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Abstract Understanding the factors determining the occu-
pancy and detection probability of birds in human dominated
environments is important for their conservation. In this study
we investigated various environmental variables believed to
influence the site occupancy and detection probability of
Trumpeter Hornbill (Bycanistes bucinator) in urban-forest
mosaics of KwaZulu-Natal, South Africa. Presence/absence
data were collected from a total of 50 point count stations
established between September 2014 and March 2015 in
urban-forest mosaics of Durban, Eshowe and Mtunzini.
Mean occupancy rate of Trumpeter Hornbill was 0.40 ± 0.09
with a low detection probability of 0.28 ± 0.04. For Trumpeter
Hornbills, large trees influenced their occupancy positively
(sum AIC weight (ωi) = 79%) while relative human abun-
dance negatively influenced their occupancy (ωi = 91%).
Model selection suggested that housing density had a strong
negative influence on detection probability of Trumpeter
Hornbills (ωi = 82% ) and availability of fruiting trees influ-
enced their detection positively (ωi = 29%). With continued
changing land use in KwaZulu-Natal, these finding are impor-
tant for conservation of Trumpeter Hornbills as we provide
insight into landscape variables or features that influence
Trumpeter Hornbill’s occupancy and detection in areas of
urban-forest mosaics.
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Urbanisation

Introduction

Some of the leading causes of biodiversity lose are climate
change, habitat fragmentation due to land use change and illegal
international trade in flora and fauna species (Trail 2007; Vačkář
et al. 2012; WWF 2016). The current Living Planet Report pub-
lished by World Wide Fund for Nature in collaboration with
Global Footprint Network and Zoological Society of London
indicates that global vertebrate population may decline by 67%
in the year 2020 as a result of human exploitation of natural
resources (WWF 2016). As the world population continues to
grow and is projected to reach 9 billion people by 2050 (UN
2015), natural landscapes are greatly being transformed by hu-
man encroachment and this has resulted in huge pressure being
exerted on the environment (Foley et al. 2005; Péron and
Altwegg 2015). These human induced land use patterns result
in large-scale transformation of the environment as natural hab-
itats are being converted to agricultural land, settlements, planta-
tion forestry and livestock farming for the sole purpose of pro-
viding food, fibre, water and shelter for the growing global pop-
ulation (Foley et al. 2005). Living in these transformed environ-
ments, some birds will be favoured at the expense of others as a
result of these land use changes (Hockey et al. 2011). For in-
stance, large frugivorous birds such as, the Trumpeter Hornbills
(Bycanistes bucinator), that persist in anthropogenic environ-
ments have the potential to move within fragmented landscapes
and able to fly between forest patches (Lenz et al. 2011; Lenz
et al. 2015). In addition, the disappearance of indigenous forests
has resulted in some forest associated species, for example the
Red-necked Spurfowl (Pternistis afer), to utilise commercial
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plantation forests in areas where indigenous forest patches cov-
ering a small part of the landscape have been extensively
fragmented (Ramesh and Downs 2014). For some species such
as, the Crested Guinea-fowl (Guttera edouardi), natural forests
are important for their survival in landscapes modified for agro-
forestry (Maseko et al. 2016). These shifts in habitat use bymany
species of birds is not only a function of land use change but also
climate change and that both factors may be acting simultaneous-
ly in influencing the dynamic range shifts by South African birds
(Hockey et al. 2011). In South Africa, there are few studies on
urban ecology (Cilliers and Siebert 2012). As the number of
people living in urban areas is expected to increase inmany areas
globally (McPhearson et al. 2016; UN 2014), understanding the
factors influencing the distribution and occupancy of wildlife
species that persist and utilise the urban-forest environment is
necessary for their management and conservation. This kind of
information is lacking for the Trumpeter Hornbill in the urban
environments of KwaZulu-Natal (KZN).

Hornbills and parrots are among the world’s most threat-
ened group of birds (Marsden and Pilgrim 2003). Among the
frugivorous birds of Africa and Asia, hornbills belong to the
major seed dispersers of majority of fruiting trees (Kemp and
Woodcock 1995; Kinnaird and O'Brien 2007; Kitamura 2011;
Poonswad et al. 2013). The Trumpeter Hornbill is the largest
obligate frugivore in South Africa and it is relatively common
along the east coast of the country (Kemp and Woodcock
1995). Although the Trumpeter Hornbill is considered as
BLeast conservation concern^ by International Union for
Conservation of Nature (IUCN 2012), the species is threat-
ened by habitat lose, international trade and possibly hunting
(Trail 2007). The impacts of land use change on this forest
dependent bird are relatively poorly known. Studies done on
this species recently focused on its movement and seed dis-
persal patterns in fragmented landscapes dominated by agri-
cultural activities in KZN (Mueller et al. 2014; Lenz et al.
2011, 2015). Other studies have highlighted on the aspects
of its general biology, ecology, taxonomy and foraging behav-
iour (Kemp and Woodcock 1995; Viseshakul et al. 2011;
Poonswad et al. 2013; Gonzalez et al. 2013). To our knowl-
edge, little is known about the factors influencing the occu-
pancy of Trumpeter Hornbill in urban-forest mosaics of KZN.
We employed point count method to collect data on important
environmental variables we predicted would influence their
occupancy and detection probability in KZN urban-forest
mosaics.

The study of bird abundances is commonly achieved by
point counts sampling method (Marsden 1999; Diefenbach
et al. 2003; Royle and Nichols 2003;MacKenzie and Royle
2005). At a slightly larger spatial scale, the use of a grid of
points (spatial replications) without repeated visits or with
fewer repeated visits (temporal replications) to study units is
another method used to study avian community (Purcell et al.
2005; Sliwinski et al. 2015). Species presence or absence in a

particular environment can be used as a surrogate for popula-
tion size and abundance when monitoring populations
(Mackenzie and Royle 2005). Point count survey is consid-
ered as a better method for surveying birds and in determining
abundance, occupancy and habitat use (Ralph et al. 1995;
Royle and Nichols 2003; Diefenbach et al. 2003;
MacKenzie and Royle 2005; Purcell et al. 2005; MacKenzie
et al. 2006). The method is cost-effective and its use for sys-
tematic detection and non-detection survey provides better
assessment of the status of a species by detecting changes in
their occupancy and probability estimates as a function of
covariates (MacKenzie et al. 2006).

Urbanisation transforms and degrades natural habitats forc-
ing animals to live in close proximity to humans (Marzluff
et al. 2001; Chace and Walsh 2006; Bonier et al. 2007;
McKinney 2002, 2008). In such degraded environments,
many species withdraw into reduced ranges in response to
spread of urban environments and anthropogenic climate
change (Péron and Altwegg 2015). However, the Trumpeter
Hornbill still persist and utilises the urban-forest mosaics of
KZN. Little is known on how urban landscapes dominated by
human activities influence the occupancy and distribution of
this largest obligate frugivore. Here we estimated site occu-
pancy and detection probabilities using presence/absence
modelling framework (MacKenzie et al. 2002). We used point
count data to evaluate Trumpeter Hornbill occupancy as a
function of various land use covariates predicted to influence
its occupancy and detection probability in the urban-forest
mosaics of KZN. Our main objective was to examine the
response of Trumpeter Hornbill to varying land use patterns
and establish reliable estimates of occupancy and detection
probabilities. Based on the species diet mainly consisting of
fruits (Kemp andWoodcock 1995), we predicted that the pres-
ence of large trees and fruiting trees would positively influ-
ence the occupancy and detection probability of Trumpeter
Hornbills in an urban-forest mosaic. Sampling points with
large trees and with fruiting trees will be preferred as they
provide better refuge and foraging opportunities in an urban-
forest environment. We further predicted that human abun-
dance and housing density would negatively influence the
occupancy and detection probability of the study species.

Methods

Study area

The study was conducted in urban-forest mosaics of KZN,
South Africa. This province is situated on the east coast of
South Africa and supports one sixth of the remaining South
Africa’s indigenous forest which is the smallest biome repre-
sented in the country (Eeley et al. 1999; Mucina and
Rutherford 2006). The two major forest types, Afromontane
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forest and Indian Ocean coastal belt forest, which differ in
species composition are found in KZN (Mucina and
Rutherford 2006). However, these forests have been severely
altered by anthropogenic changes and are highly fragmented
(Eeley et al. 1999). The urban environment of KZN is domi-
nated by anthropogenic structures (for example, buildings and
roads) and natural vegetation is continuously being converted
to agricultural land and patches of plantation forests.
Fragmented indigenous forests (protected or not protected)
that are remaining in the province are unique as they support
a significant proportion of the country’s diverse flora and fau-
na species (Eeley et al. 1999). Three towns in the province
were selected for this study. These include Kloof-Durban (Site
A), Eshowe (Site B) and Mtunzini (Site C) (Fig. 1). The
choice of these towns was based on the fact that each one of
them has one or more protected areas (Forests or Nature
Reserves) surrounded by human settlements and resultant an-
thropogenic structures. Such urban or suburban areas provide
a perfect scenario for studying the factors influencing the dis-
tribution pattern and occupancy of avian species that persist
and utilise an urban-forest mosaic.

The climate of KZN is generally described as warm and
temperate and most rainfall occurs in summer (Mucina and
Rutherford 2006). Summary information on climate and se-
lected protected areas for the three towns considered in this
study is presented together with information on altitude, coor-
dinates and number of point count stations established in each
site (Table 1).

Data collection and analysis

We established 50 point count stations to record the presence
and absence of Trumpeter Hornbills in the three study areas in
KZN (Fig. 1). The points were established systematically by
selecting the first point at random and setting the remaining

points in relation to the first point with inter point distance of
approximately 1 km. The point count stations were established
using a hand held GPSMAP 62sc (Garmin International,
Kansas, USA). To reliably separate out occupancy from de-
tection (i.e. where the species is versus where the species is
found), repeated surveys are required. In view of this, each
point count station and survey occasion was treated as inde-
pendent and presence (1) and absence (0) data were collected
by temporal replication by visiting the same point more than
once. To avoid heterogeneity in detection probabilities
resulting frommultiple observers, presence/absence data were
collected by a single observer. According to the law of
diminishing returns, the number of visits suggested for studies
using point counts is between two and five mostly based on
forest bird studies (Grant et al. 2004; Field et al. 2005; Koper
et al. 2009; Ralph et al. 1995). However, Sliwinski et al.
(2015) argue that unless the species or all species in the com-
munity have detection probabilities of greater than 0.7, repeat-
ed visits of between two to five times may be insufficient
sampling effort for detecting species or communities at single
points with 90% confidence. They recommended at least sev-
en visits to the same count location to be confident that the
species are truly absent if not detected. In view of this, sam-
pling points were each surveyed 10 times between September
2014 and March 2015. Data were collected from 6 h00 to
11 h00 and 20 min was spent at each sampling point. At each
point, important site-specific covariates were also collected
within a radius of 30 m. Each point was assessed with regards
to the number of fruiting trees available, number of large trees,
human abundance and elevation. Fruiting trees were defined
as any tree bearing fruits (indigenous, alien or cultivated), and
large trees were defined as any tree with diameter at breast
height (DBH) of greater than 50 cm and were counted. The
number of humans and vehicles counted/10 sampling occa-
sions at each point count station was considered as relative

Fig. 1 Map of the study area with
point count stations in urban-
forest mosaics of Kloof (20
points), Eshowe (20 points) and
Mtunzini (10 points)
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abundance index (RAI) of human activity. By considering the
mean daily distance covered by Trumpeter Hornbill (about
1 km) in an urban-forest mosaic (Chibesa et al. 2017), we
extracted the housing density at each point count station with-
in a 1 km square grid using ArcGIS 9.3.1 (ESRI, Redlands,
CA, USA) from the 2005/6 housing mapping map for the
eastern region of the country (GeoterraImage 2010). All co-
variates were standardised to z scores (Cooch and White
2005). Many factors could influence the occupancy and dis-
tribution of Trumpeter Hornbills in the environments they are
found. In this study, we only considered those factors we
thought would influence the occupancy and detection proba-
bility of the study species in an urban-forest environment
(Table 2).

We used a single-season occupancy model to estimate the
occupancy (ψ or psi) and detection probability (p) of
Trumpeter Hornbill (MacKenzie et al. 2006). For each point
count station, we generated detection history of Trumpeter
Hornbill consisting of ‘1’ meaning species detected during the
sampling occasion and ‘0’ indicating species not detected (Otis
et al. 1978). PRESENCE 11.6 (Hines 2006) was used to model
site occupancy and detection probability with its covariates. A

global model that contained all potential covariates for occupan-
cy was calculated. We then allowed detection probability (p) to
vary by all covariates. A two-step procedure was followed, with
detection probability (p) modelled first, then occupancy (ψ).
Next we allowed the potential covariates for occupancy to vary
singly or in combination, whereas detection was maintained ei-
ther in the global model or kept constant (that is, ψ(covariate),
p(covariate) or ψ(covariate),p(.)). For model selection, calcula-
tion of model weights and averaging of parameters, we followed
the framework of Burnham and Anderson (2002). Using 10,000
parametric bootstrap in the final model, we tested model fit by
estimating mean dispersion parameter (ĉ or c-hat) (White and
Burnham 1999). Models with ĉ values of ~1 were better descrip-
tors of data and models with ĉ ˃ 1 indicate that there was more
dispersion or variation in observed data than anticipated
(Burnham and Anderson 2002). Akaike’s information criterion
(AIC ≤ 2) was used to rank the models (Burnham and Anderson
2002; Hines 2006). Occupancy and detection probability param-
eters were estimated from the best model that had the lowest AIC
and ΔAIC values and high value of Akaike weights (AICwgt or
ωi). The variable strength on occupancy and detection probability
was determined by calculating the Akaike weights. To determine
the relative importance of each covariate on Trumpeter Hornbill
occupancy and detection, model weights were summed over all
models containing the particular covariate of interest.

Results

The estimated site occupancy and detection probability of
Trumpeter Hornbill based on the model with all parameters
held constant (i.e. psi(.),p(.)) was 0.40 ± 0.07 and 0.28 ± 0.03

Table 1 Summary information on climate, altitude, coordinates, protected areas and number of point count stations established in each study site

Description Eshowe Durban(Kloof/Hillcrest) Mtunzini

Climate or physical component

Mean Annual Rainfall (mm) 1119 974 1104

Mean Annual Temp (°C) 19.0 20.9 21.2

Hottest Month (Ave Temp(°C)) February (22.1 °C) February (24.5 °C) January (24.7 °C)

Coldest Month (Ave Temp (°C)) June (15.7 °C) July (16.8 °C) July (17.1 °C)

Altitude (m ASL) 539 560 92

Co-ordinates S 28° 53′ 11″ S 29° 47′ 0.24″ S 28° 57′ 0″

E 31° 28′ 11″ E 30° 49′ 59.88″ E 31° 45′ 0″

No. of Point Count Stations Established 20 20 10

Protected Area/Forest

Name Dlinza Forest Kloof Nature Reserve Umlalazi Forest

Type of Forest Coastal scarp forest with few
glades of grassland

Coastal Forest and
grassland

Dunes and thick
coastal forest

Size (ha) 250 600 1028

Source: (http://en.climatedata.org/location/12807/; http://en.climatedata.org/location/772733/; http://en.climatedata.org/location/511/; Mucina and
Rutherford 2006)

Table 2 Covariates used in this study

Abbreviation Explanation

FAV Number of fruiting trees available at each sampling point

LTREES Number of large trees available at each sampling point

HA Relative abundance index of human

HD Housing density

ELEV Elevation
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respectively. The difference between naive occupancy (0.38)
and estimated site occupancy was minimal (Table 3). Four of
the variables considered were substantially associated with
Trumpeter Hornbill occurrence (High sum of AIC weight,
Table 3). A test of goodness of fit for the global model sug-
gested no lack of fit (ĉ = 1.1) and the best occurrence model
(ΔAICc = 0) was ψ(HA + LTREES),p(HD) (Table 3, highest
AIC weight = 0.42) indicated that the variables, number of
large trees influenced occupancy positively (β = 0.86 ± 0.45,
Table 4) and relative human abundance influenced occupancy
negatively (β = −1.21 ± 0.68, Table 4; Fig. 2b). In the same
model, the detection probability of Trumpeter Hornbill was
0.27 ± 0.04 and it was negatively influenced by housing den-
sity (β = −0.39 ± 0.15, Table 4). Of the two top ranked models
(ΔAICc ≤ 2, Table 3), occupancy for both models was posi-
tively influenced by the presence of large trees while relative
human abundance influenced occupancy negatively and de-
tection was negatively influenced by housing density
(Figs. 2a, b and 3b). In the second ranked model, detection
was positively influenced by fruiting trees availability
(Fig. 3a).

The overall summed model weights for the four variables
in the top two models with respect to Trumpeter Hornbill

occupancy were human abundance (91%) and number of
large trees (79%). The influence of elevation on occupancy
was negligible (5%). The variables that best predicted
Trumpeter Hornbill detection probability across all models
were housing density (ωi = 0.82 ; negatively) and fruit avail-
ability (ωi = 0.29 ; positively). The mean model occupancy
(0.40 ± 0.09) and detection probability (0.28 ± 0.04) were
chosen as final estimates. This corresponded to a difference
of 5.2% from naive occupancy.

Discussion

Our study indicated the importance of various environmental
factors that influence the occupancy and detection probability
of Trumpeter Hornbills in an urban-forest mosaic. In such
modified landscapes dominated by human activities the im-
portance of these covariates is of relevance to Trumpeter
Hornbills conservation and for the formulation of manage-
ment strategies for the persistence of forest dependent species.
Trumpeter Hornbills were only detected at 19 of the 50 point
count stations (naive occupancy of 0.38). Often Trumpeter
Hornbills were only detected in one or two of the repeated

Table 3 Summary of AICc model selection and parameter estimates of site occupancy and detection for Trumpeter Hornbill (Bycanistes bucinator) in
the study sites

Model AIC ΔAIC AIC wgt Model likelihood No.Par. 2LL ψ ± SE p ± SE

psi(HA + LTREES),p(HD) 289.00 0.00 0.4171 1.0000 5 279.00 0.40 ± 0.10 0.27 ± 0.04

psi(HA + LTREES),p(HD + FAV) 290.74 1.74 0.1747 0.4190 6 278.74 0.40 ± 0.10 0.27 ± 0.05

psi(HA),p(HD) 292.17 3.17 0.0855 0.2049 4 284.17 0.40 ± 0.09 0.27 ± 0.04

psi(HA + LTREES),p(FAV) 292.67 3.67 0.0666 0.1596 5 282.67 0.40 ± 0.10 0.27 ± 0.04

psi(LTREES),p(HD) 293.57 4.57 0.0424 0.1018 4 285.57 0.40 ± 0.09 0.27 ± 0.04

psi(HA + LTREES),p(.) 293.86 4.86 0.0367 0.0880 4 285.86 0.39 ± 0.10 0.28 ± 0.03

psi(HA + FAV),p(HD) 294.00 5.00 0.0342 0.0821 5 284.00 0.40 ± 0.10 0.27 ± 0.04

psi(HA + LTREES),p(LTREES + FAV) 294.14 5.14 0.0319 0.0765 6 282.14 0.40 ± 0.10 0.27 ± 0.05

psi(HA + ELEV),p(HD) 294.16 5.16 0.0316 0.0758 5 284.16 0.40 ± 0.11 0.27 ± 0.04

psi(ELEV + LTREES),p(HD) 295.57 6.57 0.0156 0.0374 5 285.57 0.40 ± 0.11 0.27 ± 0.04

psi(HA + FAV),p(HD + FAV) 295.77 6.77 0.0141 0.0339 6 283.77 0.40 ± 0.11 0.27 ± 0.05

psi(HA),p(HA) 295.93 6.93 0.0130 0.0313 4 287.93 0.40 ± 0.09 0.32 ± 0.06

psi(FAV),p(HD) 296.19 7.19 0.0115 0.0275 4 288.19 0.40 ± 0.09 0.27 ± 0.04

psi(HA),p(.) 297.39 8.39 0.0063 0.0151 3 291.39 0.40 ± 0.09 0.28 ± 0.03

psi(.),p(FAV) 298.39 9.39 0.0038 0.0091 3 292.39 0.40 ± 0.07 0.28 ± 0.04

psi(.),p(HA) 298.55 9.55 0.0035 0.0084 3 292.55 0.40 ± 0.07 0.33 ± 0.06

psi(LTREES),p(.) 298.62 9.62 0.0034 0.0081 3 292.62 0.39 ± 0.09 0.29 ± 0.03

psi(HA + FAV),p(LTREES + FAV) 299.34 10.34 0.0024 0.0057 6 287.34 0.40 ± 0.10 0.27 ± 0.05

psi(.),p(.) 299.55 10.55 0.0021 0.0051 2 295.55 0.40 ± 0.07 0.28 ± 0.03

psi(LTREES),p(LTREES) 299.67 10.67 0.0020 0.0048 4 291.67 0.39 ± 0.09 0.28 ± 0.04

psi(FAV),p(FAV) 300.29 11.29 0.0015 0.0035 4 292.29 0.40 ± 0.09 0.29 ± 0.04

Delta Akaike information criterion (ΔAIC), twice the log likelihood (2LL), number of parameters (No.Par), estimated occupancy (ψ), estimated
detection probability (p) is presented for each model, HD Housing density, FAV number of fruiting trees available, LTREES number of large trees,
HA relative abundance of human, ELEVelevation
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surveys, clearly indicating that detection probabilities are less
than 1. There conceivably may be a number of points where
the Trumpeter Hornbills were indeed present but simply never
detected during the survey. Such low detection probabilities
observed could be possibly attributed to their movement and
flocking patterns as the presence/absence data were collected
during the time that encompassed their breeding season. In the
breeding period, majority of the females are sealed in their
nests and only small groups of 3 to 5 individuals are observed
as opposed to non-breeding period when large flocks of up to
100 individuals are observed often at a fruiting tree (Kemp
and Woodcock 1995; pers. obs.). In addition, the abundance
of large frugivorous hornbills is known to be associated with
food availability and some species are also negatively related
to habitat disturbance due to lower availability of food re-
sources (Anggraini et al. 2000). This agrees with what we
found as the detection probability of Trumpeter Hornbills in
the urban-forest mosaics of KZN were positively influenced
by availability of fruiting trees and negatively influenced by
housing density. Both indigenous, alien and cultivated fruits
were available in various urban gardens of KZN thus provid-
ing food resources for the Trumpeter Hornbills all year round
as they do not all fruit at the same time (Bleher et al. 2003).
Areas with high housing density tend to have fewer large trees
and fruiting trees as most of the natural habitat is cleared for
housing development and other anthropogenic structures such
as access roads. Although a variety of cultivated fruits and

isolated keystone species such as figs which are presumably
preferred by frugivorous hornbills (Lambert and Marshall
1991; Kemp and Woodcock 1995; Kitamura 2011; Winarni
and Jones 2012) may be found in high housing density areas,
hornbills tend to avoid such landscapes as they have fewer or
no larger trees in close proximity to a fruiting tree which are
important for perching and providing cover when hornbills are
disturb from the fruiting tree (pers. obs.). Another possible
explanation for the low detection probabilities observed may
be attributed to the scarcity of ripe fruits and fruiting trees
during the period when presence and absence data were col-
lected. Trumpeter Hornbills selectively feed on ripe fruits
(Kemp and Woodcock 1995) and the peak periods of fruiting
trees and ripe fruits in KZN have been reported to be during
the end of August to early September and highest peak being
between March and May (Bleher et al. 2003). It is highly
likely that detection probabilities would have been higher than
what we found during these periods of high fruit availability
which is also a non-breeding season of the study species when
large flocks are observed.

We also found that the pattern of occupancy by Trumpeter
Hornbills in urban-forest mosaics of KZN were positively
influenced by the presence of large trees and negatively affect-
ed by relative human abundance. Large trees provide suitable
opportunities for nesting (Kemp and Woodcock 1995;
Kinnaird and O'Brien 2007; Poonswad et al. 2005, 2013),
although there is little evidence of Trumpeter Hornbills

Fig. 2 Relationship of large trees
abundance (a) and relative human
abundance (b) with occupancy
probability of Trumpeter Hornbill
based on top models in urban-
forest mosaics of KZN, South
Africa

Table 4 Untransformed
parameter estimates for
explanatory variables from the
best occupancy and detection
probability models for Trumpeter
Hornbill (Bycanistes bucinator)
in the study sites

Model Site occupancy Site detection probability

Covariates Estimates Standard error Covariates Estimates Standard error

Model 1 Intercept -0.53 0.38 Intercept -0.99 0.18

HA -1.21 0.68 HD -0.39 0.15

LTREES 0.86 0.45

Model 2 Intercept -0.53 0.38 Intercept -0.99 0.18

HA -1.22 0.69 HD -0.35 0.18

LTREES 0.86 0.45 FAV 0.10 0.19
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nesting in urban areas in the absence of a nearby protected
natural forest, and its large trees within the canopy which may
produce the larger fruit crops (Kinnaird and O'Brien 2007).
The presence of protected natural forest in urban environ-
ments act as roosting, foraging and nesting sites for
Trumpeter Hornbills. However, during periods of food re-
sources scarcity, urban environments that maintain a health
state of vegetation cover (low human abundance and low
housing density) presents a suitable alternative for foraging
opportunities and possibly nesting sites for Trumpeter
Hornbills. The availability of large trees and the presence of
a variety of fruiting trees attract Trumpeter Hornbills to such
less modified urban settlements. The negative consequence is
that the Trumpeter Hornbills might be dispersing the seeds of
alien plants to natural forests by consuming fruits of alien
plants from urban environments and transporting them to nat-
ural forests within KZN. As such, advising and encouraging
people living in urban environment where the Trumpeter
Hornbills are a come sighting to plant indigenous fruiting trees
in their gardens will be a positive move in trying to halt the
proliferation of alien plants in natural forests resulting from
alien seeds possibly dispersed by Trumpeter Hornbills from
urban gardens. The influence of elevation on occupancy was
minimal possibly due to the fact that the difference in eleva-
tion for the three sites considered in this study was not
significant.

Our occupancy modelling indicated a clear understanding
of the factors determining the occupancy and detection prob-
abilities of Trumpeter Hornbills in urban-forest mosaics of
KZN. Four important environment covariates influenced oc-
cupancy and detection probabilities. Our results indicated that
the distribution and occupancy of Trumpeter Hornbills is
strongly influenced by the availability of large trees and rela-
tive human abundance and that detection is a function of fruit
availability and housing density. However, we believe that
there could be other factors that might influence the occupan-
cy and detection probabilities of the study species that were
not included in this study. Our findings have important con-
servation implications for managing the Trumpeter Hornbills
in urban-forest mosaics of KZN.We provide insight into land-
scape variables or features that influence Trumpeter Hornbill’s

occupancy and detection in an urban-forest mosaic. However,
further research is required to determine whether this is typical
throughout its range and how this varies with season.
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