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Abstract Globally anthropogenic pressures on natural

environments have caused species decline. Ground dwell-

ing bird species declined in numbers because of loss of

habitat and nesting sites. Protected areas (PAs) are gener-

ally perceived as areas with little disturbance; however,

many have/are also subjected to anthropogenic land use

change, such as agroforestry. Consequently, we investi-

gated the presence and habitat use of a terrestrial avian

species, the Crested Guinea-fowl (Guttera edouardi), in

iSimangaliso Wetland Park, South Africa, a PA with

varying land use change. We used single-season camera

trap data from 99 trap stations across 24 days, and single

season occupancy models to quantify the influence of

habitat conversion and habitat characteristics on occupancy

and detection probability of Crested Guinea-fowl. The

average site occupancy (±standard error) and detection

probability (±standard error) under the variable influence

was 0.40 ± 0.07 and 0.43 ± 0.06 respectively from the top

models. The most influential variables were natural forests,

shrub cover, leaf litter, weed dominance, distance to water

and narrow path. The natural forests, weed dominance and

shrub cover positively influenced the occupancy of Crested

Guinea-fowl. Leaf litter and distance to water had a posi-

tive influence on detection probability while narrow path

had a negative influence. Our findings highlight the

importance of natural forests to the survival of Crested

Guinea-fowl in landscapes modified for agroforestry.

Management initiatives are mandatory to ensure protection

of adequate natural habitat for the conservation of forest

specialists.
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Zusammenfassung

Reaktion des Kräuselhauben-Perlhuhn (Guttera

edouardi), eines Waldspezialisten, auf die räumliche

Variation in der Landnutzung im iSimangaliso

Feuchtgebiet in Südafrika

Anthropogene Belastungen natürlicher Lebensräume haben

weltweit zu einem Artenrückgang geführt.

Bodenbewohnende Vogelarten sind aufgrund von

Habitat- und Neststandortrückgang unter diesen

zahlenmäßig rückläufigen Arten. Schutzgebiete gelten

generell als Gebiete mit geringer Störung, aber viele von

ihnen sind anthropogenen Veränderungen in der

Landnutzung, wie etwa dem Waldfeldbau, ausgesetzt.

Wir untersuchten deshalb die Präsenz und Habitatnutzung

einer bodenbewohnenden Vogelart, dem

Kräuselhaubenperlhuhn (Guttera edouardi), im

iSimangaliso Feuchtgebiet in Südafrika, einem

Schutzgebiet mit unterschiedlicher Veränderung in der

Landnutzung. Um den Einfluss von Habitatumwandlung

und Habitatcharakteristika auf die Besetzung und

Nachweiswahrscheinlichkeit des Kräuselhauben-

Perlhuhns zu bestimmen, verwendeten wir Daten von 99

Kamerafallen über 24 Tage einer Saison und Modelle zur

Besetzung in derselben Saison. Die mittlere Besetzungsrate

(±Standardfehler) und Nachweiswahrscheinlichkeit

(± Standardfehler) lag unter dem Einfluss der Variablen
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bei 0,40 ± 0,07 und 0,43 ± 0,06 des jeweils besten

Modells. Die Variablen mit dem größten Einfluss waren

natürlicher Wald, Buschbedeckung, Laubstreu, Dominanz

an Kräutern, Entfernung zum Wasser und die Enge des

Pfades. Natürlicher Wald, Dominanz an Kräutern und

Buschbedeckung hatte einen positiven Einfluss auf die

Besetzungsrate mit Kräuselhauben-Perlhühnern. Laubstreu

und Entfernung zum Wasser beeinflusste die

Nachweiswahrscheinlichkeit positiv, während die Enge

des Pfades einen negativen Einfluss hatte. Unsere

Ergebnisse unterstreichen die Bedeutung von natürlichem

Wald für das Überleben des Kräuselhauben-Perlhuhns in

einer von Waldfeldbau modifizierten Landschaft.

Managementinitiativen, die den Schutz angemessener

Flächen natürlichen Habitats gewährleisten, sind für die

Erhaltung von Waldspezialisten unerlässlich.

Introduction

Habitat loss is one of the most significant threats to the

survival of many species, especially terrestrial species

(Pimm and Raven 2000; Munday 2004). Many natural

landscapes across the world have been converted for var-

ious practices such as agriculture and livestock farming

(Carrara et al. 2015; Millan et al. 2015). Land use changes

are one of the main causes of population declines and

changes in distribution of many bird species (Chamberlain

and Fuller 2001; Watson et al. 2004; Ramesh and Downs

2014). With increasing changes in natural landscapes,

many forest dependent bird species appear more vulnerable

to extinction (Bennun et al. 1996) and habitat conversion

due to the diminishing areas they use for roosting and

nesting (Malan 1998; Barnes 2000; Maphisa et al. 2009). It

is, therefore, necessary for effective management of natural

habitats to have an improved understanding of the

anthropogenic effects on natural habitats and their biodi-

versity, particularly on bird species (Brown et al. 2014).

In recent decades, one major change in South Africa and

other parts of the world has been the replacement of natural

landscapes with agroforestry or plantations of Eucalyptus

spp. and Pinus spp. for commercial purposes (Allan et al.

1997; Styring et al. 2011; Lee and Carroll 2014). Globally,

many studies have focused on the impacts of habitat loss on

birds, but few studies have focused on the impacts of

agroforestry on bird species (Chamberlain and Fuller 2001;

Aratrakorn et al. 2006; Ramesh and Downs 2014). Many

terrestrial bird species have become locally extinct because

of the conversion of indigenous to plantations/agroforestry

(Armstrong and Van Hensbergen 1996; Jansen et al. 1999;

Naoe et al. 2012). Generally commercial plantations have a

negative effect on bird species occurrence as the carrying

capacity of the landscape decreases with range fragmen-

tation and contraction (Neuschulz et al. 2011; Watson et al.

2004).

The biodiversity rich iSimangaliso Wetland Park (IWP),

South Africa, is an area that, before a large portion was

converted into plantations, was dominated by indigenous

dry forest thickets, dune forest, lowland forests, and

grasslands (Nustad 2011; Porter 2013). In recent years,

most plantations were removed and restored to natural

habitats (Porter 2013). There was agroforestry before the

plantations were removed. However, some areas within

IWP are still used for commercial plantations, and the

impacts of these plantations on wildlife are not well doc-

umented. The Crested Guinea-fowl (Guttera edouardi) is a

terrestrial bird that has declined nationally in recent years

because of habitat fragmentation and commercial

afforestation (Lawes et al. 2006). The Crested Guinea-

fowls are terrestrial, forest specialists; however, they are

sometimes found on forest edges (Barnes 2000). There is a

paucity of literature on this bird species relative to other

game birds worldwide (Van Niekerk 2015), and even less

data on their abundance and distribution patterns with

habitat availability. The conservation status of Crested

Guinea-fowl in the International Union for Conservation of

Nature (IUCN) is listed as least concern (BirdLife Inter-

national 2015). Often, least concern species such as the

Crested and Helmeted Guinea-fowl (Numida meleagris)

receive little attention from ecologists (Malan 1998).

However, the importance of conserving and monitoring

even the most common species is necessary, as they play a

crucial role in structuring the ecosystems (Gaston and

Fuller 2008).

To ensure a reduction in the current biodiversity loss, it

is important that research is conducted to better understand

the structural and compositional changes in the different

land forms, and the effects these changes have on the

abundance and distribution of indigenous forest species

(Sutherland et al. 2006; Radford and Bennett 2007). When

conducting population monitoring studies, the presence/

absence of species aids in estimating the proportion of area

occupied (Ramesh and Downs 2014). Ignoring imperfect

detection yields an inappropriate image of the species’

actual distribution because false absences (when the spe-

cies is present, but escapes detection) are confounded with

true absence. This can lead to inappropriate management

decisions, making it necessary to accommodate imperfect

detection in the analysis of presence/absence data. In

addition, detection probability can be used as a proxy for

the local relative abundance of the species (Royle and

Nichols 2003; Péron and Altwegg 2015), making it possi-

ble to extract more than just presence information from the

data. For this study, we used the occupancy modelling

framework of Mackenzie et al. (2002) to estimate the site
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occupancy and detection probabilities of Crested Guinea-

fowl. In cases where detection probabilities are ignored

false estimates of the species could in turn affect man-

agement decisions (Mackenzie 2005; Ramesh and Downs

2014). Our main objective was to investigate the influence

of habitat conversion and habitat characteristics on the

occupancy and distribution of Crested Guinea-fowl. We

hypothesized that plantations have a negative effect on the

occupancy of Crested Guinea-fowl. We predicted that the

Crested Guinea-fowls are associated primarily with natural

forests and forest edges in iSimangaliso Wetland Park

(IWP).

Materials and methods

Study site

The study was conducted in the Western Shores (ca.

38,000 ha) and Eastern Shores (ca. 30,000 ha) of iSiman-

galiso Wetland Park (Latitude: -27.364387 to

-28.445570; Longitude: 32.202902 to 32.756160) (Fig. 1),

KwaZulu-Natal (KZN), South Africa. The study was con-

ducted during a dry season (i.e., winter; July–August). The

study site is situated in the northern part of KZN and has a

broad habitat range, consequently supporting wildlife

(Ramesh et al. 2016). Largely the Western Shores was

converted to commercial plantations, Eucalyptus spp. and

slash pine (Pinus elliottii) (Porter 2013) which is gradually

being removed. The Western Shores also has open grass-

lands, dry forest thickets, sand forest and coastal lowland

forest. In contrast, the Eastern Shores had less plantation

cover and a few areas are recovering back to grasslands and

native forest. It comprises open grasslands, coastal lowland

forest and native dune forests especially along the eastern

coast (Ramesh et al. 2016). The area has a subtropical

climate with an average rainfall of 700 mm for the Western

Shores and 1500 mm in the Eastern Shores (Leslie and

Spotila 2001).

Data collection and analysis

We conducted the study using passive infrared camera traps

(Moultre M880, Trailcampro LLC, Springfield, MO, USA)

to photograph various animal species (Ramesh et al. 2016).

Crested guinea-fowl pictures were a by-catch of a study

geared towards mammals by Ramesh et al. (2016). Sys-

tematic grids of 2 km2 covering 99 camera sites were used

for photographing wildlife, and in every 2 km2 grid we had

one camera station located at random in the grid cell. The

average distance between cameras was 1.7 km, and these

covered diverse habitat types including disturbed areas such

as plantations. We wired the cameras on shrubs/trees at a

height of 30 cm above the ground. To reduce the chances of

having blank shots we removed a portion of vegetation in

front of the camera to cover a wide range when taking a

picture, and we ensured that the cameras were working.

Multiple photographic detections ofCrestedGuinea-fowls in

24 h per camera site were considered as an independent

photo. Since Crested Guinea-fowls were not common in the

grasslands, we used data from camera-traps stationed in the

non-open grassland habitat from Ramesh et al. (2016).

We considered the general maximum distance moved by

ground-dwelling birds (e.g., red-necked spur-fowl Pter-

nistis afer) to be about 1 km or less (Van Niekerk et al.

2009). We used ArcGIS 9.3.1 (ESRI, Redlands, CA, USA)

to calculate the broad scale variables: percent area of nat-

ural forests, cleared plantation, and plantations by laying a

1 km buffer around each camera site using the 2008

KwaZulu-Natal land cover map (Ezemvelo KZN Wildlife

2011). Additionally, we extracted the broad scale variables:

percent area of natural forests, cleared plantation, and

plantations around 500 and 100 m buffer to determine if

changing the radius scale around a camera site yield dif-

ferent results compared to the 1 km buffer extraction.

Local scale variables: distance to water from the camera

site (log transformed), percentage of leaf litter cover

(within 5 m radius) were recorded in the field at every

camera site, and plantation tree dominance, weed domi-

nance (if the area is dominated/occupied by higher per-

centage of weeds than the native vegetation) were recorded

as categorical variables and number of trees within 15 m of

each camera trap. We also measured other local scale

variables such as the percentage of canopy cover and

percentage of shrub cover within 15 m radius of each

camera trap. Leopards (Panthera pardus) were considered

a survey covariate to assess the risk of predation on guinea-

fowls in the analyses. Camera traps placed on park man-

agement roads were considered as a wider path, whereas

those on animal paths/trails were considered as a narrow

path. To increase the detection probability the data from

4 days were summed up into a single sampling occasion

giving us six sampling occasions. For each occasion the

target species could score a 1 or a 0, where 1 indicated that

the animal was captured at the sampling station during that

trapping occasion (at least one of the 4 days) and 0 if it was

not captured. This matrix was developed for Crested Gui-

nea-fowls and leopard. Eventually, presence/absence of

leopard and wider/narrow path were covariates to model

the detection probability of guinea-fowls. We modelled the

occupancy and detection probability of Crested Guinea-

fowl using single season occupancy models in program

PRESENCE 7.9 as a function of site and survey specific

covariates (Hines 2006; Mackenzie et al. 2006).

We constructed a global model with all covariates first.

This was then followed by models with each covariate run
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separately, and later with various combinations based on

their model weights and the strength of the untransformed

coefficient estimates. The two-step procedure started with

modelling occupancy first, then detection probability under

the influence of each covariate, and later with various

combinations of covariates. Lastly, we constructed models

for occupancy and detection probability together. To assess

the fit of the models to our data, we ran 10,000 bootstrap

samples (ĉ[ 1.0 indicated over-dispersion of data), and

performed Pearson goodness-of fit tests (White and Burn-

ham 1999). The models were compared using the Akaike

information criterion (AIC) and all the models with delta

AIC values less than two were declared to be the best

models (Burnham and Anderson 2002). To check the

strength of these variables on detection probability and

occupancy, we calculated the Akaike weights (xi).

Fig. 1 Map of iSimangaliso

Wetland Park, KwaZulu-Natal,

South Africa with 99 camera

trap station locations (from

Ramesh et al. 2016)
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Results

A total of 134 photographs of Crested Guinea-fowl were

recorded from 2832 camera trap nights in IWP. There were

116 independent photographs of Crested Guinea-fowl from

the Western Shores and 18 on the Eastern Shores. The

Crested Guinea-fowl group size ranged from 1 to 18 and

the mean group size was four individuals in both the

Western and Eastern Shores.

The proportion of camera traps that yielded at least one

picture of guinea-fowl (naı̈ve occupancy) was 0.37. We

observed a slight difference between the estimated and

naı̈ve occupancy. Models under the influence of variables,

estimated an average site occupancy and detection

probability of 0.40 ± 0.07 and 0.43 ± 0.06, respectively,

from the top models. Out of all the variables measured, we

found three variables each consistently associated with the

occupancy (natural forest, shrub cover, weed dominance)

and detection probability (leaf litter, narrow path, and

distance to water) of Crested Guinea-fowl across land

cover scales 1 km, 500 and 100 m from the top models

(Tables 1, 2). Among all the models, only two top models

(DAIC B 2) substantially contributed to species occur-

rence consistently at each land cover scale analysis

(Tables 1, 2). The top models [psi (nf ? sc), p

(leafl ? npath ? dt2w; psi (nf ? w), p (npath ? dt2w)]

had the maximum model AIC weight, suggesting that

natural forest, shrub cover and weed dominance influenced

Table 1 Summary of models showing site occupancy and detection probability of Crested Guinea-fowl when the area of natural forest, cleared

plantation and plantations were extracted around 1 km, 500 and 100 m buffer of each camera site in iSimangaliso Wetland Park

Land cover

scales

Model AIC Delta

AIC

AIC

wgt

Model

likelihood

No.

Par.

-2LL

1 km psi (nf ? sc), p (leafl ? npath ? dt2w) 394.43 0.00 0.41 1.00 7 380.43

psi (nf ? w), p (npath ? dt2w) 395.73 1.30 0.22 0.52 6 383.73

psi (nf ? leafl), p (npath ? dt2w) 396.99 2.56 0.12 0.28 6 384.99

psi (nf ? w?leafl), p (npath ? dt2w) 397.67 3.24 0.08 0.20 7 383.67

psi (nf ? sc ? leafl), p (npath ? dt2w) 397.95 3.52 0.07 0.17 7 383.95

psi (ptd ? nf ? 5mherb ? sc),

p (leafl ? npath ? dt2w)

398.26 3.83 0.06 0.15 9 380.26

psi (ptd ? nf ? ntree ? leafl),

p (npath ? leop ? dt2w)

401.25 6.82 0.01 0.03 9 383.25

psi (npath ? nf), p (.) 403.80 9.37 0.00 0.01 4 395.80

500 m psi (nf ? sc), p (leafl ? npath ? dt2w) 401.43 0.00 0.46 1.00 7 387.43

psi (nf ? w), p (npath ? dt2w) 402.59 1.16 0.26 0.56 6 390.59

psi (nf ? w?leafl), p (npath ? dt2w) 404.53 3.10 0.10 0.21 7 390.53

psi (nf ? sc ? leafl), p (npath ? dt2w) 404.96 3.53 0.08 0.17 7 390.96

psi (ptd ? nf ? 5mherb ? sc),

p (leafl ? npath ? dt2w)

405.19 3.76 0.07 0.15 9 387.19

psi (ptd ? nf ? ntree ? leafl),

p (npath ? leop ? dt2w)

407.75 6.32 0.02 0.04 9 389.75

psi (npath ? nf), p (.) 409.6 8.17 0.01 0.02 4 401.6

psi (nf ? sc), p (leafl ? npath) 409.63 8.20 0.01 0.02 6 397.63

100 m psi (nf ? sc), p (leafl ? npath ? dt2w) 406.17 0.00 0.47 1.00 7 392.17

psi (nf ? w), p (npath ? dt2w) 408.04 1.87 0.18 0.39 6 396.04

psi (nf ? sc ? leafl), p (npath ? dt2w) 409.37 3.20 0.09 0.20 7 395.37

psi (nf ? w?leafl), p (npath ? dt2w) 409.69 3.52 0.08 0.17 7 395.69

psi (ptd ? nf ? 5 mherb ? sc),

p (leafl ? npath ? dt2w)

409.83 3.66 0.08 0.16 9 391.83

psi (nf ? leafl), p (npath ? dt2w) 409.93 3.76 0.07 0.15 6 397.93

psi (ptd ? nf ? ntree ? sc),

p (leop ? npath ? dt2w)

412.94 6.77 0.02 0.03 9 394.94

psi (nf ? sc), p (leafl ? npath) 414.47 8.30 0.01 0.02 6 402.47

psi (npath ? nf), p (.) 415.95 9.78 0.00 0.01 4 407.95

nf natural forest, sc shrub cover, leafl leaf litter, npath narrow path, dt2w distance to water, w weed dominated, Ptd plantation tree dominated,

5mherb percent herb within 5 mm radius, ntree number of trees, leop leopard, p plantations, -2LL = -2* LogLike
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the occupancy of Crested Guinea-fowl positively. Leaf

litter and distance to water influenced the detection prob-

ability positively, while narrow path had a negative influ-

ence on the detection probability. The variable importance

of the overall summed model AIC weights for each vari-

able with respect to occupancy was high for natural forest

(xi = 1), followed by shrub cover (xi = 0.48–0.66), weed

dominance (xi = 0.25–0.36), leaf litter (xi = 0.27–0.66),

and other variables (B0.09). The overall summed AIC

model weights for each variable with respect to detection

was high for narrow path (xi = 1) and distance to water

(xi = 0.98–1.0), followed by leaf litter (xi = 0.47–0.53)

and other variables (xi = B0.02). Predicted occupancy of

Crested Guinea-fowl and natural forest had a strong posi-

tive correlation (R2 = C0.92; P\ 0.001; Fig. 2), whereas

occupancy and shrub cover had a weak correlation

(R2 = 0.24–0.31; P\ 0.01; Fig. 3). Detection probability

and leaf litter had a weak correlation (R2 = 0.21;

P = 0.036), whereas detection probability and distance to

water had a strong positive correlation (R2 = 0.70;

P\ 0.001). Furthermore, weed dominance had a positive

effect on the occupancy of Crested Guinea-fowl (Fig. 4).

However, the combined effect of variables was strong in

the top models determining occupancy and detection

probability of Crested Guinea-fowl.

Discussion

Our study investigated the effect of land use on the

occupancy and distribution of the Crested Guinea-fowl

in IWP during the winter season. Variables at broad

scale (percent area of natural forest) and local scale

(shrub cover, weed dominance, leaf litter, narrow path,

and distance to water) influenced occurrence of Guinea-

fowl. The site occupancy modelling clearly showed that

indigenous forests play an important role in predicting

Crested Guinea-fowl occupancy. Natural forests had the

highest summed model weight, showing that the occu-

pancy of Crested Guinea-fowl is mostly dependent on

this variable. Therefore, it is very important that

appropriate conservation measures are taken in order to

ensure that this species does not lose its natural forest

habitat. Also. no direct effect of plantations on the

occupancy of Crested Guinea-fowl was recorded; there is

a likely indirect effect via the decrease in indigenous

forest cover where there are plantations. Native habitats

are important for the survival of many terrestrial species,

particularly for specialist species (Bennun et al. 1996;

Ramesh et al. 2016). Ramesh et al. (2016) highlighted

the need to reduce the rate of commercial afforestation,

particularly in protected areas, since these areas play a

significant role in preserving biodiversity and species

richness. The plantations in IWP are assumed to be the

main reason for the low estimated site occupancy. In

comparison to other similar studies, Allan et al. (1997)

discussed the negative impacts that commercial planta-

tions have on the biodiversity as a whole, thus showing

the importance of native plants especially on the survival

of ground-dwelling birds that are forest specialists. On

the contrary, some studies have found that commercial

plantations favour and increase the distribution ranges of

some bird species (Brockerhoff et al. 2008; Loyn et al.

2007). Ramesh and Downs (2014) found that in the

absence of indigenous forest, commercial plantations

positively influenced the site occupancy of red-necked

spur-fowl, but also discussed their susceptibility to

detrimental effects of changing land-use.

Table 2 Coefficient estimates

from top ranked occupancy and

detection probability models

(B2 DAIC) of Crested Guinea-

fowl in iSimangaliso Wetland

Park

Land cover scales Site occupancy Detection probability

Covariates Estimates Standard error Covariates Estimates Standard error

1 km radius Intercept -3.20 0.68 Intercept -2.65 0.77

nf 0.053 0.012 leafl 0.010 0.004

sc 0.10 0.008 npath -0.53 0.30

w 0.88 0.60 dt2w 0.80 0.24

500 m radius Intercept -2.74 0.57 Intercept -2.50 0.81

nf 0.05 0.01 leafl 0.010 0.004

sc 0.012 0.009 npath -0.49 0.29

w 0.88 0.60 dt2w 0.75 0.25

100 m radius Intercept -2.24 0.50 Intercept -2.51 0.80

nf 0.030 0.01 leafl 0.010 0.004

sc 0.12 0.008 npath -0.50 0.29

w 0.83 0.58 dt2w 0.74 0.24

nf natural forest, sc shrub cover, leafl leaf litter, npath narrow path, dt2w distance to water, w weed

dominated
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Shrub cover has been observed as an important factor in

the survival of many avian populations. This factor is

mostly important in providing nesting sites (Donnelly and

Marzluff 2004). In this study, shrub cover was an important

variable and positively influenced the site occupancy of

Crested Guinea-fowl. It was assumed that the Crested

Guinea-fowl also uses shrub areas for nesting and roosting.

Several studies have discussed that areas with native

forests have more insect groups than areas with commer-

cial plantations (Helle and Muona 1985; Vetter et al. 2011).

For insectivorous bird species, the presence of inverte-

brates in forests is essential for their survival since it is

their primary source of food (Helle and Muona 1985;

Vetter et al. 2011). Invertebrates use the leaf litter from the

indigenous trees to hide from predators (Coolen et al.

Fig. 2 Based on the covariates in the top models (DAIC B 2); site

occupancy of Crested Guinea-fowl modelled in relation to percent

area of natural forest extracted at a 1 km, b 500 m and c 100 m radius

around every camera site

Fig. 3 Based on the covariates in the top models (DAIC B 2); site

occupancy of Crested Guinea-fowl modelled in relation to percent of

shrub cover when broad scale variable such as the percent area of

natural forest were extracted at a 1 km, b 500 m and c 100 m radius

around every camera site
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2005), which supports our findings that leaf litter positively

influenced the detection of Crested Guinea-fowl. Another

important factor in driving the distribution and detection of

many species is predation risk; higher predation risks limit

distribution and vice versa (Watts 1991). The detection

probability of Crested Guinea-fowl was found to increase

as the distance from the water-points increased. Animals

using water-points are generally susceptible to high pre-

dation risk (Valeix et al. 2008). Therefore, it was assumed

that the Crested Guinea-fowl avoided the areas near water

points in order to reduce the risk of predation. Also,

competition with other game-birds near water points might

have influenced the negative relationship between distance

to water and detection probability. Moreover, another

possible reason for the observed relationship between dis-

tance to water and detection probability is that the Crested

Guinea-fowls are usually abundant in dry habitats (Bird-

Life International 2015). Furthermore, narrow path nega-

tively influenced the detection of Crested Guinea-fowl in

the study sites. Usually, narrow paths especially in forests,

are used by small sized species in an effort to avoid larger

predators such as leopards. However, contrary to our pre-

diction, our results showed that Crested Guinea-fowls

avoided narrow paths and used wider paths, possibly

indicating that there may be less predation pressure on the

wider paths by larger predators. The effect of narrow path

possible these paths are preferred by mesopredators in

areas with abundant large predators (Ramesh et al. 2016).

In addition, we presumed that the Crested Guinea-fowl

used the wider paths because of the increased probability of

finding food (i.e., seeds) in wider paths compared to narrow

paths.

In conclusion, habitat conversion had significant effects

on the distribution of Crested Guinea-fowl. Appropriate

conservation measures are needed in order to ensure that the

current native dune forests in IWP are protected from human

induced modifications. This study highlighted the most

important variables for the distribution and occupancy of

Crested Guinea-fowl and found that natural forests were the

most important variable for occupancy. Although the study

focused on the impacts of habitat conversion and habitat

characteristics on occupancy and distribution of a single

species, the findings can be helpful on the conservation of

other terrestrial bird species, particularly those who solely

depend on indigenous forests to survive. Moreover, the

sampling method used in this study can be applied when

investigating the occupancy and distribution of many other

species with specific niches (Ramesh and Downs 2014). For

our study we ran a single season model which gave us the

results of occupancy and detection probability for only one

season (i.e., winter). We recommend that future studies run a

multi-season model in order to determine if the occupancy

and distribution changes between the four seasons (i.e.,

spring, summer, autumn, winter), or during the breeding and

non-breeding seasons. Moreover, it is recommended that the

impacts of land-use change on ground-dwelling birds be

thoroughly investigated, as well as the degree to which

factors like predation have on the distribution of species.

Finally, future studies must also investigate the patch size of

indigenous forests required by ground-dwelling birds, par-

ticularly the forest dependent species.
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