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ABSTRACT

The Ethiopian Bush-crow Zavatarriornis stresemanni, is a phylogenetically unique
Corvid species restricted to a tiny region of southern Ethiopia.
Considerable confusion surrounded its range restriction until recent research
identified this to be defined by a unique climatic envelope harbouring a cooler, drier
and more seasonal climate than its surrounding areas.
In relation to this key recent finding, virtually nothing is known about its ecology and
its relation to high diurnal temperature has been identified as a key research topic.
Utilising specifically designed behavioural research methods, I present the first study
on the species investigating the behavioural impacts of high temperatures on facets of
its behavioural ecology.
Results indicate activity rates of immature birds to be particularly influenced by rising
temperatures and indicated that parental investment made up for shortfalls in this
temperature impact. Other facets of behaviour appeared unaffected by rising
temperatures, such as foraging efficiency and movement speed. Furthermore, a
number of specific and unique physiological and behavioural traits were identified
that are likely indicators of specific adaptions to cope with high diurnal temperatures.
Finally, findings provide evidence (supporting recent theories) to suggest that a
vulnerability in immature birds to high temperatures are one of the driving forces
behind the species bizarre range-restriction.
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CHAPTER 1
INTRODUCTION
“enigmatic and baffling…one of the most remarkable African discoveries in
the twentieth century” Fry et al., (2000)
1.1 PROBLEM STATEMENT
The increasing declines of global biodiversity are stark and influenced by a multitude
of drivers, predominantly fuelled and accelerated by anthropogenic activities
(Butchart et al., 2010). Anthropogenically accelerated climate warming has been
consistently identified as one of the primary drivers of global biodiversity loss (IPCC,
2007).
Climate warming has been widely acknowledged to influence a variety of ecological
mechanisms in various taxa, such as seasonally triggered migration (Walther et al.,
2002) and shifts in range distributions (Root et al., 2003; Parmesan & Yohe, 2003).
Furthermore, climate warming has also been directly implicated in species extinction
on a range of scales (e.g. Pounds et al., 1999). A number of globally range-restricted
taxa have been projected to experience high extinction threats in coming decades
(Thomas et al., 2004), a trend also mirrored for a number of range-restricted avian
species (Sekercioglu et al., 2008).
Range restrictions in birds are a product of a variety of biogeographical mechanisms,
such as habitat, topography and isolation. More recently, however, climatic variables
have taken a greater precedence in predicting and understanding range restrictions at a
number of levels, both due to influences on restrictors such as habitat, and on climatic
tolerance of the species themselves (Barnagaud et al., 2012; Gaston, 2009).

Although large scale meta-analyses have addressed and widely modelled the effects
of climate change on future range shifts and extinction events (e.g. Hampe & Petit,
2005; Walther et al., 2002), relatively little study has been conducted at finer scales
on the potentially negative impacts of increasing heat and subsequent direct impacts
on aspects of avian behaviour (du Plessis et al., 2012). Substantial evidence has been
compiled to evaluate and illustrate the pressures of a changing climate on avian
phenology, such as breeding and migration (e.g. Walther et al., 2002; Both et al.,
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2006). However, as outlined by Crick (2004), little study has been conducted on the
intrinsic and extrinsic factors that may influence or inhibit adaption to climate change
in birds. This has been identified as essential in the face of potentially high
vulnerability of endotherms to rising temperatures, as summarised by Smit et al.
(2013). The sub-lethal influences of heat rise on birds are one such effect and to date
have been subject to very little study (du Plessis et al., 2012). Furthermore, this has
never been studied in the context of a climatically range-restricted avian species.

Since its discovery in 1938, the Ethiopian Bush-crow (EBc) Zavattariornis
stresemanni, endemic to the country of its namesake, has perplexed ornithologists. Its
intriguing social biology and close co-habitation with people are of great interest in
their own right, but probably the most remarkable aspect of the species biology is its
restriction to a tiny area of c6,000km2 of human modified rangeland in the arid
Borana zone of southern Ethiopia, a range restriction that baffled scientists for over
70 years. Until recently, this range restriction remained as a mystery, with seemingly
identical rangeland habitat existing directly adjacent to occupied habitat. Previous
studies outlined the peculiarity of this range restriction and documented the decline of
the species, leading to its upgrading to IUCN RedList category of ‘Endangered’, but
still failed to provide a definitive explanation (Borghesio & Gianetti, 2005). A recent
study, however, by Donald et al. (2012), resolved this mystery, showing this range
restriction to be dictated by a unique climatic envelope that harbours a cooler, drier
and more seasonal local climate than that of the surrounding landscape. EBc’s are
poorly understood biologically, particularly in relation to this crucial recent finding.

The future of the EBc is likely to be subject to a variety of short and long-term threats
respectively. Habitat change has been identified as the primary short-term threat, as
the rangelands it depends on for foraging and breeding habitat are increasingly subject
to agricultural development and cultural shifts in traditional land uses (Donald et al.,
2012). Its ultimate, and currently unevaluated long-term threat, however, is the onset
of accelerated climate change, by which this area of East Africa is projected to get
warmer and wetter (IPCC, 2007; Ward & Lasage, 2009).
Establishing baseline information on the affects of high temperatures on facets of the
bush-crows behavioral ecology is an important first step in evaluating the potentially
devastating impacts of rising temperature as a product of climatic change throughout
2

the range. Environmental stressors, arising from climatic effects, are currently
unknown for the EBc but are potentially profound, considering the distinctiveness of
its climatically described range-restriction and its likely sensitivity to temperature
(Topfer & Gedeon, 2012). Studying aspects of behaviour in relation to this is critical
to identify future fitness stressors or behavioural costs
This study is the first of its kind for the species and forms part of a wider programme
of research undertaken by the University of Cambridge and the RSPB, interpreting the
ecological mechanisms that underpin this range restriction. In combination with the
wider programme of research, this study directly addresses recommendations for
conservation action outlined by Donald et al. (2012) and by the IUCN RedList
(BirdLife International, 2012) and will be used to guide more specific research in the
future.
Currently, the Yabello Wildlife Sanctuary (YWS) encompasses part of the northern
portion of the species range and has recently been upgraded to National Park status,
the boundaries of which are still being defined. The EBc has been designated as a
priority species for this recent upgrade and findings of this study and the wider
program of research will be used to inform conservation action plans.

1.2 STUDY AIMS AND OBJECTIVES

AIM
To establish baseline information on facets of the ecology of the EBc, namely activity
budgeting, foraging ecology and ranging behaviour, in relation to diurnal temperature
variations within the climatically unique ‘envelope’ that describes its range.
Furthermore, as a result of findings, key research areas relevant to the thermal biology
of the bush-crow will be identified, particularly in relation to accelerated global
warming.

OBJECTIVES


Ascertain whether behavioural activity budgeting in different group dynamics
and whether this is impacted by high diurnal temperature



Explore the impacts of rising temperatures on foraging efficiency
3



Investigate whether high temperatures affect body condition



Establish whether rising temperature impacts on facets of movement ecology

HYPOTHESES TO BE TESTED;

1. That proportions of active behaviours will be influenced (independent of
circadian rhythms) as temperature rises and will differ between adult and
juvenile birds.
2. That foraging efficiency will be influenced by a rise in temperature, as a trade
off with thermo-regulatory behaviour.
3. As a product of Hypothesis 2, high temperatures will influence ability of the
EBc to maintain body condition.

4. That diurnal temperature fluctuations will influence movement, potentially as
a product of the afore-mentioned hypotheses.
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CHAPTER 2
BACKGROUND

2.1 CLIMATIC WARMING AND RANGE RESTRICTION
Ranges of many species are projected to experience shifts in response to
anthropogenic climate change (Walther et al., 2002). Although climatic range
restrictions are currently relatively poorly understood, predictions utilising climatic
variables in habitat niche models are increasing (e.g. Barnagaud et al., 2012).
Physiological and behavioural responses to warming climatic conditions can elicit
impacts on species fitness and subsequently, populations (Gardner et al., 2011;
Fefferman & Romero, 2013). Many range-restricted species have evolutionarily
adapted traits and ecology in relation to their unique conditions and may be subject to
severe threats if conditions impacting these specific traits change (e.g. Hero et al.,
2005). This is particularly pertinent for range-restricted species that are unable to
‘escape’ constraints that explicitly define their presence (Pounds et al., 1999;
Bradshaw & Holzapfel, 2006).

2.2 EFFECTS OF HEAT ON AVIAN BEHAVIOUR

OVERVIEW

A birds thermal relation with its environment is critical to its survival (Gill, 2007).
Owing to factors such as their small body size and largely diurnal habits, birds can be
particularly sensitive to high temperatures (Mckechnie &Wolf, 2010). Due to the
maintenance requirements of high internal body temperatures, birds are often prone to
fatality by rapid overheating (Phillips et al., 1985). Mass mortality events, directly
related to extreme heat, have been recorded in avian subjects, e.g. Finlayson (1932)
and Towie (2009) (of mass mortalities of various small birds in Australia). Although
these are extreme cases, temperature has been shown to impact on avian behaviour at
a variety of scales.
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In hot and arid environments, high diurnal temperatures have been attributed as the
primary cause of changes in foraging patterns in resident birds (Wolf, 2000) this has
been displayed in a variety of studies (e.g. Tieleman &Williams, 2002). Temperature
effects on active behaviours have also been supported by study on captive birds,
indicating heat influences on behaviour are independent of diurnal cycles (e.g.
Ricklefs & Hainsworth, 1968). In the context of breeding, widespread reproductive
failures have also been reported as a result of extreme temperatures (Bolder et al.,
2005) while Reid et al. (2000) showed higher temperatures to impact on breeding
success due to increased energetic demands on incubating parent birds. Some species
have also been shown to adapt nest structure in response to their thermal environment
(e.g. McGowan et al., 2004; Schaefer, 1980). More recently, Cunningham et al. (in
press) indicated the impacts of high temperatures exceeding critical temperature
thresholds to impact on mass, body condition and fledgling probability of nestling
Southern Fiscals (Shrikes) Lanius collaris.

PHYSIOLOGY AND BEHAVIOUR

Birds have developed various physiological and behavioural adaptions to cope with
high temperatures, allowing them to thermoregulate effectively. These are varied and
often species specific, such as heat loss through flying (e.g. Bryant, 1983), the legs
(Steen & Steen, 1965) and gular flattening/panting behaviours increasing evaporative
cooling (Calder & King, 1974). To cope with the high temperatures experienced in
arid or desert habitats, some species/guilds have developed highly efficient
evaporative cooling systems (Williams & Tieleman, 2005; Tieleman et al., 2002;
Dean & Williams, 2004). Larks for example (a family largely associated with arid
zones), evaporate large amounts of water via evaporative cooling, while Common
Poorwills Phalaenoptilus nuttallii achieve similar results through exacerbated gular
flattening (Gill, 2007; Williams, 1999). Seeking specific thermal refugia has also been
documented in arid zone birds, such as the use of animal burrows (Williams et al.,
1999). Smaller birds have generally better propensity for heat loss due to surface area
in relation to mass, a trend supported by size variations within some widespread
species as smaller in southerly latitudes.
6

Plumage attributes play a key role in the thermoregulatory strategy of birds at both
high and low temperatures (Gill, 2007). Unsurprisingly, high densities of down
feathers are found in birds of colder environments (due to their heat retention
properties) while feather structure has been recognised as a critical determinant of
solar radiation into the coat (Wolf & Walsberg, 2000; Marder et al., 1989). The role
in plumage colour in solar radiation has also been assessed, but plumage attributes
appear to be the governing factor in thermoregulation (Walsberg et al., 1978).
Behavioural responses to high temperatures can suffer costs in birds, such as reduced
intake rates or increased demands of energy/water (du Plessis et al., 2012).

BEHAVIOURAL COSTS OF HEAT

Although the impacts of rising temperatures on activity are relatively well
documented, until recently the potentially negative costs of heat on foraging
efficiency and body condition remained unevaluated. Research by du Plessis et al.
(2012), however, found Southern Pied Babblers Turdoides bicolor, while retaining
foraging effort (irrespective of temperature), to experience reductions in both foraging
efficiency and body mass as a product of trade-offs in sub-optimal foraging with
thermoregulatory behaviour.
Considering correlations of reduced size at fledgling age to reduced lifetime fitness
(e.g. Magrath, 1991; Green & Cockburn, 2002; Haywood & Perrins, 1992) in light of
recent findings by Cunningham et al. (in press) regarding impacts of critical high
temperatures on natal Southern Fiscals, corresponding responses within temperature
pressured avifaunal populations could experience currently unevaluated but
potentially highly detrimental impacts at population level in the future.

Future research evaluating the behavioural costs of heat on fitness, in the face of
anthropogenic warming is of potentially high importance to inform modeling
frameworks for the future of avian conservation (du Plessis et al., 2012).
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EFFECTS OF HEAT ON CORVIDS (CROW SPECIES)

Despite several Corvid species being among the best-studied avian subjects in the
world, their behavioural responses to high temperatures are poorly known.
Prinzinger (1976), recognised several species to utlilise an array of thermoregulatory
behaviours in response to extreme temperature conditions and also day-old chicks to
exhibit evaporative cooling by panting behaviours. This sensitivity to temperature in
chicks and adults has also been noted, if not explicitly studied, in Jackdaws Corvus
monedula and Ravens C.corax (Cramp & Perrins, 1994).
Evidence from study on captive Black-billed and Yellow-billed Magpies (Pica
hudsonia and P.nuttali respectively), both morphologically similar and formerly
considered conspecific, was used to explain their allopatric ranges in North America
to be a product of the ability of P.nutalli to cope with the higher temperatures
experienced in its range in California (Hayworth & Weathers, 1984; Stevenson, 1971
in Hayworth & Weathers, 1984). Eurasian Magpies P.pica have also been shown to
experience negative impacts of high temperatures on the southerly edge of their range,
a factor that has been supposed as the determinant of the southerly extent of their
range (Kelly et al., 2004). Similarly, DeGange (1976) found foraging effort in the
Florida Scrub Jay Aphelocoma coerulescens, a range-restricted Corvid in Florida, to
reduce as a product of rising temperatures.

Aspects of physiology have also been linked with the difficulties of Corvids to
thermoregulate in high temperatures. As a family, Corvids lack a subalular apterium,
a patch of bare skin beneath the Alula feather tract (see Appendix 1) on the wing,
common in tropical birds, that has been linked with potential heat reduction (George
& Casler, 1972). Further, the presence of feathered nasal tufts covering the bill nares
(a trait common to virtually all Corvid species) has been suggested to have a role in
reducing evaporative heat loss as part of the thermoregulatory strategy of Corvids in
higher latitudes (Wunder & Trebella, 1976). Although currently unevaluated, its
presence in Corvids residing in high temperature regions is likely to impact on
thermoregulatory ability.
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2.3 THE ETHIOPIAN BUSH-CROW
DISCOVERY AND PHYLOGENETIC UNIQUENESS

The EBc was initially discovered in 1937 when a single specimen was collected
during an expedition led by Edoardo Zavattari from the Zoological Institute of the
Royal University in Rome (Gedeon, 2006). It was not formally described until a year
later, however, when Moltoni (1938) placed the species within in its own unique
genus within the Corvidae (Crows and Jays), Zavattariornis, in recognition of the
finder. Owing to morphological and ecological peculiarities, its taxonomic position as
a member of the Corvidae was questioned by Benson (1946), with Lowe (1949) and
more recently Fry et al. (2000) opting to place the species in its own unique family
Zavatarriornidae and within Sturnidae (Starlings) respectively. Despite historically
varied theories as to its lineage, general opinion still placed it within the Corvidae, a
position that was recently confirmed by genetic analysis, showing its closest relatives
to be that of the Asian ground-jays Podoces sp., the Piapiac Ptilostomus afer and the
Magpies Pica sp. (Ericson et al., 2005).
The species is unusual in appearance in Corvids, harboring bright azure-blue skin
surrounding the eye and lores (Fig 2.1), and a post-ocular, flesh-coloured flange
usually covered by feathers but opened and used for signaling between individuals
(e.g. during allofeeding) (Gedeon, 2006). The latter may be unique within avifauna
(Donald et al., 2012). Intriguingly, the North African race of Eurasian Magpie P. pica
mauretanica, also sports similar blue facial skin but the purpose of this and its
potential evolutionary link is currently unevaluated.

Fig 2.1
Ethiopian Bushcrow head profile
showing blue facial
skin.
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ECOLOGY

Although there has been a relative level of interest regarding the evolutionary position
and taxonomic peculiarities of the EBc, its ecology still remains poorly understood
(Syvertsen & Dellelegn, 1991; Donald et al., 2012).
The species has a seemingly complex social structure with a variety of associated
behaviours, such as allopreening, allofeeding, sentinel duties and ‘play’ exhibited
(Gedeon, 2006). The breeding biology is similarly dynamic, with nests attended by
‘helper’ birds (generally 2-3) aside from the breeding pair (Gedeon, 2006). The role
of helper birds within the social structure of the group, or the fidelity of helper birds
to groups (during and post-breeding), however, is unknown. Breeding occurs during
the main wet season (ca.Jan-May dependent on year) (Madge, 2009) but it appears
some breeding may occur during the second ‘rains’ (October/November) (P. Donald
in litt.).
The structure of the nest is also unique within Corvids and to that of its sympatric
species, composing of a bulky and conspicuous construction of interlaced thorny
twigs, lined with soil, cattle dung and grass. Nests are large (up to 100cm in
height/c.60cm wide) and spherical in structure, with an entrance hole or sometimes an
entrance ‘funnel’ (Töpfer & Gedeon, 2012; Madge, 2009). Intriguingly, preliminary
recent study indicated this nest structure to provide a thermally stable environment in
the nesting chamber (Töpfer & Gedeon, 2012).
Standardised behavioural research on foraging behaviour and resource use by Donald
et al. (2012) indicated foraging effort to be high (76.9% of time budgeting) but diet
and foraging strategy to be generalist, with a variety of prey captured, including insect
larvae, termites (Isoptera), beetles (Coleoptera) and butterflies (Lepidoptera).
Furthermore, no significant difference in foraging activity was recorded at different
times of day. Conflicting findings were indicated by Ross et al. (in.litt.), however,
who found activity budgeting to differ dependent on the time of day. Previous
research on overall activity, however, is poorly covered, with only certain activities
assessed (Donald et al., 2012; Ross et al. in.litt). Suggestions have also been made
that the EBc is subject to regional dispersion (Redman et al., 2012) but there appears
to be no quantified evidence in support of this.
Although currently unevaluated, heat stressing has also been observed in the species
before, generally by panting (Donald et al., 2012).
10

RANGE RESTRICTION AND DOCUMENTED DECLINE
The EBc has a patchy distribution within an area of ca6000km2 of southern Ethiopia;
an area with no natural habitat remaining that has seen extensive modification as a
result of the pastoralist livelihoods of the native Borana people (Soloman et al., 2007;
Coppock, 1994). Its restriction to such a small geographic area within a seemingly
continuous and indistinct habitat prompted confusion among early ornithologists, one
writing, ‘The reason for this remarkably restricted distribution is not at all apparent
to me. There seems to be nothing at all unique or distinctive about its environment’
Benson (1946). Incidentally, this range restriction is loosely shared with another
southern Ethiopian endemic, the White-tailed Swallow Hirundo megaensis. The EBc
has never been seen outside of this range. Considering its highly conspicuous nest and
generally visible nature, it is unlikely to have ever occurred outside of this range in
recent history (Donald et al., 2012).

Little has been done to explain the drivers of this phenomenon since its discovery, but
concern towards the nature of land-use change within its tiny range has been
expressed for some time (Hundessa, 1991; Ash & Gullick, 1989; Collar & Stuart,
1985). Study quantifying the broader primary habitat types of the EBc has indicated
its requirements to be that of open rangeland with Acacia, Balanites and Commiphora
sp. bush, with taller bushes or trees important for nesting (Gedeon, 2006; Mellanby et
al., 2008; Donald et al., 2012). This habitat is synonymous with the rotational grazing
practices that have historically preserved the quality of the rangelands. Preferences for
habitat with loosely packed soil have also been widely cited, but there appears to be
no quantified evidence supporting this conclusion.
Due to agricultural expansion and pressure from increased grazing, the quality of the
Borana rangelands has decreased in recent decades (Soloman et al., 2007; Dalle et al.,
2006). This change in land-use practices has consistently been identified as a key
threat to the EBc (Syvertsen & Dellelegn, 1991; Borghesio & Giannetti, 2005;
Mellanby et al., 2008; Donald et al., 2012) and the species is now dependent on this
human modified landscape for its persistence.
Survey data published by Borghesio & Giannetti (2005) reported 80% declines in the
EBc over a 14yr period and attributed this decline to the significant land-use changes
experienced in the region in recent decades. In-turn, this led to the upgrading of the
11

EBc to IUCN RedList ‘Endangered’ category, however, the magnitude of the declines
reported have subsequently been doubted due to study design (Mellanby et al., 2008).
Additionally, in the same study (Mellanby et al., 2008), interviews with a variety of
local people suggested local opinion to believe populations to have increased over the
same period. Recent population estimates have tentatively estimated numbers at ca
18,500 individuals (Donald et al., 2012).
The EBc has a strong association with local people and is regularly located around the
villages of the Borana people (Gedeon, 2006; Borghesio & Giannetti, 2005; Mellanby
et al., 2008). This relationship has probably contributed to its widely known local
name of the qaqa, a name phonetically synonymous with one of its main vocalisations
(Donald et al., 2012).

CLIMATICALLY DESCRIBED RANGE RESTRICTION

For over 75yrs since its discovery, the reasons for its range restriction were still
unknown, until research by Donald et al. (2012) discovered this distribution to be
delimited by climatic variables (mean and seasonal temperature, rainfall, altitude and
annual temperature range), the climate ‘pocket’ harboring a cooler, drier and more
seasonal local climate than adjacent outlying areas. Although distribution within the
range was found to be non-random, habitat variables were not found to be significant
in predicting overall range occurrence. Fig 2.2 illustrates the climatic range-restriction
of the EBc.
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Fig 2.2- Map of the range of the EBc showing predicted occurrence by climatic variables
(Red=High, Yellow=Intermediate, Blue=Low). The overlying red polygon contains all
EBc records, the liimts of which are drawn by outermost records. Source: P. Donald.

How the species existed in this area prior to pastoralism is open to conjecture, but it is
possible that its range was larger in the past and large terrestrial herbivores created
similar habitat conditions to that currently created by pastoralism.

In light of this seminal finding, suggestions have been made that the EBc is
physiologically incapable of surviving outside of this range (Donald et al., 2012) and
that facets of its ecology, such as nest structure, have facilitated its evolutionary
persistence under these climatically unique conditions (Töpfer & Gedeon, 2012).
Additionally, suggestions have been made that temperature is likely to be the
physically limiting factor to the range of the EBc and that adults, or more likely
immature birds, cannot survive outside of this unique climatic bubble (P. Donald, in.
litt.).

In relation to these recent findings, there is virtually no knowledge of the ecology of
the EBc and this has been identified as a key area for future research (BirdLife
International, 2012).
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CHAPTER 3
METHODS

3.1 METHODOLOGICAL FRAMEWORK

The effects of sub-lethal heat stressors on physiological and behavioural aspects on
birds are generally poorly studied. Given the climatically restricted range of the EBc,
investigation into biological aspects of this local climatic effect have identified as key
actions for the species conservation (Donald et al., 2012; BirdLife International,
2012).
The primary stressors and drivers of the relatively well-documented threats to the EBc
might also be influenced by external impacts, such as temperature. Using a
methodological approach that investigates a variety of biological responses to
temperature was identified as important to a) maximise data collection over a short
period of time and b) potentially identify key temperature-driven stressors relevant to
conservation action. Behavioural follows, as discussed at length in Turchin (1998)
offered the greatest capacity to study behaviour simultaneously to movement.
Utilising well-established and relatively simple behavioural and avian biological
research techniques modified for specific application to the EBc, the finer scale
effects of temperature on the biology of the EBc are investigated herein.

3.2 FIELD RESEARCH

Field research was conducted in the Oromia region of southern Ethiopia between
April and June 2013, spanning the shift between the wet and dry season that also
signifies the breeding/post-breeding period of the EBc. More specifically, fieldwork
was conducted in the region surrounding the towns of Yabello and Mega, the largest
settlements to the northerly and southerly limits of the EBc’s range. Four sites were
chosen (Fig 3.1), varying in distance from the edge of the range and comprising of
visibly different habitat makeups. Study sites were identified after reconnaissance
visits during the first days of the expedition, taking into account logistical ease of
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access and visible density of occupied nests present. Within site, habitat attributes
were very similar and site was used as a proxy for habitat during analysis.

Fig 3.1- Map of four field
study sites, the red polygon
representing outermost nest
records (as per Fig. 2.2)
within the climatic rangerestriction. Lines represent
predominant road access
throughout the range.

3.2.1 CAPTURING AND COLOUR-MARKING

For ease of focal bird observation and to allow for groups to be re-identified, birds
were captured and individually colour-marked.
Birds were caught using two 18m 30x30mm Ecotone mist-nets. A wider than standard
mesh size (16x16mm) was chosen, allowing for greater capture rates of larger bodied
birds, preventing ‘bouncing out’ as often experienced with larger birds in smaller
mesh nets. Most capture attempts targeted active nests, identified by regularly
returning adult birds (feeding chicks). Nests were watched for short periods to
identify common flightlines and feeding areas. Nets were then set across flightlines,
often proving to be immediately successful. Lures, in the shape of an owl decoy
(regularly used as an attractant to cull N.European corvids) and a selection of plastic
snakes were also tried, but found to elicit curiosity rather than proving pivotal in
capturing birds. Almost certainly due to the social dynamics of the EBc, birds were
found to respond instantly to distress calls produced by birds caught in the net, usually
facilitating multiple captures. This call was recorded with a Sennheiser shotgun mic
(ME66) recording rig, processed (Adobe Soundbooth) and then played as a tape lure
under nets in future capturing efforts, to devastating effect.
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On capture, birds were extracted quickly (generally <2-3mins) and placed in
individual cloth bags (washed after every use to prevent any potential spread of
pathogens). Birds were marked with an individual and field-readable colour-ring
combination of four darvic flatbands, all combinations beginning with the colour Red
(R) (allowing for quick field recognition of 2013 birds in future years). Colours were
assigned a one-letter code, as shown in Table 3.1.

Table 3.1. Summary of colourring letter codes.

Ring colour letter codes
Red

R

Black

N

Yellow

Y

Green

G

Blue
Pale Blue

B Lime Green

L

P

W

White

Unique ring combinations were devised using the expand.grid function in the
statistical environment R studio. Rings were fitted on the tarsi, in a standardised order
from left-leg lower to right-leg lower and were read in the field in the same order Fig
3.2.
Fig 3.2. Ethiopian Bushcrow showing colour
marking scheme. Individual
RWPY
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After fitting, rings were tightened to ensure no possibility of sliding onto the foot or
any debris becoming stuck between the ring and tarsus (e.g. Acacia twigs). Finally,
rings were melt-sealed using a battery-powered soldering iron, ensuring fit was
maintained.
A standard set of morphometric measurements was taken from all captured birds.
These were; wing length (flattened wing chord), tail length, max tarsus, head+bill,
bill-skull and weight. Additionally, ageing (using moult state and visual cues) and
breeding condition (on brood patches and cloacal protuberance) was attempted and
categorised using BTO standardised codes respectively. Extensive notes were also
taken on plumage attributes, moult condition and other points of interest, as well as a
standardised photo reference set for every captured bird. Finally, GPS references of
attended nest (where relevant) and capture location were also taken.

Bird welfare was always paramount and BTO standards of practice were adhered to at
all times. Bycatch (which at times was considerable) was released on extraction. It is
important to note, with consideration to the ‘Endangered’ status of the species and
that these were the first individuals of the species to be captured and colour-marked,
careful consideration was given to potential negative effects of colour-marking and
handling in line with Calvo and Furness (1992). Appropriate experience and birdringing licencing was already held (BTO ‘C’ permit) as well as official permission
gained through EWCA. The only previous EBc handled (captured to examine its
facial morphology) elicited no negative effects on capture (K.Gedeon in litt. 2013).

CATCHING RESULTS

Catching proved successful and a total of 57 birds were marked with unique colourring combinations, representing a minimum of 20 groups. Of the captured birds, the
majority (n=45) were caught attending active nests, while a smaller number (n= 9)
represented roving groups (assumed to be non or post-breeding groups). The
remainder were caught during multiple captures, where the origin of some (attracted
by distress calls) could not be guaranteed. Total number of birds captured per site are
summarised in Table 3.2.
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Table 3.2 Summary table of number of birds/marked groups at each site.
Site

Captured birds

Number of groups

Dida Tuyura
Dida Hara
Soda Plain
Dadim

6
17
16
18

2+
5+
8
5

3.2.2 BEHAVIOURAL WORK

TEMPERATURE

Temperature recordings were logged using Thermochron ibuttons placed at locations
with semi-standardised attributes. Locations were chosen ca.1-3m above ground level
in locations that would remain in constant sunlight throughout the day to give an
uninfluenced measure of daily temperature variation.
Temperature loggers were set to record temperature every 5mins to achieve fine scale
records of variation throughout the day.

PILOT STUDY/TRIAL METHODS

Prior to commencing the full period of behavioural work, trial follows and
behavioural watches were conducted to categorise behaviour and ascertain any
problems/identify areas of the methodology that may require adjustment.
Changes and problems identified are addressed in the following text, relevant to
method.

I. MOVEMENT TRACKING AND FOLLOWS

FINDING MARKED BIRDS

Study sites were visited periodically throughout May to mid-June. A settle period of
at least five days was allowed before sites were re-visited to find marked birds and
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their associated groups. This time period was deemed as long enough for birds to
rejoin groups and to negate potential ‘observer effects’ of recognition (as the bird
handler), potentially affecting behaviour. Experience from the one previous capture
indicated that birds would return to their associated groups/nest after a short period
(c.20mins) of preening and re-orientation (Gedeon in litt. 2013). This was reflected in
captured birds and pilot follows indicated no ‘observer effects’.

In the field, searches were conducted from as early and late in the day as was
logistically possible until birds were found. Generally, EBc’s are conspicuous and
vocal, allowing groups present to be found with a relative ease although sometimes
periods of several hours passed before locating ‘marked’ groups. Given the
significantly higher value of finding ‘marked’ groups, follows and behavioural work
was only conducted on unmarked groups as a last resort.

FOLLOWS

After a group was located, birds were watched for a short period to ascertain the
identity of the focal bird and group in question. After this was determined, a
standardised position of 25 metres to the South of the group (25m North from the
observers perspective) was adopted and tracking began, using the tracking mechanism
on a Garmin GPSMAP 62s GPS unit, recording the location automatically every 5
seconds. This angle and distance was maintained constantly throughout the track in
accordance to the focal bird’s movements and checked every 2 minutes (see below).
Aspect was obtained with a compass and distance estimated. Groups were followed
for undefined protracted periods, until the track was ended after a long duration of
observation/tracking (>3.5-4hrs) or as birds were ‘lost’ after flying longer distances,
making accurate assessments of movement unfeasable.

During pilot observations/trial tracks, an optimal distance for reading colour-ring
combinations in the field and also offering ease of observation for focal bird
observation, was found to be between 20 and 35 metres away. For many groups,
approaching closer than this distance for longer periods of time caused birds to be
more alert, whereas at a greater distance they were unconcerned with a constant
human presence, a trait of the species that has led to its cultural familiarity.
19

Pilot follows were conducted from a distance of 30m but after testing the accuracy of
this distance (independently via measurement and through tracking another GPS unit),
measurements were found to be consistently underestimated at 23-26m distance.
It was accepted that there would be some minor error in GPS recording location,
aspect and distance estimation, but that these would be insignificant to the overall
accuracy of the tracking.
In the majority of cases, groups moved in a relatively tight structure. During periods
of inactivity by chicks (e.g. resting in trees) adults foraged short distances from the
resting location the majority of time. Regardless of foraging distance, however,
contact remained with the focal bird and its respective movements at all times.

II. ACTIVITY BUDGETING

MARKED ADULT FOCALS

To assess activity time budgeting, a colour-marked focal bird was chosen for the
duration of each follow. Focal bird activities were recorded using an instantaneous
sampling design at standardised two-min intervals throughout the duration of the
track. Utilising a time-interval approach rather than a more intensive and detailed
focal animal behaviour budget (using absolute timed observation periods) allowed for
behavioural study throughout all contact time with groups, minimising effects of
observer fatigue (Altmann, 1974). This coverage was important to allow for analysis
of behaviour state in relation to temperature change throughout the day and to
maximise on all contact time with groups.
A hand-held egg timer was used to signify time intervals with a small ring, at which
point focal bird activity and position in which the activity occurred (sun, shade or
under cloud cover) was recorded. In the event of the focal bird being out of view for a
time interval, a null record of activity was logged. Activities were identified and
categorised during trial observation periods and recorded during follows. Later, for
analytical purposes, these were summarised to a binary activity ‘state’ (Table 3.3).
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Table 3.3. Focal bird/chick activity categories and corresponding ‘state’

Focal bird activity

‘State’

Modal chick

‘State’

classification

activity

classification

ACTIVE

To ground

INACTIVE

Perched:rest

INACTIVE

N/A

Perched:alert

N/A

Forage
Chick feed
Allofeed

ACTIVE

Drinking/washing
Perched:rest
Preen: (area of body)
Allopreen: (area of body)
Flew
Perched:alert

Flight events were classified as any period of time with the bird on the wing over a
distance greater than 20m. Flight and alert behaviours were excluded from
classification as a behaviour state (and subsequently analysis) due to random
influences often eliciting these behaviours (e.g. predator disturbance), rather than
temperature.

IMMATURE BIRDS

For groups with recently fledged chicks (making up the majority of tracks) to assess
the impact of temperature on activity state of fledged offspring, modal activity and
position was recorded at the same two-minute time intervals. Modal activity for
chicks was classified in a binary state (see Table 3.3) due to the lack of colour-ringed
chicks and the difficulty of maintaining continual contact throughout the track with an
adopted unmarked focal. Modal activity was deemed as a suitable behavioural
measure after observations of chicks prior to study indicated behaviour and position
to be mirrored across all juvenile birds in the overwhelming majority of
circumstances. In the small number of instances where activity was split, a null record
of activity was recorded for the time interval. Immature birds, although still begging
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and being fed by parents during inactivity, were free-roaming and capable of foraging
independently.

GROUPS WITH UNMARKED BIRDS
Occasionally, driven by difficulties of finding ‘marked groups’, unmarked groups
were followed. During initial ‘unmarked’ tracks, no focal bird activity budgeting was
attempted and only tracking and modal chick data logged. After consideration,
however, unmarked focal birds (adults) were watched and activity budgeting logged
as for marked focal birds. Due to the difficulties of maintaining constant contact over
long time periods with an unmarked bird, when the focal bird was ‘lost’ a new focal
was chosen. Start and finish of each unmarked focal was recorded to maintain the
independence of each focal bird watch.

SUMMARY

The described follows method was designed for specific use on the EBc. It fulfils core
requirements for following individuals for movement tracking as described by
Turchin (1998), these being that; contact with the individual was continual throughout
the track, behaviours were recorded simultaneously to movement and, fundamentally,
a spatio-temporal representation was obtained (GPS tracking).
This follows method is novel in many of its attributes and is its first known use of
standardised ‘shadowing’ of birds to re-create movements and speed on foot. Similar
methodologies, however, involving creation of tracks or mapping movement by
follows have been conducted on a variety of taxa. This method was partially derived
from techniques described by Bowden et al. (2008) involving follows to remotely
map feeding patterns of Northern Bald Ibis Geronticus eremita on wintering grounds
in Morocco.

III. FORAGING WATCHES

To investigate the potential effects of a rise in temperature on foraging efficiency,
foraging periods were intensively observed outside of the above-described follows.
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Foraging birds were approached slowly until a suitable position was gained (usually
within 10m distance) and with the aid of a handheld stereo-mic recorder (Olympus
LS-11), watched through binoculars whilst feeding events/prey intake was recorded
through dialogue (transcribed later). Observation time was paused if the bird was lost
from view and started again when visible, giving an observation length over a period
of actual time. Number of feeding events was then divided by observation time to
give a metric of prey intake per minute.
Prey items were categorised by size in relation to bill length, as suggested in
(Sutherland et al., 2004) and as previously recorded during focal observations on the
EBc (Donald et al. 2012). Prey was identified to gross type where possible and
categorised as ‘tiny’ (indiscernible against length of bill but visible), ‘small’ (up to
half of bill length), ‘medium’ (half to full length of the bill) and ‘large’ (longer than
the bill). Capture technique was also noted.

IV. ADDITIONAL BEHAVIOURAL OBSERVATIONS

Given the lack of ecological data available on the EBc, extra observational notes were
recorded throughout the fieldwork period, particularly during tracking and
observation periods. Particularly relevant events included observations of heat
stressing by ‘panting’ or wing drooping (as defined in similar study by du Plessis et
al. (2012)), causers of alert/alarming behaviours, opportunistic feeding behaviours,
interactions with sympatric species and observations of chicks leaving nests.
Observations were marked with times to allow matching with temperature where
relevant.
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3.3 ANALYSIS

TEMPERATURE

For analytical purposes, to enable matching of temperature to behavioural data
collected during follows, time of day was split into 10 hourly bands, corresponding to
the coverage (throughout the day) of follows gained throughout the fieldwork period.
Temperature was subsequently averaged for the respective time band. Time was
broken into bands in this way in an attempt to tease out the potentially confounding
influence of circadian rhythms dictating behaviour rather than temperature, with a
wide range of temperatures recorded in peak midday hours. Ultimately, however these
are often synonymous and not mutually exclusive.

BEHAVIOURAL FOLLOWS

Finding colour-marked birds proved relatively successful, with a total of 15 marked
groups found and followed (sometimes several marked birds present in the same
group) with many group replicates at 3 sites. A further 5 unmarked groups were
followed due to occasional difficulties of finding marked groups. Overall coverage
was obtained throughout the majority of daylight hours (earliest/latest= 0800/1815),
representing a wide temperature range (Min=18.6°C/Max=41.8°C) during the midday
period. Coverage of marked birds and groups at Dadim, however, was much lower,
where finding marked birds proved unsuccessful despite a large number of birds
ringed. The majority of follows (74hrs 13mins) were conducted on groups with
chicks, of which virtually all were very similar in composition (generally 9-10birds of
which 4-5 were chicks). Due to focal bird activity budgeting data being collected
from differing group dynamics, adult focal data was split into adult ‘types’-those with
chicks and those in groups without.
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Statistical analysis investigating impacts of temperature on facets of behaviour was
focused on the four hypotheses, each addressed by specific statistical techniques as
outlined below.

ACTIVITY AND TEMPERATURE

Due to the irregular nature of field data collected (with null records of activity and
varied periods of observation time) data was analysed in proportions of active
behaviour in the relevant time band. To analyse proportion data that factors ‘strength’
of proportions within the model, binomial GLMs were used. The maximal model was
specified as (Activity ~ Temperature+ Time band+ type+ Site+ Temperature: type).
The only two-way interaction that could be tested was Temperature:type considering
the amount of data available. From the maximal model a backward stepwise approach
was used: terms with lowest P values were successively removed until the null model
remained. AIC was used to indicate best model fit, and explained deviance reported.
No interactions between terms were modelled due to breadth of data available
(97(adults) 82(chicks) proportions- each proportion represents a unique
bird/group/time band combination). Bird type refers to adults with/without chicks and
chicks themselves.

FORAGING EFFICIENCY

Simple linear models were used to ascertain whether a relationship existed between
prey intake rates and temperature.

CONDITION

Morphometrics collected from captured birds were used to create an index of
condition. A wide variety of condition indexes have been suggested and used on
birds, but a review of methods used indicated that none was foremost and mass alone
was an adequate proxy for condition (Labocha & Hayes, 2012).
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The Head-bill measure was found, of all morphometrics, to be the most strongly
correlated with weight (t52=2.4, P=0.01). A regression of weight against Head-bill
measurements was then used to predict expected weights, creating an index of
predicted body condition. Residuals of recorded weight against model predicted
weight values were then calculated to ascertain whether a loss in condition was
experienced as a product of rising temperatures.
Temperature was taken as maximum temperature recorded from the previous day,
mirroring temperature recordings used in similar study by du Plessis et al. (2012)
In an attempt to account for potentially confounding affects of breeding stressors on
condition, birds attending nests were analysed independently of birds not attending
nests. Due to an irregular spread of maximum temperatures on previous days, birds
weight values were placed into two temperature groups (above and below 30°C). A
Wilcoxon test was then used to statistically ascertain whether any loss of condition
was experienced in the higher temperature group as a product of high previous day
temperature.

MOVEMENT

GPS co-ordinates from tracking data were converted to the appropriate UTM coordinates to allow for distance between points to be determined and speed calculated
(as m/hr). Tracking time and speed was then divided into the afore-mentioned time
bands to allow for comparison with corresponding temperature from time bands.
Movement data from three marked groups, making up a large proportion of tracking
time (accounting for 37hrs 42mins of all tracking time), were analysed to determine if
there was any relationship with rising temperature and speed. Core groups were
chosen in this manner due to replicated follows on the same group over several days,
allowing for greater accuracy of movement to be assessed. The potential bias in this,
due to group sample size, however, must be acknowledged.
The three marked groups with the greatest coverage were similar in composition
(each with 4-5Adults/4-5Chicks) and had good coverage over several days (and a
range of temperatures). Groups from the site at Dadim were not considered in this
analysis due to lack of coverage of marked groups. Furthermore, to achieve greater
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degrees of accuracy in speed averages from follows that did not cover the whole hour
of a time band, sections of tracking data less than 30minutes were excluded. This was
done primarily to reduce confounding factors such as disturbance (e.g. by predator
responses) that could significantly alter movement data in shorter periods of time.
DATA EXCLUDED FROM ANALYSIS

Almost all follows were within the afore-mentioned time period, but two follows
ended after 1800hrs. Given the low overall coverage in this period, behavioural data
past this time was excluded. The total amount of data that extended into this period
was very small(<25mins), and deemed as insignificant to the overall analysis and a
necessary product of maintaining matched time bands for temperature averages.
One group, that of the colour-marked bird RNNY, was followed at Dadim on two
consecutive days but appeared to be highly wary of human presence. The reasons for
this are unknown but likely the case of either ‘personality’ or recognition of the
ringer. Follows conducted on this group (2) were subsequently omitted from analysis
due to the likelihood that observer presence influenced behaviour.
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CHAPTER 4
RESULTS

4.1 TEMPERATURE

As outlined, temperature was split into time bands corresponding to follows coverage.
Table 4.1, below, summarises recorded temperature range in each time band during
all follows.
Table 4.1 Temperature bands and maximum and minimum temperatures recorded within
them over all follows.
Time of day
0800-0859
0900-0959
1000-1059
1100-1159
1200-1259
1300-1359
1400-1459
1500-1559
1600-1659
1700-1800

Time band
1
2
3
4
5
6
7
8
9
10

Min/Max temperatures °C
19.5-19.7
18.6-26.9
21.4-31.6
24.9-35.5
24.9-39.2
27.2-41.8
27.1-37.5
25.5-41.2
24.5-35.4
22.5-27.8

4.2 BEHAVIOURAL DATA
FOLLOWS
In total, 50 behavioural follows were conducted over a 25-day period between 15/5
and 9/6 at the four study sites, totalling 82hrs 3mins of movement tracking and
activity budgeting. A full summary of follows times, site coverage, temperature range,
focal bird coverage and other general descriptive statistics can be found in Appendix
2.
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I) ACTIVITY BUDGETING
BEHAVIOURAL TIME BUDGETING
Focal bird activity budgeting and chick modal activity budgeting was split into bird
‘types’. Overall activity budgeting totals and coverage time is summarised in Table
4.2 below.

Table 4.2 Summary table of activity budgeting across different ‘types’. Behaviour classified
as per Table 3.3 (Methods).

Type

Focals with
Chicks
(62hrs 47mins/
16+birds*)

Activity
(ACTIVE) Forage
(INACTIVE) Perched:rest
(INACTIVE) Preen
(N/A) Flew
(N/A) Perched:alert
(ACTIVE) Chick feed
(INACTIVE) Allopreen

(ACTIVE) Allofeed

75.7%
6.9%
5.7%
4.7%
3.6%
1.9%
1.4%
0.2%
50.3%
24.5%
16.3%
4.8%
2%
1.4%
0.7%

(INACTIVE) Perched:rest
(ACTIVE) To Ground
(N/A) Perched:alert

51.8%
44.1%
4%

(ACTIVE) Drinking/Washing

Focals without
Chicks
(6hrs 3mins/5
birds)

Chicks
(74hrs 13mins/15
groups)
*some

State

(ACTIVE)Forage
(INACTIVE) Perched:rest
(INACTIVE) Preen
(N/A) Flew
(INACTIVE) Allopreen
(INACTIVE) Perched:alert

ACTIVE

84.8%

INACTIVE

15.2%

ACTIVE

54.3%

INACTIVE

45.7%

ACTIVE

46%

INACTIVE

54%

focals unmarked so definite number of individuals unknown

Table 4.2 illustrates differences in time budgeting in different group types. Focals in
groups with chicks show higher proportions of time engaged in active behaviours and
considerably less time preening or resting than those in groups independent of chicks.
This is not unexpected when considering parental investment, but is particularly high
when considering that numerous birds share parenting activities. It should also be
noted that focals from groups with chicks were both from parent birds and helpers (as
identified previously by the presence of a prominent brood patch) (Appendix 3).
The activity position of birds was also assessed, to provide observational evidence of
utilisation of thermal shade refuges. In inactive behaviour states, chicks utilised shade
29

82% of the time while adult focals utilised shade refuges 75% of time in inactive
states.
Given the importance of plumage in thermoregulation strategies, more detailed time
budgeting was taken on preening events to identify priority areas of preening attention
in the personal care regime. Table 4.3 below, summarises preening activity and
priority attention areas from all focals from over 68hrs of observation time.
Table 4.3 Preening activity breakdown and priority area attention.

Of inactive
behaviour
Preens

On body

Perched:rest

51.3%

Preening/allopreening

48.7%

Body
Wing
Tail
Breast
Flanks/axillaries
Mantle
Back/rump

67.3%
28.4%
4.2%
41.8%
36.4%
10.9%
10.9%

Table 4.3 illustrates a high investment of inactive time is spent on personal care.
More specifically, particular areas of importance are located on the body and more
particularly the breast and flanks/axillaries (Appendix 1).

RELATION OF ACTIVITY WITH TEMPERATURE

A binomial GLM was used to test proportions of active behaviour within time bands
against temperature and other explanatory variables.
Various explanatory variables were tested within the model that may have an
influence on activity, such as site and time of day. Table 4.4, below, displays model
outcomes explaining the best AIC fits and corresponding deviance from the null
model.
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Table 4.4. Binomial GLMs showing effects of different variables against proportions of
active behaviour observations as the response variable. A backwards stepwise approach was
used to determine best model (bold). Additional models are also included to aid
interpretation. Time band refers to bands in Table 4.1

AIC

Δ AIC

Proportion of
deviance explained

1094

+4

(693-1215)/1215=57%

1090

0

57%

Activity ~ Temperature+ Time band+ ‘type’

1108

+18

58.6%

Activity ~ Temperature+ Time band+ Site

1116

+26

60.6%

Activity ~ Temperature+ ‘type’ 

1132

+42

62.3%

Activity ~ type + Time band

1183

+93

66.4%

Activity ~ type

1188

+98

66.9%

Activity ~ Time band

1535

+445

94.3%

Activity ~ Temperature

1544

+454

96.4%

Activity ~ Site

1551

+461

96.9%

Activity ~ 1 (NULL)

1585

+495

0%

Model
Activity ~ Temperature+ Time band+ ‘type+
Site+ Temperature: type
Activity ~ Temperature+ Time band+
‘type+ Site

Table 4.4 indicates all covariates to have some effect in explaining proportion of time
spent active. Site appears to have very little effect, whereas ‘type’ appears to have an
extremely strong influence on proportions of activity. The strength of this effect
appears dependent, however, on temperature and time band.
Diurnal temperature patterns are highly correlated with time of day, and therefore
extracting the relative importance of each of these covariates is difficult without being
able to specify an interaction between the two. To further investigate whether
temperature or circadian rhythms is driving activity this would be useful. The
outstanding finding, however, remains that active behaviours are primarily governed
by type, unsurprising when this includes immature birds. Given the importance of
temperature impacts on activity, the results from model  are graphically displayed in
Fig 4.1.
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Figure 4.1 Proportions of activity against temperature. Points represent collected field
data. Lines for each ‘type’ show predicted values fitted by model .

The plot displayed in Fig 4.1 illustrates a strong negative relationship between rising
temperature and proportions of active behaviour in all bird ‘types’. Chicks display a
considerable drop in proportions of active behaviour as temperature rises. Adult
focals from groups with chicks experience less of a drop in activity as temperature
rises, but model predicted values still indicate a negative effect on proportions of time
spent active despite (from observation) maintaining a relatively constant level of
foraging effort throughout the day. Focals in adult only groups also show declines in
proportion of active behaviours as temperature rises.
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II) FORAGING EFFICIENCY

A total of 29 foraging watches, totalling 2hrs 26mins of observation time were
conducted on 11 dates (3 sites) between 16/5 and 9/6. Observations were conducted
on a minimum of six different focal birds throughout the day (between 08:4418:05hrs) and over a range of temperatures (Min=18.5°C/Max=35.6°C).

PREY ITEMS
A total of 129 prey captures of a variety of sizes were observed during foraging
watches, some of which were identified to gross species level (Table 4.5).

Table 4.5 Breakdown of prey capture size, species and observed capture technique
Prey size

Prey items identified (captures observed)

55 (42.6%)

Termites Isoptera sp. (7)

Small

55 (42.6%)

Insect larvae* (16)

Medium

18 (13.9%)

Insect larvae* (9), Beetles Coleoptera sp. (4), Grasshopper/Cricket
Orthoptera sp. (3), Moth Lepidoptera sp. (1)

Large

1 (0.7%)

Grasshopper/Cricket Orthoptera sp. (1)
Insect larvae*

25 (60.9%)

Termites (Isoptera)

7 (17%)

Beetles (Coleoptera)

4 (9.7%)

Grasshopper/Crickets
(Orthoptera)

4 (9.7%)

Moths (Lepidoptera)

1 (2.4%)

*Primarily

Prey capture technique

Identified prey
breakdown

Tiny

Peck

73.8%

Dig

26.2%

caterpillars and beetle grubs

EFFECT OF TEMPERATURE ON PREY INTAKE RATES

Temperature was taken from the ‘Sun’ or ‘Shade’ temperature loggers (as appropriate
to foraging location) from the time of the foraging watch. In the event of more than
one temperature record (every 5mins) falling over the period of a foraging watch,
temperature from each log was averaged for the watch period.
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To test whether foraging efficiency is influenced by rises in temperature, prey intake

average prey item
intake per minute,
as a function of
temperature.
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Model outputs revealed no significant relationship between rising temperature and
prey intake rates (t27=0.56, P=0.57, Fig 4.2).
Given that intake rates and foraging behaviours are potentially subject to profitability
or prey availability (Sutherland, 2004) this heterogeneity was recognised by analysing
prey size categories independently with temperature.
Intake rates of ‘Tiny’, ‘Small’ and ‘Medium’ items are graphically represented in Fig
4.3. ‘Large’ items were excluded from this analysis due to the rarity of recorded

categories.
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Fig 4.3 illustrates a lack of significant relationship between temperature and prey
intake in all prey item size categories (Tiny- t21=0.53, P=0.59, Small- t20=0.01,
P=0.98, Medium- t13=-0.328, P=0.78).
When site was included as an additional explanatory variable in the model (overall
and for different prey item size category), there was also no significance indicated.

III) CONDITION

A wilcoxon test was used to ascertain whether any loss of condition was experienced
in the higher temperature group against the predicted weights created by the condition
index. These were not shown to be significant in the two groups of birds tested; all
birds- (W40,18=362, P=0.97) and birds attending nests -(W31,15=31,15, P=0.54).

IIII) MOVEMENT

Analysis on all core marked groups suggested there to be a negative relationship
between a rise in temperature and movement (t38=-1.967, P=0.056). This is displayed
graphically in Fig 4.4.
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When the three sites were included as explanatory variables in the model, results
indicated temperature (t36=-2.435, P=0.02) and Soda Plain (t36=2.165, P=0.03) to
significantly differ from the intercept.
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4.3 BEHAVIOURAL OBSERVATIONS
HEAT STRESSES
Heat stressing was observed relatively regularly during behavioural work, primarily
by panting, although wing drooping was also occasionally observed in chicks. Of 39
observations of heat stress events, the mean temperature was 32.4°C with the majority
of events occurring over a temperature threshold of 31°C. Fig 4.5 shows an adult EBc
thermoregulating by panting.

Fig 4.5 Adult bird showing
heat stress by panting.

‘PARTIAL FLEDGING’ OF CHICKS AT NESTS

On three occasions, fledged chicks were observed emerging from nests at cooler
temperatures in the evening and foraging with parent birds, having been fed in the
nest during the day (Fig 4.6). Observations on subsequent days at the same nests
revealed adults to be feeding these (fledged) young, back in the nest during the hotter
midday period. This is of potentially high significance with relation to the coping
strategy of young to heat if the nest harbours a thermostable interior as previous
research has suggested.
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Fig 4.6 Fledged immature bird
(front), emerging from the nest
under cooler evening conditions.

PLUMAGE ATTRIBUTES

Feather/plumage attributes and feather coverage on the body was examined on
captured birds. Plumage was noted to be sparse, ‘light’ and lack dense coverage,
particularly on the lower body region. Additionally, the contour (body) feathers were
also loosely structured, appearing to have a light and loosely barbed structure (Fig
4.7).

Fig 4.7 Plumage attributes- indicating fine, loosely barbed structure (left) and
sparse feather coverage on the flanks (right).
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CHAPTER 5
DISCUSSION

5.1 ACTIVITY BUDGETING

Results from activity budgeting revealed numerous interesting findings, as to both the
likely impacts of temperature on activity rates, and coping strategies thereof.
Although field research was conducted over a short period of time, a relatively wide
coverage on groups was obtained. Therefore, the validity of data at least in the
seasonal time period collected, is probably quite reliable. Data collected on adult birds
independent of chicks has potentially less inference, however, considering data had a
smaller spread both in time and temperature range. All data on adult only groups was
collected almost solely at one site (all but 37mins) and the potential of assessing bias
that may confound activity as a result was not possible.

HEAT AND ACTIVE BEHAVIOUR

Analysis investigating the impacts of heat on adult and chick behaviours revealed
activity to be susceptible to heat in all bird ‘types’ tested, to varying degrees (Fig 4.1).
These results provide the first quantifiable indications to speculations previously
made (e.g. Topfer & Gedeon, 2012), that the EBc is not only sensitive to heat by its
broader geographic range restriction, but also within its range.
A total of 21+ focals made up all activity budgeting data as well as chicks from 15
groups, from an observational perspective, there was no discernable difference
between all groups studied, and it can be assumed as unlikely that any random effect
of individuality would be confounding. In light of this, and given time available
during the project period, a GLMM was not used for analysis but would perhaps be
preferential in the future.

Chicks appeared to be significantly affected by heat and this was clear throughout
behavioural follows. Chicks also regularly displayed heat stress behaviours as
temperatures rose throughout the day. As modelled, the impacts of heat on immature
birds appears to be particularly significant, raising several hypothetical questions.
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In light of seminal findings by Donald et al. (2012), preliminary research using
thermal imaging cameras by Topfer and Gedeon (2012) on the nests of the EBc
indicated that the interior cavity of the nest was likely to retain a thermo-stable
interior in rising temperatures due to its insulating properties. Considering this,
observations of fledged chicks leaving nests in the cooler temperatures of early
evening are of potentially high significance due to the fact that on subsequent days,
adult birds were observed to be feeding chicks back at the nest. Although not possible
to prove, this extra post-fledging use of nests might be an important temperature
refuge strategy during the developmental stage of chicks. Returning to the nest postfledging is very rare, if not unrecorded within avifauna, indicating the potential of a
specific eco-developmental purpose.
Considering that chicks appear to have sensitivity to rising temperatures after fledging
and in light of the above observations, it appears logical to suggest that there may be
development thresholds within development allowing them to progressively cope with
rising temperatures with age.
Supporting this, during follows, chick inactive behaviours showed strong preferences
for shade during sunshine and these temperature refuges during the fledging period
could be an important part of the post-fledging temperature coping development
strategy. Recent research by Cunningham et al. (in press) illustrated high
temperatures during natal development to have impacts on fledging time and also
potential impacts on fitness in the longer term. The impacts of high temperatures on
pre-fledged young, in terms of future fitness costs, is currently unevaluated, but there
is reason to believe that temperature avoidance strategies throughout development
stages of the EBc are critical to juvenile survival. A thermo-neutral nest environment,
coupled with early development occurring in the cooler wet-season supports this
theory, allowing young birds to develop in cooler temperatures before the hotter
oncoming dry season. Furthermore, it seems reasonable to suggest, with consideration
to adult birds that appear to cope with heat, that it may be an inability to survive in
immature birds outside of the unique climatic envelope that restricts the expansion of
the EBc into areas adjacent to its range, as has previously been suggested.
This is currently speculative, but with results indicating considerable impacts on
behaviour of immature birds and the thermo-secure nest environment, there is
reasonable support for this theory. This is particularly pertinent considering
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phylogenetically similar taxa, such as Black-billed and Eurasian Magpies, have been
shown to exhibit range constraints as a product of high marginal temperatures at the
edge of their respective ranges (Kelly et al., 2004; Hayworth & Weathers, 1984).

Parent birds also appeared to be negatively affected by rising temperatures. This is not
surprising considering prior observations of panting indicated their likely sensitivities
to diurnal temperature rise (Donald et al., 2012) and that Corvids in general, including
phylogenetically similar taxa (e.g. Magpies) are known to experience behavioural
constraints in relation to high temperature. Interestingly, however, although there are
inference issues due to sample, behaviour in focals independent of chicks appear to
experience significant reductions in active behaviour with rising heat. Given the
intrinsically synonymous nature of temperature rise and time of day, previous results
from Donald et al. (2012) and Ross et al. (in litt.) suggesting conflicting evidence
regarding activity changes throughout the day are perplexing and warrant further
study. However, data collected here is more extensive in coverage and the trends
indicated are likely to hold more strength than those previously.
In summary, considering adult birds appear to cope with rising temperature, perhaps
making up for a behavioural shortfall in chicks, it seems reasonable to suggest that
heat coping strategies are part of the developmental ecology of the EBc.

Although results indicated relatively simple findings perhaps not wholly unsuspected
with consideration to previous research conducted on behavioural impacts from heat
on arid zone avifauna (e.g Tieleman & Williams, 2002), various supporting
information indicates the EBc to have have evolved to cope under these unique
climatic conditions.

40

ACTIVITY BUDGETING
Clear differences were observed in activity (Table 4.2) between focal ‘types’.
Although some of these differences are self-explanatory considering the extra burden
of chicks. Worth further exploration, however, are the high levels of parental care
elicited by focals of birds with chicks (by proxy of foraging/provisioning effort).
Tieleman et al. (2004), found parental care to be low in arid zone larks perhaps due to
the incurred fitness costs on parent birds. In the case of the EBc, effort remained high
even during high temperature providing supporting evidence of high investment in
offspring due to the environmental difficulties they experience with rising heat. Cooperative breeding effort appears synonymous with this, as heat impacted parent birds
share the energy costs of tending for temperature affected young.

PREDATOR RESPONSES

Perhaps unsurprisingly, alert responses were recorded more often in focals with
chicks than without. Adult only groups, however, were often observed to lack
responses to seemingly potential predators, an observation also reported by Gedeon
(2006). Groups with chicks responded with alert behaviour to a variety of potential
predatorial stressors including seemingly inane causers such as a Scrub Hare Lepus
saxatilis, White-bellied Bustard Eupodotis senegalensis, Hammerkop Scopus
umbretta and domestic dogs amongst the more expected common raptors (e.g. Gabar
Goshawk Micronisus gabar) and snakes species (e.g. Puffadder Bitis arietans).
It is difficult to assume much from these responses and observations, but
hypothetically at least, it appears to again indicate high levels of parental care.
Naturally, this is not unexpected in any parent animal, but considering that cooperative breeding birds tend to be longer-lived and have generally lower fecundity,
juvenile survival rates are premium (Hardling & Kokko, 2003; Arnold & Owens,
1998). In line with this, it is reasonable to postulate that the massive structure of the
nest not only serves as a thermo-stable natal sanctuary, but also as a defence against
nest predation. Considering the impacts of temperature on chicks previously indicated
and hypothetical mortality rates during high temperature, considerable parental
investment is perhaps required to enhance juvenile survival.
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PERSONAL CARE REGIMES

Time allocation during inactive behaviours elucidated perhaps some of the most
interesting findings with regards to the personal care regime. Significant effort was
expended on preening behaviours during inactive periods (48.7%) with more specific
observation indicating areas of particular importance to be that of the breast/belly and
under the wings in the flanks/axillaries. A high investment of inactive time spent on
the personal care regime and tending plumage is synonymous with maintaining
optimum coat condition, important in retaining thermoregulatory benefits (Wolf &
Walsberg, 2000).

The feather attributes observed on the EBc appear to be designed for efficient and
rapid thermoregulation, probably allowing maximum airflow to enhance cooling.
Although little information is available on the preening regimes of most birds,
percentages of time spent preening in the EBc appear high, particularly in
consideration to Gill (2007) that birds preen ‘once an hour’. It also seems likely that
areas of primary preening focus (on the belly and flanks/axillaries) are part of the
thermo-regulatory strategy, considering heat loss in these regions of the body. Wingfanning behaviour is regularly utilised as a thermoregulatory strategy to cool
underwing regions in small bodied endotherms (e.g. Licht & Leitner, 1967) and
maintaining optimal plumage condition in this region appears likely to facilitate
efficient cooling under high temperatures.

5.2 FORAGING EFFICIENCY
Results from foraging watches indicated no relationship with temperature in overall
intake rates and within size specific categories. It is important to acknowledge,
however, that due to a limited sample there may be limited inference from results,
particularly considering temperatures during foraging watches did not reach
particularly high levels (Max=35.6°C) and that a small number of focals was
observed. Furthermore, due to a relatively short overall observation time, site level
factors could not be thoroughly tested independently. However, considering there
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appeared to be no relationship between intake rates with rising temperature, results
suggests that foraging efficiency is not negatively impacted by heat.

In similar study by du Plessis et al. (2012) on the Southern Pied Babbler, a similar
arid zone bird, prey intake rates were shown to reduce significantly with increasing
higher maximum daily temperatures. Although these findings were not mirrored here,
it is not wholly unsurprising in consideration of other facets of the known biology of
the EBc. Prey items (Table 4.5) in diversity, capture technique and size, all mirrored
findings on resource use shown in Donald et al. (2012), that diet and foraging strategy
was generalist and opportunistic (Gedeon, 2006) and that prey type was made up of a
variety of sources.
Several relevant behavioural observations were also documented that further support
these results. On six occasions (three groups), EBc’s were observed attempting to raid
nests of Grey-capped Social Weaver Pseudonigrita arnaudi, two occasions of which
followed initial raiding attempts at the colony by Gabar Goshawks and Somali Crow
Corvus edithae respectively. In the case of the Gabar Goshawk, after an unsuccessful
raiding attempt, an EBc from a mixed species group (initially mobbing) flew to the
damaged nest and took two eggs before departing. Further observations of note
included an (unsuccessful) nest-raiding attempt after a group located a Ring-necked
Dove Streptopelia capicola nest (attempting to remove the brooding female) and
antagonistic behaviours received by Greater Blue-eared Starling Lamprotornis
chalybaeus (two events) near nest sites. The opportunistic nature and spread of these
observations (different groups and sites) indicate this is probably not uncommon.
Considering the known and often opportunistic foraging strategies of ecologically
similar Corvids (e.g. Jackdaw Corvus mondedula, Cramp & Perrins, 1994) these,
despite being the first recorded events of their nature for the EBc, are not surprising.

In further support, a variety of visual differences in bill structure were recorded in
captured EBc’s (Fig 5.1). Bill morphology among/within many Corvid species is
highly varied and likely the cause of the utilisation of a wide breadth of foraging
niches and resource uses (Peterson, 1993; Kulemeyer et al., 2009). It seems
reasonable to assume that these morphological differences are a likely product of the
variety of foraging niches utilised in the EBc, supporting its nature as generalist and
opportunistic in its feeding strategies.
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Fig. 5.1 visually discernable differences in bill morphologies of two captured birds,
likely the indicator of the various foraging niches utilised.

It seems plausible that the generalist and opportunistic nature of foraging behaviours
provide explanation as to why efficiency may not be affected by heat. Theories are
suggested below relating to the resource utilisation of the EBc under its climatically
unique conditions and ability to obtain resources in high temperatures;

1) Generalist foraging strategies have played an important part in remaining
successful during its evolution under climatically unique conditions,
facilitating survival in a human-modified landscape.
2) By optimising a variety of resource niches, food items can be consistently
obtained under varied (diurnal) and (seasonally) changing climatic conditions
allowing consistent nutrient intake for development in natal stages by
temperature-vulnerable immature birds.
3) Generalist strategies facilitating consistent nutrient intake are important for
upkeep and maintenance of healthy plumage as part of a the EBc’s
thermoregulatory strategy. (Nutrition is widely associated with condition in
plumage, e.g. Hill & Montgomerie, 1994).
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5.3 CONDITION

Analysis indicated there to be no relationship between higher maximum previous day
temperatures and body condition. It is important to acknowledge several confounding
variables, however, likely to have influenced results, probably preventing a true test
of temperature against condition.
Two major energy stresses in the phenology of birds are breeding and moult.
Considering that the majority of birds were captured whilst attending young and were
also almost unanimously noted to be in active moult (see Appendix 3), it is
impossible to control for these potentially major confounding impacts on body
condition. In light of this, it is difficult to validate these results as a true test of
condition as a product of high temperature. Additionally, due to captures (and
subsequent condition measures) occurring during the wet season in lower
temperatures, any influences on body condition were not truly tested against higher
temperature ranges that occur during the dry season and have a greater likelihood of
impacting body condition.
Results from du Plessis et al. (2012) showed body condition to be negatively
influenced by high maximum temperature on previous days, as a result of
temperature-affected foraging efficiency. This study, however, explicitly tested birds
that were a) free of dependent young and b) were not undergoing moult, directly
addressing the afore-mentioned major confounding influences on condition. Although
effort was made to factor out breeding impacts (by analysing birds attending nests
independently), it is difficult to see inference in the results indicated.

Given that birds were noted to be breeding and moulting simultaneously is of great
interest in its own right, however, considering the potentially heavy energy costs and
subsequent potential impacts on fitness. These activities are mutually exclusive in
most avifauna for the obvious reasons of resource allocation (e.g. Barta et al., 2008).
Moult/breeding overlaps, however, have been reported before in a number of
sedentary tropical species, for example, Foster (1975) and reviewed further by
Echeverry-Galvis & Hau (2013). This poses two important questions- firstly, what
underpins coping strategies of the significantly increased energy demands of this
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overlap, and secondly, why is it profitable to engage in such resource-heavy
phenological synchrony.

In the context of the EBc (assuming this is a regular phenology), it seems reasonable
to propose the following theories that may have lead to this phenology in relation to
temperature coping strategies.

1) Due to co-operative breeding habits of the EBc (and appearing to spread
parenting load equally; pers. obs.), parental pressure is likely to be spread
between each attending bird, allowing extra personal energy allocations to
moulting.
2) Secondly, additional energy stressors of this synchrony are traded off with
potentially greater impacts on condition during high temperatures in the
oncoming dry season and to make up for the shortfall in independent foraging
by fledged young (stymied by heat).

It also seems likely, considering the thermosensitivities elicited by the EBc and
documented personal plumage care regime, that attaining fresh plumage prior to high
dry-season temperatures may aid thermo-regulation and perhaps fitness/survival
throughout this period. Furthermore, if losses in condition are experienced as a
product of high temperatures in the dry-season, extra energy costs of moulting during
this period may have entrenched long-term impacts on fitness. Therefore, it seems
reasonable to suggest, that optimal moult strategies and careful allocation of energy
resources (in times of less thermoregulatory requirement) are an important strategy to
cope with high temperatures.
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5.4 MOVEMENT
Primary marked groups analysed showed a strong negative trend, indicating a drop in
movement speeds as a product of rising temperature.
Firstly, however, it is important to acknowledge the potential issues with inference
due to limited sample size, despite good coverage of the groups analysed. By
conducting movement analysis on core marked groups, it was not possible to
completely remove the potentially confounding impacts of individual group
dynamics. Nonetheless, there appeared to be some relation with rising temperature
and reduced movement speed, despite lacking statistical significance.
Considering the impacts of rising temperatures displayed on active behaviours both in
the EBc and other arid zone birds, it is perhaps not surprising that reductions in
activity rates and heat avoidance behaviour are likely to be synonymous with stymied
movement on a local-scale. This is particularly true of the EBc, with young that are
significantly affected by heat.

Although open to interpretation, it is likely that movement may be significantly
impacted by habitat type, or habitat availability. The EBc has been shown to require a
mixture of mesic grassland and tall Acacia as foraging and breeding habitat (Gedeon,
2006; Mellanby et al., 2008). Large canopy trees (such as Acacia sp.) also appear
important as a temperature refuge for inactive behaviours (particularly chicks) with
shade chosen during the vast majority of inactive periods during heat. This appeared,
from personal observation, to have an influence in the habitat preferences utilised for
foraging, with areas of completely open habitat lacking trees or bushes within ca.25m
skirted. With consideration to this, habitat change may have significant influence on
available habitat for roving or post-breeding groups in the future. Additionally, the
use of trees as a safety refuge was recorded in virtually all instances of alert
behaviour.

Tree-felling was recognised by Syvertsen & Dellelegn (1991) as part of detrimental
activity occurring in the range of the EBc and, although untested and hypothetical, a
link between important micro-habitat attributes and subsequently available habitat
could influence movement behaviours as a product of available thermal refugia, as

47

has been identified to influence arid-zone bird behaviour in other studies (Wolf, 2000;
Wolf et al., 1996; Williams et al., 1999).
If habitat becomes more degraded and large canopy trees providing temperature
refuges are significantly reduced in number, even within otherwise suitable habitat,
the potential future impacts of high temperature on movement ecology and available
thermal refugia within the landscape, could be marked. As a sidenote, however, it is
encouraging to think that within the Borana culture, at least in pastoralist circles,
felling large trees is prohibited in traditional cultural conservation values, (as outlined
by Bassi & Tache, 2011).

Although there is currently no documented evidence to support suggestions made by
Redman et al. (2012), that EBc’s undertake a certain amount of local dispersal,
personal observation from difficulties of finding marked birds at some sites indicated
this to potentially have some credence, an observation also supported by conversation
with local people. Additionally, when considering the generalist nature of the foraging
strategies of the species, it seems likely that an ability to utilise a wide resource
landscape facilitated by flexible movement is likely to have contributed to its
persistence in this region. This has been observed before during the nest tending
period where birds from a nest in a tree in a cereal field flew some distance (ca.
250m) to areas of more suitable foraging habitat (Donald et al., 2012).
Perhaps the most interesting facets of movement appear to occur in response to
seasonal climatic change, rather than diurnal temperature range, however. At the site
at Dadim, at the westerly edge of the range of the EBc, despite a large number of
birds being colour-marked at the site, very few individuals were refound (Appendix
2). Although it is not possible to quantify at this stage, seasonal change and its
probable influence on post-breeding dispersal appeared to be considerably more
marked here than at other sites and is perhaps the product of the proximity of the site
to the edge of the range. Considering that the margins of the climate envelope are
defined by several factors (e.g. altitude), local climate is likely to fluctuate at the
limits of the climate pocket perhaps due to factors such as orography. Movement in
response to seasons are widely known in a number of African savannah species (e.g.
Ward, 1971) and it appears likely that the EBc also responds to this climatic shift at a
local scale.
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5.5 FUTURE RESEARCH
This area of east Africa is projected to experience warming in coming years (IPCC,
2007). Further evaluating and more comprehensively investigating the role in
temperature rises on facets of ecology and condition are of potentially high
importance to ascertain potential longer-term population level impacts.
From a broader perspective, future research investigating heat influences on
behaviour should make explicit effort to study immature birds or mark immature birds
allowing known-age subjects to be studied, clarifying whether the hypothesised
temperature-driven development thresholds exist. In relation to this, fully
investigating the thermal environment of the nest is of high importance.
Investigating aspects of movement dynamics in relation to seasonal temperature is
also recommended, with regards to encroaching climatic pressures at the range edge.
Further physiological research could be directed at quantifying the role of plumage
attributes in heat loss and also the role in moult phenologies as a resource-allocation
strategy.
Behavioural research ascertaining impacts of heat on behaviour should make specific
effort in the dry season where temperature impacts are likely to be more profound.

5.6 CONCLUDING REMARKS
In light of recent findings by Donald et al. (2012) and Topfer & Gedeon (2012),
information indicating likely sensitivities of the EBc to heat has started to form.
Results presented provide the first quantitative evidence that aspects of EBc’s
behaviour are not only affected by heat, but pertinently, that it has evolved strategies
to cope with diurnal and seasonal temperature within its range. With the identification
of temperature impacts on immature birds, it appears likely that heat influenced
aspects of breeding are perhaps critical in range restriction dynamics, as has been
previously suggested (P.Donald in litt.).
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In light of the presented findings, it appears that the Ethiopian Bush-crow has evolved
a highly specific phenological, ecological, physiological and morphological lifehistory toolkit that has facilitated its continued persistence in the unique climatic
conditions that describe its range. Future research, in light of a small but increasing
body of evidence regarding the temperature sensitivities of this most unique avifaunal
subject, will undoubtedly only reveal more complexities demystifying its unique
ecology and evolution. In the face of a warming climate, however, its persistence
hangs in the balance, as the pressures of anthropogenic climatic warming lay siege to
its tiny oasis in the arid rangelands of Ethiopia.

“Whatever the reason this bird is confined to a bubble, alarm bells are now
ringing loudly. The storm of climate change threatens to swamp the bushcrow’s little climatic lifeboat – and once it’s gone, it’s gone for good.”
N.Collar in litt. (2012)
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Appendix 2. Summary table of all behavioural follows and behavioural data collected at the four study sites.

Site

Dida Tuyura

Soda Plain

Dida Hara

Dadim

Date and time
summary
5 days between 15/5 and
9/6
Earliest start=1030
Latest finish=1737

6 days between 22/5 and
6/6
Earliest start=0913
Latest finish=1816

8 days between 17/5 and
1/6
Earliest start=0850
Latest finish=1707

3 days between 28/5 and
30/5
Earliest start=1357
Latest finish=1737

Temperature
range

Max= 23.9°c

Overall follows
time

13hrs 14mins

23hrs 34mins

35hrs 28mins

Min= 36.5 °c

Focal bird
31hrs 57mins
Chicks
28hrs 15mins
Focal bird
37mins

Max= 23.5°c
Min= 30.8°c

Focal bird
23hrs 2mins
Chicks
23hrs 34mins

Min= 41.8°c

Max= 18.6°c

Focal bird
13hrs 14mins
Chicks
13hrs 14mins

Min= 41.25°c

Max= 19.5°c

Activity budgeting
data breakdown

9hrs 47mins

Chicks
9hrs 10mins

Coverage of
primary group
(Focal bird) RYYY
12hrs 33mins
4 days; 15-27/5; 10301737
Max/min temp= 23.938.9°c
(Focal bird) RNYY
8hrs 40mins
3 days; 23-6/6; 09071736
Max/min temp=2641.8°c
(Focal bird) RBPY
16hrs 29mins
5 days; 17/5-1/6; 08501707
Max/min temp=19.735.5°c

No primary marked
group

Total groups
followed

2 groups
(both marked)

7 groups
(5 marked)

7+ groups (5+
marked)- adult
only groups mixing
regularly.

3+ groups
followed
(2 marked)
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Appendix 3
Bird in active wing moult (above)
Parent bird with a prominent brood patch (right)
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