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Introduction
Cavity-nesting birds use hollow spaces as nesting sites. Nest site selection by cavity-nesting 
birds is influenced by multiple factors such as habitat conditions, life-history traits and tree 
preferences of cavity-nesting birds (Politi & Hunter 2009). Most cavity-nesting birds prefer 
sizeable trees of > 30 cm in diameter at breast height (DBH) (Lehmkuhl et al. 2003), though 
younger trees may have suitable cavities depending on the species of the tree and on factors 
such as the frequency and intensity of fires and disease (Gibbons et al. 2002). Cavity abundance 
is influenced by the species of tree, DBH, position on the trunk, and whether the tree is alive 
or dead (Carlson, Sandström & Olsson 1998). Wood that is susceptible to insects and fungi 
due to low resin levels in the wood is more conducive to cavity formation (Shigo & 
Marx 1977). Other tree-dependent characteristics for cavity formation include the 
porosity, texture of the wood, and exposure to light (Saab, Dudley & Thompson 2004). Cavity-
nesting birds select nests based on the depth of the cavity (Belthoff & Ritchison 1990), the 
body size of bird species (Carlson et al. 1998) and the orientation of the entrance (Radford & 
Du Plessis 2003).

The structural condition of both dead and living trees determines the extent and nature of 
cavity development. The presence of dead wood or broken treetops promote development of 
cavities by cavity-nesting birds, though with reduced permanence compared to living trees 

Deforestation and habitat fragmentation have long been known as drivers of wildlife 
depletion but information on their specific impacts on cavity-nesting birds in the miombo 
woodlands has been lacking. A comparative study of disturbed and undisturbed sites was 
conducted in miombo woodlands of Zambia to assess impacts of environmental stressors on 
birds. Foot patrols were employed to locate, identify and count host trees and cavities for 
cavity-nesting birds on twenty 200 m × 200 m sample plots. Undisturbed forests had three 
times more cavities (the nesting sites for birds), while there were 24.6% fewer abandoned 
cavities in undisturbed forests than in disturbed forests. The rate of cavity abandonment 
was about twice as high in human-dominated forests compared to undisturbed forests 
(61.3% c.f. 31.9%). Cavity-nesting birds preferred larger (> 36.0 cm diameter at breast height) 
and taller (> 5.0 m) trees for nest placement, especially in human-dominated forests. 
A number of cavity-nesting birds preferred Brachystegia spiciformis (zebrawood), Julbernadia 
paniculata (munsa), Parinari curatellifolia (mobola-plum) and Uapaca kirkiana (mahobohobo) 
as host trees to 14 other miombo tree species. Arnot’s Chat (Myrmecocichla arnoti) had a 
wider selection of host trees for cavity-nesting than the other 40 cavity-nesting birds in the 
study areas. Anthropogenic activities such as uncontrolled firewood collection, wild fires, 
logging, and land clearing for agriculture negatively influenced wood abundance and 
diversity, with potential implications for persistence of cavity-nesting birds. The negative 
impacts of anthropogenic activities could be counteracted by conservation strategies such as 
implementation of sound forest policies, integrative land use practices, sustainable 
livelihood security and stakeholders’ awareness of the need to safeguard forest-dependent 
avifauna.

Conservation implications: This comparative study unravels specific anthropogenic impacts 
on the cavity-nesting birds in the miombo woodlands, which would be relevant for designing 
and implementing targeted biodiversity conservation interventions against negative local 
environmental values and attitudes that support rural development on the expense of 
conservation of biodiversity such as birds.
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especially in trees with high compartmentalisation (a 
process of isolating fungal affected sapwood tissue) which 
facilitates sapwood growth (Lehmkuhl et al. 2003). Fire-
scarred woods are prone to higher cavity holding rates 
than wood that is not exposed to fires, because fire induces 
weakness that makes it easy for excavators (Hunter & 
Mazurek 2003). Sometimes fires are followed by termite 
and fungal attacks in cracked and scarred portions of trees 
(Jackson & Jackson 2004). Therefore, cavity formation is 
greatly affected by the frequency and intensity of fires. In 
addition to fire-scarring of forested areas, the cavity-nest 
densities and nest survival for cavity-nesting birds are 
influenced by the periods since fires occurred and wood 
logging (Saab, Russell & Dudley 2007). Further, foraging 
excavators may also serve as vectors by depositing fungal 
spores or hyphae at the tree cracks, which eventually 
develop into fungal conks (Farris, Huss & Zack 2004).

Predation is another form of disturbance that influences 
nest site selection by cavity-nesting birds (Wesolowski 
2002). Nest predation commonly involves depredation of 
eggs or chicks by reptilian and mammalian tree-climbers, 
and birds of prey (Wilson et al. 1998). The suitability of 
potential nest sites is also based on the prospects offered of 
avoiding predation and maximisation of reproductive 
success for cavity-nesting birds. The choice of nest sites by 
cavity-nesting birds is often influenced by factors such as 
the height above the ground, vegetal concealment of 
entrances of cavities, and neighbouring vegetation type 
due to edge effects (Fisher & Wiebe 2005). Site-choice may 
be further influenced by competition. Inter-specific 
competition for cavities involves multiple species of 
cavity-nesting birds and other taxa such as various 
mammal species (Kappes & Davis 2008). Mammals, birds, 
amphibians, reptiles, and insects can compete for cavities 
to fulfil various behavioural needs such as resting, 
roosting, breeding, feeding, and hiding (Gibbons et al. 
2002). In cases of intense inter-specific competition, 
resource partitioning is a common strategic response by 
the species involved (Harrington et al. 2009). An example 
of such resource partitioning is in the use of different sized 
cavities by species of different sizes. Relatively small sized 
cavities form realised niches for small cavity-nesting birds 
by excluding larger nest users. In addition, cavity-nesting 
birds employ exclusionary strategy of territorialism 
(Wesolowski 1989). For instance, Starlings (Sturnus 
vulgaris) are known to constrain Tree Swallows (Tachycineta 
bicolour) to smaller nest sizes and remote nest sites from 
woodlands (Dobkin et al. 1995). In another example, 
woodhoopoes defend their core territorial areas where 
suitable cavities for roosting and breeding are found from 
competitor species (Du Plessis 1992; Du Plessis, Simmons 
& Radford 2007). Some cavity-nesting birds shift their 
nesting behaviour seasonally due to aggressive competition 
from other species (Koenig 2003). Further, anthropogenic 
disturbances are among key drivers of nest choice and 

abandonment rates of cavities by birds, especially during 
breeding season (Richardson & Miller 1997). Removal of 
wood by humans negatively reduces the availability and 
diversity of cavities for birds (Du Plessis 1995). Cavity-
nesters also frequently experience  intra-specific 
competition, either due to low supply of cavities for nest 
sites or due to competition for vantage points (Czeszczewik 
& Walankiewicz 2003).

Miombo woodlands are rich in cavities, albeit there is a 
lack of information on the conservation status of cavity-
nesting birds or on availability of nest sites in the miombo 
woodlands. The miombo woodlands are dry tropical 
deciduous forests growing in central and southern parts of 
Africa (Schwartz, Caro & Banda-Sakala 2002), covering 
~10% of the continent (Millington et al. 1994). Miombo 
woodlands comprise mostly the family Fabaceae and the 
genera Brachystegia, Julbernardia and Isoberlinia (Dewees 
et al. 2011; Ryan, Williams & Grace 2010). Various tree 
species are found in a miombo biome including Brachystegia 
spiciformis (zebrawood), Julbernardia paniculata (munsa), 
Julbernardia globiflora (mnondo), Parinari curatellifolia 
(mobola-plum), Syzygium guineense (waterberry), Uapaca 
species (mahobohobo) and Isoberlinia angolensis (kapane). A 
characteristic of miombo woodlands is that the constituent 
trees grow to great heights and girths (Frost 1996), 
providing significant resources for humans and wildlife. 
For humans, miombo woodlands provide highly valued 
timber, non-timber forest products such as fruits, edible 
caterpillars and mushrooms, while for wildlife of various 
taxa, miombo woodlands provide food and habitats 
(Kalaba, Quinn & Dougill 2013).

Miombo woodlands are inhabited by a wide range of 
species of cavity-nesting birds such as woodpeckers, 
barbets, owls, hornbills, woodhoopoes, rollers, kingfishers 
and starlings (Dowsett, Aspinwall & Dowsett-Lemaire 
2008; Hockey, Dean & Ryan 2005; Leonard 2005). The 
cavity-nesting birds seek wood crevices to use as nesting 
places, landmarks for their territories, provision of insects 
as source of food to those that are also insectivores, and 
protection from the direct sunlight and precipitation (Ober 
& Minogue 2007). However, miombo woodlands are under 
acute threat from expanding human activities such as 
deforestation that results from timber harvesting, charcoal 
production, uncontrolled human-induced wild fires, and 
clearance of vegetation for agriculture, settlement and 
industry (Turner II, Lambin & Reenberg 2007). Unlike 
natural factors such as droughts, and wild fires from 
lightening which are stochastic in nature, anthropogenic 
factors causing deforestation are usually deterministic and 
often result in environmental degradation. Zambia for 
example, suffers some of the fastest rates of deforestation 
in the world, losing an estimated total area of forests of 
between 2500 km2 per year and 3000 km2 per year (Ministry 
of Tourism, Environment and Natural Resources; United 
Nation’s Food and Agricultural Organisation 2008).
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Despite extensive studies globally on the ecology of cavity-
nesting birds (e.g. Cockle, Martin & Wesolowski 2011; 
Kemp 2000; Rhodes, O’Donnell & Jamieson 2009), empirical 
evidence of impacts of anthropogenic activities on cavity-
nesting birds in the miombo woodlands has been lacking. 
Miombo woodland transformation results in multi-scale 
landscape dynamics in what are social–ecological systems, 
leading to various structural and process responses (Zurlini 
et al. 2013). Structural responses relate to changes in species 
composition and diversity while process responses relate to 
evolutionary and ecological functional elements of 
woodlands. Shifts such as land use transformations would 
likely require landscape-based interventions for biodiversity 
conservation (Benayas & Bullock 2012; Jones et al. 2010). 
Natural ecosystems can assimilate some disturbance, while 
at the same time maintaining ecological processes through 
resilience (Carpenter & Brock 2008; Walker & Salt 2006). Birds 
act as bio-indicators of ecosystem performance in increasingly 
human-modified systems (Holt & Miller 2011; Mayer, 
Donovan & Pawlowski 2014).

We assessed the impacts of human activities such as 
uncontrolled firewood collection, logging, fires, and land 
clearing for commercial purposes on cavity-nesting birds. 
Key research questions included the assessment of: (1) to 
what extent do human-induced disturbances affect wood 
abundance and diversity? (2) How do wood abundance and 
diversity influence nest site selection by sympatric cavity-
nesting birds in the miombo woodlands?

Methods
Study sites
We used two study sites: the human-dominated Mwekera 
National Forests No. 6 in Kitwe, and the undisturbed forests 
of Chimfushi Wildlife Orphanage in Chingola, both in the 
Copperbelt province of Zambia (Figure 1) (hereafter referred 
to as Mwekera and Chimfushi). Miombo woodlands cover 
~45% of Zambia’s landmass (Stringer et al. 2012) and in both 
study areas, the vegetation is predominantly miombo, 
characterised by vegetation types in Table 3. In the case of 
Mwekera, there are also exotic Eucalyptus globulus (blue 
gum), Eucalyptus tereticornis (forest red gum), Pinus kesiya 
(khasi), Pinus oorcarpa (ocote chino) and Pinus merkusii 
(merkus) plantations.

Mwekera
The average human population density in the Copperbelt 
province is 63.0 persons per km2, with an average annual rate 
of population growth of 2.2% (Central Statistical Office 2012). 
Mwekera (~111 km2) lies at an elevation of 1245 m a.s.l –  
1310 m a.s.l., with an annual average ambient temperature of 
19.7 °C, and mean annual rainfall of 1300 mm. The area 
forests were established as a National Forest to protect the 
Mwekera stream catchment, which is part of the Kafue River 
system. However, the Mwekera forests have been undergoing 
rapid degradation mainly due to unauthorised settlements 
(Zimba 2007). Historical research suggests that the Mwekera 

forests supported a higher diversity of birds, mammals and 
reptiles in the past than what persist today (Dowsett et al. 
2008; Leonard 2005). For instance, mammals such as elephants 
(Loxodonta africana), lions (Panthera leo), leopards (Panthera 
pardus), eland (Taurotragus oryx), sable (Hippotragus niger) and 
impala (Aepyceros melampus), in addition to several bird 
species, have been extirpated in the last three decades due to 
human-induced disturbances (P.M. Fushike, pers. comm., 05 
December 2014). However, various species of small-bodied 
species of wildlife such as rodents, lizards and squirrels 
persist.

Chimfushi
Chimfushi is a private farm (~93 km2) on the banks of the 
Kafue River, in Chingola District, Copperbelt Province of 
Zambia (Figure 1). Management of the property excludes 
human intrusions into the area. Chimfunshi occurs at an 
altitude of 1280 m above sea level and has mean annual 
temperature and precipitation of 20.7 °C and 1200 mm 
respectively. The area is used primarily as a sanctuary for 
orphaned chimpanzees (Pan troglodytes) but is also 
populated with blue monkeys (Cercopithecus mitis), 
sitatungas (Tragelaphus spekii), hippos (Hippopotamus 
amphibius) and Nile crocodiles (Crocodylus niloticus) in 
addition to a variety of other mammals, birds, reptiles and 
amphibians.

Data collection protocols
We conducted bird surveys at the two sites during August 
and September 2014 for owls and in November–February 
2014/2015 for the rest of the cavity-nesting birds. These 
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FIGURE 1: Locations of Mwekera National Forests No. 6 and Chimfushi Wildlife 
Orphanage forests in Zambia.
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periods coincided with the time when most of the tree 
cavity-nesting birds such as southern ground hornbills, 
barbets, hornbills, and woodpeckers have their breeding 
seasons (Hockey et al. 2005). Observations were conducted 
during 09:00–11:00 hrs when birds were typically active. 
Data was collected from ten randomly selected sampling 
plots of quadrats that measured 200 m x 200 m in size, and 
were located at least 500 m away from vegetation ecotones. 
The plots were visited and inspected once every fortnight 
during the survey period. Although the number of bird 
species was not enumerated in this study, data on species 
presence and absence were recorded. Two observers 
searched each plot for tree cavities and dead wood. The use 
of cavities by birds was ascertained by remote observations 
of bird nesting, feeding, and social behaviour around the 
nesting sites (Dowsett et al. 2008; Leonard 2005; Newman & 
Read 2008). By using this indirect method, we did not need 
to reach and inspect physical features such as remnants of 
eggshells, feathers and droppings in the nests, thereby 
minimising disturbances to the cavity-nesting birds. 
Therefore, consistent bird activity in the form of nesting, 
feeding and roosting at the nest sites during the breadth of 
study period (or lack thereof) was taken as being indicative 
of whether the respective nests were still active or 
abandoned. Placement of nests was indirectly measured 
from tree DBH approximately 1.3 m above the ground to 
determine the tree size preferences by cavity-nesting birds 
and angular measurements for estimation of tree heights 
were made by use of Suunto hypsometer clinometers, 
following standard methods described by Avery and 
Burkhart (1994) and Leverett (2010). Hundred-metre 
measuring steel tape and rope were also used for estimation 
of distances. Enumerated trees were marked and tagged 
with metal plates for ease of subsequent identification. 
Differences in tree diameters over study period were not 
obtained on assumption that in-season variations resulting 
from contraction and expansion of trees were insignificant 
during the relatively short peak season for the breeding 
cavity-nesting birds as suggested by Krauss et al. (2007) and 
O’Brien et al. (2008). Dried and rotting wood was considered 
dead; wood in a posture perpendicular to flat ground (with 
about zero slope) was taken as standing wood, while wood 
prostrating on the ground was considered ‘lying’ wood. 
Tasco binoculars, with magnification of 20×, were used to 
aid in identifying cavity-nesting birds. Guide books were 
used for taxonomic classification of plants and birds 
(Leonard 2005; Newman & Read 2008).

Analyses
Minitab (2004), (Minitab Inc., Pennsylvania, USA), version 14 
statistical software was used in the statistical analyses. Two-
sample T-test was used to establish whether the quantum of 
trees and active cavities significantly varied or not between 
the two study sites, using the procedure stipulated by Fowler, 
Cohen and Jarvis (2006). Relative plant species abundance 
was analysed for comparative commonness or rarity in the 
two study sites (McGill et al. 2007). Since diversity is non-

linear, beta diversity which compares elements of diversity 
such as different vegetation communities was adopted. Thus, 
we derived comparable estimates of the effective number of 
tree cavities for bird nesting from exponentials of Shannon-
Weaver indices (Jost 2006; Magurran 2004). From conservation 
perspective, Shannon-Weaver index is used to measure and 
compare components of conservation status between 
different sites with similar environments (Fowler et al. 2006). 
It is represented by H ′ = −ΣPi (lnPi), where H ′ is diversity 
index, Pi is the proportion of each component in the sample 
and lnPi = natural logarithm of this proportion. The higher 
the H ′ value, the greater the diversity. Use of indices is 
important and common in biodiversity monitoring due to 
the difficult in elucidating absolute enumeration of 
biodiversity (Barry et al. 2013; Tuomisto 2012). In the case of 
bird abundance, presence or absence data were analysed for 
each cavity-nesting bird.

Results
Species presence and absence
There were 41 cavity-nesting bird species at the two study 
sites (Table 1). Cavity-nesting birds with the highest number 
of species were owls (seven species), woodpeckers 
(six species) and kingfishers (six species) and the birds with 
the lowest number of species were chats and parrots (Table 1). 
Out of the 41 bird species in the study sites, only 12.2%  
(n = 5) occurred in human-dominated forests (Table 1).

Wood, cavities and cavity-nesting birds 
interrelationships
The undisturbed and disturbed forests had mean tree 
densities of 3.2 ± 0.02 trees per ha (range: 2–5 trees per ha) 
and 1.8 ± 0.05 trees per ha (range: 1–2 trees per ha) respectively. 
Mean tree densities in undisturbed forests were significantly 
higher than in disturbed forests (T-test=5.52; df = 9; P < 0.001). 
The mean abundance of active cavities was higher in the 
undisturbed site relative to disturbed sites at 17.4 ± 2.4 
(range: 11–26) and 4.0 ± 1.1 (range: 1–7) (T-test = 12.79; df = 9;  
P < 0.001, Table 2). The number of tree cavities in undisturbed 
forests was 139.6% greater than in disturbed forests out of the 
360 tree cavities that were recorded in the study area. 
Similarly, the number of tree cavities with active bird presence 
was 321.9% greater in the undisturbed forests than disturbed 
forests. The remainder of the 146 cavities in the study area 
were abandoned by the cavity-nesting birds. There were 
24.6% fewer abandoned cavities in undisturbed than in 
disturbed forests (Table 2). The rate of cavity abandonment 
was about twice as high in human-dominated forests 
compared to undisturbed forests (61.3% c.f. 31.9%) (Tables 2 
and 3).

Undisturbed forests had 71.9% more dead wood than human-
dominated forests, as recorded from a total of 14 tree species 
and 201 dead wood (Table 2). More than two thirds of dead 
wood with cavities was found in undisturbed forests. There 
were 44.8% more wood without cavities in human-dominated 
forests relative to undisturbed forests.

http://www.koedoe.co.za
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Cavity-nesting birds’ adaptation strategies
Birds placed their cavity-nests at greater heights in human-
dominated forests than in undisturbed forests (Table 2). Out 
of the 201 recordings of dead wood, 81 were prostrate while 
123 were standing: a greater proportion of standing wood 
was found in undisturbed forests (Table 2). Prostrate wood in 
human-dominated forests included those that were cut by 
humans and left to dry. Diameter at breast height for the trees 
used by cavity-nesting birds ranged from 31.2 cm to 39.2 cm 
while cavity-nest height ranged from 3.2 m to 5.7 m above the 
ground (Table 2). Although undisturbed forests had suitable 
trees (> 36.0 cm tree DBH and > 5.0 m high) for cavity-nesting 
birds, a substantial proportion of nests (48.3%) were also 
placed in small trees (< 36.0 cm DBH and < 5.0 m high). In 
contrast, a small proportion of only 20% of the total cavity-
nests were placed < 5.0 m in trees of < 36.0 cm DBH in human-

dominated forests. In the entire study area, the cavity-nesting 
birds preferred large tall trees for nesting as depicted in 
Figures 2 and 3. The effective number of active cavities was 
almost three times greater in undisturbed forests than in the 
human-dominated forests, indicating enhanced nesting sites 
in the former (Table 2).

The tree species richness was higher in undisturbed forests 
(inverse of Simpson’s richness index = 12.6) than in human-
dominated forests (inverse of Simpson’s richness 
index = 10.0). Further, cavity-nesting birds showed varied 
preferences for host trees (Tables 3 and 4). B. spiciformis, 
J. paniculata, P. curatellifolia and Uapaca kirkiana hosted a 
greater variety of cavity-nesting birds than other host trees. 
Arnot’s Chats had a wider selection of host trees for cavity-
nesting than other cavity-nesting birds.

TABLE 1: Presence and absence of key cavity-nesting birds in Mwekera National Forests No. 6 and the Chimfushi Wildlife Orphanage forests, Copperbelt Province, Zambia, 
2014.
Bird species Scientific names Mwekera

(human-dominated forests)
Chimfushi

(undisturbed forests)

Presence Absence Presence Absence

Wood Owl Strix woodfordii x - - x
Barn Owl Tyto alba - x x -
African Scops Owl Otus senegalensis x - x -
White-faced Scops Owl Otus leucotis - x x -
Spotted Eagle Owl Bubo africanus - x x -
Giant Eagle Owl Bubo lacteus - x x -
Barred Owlet Glaucidium capensis - x x -
Bearded Woodpecker Thripias namaquus - x x -
Olive Woodpecker Mesopicos griseocephalus - x x -
Cardinal Woodpecker Dendropicos fuscescens x - x -
Golden-tailed Woodpecker Campethera abingoni x - x -
Bennett’s Woodpecker Campethera bennetti - x x -
Little-spotted Woodpecker Campethera cailliautii - x x -
Southern Ground Hornbill Bucorvus cafer - x x -
Crowned Hornbill Tockus alboterminatus - x x -
Pale-billed Hornbill Tockus pallidirostris - x x -
Trumpeter Hornbill Bycanistes bucinator - x x -
Arnot’s Chat Myrmecocichla anorti x - x -
Mosque Swallow Hirundo senegalensis - x x -
Red-breasted Swallow Hirundo semirufa - x x -
Lesser-striped Swallow Hirundo abyssinica - x x -
Greater-striped Swallow Hirundo cucullata - x x -
European Swallow Hirundo rustica - x x -
Meyer’s Parrot Poicephalus meyeri - x x -
Half-collared Kingfisher Alcedo semitorquata - x x -
Malachite Kingfisher Alcedo cristata - x x -
Brown-headed Kingfisher Halcyon albiventris - x x -
Striped Kingfisher Halcyon chelicuti - x x -
Giant Kingfisher Megaceryle maxima - x x -
Pied Kingfisher Ceryle rudis - x x -
European Roller Coracias garrulus - x x -
Lilac-breasted Roller Coracias caudatus - x x -
Broad-billed Roller Eurystomus glaucurus - x x -
Red-billed Wood hoopoe Phoeniculus purpureus - x x -
Hoopoe Upupa epops - x x -
Whyte’s Barbet Stactolaema whytii - x x -
Miombo pied Barbet Tricholaema frontata - x x -
Black-collared Barbet Lybius torquatus - x x -
Black-backed Barbet Lybius minor - x x -
Sharp-tailed Starling Lamprotornis acuticaudus - x x -
Violet-backed Starling Cinnyricinclus leucogaster - x x -
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Discussion
Persistence of sympatric cavity-nesting birds
In this study, undisturbed forests found in the Chimfushi 
area supported a more diverse array of cavity-nesting birds 
than human-dominated forests in Mwekera. In both forest 
types, environmental conditions were similar except for the 

direct anthropogenic factors such as uncontrolled firewood 
collection, logging, wild fires, and land clearing for agriculture 
purposes that occurred in the Mwekera forests. The 
aforementioned anthropogenic factors could have been 
responsible for the occurrence of much less abundance and 
diversity of cavity-nesting birds in the Mwekera forests than 
the Chimfushi forests. According to Trzcinski, Fahrig and 
Merriam (1999) and Roberts (2007), environmental factors 
such as deforestation and habitat fragmentation might trigger 
the presence or absence of certain cavity-nesting birds in a 
particular area. Based on studies conducted elsewhere, it 
would also appear that undisturbed forests contain more 
cavity-nesting birds than disturbed forests, due in part to 
increased availability of nesting sites (dos Anjos 2006; Reid 
et al. 2014). Some bird species in the study areas might have 
been affected by direct persecution by humans and other 
predators. For instance, owls are persecuted by local 
communities based on superstitions surrounding them 
(Lee & Irwin 2005), despite owls being natural biological 
control agents of pests such as rodents and insects in agrarian 
and semi-urban landscapes (Meyer 2008).

In both study areas, the most prevalent cavity-nesting birds 
were the African Scops Owl and the Wood Owl and these 
birds had successfully adapted thus far to the human-
dominated landscapes. There is the likelihood that both the 
African Scops Owl and Wood Owl species persist on the 
abundant rodents and insects found in human-dominated 
landscapes (Carrete et al. 2010; Dowsett et al. 2008). However, 
the quantity and diversity of bird species any forest can 
support depend on the capacity of the vegetation to absorb 
disturbance (Carpenter & Brock 2008; Folke et al. 2010). 
Cavity-nesting bird populations are largely resident and 
non-migratory in nature (Reid et al. 2014; Wilson & 
Hockey 2013). On the other hand, secondary cavity-nesting 
birds such as southern ground hornbills, Arnot’s Chats, and 
White-faced Scops Owls are likely to be more negatively 
impacted by the absence of the host vegetation than primary 
cavity-nesting birds that create their own tree cavities, 
without having to adopt or re-use the existing cavities. The 
dependence on existing cavities by secondary cavity-nesting 
birds speculates why secondary cavity-nesting birds have 
difficulties to survive forest disturbance trajectories such as 
forest succession and transformations (Martin & Eadie 1999). 

TABLE 2: Parameters explaining occurrence of tree cavities in Mwekera National Forests No. 6 and the Chimfushi Wildlife Orphanage forests, Copperbelt Province, Zambia, 
2014.
Parameter Mwekera

(human-dominated forests)
Chimfushi

(undisturbed forests)

Range per site Mean ± SE per site Total in Mwekera Range per site Mean ± SE per site Total in Chimfushi

Number of active cavities 1–7 4.0±1.1 41 11–26 17.4±2.4 173
Number of abandoned cavities 1–12 6.6±2.1 65 2–13 8.0±1.9 81
Number of dead wood with cavities 2–5 3.2±0.5 32 6–14 9.8±1.6 98
Number of dead wood without cavities 2–7 4.2±1.0 42 1–5 3.0±0.7 29
Number of standing wood 1–5 3.2±0.8 33 6–11 9.0±0.9 90
Number of lying wood 2–6 4.2±0.7 43 1–8 3.8±1.2 38
Mean DBH (cm) 31.2–35.9 33.6±1.0 - 33.2–39.2 36.4±0.9 -
Nest height (m) 4.0–5.7 5.2±0.3 - 3.2–5.1 4.6±0.4 -
Effective number of active cavities† - - 2.7 - - 7.4

†, Effective number of active cavities for bird nesting indicated the comparable number of cavities where there was active presence of birds.
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FIGURE 2: Correlates between number of cavities per standing wood and 
diameter at breast height in the study areas of Chimfushi and Mwekera forests, 
Zambia, in 2014.
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In addition, cavity dwelling bird species such as Bearded 
Woodpecker (Thripias namaquus), Olive Woodpecker 
(Mesopicos griseocephalus), Cardinal Woodpecker (Dendropicos 
fuscescens) and Golden-tailed Woodpecker (Campethera 
abingoni) implement various survival strategies against 
predation risks, including predator avoidance and narrowing 
sizes of entrance holes (Kemp 2001; Reed 2001). According to 
Sinclair, Fryxell and Caughley (2006), the ability for birds to 
adapt to environmental changes through use of rare resources 
by generalist foraging and nesting behaviour in a range of 
habitat conditions may contribute to the persistence of 
particular avifauna.

Wood abundance and its influence on nesting 
cavities
The quantity of suitable wood for nesting cavities is 
typically a limiting factor for populations of cavity-nesting 
birds (Laudenslayer 2002; Newton 1998). Adverse 
anthropogenic activities such as land clearing for 
agriculture, logging, uncontrolled fires and firewood 
collection can reduce the number of cavities below a critical 
threshold for the persistence of cavity-nesting birds. 
Human-induced and uncontrolled bush fires in the miombo 
woodlands are common, especially in Zambia where 
implementation of forestry policies and laws are relaxed 
(Eriksen 2007). However, factors such as the abundance of 
live or dead, rotten or solid, broken or intact wood, and also 
the presence or absence of certain wood types are 
particularly important in determining the persistence of 
cavity-nesting birds.

Adaptation of cavity-nesting birds to human 
disturbances
In this study, 81.3% of active nests were found placed high on 
large-diameter trees (Figures 2 and 3). The selection of large-
diameter trees in human-dominated forests indicated that 
there was a preference by birds to use of large-diameter nest 
trees over small ones. The reason cavity-nesting birds 

preferred large-diameter trees could have been that birds 
enjoyed protection from predation, competition and some 
human disturbances, maximised nest space and thermal 
insulation (Laudenslayer 2002). For instance, nests placed in 
high cavities suffer lower predation rates and enjoy higher 
success for persistence (Joy 2010). In this regard, birds 
counteract environmental adversity by adapting their 
behaviour.

Our analysis buttresses the theory of ‘realised ecological 
niche’ – a nesting site where birds would actually thrive 
amidst adversaries (Sinclair et al. 2006). However, while there 
are still some species that have adapted to numerous 
disturbances in the Mwekera forests, dead wood which 
provides preferred resources for cavity-nesting birds are 
more prone to fires and collection for human use than fresh 
standing trees, especially in unmanaged forests (Stephens 
2004). In addition, due to anthropogenic disturbance, juvenile 
and coppicing trees are often not allowed to grow older to 
provide decaying portions for creation of cavities. The 
sourcing of firewood is also selective because local 
communities target certain tree species, in particular those 
with hard wood which often provide ideal habitats for cavity-
nesting birds.

Conservation implications
Avian species conservation in changing environments 
demands that there should be monitoring, integrated land 
management and concerted effort (Nelson 2008). Thus, 
physical and cognitive aspects of conservation need to be 
addressed to ensure persistence of cavity-nesting birds. 
Physical aspects of such interventions include implementation 
of policies, forest management plans and best practices. 
Cognitive aspects of the appropriate interventions include 
integrating supportive perceptions and attitudes in resource 
users. For instance, stakeholders’ awareness of ecological 
processes and the structure of miombo woodlands associated 
with bird conservation are critical in the light of many forest 

TABLE 3: Tree species and their associated nesting cavities in the 20 sample plots in Mwekera National Forests No. 6 and the Chimfushi Wildlife Orphanage forests, 
Copperbelt Province, Zambia, 2014.
Tree species Mwekera

(human-dominated forests)
Chimfushi

(undisturbed forests)

Quantity 
(number)

Proportion 
 (%)

Active cavities 
(number)

Abandoned 
cavities (number)

Quantity 
(number)

Proportion
 (%)

Active cavities 
(number)

Abandoned 
cavities (number)

Parinari curatellifolia 11 15.7 10 1 14 10.6 37 3
Brachystegia boehmii 10 14.3 5 36 11 9.1 4 5
Lannea discolour 4 5.7 0 2 19 13.6 9 12
Brachystegia spiciformis 10 14.3 2 9 10 7.6 6 2
Julbernardia paniculata 8 11.4 4 0 10 7.6 3 7
Vitex doniana 4 5.7 0 0 13 9.1 68 2
Albizia anthunesia 7 10.0 0 0 8 6.1 4 3
Pterocarpus angolensis 4 5.7 7 0 11 7.6 8 13
Uapaca kirkiana 3 4.3 0 10 10 7.6 7 22
Anisophyllea boehmii 4 5.7 13 0 7 6.1 19 7
Isoberlinia angolensis 4 5.7 0 7 9 6.1 0 4
Diplorhynchus condylocarpon 1 1.4 0 0 5 4.6 7 1
Bridelia micrantha 0 0 0 0 3 3.0 0 0
Hymonecardia acidia 0 0 0 0 2 1.5 1 0
Total 70 100 41 65 132 100 173 81
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provisioning functions and services. However, attempts to 
implement the Forest Policy of 1998 in Zambia face challenges 
as the legal aspects of forest resource management are still 
under the Forest Act of 1973, despite having the Forest Act of 
1999 formulated. The old Forest Policy and Forest Act in use do 
not suit the changing environment, making understanding 
and appreciation by multiple stakeholders of the role of 
natural resources difficult.

Anthropogenic activities such as the lighting of fires, 
collection of dead wood, and land clearing affect the 
existence of forested lands, thereby threatening the 
persistence of cavity-nesting birds (Lee & Irwin 2005; 
Newton 1998). For instance, small patches of woodlands 

isolated by human activities are avoided by the cavity-
nesting birds even if they contain suitable nest sites (Loman 
2006). Therefore, steps are needed from multiple 
stakeholders, including wildlife managers, policy makers 
and local communities to ensure the preservation of bird 
diversity and retention of ecological processes such as 
nesting, breeding, feeding and roosting. Such steps will help 
local communities derive benefits from ecosystem services 
such as ecotourism, which depends on birds and other 
wildlife species (Snyman 2012). Further, for cavity-nesting 
bird restoration programmes, there is need to explore and 
investigate effectiveness of use of artificial nest sites 
(Wilson & Hockey 2013) and rehabilitation of disturbed 
woodlands (Benayas & Bullock 2012; Gomez 2014).

TABLE 4: Cavity-nesting birds and their preferred host tree species in Mwekera National Forests No. 6 and the Chimfushi Wildlife Orphanage forests, Copperbelt Province, 
Zambia, 2014.
Cavity-nesting birds Tree species

1 2 3 4 5 6 7 8 9 10 11 12 13 14

Wood Owl - - - M - - - - - - - - - -
Barn Owl - - - C - - - - - - - - - -
African Scops Owl - - - - M - - - - - - - - -
Giant Eagle Owl - C - - - - - C - - C - - -
White-faced Scops Owl C - - C - - - - - - - - - -
Spotted Eagle Owl C - - - - - - - - - - - - -
Barred Owlet - - - - C - - - - - - - - -
Bearded Woodpecker - - - - - - C - - - - C - -
Olive Woodpecker - - - - - C - - C - - - -
Cardinal Woodpecker - - - - M - - M - - - - - C
Golden-tailed Woodpecker M - - - - - - - - - - - - -
Bennett’s Woodpecker - - - - - C - - - - - - - -
Little-spotted Woodpecker - - - - C - - - - - - - - -
Southern Ground Hornbill C - - - - - - - - - - - - -
Pale-billed Hornbill - - - - - - - C - - - - - -
Crowned Hornbill C - - C - - - - - - - - - -
Trumpeter Hornbill - - - - C - - - - - - - - -
Arnot’s Chat C M C - - - C - C M - - - -
Greater-striped Swallow - - - - - C - - - - - - - -
Mosque Swallow - - - - - - - - - - - - C -
Red-breasted Swallow - - C - - C - - - - - - - -
Lesser-striped Swallow - - C - - - - - - - - - - -
European Swallow - - - - - - C - - - - - - -
Meyer’s Parrot - - - C - - - - - - C - - -
Half-collared Kingfisher - - - - - - - - C - - - - -
Malachite Kingfisher - - - C - - - - - - C - - -
Brown-headed Kingfisher - - - C - - - - - - - - - -
Striped Kingfisher - - - - - - - - - - C - - -
Giant Kingfisher - - - C - - - - C - - - - -
Pied Kingfisher - - - - C - - - C - - - - -
European Roller - - C - - - - - - - - - - -
Lilac-breasted Roller - - - - - C - - - - - - - -
Broad-billed Roller - - - - - - - - - - - C - -
Red-billed Wood hoopoe - - - - - - - - - - - C - -
Hoopoe - - - - - - - - - - - C - -
Black-backed Barbet - - - - - - - - C - - - - -
Black-collared Barbet - - - - - - - - - C - - - -
Miombo pied Barbet - C - - C - - C - - - - - -
Whyte’s Barbet - C - - - - - - - - - - - -
Violet-backed Starling - - - - - - - - - - - - C C
Sharp-tailed Starling - - - - - - - - C - C - - C

1, Parinari curatellifolia; 2, Brachystegia boehmii; 3, Lannea discolour; 4, Brachystegia spiciformis; 5, Julbernadia paniculata; 6, Vitex doniana; 7, Albizia anthunesia; 8, Pterocarpus angolensis; 9, 
Uapaca kirkiana; 10, Anisophyllea boehmii; 11, Isoberlinia angolensis; 12, Diplorhynchus condylocarpon; 13, Bridelia micrantha and 14, Hymonecardia acidia.
M, Mwekera; C, Chimfushi.
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Conclusion
The survival prospects of cavity-nesting birds are greatly 
influenced by the extent of human disturbance of woodlands. 
The negative effects of disturbance of woodlands may result 
in the local extinction of certain bird species and significant 
impacts on the structure and behaviour of bird communities. 
Additional research is required to investigate further the 
impacts of human activities on bird species, particularly of 
other species groupings, and also the impacts of climate 
change on the distribution and abundance of birds.

The abundance and diversity of wood in miombo systems 
influence the availability of tree cavities to primary and 
secondary cavity-nesting birds. Human impacts that reduce 
abundance and diversity of wood have a negative bearing on 
cavity-nesting birds. However, these species can be effectively 
protected by increasing forest protection through sound 
policies and sustainable land use practices, awareness 
creation and provision of sustainable livelihoods to rural 
populations.
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