of overall ecosystem
condition (indicator). In contrast, the flagship species is a surrogate not selected for any
ecological significance, but instead is chosen for its marketability to target stakeholders (Walpole
and Leader-Williams 2002, Verissimo et al. 2013). Effective flagship species broadly achieve
two goals: raise awareness for lesser known species and/or issues of conservation concern, and
generate public and international support for conservation management (Walpole and Leader-
Williams 2002, Verissimo et al. 2011, Douglas 2014).

Flagship species are used to generate many forms of support, including labor, time, and
resources, as well as less tangible support like positive encouragement and more rapid
dissemination of a conservation message (Andelman and Fagan 2000). Financial support is often
the greatest need in conservation; hence flagship species are most frequently selected for their
ability to generate funding (Leader-Williams and Dublin 2000). However, research on flagship
species has overemphasized their role as a fundraising tool and neglected the importance of local
community support for carrying out conservation. As a result, definitions of flagship species and
their use in conservation are largely based on insights from a limited subset of stakeholders:
international wildlife viewers and funders (Bowen-Jones and Entwistle 2002). Over the last
decade, increasing focus has been given to the perceptions and experiences of local people

(Verissimo et al. 2011, Verissimo et al. 2014).
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The success of a flagship campaign may ultimately hinge on one outcome: the adoption
of effective management or behaviors that promote conservation. To achieve this outcome, a
flagship species must successfully encourage the necessary stakeholders, often local people, to
embrace behaviors that will advance specific conservation goals (Leader-Williams and Dublin
2000, Douglas 2013). If local perspectives are neglected, communities may be excluded from
participating in conservation, leading to distrust that can hinder a flagship campaign (Bowen-
Jones and Entwistle 2002, Walpole and Leader-Williams 2002). It is therefore imperative to
select an appropriate flagship species that does not generate conflict.

Despite the critical need for local support, flagship campaigns are unduly tailored to the
preferences of people in the Global North (Bowen-Jones and Entwistle 2002, Walpole and
Leader-Williams 2002). Though global prominence can generate significant financial resources,
overemphasizing the interests of the international community can come at the expense of local
people (Bowen-Jones and Entwistle 2002). Failure to consider relationships between local people
and their local wildlife risks pitting flagships against people. For example, if a flagship species
requires a particular critical resource, or presents danger to humans or livestock, local people
could view a flagship campaign as favoring wildlife at the expense of human lives or livelihoods
(Douglas 2013, Douglas 2014). Flagships also risk creating or exacerbating social conflict. As
marketing tools, flagships in essence act as symbols for their cause and the supporters of that
cause (Douglas 2013). If a flagship causes conflict with local people, hostility may extend
beyond the species to include people and organizations that support the flagship, including
businesses, politicians, and conservationists. In the western United States, the Spotted Owl (Strix
occidentalis) was used as a flagship for preserving old growth forest, but garnered animosity

from local residents who viewed the Spotted Owl as a political tool against local development
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(Moore 1993). Local resentment most commonly results in the withholding of support, though it
will sometimes manifest as active sabotage or direct harm to a flagship (Douglas 2013). Most of
all, locals are unlikely to adopt any behavioral change recommended as part of the flagship
campaign.

Many traits promoted as “requirements” for flagship success are based primarily on
studies that engaged individuals from the Global North (Bowen-Jones and Entwistle 2002). Yet
local people can exhibit unique perceptions of their wildlife that are fundamentally different
from outsiders, particularly regarding species that can pose threats to lives or livelihoods.
Research suggests traits favored by countries in the Global North do not reflect the perspectives
of those living in the Global South, especially with respect to many of the large, charismatic
mammals promoted by media (Barua 2011). Entwistle and Stephenson (2002), for example,
found drastic differences between the perceptions of children from Britain and Tanzania. Species
favored by British children (i.e., lion Panthera leo and leopard Panthera pardus) were feared by
their Tanzanian counterparts who lived under their daily threat. Meanwhile, Tanzanian children
identified other, less dangerous species (i.e., zebra Equus zebra and giraffe Giraffa
camelopardalis) as their favorites.

Even charisma, the quintessential flagship trait (Simberloff 1998, Leader-Williams and
Dublin 2000, Lorimer 2007, Tisdell et al. 2007), is a social construct with inconsistent meaning
and definition across cultures (Verissimo et al. 2013). Species not necessarily viewed as
“charismatic megafauna” in the Global North have been successful at gaining local support for
conservation, including the Golden Lion Tamarin (Leontopithecus rosalia) in Brazil (Kleiman et
al. 1986) and an endemic Skink (Eumeces longirostris) in Bermuda (Entwistle 2000). Similar

uncommon flagships have been suggested in Africa based on local interests, including the
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African Black Oystercatcher (Haematopus moquini) (Brown et al. 2019), popular angling fish for
estuaries (Whitfield and Cowley 2010), an endangered Chameleon for rainforests in Madagascar
(Gehring et al. 2010), and even a commercially valuable timber species in Tanzania (Ball 2004).

Recent efforts to select flagship species more systematically have led to the use of
marketing tools in flagship selection (Verissimo et al. 2013). As flagships are, in essence, brands
for conservation campaigns (Butler 1995, Verissimo et al. 2011, Douglas 2014), their use can be
considered analogous to those of any logo or slogan used for the marketing of a product.
Specifically, choice experiments (Verissimo et al. 2013, Verissimo et al. 2014) have been used to
explore how species’ traits (e.g., appearance, visibility, conservation status) influence the
preferences of a target audience. By grouping traits of potential flagships and randomizing their
values, choice experiments allow researchers to weigh the importance of different traits for target
audiences. However, the number of traits that can be explored by this method is limited, and
therefore only the traits most relevant to the target audience should be included. Furthermore,
there are no clear recommendations for how conservationists can identify which traits to include.
Understanding which traits are most relevant to incorporate, and their relevant levels or specifics
for the target audience, requires baseline knowledge of the preferences and lived experiences of
the target audience.

In light of past shortcomings, we explored the use of a novel approach to understanding
the wildlife perceptions of local communities for the purposes of selecting a flagship species. We
conducted focus groups with Wildlife Conservancies in Namibia, engaging participants from
multiple geographic regions and diverse cultures. We adapted a cross-culturally appropriate
method using emotional prompts to identify how people connect with wildlife. More specifically,

we used a semi-structured interview tool, developed by Dayer et al. (2007) to reveal wildlife
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value orientations in various cultures, that employs emotional prompts to evoke perceptions of
wildlife. This method has been used globally to reveal wildlife value orientations across distinct
cultural groups, including China (Zinn and Shen 2007), Mongolia (Kaczensky 2007), Thailand
(Tanakanjana and Saranet 2007), Estonia (Raadik and Cottrell 2007), and the Netherlands
(Jacobs 2007), and appears to have broad applicability. In our case, we used this approach to
reveal particular characteristics that drive species preferences. The goals of our study were to: 1)
explore the extent to which this method can elicit traits of species associated with positive or
negative emotions, and 2) compare the traits and species we identified through this method with
the traits and identities of existing flagship species, and 3) evaluate the potential for broader

application of our method.

Methods
Study area

We conducted our research in Namibia, an opportune country for a study of flagship
selection. Namibia boasts a diversity of cultures, providing the opportunity to examine how the
perceptions of diverse local populations, in addition to international audiences, can be
considered, compared, and coordinated for conservation. Namibia also has an abundance of
charismatic megafauna, including many common flagship species (Albert et al. 2018), allowing
us to investigate whether the same fondness for classic megafaunal flagship species extends to
the people who live with them. We hope our research on flagship selection will also be beneficial
to Namibia. Tourism, particularly ecotourism, is an important contributor to Namibia’s GDP and
employment. Unfortunately, the long-term sustainability of Namibian tourism is threatened by

climate change, habitat degradation and wildlife trafficking. Already the driest sub-Saharan
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country, Namibia is predicted to undergo increased aridification in the coming decades as a
result of climate change. This is expected to deplete resources and wildlife populations, and
increase human-wildlife interactions around those depleted resources (IPCC 2001). In addition,
wildlife trafficking is on the rise across Africa, including in Namibia (Naro et al. 2020). Flagship
species can be a helpful and strategic tool for tourism (Walpole and Leader-Williams 2002),
promoting the benefits of protecting wildlife and encouraging collaboration between local people
and the international conservation community.

Private landowners in Namibia have operated under a system of community-based
natural resource management (CBNRM) since the 1960s, under which private landowners
possess the rights to manage wildlife on their property (Joubert 1974). However, people on
communal lands did not hold this same right until the mid-1990s, after Namibian independence
from South Africa, when a legislative amendment extended rights over wildlife to communal
areas (Corbett and Jones 2000, Jones and Murphree 2001). With this amendment, people on
communal lands were able to form and register “communal conservancies,” whereby local
people manage and reap the benefits from wildlife and other natural resources that reside within
the conservancy (Naidoo et al 2016). Conservancies are generally managed by committees,
composed of conservancy members who are voted into their positions (NACSO 2007).

We conducted focus groups in three geographic regions where the conservancy model
has been widely applied: Kunene, Otjozondjupa, and Zambezi (NACSO 2011). Our focus on
Wildlife Conservancies, and their committees in particular, was a strategic attempt to understand
the values of large and diverse regions of Namibia based on input from groups with unique
knowledge of and respect from their communities. As local community managers of natural

resources, conservancies have the ability to influence, and ultimately protect, significant areas of
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habitat. As elected members of conservancies, committees presumably can speak to the
experiences and preferences of the population living within the conservancy. At the very least,
committee members are visible and active members of their conservancies whose interactions

with others impart to them vital knowledge and sentiments of the community they serve.

Participant solicitation

Research was approved by the Virginia Polytechnic Institute and State University
Institutional Review Board (#17-236). We contacted conservancies with the help of our local
collaborators and from online contact information provided by NACSO (The Namibian
Association of CBNRM Support Organization), an association of NGOs and the University of
Namibia that seeks to help rural communities use and manage their natural resources. We used a
recruitment script (Appendix 4.1) to contact conservancies by email or telephone, during which
we told potential participants that we wanted to understand perceptions of wildlife of Namibian
communities and that we would provide a meal for participants in our focus groups. Meetings
were usually arranged by the conservancy president or secretary. Our initial goal was to meet
with at least three conservancies in each region; however, we did not want to constrain the
number of participating conservancies, as we saw no reason to limit our information gathering,
and thus we met with additional conservancies who had heard of our research and requested to

participate. Consequently, the number of focus groups and participants varied across regions.

Focus group methodology

We held focus groups at a location chosen by the conservancy, usually the conservancy

office. Committees were given food for breakfast or lunch (depending on the time of day), which

169



they could elect to eat before or after our focus group. Meetings typically began with an opening
word from the committee chairperson or ranking member, followed by round of introductions
and an explanation of the procedure for our focus group, including background about our
research, questions we would be asking, and rights of the participants (Appendix 4.2).
Committee members who still wished to take part in our focus group were then asked to sign a
consent form in their language of choice, which was also read aloud to them by a local translator
or committee chairperson in their first language.

We designed our study based on the research tool developed by Dayer et al. (2007), who
used emotions to investigate wildlife value orientations. This methodology is appropriate for
other conservation and management applications that require consideration of many diverse
preferences and beliefs. Using this qualitative approach with broad, open-ended questions allows
for focus groups that are flexible, while specifically focusing on emotions affords the opportunity
to compare the results across diverse geographic regions. Emotions are considered universal, and
many cultures categorize emotions in similar ways (Plutchik 1984, Shaver et al. 1992). While the
expression of emotion is culturally determined (Ekman and Friesen 1971), providing diverse and
potentially unique responses across cultures, the use of emotions, which expands across cultures,
reduces the potential for confusion.

Initially, our focus group questions were divided into four separate emotions as outlined
by Dayer et al. (2007) (Appendix 4.2). However, it became clear during the first focus group
that the size of the focus groups and open-ended nature of the questions would prevent our
asking about each emotion in a timely manner. As a remedy, we grouped “sad”, “angry”, and

“afraid” together to represent emotions more broadly as “negative”, to contrast with the
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“positive” fourth emotion, “happy”’. We thus proceeded with two questions: 1) which species
make you happy, and 2) which species make you sad, angry, or afraid? (Table 4.1)

Focus group participants were asked two series of questions designed to identify what
species of wildlife elicited positive and negative emotions, and what characteristics of those
species in particular made them feel those emotions (Table 4.1). The lead investigator also asked
probing questions to understand responses in greater detail. Participants were able to talk
uninterrupted and were encouraged to expound on their responses as much as they liked to
facilitate richer responses. Participants were also encouraged to repeat species previously
mentioned during that focus group as a way to gauge group sentiment.

The lead investigator transcribed responses during focus groups with the help of local
translators. We also audio-recorded focus groups using an eAnjoy 8G USB Digital Voice
Recorder to facilitate later analysis. Participants requested to not be audio-recorded on four
instances: thrice by individuals and once by an entire conservancy. For these participants, audio-
recordings were turned off during their participation and not used at all, respectively, and we

relied only on the transcribed hand-written notes.

Statistical analyses

We categorized responses using Atlas.ti version 1.6.0. to identify traits associated with
positive and negative emotions. We conducted two iterations of coding: the first deductive and
the second inductive. During our first iteration, we coded for existing traits associated with
flagship species, compiled from a review of flagship literature (Appendix 4.3a). A few primary
traits, most notably charisma, body size, and conservation status, are associated with existing

definitions of flagships (Simberloff 1998, Andelman and Fagan 2000). However, there is a
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growing list of traits that can contribute to flagship appeal (Santarem et al. 2019), which we also
included in this list of traits. Bowen-Jones and Entwistle (2002) suggest that other types of
factors (Appendix 4.3b) may be particularly important at the local level. We attempted to
identify these and include them in our analysis, as well.

We considered each mention of a trait of a species that evoked an emotional connection
to be a separate response. As such, multiple traits related to the same species provided by the
same participant were considered separate responses. We considered responses from different
individuals to be independent; therefore, similar responses about a particular species during the
same focus group were considered to be multiple responses. Since we were interested in the
prevalence of wildlife traits among individuals and not just across groups, we encouraged
participants to provide responses regardless of whether the response had been previously
mentioned during the focus group. Through this process we compiled a set of responses, each of
which consisted of a trait, species, conservancy from whom it was provided, and whether the
associated emotion was positive or negative (Table 4.2). The traits articulated in responses
included not only those associated with flagship species in previous studies (Table 4.2a), but
also additional traits linked to the cultures of the local communities and the personal experiences
and associations (Appendix 4.3b) of their residents (Table 4.2b).

During a second iteration of coding, we inductively defined new traits that were not
included in our initial iteration (Table 4.2) but which were repeated between focus groups
(Table 4.3). We explored the set of responses in greater nuance, assessing the specific details
about those traits that evoked emotions. For example, for a species indicated to have a pleasing
or displeasing physical appearance, we determined in this second analysis the specifics of their

appearance that elicited those emotions (e.g., color, shape, ornamentation). Responses from both
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iterations were compiled into a single database and summarized by species. We measured the
prevalence of a trait as the frequency with which the trait was provided as the reason a
participant connected an emotion with a wildlife species trait.

To aid in comparisons between our analysis and previous research, we broadly classified
traits into five categories: physical features (P), behaviors (B), non-physical traits (NP), services
for humans and the ecosystem (S), and financial benefits (FB).

Finally, we investigated the prevalence of classic charismatic megafauna among our
answers. We compared our findings to a recent review by Albert et al. (2018), who ranked the 20
most charismatic species based on the preferences of the Global North. “Panther” was included
in this list, although it is a generic term for a large cat with a black coat and not a unique species.
For our comparison, we considered “panther” synonymous with “leopard”, which, although only
rarely exhibiting black coats, otherwise generally possesses the same qualities as the “panther”.
We evaluated the prevalence of these charismatic megafauna in our answers, identified their
potential pitfalls for eliciting negative emotions, and briefly discuss what non-traditional

flagships species might be considered more charismatic from the perspective of Namibians.

Results

We conducted focus groups with 22 conservancies that engaged 159 committee members.
Our largest and smallest focus groups included fifteen and four participants, respectively.
Meetings were usually completed within three hours, but some lasted as long as five hours.
Sixty-eight percent of participants identified as men and 32% identified as women (Table 4.4).
Participating conservancies act as wildlife stewards for a combined 41,098 km?, an area with an

estimated population of over 67,000 people (Table 4.5). Participants provided 2,148 individual

173



responses representing an emotional connection to a species — trait combination. We identified
almost twice as many positive trait combinations (n=1,320, 61.5%) as negative trait

combinations (n=828, 38.5%).

Species prevalence

Participants named 355 types of wildlife that elicited positive emotions, and 322 types
that elicited negative emotions. Types of wildlife included both broad species type (e.g., “dove”,
“impala’) and specific species or sub-species (e.g., “Namaqua dove”, “black-faced impala™).
Because our focus was on traits rather than species, to accommodate this variation in specificity
we consolidated wildlife mentioned broadly into taxonomic class (e.g., bird, reptile, insect), and
for mammals, subclasses (carnivores, herbivores, and primates) (Figure 4.1). We excluded the
single responses that mentioned fish, amphibians, and “all wildlife” from further analysis on
broad wildlife classes.

Mammalian herbivores were most frequently associated with positive traits (66%,
n=1,320; Figure 4.1a), particularly large herbivores, such as the elephant (Loxodonta africana),
giraffe (Giraffa giraffa) and rhinoceros (Diceros sp.). Only nine species were mentioned by at
least half of all focus groups, seven of which were mammalian herbivores, the exceptions being
the lion (Panthera leo) and Common Ostrich (Struthio camelus). Birds (13%) and mammalian
carnivores (13%) were the wildlife most often associated with positive responses after
herbivores.

Mammalian carnivores were the most common wildlife associated with negative traits
(42%, n=828; Figure 4.1b), followed by mammalian herbivores (30%) and reptiles (17%). Six

of the seven species mentioned during at least half of all focus groups as eliciting negative
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emotions were mammalian carnivores. The lone exception was the elephant, which was

associated with the most responses and discussed during all but three focus groups.

Wildlife traits

We identified 67 traits over the course of our focus groups: 29 overlapping previous
literature, 26 relating to culture and personal experiences, and 12 new traits (Table 4.2). Forty-
one and eleven traits were exclusively associated with positive and negative emotions,
respectively, while 15 traits were associated with both positive and negative emotions. The 29
traits previously recommended for flagship species (Table 4.2a) included both cornerstone traits
of flagship species, such as appearance, conservation status and charisma, as well as tangentially
related traits, such as distribution and providing ecosystem services.

Most of the 26 traits pertaining to culture and direct personal experiences (Table 4.2b) fit
into the broad recommendations of Bowen-Jones and Entwistle (2002) for inclusion of cultural
significance and positive associations. Some of these traits also matched specific forms of
cultural significance noted by the aforementioned authors (i.e., folklore, art, food, and crafts;
Appendix 4.3b). Generating income is usually assumed to be an effective characteristic for
flagships, and is often excluded from consideration for this reason. However, we identified seven
specific traits pertaining to income or generating revenue, indicating the breadth and methods by
which species can provide financial benefits are not straightforward.

We recorded 12 traits not previously documented as potentially relevant criteria for
flagship species (Table 4.3), including aspects of appearance, behaviors, and non-physical traits.

Some of these new traits may be influenced by other criteria or personal experience (e.g., invades
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the home), but we considered these traits to be more general, and with potentially broader
application, than those traits listed under culture and personal experience (Table 4.2b).

Traits associated with positive emotions were fairly evenly divided among the five
categories of traits (Figure 4.2). In contrast, behavioral traits accounted for 73% of the responses
involving negative emotions, and non-physical traits accounted for nearly all the remainder
(20%). Behaviors elicited negative emotions twice as often as they did positive (Figure 4.2).
Participants discussed numerous behaviors of wildlife that pose threats to livelihoods and
infrastructure, including the two most common among all traits: causing harm to livestock

(n=171) and to humans (n=145).

Comparison to classic charismatic megafauna

Participants mentioned nine of the 20 species ranked by Albert et al. (2018), all of which
are terrestrial species that occur in Namibia (Table 4.6). Participants did not mention any of the
three marine species on the list, all of which occur off the coast of Namibia. Eight terrestrial
species were not mentioned by participants, none of which occur in Namibia. All of the nine
overlapping species were associated with positive responses: five species (elephant, giraffe,
rhinoceros, zebra, and lion) were among the six species mentioned most often in positive
responses, and the other four species were each mentioned at least twice (panther/leopard,
cheetah, hippopotamus (Hippopotamus amphibious), crocodile (Crocodylus niloticus). Seven of
the overlapping species were associated with negative responses: four species (elephant, lion,
leopard/panther, cheetah) were among the six species mention most often in negative responses,
and three species were each mentioned at least three times (rhinoceros, hippopotamus,

crocodile). Two species (giraffe, zebra) were not associated with negative responses.
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Discussion
Emotions as a tool for flagship research

Given previous lack of inclusivity and consideration for diverse stakeholders, flagship
species selection can be improved considerably by simply giving voice to local stakeholders. Yet
if the method for inclusion is an ever-growing checklist of potential criteria to which potential
species must be compared, then flagship species selection risks becoming impossibly time-
consuming or cumbersome. Instead, investigating emotional connections to wildlife may
comprehensively compare the prevalence and popularity of previously identified traits while also
uncovering novel connections among the target stakeholders and wildlife.

Our approach elicited responses that included the vast majority of traits previously
documented as potential boons for flagship species; some of these traits were the most common
in our responses (Table 4.2a). Our investigation into cultural and personal experiences was also
fruitful. Recommendations of cultural and personal connections are often broad and incomplete,
describing little beyond material goods, food, and stories. In contrast, through our method,
participants provided 26 specific traits related to culture and personal experiences, including
many behaviors, services, and financial benefits (Table 4.2b). The benefits of our approach are
further exemplified by the 12 new traits that may be relevant when selecting flagship species
(Table 4.3). Some of these traits arose from the emotional prompts included in the questions,
such as smelling capability, avoiding predators, and possessing a nice home/nest. Other new
traits were uncovered by probing nuances of existing traits (e.g., clean, dirty, and sexually
dimorphic from “pleasing appearance”). Some new traits may not be entirely free from the

influence of culture or personal experience (e.g., impact of clean or dirty animals on food or
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water health); however, we still distinguish these traits from those in Table 4.2b as new traits
without concrete connection to culture or experience, and with potential broad application.
Previously identified traits were also illuminated in novel ways. Participants provided
responses rich in details that allowed us to elucidate with greater specificity the nuances of
previously identified flagship traits that appealed to local stakeholders. This was not only true for
dichotomous traits (e.g., population trend increasing/decreasing, lives away/near people), but
also for diverse behaviors. For example, positive associations with the trait feeding behavior
included not only enjoyment of hunting by carnivores, which is often touted for flagships, but
also eating grass, explicitly not eating meat, and simply drinking water. We saw a similar
diversity among vocalizations beyond previous recommendations for pleasing sounds, including
positive connections to species for acting as “alarm clocks” (calling in the morning and at dusk)

and as “security guards” (calling when predators are nearby).

Comparing local stakeholders to international audiences

Local stakeholders have intricate and often complicated relationships with their local
wildlife, especially with dangerous species that present daily challenges for human-wildlife
coexistence. In Namibia’s conservancies, these can include large herbivores destroying water
points, predators killing livestock, and human injury or death from wildlife encounters (Jones
and Elliott 2006). Many of these challenges are lost on international audiences simply by nature
of not living with those species; but this disconnect is often embedded in the wildlife preferences
of international audiences and their stark differences to the preferences of local communities.

Participant responses associated with positive emotions overlapped considerably with

existing flagship traits (Table 4.2a), particularly in regards to physical appearance (e.g., color,
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size) and behaviors (e.g., breeding, feeding). The lone exception was a preference for forward-
facing eyes (Rolston 1987, Lorimer 2007); while one participant mentioned liking the bush baby
(Family: Galagidae) because of their large eyes, we otherwise heard no discussion of eye shape
or orientation. How people experience the appearance of wildlife may be completely superficial,
and our findings of overlap between local and international audiences may not be unexpected.
This was reflected in the prevalence of classic charismatic megafauna in our responses; almost
half of the top 20 species ranked by Albert et al. (2018) were associated with positive responses,
including some of the most commonly mentioned species in our responses. That participants
only mentioned terrestrial species that occur within Namibia is likely a result of our study design,
which emphasized species important to local experience and culture. However, it cannot be
dismissed that the high overlap was also simply due to the large diversity of charismatic
megafauna in the area of interest. Therefore, our responses may not indicate that our participants
and audiences in the Global North overlap in their absolute preferences of wildlife; yet, our
answers do indicate there is considerable overlap in the preferences between Namibians and
audiences in the Global North towards species in the target region.

The discrepancy between our responses and pre-existing flagship criteria became
apparent in discussions of negative emotions, particularly with respect to wildlife behaviors.
Although positive responses were associated with many wildlife behaviors previously identified
as flagship traits (e.g., movement, breeding, and feeding), negative responses were twice as
common. Negative responses were also commonly associated with classic flagship species
ranked by Albert et al. (2018), particularly the elephant and large carnivores (i.e., lion, leopard,
cheetah). Utilizing dangerous species as flagships can give the appearance that wildlife are

valued more than humans, potentially generating hostility towards conservation (Douglas 2013).
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Many of our participants reported working primarily as farmers and recalled losing livestock to
wildlife. One farmer noted losing eight lambs, while the sister of another participant had lost 24
goats only two weeks prior to the focus group; both incidents were blamed on leopards. Losing
cattle to predation can cost farmers vital income, but this problem is not restricted to farmers.
Many Namibian families keep a collection of small livestock and poultry for milk, eggs, and
meat, and risk losing important food resources and potentially informal sources of income to
predation. It is essential for conservationists to understand negative interactions between humans
and wildlife so that we might avoid using those species as flagships altogether, or, where

possible, develop a mitigation plan to offset damages to the community.

Misconceptions of species in previous research

Flagship species selection often appears detached from the experiences of local
stakeholders. This is exemplified by repeated attempts to make dangerous wildlife more
palatable for local audiences, often in direct opposition to their preferences and experiences, and
potentially their safety and prosperity, as well. Yet there are other areas where failure to include
diverse, local experiences may have fostered misconceptions regarding flagship selection. One
such misconception may be the importance for flagships to provide financial income for local
communities. The ability to secure funding for conservation is a central role of flagship species
and has been a strong driver of the narrow focus of flagship species research. This trait is
especially desirable when communicating with international wildlife viewers, whose funding is
often essential to the operation of conservation organizations. The ability of conservation to
generate income for local communities is typically assumed in studies of flagship species

(Verissimo et al. 2013). Despite the attention given to financial benefits, a failure to bring in
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revenue was only mentioned once throughout all focus groups. Overall, participants provided
more and a greater variety of responses for services than for financial income. For example, for
the trait “providing goods”, participants provided more responses related to goods as a service
than as a financial benefit (Table 4.2b). Although a majority of services were consumptive, 30%
of services did not involve harvesting wildlife, including warding off predators, cleaning
carcasses from the landscape, and controlling unwanted pests. These results suggest that species
that provide a service for local stakeholders may garner as much or more support for
conservation from local stakeholders than those that provide financial benefits (Table 4.2b).
However, the perception of services compared with financial benefits likely varies depending on
many cultural and socio-economic factors, including the direct importance of those services
and/or financial benefits to one’s life.

Conservationists also should not shy away from understanding the consumptive role
species may play in culture or livelihoods. Understanding how local stakeholders use and
possibly depend on wildlife requires important consideration. Providing food was the second
most common trait associated with positive emotions, illuminating the importance of some
species for sustenance, and many of the cultural connections we observed (Table 4.2b) were in
relation to decorations, goods, and medicine produced from harvesting animals. Adopting a
flagship species that acts as a critical resource for local stakeholders may face opposition if the
species’ preservation depends on terminating their consumption; however, it should not deter
conservationists from advocating for species whose conservation depends on reducing or
eliminating harvesting. Instead, they should consider simultaneously if and how they might

replace this resource so that local stakeholders can continue traditional practices sustainably.
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Since this was the first application of this method for the purposes of identifying
preferences for wildlife traits, we cannot say whether the richness of our responses is due to our
methodology or our participants. Namibians live in close accord with their wildlife, and thus may
be more likely to provide rich detail than residents of countries with fewer, less abundant, or less
visible wildlife. This is especially true of the conservancy members with whom we met, whose
livelihoods are often intrinsically tied to wildlife. It is likely both are true: that our methodology
is uniquely able to uncover details about wildlife preferences, and that our participants hold
greater knowledge of and affinity for wildlife than the average resident of another country, or
even possibly Namibia. We hope for and encourage further application of this method to help

clarify this question, especially in regions where other methods have been used.

Conclusions

Our novel approach to flagship species selection shows considerable promise and
demonstrates the effectiveness of using emotional connections to elucidate perceptions of
wildlife and specifically species traits for flagship species. During our study, participants
discussed the vast majority of previously identified traits of flagships species, as well as many
new traits that previously have received little or no attention. By encouraging open discussion
and probing participants, our method yielded rich and nuanced information that would not have
been uncovered using checklists of existing flagship criteria.

Cultural and personal connections between local communities and their wildlife are vast,
diverse, and, intuitively, personal and/or unique to the individual or community. As such, cross-
cultural checklists for conservationists may be too long and culturally-specific to create.

Following a checklist of flagship traits may also further normalize the omission of local
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stakeholders from conservation by simply grouping together all communities from countries in
the Global South. We instead advocate for applying our approach using emotional prompts when
identifying a flagship species in a new location. Emotional connections facilitate comparisons
across diverse cultures while still providing a rich depth of understanding of the relationships
between individual groups and people and their wildlife.

Our approach appears to have uncovered a larger number of wildlife traits not revealed
by previous methods. However, it is unclear whether this is a result of our method or our
participants, whose familiarity with and knowledge of wildlife is likely greater than that of most
individuals both within and outside of Namibia. To clarify the contributions of our method and
the participants, future research should administer our approach among local stakeholders who
have been previously surveyed using other methods for flagship selection so that the findings of
the different methods can be compared.

Our study provides a blueprint for conservationists seeking to assess the preferences of
local audiences for wildlife and their characteristics for the purpose of identifying a flagship
species. Associations with positive and negative emotions provide a preliminary gauge of which
species may be effective or poor flagships, respectively. The most prevalent wildlife traits can
then be used to evaluate potential flagship species, which can be graded and/or ranked based on
how they relate to each wildlife trait. While our focus was on wildlife broadly, the species of
interest can be, and likely should be, more narrowly focused depending on the conservation
focus. For example, a flagship campaign for ocean conservation may ask about marine wildlife;
or, a campaign for the conservation of cavity-nesting wildlife may ask specifically about birds,
the most common cavity-nester. However, focusing too narrowly risks shrinking the field of

species with which participants are familiar, such that participants may struggle to provide
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answers about the species included. It may therefore be prudent to first focus on identifying
positive and negative connections to wildlife traits and then use those traits to identify species

that would be received positively by the target stakeholders.
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Table 4.1. Interview questions discussed during focus groups.

Question 1 What wildlife species make you feel happy?
What wildlife species make members of your culture feel happy?
What characteristics of those wildlife make you and/or members of your
culture feel happy?

Question 2 What wildlife species make you feel sad, angry, or afraid?

What wildlife species make members of your culture feel sad, angry, or
afraid?
What characteristics of those wildlife make you and/or members of your

culture feel sad, angry, or afraid?
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Table 4.2. Species traits mentioned in answers during focus group sessions. Traits were grouped
into five categories: physical appearance (P), non-physical appearance (NP), behaviors (B),

financial benefits (FB), and services (S). See Appendix 4.3 for definitions of species traits.

Trait (Category) No. of answers No. of species

a. Pre-existing traits associated with flagship species

Appearance pleasing (P)

Area of occupancy (NP)

Behaviors broadly pleasing (B)

Breeding behaviors (B)

Clever (NP)

Color (P)

Conservation status (NP)

Cultural significance (NP)

Daily and seasonal activity (e.g., nocturnal) (B)
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Positive: 52
Negative: 6
Positive: 14
Negative: 15
Positive: 9
Negative: —
Positive: 31
Negative: 6
Positive: 8
Negative: 13
Positive: 61
Negative: 1
Positive: 23
Negative: 0
Positive: 67
Negative: 7
Positive: 4

Negative: 22

Positive: 20
Negative: 5
Positive: 10
Negative: 8
Positive: 7

Negative: —
Positive: 15
Negative: 6
Positive: 6

Negative: 7
Positive: 22
Negative: 1
Positive: 11
Negative: 0
Positive: 25
Negative: 4
Positive: 4

Negative: 11



Ease of spotting (NP)

Endemic/species range is limited (NP)

Eyes (P)

Feeding behaviors (B)

Habitat adapted behaviors (B)

Human proximity (B)

International recognition/fundraising (NP)

Movement behaviors (B)

Ornamentation (P)

Pattern (P)

Personality (NP)
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Positive: 32
Negative: 0
Positive: 5
Negative: 0
Positive: 1
Negative: 0
Positive: 23
Negative: 0
Positive: 14
Negative: 0
Positive: 39
Negative: 0
Positive: 10
Negative: 0
Positive: 56
Negative: 11
Positive: 18
Negative: 0
Positive: 9
Negative: 0
Positive: 67

Negative: 64

Positive: 10
Negative: 0
Positive: 3

Negative: 0
Positive: 1

Negative: 0
Positive: 16
Negative: 0
Positive: 11
Negative: 0
Positive: 31
Negative: 0
Positive: 5

Negative: 0
Positive: 23
Negative: 5
Positive: 14
Negative: 0
Positive: 5

Negative: 0
Positive: 55

Negative: 32



Pet potential (NP)

Population size many/common (NP)

Population trend (NP)

Service for ecosystem (S)

Shape/build (P)

Size and weight (P)

Symbol (NP)

Unique (NP)

Vocalization (B)

Positive: 11
Negative: 0
Positive: 2
Negative: 6
Positive: 9
Negative: 0
Positive: 6
Negative: 0
Positive: 22
Negative: 0
Positive: 47
Negative: 13
Positive: 6
Negative: 0
Positive: 30
Negative: 0
Positive: 25

Negative: 15

b. Traits associated with local culture and/or experiences

Alarm clock (S)

Anti-predator (S)

Positive: 2
Negative: 0
Positive: 12

Negative: 0
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Positive: 5

Negative: 0
Positive: 2

Negative: 5
Positive: 9

Negative: 0
Positive: 5

Negative: 0
Positive: 13
Negative: 0
Positive: 21
Negative: 5
Positive: 4

Negative: 0
Positive: 14
Negative: 0
Positive: 15

Negative: 9

Positive: 2
Negative: 0
Positive: 9

Negative: 0



Cleaning (S)

Decoration (S)

Fear (NP)

Financial Benefits Broadly (FB)

Food (S)

Goods (FB)

Goods (S)

Harms/damages (B)

Invades the home (B)

Jobs (FB)

Lost income (FB)
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Positive: 9
Negative: 0
Positive: 15
Negative: 0
Positive: 0
Negative: 24
Positive: 16
Negative: 0
Positive: 88
Negative: 0
Positive: 6
Negative: 0
Positive: 34
Negative: 0
Positive: 0
Negative: 403
Positive: 0
Negative: 64
Positive: 4
Negative: 0
Positive: 0

Negative: 27

Positive: 6
Negative: 0
Positive: 12
Negative: 0
Positive: 0
Negative: 10
Positive: 8
Negative: 0
Positive: 30
Negative: 0
Positive: 4
Negative: 0
Positive: 13
Negative: 0
Positive: 0
Negative: 85
Positive: 85
Negative: 19
Positive: 3
Negative: 0
Positive: 0

Negative: 12



Medicine (S)

Messenger (S)

No monetary value (FB)

Not causing harm (B)

Pest control (S)

Relation to livestock (NP)

Security guard (S)

Sell animal parts (FB)

Service for people (S)

Takes things from people (B)

Tourism (FB)
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Positive: 28
Negative: 0
Positive: 12
Negative: 0
Positive: 0
Negative: 1
Positive: 74
Negative: 0
Positive: 7
Negative: 0
Positive: 35
Negative: 0
Positive: 7
Negative: 0
Positive: 39
Negative: 0
Positive: 12
Negative: 0
Positive: 0
Negative: 14
Positive: 89

Negative: 0

Positive: 12
Negative: 0
Positive: 5

Negative: 0
Positive: 0

Negative: 1
Positive: 45
Negative: 0
Positive: 7

Negative: 0
Positive: 20
Negative: 0
Positive: 6

Negative: 0
Positive: 17
Negative: 0
Positive: 7

Negative: 0
Positive: 0

Negative: 8
Positive: 25

Negative: 0



Trophy Hunting (FB) Positive: 40 Positive: 20

Negative: 0 Negative: 0
Wasteful (B) Positive: 0 Positive: 0
Negative: 22 Negative: 10
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Table 4.3. Species traits suggested during interviews that may serve as novel criteria for flagship
species selection. Traits were grouped into five categories: physical appearance (P), non-physical
appearance (NP), behaviors (B), financial benefits (FB), and services (S). See Appendix 4.3 for

definitions of species traits.

Trait (Category) No. of answers No. of species
Clean (P) Positive: 6 Positive: 5
Negative: 0 Negative: 0
Dirty (P) Positive: 0 Positive: 0
Negative: 1 Negative: 1
Human evasion (B) Positive: 0 Positive: 0

Human resemblance (NP)

Negative: 47

Positive: 24

Negative: 17

Positive: 11

Negative: 5 Negative: 4
Nice home (NP) Positive: 8 Positive: 8
Negative: 0 Negative: 0

Predator avoidance (B)

Positive: 15

Positive: 11

Negative: 0 Negative: 0
Sexually dimorphic (P) Positive: 10 Positive: 7
Negative: 0 Negative: 0
Smell (NP) Positive: 0 Positive: 0
Negative: 6 Negative: 4
Smelling capability (B) Positive: 1 Positive: 1
Negative: 13 Negative: 7
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Spreads Disease (B)

Stays together (B)

Strength (NP)

Positive: 0
Negative: 6
Positive: 18
Negative: 0
Positive: 6

Negative: 8

Positive: 0
Negative: 3
Positive: 9
Negative: 0
Positive: 3

Negative: 3
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Table 4.4. Demographics summary of focus group participants.

Geographic Total Women participants Men participants Total
Region interviews (% from geo. region) (% from geo. region) participants
Kunene 13 30 (32) 64 (68) 94
Otjozondjupa 4 8(27) 22 (73) 30
Zambezi 5 13 (37) 22 (63) 35

Total 22 51 (32) 108 (68) 159
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Table 4.5. Summary of participating conservancy regions. Population and membership numbers
are taken from the website of the Namibian Association of CBNRM Support Organizations
(NACSO). Registered member totals are summed from the most recent self-reported totals from
each participating conservancy. *Registered members of Otjozondjupa conservancies include

data for 3 of 4 conservancies for which membership data were reported.

Geographic Conservancy Population within Registered members
region area (km?) conservancies of conservancies
Kunene 25,865 27,872 9,255
Otjozondjupa* 16,257 24,213 3,820

Zambezi 2,072 17,303 18,238

Total 41,098 67,346 31,313
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Table 4.6. Ranking of 20 most charismatic species for audiences in the Global North from
Albert et al. (2018) created from direct and indirect sources. Included are the distribution of each
species in Namibia, listed as present (P), absent (A), or coastal (C), and the number of positive

and negative responses associated with each species recorded during our focus group interviews.

Rank Species Distribution Positive responses ~ Negative responses
1 Tiger A 0 0
2 Lion P 17 29
3 Elephant P 33 37
4 Girafte P 23 0
5 Panther/leopard P 2 24
6 Panda A 0 0
7 Cheetah P 7 15
8 Polar bear A 0 0
9 Wolf A 0 0
10 Gorilla A 0 0
11 Chimpanzee A 0 0
12 Zebra P 21 0
13 Hippopotamus P 3 3
14 Shark C 0 0
15 Crocodile P 2 4
16 Dolphin C 0 0
17 Rhino P 22 4
18 Bear A 0 0
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19 Koala A

20 Whale C
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Figure 4.1. Participant responses related to species, grouped by taxa. Answers are grouped by

whether they elicited a) positive emotions (n=1,320) or b) negative emotions (n=828).
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Figure 4.2. Participant responses related to traits, grouped broadly by trait category. Categories
were created to facilitate comparisons between existing and new traits, and international and
local audiences. Answers are grouped by whether they elicited a) positive emotions (n=1,320) or

b) negative emotions (n=828).
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Chapter 5: General Conclusions and Discussion: Coupling Ecology and Social Sciences

Thesis Overview
General Summary

This dissertation consists of two research projects based in the fields of Ecology and
social science. The first study examines the structure and dynamics of a Namibian cavity-nesting
guild, quantifying the community and the species it comprises (Chapter 2), describing individual
species-specific cavity resource niches and investigating how interspecific interactions might
influence and structure those niches (Chapter 3). The second study explores a novel approach to
flagship species selection: using emotional connections to elucidate how local stakeholders
perceive and experience wildlife (Chapter 4). Although the subjects of these two studies may
appear distinct, if not somewhat disjunct, they overlap at a crucial intersection in conservation:
what is required for species conservation and how do we encourage people to provide their
support? The first study lays the foundation for identifying key elements of an ecological
community, a critical step towards understanding how a community might be impacted by land
use change and stochastic natural disasters, and a step that may inform natural resource managers
on how to maintain community stability in the face of such threats. However, the results of the
first study provide little to no benefit if the important findings are not subsequently considered
and incorporated into natural resource management. In light of this possibility, the second study
investigates a method for understanding and involving local stakeholders in flagship species
selection with the hope of increasing support from target stakeholders and encouraging the
adoption of necessary conservation behaviors. Together, these studies provide substantial

information for understanding what is important to conserve in an ecological community and
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how to engage local stakeholders and encourage them to adopt important conservation behaviors.
Still, these studies provide only a beginning framework for developing a flagship campaign and
complementary data (i.e., tree resource needs of local people) would be critical for improving the

chances for the long-term implementation of a flagship campaign.

Cavity-nesting Research and Management Implications

Our study provides the first cavity nest web from Southern Africa, allowing for
comparisons to global cavity-nesting theory. We observed patterns of resource use similar to
those observed in cavity-nesting guilds worldwide, specifically a disproportionately high use of
the largest trees and reliance on just a few of the tree species present. Woodpeckers played an
important yet disparate role as an ecosystem engineer: large excavations were important for
small- and medium-bodied species, but mostly unimportant for large-bodied species, which
depended primarily on trunk hollows.

Cavity use largely reflected body size variation among cavity-nesters, suggesting
partitioning of cavity resources by size, reminiscent of patterns of partitioning of food resources
by size seen in other avian communities. Still, cavity-nesters, especially secondary cavity-nesters
(SCN), exhibited high overlap in cavity resource use, including tree species, cavity types, and
cavity structural dimensions, as well as high levels of use of an individual cavity by multiple
species. Among primary cavity-excavators (PCE), larger species (i.e., Bearded Woodpecker,
Dencropicos namaquus) excavated primarily in the trunks of live trees, while smaller species
excavated in dead wood, predominantly in small limbs. We also observed spatial partitioning
among SCNss, including the aforementioned segregation of bird excavations and trunk hollows

among medium- and large-bodied species, respectively. The most interesting and unique
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community dynamic, however, is the apparent temporal partitioning of large excavations. Large
excavators and small owls that depend on large excavations nested during the spring, distinctly
earlier than larger cavity-nesting species that also commonly used large excavations. This may
be the first case in which temporal partitioning of cavity resources acts as a broad strategy within
a cavity-nesting guild to facilitate species co-occurrence and thus diversity.

Our findings suggest cavity abundance and diversity are low in central Namibia and that
cavity-nesting birds use a narrow range of tree species for nesting. The three tree species that
provided the majority of nest cavities (Boscia albitrunca, Vachellia erioloba, V. tortilis) may be
similarly important throughout their range. Our results also provide helpful information for
regions where these tree species do not occur. A tree species that fills a similar functional role of
providing a high number of nest cavities for Namibian cavity-nesters likely has at least one of the
following characteristics: large diameter at breast height (DBH), propensity to form only a few
primary trunks, propensity to develop an abundance of dead branches/substrate, or long-term
persistence in the landscape. Two uncommon species from our field site, the buffalo thorn
(Ziziphus micronata) and leadwood (Combretum imberbe), may be important cavity trees in
habitats where they are more abundant.

Maintaining the important tree species and cavity types that we identified are good initial
steps to conserving this community. Live trees are especially important and should be maintained
in the landscape, particularly live trees that provide dead substrate in which cavities can more
easily form. Large trees in this habitat are uncommon and often clustered around water,
ephemeral or otherwise. Therefore, any large trees found away from water and flood plains are

likely scarce resources and should be especially prioritized for conservation. If harvesting large
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trees is necessary (e.g., construction, fuel, goods), it would be best to prioritize those tree species
that tend to form many individual trunks and do not develop a large trunk DBH.

Maintaining both excavations and trunk hollows may be key for preserving high
biodiversity and allowing species co-occurrence. However, large excavations should be
prioritized over trunk hollows if necessary. Large excavations appear to maintain their
dimensions better than trunk hollows, while trunk hollows appear more vulnerable to breakage
and to becoming filled with debris. In addition, because trunk hollows are quite prevalent and
occur in most tree species, conserving the largest trees in the landscape would likely have the

simultaneous consequence of conserving a sufficient supply of trunk hollows.

Conservation Science: Linking Ecology and Social Science

Conservation Biology has been deemed a “crisis discipline” since it was a young field
(Soulé 1985) because it requires experts to respond rapidly to potential ecological disasters while
typically lacking detailed knowledge of the situation. For conservationists to respond to crises
quickly and effectively, it is critical for them to have detailed data on the resource requirements
for a species. Yet this information alone is often insufficient because it decouples the dynamics
of an ecological system from the ubiquitous influence of human systems. At its core,
conservation is an expression of human values (Sarkar 2005) exemplified by the care given to
managing natural resources. As such, the dynamics of ecological and human communities are
inextricably linked (Liu et al. 2007) and understanding both is required for natural resource
management to be effective and enduring. In response to this need, the field of Conservation
Social Science has expanded into many relevant fields that acknowledge and address the

complex and interwoven nature of human and natural systems.
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Our approach to flagship species selection is primarily based in the discipline of
Environmental and Conservation Psychology, which is concerned with understanding the
motivating factors (e.g., values, attitudes, beliefs) that underlie behavior, such as the adoption of
conservation practices. Our use of emotions, in particular, follows recent success using non-
cognitive influences to understand human behavior (Manfredo et al. 2014). Many of our
responses echoed important lessons that have been learned since the early years of Conservation
Biology, such as the abundance of non-material motivators and the prevalence of ecosystem
services among them (Kareiva and Marvier 2012). Most obvious was how interwoven the lives
of humans are with wildlife, such that any changes to resource management practices are almost
guaranteed to impact local stakeholders in some capacity. However inadvertent, management can
adversely impact the lives and livelihoods of local people if the connection between local people
and wildlife is poorly understood. History has illuminated some practices as plainly damaging,
such as the displacement of human communities in order to create protected areas for wildlife
(Wilshusen et al. 2002, Dowie 2009), but even well-meaning conservation can harm local
people. In Cameroon, Waza National Park has been instrumental in preserving high wildlife
biodiversity in the region, but due to the sensitivity of the protected species, there are also limited
opportunities for local human development that is not related to the park; thus, only a small
proportion of the local population receives any benefits from the park. As a result, many locals
are not motivated to support the survival of the park and are even more likely to engage in
behaviors (i.e., assisting in poaching) that are directly detrimental to the park (Drijver 1991). As
large tracts of undisturbed habitat become fewer, conservationists must accept that they are
working within human-altered landscapes and recognize that trade-offs with human economic

development are necessary (Kareiva and Marvier 2012). It is possible to find win-win scenarios
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for humans and wildlife, but it requires actively pursuing those scenarios through engagement
with and mutual respect for human needs (Kareiva et al. 2008).

Our ecological findings create a foundation for the study of cavity-nesting birds in
Namibia and provide pertinent information for the conservation of this potentially threatened
community. But it is apparent that some management priorities (i.e., preserving all large trees
and snags) could have a dramatic impact on local communities. Traditional homes built from
large logs are still common in rural areas of Namibia and restricting the harvesting of large trees
would inhibit some families from repairing or building homes, which may be necessary every
few years. Many people also depend on subsistence wood collection for their fuel needs (i.e.,
cooking, heating) and cannot be expected to forego eating or staying warm to preserve every
large snag in the landscape. And these are but two immediate examples; Namibians use trees in
such a rich variety of ways (e.g., crafts, food, medicine, weapons) that need to be understood and
considered as part of any recommendations for managing Namibia’s trees. We must better
understand the resource needs of local people, particularly in rural areas, before any management
recommendations can be made. The use of a flagship species could also benefit a conservation
campaign that seeks to conserve Namibia’s cavity-nesting guild. Our method for flagship
selection provides a framework to identify potential species that would resonate with local
people, avoid inciting resentment, and hopefully encourage the adoption of conservation

behaviors.
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Suggestions for Future Studies
Ecology of Namibia’s Cavity-nesting Guild

Further investigation of species-specific resource use would benefit our understanding of
the dynamics within Namibia’s cavity-nesting guild, particularly regarding species for which we
found limited nests. It would be informative to conduct nest web analyses in other regions of
Southern Africa with similar climates but different community assemblages, as in so doing, we
might clarify whether the dynamics of our community are representative of cavity-nesting guilds
in the broader geographic region, or are unique and/or confined to central Namibia. Community
assemblages may be particularly interesting in habitats that still support populations of elephants,
which may create cavities through their common behavior of breaking branches off large trees.

There are also opportunities for probing further into very specific resource use
preferences that could better distinguish the realized cavity resource niche for individual species,
as well as community-wide preferences that may warrant further investigation. For example, our
findings regarding cavity orientation suggest PCEs avoid excavating towards the northeast and
perhaps preferentially towards the southwest. Further analysis of excavations in the landscape
would clarify the strength of this trend and indicate whether further investigation into direction-
biased cavity excavating is warranted to determine whether this is an adaptation to local weather
and climate.

While our findings suggest nest cavities could be a limited resource for some cavity-
nesting birds, further experimental research would be required to determine if cavities are indeed
a limiting resource. This question has been frequently tested in cavity-nesting guilds by
manipulating nest cavity density via the addition and removal of artificial nest boxes. Such a

study would be informative for this community, particularly for further investigation of temporal
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resource partitioning. Specifically, if the landscape is sufficiently inundated with suitable nest
cavities, will early breeding species continue to breed into the wetter summer? Adding nest
boxes may also elucidate whether four SCNs (African Grey Hornbill (Lophoceros nasutus),
Lilac-breasted Roller (Coracias caudatus), Purple Roller (Coracias naevius), and Violet Wood-
hoopoe (Phoeniculus damarensis) that were observed on site but not detected breeding are
limited by cavity availability. However, if the addition of nest boxes does not facilitate breeding,
then the questions of if and where those species breed on site will still remain.

The local cavity-nesting guild includes more than just those species that we detected
breeding. In addition to the four SCNs observed but not detected breeding, we detected cavity
use by two mammals, the black-tailed tree rat (Thallomys nigricauda) and the slender mongoose
(Herpestes sanguineus), and by honeybees (Apis mellifera). Rats and mongooses primarily used
insect chambers and trunk forks (David Millican, unpublished data), respectively, which are two
cavity types only infrequently used by birds. Honeybees are an especially interesting community
member, as they are prone to abscond from cavities after only a short occupation and to leave
behind a cavity full of wax. A better understanding regarding the resource use patterns of these
non-avian cavity-nesters could reveal interesting interactions, such as spatial partitioning by

cavity types between animals in divergent phylogenetic clades.

Charismatic Cavity-nesters: A Case Study in Flagship Species Selection

Our novel approach to flagship species selection demonstrated significant potential as a
tool for investigating personal and nuanced preferences and opinions regarding wildlife and
wildlife characteristics (Chapter 4). The use of emotional connections, in tandem with the open-

ended nature of focus group interviews, encouraged both individual expression and group
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discussion, which ultimately generated a wealth of detailed information and potentially the most
extensive list of flagship species traits reported to date. Still, our method has not been applied
outside of Namibia, and our participants were likely more familiar with and knowledge about
wildlife than the average resident. As discussed at the conclusion of Chapter 4, broader
application of our methodology will be necessary to fully assess the effectiveness of the method.

The information uncovered by our approach can subsequently be used to select a flagship
species and develop a conservation campaign around that species. This process would draw from
the discipline of Conservation Marketing to develop a flagship campaign that is based on the
values and perceptions of local stakeholders and that effectively encourages stakeholders to
adopt conservation behaviors (Bennett et al. 2017). This process includes testing alternative
strategies for a flagship campaign and evaluating any negative impacts that might arise from the
flagship campaign.

When assessing the flagship potential of individual species, researchers should begin with
species commonly linked to positive emotions, but then progress to species that may not have
been mentioned by participants but which possess characteristics commonly linked to positive
emotions. This may present a common conundrum for conservationists: considering species for
flagship status that are unfamiliar to the target stakeholders. Flagship campaigns are encouraged
to develop very specific conservation goals that are narrowly focused on a specific issue, which
inherently limits the species from which to select a flagship. Our study was focused on wildlife
broadly and was not concerned with any specific conservation issue, but future use of our
method should narrow the scope of the conservation issue and the wildlife in question to

determine whether participants provide similarly detailed responses. To investigate if narrowing
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the conservation focus impacts the effectiveness of our method, we propose a case study
investigating the flagship species potential of Namibia’s cavity-nesting birds.

Applying our method to a specific wildlife community, in this case to cavity-nesters,
likely warrants amending the wording and focus of our research tool. Focusing on wildlife
broadly may return few responses related directly to cavity-nesting species. However, focusing
on a specific community or narrow range of species could limit the number of possible species
and inhibit responses. It will be important to identify a median option that limits participants to a
subset of wildlife (so that responses are often pertinent to the target species) but still includes a
suite of familiar species which participants can describe. In the case of Namibian cavity-nesters,
many species are cryptic or uncommon and are likely unfamiliar to many local people. If we
were to ask about emotional connections to cavity-nesters, participants may not be able to recall
many species, or simply may not have sufficient knowledge to recall which species are cavity-
nesters. Instead, we may be better served asking about emotional connections to birds, which are
diverse and abundant in Namibia but more significantly are the most common cavity-nesting
animals. Participants would likely be better able to recall emotional connections to any bird
species than they would to a bird from a limited community. Still, the narrower focus (i.e., than
“wildlife”’) would help to eliminate many answers concerning species that are not relevant to
cavity-nesters. Alternatively, we may find success asking about emotional connections to
wildlife broadly, but in regards to how species use trees. Although this focus is broader than just
cavity-nesting species, it still focuses on a specific resource (i.e., trees) while also opening the
possibility for including more species in a flagship campaign, potentially creating a “flagship
fleet” (Barua et al. 2011) that utilizes the appeal of multiple species for a single flagship

marketing campaign.
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Appendix 4.1. Recruitment Email Script for Participants

To whom it may concern,

My name is David Millican, and I am a graduate researcher from Virginia Polytechnic Institute
and State University. I am part of a research team that seeks to understand the wildlife
perceptions of communities throughout Namibia. To do so, we are using emotional connections
to identify relationships individuals and cultures have to wildlife. We are conducting group
interviews with communities throughout Namibia to understand how these emotional
connections relate between different communities. Group interviews will last approximately two

hours.

The information we learn from these interviews will help to inform conservation efforts while
also considering community needs and values that must be balanced with said conservation
efforts. The responses you give us will likely be used to help generate scientific publications, and

your answers may also be part of my dissertational research.

If you would like to take part in a group interview, please contact us directly using the

information provided below. Please review the agreement form attached to this email providing
consent to your participation in this interview. Included in this form is a request to audio-record
the interview. Recording interviews will allow us greater detail for analyzing answers. If you do

not wish to be audio recorded, we are happy to proceed without audio recording and just taking

219



notes. If you agree to be audio recorded, you are welcome to end recording at any time. In

addition, you are welcome to leave the interview at any time.

If you have any questions, please feel free to contact us.

Thank you for your time,

David Millican

Graduate Student at Virginia Polytechnic Institute and State University

[Corresponding email]
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Appendix 4.2. Focus Group Script

Welcome/Introduction

Good afternoon. My name is David Millican. I am a graduate student at Virginia Tech University
in the eastern United States. Assisting me is [local guide/liaison with conservancy]. Thanks for
coming to our session today. As we mentioned in our email communications with you, we are
interested in learning about the thoughts and feelings that different Namibian communities have
about wildlife. We are especially interested in one community of wildlife in particular: animals
that nest in tree holes. We are curious about the relationship between Namibian communities and

this group of animals.

Let me tell you more about what we will do during this focus group interview. We will be asking
you a series of questions about how you feel about different species of wildlife, and about what
characteristics you find to be positive and negative about those species of wildlife. Our questions
today will largely revolve around your emotional ties to wildlife. We will ask you to identify
what species of wildlife make you feel certain emotions, specifically happiness, sadness, fear,
and anger. For these questions, we encourage you to elaborate on what it is about them that
makes you feel those specific emotions. Your answers can be as long or as short as you need in

order to fully answer the questions.

When we talk about wildlife, we mean wild animals that are not domesticated, or are not trained
to be of use to humans. Wildlife can include vertebrates, such as reptiles, amphibians, fish, birds,
and mammals, as well as invertebrates, such as insects, crustaceans, and mollusks. You may find

wildlife in its natural habitat (such as a forest, wetland, or ocean), the city, or even in your
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backyard. Wildlife does not include animals that have been trained to provide a service to

humans, such as cows, goats, sheep, donkeys, horses, chickens, or dogs, to name a few.

The responses you give us today will likely be used to help generate scientific publications. Your

answers may also be part of my dissertational research.

As you have been informed, this interview will be recorded using small audio recording devices.
Recording this interview will allow us to better understand and analyze your answers. In
addition, we will take general notes of your answers throughout the interview. Participation in
this interview is voluntary and anonymous. The names of the participants and their identifying
characteristics will not be linked with any specific comments provided as part of this study. If

you would like a copy of the study report, we would be pleased to send it to you upon request.

The session today will last for about two hours. Before we begin, let us discuss our approach for

today’s session.

Guidelines

- There are no right or wrong answers. We want to know your opinions. This is not a quiz.
- I’1l ask a question, and then we will go around the circle so that each person can give his
or her response. Please respect each individual by giving him or her enough time to answer each
question.

- Please feel free to share any ideas you have and to be honest.

- Please be respectful of the thoughts and opinions of others.
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- Please turn off your cell phones.
- If you need to leave, please let my assistant know. We do hope that all of you will be able

to stay for the entire session.

Request for consent?

Does everyone in this group wish to take part in this interview?

(If anyone answers “no”, allow individual(s) to leave.)

Does everyone in this group consent to this meeting being audio-recorded?

(If small number, see if we can proceed with only the individuals who wish to be recorded. If
significant rejection would reduce the focus group to under 5 people, proceed without audio-
recording.)

Thank you all for your participation

Opening
We will now begin the discussion. Before you answer the first question, please tell us your name

and cultural heritage.

Question Guide
1. Can you think of any wildlife species that make you feel happy? Are there any wildlife
species that you can think of that people in your culture tend to agree make them happy?

What characteristics of those species make you and/or people in your culture feel happy?

Repeat above questions in relation to Sadness, Fear, and Anger.
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2. Can you think of any bird species that make you feel happy? Are there any bird species
that you can think of that people in your culture tend to agree make them happy? What

characteristics of those species make you and/or people in your culture feel happy?

Repeat above questions in relation to Sadness, Fear, and Anger.
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