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Abstract
Loss of habitat area and structural heterogeneity through anthropogenic fragmentation poses a threat to the survival of wildlife,
which may be exacerbated by urban pressures. Understanding the underlying ecological processes that influence species’
persistence in fragmented landscapes is vital for conservation. We described the effects of forest fragmentation via measures
of patch size and isolation on the taxonomic richness and functional richness of forest bird communities in five Protected Areas
within the urban-forest mosaic of the Durban Metropolitan Area, South Africa. We conducted 137 fixed-radius point-count
surveys across 41 distinct forest patches during the austral breeding season. We quantified the avian taxonomic, guild and
functional richness and measured at each survey patch. We measured the influence of patch size, Euclidean isolation distance,
patch shape and habitat configuration (i.e. habitat amount) on each diversity measure. We then conducted a series of General
Linear Models to determine how fragmentation and patch configuration influenced the diversity of forest birds. The explanatory
variables in the top models had a significant effect on all avian diversity measures but habitat amount did not. The amount of
habitat surrounding a patch was not significant for measures of bird diversity but based on the Akaike’s weight it was important
for specialist species. Isolation distance did not have a significant effect on the measures of bird diversity. An increase in patch
shape index increased species richness. These results show the importance of large forest fragments/patches for the conservation
of forest birds and for maintaining ecosystem functioning and services of forests in increasingly urbanising landscapes, to the
benefit of the environment and its human population.

Keywords Forest fragmentation . Functional diversity . Habitat amount . Habitat heterogeneity . Shape index . Taxonomic
richness

Introduction

Anthropogenic land-use change has detrimental effects on
biodiversity worldwide (Gaston et al. 2003). Habitat loss as

a result of conversions of natural environments for human
activities is the main threat to the persistence and survival of
several plants and animals (Andren 1994). The increase in the
human population in urban areas has put direct pressure on
natural environments as they are converted for human activi-
ties (Brown et al. 2014). Development (e.g. building of roads,
houses) or land-use change within a natural habitat often pose
threats to the survival of species and communities (Zurita et al.
2006; Maseko et al. 2017, 2019). Kale et al. (2012) found that
urbanisation favours resource-generalist species, usually, ex-
otics while negatively affecting overall richness in particular,
native species. Understanding the effects that human-induced
modifications pose on global biodiversity has become a key
aspect in landscape ecology and conservation biology
(Fischer and Lindenmayer 2007; Ehlers Smith et al. 2015).
Despite the ongoing awareness and research on anthropogenic
land-use change and fragmentation effects (e.g. Laurance
2008; Fahrig 2013; Haddad et al. 2015; Böhnert et al. 2016;
Collins et al. 2017), the conversion of natural environments
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for human-induced modifications is continuing at an unprec-
edented rate. Studies predict that by 2100, at least half of the
present biodiversity will be lost because of anthropogenic ac-
tivities (Alvey 2006; Cushman 2006). Studies document the
vital role that biodiversity plays in ecosystem functioning, and
suggest that its loss may have significant impacts on the long-
term functioning of ecosystems (Alvey 2006; Boyer and Jetz
2014; Brose and Hillebrand 2016).

Landscape modifications may cause a dramatic decline in
species richness, which subsequently affects ecosystem func-
tioning. Functional traits are individual species’ attribute fea-
tures and requirements which are essential for survival and
thriving in a given environment (Ricklefs 1991). Ecosystem
functioning is not solely dependent on taxonomic richness,
but instead is mainly driven by a wide diversity of functional
traits contributed by all species within an ecosystem (Flynn
et al. 2009). A diversity of traits indicates the availability of
diverse resources and a variety of environmental characteris-
tics such as diverse landscape matrices, land-cover types and
thus, changes to traits may indicate changing environmental
conditions (Ehlers Smith et al. 2017a, 2018a, b). Essentially,
diverse traits are key indicators of a well-functioning ecosys-
tem (Flynn et al. 2009; Mayfield et al. 2010); where there are
changes to environmental conditions or landscape configura-
tion, specialised niches and their occupying species are at risk
of extinction (causing a decrease in functional diversity), con-
sequently affecting ecosystem functioning (Tscharntke et al.
2005; Strohbach et al. 2013; Ehlers Smith et al. 2017a).

Many studies have documented the impacts of habitat frag-
mentation and its consequences on birds, detailing how bird
communities are changed or affected (Andren 1994; McIntyre
1995). Fragmentation is a process of partitioning any contigu-
ous habitat type into smaller and more isolated segments, often
because of its conversion for human activities (Villard et al.
1999; Fahrig 2003). Most case-studies find that factors such as
escalating human population growth and intensification of an-
thropogenic land-use are the major drivers of fragmentation
(e.g. Andren 1994; McKinney 2002; Scharlemann et al.
2004). Fragmentation effects include: habitat loss; structural
complexity, resource and niche diversity loss; increasingly
smaller habitat patches; an increase in isolation distance be-
tween fragmented patches to the original/source habitat, and
an increase in “edge” habitat at the expense of internal habitat
structures (Andren 1994; Murcia 1995; Fahrig 2003).
Subsequently, this results in increased dispersal and colonisa-
tion challenges because of habitat-patch isolation. It also re-
sults in a homogenisation of resources and niches in smaller
patches through disturbance and “edge effects”; i.e. a decrease
in the diverse structures and resources for nesting and foraging.
This further leads to species in small patches becoming more
susceptible to invasion of alien flora and fauna, and an increase
in predation and competition (McIntyre 1995; Murcia 1995;
Broadbent et al. 2008; Gaublomme et al. 2008; Husté and

Boulinier 2011; Amaya-Espinel et al. 2019). These conse-
quences often drive dramatic declines in species and functional
diversity, and their abundance, within fragmented habitats.

Globally, forests play a key role in provisioning and
protecting biodiversity. However, forest habitats are being in-
creasingly transformed, mainly for agriculture and human set-
tlements (Scharlemann et al. 2004; Ehlers Smith 2014).
Severe loss and fragmentation of forests is occurring in areas
of high biodiversity value, with a detrimental effect within
forest fragments utilised by forest-dependent species
(Scharlemann et al. 2004; Aratrakorn et al. 2006). Changes
in forest environments by human-induced modifications re-
sults in reduction of specific habitat structures and niches, thus
threatening the survival of forest-dependent and specialised
species (Bennun et al. 1996; McAlpine et al. 2006; Maseko
et al. 2017). The mobility and visibility of birds, their wide
array of functional traits, and therefore their varied response to
land-use change, is key in documenting the impacts of human-
induced modifications (McIntyre 1995).

Persistence of suitable habitat patches usually ensures that
species dependent on them survive; however, the main drivers
for colonisation of a particular patch by avian species are the
size of a patch and isolation distances between them (Walker
et al. 2003; Martensen et al. 2008). For many decades, the
effects of fragmentation have been documented in reference
to the Island Biogeography Theory (IBT) (MacArthur and
Wilson 1967; Andren 1994; Norton et al. 2000; Cook et al.
2002), which states that species richness is directly influenced
by size and isolation distance between patches or from “main-
land” habitat patches (MacArthur and Wilson 1967; Cook
et al. 2002). However, research conducted in the past two
decades shows that factors such as the configuration and
amount of habitat surrounding a patch also influences species
richness in fragments as it aids dispersal and colonisation be-
tween patches (Norton et al. 2000; Fahrig 2001; Donnelly and
Marzluff 2004; Suarez-Rubio and Thomlinson 2009; Fahrig
2013). For example, if the surroundings of a patch are build-
ings and roads, there will be more dispersal resistance than
through a matrix of natural habitat with a diversity of struc-
tures surrounding the patch (Ehlers Smith et al. 2018b;
Amaya-Espinel et al. 2019). Thus, the hostile matrix brought
about by urbanisation can serve as a barrier to the movement
of fauna even if patches of native vegetation are located closer
to each other (Amaya-Espinel et al. 2019).

In many cases, the primary predictor for species richness is
patch size (Walker et al. 2003; Martensen et al. 2008).
Generally, specialist species avoid small patches as there is a
high chance of extinction because of the lack of available
resources and diversity of niches (Walker et al. 2003).
Therefore, it is expected that the larger a patch, the greater
the diversity of species that will occupy it, in comparison to
that found in a small patch. In this study, we documented how
forest fragmentation and patch configuration impacted the

534 Urban Ecosyst (2020) 23:533–542



diversity of forest birds within the eThekwini Municipality,
South Africa. Our main objectives were to investigate the
effects of (1) patch size, (2) isolation of patches, and (3) the
influence of patch shape on the taxonomic richness and func-
tional diversity of forest-bird species in five forested Protected
Areas. We predicted that an increase in isolation distance
would negatively affect bird species richness in isolated
patches, because patch size and increasing isolation reduce
the probability of colonisation (Bender et al. 2003).
Assuming larger patches provision more diverse ecological
niches and resources (Soga et al. 2013), we predicted that
these patches would contain the highest avian species rich-
ness, functional diversity and the most specialist species.
According to the habitat amount hypothesis, the availability
of suitable habitat patches around a given/surveyed patch
would positively influence species richness in that patch
(Fahrig 2013). Therefore, we predicted that the amount of
habitat surrounding a surveyed patch would positively influ-
ence avian species richness and the number of forest specialist
species because of a) an increase in availability of niches and
resources (i.e. suitable habitat) and b) increasing dispersal op-
portunities with decreased dispersal resistance. We predicted
that patch-shape irregularity would negatively affect forest-
specialist species and functional diversity because it represents
an increase of homogenised “edge” habitat and structures, in
relation to interior habitat. Conversely, we predicted that patch
shape irregularity would increase species richness as there
would be an increase in edge-tolerant and generalist species
sharing similar functional traits. Isolation distance negatively
affects sedentary species when they try to disperse (from natal
range to find territory, mates, etc.) because their functional
traits prevent dispersal across wide isolation distances
(Harris and Reed 2002; Ehlers Smith et al. 2018b).
Therefore, we predicted that non-migratory species and
forest-specialists would be affected by isolation distance.

Methods

Study sites

The study was conducted in five forested Protected Areas
within eThekwini Municipality (Durban), KwaZulu-Natal
(KZN), South Africa (Table 1, Zungu et al. 2019; Maseko

et al. 2019). The city of Durban (29.8587° S, 31.0218° E) is
on the eastern coast of KZN, within the Indian Ocean Coastal
Belt (Fig. 1). Like many other Metropolitan areas in the world,
the remaining natural environments in Durban are on the
verge of being converted for agriculture, buildings, roads
and human settlements. The area of eThekwini Municipality
is 2297 km2, and most of the landscape is utilised for settle-
ments and industries (eThekwini Municipality 2010).
However, within the city there are open areas used for biodi-
versity conservation through the Durban Metropolitan Open
Space System (D’MOSS) programme, which is concerned
with either natural/Protected Areas or those restored back to
natural environments with the main aim to protect fauna and
flora (Boon et al. 2016; McPherson et al. 2016; Zungu et al.
2019; Maseko et al. 2019). Currently, ~ 4 million people (and
rising) reside in Durban (eThekwini Municipality 2010; Boon
et al. 2016), and with the current escalating human population
growth, most of the remaining natural environments are likely
to be affected because of urbanisation. D’MOSS areas mainly
comprise of indigenous coastal scarp and coastal lowland for-
ests, coastal thicket/dense bush (which may be considered
secondary/regenerating indigenous forest; Ehlers Smith et al.
2017a, b), and grasslands (Zungu et al. 2019; Maseko et al.
2019). The region has a subtropical climate and receives an
annual rainfall of ~1000 mm, the majority of which falls dur-
ing summer (McPherson et al. 2016).

Data collection and initial analyses

We completed a total of 137 fixed-radius point-counts within
41 distinct forest patches in the five Protected Areas (Maseko
et al. 2019). As per Ehlers Smith et al. (2017a, 2018a, b) we
used the most recent land cover maps (GeoTerra Image 2014)
to overlay a systematic point grid-system of 200m × 200m on
the indigenous forest and coastal thicket/dense bush layers of
our five Protected Area study sites (Table 1) using ArcGIS
v10.2 (Environmental Systems Research Institute 2011). The
cross-points of the grid lines were used as locations to conduct
surveys (Fig. 1; Maseko et al. 2019) and were projected onto a
global position system (Garmin GPSMAP 64 Mapping
Handheld GPS) and located in the field. Some of the physical
points were not geographically accessible, resulting in some
identified points not being surveyed. However, we ensured
that each sampled point was not 50 m further from the

Table 1 The forest type and size
of the study sites used in the
present study within eThekwini
Municipality, KwaZulu-Natal,
South Africa

Nature reserve Size (ha) Coordinates Forest type

Krantzkloof Nature Reserve 584 29°45′51″S 30°51′03″E Coastal lowland

Kenneth Stainbank Nature Reserve 253 29°54′26″S 30°56′03″E Coastal lowland

Palmiet Nature Reserve 98 29°49′14″S 30°55′53″E Coastal lowland

Virginia Bush Nature Reserve 38 29°46′11″S 31°02′40″E Coastal scarp

Pigeon Valley Nature Reserve 10 29°51′52″S 30°59′19″E Coastal scarp
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projected point and the 200 m inter-point distance was main-
tained. At each point, we conducted a fixed-radius point-count
survey wherein we identified all bird species within a 100 m
radius using visual and auditory cues. Surveys were done in
the first 3 h after sunrise, and at each point we surveyed for
10 min. Each survey was consistently done by the same three
people between October 2016 and March 2017, to cover the
breeding season of southern Africa (Maseko et al. 2019). To
ensure detectability of forest birds, we conducted the surveys
on days when there was no rain and the wind was <4 km/h
(Bibby et al. 2000). Any identification uncertainties were
unrecorded.

We calculated the patch size of all the distinct patches sur-
veyed within each of our Protected Area study sites (Table 1).
We then selected the largest patch in our survey region as the
regional “mainland”/core patch. We calculated the distance of
all the other patches to the core patch as the isolation distance.
To determine the species richness of each patch, we pooled the
total number of species recorded in each survey point conduct-
ed within a particular patch. We then created a species
presence/absence binary matrix for each distinct patch
(Ehlers Smith et al. 2018a, b). We categorised birds according
to their feeding guilds and determined the number of insecti-
vores, carnivores, frugivores, nectarivores, omnivores and
granivores within each patch (i.e. feeding guild diversity; c.f.
Hockey et al. 2005). Additionally, we calculated the number
of forest-dependent species in every patch (c.f. Oatley 1989;
Hockey et al. 2005). Although Oatley’s (1989) list has been
used in several studies (e.g. Ehlers Smith et al. 2017a, 2018b;
Maseko et al. 2019) for defining forest dependent species,
however there have been issues raised with some species be-
ing in above-mentioned list (see Brown 2006).

With reference to Hockey et al. (2005), we created a matrix
of functional traits that included main diet (carnivory,
frugivory, granivory, insectivory, nectarivory, omnivory),
main foraging strategy (harvest [fruit/seed/nectar], terrestrial
probe, arboreal probe, glean, hawk, perch and swoop, various
[omnivory]), nesting substrate (cup/ball/bowl, cavity, ground,
platform) and body mass in grams. We then calculated the
functional diversity score of each surveyed patch in package
FD using R v3.3.1 (R Core Team 2015). Functional diversity
was calculated using the Functional Richness (FRic) calcula-
tion which describes functional richness as a convex hull of
traits present in the community, determined using a Gower’s
distance matrix (which accounts for a combination of categor-
ical and continuous covariates; Gower 1966).

The average inter-patch distances for coastal thicket/dense
bush, and indigenous forest patches is 0.66 km and 0.42 km,
respectively (Olivier et al. 2013). Therefore, using ArcGIS
v10.2 (Environmental Systems Research Institute 2011), we
created a mean 0.54 km buffer around each survey patch to
determine the number of available patches around our sur-
veyed patches as a measure of patch-configuration connectiv-
ity and the total habitat amount (i.e. area of coastal thicket/
dense bush and indigenous forests) which can be utilised by
the birds within the 0.54 km buffer. Contrary to the IBT, land-
scape ecology highlights the importance of fragment shape
(Laurance and Yensen 1991). Therefore, to determine frag-
ment shape and its deviation from circularity we calculated
the Shape Index (SI) using the model of Patton (1975). The
ordinary perimeter to area/ratio only focuses on the size of the
patch, whereas the SI examines both the patch size and irreg-
ularities of the patch perimeter (Hill and Curran 2003). The
standard SI value of a circular patch is 1.0, and increases with

Fig. 1 Location of the study sites within eThekwiniMunicipality, KwaZulu Natal Province, South Africa. (See Zungu et al. 2019 andMaseko et al. 2019
for further details)
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irregularity /complexity of a patch (Laurance and Yensen
1991; Hill and Curran 2003; Ewers and Didham 2007).
Perimeter and area of each fragment were calculated in
ArcGIS v10.2 (Environmental Systems Research Institute
2011). The Shape Index (SI) (Patton 1975) used was SI = P /
200(π.TA)0.5 where P = Perimeter (m), and TA = Fragment
area (ha).

Data analyses

To avoid problems of multicollinearity we created a correla-
tion matrix to test for significant correlations between explan-
atory covariates (i.e. patch size, isolation distance, habitat
amount and shape index) with a correlation threshold of r ≥
0.7 (Garden et al. 2010). No individual covariate exceeded
this threshold; hence each explanatory covariate was retained.
We created General Linear Models (GLMs) with an identity-
link function to determine the importance of each explanatory
variable both in isolation and as an interaction on our primary
response variables (i.e. species richness, functional diversity,
and forest specialist species). We used the Akaike’s
Information Criterion values to rank and select the model of
best fit (Burnham and Anderson 2002), with the highest mod-
el for each response variable being that containing the most
significant explanatory variables. We calculated the Akaike
Weight of eachmodel to determine the strength of explanatory
variables on response variables. To further elucidate factors
pertaining to our hypotheses, we tested the significance of (i)
patch size on individual feeding guilds (ii) isolation distance
on sedentary species. All statistical analyses were conducted
in IBM SPSS statistics version 20.0.

Results

The total avian species richness recorded across the five study
sites was 75 (see Maseko et al. 2019 for bird species list).
Based on model selection, GLMs showed that (i) patch size
and shape index were the most significant covariates for spe-
cies richness; (ii) patch size was the only significant covariate
driving functional diversity, and (iii) shape index, habitat
amount and patch size were the most significant covariates
for forest specialists (Table 2). All explanatory covariates in
the top models had a significant effect on all measures of bird
diversity, except habitat amount on forest specialists (Table 3).
Patch size had a significant effect on functional feeding guilds:
insectivores (F = 82.140, P < 0.001, r2 = 0.678), carnivores
(F = 16.657, P < 0.001, r2 = 0.30), frugivores (F = 28.571,
P < 0.001, r2 = 0.42), nectarivores (F = 20.291, P < 0.001,
r2 = 0.34), omnivores (F = 17.384, P < 0.001, r2 = 0.31) and
granivores (F = 41.059, P < 0.001, r2 = 0.51). Patch size had
a significant effect on (i) species richness (F = 95.305,
P < 0.05, r2 = 0.71), (ii) functional diversity (F = 10.110,

P < 0.05, r2 = 0.21) and (iii) forest specialists (F = 109.395,
P < 0.05, r2 = 0.74). Isolation distance had no significant effect
on (i) species richness (F = 0.03, P > 0.05, r2 = 0), (ii) func-
tional diversity (F = 0.137, P > 0.05, r2 = 0), (iii) forest spe-
cialists (F = 0.671, P > 0.05, r2 = 0.02) or (iv) sedentary spe-
cies (F = 0.071, P = 0.891, r2 = 0). Habitat amount had no sig-
nificant effect on (i) species richness (F = 0.445,P > 0.05, r2 =
0), (ii) functional diversity (F = 0.260, P > 0.05, r2 = 0) or (iii)
forest specialists (F = 1.710, P > 0.05, r2 = 0.04). However,
habitat amount was important for explaining forest specialist
species’ diversity, based on model selection (Table 3, Fig. 2).
Shape index had a significant effect on species richness (F =
58.288, P < 0.05, r2 = 0.60) and forest specialists (F = 69.343,
P < 0.05, r2 = 0.64) but not on functional diversity (F = 6.020,
P > 0.05, r2 = 0.13).

Discussion

Our study region is highly threatened through fragmentation
by anthropogenic activities including human settlement devel-
opments, industry and agriculture. Habitat patch-size is a key
parameter for the persistence of species in fragmented habitats
(Fahrig 2003; Uezu et al. 2005; Suarez-Rubio and
Thomlinson 2009; Soga et al. 2013; Strohbach et al. 2013).
Our results showed that avian species richness increased with
increasing forest patch size (present study; Maseko et al.
2019), which supported our first prediction that larger forest
patches would have more diverse ecological niches and re-
sources, thus supporting a diverse avifaunal community
(Maseko et al. 2019). Moreover, habitat-patch size was impor-
tant for explaining the occurrence of forest-dependent species.
Given our prediction that larger forest patches would have
more diverse structures, resources and therefore ecological
niches, we assumed that the strongly positive relationship be-
tween large forest patches and forest specialists was because
of the availability of specific ecological niches (which are key
for supporting a diverse avian community) within these
patches (Maseko et al. 2019). This further supported our first
prediction and highlights the importance of ensuring that these
forest fragments are protected from any additional anthropo-
genic disturbances, ensuring its persistence and reduce the
chances of losing forest-dependent species.

Our results showed that patch irregularity increased with for-
est patch size. This indicated that larger forest patches had an
increase in habitat area within its increased “edges”. This was
likely to support a range of generalist and edge-tolerant avian
species, hence avian species richness increased (Germaine et al.
1997; Bender et al. 2003; Ewers andDidham2007;Maseko et al.
2019), supporting our prediction of increasing avian species rich-
ness with patch shape irregularity. Conversely, smaller forest
patches with an increase in ratio of edge to interior were more
likely to have more generalists and fewer specialists, and low
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overall functional diversity (Germaine et al. 1997; Soga et al.
2013). Isolation distance had no significant effect on the overall
diversity measure in our study. Given the timing of our surveys,
i.e. during the breeding season, we assumed initially that the
presence of Palearctic, intra-African and altitudinal avian mi-
grants (Hockey et al. 2005) in our data set drove the resilience

to the isolation effect. However, after testing for the significance
of isolation distance on the avian community with Palearctic,
intra-African and altitudinal avian migrants removed isolation
distance was still insignificant. A possible explanation for this
is functional resilience to isolation during the dispersal process
given the biogeographic evolution of the community in a

Table 2 General Linear Models showing a summary of models for measures of bird diversity in surveyed sites within eThekwini Municipality, South
Africa

Response variable Model AIC Delta AIC AIC wgt Model likelihood No. of pameters 2LL

Species richness SI + Area 289.98 0.00 0.270 1.000 2 −140.99
SI + Area + Isol 291.40 1.41 0.134 0.494 3 −140.70
SI 291.49 1.51 0.127 0.471 1 −142.75
SI + Area +HA 291.90 1.92 0.104 0.383 3 −140.95
HA+ Isol + SI+ Area 292.49 2.51 0.077 0.285 4 −140.23
Area 292.70 2.72 0.070 0.257 1 −143.35
SI + HA 293.24 3.26 0.053 0.196 2 142.62

SI + Isol 293.47 3.49 0.047 0.175 2 −142.74
Area + Isol 293.70 3.71 0.042 0.156 2 −142.85
Area + HA + Isol 294.58 4.59 0.027 0.101 3 −142.29

Functional diversity Area 219.126 0.00 0.263 1.000 1 −106.56
Area + Isol 220.458 1.33 0.135 0.514 2 −106.23
SI 220.985 1.86 0.104 0.395 1 −107.49
SI + Area 221.104 1.98 0.098 0.372 2 −106.55
Area + HA 221.117 1.99 0.097 0.370 2 −106.56
Isol + HA+Area 221.851 2.72 0.067 0.256 3 −105.93
Area + Isol + SI 222.432 3.31 0.050 0.191 3 −106.22
SI + Isol 222.505 3.38 0.049 0.185 2 −107.25
SI + HA 222.936 3.81 0.039 0.149 2 −107.47
SI + Area +HA 223.095 3.97 0.036 0.137 3 −106.55

Forest specialists SI + Area +HA 196.059 0 0.208 1.000 3 −93.03
SI + HA 196.494 0.435 0.168 0.805 2 −94.247
SI vs Area 196.627 0.568 0.157 0.753 2 −94.316
SI 197.431 1.372 0.105 0.504 1 −95.716
SI + HA + Isol + Area 197.782 1.723 0.088 0.423 4 −92.891
SI + Isol 198.097 2.038 0.075 0.361 2 −95.049
SI + Area + Isol 198.226 2.167 0.070 0.338 3 −94.113
SI + HA + Isol 198.485 2.426 0.062 0.297 3 −94.243
Area 200.472 4.413 0.023 0.110 1 −97.236
Area + HA 200.538 4.479 0.022 0.107 2 −96.269

Index: Area = Patch size, SI hape index, HA Habitat amount, Isol Isolation distance

Table 3 Significance of
important variables on the
different measures of bird
diversity, based on the top models
for each response variable

Response variable Explanatory variables B St. Error Wald Chi-square P value

Species richness Shape index 0.148 0.0625 5.597 0.018

Area 0.235 0.0536 19.286 0.001

Functional diversity Area 0.003 0.0009 13.09 0.0001

Forest specialists Shape index 0.186 0.0652 8.112 0.004

Habitat amount 0.002 0.003 0.626 0.429

Area 0.075 0.0164 20.867 0.001
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naturally fragmented forest-grassland mosaic; however, a previ-
ous study showed the strong negative effect of isolation on sed-
entary forest specialists in the same biome (Ehlers Smith et al.
2018b). Thus, surrounding land use is likely to play a significant
role in dispersal ability.We highlight that although general trends
are emerging in the effects of anthropogenic fragmentation on
avian forest communities, certain complexities in the drivers of
decline are yet to be elucidated. Thus, we recommend further
research into the effects of anthropogenic fragmentation on the
phylogenetic diversity of the IOCB avian community.

Our results showed that functional diversity increased with
patch size, thus supporting our prediction that larger forest
patches would have high functional diversity, presumably pro-
visioned for by the diversity of structures, resources and
niches available in less-disturbed, larger patches (Maseko
et al. 2019). Critically, changes in taxonomic richness and
functional diversity were correlated, indicating that as func-
tional traits were pressured and ultimately lost by patch size,
resource and niche reduction, the species that possessed vul-
nerable traits became locally extinct. This is problematic as it
results in a homogenisation of avian communities (Morelli
et al. 2016), with the success of generalist species with similar
traits at the expense of a diverse community with many
specialised traits. For conservation purposes, this result is
key because it shows that larger patches are not only crucial
for species richness, but also for the functional diversity es-
sential for healthy ecosystem functioning. Its loss has signifi-
cant and critical impacts on the long term-functioning of eco-
systems (Alvey 2006; Boyer and Jetz 2014; Brose and
Hillebrand 2016). For example, loss of seed-dispersing bird
species can have detrimental effects on the long-term survival
of plants and food availability for many species, thus affecting
the functioning and persistence of an ecosystem (Cordeiro and
Howe 2003). Via ecosystem services provided by birds,

crucial survival and financial needs for the survival of humans
are met (Alho 2012). For instance, through seed dispersal and
pollination services, birds ensure that plant species are pro-
duced, which is crucial to humans for agricultural crops and
medicine/drugs (Alho 2012). Natural spaces, including for-
ests, are critical for the spiritual and mental well-being of
humans, particularly in heavily-urbanised areas (Miura et al.
2015). Through recreational activities such as hiking and bird-
watching humans benefit mentally and financially, as people
gain employment for their skills in wildlife guiding
(Greenwood 2007). Critically, the richness of all functional
avian feeding guilds (insectivores, carnivores, frugivores,
nectarivores, omnivores and granivores) increased with in-
creasing patch size. Various food sources in larger forest
patches provisioned for all avian feeding guilds to persist
and thrive, hence we observed a positive relationship between
larger forest patches and all avian feeding guilds (Uezu et al.
2005). Therefore, we concluded that larger forest patches
played a significant role in ensuring the survival of diverse
avian communities in an urbanised landscape.

Current studies show the importance of the habitat matrix (i.e.
the amount of habitat and the configuration of natural habitat
patches in the landscape surrounding fragmented forest land-
scapes) in facilitating immigration and colonisation, which allow
species to disperse and persist (Laurance 2008; Fahrig 2013;
Neuschulz et al. 2013). We predicted that an increasing amount
of habitat available around a surveyed forest patch would have a
positive effect on avian species richness and the diversity of
forest specialists, but our results showed that there was no
significant effect on either avian species richness nor forest
specialist species. Fahrig (2013) discussed that a relationship
between avian species richness and habitat amount is dependent
on matrix quality surrounding the surveyed patch: high quality
matrix influences the relationship between habitat amount and
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avian species richness whereas low quality matrix may result in
the two variables having no relationship. Therefore, considering
the study region (relatively high-density housing), we expected
that the low quality of the matrix surrounding our forests drove
the lack of relationship between habitat amount and overall avian
species richness. However, the Akaike weight of habitat amount
showed its importance for forest specialist species, suggesting
that for this sedentary guild, habitat configuration in the matrix
was key, supporting the results of Ehlers Smith et al. (2018b).

In conclusion, our study highlighted the crucial role that for-
ests and forest fragments play in protecting and providing habitat
for various bird communities. We show the importance of larger
forest patches in providing and maintaining ecosystem function-
ing, and the likelihood of disappearance of forest specialist spe-
cies in small patches. Therefore, because of the crucial role these
forest fragments play in conservation of various bird communi-
ties, we urge South African policy makers and all stakeholders
involved in decision-making to ensure that the protection of
natural environments (particularly forests) against anthropogenic
activities is prioritised. Our results have general relevance for
ensuring that future generations in heavily urbanised environ-
ments benefit through ecosystem services provided by species
occupying embedded natural habitats.
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