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Background: Habitat loss and fragmentation continue to threaten the survival of many species.
One such species is the Blue Swallow Hirundo atrocaerulea, a critically endangered grassland
specialist bird species endemic to sub-Saharan Africa.

Objectives: Past research has shown a serious decline in range and abundance of this species,
predominantly because of habitat transformation and fragmentation.

Method: The influence of land cover on Blue Swallow habitat and foraging home range, in
both natural and transformed habitats, was investigated by radio tracking adult birds.

Results: Results showed that tracked birds spent over 80% of their forage time over grasslands
and wetland habitats, and preferentially used these ecotones as forage zones. This is likely
owing to an increase in insect mass and abundance in these habitats and ecotones. There was
reduced selection and avoidance of transformed habitats such as agricultural land, and this is
a concern as transformed land comprised 71% of the home range with only 29% of grassland
and wetland mosaic remaining for the Blue Swallows to breed and forage in, highlighting the
importance of ecotones as a key habitat requirement. The results indicate that management
plans for the conservation of Blue Swallows must consider protecting and conserving natural
habitats and maintaining mosaic of grassland and wetland components to maximise ecotones
within conserved areas.

Conclusion: To this end, the stewardship programme spearheaded by local conservation
agencies, which aims to formally conserve privately owned patches of untransformed
grassland and other natural habitats, may have a strong impact on the long-term persistence
of Blue Swallow populations.

Introduction

Understanding the ecological requirements of organisms is a key prerequisite for the
implementation of conservation strategies. Given the rate of transformation of natural landscapes
owing to anthropogenic activities, habitat loss is one of the principal challenges faced by many
species (Sala et al. 2000). Habitat transformation includes changes in both land use and land
cover (Weyer et al. 2015), with remaining patch size, edge effects and extent of isolation
all impacting species loss (Bruna, Vasconcelos & Heredia 2005; Kareiva & Wennergren 1995;
Yahner 1997). In addition, a loss of suitable habitat often results in a population decrease simply
by reduced space available for territories, nest sites and resources (Rolstad 1991). Many studies
have recognised that rare and endangered species are more susceptible to the effects of habitat
transformation (Gonzalez & Chaneton 2002; Wilcove et al. 1998). Indeed, more than 80% of the
global population of endangered bird species have been negatively impacted by habitat loss
(Temple 1986). One such species is the Blue Swallow, Hirundo atrocaerulea Sundevall, a critically
endangered grassland specialist endemic to sub-Saharan Africa (Barnes 2000; BirdLife
International 2012, 2013; Combrink & Little 2012; Evans et al. 2003; O’Connor 2002; Spottiswoode
2005; Wakelin 2004).

Blue Swallows are intra-African migrants with the total distribution extending from the KwaZulu-
Natal Midlands northwards through Mpumalanga, Swaziland, and the eastern highlands of
Zimbabwe, north-eastern Zambia, Malawi, southern Tanzania, south-eastern Democratic
Republic of Congo, Uganda and south-western Kenya (Allan & Earlé 1997; Evans & Barnes 2000;
Spottiswoode 2005; Turner 2004). The breeding distribution of Blue Swallows includes Democratic
Republic of the Congo, Tanzania, Zambia, Malawi, Zimbabwe, Mozambique, South Africa and
Swaziland (Evans & Bouwman 2010).

Note: f, 1972-2008.

http://www.abcjournal.org . Open Access


http://www.abcjournal.org
http://orcid.org/0000-0002-0744-9228
http://orcid.org/0000-0001-8334-1510
http://orcid.org/0000-0001-7015-6906
mailto:downs@ukzn.ac.za
https://doi.org/10.4102/abc.v48i1.2173
https://doi.org/10.4102/abc.v48i1.2173
http://crossmark.crossref.org/dialog/?doi=10.4102/abc.v48i1.2173=pdf&date_stamp=2018-03-29

The preferred habitat of Blue Swallows is open mistbelt
grasslands interspersed with drainage lines and wetland
systems (Keith, Urban & Fry 1992). Blue Swallows are aerial
hunters that feed on the wing with a fast and erratic flight
(Spottiswoode 2005; Wakelin & Hill 2007). Accordingly, Blue
Swallows prefer to forage in open, uncluttered areas, free of
trees, shrubs and steep slopes (Allan et al. 1987; Clancey 1985;
Ginn, Mcllleron & Milstein 1989).

Blue Swallows breed between October and March and
construct cup-shaped nests underground in riverbanks,
sinkholes, aardvark (Orycteropus afer) burrows, areas of river
erosion, road cuttings and abandoned mine shafts (Combrink
& Little 2012; Evans & Bouwman 2010; Evans et al. 2002). In
South Africa, there is generally only one nest per site with
nest densities ranging from one pair in 52 ha to as little as one
pair in 300 ha (Evans et al. 2002).

In many countries, including South Africa, Blue Swallow
populations occur almost entirely in unprotected areas (Evans
et al. 2002) and are severely threatened by anthropogenic
activities such as habitat transformation (Allan et al. 1987;
BirdLife International 2012; Evans et al. 2003; O’Connor 2002;
Spottiswoode 2005; Turner 2004; Wakelin 2004; Wakelin &
Hill 2007). Past research and field observations suggest that
both the range and abundance of Blue Swallows have seriously
declined over the past 20 years, predominantly as a direct
result of continued anthropogenic activities, resulting in habitat
transformation and fragmentation of the swallows’ preferred
Mistbelt Grassland habitat (BirdLife International 2013;
Combrink & Little 2012). In recent years, the South African and
Swaziland subpopulation has suffered an alarming decline of
approximately 54%, with the population now consisting of
only approximately 57 pairs (Evans et al. 2015).

The largest Blue Swallow breeding population in South
Africa is resident in the Midlands Mistbelt Grasslands of
KwaZulu-Natal (Allan & Earlé 1997; Matterson 2001).
Unfortunately, this habitat is well suited to intensive
agriculture, in particular afforestation, owing to high
rainfall and deep, well-drained soils (Mucina &
Rutherford 2011). Consequently, the Midlands Mistbelt
Grassland has suffered considerable transformation and is
now regarded as one of the most threatened vegetation
types in KwaZulu-Natal (Mucina & Rutherford 2011).
Indeed, more than 70% of the KwaZulu-Natal grasslands
has been irreversibly fragmented and altered by various
anthropogenic activities, with only about 1% remaining in a
near-pristine state (Scott-Shaw 1999).

Blue Swallows have very specific nesting and foraging
requirements, and it has been widely suggested that a
correlation exists between the loss of Mistbelt Grassland and
the number of active Blue Swallow nests. Consequently, our
aim was to investigate the influence of land cover on Blue
Swallow habitat use and foraging home range in both natural
and transformed habitats. We predicted that Blue Swallows
would preferentially forage in or near natural habitats rather
than in the surrounding transformed habitats.
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Material and methods

We conducted the study in the KwaZulu-Natal Midlands of
South Africa on a 1150 ha privately owned commercial farm
(Figure 1). The farm consists of natural Midlands Mistbelt
Grassland and wetland systems and land transformed for the
production of sugar cane, tea, timber and beef.

Three Blue Swallow nest sites were selected: Diptank, Florida
and Tafeni. All nest sites were located in natural grassland,
surrounded by various transformed habitats and all have
well established long-term records of successful Blue
Swallow nesting and chick rearing. Distances between the
nest sites varied, with the Florida and Tafeni nest sites being
furthest apart (1831 m). Nest sites were selected based on two
criteria: the age of the nestlings and the availability of suitable
base station positions for telemetry readings. The Blue
Swallows used in the study were adults involved with the
breeding at a nest site with chicks on the nest aged between 5
and 10 days. A single adult bird was captured using a small
modified mist net while it entered the nest cavity. This offered
some certainty that the captured individual was involved
with the raising of the brood.

Radio tracking of Blue Swallows

PIP3 radio tags were fixed onto the middle tail rectrix of
three adult Blue Swallows (one male and two females) and
radio tracked for 5, 8 and 9 days, respectively. Radio tags
consisted of an Ag317 battery, which powered the tags for up
to 14 days, and a whip antenna measuring 116 mm in length
and weighing between 340 mg and 360 mg (within the
accepted threshold of 3% — 5% body weight [Cochran 1980;
Kenward 2001]).

Two independently located base stations for direction
finding (Kenward 2001) were set up for each site. Base station
sites were chosen primarily for their proximity to the nest
site and visibility over the surrounding landscape. A 360°
plastic compass was fixed to the foot of the antenna
(a flexible three-element Vagi antenna [Lintec Antennas Ltd.,
West Sussex, United Kingdom] weighing 500 g with a
bandwidth of approximately 2 MHz, a beamwidth of 80°
and a gain of 6 dB stand). The base stations were in line of
sight of each other to enable the correct base line zeroing
(i.e. the 360° at the first base station faced the second base
station and vice versa). A metal peg was driven into the
ground at the 360° mark so that if inclement weather
prevented visibility between the base stations, an accurate
zero degree baseline could be re-established. The readings
were made by inserting a needle through the base of the Vagi
antenna stand, which pointed to the direction, in degrees,
where the Vagi antenna was aimed.

Determination of foraging home range and land
cover analysis

The maximum foraging home range for breeding Blue
Swallows was assumed to be the maximum distance
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FIGURE 1: Locality map of the study site in KwaZulu-Natal, South Africa.
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obtained using radio tracking for a Blue Swallow tied to
its active nest site. A circular area of 525 ha was calculated
as the potential feeding habitat around an active nest
site, using 1296 m (the furthest recorded distance) as
the radius.

The nest locality data were obtained wusing a
Global Positioning System (GPS), set up according to
WGS84. These data were projected, using the Projector
extension in ArcView, into Transverse Mercator in WGS84
and overlaid onto digital orthophotos. Land cover types
were digitised on-screen and then cleaned using the
ArcView extension Edit Tools version 3.3. The digitised
land use data were then overlaid with the positional data
for each radio tracked Blue Swallow. A Digital Terrain
Model was used to determine the habitat in line of sight
from each base station which was then combined to
spatially delineate a catchment area surrounding each
active nest that determined the potential feeding habitat
that could be radio tracked.

The land cover on and adjacent to the study site was
digitised as polygons, and classed into a land cover type
based upon the homogeneity of the physical attributes of
the type of land cover. A simplified label was used to
describe the classification of the land cover (Table 1).

From field observations, it appeared as if Blue Swallows
tended to increase their activity along the boundaries
between the grassland and wetland habitats. To corroborate
this observation, the distances of the points to an ecotone of
a habitat were determined for the 940 radio telemetry
points collected from the birds. The distances of 940
randomly generated points were then compared with the
distances of the 940 observed points. A non-parametric
Chi-square goodness of fit test (X?) was used to statistically
compare the radio telemetry point data set and the number
of expected locality points occurring within each of the
habitat types.

TABLE 1: Descriptions of land cover classes used in the current study.

Land cover class Description

Aliens Informal self-established stands of alien plants such as black
wattle Acacia mearnsii and American bramble Rubus spp., and
stands of bugweed Solanum mauritianum.

Arable Land that is ploughed for annual cropping, subsistence or cash
cropping.

Forest Wooded grassland and indigenous mistbelt forest.

Grassland Only unploughed, unplanted and not irrigated primary
grasslands.

Orchard Established crop of fruit trees.

Plantation Only commercial timber plantations in a regular array of trees.

Settlement All human settlements, formal and informal; this category
includes the portion of land around a homestead used as a
living area.

Sugar cane All forms of agricultural practices where ground is broken to
plant sugar cane as a crop.

Tea All forms of agricultural practices for the production of tea.

Waterbody All dams with standing water.

Wetland All areas where hydromorphic soils predominate; this habitat

type is usually associated with sedges, reeds and other
water-tolerant plants.
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Ethical considerations

Ethical clearance was granted by Ezemvelo KwaZulu-Natal
Wildlife and the Endangered Wildlife Trust Blue Swallow
Working Group (EWT-BSWG).

Results
Foraging area and distance

A total of 940 positional data points were gathered over
22 days for the three nest sites. The Florida bird had the
largest foraging home range and both the Florida and Tafeni
birds’ foraging home ranges overlapped with that of the
Diptank bird (see Figure 2). The Diptank and Florida birds
foraged further from the nest (1030 m and 1296 m,
respectively) than the Tafeni bird (524 m). For spatial
composition of the foraging home ranges for the three nest
site areas, see Table 2. A total of 58% of the total observed
locations occurred within 20 m of all habitat boundaries and
69% within 30 m (Figure 3a). In contrast to these findings, the
randomly generated expected frequencies delivered 31% and
43%, respectively (Figure 3b). The Chi-square test produced
highly significant findings (p < 0.001) between the observed
and expected frequencies.

Land cover type of area used by Blue Swallows

Grassland was the largest land cover type at the Diptank
and Tafeni nest sites (104 ha and 59 ha, respectively,
Table 3), while sugar cane fields (39 ha) and grassland
(33 ha) were the largest land cover types at the Florida
nest site. Of the 940 viewshed data points obtained,
grassland habitat was the highest habitat type represented
across all three nesting sites with a total of 708 points
(75% in total and 75%, 69% and 80% for Diptank, Florida
and Tafeni nest sites, respectively). As a land cover,
commercial timber plantations were well represented at all
three nest sites but only represented 0.7% of the total
recorded point localities for all three nest sites and all were
from the Diptank nest site. Orchards and settlements were
not represented with any location point data within the
viewshed areas.

TABLE 2: Spatial composition of the foraging home ranges for the three nest site
areas, Diptank, Florida and Tafeni.

Land cover Diptank Florida Tafeni
No.of  Area (ha) No.of  Area (ha) No.of Area(ha)
patches patches patches

Aliens 49 46.6 55 331 63 26.9
Arable 2 1.8 0 0.0 2 0.8
Forest 8 17 6 161.1 7 13.6
Grassland 8 187.1 8 65.5 9 178.9
Orchard 1 4.5 1 4.5 1 2.0
Plantation 5 105.8 4 117.5 4 198.6
Settlement 11 9.9 3 3.2 11 6.7
Sugar cane 5 98.1 4 59.2 6 39.5
Tea 1 46.6 1 74.7 1 55.2
Waterbody 9 2.7 6 2.6 8 1.0
Wetland 11 4.9 7 3.6 8 1.8
Total 110 525 95 525 120 525

http://www.abcjournal.org . Open Access
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TABLE 3: Positional and land cover data for Diptank, Florida and Tafeni nest sites, indicating percentage of telemetry points recorded per habitat type.

Land cover Diptank Florida Tafeni
Area (ha) Telemetry points Points / habitat Area (ha) Telemetry points Points / habitat Area (ha) Telemetry points Points / habitat
(%) (%) (%)
Aliens 26.33 51 18.8 4.44 1 0.4 1.66 6 1.5
Forest 0.47 0 0 1.73 2 0.7 0.71 9 2.3
Grassland 103.78 204 75 33.2 191 69.2 59.21 313 79.8
Orchard 4.46 0 0 0 0 0 0 0 0
Plantation 30.19 7 2.6 16.25 0 0 17.62 0 0
Settlement 1.29 0 0 0 0 0 0 0 0
Sugar cane 29.98 4 1.5 39.36 17 6.2 19.29 40 10.2
Tea 0 0 0 7.42 32 11.6 0 0 0
Waterbody 0.52 0 0 1.31 0 0 0.23 4 1
Wetland 0.73 6 2.2 3.1 33 12 1.19 20 5.1
Total 197.75 272 100 106.81 276 100 99.91 392 100

The area of each habitat type is included.

Legend
@ Diptank
@ Florida

o @ Tafeni
© Nest sites

Source: Gijsbertsen, B. & Hill, T., 2017, Cartographic Unit, Discipline of Geography, School of Agricultural, Earth and Environmental Sciences, University of KwaZulu-Natal.
FIGURE 2: Distribution of radio telemetry points obtained for three radio-tagged Blue Swallows across the study site. Shaded areas indicate the minimum convex polygon

for each individual swallow to show their foraging range.

The individual [Diptank (X2 =123.9, df = 5, p < 0.0001), Florida
(X2=338.1,df=6,p <0.001), Tafeni (X2=168.3, df =4, p < 0.001)]
and combined (X2 = 601.6266, df =9, p < 0.001) Chi-square and
p-values for habitat preferences were statistically significant.

Spatial land cover

Of the 11 different land covers represented in the
foraging home ranges, 10 were represented in the combined

http://www.abcjournal.org . Open Access

foraging areas, with only the arable habitat class not
represented. The total area of the combined areas amounted to
405 ha. Alien vegetation had the highest number of patches
(73) but only contributed 8% to the land cover. Grasslands
contributed the most to the land cover (49%) with 196 ha.
Besides the alien land cover, settlements (0.3%), waterbodies
(0.5%) and forests (0.7%) contributed the least. Nests were all
located in grasslands and telemetry points congregated
around the nest sites (Figures 3 and 4).



http://www.abcjournal.org

350 1 M Grassland and a
Wetland Ecotone
1) [] mixed Ecotone
£
15}
-3
f
o
S
[
e
€
=3
2
PRI S N N N GRS .
S T R S S
Distance class from ecotones (metres)
350 4 B Grassland and b
Wetland Ecotone
@ 300 1 [] mixed Ecotone
=
‘s 250 A
a
% 200 -
@
_g 150 -
S 100 4
2
50
O_
SO N . N I N G .
S N T A -
Distance class from ecotones (metres)

FIGURE 3: Distance of the 940 (a) observed and (b) randomly generated
locations from the different habitat ecotones at 5 m interval classes within the
viewshed areas for the three nest sites.

Discussion
Radio tracking

The furthest distance travelled by a radio-tagged Blue
Swallow was 1296 m and 1030 m, recorded from adult female
birds from the Florida and Diptank nests, respectively. It is
reasonable to assume that the majority of the foraging activity
would take place within 2 km of their nest sites while bound
to the nest sites because of chick rearing activities.

Interestingly, the area covered by the adult male Blue Swallow
from the Diptank nest appeared to be greater in comparison
with the areas recorded for the two female birds. It is known
that the male of a species ranges over a larger area than the
female (Chandler, Ketterson & Nolan 1997). This increased
range could be associated with the male bird seeking extra-
pair copulations, which has been noted to be the case in other
Hirundines (Turner 2004). Increased movement could be
attributed to many factors, including increased testosterone
levels, food availability, body mass and population density
(Benson, Chamberlain & Leopold 2006; Chandler et al. 1997).

The height of the tagged bird off the ground affected the
strength of the radio signal. During the warmer periods of
the day, normally between 11:00 and 14:00, the Blue Swallows
socialised and flew at higher distances than during active
foraging sessions, resulting in much stronger tag signals.
However, obtaining reliable signals from afar was limited by
topography. This was evident with the positional data
obtained from the tagged Tafeni female bird, which frequently
disappeared in a southerly direction towards the tea estate

Page 6 of 9 . Original Research
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where radio tag signal was concomitantly lost. Occasionally,
the signal was recovered, but not for long enough periods to
obtain an accurate positional fix. This loss of signal owing to
terrain is clearly evident in the spatial distribution maps of
the Tafeni female, which spent considerable time over the
tea plantation during the warmer periods of the day.

The results from the radio tagging showed that commercial
timber plantations were clearly avoided by the Blue
Swallows. As the majority of these point locations fell just
onto the edge of existing plantations, it is more than likely
that the points plotted within plantations are possibly a result
of error bias during triangulation; an idea supported by the
observation that Blue Swallows avoided plantations even
though wind direction could have been blowing insects from
inside the plantation into the grassland areas (J. Wakelin.,
pers. obs., November 2004). However, M. McNamara (pers.
comm., 2006) has observed Blue Swallows flying along
plantation edges in Mpumalanga Province, South Africa. It is
likely that Blue Swallows avoid plantations owing to them
being aerially cluttered habitats, which structurally do not
allow fast-flying aerial foraging birds, such as the Blue
Swallows, an unobstructed and safe forage opportunity
(Wakelin & Hill 2007).

Alternatively, Blue Swallows, as habitat specialists, could
possibly use ecotones within the interior of natural
untransformed habitats rather than the periphery of these
natural habitats, which have transformed sections. If this is
the case, then transformation and habitat fragmentation of
the preferred grassland and wetland habitats could have
significant conservation implications for the persistence of
the species, where fragmentation increases patch number
and perimeter length, but reduces available core habitat with
suitable interior ecotones (Bruna et al. 2005; Kareiva &
Wennergren 1995; Yahner 1997).

Clumps of wattle, Acacia mearnsii, categorised as aliens, were
not ignored by the Blue Swallow as a source for insects.
The Blue Swallows at the Diptank nest site spent time
foraging around small clumps of wattle, and in particular in
the lee of these clumps when a wind was blowing. These
small clumps of wattle trees were well augmented by
indigenous undergrowth. Nevertheless, in time, the situation
could change when these wattle clumps might outgrow
the protective function that they currently provide to the
indigenous species that have established beneath them
(Galatowitsch & Richardson 2005).

Waterbodies played a major role in the foraging of the Blue
Swallows, which bathed frequently on the wing, almost
fully submerging themselves. Faecal sacks were often
deposited into the dam by the birds (J. Wakelin, pers. obs.,
November 2004).

Foraging

The radio-tagged Blue Swallows spent over 80% of their
time foraging over grasslands and wetland habitats and
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the remainder over tea and sugar cane plantations. This
preferential foraging is possibly a result of the increased
insect mass and abundance in these habitats (Wakelin 2006).
One needs to take cognisance of the fact that grasslands now
exist as, in this case, 25 isolated fragments, which could
possibly not have been the case in the past, with natural
grassland being a single contiguous section interspersed
with indigenous forest and wetlands (Camp 1997). These
fragments had the third longest perimeter of all the habitats
in the study area. Furthermore, these fragments result in
extensive perimeter with less suitable habitats and can result
in zones of increased threats. It is noteworthy that human-
occupied areas were avoided by the Blue Swallows.

Only two land cover classes, other than grassland, are natural:
wetland and indigenous forests. As in the case of grassland,
natural wetland habitat would have been lost through the
construction of dams (Begg 1991), thus reducing a choice
habitat for Blue Swallows (Evans et al. 2003; Spottiswoode
2005). Blue Swallows were observed to preferentially use the
grassland and wetland habitats’ ecotones as forage zones,
more than any other ecotone combination. According to
Frouz and Paoletti (2000), insect diversity and abundance is
increased on the ecotone between two habitats and may
explain this feeding behaviour.

Soil humic content has been suggested to play a key role in
determining insect abundance in an area (Callaham et al. 2003;
Holland 2004). This may explain the reduced selection by Blue
Swallows of the sugar cane fields, which are burnt every
18 months for harvesting, leaving the soil bare and devoid of
humus and plant litter. Blue Swallows were observed to
forage more frequently and for longer periods over unburnt
and ungrazed grassland sections than over recently burnt
sections, indicating that fire had possibly negatively affected
the quantity of insects available (Callaham et al. 2003;
Hanula & Wade 2003).

Loss of suitable natural forage and breeding habitats for the
Blue Swallow is cause for serious concern (Evans et al. 2003;
Wakelin 2004). Transformed land comprises 71% of the entire
combined home range areas. This figure includes 12% of
indigenous forest, which has limited use for Blue Swallows
as only the ecotones are used for foraging. In effect, there
remains intact approximately 29% of grassland and wetland
mosaic for the Blue Swallows to breed in and forage on
within their active home range areas. Furthermore, increases
in fragmentation and perimeter increase the negative edge
effect of the transformation (Camargo & Kapos 1995). This in
turn reduces habitat availability for the swallows through
reducing suitable forage range.

Considering the small and highly fragmented nature of the
natural habitats that remain intact, some transformed
habitats, such as the tea plantation, are fulfilling an important
surrogate role for foraging. Loss of these areas to other land
covers less suitable for the Blue Swallow could potentially
reduce the availability of forage to less than the critical
threshold, which could lead to local extirpation of the species.
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Conclusions

Blue Swallows were observed to spend over 80% of their
time foraging over grasslands and wetland habitats, and
within these habitats, they preferentially used ecotones as
forage zones. These observations can possibly be explained
by the results of Wakelin (2006) where wetland and grassland
habitats were found to have the highest mass and abundance
of edible insects. Insect diversity and abundance have been
found to increase on the ecotone between two habitats
(Frouz & Paoletti 2000). Plantations were clearly avoided by
the birds, likely as a result of them being aerially cluttered
habitats, which would hinder the flying capabilities of the
swallows. In the current study, transformed land comprised
71% of the home range area, with only 29% of grassland and
wetland mosaic remaining for the Blue Swallows to breed
and to forage, highlighting the importance of ecotones as a
key habitat requirement for Blue Swallows. Management
plans for the conservation of Blue Swallows must thus be
aimed at both protecting and conserving natural habitats
and maintaining mosaic of grassland and wetland
components to maximise ecotones within conserved areas.
To this end, the stewardship programme spearheaded by
Ezemvelo KwaZulu-Natal (EKZN) Wildlife, which aims to
formally conserve privately owned patches of untransformed
grassland and other natural habitats, may have a strong
impact on the long-term persistence of Blue Swallow
populations.
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