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Abstract

The Agulhas Long-billed Lark Certhilauda brevirostris is restricted to the Agulhas Plain, South Africa, a region extensively
transformed for crop production and sheep grazing. We present data on nest and egg characteristics, clutch and brood size,
parental care and breeding success previously undescribed for this species. During field surveys in 2020 and 2021, 29 nests
were located. Of these, 16 were monitored by camera traps. Laying started in late winter (July) and continued until early
summer (late November). Most nests (66%) were in Renosterveld, a unique vegetation component of the Fynbos Biome,
with the remainder in human-modified landscapes. Female larks were responsible for nest construction and incubation.
Both sexes provisioned nestlings, with provisioning rate related to nestling age and time of day but not brood size. Breeding
success was low, with only 14% of nests fledging any young. Only one repeat nesting attempt following a predation event
was observed, but the attempt was abandoned. Nest predation was the main cause of nest failure, with eight species of nest
predators identified. An apparent preference for nesting in Renosterveld highlights the need for protection of this endangered
habitat type. As a ground-nesting species in an agriculturally transformed landscape, this lark faces numerous threats associ-
ated with habitat loss, altered predation pressure, exposure to pesticides and disturbance at nest sites.
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Zusammenfassung

Die Brutokologie der Agulhas-Langschnabellerche: ein endemischer Vogel, der auf das verbliebene Renosterveld des
Westkaps, Siidafrika, angewiesen ist.

Die Aghulhas-Langschnabellerche Certhilauda brevirostris ist auf die Agulhas-Ebene in Siidafrika beschrinkt, eine Region,
die extensiv fiir den Ackerbau und die Schafbeweidung veréndert wurde. Wir priasentieren Daten zu Nest- und Eimerkmalen,
Gelege- und Brutgrofle, elterlichen Pflege und Bruterfolg, die bisher fiir diese Art nicht beschreiben wurden. Bei den
Kartierungen im Feld in den Jahren 2020 und 2021 wurden 29 Nester lokalisiert. Davon wurden 16 Nester mit Kamerafallen
iiberwacht. Das Eierlegen begann im Spétwinter (Juli) und hielt bis in den Friihsommer (Ende November) an. Die meisten
Nester (66%) befanden sich im Renosterveld, ein einzigartiger Vegetationstyp des Fynbos, dessen Restbestand in der vom
Menschen verdnderten Landschaft liegt. Die Weibchen der Langschnabellerche waren fiir den Nestbau und die Bebriitung
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der Eier zustdndig. Beide Geschlechter versorgten die Nestlinge, wobei die Versorgungsrate mit dem Nestlingsalter und
der Tageszeit, nicht jedoch mit der BrutgroBe zusammenhing. Der Bruterfolg war gering. Nur 14% der Nester brachten
fliigge Jungvogel hervor. Nur in einem Fall wurde ein erneuter Brutversuch nach einem Pridationsvorfall beobachtet, der
jedoch aufgegeben wurde. Nestpriadation war die Hauptursache fiir den Brutverlust, wobei acht Arten als Nestprddatoren
identifiziert werden konnten. Eine offensichtliche Préferenz fiir das Nisten im Renosterveld unterstreicht die Notwendigkeit
des Schutzes dieses gefidhrdeten Lebensraumtyps. Als bodenbriitende Art in einer agrarwirtschaftlich genutzten Landschaft
ist die Aghulhas-Langschnabellerche zahlreichen Bedrohungen ausgesetzt, die mit dem Habitatverlust, dem verinderten
Prédationsdruck, der Belastung durch Pestizide und der Storung am Nest einhergehen.

Introduction

In southern Africa, knowledge of the natural history of
some threatened ground-nesting bird species in agricultural
regions remains poor, especially with regard to their breed-
ing ecology (Hockey et al. 2005; Maphisa et al. 2009; Engel-
brecht and Mashao 2019). Larks, in general, are a poorly
known family with 100 species in 21 genera (IOC v13.1).
They are largely restricted to the Old World, with the great-
est diversity in Africa (de Juana et al. 2004). Almost 30% of
the 30-32 lark species found in southern Africa are endemic
or near-endemic to the region (Dean and Hockey 1989).
Larks are generally associated with low-growing vegetation
types in arid to semi-arid environments and agriculturally
transformed areas (Dean and Hockey 1989; Winkler et al.
2020). As ground-nesters, larks must mitigate high nest
failure rates as well as the impact associated with habitat
transformation (e.g., Boyer 1988; Maphisa et al. 2009). One
of the endemic South African species that occurs almost
entirely in such transformed habitats is the Agulhas Long-
billed Lark Certhilauda brevirostris.

The Agulhas Long-billed Lark is part of the Long-billed
Lark C. curvirostris sensu lato species complex (Ryan and
Bloomer 1999 but see BirdLife International 2016 for differ-
ing taxonomic status). In South Africa, the species is listed
as Near Threatened due to its small distribution largely out-
side of formally protected areas (Taylor et al. 2015). Agulhas
Long-billed Lark is restricted to the 15,000 km? Overberg
region (Cowling and Heijnis 2001). Virtually unstudied,
the breeding ecology of this species is still considered
‘unknown’ (Tarboton 2001; Ryan and Dean 2005). Agul-
has Long-billed Lark has limited displacement options as
it avoids coastal regions or mountain Fynbos (Evans 2021),
preferring the moderately fertile shale-derived lowlands
instead, a region that is also home to South Coast Renos-
terveld (hereafter “Renosterveld”), a unique vegetation
type that is highly threatened by extensive transformation
into agricultural land (Hoffman 1997; Kemper et al. 2000).
Renosterveld is Critically Endangered, with less than 10%
remaining in fragments within croplands and pastures (Kem-
per et al. 2000; Skowno et al. 2019).

Establishing nesting requirements and factors influencing
breeding success are important for effective conservation
planning (Tapper et al. 1996; Bravo et al. 2020; Ferguson
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et al. 2021). Parental care strategies vary widely in small ter-
restrial birds as individuals must balance the need for repro-
duction with that of survival (Conway and Martin 2000; Bur-
ley and Johnson 2002; Cockburn 2006). An understanding of
nest placement and parental care behaviour can help predict
responses to changing conditions (Conway and Martin 2000;
Auer et al. 2007), especially in species in semi-arid to arid
regions. Traits such as incubation bout duration can vary
with female quality, ambient temperatures or perceived pre-
dation risk; with shorter recess bouts minimising cooling
and rewarming costs, while longer bouts minimise activity
at the nest which reduces predation risk (Williams 1993;
Conway and Martin 2000; Visser and Lessells 2001; Deem-
ing 2002; Arct et al. 2022). Provisioning rate can vary with
changes in food quality or brood size, nestling age, sex of
parent, timing of breeding, as well as ambient temperature
and rainfall (Wright et al. 1998; Barba et al. 2009; Engelbre-
cht and Dikgale 2014; Oberg et al. 2015; Barras et al. 2021;
Cauchard et al. 2021; Senécal et al. 2021). Nest location
varies too, with ground-nesting species exposed to a unique
set of challenges during breeding and face higher predation
risk due to the on-ground location of nests (Martin 1993).

We investigated the breeding ecology of Agulhas Long-
billed Lark over two nesting seasons in the Renosterveld/
agricultural landscape mosaic in the Overberg. We further
examined the parental breeding behaviour for this species
and documented the roles of male and females, documenting
nest attentiveness, duration of incubation bouts, and pro-
visioning rate specifically in terms of variation by an hour
of the day, nestling age and brood size. Lastly, we provide
details of all predation events that were recorded and esti-
mate breeding success.

Methods

The core study area was located south of Swellendam and
east of Protem (34.3° S, 20.3° E) in the southwestern part of
South Africa (Fig. 1). The region is characterised by relatively
flat lowlands, with the Langeberg Mountains in the north and
the Indian Ocean to the south. The area is predominantly an
agricultural landscape; patches of different land-use that gen-
erally are clearly defined by sharp edges separated by fences
or roads. In some instances, natural vegetation (including
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Fig. 1 The road network in the agricultural landscape of the southwestern Cape, South Africa. Agulhas Long-billed Lark nest locations and the

Haarwegskloof Renosterveld Reserve are indicated

Renosterveld) is left to grow along fence lines and road
verges. A small percentage is urban, utilised for wind energy
infrastructure, or protected as nature reserves.

This study took place in regions of Central or Eastern
Riens Shale Renosterveld, depending on the varying geol-
ogy of the region (Mucina and Rutherford 2006). There are
slight differences in rainfall regimes: with Central character-
ised by winter rainfall (mean annual precipitation 380 mm,
range 300—480 mm) while Eastern has both winter and sum-
mer rainfall (385 mm, range 270-540 mm). Mean maximum
and minimum daily temperatures are nearly similar, Central:
27.3 °C (summer, Jan), 5.6 °C (winter, Jul); Eastern 26.9 °C
(summer, Jan), 5.9 °C (winter, Jul) (all data from Mucina
and Rutherford 2006). Central Riiens Shale Renosterveld
altitude ranges from 20 to 340 m a.s.l., whereas the Eastern
Riiens Shale Renosterveld ranges from 40 to 320 m a.s.l.
(Mucina and Rutherford 2006). The study area is within the
core of the range of the Agulhas Long-billed Lark (https://
sabap2.birdmap.africa/species/4123, accessed 25 July 2020,
Brooks et al. 2022). In addition to the presence of the study
species, the region within the Overberg took into account
road access, access to an existing network of landowners,
proximity to a wind energy facility and proximity to the
largest intact remaining Renosterveld at the Haarwegskloof

Renosterveld Reserve (https://overbergrenosterveld.org.za/
renosterveld-reserve/).

Nest searches

The study area was visited monthly between August 2020
and January 2022 to determine nesting phenology. To estab-
lish where lark pairs or males were present, ‘scouting” walks
were performed from dawn until approximately 11:00 and
then from about 14:00 until sunset (although exact start
times were temperature dependent). Male Agulhas Long-
billed Lark have a distinctive aerial display and call (Ryan
and Dean 2005), and both sexes often perch on fence posts,
making them conspicuous in the landscape. Once a lark was
detected, it was observed for 1-2 h to check for breeding
behaviours such as carrying nest material or provisioning
food to nestlings. The location of sites where larks or their
nests were found was recorded on a hand-held GPS (Garmin
64 series).

Nests were located by targeted searches in areas known
to support larks from the scouting walks. When nesting, the
females were especially secretive and not easily located.
Both the male and female emitted a grating alarm call if
an observer approached the nesting area. The level of
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tolerance varied among adults, with some birds becoming
agitated (‘alarming’ and flying around a human intruder)
if the observer was within 50 m of the nest, while others
only displayed agitation within 10 m of a nest. Most nests
were located by carefully checking the area where adults
on known territories were flushed. Larks typically flushed
when an observer was 60—100 m from the nest, but they
had a distinctive flight pattern: ‘shooting’ off the nest, flying
fast and low, and landing out of sight. If merely foraging,
the birds seemed less concerned with being visible, their
flight pattern was slower, with measured wing beats and they
flew higher above the ground, often perched within sight
about 20—40 m away. After flushing, nesting birds seldom
returned within 20 min, therefore observers left the area to
avoid disturbance.

Nest locations were assigned to five habitat types: Renos-
terveld, crop field (oats Avena sativa, barley Hordeum vul-
gare or wheat Triticum spp., alfalfa Medicago sativa or can-
ola Brassica napus), road verge (narrow strips of vegetation
between roads and fences), pasture (used for grazing, no bare
soil), fallow pasture (fields that are resting from grazing,
with patches of bare soil generally including some shrubs
indicative of disturbance). Distance to habitat edge as well
as distance to the nearest patch of Renosterveld (in cases
where nests were not located in Renosterveld) and patch size
were recorded using the Google Hybrid imagery accessed
via the open-source software QGIS (2022, http://www.qgis.
org/, date accessed: 15 February 2022).

Nest structure, location and type of nest materials used
were examined. For nests sheltered by vegetation, the
height and type of plant were recorded. For nests found
containing eggs, the egg length and width were meas-
ured using a small hand-held ruler to the nearest milli-
metre. Care was taken to minimise contact with nests or
nest contents. Nests were not visited when Cape Crow
Corvus capensis, Pied Crow C. albus or White-necked
Raven C. albicollis were visible in the area, these cor-
vids are known predators of ground-nesting birds that
could use visual cues (Troscianko et al. 2016; Fergu-
son et al. 2021). Egg volume was estimated as egg vol-
ume = length X width? x 0.51 (Hoyt 1979). Besides being
useful for comparative purposes, variation in egg volume
can have important ecological and evolutionary implica-
tions (Boersma and Rebstock 2010). Once nesting activity
ceased, the nest depth, internal and external diameter, and
orientation of the nest were recorded. The presence of an
apron (extended platform on one side of the nest, typically
constructed of sticks, thatch and rocks), as well as the size
were noted. Apron length was measured from the edge of
the nest cup to the end of the apron at the widest point
coinciding with the centre point. Five Long-billed Lark
nests (assigned to species Certhilauda curvirostris, the
super-species pre-split in 1998, Ryan and Bloomer 1999)
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were recorded in this region during the Southern Afri-
can Ornithological Society’s Nest Record Card Scheme
(NERCS) and these are summarised in the results. Laying
dates were either back-dated by comparing the develop-
ment phase of the nestlings with that of known-age nest-
lings from this study using photographs or from known
hatching dates when nests were found during the egg
phase. Assuming an incubation period of 16 days, laying
dates for these nests were set at 8 days prior to the date of
discovery. Dates were binned into the first or second half
of a month to aid interpretation of data. Hatch day was
considered day 1.

Nests were visited every 3-5 days until the nestlings
fledged or nests were predated. Motion-triggered cameras
(Cuddeback 20MP IR—Infrared Flash, H-1453) were posi-
tioned 50-80 cm away from nests. Cameras were secured
within a small cairn of rocks ~30 cm high. The habitat
incorporates many small piles of rocks, and the cairns were
deemed small enough not to draw specific attention to nest
sites. Cameras were not placed at nests within pasture (cam-
eras too conspicuous) or along roads (risk of theft). Once
triggered, cameras recorded a photograph followed by a 10
or 30-s video. Cameras reset to renew filming after a period
of 5 s (incubation) or 60 s (nestling). Camera settings were
altered according to the nesting phase to prolong battery life
and minimise the frequency of nest visits: during incubation
there were relatively few trigger events with cameras set to
record 10-s videos and reset after 5 s. After the eggs hatched,
cameras were set to take 30-s videos but only reset after 60 s.
Hatch dates were determined from footage of adults remov-
ing eggshells and providing food to nestlings.

To test whether there were specific physical habitat char-
acteristics associated with nest sites, we quantified these by
adapting the methods used by Erdds et al. (2009). Local
habitat characteristics (percentage cover) were investigated
within a 25 and 100 cm radius around a nest and com-
pared to a non-nest site within the same territory. Catego-
ries recorded were soil, rock, shrubs and grass. Grass and
shrubs were included only if their stems or trunks emerged
from the ground within the radius. Height (mm) of the tall-
est bush and grass were recorded at the highest point within
the radius. The size (longest dimension) of the largest rocks
were recorded (mm). A comparison site was selected by
moving 20 m away from the nest site, maintaining the same
distance to the edge of the habitat. Comparison sites were
chosen to best control for broader habitat-related features
so that any local scale differences detected represented true
micro-site choice rather than simply representing large land-
scape-scale differences in vegetation type. Given that nests
were often located in relatively small islands of Renosterveld
surrounded by agricultural fields, maintaining distance to the
edge was important because the centre of the islands were
often rocky with dense vegetation.
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Behavioural data

The cameras recorded lark behaviour at nests, although large
objects (mammals and vehicles) could be detected passing
up to 3 m behind nests. All videos were time stamped. The
occurrence, start time and duration of the following behav-
iours were recorded: standing at the nest, provisioning, incu-
bation, faecal sac removal or egg turning.

Male Agulhas Long-billed Lark are larger than
females (Ryan and Dean 2005) which made it possible
to sex adults in the video footage. For example, measure-
ments taken at the study site showed male mean mass
45.9 g (range =44.8-47.5 g, n=3) and culmen 23.4 mm
(range =23.1-23.8 mm, n=3) versus female mass
35.3 g (range =32.0-38.3 g, n=3) and culmen 18.1 mm
(range=17.9-18.5 mm, n=3) (ATK Lee unpublished data).
Based on the time stamps, we calculated the duration of
incubation sessions and the provisioning rate (number of
provisioning events at a nest per hour).

The reliability of capturing night-time footage was
erratic, consequently data used in the behavioural analyses
were restricted to daylight hours: between 05:00 and 20:00.
Night-time footage was only analysed for the occurrence of
predation events (some of which occurred between 05:00
and 20:00). Where predation events were captured on video
(n=11), the identity of the predator as well as the date and
time of predation were noted. Causes of failure were not
captured in 12 cases because the camera traps were either
knocked aside by inquisitive sheep before the nest failed or
were not sensitive enough to capture the event.

Statistical analyses

Unless otherwise stated, results are reported as mean values
with standard deviation. All statistical modelling was done
in Program R (R Development Core Team version 4.1.1
2021). Packages used included tidyverse (Wickham et al.
2019), Ime4 (Bates et al. 2015), nlme (Pinheiro et al. 2022),
ImerTest (Kuznetsova et al. 2017), and MASS (Venables and
Ripley 2002). In all models, residual histograms and scat-
terplots were visually assessed to confirm model fit.

We used a linear model to test whether there was a rela-
tionship between distance to the habitat edge and the patch
size of the nesting habitat patch. We used linear mixed
models with a normal error structure to test for differences
between nest and comparison sites. The response variables
were arcsine transformed percentage shrubs, -grass, -soil,
-rock, as well as the height of grass, shrubs, and rock size.
All variables were checked for normality. As rock size was
highly skewed, it was log transformed to improve model
fit. The fixed effect was site type, differentiating “nest” and
“comparison” sites. Nest ID representing both site types was

included as a random effect. Due to sample size constraints,
response variables were modelled separately.

We investigated how the duration of incubation ses-
sions varied with the time of day by fitting a linear mixed
model with a normal error structure with an hour of the day
(both linear and quadratic terms) and date as explanatory
variables. The quadratic term was included because a vis-
ual inspection suggested a non-linear relationship between
these variables. Incubation session duration (measured in
minutes) was log transformed to improve model fit. Nest ID
was included as a random effect.

We investigated how the provisioning rate (visits per
hour) might change with the time of day by fitting a linear
mixed model with a normal error structure with an hour of
the day (linear and quadratic terms), nestling age, brood size
and date as explanatory variables. We also investigated how
the faecal sac removal rate (events per hour) might change
with the time of day by fitting a linear mixed model with a
normal error structure with an hour of the day (linear and
quadratic terms), nestling age and brood size as explana-
tory variables. Including the quadratic term is important as
underlying patterns in behaviours are often not accurately
captured by a linear term alone but follow unimodal trends
(Emms and Verbeek 1991; Conrad and Robertson 1993).
Nest ID was included as a random effect.

Daily survival rates were determined using Mayfield’s
(1961, 1975) method. The following estimates of breeding
success were calculated: the probability of an egg surviving
the incubation period (the number of nests lost per number
of nest days of incubation) assuming an incubation period of
16 days (n=1 nest), the probability of a nestling surviving
the nestling phase (the number of nests lost per nest-day dur-
ing the nestling phase) assumed to be 15 days (n =2 nests),
combining the two probabilities to provide a probability of
survival of a nest from the start of incubation to the fledgling
of nestlings.

Results

We found 29 Agulhas Long-billed Lark nests (3 in 2020 and
26 in 2021). The discrepancy between the two seasons was
due to increased insight and knowledge of the species by
2021. Based on the first egg-laying dates (back calculated for
20 nests), egg-laying started in the second week of July (late
winter) and continued until early summer (late November)
with an egg-phase nest found on 8 December 2021 (Fig. 2).
In five instances, active Agulhas Long-billed Lark nests were
less than 100 m apart, with the closest being 41 m apart. A
further four breeding pairs provided breeding ecology data,
two instances involved recent fledglings (still flightless) and
two cases in which the nest could not be located but adults
were clearly either provisioning young or constructing a
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Fig.2 Inferred laying dates for
29 Agulhas Long-billed Lark 6 1
nests, assuming an incubation
period of 16 days and nestling
period of 15 days (based on
camera trap footage)
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nest. There were seven nest record cards for Agulhas Long-
billed Lark dating from 1959 to 1988: five containing eggs
and two with chicks.

Nest habitat and structure

Renosterveld was the most common vegetation type for
nest sites (n =19, 66%), followed by grazed pastures (n=3,
10%), fallow pasture (n=2, 7%), grassy road verges (n=2,
7%), and in croplands of alfalfa Medicago sativa, oats Avena
sativa, and a thick stand of alien grass Bromus sp. (each
n=1, 3%) (Fig. 3). The two fledged broods were found in
Renosterveld. The mean distance from the edge of the habi-
tat was 29.8 m (+33.3 m, median=16.8 m, n=29). Dis-
tance to the edge of the habitat increased with an increase in
habitat patch size (F 5, =17.6, p <0.001). For nests in other
habitats, the mean distance to the nearest Renosterveld patch
was 190.4 m (x355.3 m, median=73.1 m, n=10).

All nests were a shallow cup built on the ground at the
base of a small bush (n=14), planted crop (n=4) or grass
clump (n=10) (Fig. 4) (Supplementary materials Tab. S1).
Typically, at least half of the nest wall was sheltered, result-
ing in a clear orientation of the nest with a restricted point
of access and visibility for the bird on the nest. There was
variation in the orientation of the nests: 39% faced southeast,
21% south, 18% northeast, 11% southwest, 7% east, and 4%
north. No nests faced west or northwest.
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Nest construction behaviour was recorded at four nests,
where eggs were laid 10, 7, 5 and 5 days after the nest was
first located. In the early construction phase, the nest con-
sists of a messy circle of long grass strands. No construction
was observed once the first egg was laid. All 32 clips filmed
of nest construction, showed that nest construction was only
performed by females. Nests were primarily comprised of
coarse dry grass although 31% of nests had tiny pieces of
moss incorporated in the nest lining, 28% had twigs sup-
porting the exterior of the nest structure and 17% had dry
leaves (from plants other than grasses) (n=29). Sheep wool
was used as nest lining in one nest. One-third of nests had an
apron of pebbles or sticks constructed at the nest entrance,
which varied considerably in size (Table 1). Nest depth,
external and internal nest diameter as well as the apron
length and height of sheltering vegetation varied consider-
ably between nests (Table 1).

At a 25 cm radius, there was significantly greater shrub
cover (;(2: 18.81, df=15, p<0.001), and less soil cover
(y>=8.46, df=15, p=0.004) at nest sites versus com-
parison sites. No significant differences were recorded in
the percentage rock (;(zz 3.51, df=15, p=0.06), or grass
(y*=3.14, df=15, p=0.08) between nest sites versus
comparison sites. Shrub height was greater at nest sites
(y*=18.33, df=15, p<0.001) but there was no differ-
ence in grass height (y*=2.10, df=15, p=0.15) or rock
size (y*=0.10, df=15, p=0.76) between the sites. At the
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Fig. 3 Examples of some of vegetation types used as nesting locations by Agulhas Long-billed Lark in the Overberg. Top left to bottom right as
indicated: a pasture, b Renosterveld, ¢ road verge, and d alfalfa Medicago sativa. Nest positions arrowed

Fig.4 Agulhas Long-billed Lark nest indicating typical positioning
against a clump of grass and shrublets

Table 1 Agulhas Long-billed Lark nest dimensions (mm) from nests
located during the 2020 and 2021 nesting seasons

Nest characteristics Mean+SD Range
Nest dimensions (n=27)
Depth 27.8+4.6 20-38
External diameter 110.7+24.2 70-160
Internal diameter 68.3+7.1 50-80
Apron (n=10)
Width 47.0+15.5 23-70
Height of the sheltering vegeta- 264.3+153.7 60-701

tion (mm, n=29)

Apron refers to an extended platform of sticks or pebbles constructed
at nest entrances of some nests. All nests were sheltered by shrubs or
grass. Sample sizes (n) are provided in brackets

100 cm radius, there were no significant differences in
percentages of shrub, soil, or grass (all ;(2< 1.40, df=15,
p>0.24) or in the height of shrubs or grass or rock size
(all > < 1.03, df=15, p>0.31).
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Description of clutches and eggs

Mean clutch size was 2.7+0.5 (median =3, range 1-3,
n=20 nests). NERCs showed a mean clutch size of 2.6 +0.5
(range 2-3, n=>5 nests) although care should be taken with
nest record card data as it is not known whether clutches
were complete. The oval-shaped eggs ranged from light
creamy brown to a dirty white, flecked with a band of dark
brown markings mainly on the broad end of the egg (two
examples in Fig. 5). Egg length, width, and volume of 52
eggs varied considerably (Table 2). Within a clutch, length
varied by a mean of 1.5 mm (range 0—6 mm), width by
1.1 mm (range 0—2 mm) and volume by 474.1 mm? (range
0-1754.4 mm>).

Behavioural observations

Sixteen nests contributed behavioural data from camera
trap recordings, two during nest construction, 15 during
incubation and 10 during the nestling period. Camera traps
recorded behaviour at these active nests for an average of
111.1 h (range 2.4-444.7) per nest. The 13 nests lacking
behavioural data were because the camera traps malfunc-
tioned (n=28), or the location of the nests prevented the col-
lection of data (n=>5).

Incubation behaviour was inferred from 767.3 h of cam-
era trapping at 10 nests (range 2.4—197.7 h per nest). In all
instances where sex could be determined (98%, n=289),
the incubating bird was female. No evidence of the male
feeding the incubating female was observed. The mean and
median duration of an incubation bout was 25.1 +36.1 and
15.0+36.1 min respectively (range 0.2-278 min, n=296).
The incubation period was 16 days (n=1) from the last egg
laid to hatching. Egg turning was filmed on 24 occasions at
seven different nests. It was not possible to ascertain whether
incubation started at laying of the first egg or only once the
clutch was complete.

Fig.5 Examples of Agulhas
Long-billed Lark eggs, showing
the variation in egg colour
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Table2 Summary statistics for 52 Agulhas Long-billed Lark egg
length, width and volume from the 2020 and 2021 nesting seasons

Parameters Mean+SD Range

Egg length (mm) 21.0+1.6 19-28
Egg width (mm) 15.8+1.2 14-18
Egg volume (mm?) 2808.2+558.6 2295-3883

Incubation bout duration was significantly explained by
an hour of the day and its quadratic term (Table 3). Incuba-
tion bouts tended to be longest in the late morning (Sup-
plementary materials Fig S1). The day in the season did
not explain variation in the duration of incubation sessions
(Table 3).

The altricial nestlings hatched asynchronously with a
small amount of white down (Supplementary materials Fig
S2). The mean number of nestlings at hatching was 1.9 +0.8
(range 1-3, n=22). During the nestling phase, all adult visits
to the nest were assumed to be provisioning events. Prey
items were only recorded in 33% of video clips (n=433). In
the remaining clips, the video only started after the adult had
entered the nest and presumably had already fed the nest-
lings. Provisioning rate, faecal sac removal and prey identity
were inferred from 1261 nest visits recorded during 637.3
camera trapping hours at 10 nests (range 12.7-165.0 h/nest).
Of the suspected provisioning events, 128 were by females
and 258 by males, but the sex was unclear in 875 events,
precluding any analysis of inter-sex differences in provision-
ing effort.

Provisioning rate peaked in the late morning (Supple-
mentary materials Fig S3), and increased with nestling
age (Supplementary materials Fig S4), but not brood size
(Table 3). In 79 (18%) of the recorded provisioning events
prey items could be identified. Most prey items were inver-
tebrates, including Lepidoptera (adults 14% and caterpil-
lars 68%), Orthoptera (1%), and Coleoptera (13%). In
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Ta.ble 3 Generalised linear Response variable Explanatory variable Estimate df 7 p value
mixed model outputs for the
incubation session duration Incubation session duration Intercept 2425 1,10.50 232 0.128
(log minutes), provisioning rate (log transformed) Hour 042 1. 24724 583 0.016
(number of visits per hour) and Hour? ’ ’ ’ ’ .
faecal sac removal rate (removal Date 0022 1,247.75 088 0.002
events per hour) in Agulhas —-0.013 1,10.46 2.31 0.129
Long-billed Larks Provisioning rate Intercept -21.16 1,9.12 1.74 0.187
Hourz 0.28 1, 781.04 73.62 <0.001
Hour -0011  1,780.88 7390  <0.001
Date
Nestling age 0.0011 1,9.11 1.54 0.214
Brood size 0.061 1, 634.03 63.84 <0.001
0.068 1,9.10 0.31 0.577
Faecal sac removal rate Intercept 0.35 1,76.97 2.39 0.122
Hourz 0.0687 1, 116.00 3.89 0.048
Hour ~0.0027  1,115.42 3.64 0.057
Nestling age
Brood size 0.0068 1, 95.69 1.35 0.245
—-0.011 1,3.63 0.066 0.796

Nest ID was fitted as a random effect. The table reports the estimate, degrees of freedom, chi-square value,
and p value for each explanatory variable. Significant p values less than 0.05 are marked in bold

numerous cases, the items in the bills were tiny, suggestive
of grains, small ants or termites.

Two noteworthy interactions with co-occurring ground-
nesting species were recorded on camera at nests. In one
interaction, a female Agulhas Long-billed Lark removed
an African Pipit Anthus cinnamomeus hatchling from its
nest. The female lark was at the African Pipit nest. She
entered the nest, caught hold of the hatchling by the nape
and flew off with it without killing the nestling first. In
the second interaction, a female Agulhas Long-billed Lark
spent several hours over the course of two days fussing
over a Cape Clapper Lark Mirafra apiata nestling. The
Agulhas Long-billed Lark appeared to poke the nestling
(which was 10 days old) although most of the time it sim-
ply stood at the nest entrance preening. The adult Cape
Clapper Larks were disturbed by the presence of the larger
lark and seemed reluctant to return and feed their nestling.
Dense fog prevented clarity on the outcome of this interac-
tion because the nestling disappeared from the nest soon
after.

Adults consumed faecal sacs at the nest when nestlings
were a few days old but removed sacs from the nesting area
once nestlings were older. Faecal sac removal was observed
in 146 instances from 9 nests, at a rate of 1.2 +0.6 removal
events per hour. The rate of removal increased with time of
day (Table 3), peaking at midday (Supplementary materials
Fig S5) but not with nestling age or brood size (Table 3).
Both males (n=55) and females (n=29) removed faecal
sacs (sex was unknown in 62 cases). In two instances we
could establish that the time between hatching and fledging
was 12 and 16 days. In a third instance, nestlings were mov-
ing around the nest area at 11 days but were still fed in the

nest. Nestlings are mobile when they fledge but before their
flight or tail feathers are well developed.

Adult birds were frequently filmed (n=613 video clips)
standing at the nest during both the incubation and nestling
phases. Standing occurred both before and after incubation
and provisioning events. There was no obvious reason for
or pattern in the type of behaviour leading to these stand-
ing activities although this behaviour could be sentinel
behaviour, waiting for nestlings to produce a faecal sac or
parents could be providing shade or shelter. Typically, the
adult would be positioned ~30 cm from the nest, stand-
ing on the ground or a rock, scanning the area around the
nest. Such standing events were recorded at 14 nests at a
rate of 1.7+ 1.1 events per hour. Mean time spent standing
was 0.83 +3.50 min. Standing events were recorded during
the construction (1.3 +0.6 events per hour, n=3), incuba-
tion (1.8 £ 1.2 events per hour, n=99), nestling (1.8 +1.2
events per hour, n=510 and post fledgling (n=1) phases.
Though both sexes engaged in this behaviour, it involved sig-
nificantly more females than males (¢,,3,=—2.22, p=0.03,
SE=0.16). Breakdown of the number of events by sex were
238 female, 86 male and 289 unknowns.

Daily survival rate during the incubation phase was 93%
(95% CI 89-96%) and during the nestling phase 91% (CI
86-97%). The probability of a nest surviving the incuba-
tion phase was 29% (CI 26-32%, n=18), and of surviv-
ing the nestling phase was 26% (CI 21-32%, n=38). The
probability of surviving both phases was 8% (CI 4-11%).
The average nestling period was 14 days. Half of the nests
that failed were predated (n=11). Nine nests were predated
during incubation. Eight predator species, including mam-
mals (n=35), reptiles (n=2) and birds (n=3) were identified
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predating Agulhas Long-billed Lark nests (Table 4). All pre-
dation events were complete, with all nestlings or eggs con-
sumed. Adult larks attempted to chase snakes from the nest.
The two snake predation events solicited strong mobbing
responses (spreading wings, mobbing, alarm calling) and a
tortoise passing at a separate nest elicited the same response.
The 12 nests which failed for unknown reasons probably also
were predated as the nests were undamaged. One nest late
in the season (21 November 2021) was found to contain two
eggs and one nestling was estimated to be 2 days old. The
nestling disappeared overnight and the eggs did not hatch.
No incidents of nest damage as a direct result of agricultural
activities were recorded for the Agulhas Long-billed Lark.
For the duration of the fieldwork, recently fledged Agulhas
Long-billed Lark was only encountered on five occasions,
compared to the many sightings of juvenile Large-billed
Galerida magnirostris and Red-capped Calandrella cinerea
Larks. One repeat nesting attempt following predation dur-
ing the egg stage was recorded. The adult birds abandoned
the attempt, presumably because the nest predator (Cape
Crow) appeared to monitor adult bird behaviour. No repeat
broods or replacement broods were recorded. Thorough
checks were performed at failed and successful nests to
monitor for replacement or repeat nesting behaviour.

Cape Foxes Vulpes chama and Bat-eared Foxes Otocyon
megalotis were regularly encountered in the study area, and
we expected that they would predate or at least investigate
lark nests, but we did not record any footage of foxes near
or at Agulhas Long-billed Lark nests. Two Agulhas Long-
billed Lark nests were constructed approximately 40 m from
active Bat-eared Fox dens. At one site, the Agulhas Long-
billed Lark pair was agitated by the presence of the foxes,
alarm calling and mobbing the foxes at their den (although
the foxes paid no apparent heed to the larks). No interactions
were observed between the larks and foxes at the other site.
One of these nests was predated by a Yellow Mongoose Cyn-
ictis penicillata and the other failed for unknown reasons.

Discussion

This study was the first to establish nesting habitat, timing
of nesting, nest characteristics, clutch size, parental roles
and nesting success of the range-restricted Agulhas Long-
billed Lark. Agulhas Long-billed Lark appear to have nest
site preferences on at least three scales: at a landscape scale
they prefer Renosterveld habitat; at a patch scale nest place-
ment was farther from patch edges as patch size increased;
and at a microsite scale, nests were built in areas of greater
vegetation height and cover. Two-thirds of Agulhas Long-
billed Lark nests were found in Renosterveld fragments,
even though these fragments making up a minor propor-
tion of the greater landscape. Nesting in a fragmented and
declining habitat type is likely to have multiple knock-on
effects for the species. Agulhas Long-billed Lark face both
the direct effects of continued loss of Renosterveld nest-
ing habitat (fewer nesting opportunities) and likely indirect
effects resulting from being forced to nest nearer to habitat
edges than they might prefer, which can increase preda-
tion risk through the edge effect (Tapper et al. 1996; Evans
2004). The small number of nests located in other habitat
types (pasture, road verges and alfalfa fields) indicate that
Agulhas Long-billed Lark can make use of other habitat
types, but nests in these locations are at risk of destruction
by farm machinery during planting and harvesting activities.

The nesting season of Agulhas Long-billed Lark is July
to December, overlapping with the peak flowering sea-
son of Renosterveld (September to October; Curtis-Scott
2020). The nesting season is likely linked to rainfall and
might be more protracted farther east where rainfall is more
uniform throughout the year. Intense search efforts outside
of this period yielded no active nests. Nesting from July to
December avoids the temperature extremes of summer as
well as overlapping with the abundance of invertebrate food
resources during the short flowering season. As ground-nest-
ers, Agulhas Long-billed Lark eggs and nestlings are likely

Table 4 Predators of Agulhas
Long-billed Lark nests in the
Overberg study area

Predator species Predator type  Predation Nest stage (age in days if nestlings)
events

Boomslang Dispholidus typus Reptile 2 Nestlings (6 and 11 days old)

Large-spotted Genet Genetta tigrina Mammal 2 Nestlings (2 and 11 days old)

Caracal Caracal caracal Mammal 1 Nestlings (6 days old)

Honey Badger Mellivora capensis Mammal 1 Nestlings (1 day old)

Yellow Mongoose Cynictis penicillata Mammal 1 Nestlings (1 day old)

Cape Crow Corvus capensis Bird 2 Incubation

Helmeted Guineafowl Numida meleagris ~ Bird 1 Incubation

Common Fiscal Lanius collaris Bird 1 Nestlings (12 days old)

The number of nests predated by predator type, and nest stage the stage when predation occurred. Nestling
age is given in days with day 1 hatch day
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to be negatively affected by both an increase in temperature
and the number of rain days if they mis-time nesting, as eggs
and nestlings will be exposed to cold and rain (Arlettaz et al.
2010; Oberg et al. 2015).

Like most Alaudidae, the female Agulhas Long-billed
Lark was responsible for nest construction and incubation
(Winkler et al. 2020), suggesting that the female determines
the suitability of nest site and habitat. During construction,
the female was often accompanied by the male, i.e., mate
guarding. Both adults provisioned nestlings and the provi-
sioning rate increased with nestlings age. It was not pos-
sible to determine whether the rate varied between sexes
and studies in other lark species have reported mixed results
(Engelbrecht 2005; Engelbrecht and Mashao 2019 reported
that the rate varied whereas Poulsen 1996, Tieleman et al.
2004; Mwangi et al. 2018 reported not). Parent behaviour
at the nest suggested sensitivity to increases in temperature.
Incubation bout duration and provisioning rates were highest
early in the morning and late afternoon, likely an avoidance
of temperature extremes to minimise cooling and rewarming
costs (Tieleman et al. 2004; Martin and Camfield 2009). On
hot days, female birds were regularly observed shading both
nestlings and eggs while panting. Nesting data for the other
four Certhilauda long-billed species complex in southern
Africa comprises of nest record card (NERCS), unpublished
or anecdotal records (Roberts 1940; Keith et al. 1992; Jarvis
et al. 1999; Del Hoyo et al. 2004; BD Colahan, WRJ Dean
and PG Ryan unpubl. data). As a result, rigorous compari-
sons within the group are not possible.

The low nesting success recorded for Agulhas Long-
billed Lark is not unusual in larks (e.g., Maclean 1970;
Engelbrecht and Mathonsi 2012; Engelbrecht and Digkale
2014) but coupled with a preference for a vulnerable and
declining nesting habitat might be unsustainable (Oswald
and Lee 2021). Habitat loss in agricultural areas is a key
driver threatening many bird species (Chamberlain et al.
2000; Donald et al. 2001). We found little evidence of nest
defence behaviour by adult larks, except in response to
potential reptile predators, despite the numerous instances
where larks were observed standing at nests, which suggests
that Agulhas Long-billed Lark rely mainly on concealment
to avoid nest predation. Like Short-clawed Lark nestlings
(Engelbrecht 2005), Agulhas Long-billed Lark nestlings lie
very still with no apparent interaction between siblings, nor
do nestlings beg audibly when adults arrive with food.

While this study provided valuable insights into the
breeding ecology of the Agulhas Long-billed Lark, it is
important to acknowledge its limitations. First, only 29 nests
were monitored, which limits our ability to draw robust con-
clusions about some aspects of the species' breeding ecol-
ogy. Second, the study was conducted in only one part of this
highly fragmented landscape, which may not be representa-
tive of other areas where the species occurs. Third, while

camera traps were used to identify predators, the number of
predator species may have been underestimated due to the
limitations of the camera trap technology. Snake predation
by smaller snakes Rhombic Egg-eater Dasypeltis scabra,
may account for the 12 cases in which nest contents disap-
peared with no obvious indication as to the cause. These
smaller snakes do not rear up like the large Boomslang
snakes and hence would likely be undetected by the camera
traps. Egg-eaters have been recorded as a nest predator at
other ground-nesting species (Bates and Little 2013; Oswald
et al. 2020) and in a fynbos study site (Nalwanga et al.
2004). We encountered no cases of ‘trampled vegetation’
near nest failures which we did record at several African
Pipit, Red-Capped Lark, and Large-billed Lark nests which
failed due to agricultural activities (S Rose unpublished
data). Finally, the study did not investigate the foraging
ecology of the nest predators, this ‘predator point of view’
would provide important insights into the factors driving
nest predation rates (IbéﬁeZ-Alamo et al. 2015). Other stud-
ies in fragmented landscapes have highlighted how impacts
on ground-nesting species vary with predator type (Benson
et al. 2010; Kriiger et al. 2018; Bravo et al. 2020) but no
data exist on predator ecology in the Renosterveld (Topp
and Loos 2019).

Despite the limitations of this study, our results do shed
light on the breeding ecology and nesting success of the
range-restricted Agulhas Long-billed Lark. The findings
highlight the likely importance of Renosterveld as a key
habitat for this species and the urgent need for conservation
measures to protect and restore this habitat. Renosterveld
is highly threatened despite being protected and very little
exists in formally protected areas which makes it vulnerable
to eradication (Curtis-Scott 2020; Moncrieff 2021). Given
the high nest failure rates and the diversity of predators
observed, there is a need for further investigation into the
causes of predation and disturbance. Effective conservation
efforts will need to address these factors to improve nesting
success and ultimately ensure the long-term survival of this
species. Future research should focus on understanding the
foraging ecology of nest predators, responses to predation
events (renesting), and examine strategies for habitat man-
agement and restoration.
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tary material available at https://doi.org/10.1007/s10336-023-02123-2.
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