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Abstract

Artificial perches are a restoration tool used to accelerate the regeneration of degraded
environments. They work by encouraging frugivorous birds to rest and defaecate seed in
sites that lack vegetation. If these seeds can germinate and establish, then this may result in
plant recruitment. This method was trialled for the first time in a degraded temperate coastal
environment, which was located on the Younghusband Peninsula, South Australia. The
potential effectiveness of artificial perches as a restoration tool was investigated by
observing the frequency of perch use by seed-dispersing birds, by measuring seed
deposition under perches and by determining the likelihood of subsequent plant recruitment

under perches.

The artificial perches were able to attract seed-dispersing birds. This was determined
through direct observations and the use of remote cameras. In total, 24 bird species visited
the perches, 9 of which were known to disperse seed. These seed-dispersers were not
obligate frugivores but rather consumed fruit as part of their varied diets. During the peak
fruiting period of summer and autumn, the spiny-cheeked honeyeater (Acanthagenys
rufogularis) and the singing honeyeater (Lichenostomus virescens) were the species that
most frequently visited the perches. These birds were important visitors, as they frequently
consumed fruit and dispersed seed from a variety of plant species.

The artificial perches effectively facilitated the dispersal of seed to the degraded site. Over
12 months, the quantities of seed collected beneath the perches were significantly greater
than the quantities of seed that arrived in open areas of the degraded site (2161.2 + 578.5
seeds/m? compared to 0.32 + 0.18 seeds/m? [mean + SE]). Most of this seed was deposited
in summer and autumn, during the main period of fruit availability. On average, native
plants accounted for 57.4% of the seeds received at the perches. To the benefit of
restoration, the perches received the seeds from many native species (up to 13 species),
including from the abundant and hardy shrubs Rhagodia candolleana, Myoporum insulare
and Acacia sophorae. To the detriment of restoration, 42.4% of the seed deposited beneath
the perches on average originated from the introduced shrub Lycium ferocissimum, which
was likely due to its presence in the degraded site. This result indicated that perches have

the potential to facilitate the spread of introduced fleshy-fruited species in degraded areas.

While the artificial perches facilitated the deposition of many seeds, very few of these seeds
were likely to recruit due to post-dispersal barriers. Recruitment potential was investigated

12



for fleshy-fruited shrub species whose seeds were commonly deposited at the perches.
Glasshouse and field experiments indicated that the establishment of these species was
limited by recruitment barriers including poor germination and herbivory from grazing
mammals. Recruitment may have also been limited by competition with introduced grasses.
These factors combined would likely limit the recruitment of most species in the degraded
areas of the Younghusband Peninsula. These findings suggest that if artificial perches are to
be deployed to promote regeneration in the Younghusband Peninsula, then additional

treatments will be required to help seedlings overcome post-dispersal recruitment barriers.
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Chapter 1. General introduction

1.1 Land modification and the need for restoration

More than 60% of Earth’s terrestrial surface has been transformed by humans through land-
use activities, such as agricultural practices, resource extraction and infrastructure
development (Hurtt et al. 2006; Choi 2017). This land modification has supposedly been
necessary to support expanding human populations but has led to a growing trend of
overexploitation, degradation and eventual land abandonment (Ramankutty and Foley
1999). All modification practices leave a legacy on the landscape. Altered plant biomass,
hydrology and soil structure modify ecosystem processes and these changes can endure for
hundreds, or even thousands of years after the practices have ceased (Foster et al. 2003).
When degradation is extensive and intensive, the threshold for self-repair is passed and
some form of restoration becomes necessary (Cramer et al. 2008). Of course, restoration is
not often prioritised or carried out, especially when natural resource management funds are
limited (Aronson et al. 2006). Rather, these funds are spent on conservation efforts,
including the acquisition and preservation of intact habitats (Possingham et al. 2015). Such
efforts, however, are no longer viable when few areas of intact habitat remain, or when the
remaining habitat is unable to support its biota (Hobbs and Harris 2001). Conservation in
this situation can be achieved through restoration, as it can improve or expand the remaining
intact habitats (Young 2000). Evidently, restoration is now essential to biodiversity
conservation in many parts of the world, including Australia, South Africa, North America

and some parts of Europe (Aronson et al. 2006; Suding 2011).
1.2 Restoration of degraded environments

In general, the first step in ecological restoration focuses on the removal of the disturbances
that are causing degradation (e.g. fire, grazing, irrigation), so the system can begin to
passively restore itself (Palmer et al. 2016). For example, the removal of livestock can allow
for the passive recovery of vegetation (Batchelor et al. 2015), small vertebrates (Haby and
Brandle 2018) and biological soil crusts (Read et al. 2011). In another example, the
cessation of fire suppression activities can allow fire regimes to approach historical
standards (Mclver and Starr 2001). Passive restoration can effectively restore ecosystems,
most particularly in areas where the disturbance has been light or short-lived (Holl and Aide
2011; Bechara et al. 2016). Passive restoration, however, is often also slow, especially when
there are limitations in the drivers of recovery (e.g. propagule supply, disperser availability;
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Rey Benayas et al. 2008; Zahawi et al. 2014). An active approach to restoration may be
preferred under these circumstances. This approach includes interventions such as
vegetation planting, direct seeding, weeding, burning, and thinning — all of which are used
to produce a desired pattern, structure or composition in the landscape (Rey Benayas et al.
2008; Bechara et al. 2016). Active restoration projects are becoming increasingly popular,
although, these projects are often expensive and require considerable time, maintenance and
labour (Holl and Aide 2011). These requirements can restrict the scale of restoration and
limit associated outcomes (Shono et al. 2007). For example, a recent review of revegetation
literature in Australia estimated establishment costs for manual tubestock plantings to range
from $1763 to $6396/ha and direct seeding costs to range from $597 to $2519/ha (Summers
et al. 2015). While direct seeding is less expensive, restoration attempts using this method
are generally less successful due to poor germination, high mortality and intense weed

competition (Ceccon et al. 2015; Palma and Laurance 2015).

Restoration techniques that aim to stimulate natural regeneration could reduce the need for
expensive and labour-intensive methods. These techniques work by removing or
manipulating restoration barriers in a low-intensity and cost-effective manner (Shono et al.
2007). For example, competition from herbaceous vegetation can be reduced through
herbicide application, cutting and even low-intensity grazing, which in turn can stimulate
native plant regeneration (Shoo and Catterall 2013). In another example, fire can be used to
help trigger seed germination and reduce competition from fire sensitive species (Pyke et al.
2010). Currently, most natural regeneration techniques aim to increase establishment,
growth and survival of plants (Shoo and Catterall 2013). In contrast, few of the techniques
aim to increase the arrival of propagules, even though limited propagule supply is often a
barrier to regeneration in disturbed ecosystems (Holl et al. 2000; Zimmerman et al. 2000;
Standish et al. 2007). This barrier is often observed in cleared and degraded habitats (i.e.
habitats of reduced quality) where animals are relied upon to carry out seed dispersal. Seed
dispersal is limited as the animal dispersers have little incentive to enter degraded
environments, especially when they lack food resources, perching sites and structurally
complex vegetation (Wunderle 1997; Duncan and Chapman 2002). Natural regeneration
techniques that overcome dispersal limitations include soil and seed bank translocations, as
well as more novel techniques such as artificial shelters and perches, which facilitate the
movement of seed-dispersing animals into disturbed or degraded areas (McClanahan and
Wolfe 1993; Reis et al. 2010).
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1.3 The use of artificial perches for restoration

From the range of available natural regeneration methods, artificial perches in particular
have received considerable attention from researchers (Guidetti et al. 2016). This restoration
method works by encouraging seed-dispersing birds to rest while moving across the
degraded landscape. While perched, the birds may defaecate seeds of fruits they have
consumed, which may then lead to the recruitment of pioneer plants. These pioneer plants
may then facilitate the recruitment of other plants, allowing regeneration to occur (Reis et
al. 2010). One of the main advantages of this restoration method is that the composition of
seeds deposited and recruited beneath the artificial perches can resemble that of the nearby
remnant vegetation, as it is able to act as a primary source of seed (Bechara et al. 2016;
Guidetti et al. 2016). Perches may also provide beneficial ecosystem services beyond the
facilitation of seed dispersal. They can attract raptors, which may use the perches to hunt for
exotic pests, such as invasive mice or snails (Kay et al. 1994; Pias et al. 2012). Perches can
also increase the movement of pollinating birds across the landscape and thus assist with
plant genetic outbreeding (Liu et al. 2013). Of course, there are also disadvantages with this
restoration method. The seed deposited beneath an artificial perch is not always able to
recruit, particularly when there are recruitment barriers present (e.g. seed and seedling
predation, competition with introduced species; Holl et al. 2000). Artificial perches are also
often deployed in small numbers and over small scales, limiting the area that could

potentially be restored over the short-term (Bechara et al. 2016).

Artificial perches have been implemented in a variety of designs, including crossbars (Holl
1998), branch piles (Castillo-Escriva et al. 2019), dead branches (Elgar et al. 2014) and
dead trees (McClanahan and Wolfe 1993). Several researchers have compared the
effectiveness of various perch designs and found that structurally complex perches were
generally more attractive to birds than simple perches (McDonnell and Stiles 1983; Holl
1998; Athié and Dias 2016). Past research has also tested whether the distance of the perch
from remnant vegetation had an influence on seed deposition, as some birds may avoid
venturing far into degraded habitats (Wunderle 1997). Two studies found that seed
deposition decreased as perch distance increased (McClanahan and Wolfe 1993; Wilson and
Aebischer 1995), whereas other studies observed no effect at all, as the birds that dispersed
seed to the perches were willing to move far into the degraded area (Vicente et al. 2010; La
Mantia et al. 2019).
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Artificial perches have been deployed to aid natural recruitment and recovery in a variety of
degraded habitats, including former pastures, agricultural lands, plantations, closed landfills,
reclaimed mining sites and cleared forests (Holl 1998; Scott et al. 2000; Zanini and Ganade
2005; Pillatt et al. 2010; Vicente et al. 2010; Graham and Page 2012). Many of these studies
were located in tropical and subtropical forests, which makes sense given the dominance of
fleshy-fruited plant species and frugivorous birds in these environments (Howe and
Smallwood 1982; Guidetti et al. 2016). Comparatively, fewer studies evaluating the use of
artificial perches have been undertaken in temperate and semi-arid environments (e.g.
Heelemann et al. 2012; La Mantia et al. 2019; Martinez-L6pez et al. 2019). In these systems

frugivory is less common (Willson et al. 1989).

The increased seed rain associated with the deployment of artificial perches has been well
studied (Guidetti et al. 2016), however, there are still aspects of this method that need to be
considered. For example, despite birds playing an important role in the seed dispersal
process, only a small proportion of the former studies identified their perch visitors and
observed perch use (e.g. Shiels and Walker 2003; Vicente et al. 2010; Graham and Page
2012). Many former studies have also neglected to monitor post-dispersal seedling
recruitment, which is critical for determining the effectiveness of the restoration method
(Elgar et al. 2014; Guidetti et al. 2016). This lack of monitoring is concerning, particularly
as several researchers have promoted the utility of the artificial perches for restoration
without knowing the potential for seedling recruitment (e.g. Athié and Dias 2016; Ferreira
and de Melo 2016; Oliveira et al. 2018; La Mantia et al. 2019). Conservation groups and
practitioners may be enticed to adopt the restoration method before there has been sufficient
field validation and thus risk wasting limited resources on methods that ultimately fail (Reid
and Holl 2013).

Lastly, while artificial perches have been explored in many different environments, they are
yet to be tested in coastal ecosystems. This is an oversight, especially as these ecosystems
can support a diversity of prominent fleshy-fruited plants and frugivorous birds, which are
required for the restoration method to work. This includes temperate coastal dunefields in
South Africa (Castley et al. 2001), tropical coastal forests in southern India (David et al.
2015), temperate forests in New Zealand (Williams and Karl 1996), and many parts of the
Australian coastline, ranging from southern Queensland to Western Australia (Smith 1973;
Barson and Calder 1981; Kirkpatrick and Harris 1999; Oppermann 1999). Many of these

coastal ecosystems have also been extensively cleared for human development, or degraded
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in various ways, such as through grazing by stock and introduced herbivores like rabbits
(Valiela 2006). Artificial perches could be used to promote seed rain and enhance vegetative
regeneration in some of these degraded coastal environments. One particular system that is
suited for this undertaking is the Younghusband Peninsula located in South Australia.
Fleshy-fruited plants and frugivorous birds are prominent in the vegetation present on the
more intact sand dunes of this Peninsula (Paton 2010) but there are also many cleared and

degraded areas that are in need of restoration (Butcher and Rogers 2013).
1.4 Aim and outline of thesis

The primary aim of this thesis was to investigate the ability of artificial perches to overcome
seed dispersal limitations and promote the vegetative restoration of a degraded temperate
coastal environment, located on the Younghusband Peninsula. This aim was addressed
through a comprehensive and systematic approach, which set out to determine the ability of
the perches to attract seed-dispersing birds and facilitate seed dispersal but also sought to
explore the potential for subsequent plant recruitment beneath the perches. This approach is

structured in the thesis as follows.

Chapter 2 investigated the ecological context of the Younghusband Peninsula and used this
information to consider how artificial perches could potentially perform in this environment.
This chapter provided a summary of the land use and degradation; examined the local seed-
dispersing birds and fleshy-fruited plants present, as well the relationships between these
species; and reviewed the potential site-related barriers that could prevent recruitment.

Chapter 3 determined the range of bird species that visited the perches and particularly
focused on those which were potential seed dispersers. This chapter considered how the
behaviour and fruit consumption of the seed-dispersing birds influenced the restoration
process. This chapter also investigated the influence of perch complexity on bird attraction

and tested whether patterns of visitation were seasonal.

Chapter 4 examined the ability of the perches to facilitate the dispersal of seed into the
degraded site. Seed deposition was measured over 21 months at the perches, which included
measures of seed abundance and species richness. To determine the effectiveness of the
dispersal facilitation, seed deposition was also measured over 12 months in open areas, at
isolated vegetation in the degraded site, as well as at remnant vegetation in the surrounding

dunes.
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Chapter 5 investigated the significance of post-dispersal recruitment barriers and discussed
the likelihood of recruitment at the perches. The recruitment barriers investigated in this
chapter consisted of poor seed germination, competition with introduced species and
seedling herbivory.

Lastly, Chapter 6 summarises the thesis findings and discusses the potential of artifical
perches as a restoration method.

21



Chapter 2. Background ecology of the Younghusband Peninsula

and the need for restoration

2.1 Overview of the study region

The Younghusband Peninsula is located on the south-eastern coast of South Australia (Fig.
2.1). The climate in the region has been described as Mediterranean and is characterised by
notable summer droughts. Average annual rainfall for the region is 521.8 mm per year
(measured at Salt Creek’s Pitlochry Outstation, 36.28° S, 139.84° E), with precipitation

greatest in winter (June to August; Australian Bureau of Meteorology 2021).
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Figure 2.1. Younghusband Peninsula located in South Australia. Note the location of Cantara,
which is the primary study site in the region.

The Younghusband Peninsula is a narrow beach-dune barrier that separates the Coorong, a
hypersaline lagoonal ecosystem, from the Southern Ocean. The Peninsula is only 1 to 2 km
wide and extends from the River Murray Mouth for some 190 km towards the south-east
(Bourman et al. 2018). The Younghusband Peninsula is comprised of a transgressive dune
system, which is characterised by a strong zonation in coastal vegetation. The foredunes are
stabilised by sand-binding grasses, which allow for the colonisation of other species
including rushes, creeping succulents and occasional shrubs (Paton 2010). Further inland

resides stabilised dunes that are more or less under a continuous cover of coastal shrubland
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(Mowling and Taylor 1977; Gilbertson 1981). These shrublands are dominated by a range
of fleshy-fruited species (Table 2.1) and the seeds of these plants are dispersed by a variety
of fruit-consuming birds, which includes many perching birds, as well as the large-bodied
and flightless emu (Dromaius novaehollandiae) (Forde 1986). Recent estimates indicate that
approximately 60% of the Younghusband Peninsula is covered in remnant vegetation, with

the remainder being either bare sand or abandoned pasture (Butcher and Rogers 2013).
2.2 Degradation and the need for artificial perches

The Younghusband Peninsula has a long history of land degradation, which was initiated
during the 1840s and 1850s, when the land was first settled (Rudduck 1982). Pastoral leases
were issued, which allowed for grazing, stock breeding and crop cultivation. These pastoral
activities led to the clearance of native vegetation and the introduction of a wide range of
environmental weeds from Europe and Africa (Fig. 2.2; Paton 2010; Butcher and Rogers
2013). This included non-native grasses, such as barley (Hordeum spp) and oats (Avena
spp), which were grown on some parts of the Peninsula as animal feed (Rudduck 1982).
Other introduced grasses that are currently abundant in the region include Vulpia spp,
Ehrharta calycina, Bromus diandrus and Lagurus ovatus (Milne 2015). The loss of native
vegetation on the Younghusband Peninsula was hastened by the introduction of the
European rabbit (Oryctolagus cuniculus), which arrived during the 1860s and was a major
pest by 1882 (Fig. 2.2; Rudduck 1982; Butcher and Rogers 2013). By the 1960s, most
pastoral activities had ceased as they had become unviable economically, and by 1976,
much of the Younghusband Peninsula had been proclaimed as National Park (Rudduck
1982). In recent decades, degradation in the Peninsula has been the result of human
recreational activities, including the use of off-road vehicles (Fig. 2.2; Gilbertson 1977;
Paton 2010).

The vegetation on the Younghusband Peninsula has recovered somewhat following the
removal of stock, restriction of off-road vehicle use and the introduction of several rabbit
controls, which included the myxomatosis virus in 1952 and the rabbit haemorrhagic disease
in 1996 (Paton 2010; Moulton et al. 2018). Despite these controls, some of the more heavily
altered parts of the Younghusband Peninsula have been slow to recover. This includes
Cantara, which is an abandoned property that has remained in a state of degradation.
Cantara is in the southern part of the Younghusband Peninsula and resides on the eastern
side of the dunal system, approximately 800 m inland from the Southern Ocean (36°20'S,
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139°44'E; Fig. 2.1, Fig. 2.3). This site was used as a horse-breeding station in the mid to late
nineteenth century, stocking up to 1500 horses and in addition some cattle (Paton 1977).
The number of horses declined to 350 by 1907 following the impacts of rabbit grazing, as
they denuded the dunes of vegetation (Rudduck 1982). The land also stocked 2800 sheep
from the early 1950s, although this had ceased by 1972 when the property was purchased by
the National Parks and Wildlife Service (Rudduck 1982).
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Figure 2.2. Degradation pathway in the Younghusband Peninsula, including the processes that have
resulted in landscape degradation and the barriers that have prevented regeneration. The solid boxes

show the alteration processes and regeneration barriers relevant to the study site of Cantara.
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Figure 2.3. Map broadly outlining the different types of habitat present in the study area of Cantara.
Eastwards of the paddocks reside Melaleuca halmaturorum + samphire swamp, as well as an
ephemeral lake (Lake Cantara). Dunes stabilised with native vegetation occur westwards of the
paddocks. Beyond this resides non-vegetated mobile dunes and the Southern Ocean.
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Figure 2.4. Photos taken in the study site which a) demonstrates the extent of vegetation clearance
within the southern paddocks and b) highlights the presence of dense remnant vegetation on the hind
dunes surrounding the southern paddocks.

Almost 50 years have now passed since Cantara was destocked, and the land has not
recovered during this time. The cleared and formerly grazed paddocks are readily
observable in the landscape (Fig. 2.3, Fig. 2.4a) and they currently cover an area of
approximately 125 ha. The land is largely devoid of native vegetation. Instead, introduced
grasses and herbs are dominant. The slow regeneration at Cantara is likely in part due to
poor seed dispersal into the abandoned paddocks (Fig. 2.2). The northern, western and
southern sides of the former paddocks of Cantara are surrounded by the landward slopes of
dunes which are covered with fleshy-fruited plant species (Fig. 2.3, Fig. 2.4b). The seeds
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from these plants, however, are unable to disperse into and throughout Cantara as it lacks
the vegetation required to attract seed-dispersing birds. Artificial perches could be used to
overcome this seed dispersal limitation, as they would encourage seed-dispersing birds to
move into the paddocks and would provide them with a place to rest and deposit seed. Seeds
deposited beneath the artificial perches would then need to recruit to allow regeneration to
occur. The following sections consider the suitability of the restoration method in
facilitating the vegetative recovery of the area and considers how the local ecology may

influence the restoration process.
2.3 The role of birds and plants in the restoration of Cantara

Vegetative restoration through the use of artificial perches at Cantara will depend upon the
local birds and plants, as the plants provide the seed for regeneration and the birds provide
the service of dispersal. In terms of plants, there are at least 18 fleshy-fruited species present
in the remnant vegetation of the Younghusband Peninsula that can provide seed for
regeneration (Table 2.1). Most of the plant species are shrubs while a few are herbs or
climbers. Many of these fleshy-fruited plant species can be found on the stabilised dune
slopes that surround Cantara, which suggests that these areas could act as primary sources of
seed. This suite of species should be suitable for promoting revegetation in the relatively
lower-lying paddocks, as many of the fleshy-fruited species which occur on the dune slopes
can also be found in lower-lying areas of the landscape (Mowling and Taylor 1977; Paton
2010).

Many of fleshy-fruited species present in the remnant vegetation surrounding the paddocks
are expected to be dispersed to the perches, although some of these species are unlikely to
establish during the initial stages of regeneration. For example, species such as Amyema
melaleucae, Exocarpos syrticola and Cassytha pubescens are parasitic or semi-parasitic and
require host plants to establish (Forde 1986; Reid and Yan 2000; Paton 2010). The dispersal
of some fleshy-fruited species, such as Lycium ferocissimum and Asparagus asparagoides
would be to the detriment of restoration, as they are both highly invasive species that
originate from southern Africa (Alcock and Symon 1977). Species more inclined to initiate
revegetation processes likely include native shrubs such as Acacia sophorae, Myoporum
insulare and Rhagodia candolleana, as they are hardy species which have the ability to
colonise coastal habitats, including those that have been disturbed by European settlement
(Chladil and Kirkpatrick 1989; Kirkpatrick and Harris 1999; Heyligers 2006; Robinson et
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al. 2008; Heyligers 2009; Liney 2011; Kelsall 2015). While these plant species appear to be
useful in initiating regeneration, the vegetation community that these plant species may
potentially restore is unlikely to resemble that which occurred prior to European settlement.
This is because the rabbits introduced by Europeans have seemingly altered the structure
and compositions of vegetation on the Younghusband Peninsula, from an open shrubland or
grassland with Casuarina tree species to a continuous dense shrubland (Gilbertson 1981).
Despite this, the regeneration that could potentially occur in the abandoned paddocks will be
important for not only restoring the biodiversity of native plant species in the landscape but

for also restoring habitat connectivity and function.

Table 2.1. The family, life form and fruit type of fleshy-fruited species dispersed by frugivorous
birds in the Younghusband Peninsula. * = introduced species. Plant information obtained from the
Flora of South Australia (Department for Environment, Water and Natural Resources 2007), the
South Australian Seed Conservation Centre (2020) and pers. obs. Widths (mm) are indicative of the
shortest dimensions that occur in the fruit and seeds of the plant species. The term ‘seed’ also
referred to the woody stones of Leucopogon parviflorus and Myoporum insulare, which potentially

contain multiple seeds.

Fruit Seed
Species Family Life form Fruit type width width

(mm) (mm)
Acacia sophorae Fabaceae shrub fleshy aril 2-2.5 2.5-3
Alyxia buxifolia Apocynaceae shrub drupe 8-10 4-5
Amyema melaleucae Loranthaceae mistletoe drupe 6-8 4-5
Asparagus asparagoides* Asparagaceae climber berry 6-10 2-4
Billardiera cymosa Pittosporaceae climber drupe 6-7 2-3
Cassytha pubescens Lauraceae climber drupe 6-8 4-5
Dianella revoluta Hemerocallidaceae herb berry 6-8 15-12
Enchylaena tomentosa Chenopodiaceae shrub fruiting perianth 5 1.5-2
Exocarpos syrticola Santalaceae shrub fleshy pedicel 2.5-35 3
Leucopogon parviflorus Ericaceae shrub drupe 3-5 2-3
Lycium ferocissimum* Solanaceae shrub berry 5-8 0.5-1
Muehlenbeckia gunnii Polygonaceae climber fruiting perianth 2.5-3 2.5
Myoporum insulare Scrophulariaceae shrub drupe 6-8 3.5-4
Rhagodia candolleana Chenopodiaceae shrub drupe 1.8-2 0.8-1
Scaevola calendulacea Goodeniaceae herb drupe 7-10 2.5-3
Tetragonia implexicoma Aizoaceae climber drupe 5 3-4
Threlkeldia diffusa Chenopodiaceae shrub fruiting perianth 2 1.4-1.8

Evidently, some plant species would be more useful than others in the initial stages of
regeneration, however, the species that ultimately arrive at the perches is determined by the
bird species that visit the perches and the fruits that they chose to consume. The selection of

fruit by birds is influenced by numerous traits, such as fruit arrangement, accessibility,
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colour, size and nutritional content (Herrera 1984; Jordano 1987; Willson et al. 1990;
Stanley and Lill 2001; Izhaki 2002). The plants of the Younghusband Peninsula show
considerable diversity in these fruit traits (Table 2.1, Fig. 2.5a—f). Many of the fruits present
as drupes (e.g. Billardiera cymosa), although some occur in the form of berries (e.g.

L. ferocissimum), fruiting perianths (e.g. Enchylaena tomentosa) or fleshy pedicels (e.g.

E. syrticola). In terms of arrangement, species such as Leucopogon parviflorus and

M. insulare arrange their fruit along the branch (Fig. 2.5a, b), whereas R. candolleana
produces dense fruit aggregates on the end of branches (Fig. 2.5d). In contrast, A. sophorae

has pods, which contain 4-10 seeds (Fig. 2.5¢). Each seed is attached to the pod by a fleshy

aril, which acts as a food reward for a seed-dispersing bird.

Figure 2.5. Fleshy-fruited species commonly consumed by frugivorous birds in the Younghusband
Peninsula including a) Leucopogon parviflorus, b) Myoporum insulare, ¢) Acacia sophorae,

d) Rhagodia candolleana, e) Exocarpos syrticola and f) Lycium ferocissimum.
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The fleshy fruits produced by plants on the Younghusband Peninsula also show variation in
seasonal availability (Fig. 2.6), which has important implications for the timing of seed
arrival at the perches. Notably, the plant species in the region predominantly fruit in summer
(December—February) and autumn (March—April). Perches could be expected to be most
effective at facilitating seed dispersal during these seasons and less so in winter (June—
August) and spring (September—November), when few species produce fruit. Most of the
plant species produce fruit over short periods, although some species can produce small
amounts of fruit intermittently throughout the year, including L. ferocissimum, E. tomentosa
and R. candolleana (Forde 1986).

Plant species
Muehlenbeckia gunnii
Asparagus asparagoides®
Tetragonia implexicoma
Threlkeldia diffusa
Dianella revoluta
Acacia sophorae
Leucopogon parviflorus
Exocarpos syrticola
Myoporum insulare
Billardiera cymosa
Rhagodia candolleana
Alyxia buxifolia
Enchylaena tomentosa
Amyema melaleucae
Lycium ferocissimum*
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Figure 2.6. The primary fruiting times of fleshy-fruited plants in the Younghusband Peninsula.
“ = introduced species. Figure adapted from Forde (1986), Young (1981) and pers. obs.
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The plants on the Younghusband Peninsula also vary in the quantities of fruit produced
from one year to the next (Fig. 2.7), which is similar to other Mediterranean temperate
regions (e.g. Spain, Herrera 1998). The exact drivers of fruit variability in the region are not
known, although winter frosts have some influence. When severe, frosts can cause
considerable canopy dieback and reduce subsequent fruit production (Paton 2010). This
reduction in fruit productivity was evident in A. sophorae, E. syrticola and L. parviflorus in
January 2007 following severe frosts in August 2006 (Fig. 2.7). Thus, there is some
potential that the abundances and richness of seeds dispersed to the perches could also vary

between years.

Acacia sophorae Exocarpos syrticola
—~ 1007 100+
=3 g
= 804 I‘ = 80-
> >S5
£ A AN =
g 604 T -1 . FARY , g 601
= \ I/ \‘ 'l v I/ = {
e \ \ e -
S 404 / v v = 40- /i
= “ ! N I' \ ! 2 {\ ’i’ A __{\ ,’L‘\
o) v N > N , \E_. \}
2204 %/ 4 £ 204 N
8 \!,' kS \?
o o
T """+
© 4 P OO D IO O o A L O O D A DL oA
N QO Q' O Ny O N Y Y Y Y N QO Q Q P Y &y
S S S U S S S S S S O S S S U S S S S S
Leucopogon parviflorus Myoporum insulare
100~ 100+
g ! g
= 80- ,{\ 2 A2 g0 A [N
=] i PN AN , =] SN I.§_} s
= Y \ 4 = ST ’ \ , ! \
o *\ oo \ /! o . TN T ' ‘; {
2 609 N N \ s 607 [~ k% N 3
= X II N % \‘ J = \ ,’ AN
S 409 [y T’ £ 401 i K}
£ / E {
[%] ! [%]
£ 20 \;,' £ 20
o a
ot 7 ot—7— 717
I S - R SN VI R, RS S © & P O O DI DD O oA
PO PP PP PPN PO FPPIPIFPITIPIS
SRR R IR N S

Figure 2.7. Fruiting availabilities of four fleshy-fruited species determined from plants sampled at
five sites along the Coorong National Park. Plants were sampled each January (i.e. mid-summer)
between 2006 and 2017 and 30-50 plants were sampled per species at each site (Paton, unpubl.

data). For each species, the figure depicts the mean percentage of plants with ripe fruit (x SE).
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Table 2.2. Seed-dispersing birds of the Younghusband Peninsula and the fruits they potentially

disperse, as determined from local data sources (1-3) and non-local data sources (4-12): 1) personal

observation (scat collection); 2) Forde (1986); 3) local bird censuses (Paton, unpubl. data);
4) Gosper (1999); 5) Attiwill (1970); 6) Rose (1999); 7) Mellor (1931); 8) Lea and Gray (1935a);
9) Noble and Adair (2014); 10) Lea and Gray (1935b); 11) Stansbury (1996) and 12) Dunstan et al.

(2013). The primary source of evidence was listed for each bird and plant combination, although

there were often multiple sources that provided evidence for their relationship. * = introduced

species.

Plants

Dispersers

Alyxia buxifolia

Amyema melaleucae

Asparagus asparagoides®

Billardiera cymosa

Cassytha pubescens

Dianella revoluta

Kunzea pomifera

Leucopogon parviflorus

Lycium ferocissimum*

Muehlenbeckia gunnii

Myoporum insulare

Rhagodia candolleana

Scaevola calendulacea

Tetragonia implexicoma

Threlkeldia diffusa

Australian magpie Cracticus tibicen

~ [Enchylaena tomentosa

Australian raven Corvus coronoides

& [ Acacia sophorae

w

w

w

black-faced cuckoo shrike
Coracina novaehollandiae

NN [N [Exocarpos spp

SN

~

brown thornbill Acanthiza pusilla

common blackbird* Turdus merula

11

common starling® Sturnus vulgaris

emu Dromaius novaehollandiae

12

grey butcherbird Cracticus torquatus

NI ININ

grey currawong Strepera versicolor

little raven Corvus mellori

little wattlebird Anthochaera
chrysoptera

& NN Hloalo|e| w |o|w Total plant species

mistletoebird Dicaeum
hirundinaceum

purple-gaped honeyeater
Lichenostomus cratitius

red wattlebird Anthochaera
carunculata

11

12

rufous bristlebird Dasyornis
broadbenti

10

10

singing honeyeater Lichenostomus
virescens

15

spiny-cheeked honeyeater
Acanthagenys rufogularis

17

superb fairy-wren Malurus cyaneus

silvereye Zosterops lateralis

15

silver gull Chroicocephalus
novaehollandiae

N (PN -

N (PN -

white-browed babbler
Pomatostomus superciliosus

white-browed scrubwren
Sericornis frontalis

Total bird species

11

14

16

11
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There are at least 22 bird species present in the study region that are known to disperse seed
(Table 2.2). The mistletoebird (Dicaeum hirundinaceum) is the only specialised frugivore
and feeds almost exclusively on mistletoe fruits (Reid 1986). In contrast, the other bird
species consume fruit as part of their diet, although some to a greater extent than others
(Table 2.2, Forde 1986). Those that frequently take fruit and consume the greatest range of
plant species include the emu, silvereye (Zosterops lateralis, Fig. 2.8a), singing honeyeater
(Lichenostomus virescens, Fig. 2.8b) and spiny-cheeked honeyeater (Acanthagenys

rufogularis, Fig. 2.8c).

While the fruit-consuming birds of the Younghusband Peninsula consume many of the same
species, they differ in their modes of dispersal. The large and flightless emu produces scats
which often contain thousands of seeds and are deposited in open areas away from
overhanging vegetation (Paton 2010; Nield et al. 2015). In contrast, silvereyes and the
honeyeaters produce scats that typically contain a few seeds and are often deposited at trees
or shrubs (Paton 2010). The perching birds are more important dispersers numerically
speaking, as they disperse far greater quantities of seed per hectare and also dominate the
terrestrial avifauna during summer, when fruit is most abundant (Paton 2010). Bird censuses

conducted in January from 2004 to 2008 found the silvereye to be the most abundant

frugivore (~25% of birds), followed by the singing and spiny-cheeked honeyeaters (each
represent ~8% of birds, Paton 2010).

Figure 2.8. Common frugivorous birds in the Younghusband Peninsula, including a) the silvereye
Zosterops lateralis, b) the singing honeyeater Lichenostomus virescens and ¢) the spiny-cheeked

honeyeater Acanthagenys rufogularis.

Clearly, there are many seed-dispersing birds in the Younghusband Peninsula, although not
all are expected to visit the artificial perches. This includes the flightless emu, ground-
dwelling birds such as the rufous bristlebird (Dasyornis broadbenti) and birds that are
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unlikely to rest on perches in terrestrial settings, such as the silver gull (Chroicocephalus
novaehollandiae). The species more inclined to use the perches include those that are
willing to enter open areas, such as the Australian magpie (Cracticus tibicen) and Australian

raven (Corvus coronoides) (Higgins et al. 2006).

In addition to their willingness to use the perches, the seed-dispersing birds will need to be
able to move seed over moderate distances (50-250 m), from the remnant vegetation in the
dunes to the perches in the degraded site of Cantara. Tracking studies indicate that at least
two seed-dispersing species in the study region — the silvereye and the spiny-cheek
honeyeater — are capable of dispersing some seed over such distances (Stansbury 2001;
Paton 2010; Rawsthorne et al. 2011). Another study investigating the gut passage rate of
silvereyes found that they passed seeds of Coprosma quadrifida within 6-28 minutes
(French 1996). Silvereyes are unlikely to travel large distances over this time (maximum
distances of 50-150 m over 10 minutes; Paton 2010), indicating that these birds appear to
disperse most of the seed they consume over small to moderate distances.

2.4 Recruitment barriers

Apart from the occurrence of seed dispersal, regeneration at the artificial perches will
depend upon the germination and recruitment of the deposited seed. In the Younghusband
Peninsula, there are several barriers that will potentially prevent recruitment, including poor
seed germination, competition with introduced plant species and seedling herbivory

(Fig. 2.2). Poor germination is known to occur in some of the fleshy-fruited species in the
region, such as L. parviflorus and E. syrticola (South Australian Seed Conservation Centre
2016). Native plant species recruitment is also likely to be limited through competition with
introduced plant species. This includes non-native grasses such as Avena barbata and

B. diandrus, which have been shown to limit the recruitment of native species in other parts
of temperate Australia (Lenz et al. 2003; Ladd and Facelli 2005; Lenz and Facelli 2005;
Standish et al. 2008). Recruitment will likely also be prevented by herbivorous mammals,
which graze on seedlings in the Younghusband Peninsula and Coorong (Cooke 1987; Mutze
et al. 2008; Bird et al. 2012; Moulton et al. 2018). This includes native herbivores such as
western grey kangaroos (Macropus fuliginosus) and common wombats (Vombatus ursinus),
as well as non-native herbivores such as European rabbits and feral fallow deer (Dama
dama) (Bird et al. 2012).
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2.5 Conclusion

This chapter considered the potential function of artificial perches as a restoration tool
within the ecological context of the Younghusband Peninsula. The local fleshy-fruit species
and seed dispersing birds were examined for their potential role during the restoration
process. Within the Younghusband Peninsula, there are at least 18 fleshy-fruited species
present that can provide seed for regeneration and at least 22 bird species that can disperse
seed. While there is a diversity of fleshy-fruited species, only some will have the potential to
initiate vegetative restoration. This is because some plant species are unlikely to establish
during the initial stages of regeneration, whereas others are of non-native origin. Similarly,
only some of the seed-dispersing birds in the region are expected to assist in the restoration
process. This is because some of the bird species do not use perches in terrestrial settings,
whereas others are unlikely to venture into open and cleared areas. Regeneration at the
artificial perches will also rely on the potential for the dispersed seed to recruit. In the
Younghusband Peninsula, seedling recruitment could potentially be limited by barriers such
as poor seed germination, competition with introduced grasses and seedling herbivory. The
following three chapters now aim to observe and experimentally test the potential of the

restoration tool within the cleared and degraded site of Cantara.
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Chapter 3. The use of artificial perches by birds on the

Younghusband Peninsula

3.1 Introduction

Artificial bird perches are used to promote regeneration in cleared and degraded areas. They
work by encouraging seed-dispersing birds to rest and defaecate seed, which may then result
in the recruitment of plants. Birds play a critical role in this restoration process, although the
birds that disperse the seed to the perches have only been occasionally identified (e.g. Holl
1998; Shiels and Walker 2003; Athié and Dias 2016). Quantifying the use of artificial
perches by birds is important for several reasons. First, these observations can identify the
range of potential seed dispersers, which in turn can determine the quality of dispersal
services available. This quality is influenced by the seed-dispersing abilities of birds,
including their level of frugivory, fruit preferences, and ability to move between remnant
and disturbed habitats (Levey 1986; Schupp 1993; Wunderle 1997). For example, birds that
visited artificial perches located in tropical deforested peat swamps were found to be
ineffective seed dispersers, as they failed to leave the degraded site and thus failed to
disperse seed from areas of remnant vegetation (Graham and Page 2012). Rather, these birds

predominantly dispersed seed from plants that had previously colonised the degraded site.

Observations of perch use may also determine the effectiveness of the perch design. For
example, some studies have shown structurally complex perches (i.e. perches with a greater
array of physical features) to attract more bird visitors than perches that were simple in
design (Holl 1998; Athié and Dias 2016). Perch observations may also determine if bird
visitation varies seasonally, and if so, whether this visitation aligns with the peak period of
fruit availability (Zanini and Ganade 2005). If bird visitation and fruit availability do not
align, then seed deposition will be limited (Vogel et al. 2016). Finally, observations of perch
use can identify the various uses that perches have for birds. For example, raptors can use
the perches to hunt for prey, which in turn can help with the management of exotic species,
including insects, snails and mice (Kay et al. 1994; Pias et al. 2012). Other studies have
found that the provision of perches has allowed birds to enter landscapes which they were

previously unwilling or unable to occupy (Horgan et al. 2016; Hannan et al. 2019).

In this study, artificial perches were erected in former grazing paddocks located on the

Younghusband Peninsula, South Australia with the aim of enhancing vegetative restoration.
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This chapter aimed to determine if seed-dispersing birds visited the perches, and if so,
consider the influence that they would have on the restoration process. Furthermore, this
chapter investigated the importance of perch design in influencing the use of perches by
birds. Specifically, | asked the following questions:

1) Which bird species visited the artificial perches and of these which species were
potential seed dispersers?

2) How do birds influence seed deposition through their fruit consumption and rates of
visitation to the artificial perches?

3) Does the use of artificial perches by birds vary seasonally?

4) Does the structural complexity of the artificial perch influence the frequency of bird
visitation?

5) What are the various uses that artificial perches have for birds?

3.2 Methods

3.2.1 Study location

This study was conducted in the southern paddocks of Cantara (Fig. 3.1), which cover an
area of approximately 25 ha. These paddocks were located about 800 m inland from the
Southern Ocean, on the Younghusband Peninsula, South Australia (36°20'S, 139°44'E). The
climate is Mediterranean, with cool-moist winters (June—August) and hot-dry summers
(December—February) (Australian Bureau of Meteorology 2021). Pastoral activities, such as
horse-breeding and sheep grazing, were once conducted in the paddocks of Cantara (Paton
1977). These activities were initiated in the 1840s, although ceased by the 1970s, as the land
was no longer viable for grazing (Rudduck 1982). The land has not recovered from the

degradation in the 50 or so years that have followed.

Introduced grasses and herbs dominate the paddocks. At best, occasional patches of fleshy-
fruited shrubs occur in the paddocks and consist of species such as Acacia sophorae,
Myoporum insulare and Rhagodia candolleana, as well as the introduced species Lycium
ferocissimum. The north, south and western sides of the paddocks are encompassed by the
landward slopes of stabilised dunes, which are covered in a range of native fleshy-fruited

plant species. To the east of the paddocks resides a thick stand of Melaleuca halmaturorum.
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Figure 3.1. Aerial view of the southern paddocks associated with Cantara Homestead (top centre),
where the artificial perches were erected. The locations of 12 simple perches (PS) and 2 complex
perches (PC) are indicated with crosses. The slopes of the dunes that surround the paddocks are
stabilised with native vegetation. Beyond these slopes reside non-vegetated mobile dunes.

3.2.2 Artificial perch implementation

Twelve artificial perches of simple design were erected in the southern paddocks of Cantara
in July 2015. These perches were constructed from dead A. sophorae branches, which were
wired to a metal stake that was driven into the ground (Fig. 3.2a). These structures were
approximately 2.5 to 2.8 m in height. Two perches of complex design were erected in the
paddocks in October 2016 as part of a preliminary experiment which considered the
influence of perch complexity on bird attraction. They consisted of multiple dense branches
of L. ferocissimum wired to a metal stake that was driven into the ground. The complex
perches reached a similar height as the simple perches, although were denser and slightly
wider (complex perches approximately 1.0-1.2 m in width and simple perches
approximately 0.8-1 m in width; Fig. 3.2b). The complex and simple perches were placed

38



throughout open areas of the paddocks and were positioned at distances that varied between

50 and 250 m from the remnant dune vegetation (Fig. 3.1).

Figure 3.2. Artificial perch designs erected in the Cantara paddocks which consisted of: a) simple
perch and b) complex perch. Surrounding remnant dune vegetation is evident in the background of
both photos.

3.2.3 Perch observations

Bird visits to the 12 simple artificial perches were directly observed between mid-spring and
early summer (October—December 2015). These observations occurred during periods of
fruit availability (Chapter 2), meaning that birds had the potential to disperse seed to the
perches at this time. Perches were observed from a vantage point that was 30-50 m away
using 10 x 42 binoculars. Observations of perch use were conducted between dawn and
dusk. All 12 simple perches could not be observed simultaneously at a given time, therefore
perches were observed in sets of 4 over 2-hour sessions and the order of observation was
then alternated each day. Each set of perches was observed for 6 hours in October, 14 hours
in November and 14 hours in December (34 hours total per set of perches, 102 hours total
observation time). Few birds were initially observed in October, so the hours of observation
were increased in November and December. Each observation of perch use recorded the
perch location, bird species, time of arrival and departure, and behaviour of the bird (e.g.
agonistic displays, maintenance, vocalisation, defaecation). Individual birds from the same
species could not be distinguished from one another, so perch use was defined by the
number of bird visits rather than by the number of visitors. Observations also identified and

39



determined the abundance of any bird species that chose to fly past the perches withina 5 m

proximity from ground level.

Between summer and autumn (December 2016-May 2017), remote cameras observed bird
visitation to six simple perches (PS1, PS2, PS3, PS6, PS11, PS12) and two complex perches
(PC1, PC2; locations of each perch are provided in Fig. 3.1). These observations coincided
with the peak period of fruit availability (Chapter 2), meaning that birds had the potential to
disperse many seeds to the perches during this time. These observations also occurred
during the second year in which the artificial perches were deployed. Each perch was
monitored with a single remote camera, which was attached to a small stake approximately
1-1.5 m tall and positioned several metres away from the perch. Cameras used consisted of
six Moultrie M-999is and two Reconyx HC600 Hyperfires. Both camera models were set
with high detection sensitivity and captured three photos whenever motion was detected. A
10 second detection delay occurred following capture, which helped to reduce the number
of photos taken of the same bird. The infrared LED flash was also enabled, which allowed
for the capture of bird visitation at night.

The visitation data collected from the remote camera imagery were similar to data collected
from the direct observations. Each perch visit captured by a remote camera recorded the
perch location, temperature, bird species, and the time that the bird was first and last
observed on the perch. The cameras were not always able to capture the exact moment that
the bird landed on the perch, so perching durations were categorically estimated according
to the number of minutes that the bird was observed on the perch (e.g. <1 minute, 1 minute,
etc.). Any obvious bird behaviour during the bird's visit was recorded, including agonistic
displays, maintenance, vocalisation and defaecation. The cameras occasionally failed to
operate, meaning that the perches differed in the number of days that they were observed.

The days per month and season that each perch was observed is provided in Appendix 1.

3.2.4 Faecal analysis

Faeces were collected from three common seed-dispersing bird species to determine how
their fruit consumption and seed defaecation could potentially influence seed deposition at
the perches. These species were the silvereye (Zosterops lateralis), spiny-cheeked
honeyeater (Acanthagenys rufogularis) and the singing honeyeater (Lichenostomus
virescens). Faecal samples were collected in January 2015 and 2016 (i.e. in mid-summer),

which coincided with the peak fruiting period. The samples were opportunistically collected
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from birds that were captured in the Coorong as part of a long-term monitoring program
(Paton, unpubl.). The birds were captured using mistnets and were then held individually in
a calico bag for approximately 5-15 minutes, which was generally adequate time for the
bird to produce a faecal sample. Each bird was banded, which helped to identify those that
had been recaptured. The faecal sample was removed from the bag following its production
and any defaecated seeds were counted and identified in the field. Unknown seeds were
returned to the laboratory to allow for identification using seed guides. Faecal samples that
did not contain seed were not considered for analysis, as the calico bags used to hold birds
would absorb any non-solid faeces. The origins of these absorbed faeces were not always

clear due to the re-use of the calico bags.

Faecal samples were collected from five sites across the Coorong National Park where the
native vegetation is more-or-less intact. These sites consisted of Salt Creek (36°07'S,
139°38'E), Tommy’s Track (36°08'S, 139°38'E), Tea Tree Crossing (36°11'S, 139°39'E), 4
km south of Tea Tree Crossing (36°13'S, 139°41'E) and 42 Mile Crossing (36°17'S,
139°42'E). Mistnets were in place over two days at each site and were opened for
approximately eight hours a day. The honeyeaters produced few faecal samples at each of
the sampling sites in both January 2015 and 2016 (Appendix 2), so faecal sample data were
pooled across sites within each year of sampling. For each year of sampling, the influence
that each frugivorous bird species had on seed deposition was examined by determining the
species that they most abundantly and frequently passed seed from, as well as by
determining the number of seeds and species they typically passed per faecal sample

containing seed.

3.2.5 Statistical analysis

Direct observations of perch visitation to 12 simple perches were pooled between mid-
spring and early summer (October—December 2015). Following this, the mean hourly rate of
visitation to a simple perch was determined for: 1) all birds and 2) seed-dispersing birds.
The mean hourly rate in which seed-dispersing birds flew over a simple perch was also

determined.

To determine if artificial perch complexity influenced bird visitation, Welch's t-tests
compared the mean daily rates of perch visitation of the six simple perches and two complex
perches as captured by the remote cameras between summer and autumn (December 2016—

May 2017). The remote cameras were able to observe the perches throughout the day, so
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visitation was determined through daily rates instead of hourly rates. The Welch's t-tests
indicated that there were no significant differences between the two perch designs in their
rates of visitation, including their rates of visitation from common seed-dispersers in the
region. As a result, the visitation data for the two perch types were pooled to determine

overall rates of visitation and seasonal rates of visitation.

Using the data collected by remote cameras, observations of visitation to eight artificial
perches (six simple perches, two complex perches) were pooled between December 2016
and May 2017 to determine overall mean daily rates of visitation. The overall rates of
visitation to a perch were determined for: 1) all birds, 2) seed-dispersing birds and 3)
individually for three regionally abundant seed-dispersing species, which were the spiny-

cheeked honeyeater, singing honeyeater and the silvereye.

Using the data collected by remote cameras, mean daily rates of bird visitation to a perch
were determined for summer (December 2016—February 2017) and autumn (March 2017—
May 2017). This analysis was conducted using observations obtained from seven of the
artificial perches (six simple perches, one complex perch), as one of the remote cameras
failed to operate in autumn (Appendix 1). For each season, the mean daily rate of visitation
to a perch was determined for: 1) all birds, 2) seed-dispersing birds and 3) individually for
seed-dispersing species that frequently visited the perches. Differences between the seasons

in the rates of visitation to the perches were determined with paired t-tests.

Using the data collected by remote cameras between summer and autumn (December 2016—
May 2017), diurnal visitation patterns were determined for all bird visitors, as well as for
several bird species that commonly visited eight of the artificial perches (six simple perches,
two complex perches). To account for differences in daylength, bird visits were distributed
according to the percentage of daylight passed, where visits observed at <0% occurred
before sunrise and visits observed at >100% occurred after sunset. Chi-square tests were
used to determine whether visitation frequency varied throughout the day for the species
that commonly visited the perches. To do this, the visit occurrences were separated into 11
classes. Each class represented 10% of the daylight passage, where the first class initiated at
-5% and the last class ended at 105%.

The level of significance in all tests was set at alpha <0.05 and means were presented with
standard error except where otherwise noted. All tests were conducted in Graphpad Prism
8.0.0 (GraphPad software, Inc).
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3.3 Results

3.3.1 Direct observations of perch use

Following 102 hours of direct observation from mid-spring to early summer (October—
December 2015), a total of 13 bird species were found to visit the 12 simple artificial
perches and this included 8 bird species capable of consuming fruit and dispersing seed
(Table 3.1). In total, 125 bird visits were recorded at the perches. The most frequent visitors
included the insectivorous Australasian pipit Anthus novaeseelandiae (18.4% of visits),
followed by two occasional fruit consumers, which were the Australian magpie Gymnorhina
tibicen (16.8% of visits) and common starling Sturnus vulgaris (16.8% of visits) and one
regular fruit consumer, which was the spiny-cheeked honeyeater (12.8% visits). Overall,
birds made an average of 0.34 + 0.07 visits/perch/hour, with 0.19 £ 0.07 of these visits made
by seed-dispersing species. Seed-dispersing birds defaecated whilst perched on just two

occasions.

The seed-dispersing birds were found to fly within 5 m of the perches at an average of 0.36
+ 0.07 flights/hour. The seed-dispersing birds that recorded the most flights near the perches
included spiny-cheeked honeyeaters (61 flights nearby compared to 16 landings), silvereyes
(22 flights nearby compared to 2 landings), Australian ravens Corvus coronoides (21 flights
nearby compared to 12 landings) and red wattlebirds Anthochaera carunculata (16 flights
nearby compared to 2 landings).
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3.3.2 Remote camera observations of perch use

From summer to autumn (December 2016—May 2017), the remote cameras observed 24 bird
species landing on 8 artificial perches (6 simple perches and 2 complex perches, Table 3.1).
This included nine bird species capable of consuming fruit and dispersing seed, although
only three of these species disperse seed regularly. Fifteen of the bird species that visited the
perches were not known to disperse seed and they accounted for an average of 1.74 + 1.20
visits/perch/day. In comparison, the 9 species that were capable of dispersing seed made an

average of 3.60 = 0.88 visits/perch/day.

Irrespective of seed-dispersing capability, birds made an average of 5.34 + 1.55
visits/perch/day and a total of 4862 visits to all combined perches (Table 3.1). Four bird
species accounted for most of the visits recorded at the perches. This included 3 seed-
dispersers, which were the spiny cheeked honeyeater (1736 visits, average of 3.64 + 0.64
visits/perch/day), singing honeyeater (511 visits, average of 0.53 + 0.22 visits/perch/day)
and Australian magpie Gymnorhina tibicen (455 visits, average of 0.76 = 0.40
visits/perch/day). The insectivorous welcome swallow Hirundo neoxena was also a frequent
perch visitor (1425 visits, average of 1.25 £ 1.24 visits/perch/day), although their visitation
rate was highly variable, as 93.2% of their visits occurred at a single perch located near a
nesting site. Many bird species visited the perches infrequently, including 9 species that

each recorded fewer than 20 visits (Table 3.1).
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Table 3.1. Bird visitation to the artificial bird perches summarised from 102 hours of direct
observation between mid-spring and early summer (October—December 2015) and 6 months of
remote camera observation recorded between summer and autumn (December 2016—May 2017).
Direct observations recorded bird visits at 12 simple perches, and remote cameras recorded bird
visits at 6 simple perches and 2 complex perches. Bird species that visited the perches are listed with
their diet, length (cm) and number of perch visits as determined by the two observation methods.
Diet items: A = arthropod, F = fruit, N = nectar, P = plant material, S = seed, V = vertebrate. Size
and dietary information was sourced from Barker and Vestjens (1990), Marchant and Higgins
(1993), Higgins and Davies (1996), Higgins (1999), Higgins et al. (2001), Higgins and Peter (2002)

and Higgins et al. (2006). * = records of seed dispersal outside the study region.

Visits per
observation method
Common name Scientific name it[;Irits Lfcnn%;h Direct  Camera Ig?sl
Species that regularly disperse seed in study region
spiny-cheeked honeyeater ~ Acanthagenys rufogularis AFN 24 16 1736 1752
singing honeyeater Lichenostomus virescens AFN 19 1 511 512
Silvereye Zosterops lateralis AFN 12 2 34 36
Species that occasionally or rarely disperse seed in study region
Australian magpie Gymnorhina tibicen AV 41 21 455 476
common starling Sturnus vulgaris AFN 21 21 112 133
grey butcherbird Cracticus torquatus AV 34 1 121 122
Australian raven Corvus coronoides AV 50 12 93 105
red wattlebird Anthochaera carunculata AFN 35 2 38 40
black-faced cuckoo-shrike  Coracina novaehollandiae AV 33 16 16
Species not known to disperse seed in study region
welcome swallow Hirundo neoxena A 16 6 1425 1431
willie wagtail Rhipidura leucophrys A 20 9 82 91
Australasian pipit Anthus novaeseelandiae AS 17 23 57 80
brown falcon Falco berigora AV 46 49 49
crested pigeon Ocyphaps lophotes S 33 44 44
yellow-rumped thornbill Acanthiza chrysorrhoa AS 11 10 23 33
grey shrike-thrush* Colluricincla harmonica AV 24 15 15
Australian kestrel Falco cenchroides AV 34 1 12 13
red-rumped parrot Psephotus haematonotus S 26 11 11
New Holland honeyeater*  Phylidonyris novaehollandiae  NA 18 8 8
elegant parrot Neophema elegans S 22 6 6
white-fronted chat Epthianura albifrons A 12 5 5
blue-winged parrot Neophema chrysostoma S 21 4 4
galah Eolophus roseicapilla PS 36 4 4
golden whistler* Pachycephala pectoralis A 17 1 1
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Remote cameras observing 7 artificial perches (6 simple and 1 complex) found that the
perches were visited significantly more so in autumn 2017 when compared to summer
20162017 (Fig. 3.3, paired t-test, t(6) = 2.64, P = 0.04). Seed-dispersing birds in particular
also frequented the perches more often in autumn than in summer, although the difference
between seasons was not significant (Fig. 3.3, paired t-test, t(6) = 2.24, P = 0.07). Common
seed-dispersers such as the spiny-cheeked honeyeater and singing honeyeater visited the
perches more frequently in autumn than in summer (Fig. 3.3), although these differences
were not significant (paired t-test, t(6) = 2.07, P = 0.08 and t(6) = 1.99, P = 0.09
respectively). By contrast, the seed-dispersing Australian magpie visited the perches at a

relatively similar rate in both seasons (Fig. 3.3, paired t-test, t(6) = 0.97, P = 0.37).
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Figure 3.3. Daily perch visits (mean + SE) in summer (December 2016—February 2017) and autumn
(March—-April 2017) as determined for all birds, seed-dispersing birds (SDB), spiny-cheeked
honeyeaters (SCH), Australian magpies (AM) and singing honeyeaters (SIH) at seven artificial
perches (combined data from one complex perch and six simple perches). Visitation was recorded
through the use of remote cameras. One artificial perch was excluded from the analysis as the
remote camera observing it failed to operate throughout autumn (Appendix 1). Differences between
seasons in bird visitation rates to perches were determined through paired t-tests, where: * = P
<0.05.
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Remote cameras observing 8 artificial perches (2 complex and 6 simple) found that 68.1%
of the visits recorded by the seed-dispersing birds were <1 minute in duration. Short
perching durations were evident in dispersers such as the spiny-cheeked honeyeater (Fig.
3.4a) and singing honeyeater (Fig. 3.4b). Larger seed-dispersing birds, such as the
Australian magpie and Australian raven, comparatively occupied the perches for longer

durations (Fig. 3.4c—d). Notably, 15.2% of the visits by Australian magpies were >5 minutes

in duration.
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Figure 3.4. Visits of varying durations (as a percentage of total visits) to eight artificial perches
(combined data from two complex and six simple perches) between summer and autumn (December
2016—May 2017) as determined by remote cameras. Perching durations were depicted for four seed-
dispersing species that frequently visited the perches, including a) spiny-cheeked honeyeater, b)
singing honeyeater, c) Australian magpie and d) Australian raven. The total numbers of visits for

each species are given in Table 3.1.
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Figure 3.5. Diurnal patterns to visitation for eight artificial perches (combined data from two
complex and six simple perches) between summer and autumn (December 2016-May 2017) as
determined by remote cameras. Relative frequency of visits across the day were depicted for a) all
bird species and b—e) bird species that most frequently visited the perches. To account for
differences in daylength, visits were distributed according to the percentage of daylight passed,

where visits observed at <0% occurred before sunrise and visits observed at >100% occurred after

sunset.

Remote cameras observing eight artificial perches (two complex and six simple) found that
the perches were visited by birds throughout the day, with few visits recorded during
twilight and no visits detected during the night (Fig. 3.5a). Frequent perch visitors such as
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the Australian magpie, spiny-cheeked honeyeater and singing honeyeater used the perches
more frequently during mid-morning and again during mid-afternoon (Fig. 3.5b—d). In
contrast, welcome swallows perched predominantly in the middle of the day (Fig. 3.5e),
when temperatures were typically approaching a maximum. They would often visit the
perches in small flocks of 2—-15 birds and would preen and bask while resting on the perches
(Fig. 3.6a). Chi-square tests determined that the frequency of visitation to the perches
significantly differed throughout the day for the Australian magpie (x° = 84.48, d.f. =10, P <
0.0001), spiny-cheeked honeyeater (x> = 846.0, d.f. =10, P < 0.0001), singing honeyeater (5
=133.1, d.f. =10, P < 0.0001) and welcome swallow (y~ = 694.1, d.f. =10, P < 0.0001).

Figure 3.6. Bird behaviours observed on the artificial perches including: a) welcome swallows

basking, b) Australian kestrel with prey, ¢) Australian raven antagonising an Australian magpie and

d) an Australian magpie defaecating.

Most birds rested while using the perches, although some used them between foraging
efforts. Eight species were observed with prey items on the perches, including two raptor
species, which were the brown falcon Falco berigora and Australian kestrel Falco
cenchroides (Fig. 3.6b). Eight species also displayed aggressive behaviours on the perches.
This included the willie wagtail Rhipidura leucophrys, Australian raven and Australian
magpie, which displayed interspecific aggression (Fig. 3.6¢). Remote cameras captured
defaecation at the perches, although very rarely. Seed-dispersing birds defaecated whilst
perched on two occasions (Fig. 3.6d) and an Australian raven was once observed to
regurgitate a pellet.
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3.3.3 Perch complexity

Remote cameras were used to compare bird visitation at two complex and six simple
perches from summer to autumn (December 2016-May 2017). Visitation rates were similar
at the complex and simple perches (mean = S.E of 4.74 £ 2.31 and 5.54 + 2.03
visits/perch/day respectively) and did not differ significantly (Welch's t-test, t(2.80) = 0.26,
P =0.81). Visitation rates from seed-dispersing birds were also similar for complex and
simple perches (respectively 3.9 £ 2.67 and 3.46 £ 0.95 birds/day) and did not differ
significantly (Welch's t-test, t(1.26) = 0.16, P = 0.90). Furthermore, Welch’s t-tests found no
significant differences between the perch designs in their visitation rates for regionally
common seed dispersers, including the spiny-cheeked honeyeater (t(1.16) = 0.67, P = 0.61),
singing honeyeater (t(1.97) = 0.28, P = 0.81) and silvereye (t(5.56) = 1.96, P = 0.10).

3.3.4 Faecal analysis

In both January 2015 and 2016 (i.e. mid-summer), the silvereye was the most frequently
captured bird in mistnets (Table 3.2). This species also produced the most faecal samples
containing seed. Singing and spiny-cheeked honeyeaters were captured far less frequently

and fewer faecal samples were collected from these bird species.

Table 3.2. Number of captures (retraps in parentheses) and number of faeces collected from three
bird species captured across five sites in the Younghusband Peninsula in January 2015 and January
2016. The table also gives the mean (£SE) and range in the number of seeds found in faeces, as well

as the mean (xSE) and range in the number of species of seed found in faeces.

Bird Faecal Mean seeds M_ean Range of Ran_ge of
. Year Captures species per  seeds per  species per
species samples  per sample
sample sample sample

silvereye 2015 974 (161) 754 460+0.13 1.69+0.03 1-27 1-4

2016 734 (114) 267 478022 1.37+£0.04 1-21 1-4
singing 2015 61 (5) 36 594+112 169+0.12 1-29 1-4
honeyeater

2016 70 (12) 33 6.73+1.15 1.76+0.14 1-31 1-4
spiny- 2015 54 (1) 38 521+058 1.45+0.11 1-14 1-3
cheeked
honeyeater 2016 53 (2) 20 8.45+151 2.00+0.21 1-28 1-4
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Small to moderate amounts of seed were found in the faeces of the three bird species (Table
3.2). The faeces mostly contained a few seeds from one to two plant species but on occasion
included seeds from three or four species. The plant species that were most abundantly
excreted included L. parviflorus, M. insulare and R. candolleana (Table 3.3). In both years
of observation, the three bird species defaecated seed from many of the same fleshy-fruited
plant species, although they varied in terms of the abundance and frequency with which they

passed seeds of each of the plant species (Table 3.3, Fig. 3.7).

Table 3.3. Contribution of five fleshy-fruited species to the total number of seeds passed (with
percentage of contribution to total in parenthesis) by three bird species captured across five sites in
the Younghusband Peninsula in January 2015 and January 2016.

Total seeds (% of total)

Bird Year Total Leucopogon Myoporum  Rhagodia Acacia Exocarpos
species seeds parviflorus insulare  candolleana  sophorae  syrticola

silvereye o915 3465 1343 (38.8) 668 (19.2) 782 (22.6) 580 (16.7) 69 (2.0)
2016 1259 938(745)  58(4.6) 197 (156)  33(2.6) 7 (0.6)

singing 2015 214  35(16.4 18 (8.4 121 (56.5 9 (4.2 28 (13.1
honeyeater (16.4) (8.4) (56.5) (4.2) (13.1)

2016 222  56(25.2)  24(10.8)  133(59.9) 3(1.4)
spiny- 2015 198  58(29.3 86 (43.4 42 (21.2 9 (45 3(15
eheeked (29.3) (43.4) (21.2) (4.5) (1.5)
honeyeater 2016 166  64(38.6)  45(27.1)  32(19.2) 10 (6.0)

In both January 2015 and 2016, L. parviflorus was the most abundantly and frequently
passed seed by silvereyes, while R. candolleana was the most abundantly and frequently
passed seed for singing honeyeaters (Table 3.3, Fig. 3.7). Notably, singing honeyeaters most
abundantly and frequently defaecated the seeds of R. candolleana in both years (Table 3.3,
Fig. 3.7). In 2015, spiny-cheeked honeyeaters most abundantly and frequently defaecated
the seeds of M. insulare (Table 3.3, Fig. 3.7). In 2016, they most frequently passed the seeds

of M. insulare, although overall, they passed more seeds of L. parviflorus.
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Figure 3.7. Frequency of occurrence (%) of the seeds of five fleshy-fruited plant species in faecal
samples containing seed produced by three bird species across five sites in the Younghusband
Peninsula in a) January 2015 and b) January 2016.

3.4 Discussion

3.4.1 Use of artificial perches by seed-dispersing birds

The artificial perches were visited by nine bird species capable of dispersing seed. These
species for the most part were generalist frugivores. This appears to be a common finding in
tropical systems where most studies of artificial perch use have been conducted (e.g. Pillatt
et al. 2010; Vicente et al. 2010; Graham and Page 2012; Athié and Dias 2016; Carlo and
Morales 2016; Vogel et al. 2016; Freeman et al. 2021), although this has been observed in
one study conducted in a temperate system (McLaughlin 2013). This result can be expected,
since generalist birds are opportunistic species, which move into degraded habitats to take
advantage of the food resources found there (e.g. insects, fruits of ruderal plants) (Wunderle
1997; Athié and Dias 2016). In some tropical systems, restoration was limited by the lack of
visitation from specialised frugivorous birds (e.g. hornbills and toucans), which either flew
over the perches or did not enter the degraded site (Pillatt et al. 2010; Graham and Page
2012). Their absence limited restoration as these birds are useful dispersers of large-seeded
plant species, which formed an important part of the remnant vegetation. Specialist
frugivorous birds did not visit the perches at Cantara, although this was unlikely to be of
consequence for restoration. This is because in temperate southern Australia there is only
one specialist frugivore (mistletoebird, Dicaeum hirundinaceum) and the plant species in

this region tend to have fruits adapted for general bird dispersal (Forde 1986; French 1991).
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During the peak fruiting period of summer and autumn, the two seed-dispersing bird species
that most frequently visited the perches were the spiny-cheeked honeyeater and singing
honeyeater (1736 and 511 visits respectively as captured by remote cameras). Their
visitation to the perches was significant given that they are capable of dispersing seed
regularly but are also capable of dispersing seed from a range of plant species (at least 13
native species each, Chapter 2). Notably, these birds consume and defaecate seed from
many of the same plant species, although as observed in January 2015 and 2016 (i.e. mid-
summer), may do so with differing abundances and frequencies. This highlighted the
importance of having both species of honeyeater visit the perches, as the diversity of seed
arriving to the perches may have otherwise been reduced. The honeyeaters were also
important perch visitors as they were capable of moving between the remnant and degraded
sites (pers. obs.). Guevara and Laborde (1993) and Graham and Page (2012) emphasised the
importance of such inter-site movements, as they promote the dispersal of seed from
remnant vegetation. Although notably, the singing honeyeater mostly visited the perches
during autumn. Thus, much of their contribution to the seed deposition at the artificial

perches would have likely also occurred during this time.

In general, Australian magpies and Australian ravens were two other seed-dispersing
species that visited the perches with some regularity (476 and 105 visits in total
respectively). Compared to the honeyeaters, these large bird species consumed fruit less
frequently and to a smaller extent (consuming fruit from 3-5 plant species, Chapter 2).
Although, there is potential that these birds were useful dispersers of large seeds, as the
species of fruit they consumed mostly included the larger-seeded species in the region (3-8
mm in width, e.g. A. sophorae, E. syrticola, M. insulare; Chapter 2). Other members of the
Artamidae and Corvidae are important dispersers of large seeds, including the pied
currawong (Strepera graculina, Artamidae) in north-eastern subtropical Australia (Moran
2007) and the large-billed crow (Corvus macrorhynchos, Corvidae) in Singapore (Corlett
2017). Ravens and magpies primarily forage on the ground in open habitats (as does the
large and flightless emu, Dromaius novaehollandiae), so it is likely that these birds also
contributed to seed deposition in open areas of Cantara. Ravens and magpies also offer a
different kind of seed dispersal as they can void seed through the regurgitation of pellets.
This regurgitation process may be important for regeneration as it can enhance seed
germination (Traveset 1998), which for example occurred in seeds regurgitated by the

common raven (Corvus corax) in the Canary Islands (Nogales et al. 1999).
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3.4.2 Influence of visitation frequency on seed deposition

The artificial perches were able to attract seed-dispersing birds over the peak fruiting period
of summer and autumn, receiving an average of 3.60 visits/perch/day. Although, not all of
these visits would have resulted in the deposition of seed. Regular fruit consumers, such as
the spiny-cheeked and singing honeyeaters, predominantly visited the perches for short
durations (for both species only 28% of visits were >1 minute), as they often used them to
cross the landscape or to briefly rest while hawking for insects. These short perching
durations likely meant that only some of the visits made by the honeyeaters would have also
resulted in defaecation. In comparison, the Australian ravens and magpies visited the
perches for longer durations more frequently (49% and 46% of visits >1 minute
respectively), as they would use them to rest while preening or socialising. There would
have been a greater probability of defaecation or regurgitation occurring during the longer
visits. Australian ravens and magpies, however, only occasionally consumed fruit, meaning

that there was a lower probability that their excrement would have contained seed.

In general, seed deposition at the artificial perches may have also been limited by the lack of
silvereye visitation (36 visits in total). This bird is one the region's most important
dispersers, given their abundance, ability to regularly and effectively disperse seed, and
ability to disperse a variety of plant species (Table 3.2; Table 3.3; Fig. 3.7; Chapter 2;
Stanley and Lill 2002; Paton 2010). Silvereyes likely avoided the perches given that they are
small birds (11-12 cm long) and by resting in open areas they risk predation. The complex
perches, which were implemented in the degraded site after few silvereyes were observed
on simple perches, were expected to attract more silvereyes given the greater protection they
offered. The two perch types, however, did not significantly differ in their ability to attract
silvereyes, although this lack of difference may have been caused by small sample sizes
used in the experiment. Thus, additional observations will be necessary to confirm if perch

complexity influences bird visitation.

The lack of silvereye visitation to the artificial perches may have been due to the presence
of scattered shrubs in the degraded site. As noted during the direct observations of perch
use, silvereyes were more inclined to fly past the simple artificial perches rather than visit
them (22 flights nearby compared to 2 landings). Instead, they chose to visit isolated patches
of shrubs, which were likely more attractive due to their food resources (e.g. fruit, insects),
as well as their larger physical volume and dense foliage, which would have better

concealed the silvereyes from predators (Stanley and Lill 2002; Elgar et al. 2014; Freeman

54



et al. 2021). Systematic bird surveys conducted in January between 2008 and 2014 in the
study region support the notion that silvereyes are not as inclined as other seed-dispersers to
use bare perches (Paton, unpubl. data). These surveys recorded the substrates on which birds
perched and silvereyes that were observed on perches were detected on dead branches only
6% of the time. In comparison, singing honeyeaters and spiny-cheeked honeyeaters when

observed on perches were using dead branches 14% and 12% of the time respectively.

Evidently, some strategies may be required to entice silvereyes to use artificial perches
given that they are important seed dispersers in the region. The attractiveness of the artificial
perches could perhaps be enhanced if they were placed closer to areas of remnant
vegetation. This would provide silvereyes with dense cover to retreat to when alarmed by
predators. Additionally, the artificial perches may need to be taller than any proximate
vegetation, as this has been shown to increase visitation by providing birds with a better
lookout for predators (McDonnell 1986; Athié and Dias 2016). In general, the ability of
silvereyes to enter the paddocks of Cantara indicated that they could still contribute to seed
deposition in the areas where perches were located, although only likely after some shrubby

vegetation had established beneath the perch.

3.4.3 Changes in visitation during the peak fruiting seasons

From summer to autumn, birds significantly increased the rate in which they visited
artificial perches (from 3.26 to 8.54 visits/perch/day). Seed-dispersing birds in particular
also increased their rate of visitation from summer to autumn (from 1.82 to 6.35
visits/perch/day), although this increase was not to a significant extent. The lack of
significant difference may have been due to a small sample size, so further observations
may be necessary to determine the importance of season on the rates of visitation. In
general, the slight increase in seed-dispersing bird visitation in autumn may have been
related to changes in local food resources. For example, the spiny-cheeked and singing
honeyeaters would have spent much of their time in summer foraging in the remnant
vegetation, where fruit would have been abundant (Paton 2010). As the fruit availability
declined in autumn, the honeyeaters may have then roamed further to find sufficient food
resources, including throughout degraded areas. The numbers of singing honeyeaters in
particular have been observed to fluctuate at sites within the Younghusband Peninsula, as
they seemingly move in search of food (Patkin, unpubl. data). Notably, the Australian

magpie was the most consistent in its perch use between seasons. The consistency in their
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visitation rate was likely explained by their predominate use of open habitats, combined

with their tendency to be sedentary (Higgins et al. 2006).

3.4.4 Ecological services provided by perches

Anrtificial perches had a variety of uses for birds, demonstrating that they can provide
ecological services besides the facilitation of seed dispersal. Perches were used throughout
the day, although mostly so in the mid-morning and afternoon, which is when birds
typically forage (Bednekoff and Houston 1994). The perches were observed to assist eight
bird species with their foraging activities, including two raptor species, which were the
Australian kestrel (Falco cenchroides) and brown falcon (Falco berigora). These raptors are
thought to assist in the reduction of invasive mammals such as the house mouse (Mus
musculus) (Kay et al. 1994), which is an abundant pest in the study region during cooler
parts of the year (Caton et al. 2011).

Other birds, including the spiny-cheeked and singing honeyeaters, used the perches to rest
while hawking for insects. The perches were also regularly visited by welcome swallows in
the middle of the day, as temperatures approached a maximum. They basked on the perches
during these warmer temperatures, which may have served to control ectoparasites (Blem
and Blem 1993). Several other studies have also emphasised the importance of artificial
perches in offsetting tree loss in the landscape, particularly in terms of the increases in bird
species richness and abundance that the perches are able to facilitate (Vogel et al. 2018;
Hannan et al. 2019). Evidently, if artificial perches are to be used to facilitate regeneration,
then researchers and practitioners should acknowledge all the ecological services that the

perches could potentially provide.
3.5 Conclusion

The artificial perches deployed in paddocks at Cantara were successfully able to attract nine
seed-dispersing bird species. The spiny-cheeked honeyeater and singing honeyeater were
the seed-dispersing species that most frequently visited the perches during the peak fruiting
period of summer and autumn. These birds were likely to be important in dispersing seeds
to artificial perches as they also frequently void the seeds of a variety of fleshy-fruited plant
species. The honeyeaters tended to use the perches for short durations, which may have
reduced their value as seed dispersers in degraded areas. Australian magpies and ravens
were two other species that may have contributed to seed deposition at the perches, although

not to the same extent as the honeyeaters, given that they only occasionally void seeds from
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a few species. In general, the results of this chapter highlighted the important contribution
that these four bird species have for the dispersal of seed into open and degraded areas of
the Younghusband Peninsula. The following chapter, Chapter 4, now aims to document the
quantities of seeds deposited beneath the artificial perches deployed in the paddocks of

Cantara.
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Chapter 4. The effectiveness of artificial perches in overcoming
dispersal limitations for fleshy-fruited plants on the

Younghusband Peninsula

4.1 Introduction

Artificial perches are implemented in disturbed or degraded areas as a means to overcome
seed dispersal limitations and to accelerate regeneration. They work by encouraging
frugivorous birds to rest in degraded areas, where they may defaecate the seeds of fruit they
have consumed. The ability of artificial perches to effectively facilitate seed dispersal into
degraded areas has been investigated through a variety of methods over the past few
decades. Most commonly, researchers have investigated their effectiveness by measuring
the abundance and richness of seed deposited beneath the perches (e.g. Shiels and Walker
2003; Vicente et al. 2010; Graham and Page 2012; Heelemann et al. 2012; de Almeida et al.
2016). Researchers have also often determined the origin and life forms of the species that
were deposited beneath the perches (e.g. Shiels and Walker 2003; Athié and Dias 2016;
Tomazi and Castellani 2016). Taking these characteristics into account is important, as they
influence restoration trajectories and the potential for restoration to occur in the degraded
landscape (Guidetti et al. 2016). For example, de Almeida et al. (2016) found that the
species that were dispersed to perches were mostly pioneering trees and shrubs, which was
important for restoration as these species would help to colonise the degraded and
fragmented landscape.

Some studies have also considered whether there was seasonal variation in the quantities
and compositions of seed that were dispersed to the perches (e.g. Zanini and Ganade 2005;
Vicente et al. 2010; Athié and Dias 2016). Such observations may be used to determine the
seasons in which artificial perches are most likely to effectively facilitate seed dispersal.
This information is especially important if the perches are intended to be in place over a
temporary period (Graham and Page 2012). Notably, very few studies have investigated the
effectiveness of artificial perches in their ability to facilitate seed dispersal over multiple
years (Bustamante-Sanchez and Armesto 2012; Zwiener et al. 2014). More long-term
studies are required to determine the value of artificial perches throughout the different

stages of vegetation recovery. For example, the restorative value of a perch could start to
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diminish once some vegetation has established beneath it, so there may be a need to shift the

perch throughout the degraded site over time.

When compared to artificial perches, natural perches (i.e. isolated trees and shrubs) have
been as effective or even more effective than artificial perches in facilitating seed dispersal
into degraded areas (e.g. Holl et al. 2000; Zwiener et al. 2014; Castillo-Escriva et al. 2019).
Although as pointed out by Zwiener et al. (2014), the number of studies directly comparing
the facilitative effects of artificial perches and natural perches is currently limited and this
comparison needs further exploration. Notably, very few studies have also measured seed
deposition in the remnant vegetation that surrounds the degraded site (e.g. McClanahan and
Wolfe 1987, Pillatt et al. 2010). Artificial perches are often deployed with the aim of
enhancing seed arrival from areas of remnant vegetation (Guidetti et al. 2016), so measures
of seed rain taken within this area may help to determine the compositions of seed that

ought to be arriving at perches deployed in adjacent degraded areas.

The Younghusband Peninsula in the south-east of South Australia is a temperate coastal
dune system that has been degraded through vegetation clearance and grazing by rabbits and
domestic stock (Chapter 2). Many of these degraded areas have been slow to recover and
some additional intervention, such as the deployment of artificial perches, is required to
facilitate the re-establishment of native vegetation. In this chapter, | investigated the
effectiveness of artificial perches to facilitate seed dispersal into formerly grazed paddocks

located on the Younghusband Peninsula. This chapter asked the following questions:

1) Does the provision of artificial perches significantly increase rates of seed dispersal
into degraded areas relative to adjacent open areas without perches?

2) What are the identities and life forms of the plants whose seeds are deposited at the
artificial perches?

3) To what extent does seed deposition at the artificial perches vary between seasons
and years?

4) How do artificial perches and natural perches such as shrubs compare in their ability
to facilitate seed dispersal into the degraded site?

5) Within the degraded site, is there a difference in the composition of seed rain being
detected beneath artificial perches, species of shrub and in open areas?

6) Is there a difference in the composition of seed rain being detected beneath species
of shrub in the degraded site and the same species of shrub in the remnant
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vegetation, and does the composition of seed rain vary with the shrub species that is

serving as host?
4.2 Methods

4.2.1 Study location

Field research was conducted in the southern paddocks of Cantara (Fig. 4.1), which cover an
area of approximately 25 ha. These paddocks were located about 800 m inland from the
Southern Ocean, on the Younghusband Peninsula, South Australia (36°20'S, 139°44'E). The
climate is Mediterranean, with cool-moist winters (June—August) and hot-dry summers
(December—February) (Australian Bureau of Meteorology 2021). During the late 1840s and
1850s, parts of the Younghusband Peninsula were cleared for pastoral activities. This
included Cantara, which was converted to pasture and used for stock grazing up until the
1970s (Rudduck 1982). Almost 50 years have passed since the paddocks were destocked.

The land, however, has failed to recover during this time.

The paddocks are dominated by introduced grasses and herbs. Various fleshy-fruited shrubs
are present in isolated patches across the paddocks, including Acacia sophorae, Myoporum
insulare and Rhagodia candolleana and the introduced species Lycium ferocissimum. The
north, south and western sides of the paddocks are surrounded by the leeward slopes of
parabolic dunes. The dunes are densely covered in native vegetation, which includes many
fleshy-fruited plant species, such as M. insulare, Leucopogon parviflorus and Exocarpos
syrticola. In contrast, the eastern side of the paddocks are bordered by a thick stand of

Melaleuca halmaturorum, which is parasitised by the mistletoe Amyema melaleucae.

4.2.2 Artificial perch and seed trap implementation

Twelve artificial perches of simple design were deployed throughout the southern paddocks
of Cantara in July 2015 (Fig. 4.1). The perches were constructed from dead A. sophorae
branches, which were wired to a metal stake that was driven into the ground (Fig. 4.2a). The
perches were approximately 2.5 to 2.8 m in height and were placed throughout the open
areas of the paddocks, at distances ranging between 50 to 250 m from the remnant dune
vegetation. Seed was collected beneath each perch with a single seed trap. The seed traps
were made with a 1 x 1 m of 0.25 mm fibreglass mesh, with a 5 cm rolled edge which
prevented seed loss (Fig. 4.2b). Seed traps were propped at least 20 cm off the ground using

280 mm high metal pegs. Twenty-five seed traps were also placed in open areas of the
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paddock (henceforth referred to as “open paddock™) to measure the seed rain in the absence

of any perches (Fig. 4.1).

Figure 4.1. Aerial view of the experimental design deployed in the southern paddocks of Cantara,
where 12 artificial perches of simple design were erected. A 1 x 1 m seed trap was placed beneath
each perch. Twenty-five 1 x 1 m seed traps were also placed in open areas of the paddocks. The
location of each perch is indicated with a cross, whereas the location of each seed trap in the open is
indicated with a square.
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Figure 4.2. An artificial perch located in the southern paddocks of Cantara with a 1 x 1 m seed trap

placed beneath it and remnant dune vegetation evident in background (a) and seed traps made from
superfine 0.25 mm fibreglass mesh were used to capture defaecated seeds (b).

To investigate the ability of natural perches to facilitate seed dispersal, seed traps were
placed beneath scattered shrubs in the paddocks (Fig. 4.3). Specifically, this consisted of ten
adult plants from four shrub species, which were A. sophorae, L. ferocissimum, M. insulare
and L. parviflorus. Seed rain was measured beneath ten adult plants of the same shrub
species in the dunes to determine the species compositions and numbers of seed dispersed in
remnant vegetation (Fig. 4.3). A single trap was placed beneath 10 individual shrubs of each

of the four species in the dunes, and again in the paddocks, resulting in a total of 80 traps

Seeds collected by traps set under paddock shrubs, dune shrubs or set in the open paddock
were collected monthly over a period of 12 months (September 2015-August 2016),
encompassing the seasons of spring (September—November), summer (December—
February), autumn (March—May) and winter (June—August). Seeds collected in traps set
under artificial perches were collected monthly for 21 months (September 2015-May 2017).
The seeds (or woody stones containing seeds) were placed into paper bags and were sorted,
counted and identified back in the laboratory. Seeds which did not originate from fleshy-
fruited species were discarded. The species of seed were identified using a reference
collection, as well as through seed guides (Sweedman and Merritt 2006). For each month of
seed collection, the seeds of each species were air-dried and then weighed to determine their
dry biomass. The species of seed were categorised according to their origin (native,
introduced) and life form (shrub, herb, climber, mistletoe).
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Figure 4.3. Aerial view of the experimental design deployed in the southern paddocks of Cantara
and adjacent dunes, where seed traps were placed under ten adult plants from four shrub species,
both in the paddocks and in the remnant dune vegetation. The location of each shrub in the dunes is
indicated with a triangle, whereas the location of each shrub in the paddocks is indicated with a

circle.
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4.2.3 Statistical analysis

For the following analyses, the term 'seed’ was inclusive of the woody stones of

L. parviflorus and M. insulare. These woody stones potentially contain multiple seeds,
however seed fill is variable (South Australian Seed Conservation Centre 2016), so in this
chapter the woody stones are considered as single dispersal units and the number of seeds

inside are not accounted for.

To determine the influence of perch treatment on seed deposition, seeds collected over 12
months from traps in four settings (beneath artificial perches, paddock shrubs, dune shrubs,
and in the open paddock) were compared in terms of annual accumulated abundance and
species richness. Two-way analysis of variance (ANOVA) with Tukey's multiple
comparisons tested the main effects of perch treatment on the deposited seed abundance and
seed richness. For the paddock shrubs and dune shrubs, measures of seed abundance and
seed richness represented averaged means from the four shrub species whose seed rain were

collected.

To determine the influence of perch treatment on the composition of seed rain in the
paddocks, seeds accumulated over 12 months in traps from six settings (beneath artificial
perches, four shrub species in the paddock, and in the open paddock) were assessed using
one-way permutation multivariate analysis of variance (PERMANOVA) based on zero-
adjusted Bray-Curtis similarities and 999 permutations. The PERMANOVAs were
calculated using abundance data, as well as presence/absence data. The PERMANOVAS
required a zero-adjusted Bray-Curtis measure as Bray-Curtis indices cannot be calculated
using ‘0’ values. This adjustment adds a ‘dummy species’, which takes the value of 1 for all
samples. Pairwise comparisons were conducted for each PERMANOVA to explore
significant differences between all possible pairs of perch treatments. The compositional
differences based on seed abundance was visualised through two-dimensional non-metric
multidimensional scaling ordination (NMDS) based on zero-adjusted Bray-Curtis indices of

similarity.

To determine the influence of shrub location and shrub species on the composition of seed
rain, seeds accumulated over 12 months in traps from two locations (paddock and dunes)
and beneath four species of shrub were assessed through two-way PERMANOVAs based
on Bray-Curtis similarities and 999 permutations. The PERMANOVAs were calculated

using abundance data, as well as presence/absence data. Similarity percentage (SIMPER)
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analysis was used to identify the species contributing most strongly to the compositional

differences observed between the two locations and between the four shrub species.

Seasonal variation in seed deposition at the artificial perches was investigated using data
from the first year of observation. Specifically, seasons were compared in terms of
deposited seed abundance, richness and dry biomass. These seed measures were compared
between seasons using one-way repeated measures ANOVAS since the same perches were
sampled each season. Seed deposition that occurred at the artificial perches during seasons
of fruit availability (spring—autumn) were also compared between years. Using data
collected after 21 months of observation, the two spring—autumn periods were compared in
terms of deposited seed abundance, richness and dry biomass. The seed measures were
compared between the two periods using two-way repeated measures ANOVAS since the
same perches were sampled in each period. This also allowed for comparisons between
years for individual seasons. The two spring—autumn periods were also compared for
differences in deposited composition of seed using two-way PERMANOVAs based on
Bray-Curtis similarities and 999 permutations. The PERMANOVAs were calculated using

abundance data, as well as presence/absence data.

The level of significance in all tests was set at alpha <0.05 and means were presented with
standard error except where otherwise noted. One-way and two-way ANOVAS were
conducted in Graphpad Prism 8.0.0 (GraphPad software, Inc). One-way and two-way
PERMANOVAs, similarity percentages and NMDS analysis were conducted in PRIMER
7.0 (Clarke and Gorley 2015).
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4.3 Results

4.3.1 Seed rain characteristics

After 12 months of seed collection, the artificial perches, dune shrubs, paddock shrubs and
open traps in the paddocks significantly differed in the mean abundances of seed that they
accumulated (Fig. 4.4a, two-way ANOVA, F(3, 110) = 28.88, P <0.0001). Tukey's multiple
comparisons found that significantly more seeds were collected in traps beneath the
artificial perches (2161.2 seeds/m?/year) than those set under the paddock shrubs (493.3
seeds/m?/year), dune shrubs (174.9 seeds/m?/year) and in the open paddock (0.32
seeds/m?/year) (P < 0.0001). In terms of detection, seed was recorded in traps beneath all 12
artificial perches, all 40 paddock shrubs and all 40 dune shrubs. In contrast, seed was

recorded in only 4 of the 25 traps placed in the open paddock.
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Figure 4.4. The abundance of seed (a) and species richness of seed (b) deposited in seed traps (both
mean/m?/year + SE) beneath artificial perches (n = 12), paddock shrubs (n = 4 species, 10 shrubs per
species; averaged mean), dune shrubs (n = 4 species, 10 shrubs per species; averaged mean) and in

the open paddock (n = 25) during a 12-month period, between September 2015 and August 2016.

After 12 months of seed collection, the artificial perches, dune shrubs, paddock shrubs and
open traps in the paddocks significantly differed in the mean number of species that they
accumulated (Fig. 4.4b, two-way ANOVA, F(3, 110) = 157.5, P <0.0001). Tukey's multiple
comparisons found that significantly more species were collected in traps beneath the
artificial perches (12.8 species/m?/year) than those set under the paddock shrubs (9.93
species/m?/year), dune shrubs (8.43 species/m?/year), and in the open paddock (0.16
species/m?/year) (P <0.0001).
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Table 4.1. Species of seed present in seed traps beneath the artificial perches (AP; n = 12), paddock
shrubs (n = 4 shrub species, 10 shrubs per species), dune shrubs (n = 4 shrub species, 10 shrubs per
species) and in seed traps set in the open paddock (OP; n = 25) during a 12-month period, between
September 2015 and August 2016. The four species of shrub were Acacia sophorae (AS),
Leucopogon parviflorus (LP), Lycium ferocissimum (LF) and Myoporum insulare (MI). * =
introduced species. Life form (L): S = shrub, C = climber, H = herb, M = mistletoe. The mean

deposition of each species at each of the perch treatments is listed in Appendix 3.

Paddock shrubs Dune shrubs
AS LP LF Ml AS LP LF Ml

X X X

Species AP OP

Acacia sophorae

Alyxia buxifolia
Amyema melaleucae
Asparagus asparagoides*
Billardiera cymosa
Dianella revoluta
Enchylaena tomentosa
Exocarpos syrticola
Leucopogon parviflorus
Lycium ferocissimum*
Muehlenbeckia gunnii
Myoporum insulare
Rhagodia candolleana
Scaevola calendulacea
Tetragonia implexicoma
Threlkeldia diffusa

X X

X X

X X X X
X X X
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X

X X X X X X X X X X X X X
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In terms of range, 12-14 species (total of 15 species) were deposited in the traps beneath the
12 artificial perches, 5-14 species (total of 15 species) were deposited in the traps beneath
the 40 paddock shrubs, 5-14 species (total of 15 species) were deposited in the traps
beneath the 40 dune shrubs and 01 species (total of 4 species) were deposited in the 25
traps set in the open paddock (Table 4.1). In total, 16 species were deposited beneath the 4
perch treatments (Table 4.1). Fourteen of the species were native to the region, whereas two
were introduced species (L. ferocissimum and Asparagus asparagoides). Of the native
species identified, eight were shrubs, two were herbs, three were climbers and one was a
mistletoe. The mean deposition of each species at each of the perch treatments is listed in

Appendix 3.
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After 12 months of seed collection, the six perch treatments in the paddock (traps set
beneath artificial perches and four paddock shrub species, and traps set in open areas of the
paddock) significantly varied in the abundances of species that they accumulated (one-way
PERMANOVA, pseudo-F (5, 71) = 20.2, P = 0.001; Fig. 4.5). Significant differences were
also detected in the identity of species that they accumulated (i.e. presence/absence of
species; one-way PERMANOVA, pseudo-F (5, 71) = 129.7, P = 0.001). Pairwise
comparisons found that the artificial perches and the four species of paddock shrub
significantly differed from the traps set in the open paddock in terms of the abundances and
identities of species received (P = 0.001).
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Figure 4.5. Two-dimensional non-metric multidimensional scaling ordination visualising
differences in the compositions of seed (based on species abundance) that were collected in traps set
under the artificial perches (n = 12), four species of paddock shrub (n = 10 shrubs per species) and in
the open paddock (n = 25) during a 12-month period, between September 2015 and August 2016.
Points closer together in ordination space indicate that they received relatively more similar

compositions of seed based on zero-adjusted Bray-Curtis indices of similarity.
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After 12 months of observation, the species that was on average most abundantly deposited
in the traps beneath the artificial perches was the introduced shrub L. ferocissimum (1031.0
seeds/m?/year, equivalent to 42.4% of the seed, Fig. 4.6a). The deposition of this species
beneath artificial perches was somewhat variable, ranging from 19-2565 seeds.
Cumulatively, native species accounted for 1128.6 seeds/m?/year (equivalent to 57.4% of
seed) and those that were most abundantly deposited included the shrubs R. candolleana
(248.9 seeds/m?/year, equivalent to 15.3% of seed), M. insulare (198.8 seeds/m?/year,
equivalent to 8.8% of seed) and L. parviflorus (181.8 seeds/m?/year, equivalent to 7.7% of
seed) (Fig. 4.6a). On average, shrub species accounted for most of the seed deposited at the
artificial perches (90.2% of seed, where 47.1% was native seed), followed by climbers
(8.6% of seed) (Fig. 4.6b).

a) species b) life forms
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Enchylaena tomentosa: Mistletoe = Introduced seed

Leucopogon parviflorus
Lycium ferocissimum* Herb
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Rhagodia candolleana
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Figure 4.6. Seeds commonly deposited beneath the 12 artifical perches in the paddocks of Cantara,
according to a) species (mean seed/m?/year + SE) and b) life form (mean percentage of seed/m?/year
+ SE, seed categorised according to origin). Seeds were collected during a 12-month period,
between September 2015 and August 2016.
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After 12 months of measurements, the traps set under the paddock shrubs of L. parviflorus
and L. ferocissimum largely caught seeds belonging to these two species respectively (Fig.
4.7a-b). In comparison, the traps set under paddock shrubs of A. sophorae and M. insulare
most abundantly received seed from R. candolleana (Fig. 4.7c—d). Leucopogon parviflorus
and M. insulare shrubs also appeared to receive a considerable amount of seed rain from the
introduced species L. ferocissimum, although by contrast A. sophorae shrubs did not. For
each of the shrub species, some of the intraspecific seed deposited in the seed traps beneath
the shrubs was likely seed that had been dislodged from desiccated and unconsumed fruits,

which fell from branches located above the traps.
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Figure 4.7a—d. Quantities of seed (mean seed/m?/year + SE) from different plant species that were
commonly collected in traps set under four shrubs species (n = 10 shrubs per species) in the
paddocks of Cantara. Seeds were collected during a 12-month period, between September 2015 and
August 2016.
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Notably, when compared to the paddock shrubs, the traps set under dune shrubs tended to

receive proportionally fewer L. ferocissimum seeds (Fig. 4.6a, Fig. 4.7, Fig. 4.8). Species of

seed that were commonly deposited beneath most of the dune shrubs included

L. parviflorus, M. insulare and Muehlenbeckia gunnii. Similar to the paddock shrubs, some

of the intraspecific seed deposited in the traps beneath the dune shrubs likely originated

from desiccated and unconsumed fruits, which fell from branches located above the traps.
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Figure 4.8a—d. Quantities of seed (mean seed/m?/year + SE) from different plant species that were

commonly collected in traps set under four shrubs species (n = 10 shrubs per species) located in the

dunes surrounding Cantara. Seeds were collected during a 12-month period, between September

2015 and August 2016.

71



Comparisons between four species of shrub present in the paddocks and dunes (A. sophorae,
M. insulare. L. parviflorus and L. ferocissimum) revealed that the location of the shrub and
the species of shrub had a significant influence on the abundances of species being
deposited beneath the shrub (two-way PERMANOVA, pseudo-F(1, 72) = 5.69, P = 0.001
and pseudo-F(3, 72) = 8.75, P = 0.001 respectively). The interaction between these two
factors, however, was not significant (pseudo-F(3, 72) =0.99, P = 0.47). SIMPER analysis
revealed that only three species contributed up to 50% to the seed rain compositional
differences between the paddock shrubs and the dune shrubs based on the abundances of

species received (Table 4.2a).

Table 4.2 Similarity percentage (SIMPER) analysis, showing the species that contributed the most
(up to 50%) to the average Bray-Curtis dissimilarity between paddock shrubs and dune shrubs in
their compositions of seed rain, based on a) the abundance of species in the seed rain and b) the
identity of species in the seed rain (i.e. species presence/absence). Deposited seeds were collected
beneath the four species of shrub present in the paddocks and dunes (Acacia sophorae,

Myoporum insulare, Leucopogon parviflorus, Lycium ferocissimum) during a 12-month period from
September 2015 to August 2016.

Average Dissimilarity/standard ~ Contribution
Species dissimilarity deviation (%)
a) Species abundance; average dissimilarity between paddock and dunes = 67.66%.
Lycium ferocissimum 13.92 0.65 20.58
Leucopogon parviflorus 11.45 0.92 16.92
Myoporum insulare 11.38 0.80 16.82

b) Species presence/absence; average dissimilarity between paddock and dunes = 24.24%.

Enchylaena tomentosa 3.02 1.03 12.46
Dianella revoluta 2.81 0.97 11.61
Tetragonia implexicoma 2.77 0.92 11.44
Exocarpos syrticola 2.59 0.93 10.69
Alyxia buxifolia 2.52 0.92 10.39

The identity of species (i.e. species presence/absence) being deposited beneath the shrub
was also influenced by the species of shrub and by the location of the shrub (two-way
PERMANOVA, pseudo-F(1, 72) = 6.99, P = 0.001 and pseudo-F(3, 72) = 2.74, P = 0.045
respectively), where the interaction between these two factors was significant (pseudo-F(3,
72) = 2.56, P = 0.007). SIMPER analysis revealed that five species contributed up to 50% to
the seed rain compositional differences between the paddock shrubs and the dune shrubs

based on the identity of species received (Table 4.2b).
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4.3.2 Annual and seasonal variation in seed deposition

During the first year of observation, seed deposition in the traps beneath the artificial
perches clearly varied between seasons (Fig. 4.9). This variation proved significant in terms
of seed abundance (one-way repeated measures ANOVA, F(3, 33) =7.82, P <0.001),
species richness (F(3, 33) = 25.99, P <0.0001) and dry seed biomass (F(3, 33) =8.01, P =
0.008). The deposited seed was most abundant, most species rich and had the greatest dry
biomass in summer and autumn (Fig. 4.9a—b). The species that contributed to peak
deposition during these seasons included the native species L. parviflorus, M. insulare,

A. sophorae and R. candolleana, as well as the introduced species L. ferocissimum (Fig.
4.9c, Fig. 4.10). From these species, L. ferocissimum contributed by far the most seed,
although did not contribute much in terms of the overall biomass of seeds deposited (Fig.
4.9b).

At the artificial perches, seed deposition significantly differed between the first spring—
autumn and the following spring—autumn period in terms of seed abundance (repeated
measures two-way ANOVA, F(2, 22) = 4.37, P = 0.03, Fig. 4.9a), dry seed biomass (F(2,
22) =3.74, P = 0.04, Fig. 4.9b), species abundance and species identity (two-way
PERMANOVA pseudo-F(2, 66) = 3.23, P = 0.001 and pseudo-F(2, 66) = 4.28, P = 0.001
respectively). The species richness of seed, however, did not differ significantly (repeated
measures two-way ANOVA, F(2, 22) = 1.20, P = 0.32, Fig. 4.9a). Evidently, fewer seeds
were deposited at the perches in the second spring—autumn period and this largely reflected
a decline in deposition of the introduced species L. ferocissimum (Fig. 4.9a, c). Most native
species also experienced declines in seed deposition, although clearly not to the same extent
(Fig. 4.9¢).
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Figure 4.9. Seasonal variation in the seeds collected in traps set under the 12 artificial perches over
7 seasons between 2015 and 2017, including in the a) abundance and species richness of seed
deposited (mean seed/m?/season + SE), b) dry biomass of seed deposited (mean mg/m?/season + SE)
and c) abundances of commonly deposited species (mean seed/m?/season + SE). The seed
abundance and seed biomass recorded in each season was also categorised according to the origin of

the seed (native or introduced).
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Figure 4.10. Seed trap located beneath an artificial perch that is abundant with seed from the
introduced species Lycium ferocissimum. The trap contains 1 month of deposited seed, captured in
April 2016 (i.e. mid-autumn), during the peak deposition of L. ferocissimum. Each seed trap had a
rolled edge to minimise seed loss from rain and seed predators.

4.4 Discussion

4.4.1 Seed dispersal limitation

The artificial perches were effective at facilitating the dispersal of seed into open areas of
the paddocks where native vegetation had been lost. Over the course of a year, 2161.2
seeds/m? were deposited at the perches, which was significantly greater than the 0.32
seeds/m? that arrived in open areas without perches. This result exceeds that which has been
observed in previous studies of artificial perches, including Holl (1998), Vicente et al.
(2010) and de Almeida et al. (2016), who respectively observed 161, 181 and 680
seeds/m?/year being deposited under perches in tropical and subtropical systems. Primarily,
the abundant deposition observed in this study may have been due to the presence of fleshy-
fruited shrubs, which occurred in isolated patches in the paddocks and were able to act as
sources of seed. This most notably included the introduced shrub L. ferocissimum, whose
seed accounted for 42.4% of the seed deposited beneath the perches during the first year of

observation. In general, the shrubs also increased the structural complexity of the grassy
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paddocks at Cantara and this likely helped to entice seed-dispersing birds to venture into the
degraded site (McDonnell and Stiles 1983; Toh et al. 1999). Studies conducted in tropical
and temperate systems have emphasised the importance of scattered vegetation on seed
arrival in degraded areas, observing greater inputs of bird-dispersed seed in sites where
there were greater complexities of vegetation, particularly when that vegetation contained
fleshy-fruited species (McDonnell and Stiles 1983; Guevara et al. 1986; Da Silva et al.
1996).

In this study, flying frugivorous birds deposited a few seeds into open areas of the paddocks.
This was not unexpected, as studies elsewhere have also observed flying frugivorous birds
to deposit small amounts of seed into open and disturbed habitats (e.g. McDonnell and
Stiles 1983; McClanahan and Wolfe 1987; Willson and Crome 1989; Holl 1998; Cavallero
et al. 2013). Furthermore, this is because birds tend to defaecate seed more whilst perched
than during flight (Jordano 2000). While this study focused on the seed dispersal facilitated
by flying frugivorous birds, some of the seeds that arrived in the paddocks (although were
unable to be collected in seed traps) were dispersed by the flightless emu (Dromaius
novaehollandiae). Their scats were occasionally observed in open areas of the paddocks and
were found to contain thousands of seeds, which were typically from 3-5 plant species

(McCarron, unpubl. data).

Similar to the artificial perches, the shrubs in the paddocks were also able to act as dispersal
foci, receiving 493.3 seeds/m?/year. Fewer seeds were deposited per m? at the paddock
shrubs when compared to the artificial perches, although, this may have been because the
shrubs possessed larger crowns. This would have increased the area of seed deposition and
thus reduced the potential for seed to fall into the seed trap (McClanahan and Wolfe 1987;
Zwiener et al. 2014). Thus, there is potential that the abundances of seed deposited over the
entire crowns of the paddock shrubs would have exceeded those that were deposited at the
artificial perches. Notably, the shrub species in the paddocks differed in the abundances and
identities of species which accumulated beneath them. This may have occurred as the
species of shrub differed in the nature of the fruits they provided (e.g. size, reward, ease of
harvest) and because they varied in the timing of their ripe fruit availability (Chapter 2).
These characteristics have the potential to strongly influence the timing of bird visitation
and the range of birds attracted to the shrub (Stiles and White 1986; Jordano 2000; Izhaki
2002). The birds in turn influence the composition of seed rain deposited beneath the shrub

through their fruit choice, which is influenced by factors such as their dietary requirements,
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as well as the seasonal availability of ripe fruit in the local area (e.g. as found in other
systems; Stiles and White 1986; Jordano 2000).

4.4.2 Species deposition

The artificial perches were also effective at increasing the richness and composition of seed
being deposited in the degraded site. Over 12 months, the perches received seed from 15
plant species, including 13 native species. This represented most of the fleshy-fruited
species present in the Younghusband Peninsula (Chapter 2). The native species that were
most abundantly deposited beneath the perches were the summer—autumn fruiting shrubs
R. candolleana, M. insulare and L. parviflorus, which respectively accounted for 248.9,
198.8 and 181.8 seeds/m?/year under the perches. Realistically, M. insulare and

L. parviflorus would have contributed more seeds at the perches than indicated since only
the woody stones of these two species were counted. The woody stones of M. insulare may
contain up to three seeds, whereas those of L. parviflorus may contain up to five seeds
(Black 1952). The abundant deposition of R. candolleana, M. insulare and L. parviflorus
seed beneath the perches reflects the abundance of these species in the vegetation of the
Younghusband Peninsula (Paton 2010). Furthermore, their fruits are consumed by a range
of seed-dispersing birds (Chapter 2, Chapter 3), including the spiny-cheeked honeyeater
(Acanthagenys rufogularis) and singing honeyeater (Lichenostomus virescens), which were
the seed-dispersing species that most frequently visited the perches during summer and

autumn (Chapter 3).

Overall, the introduced shrub L. ferocissimum contributed the most seeds to the seed rain
that fell beneath the artificial perches (1031.0 seeds/m?/year, equivalent to 42.4% of
deposited seed). The predominant deposition of this species likely occurred for several
reasons. First, L. ferocissimum fruits contain many seeds (20-70, Noble and Adair 2014),
whereas the fruits of most other species in the region contain only one seed. Second,

L. ferocissimum produced fruit in autumn when native fruit availability began to decline,
meaning that their fruit may have more readily been consumed and dispersed by frugivorous
birds (Gosper et al. 2005). Lastly, and perhaps most importantly, the L. ferocissimum shrubs
resided in closer proximity to most of the perches than other fleshy-fruited plant species.
This may have accounted for the high quantities of L. ferocissimum seed being deposited
beneath artificial perches since most bird-dispersed seeds are transported over short
distances from the parent plant (Debussche and Isenmann 1994; Jordano et al. 2007). Other

studies of artificial perches have also noted the influence of the proximity of source plants
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on seed rain, with most of the seeds deposited at artificial perches likely to have originated
from the plants present within the disturbed site (McDonnell and Stiles 1983; McClanahan
and Wolfe 1987; Bustamante-Sanchez and Armesto 2012).

Similar to the artificial perches, L. ferocissimum seed was abundantly dispersed to two
native shrub species in the paddock, which were L. parviflorus and M. insulare. Few

L. ferocissimum shrubs occurred in the remnant dune vegetation, which explains why this
species was not as abundantly dispersed to the native shrubs found there. In general, the
species of shrubs in the dunes significantly differed from the same shrub species in the
paddocks in terms of the identities of species which were detected in their seed rain. The
shrubs in the dunes were more likely to receive seed from the fleshy-fruited plant species
that were common there, such as M. gunnii, L. parviflorus and M. insulare. Seed from these
native species were deposited in the traps beneath the artificial perches, although clearly not
to the same extent as L. ferocissimum, as they resided further from the degraded site.
Despite their distance, most of the fleshy-fruited plant species in the surrounding remnant
vegetation contributed to the seed rain beneath the perches. In fact, some of these species
were known to reside at least 150-200 m away from some of the artificial perches (e.g.

A. melaleucae found in the M. halmaturorum stand, Scaevola calendulacea and Alyxia
buxifolia found on dune crests) which indicated that birds can disperse some seeds over
moderate distances (locations of habitats observed in Fig. 2.3; Chapter 2).

4.4.3 Temporal variation in seed deposition

Seed deposition at the artificial perches was found to vary between seasons. Seed deposition
was most abundant, most species rich and had the greatest dry biomass in summer and
autumn, which is when most fleshy-fruited species in the study site produced fruit (Chapter
2). Very few species produced fruit in winter, which explains the lack of seed deposition
during this time. Seasonal variation in fruit availability has influenced seed deposition in
three studies of artificial perches, two of which were conducted in tropical Brazil (Zanini
and Ganade 2005; Athié and Dias 2016) and one which was conducted in temperate North
America (McDonnell and Stiles 1983). In contrast, Graham and Page (2012) in tropical
Indonesia found no effect of seasonality on deposited seed biomass at their perches, as fruit

was consistently available throughout the year.

Seed deposition at the artificial perches was also found to vary between years. Most notably,

the perches received far fewer seeds over the second spring—autumn fruiting period, which
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was largely due to a decline in the deposition of seed from the introduced species

L. ferocissimum. This decline occurred following the control (i.e. poisoning) of

L. ferocissimum shrubs at Cantara in the winter of 2016. This control was not an intentional
part of this study but was carried out as part of a regional management program (South East
Natural Resources Management Board 2018). All the native species that contributed to the
seed rain beneath the artificial perches in the first spring—autumn fruiting period also
contributed to the seed rain in the second period, although for most species this was to a
smaller extent. This decline in native seed deposition was likely to have been influenced by
the control of L. ferocissimum shrubs in the paddocks. The L. ferocissimum shrubs were no
longer producing fruit, so seed-dispersing birds had less incentive to move into the
paddocks. Degraded sites with fruit-producing plants have been shown to attract more seed-
dispersing birds and have greater amounts of seed deposition when compared to sites that
lack fruit resources (McDonnell and Stiles 1983; Guevara et al. 1986; Da Silva et al. 1996).

For some native species, their decline in seed deposition beneath the perches may have been
due to a decline in fruit production in the nearby vegetation. Fruit production has the
potential to vary between years in the Younghusband Peninsula, although the exact drivers
of this variation are not known (Chapter 2). Inter-annual variation in fruit production in the
surrounding vegetation matrix also appeared to explain changes in seed deposition to
artificial perches in temperate Chile (Bustamante-Sanchez and Armesto 2012). Perhaps to a
small extent, the decline in native seed deposition may have been the result of perch
degradation. Branches gradually broke off the perches over time and this may have
decreased their attractiveness to seed-dispersing birds (Vogel et al. 2016). Notably, native
seed deposition only slightly decreased from the first spring to the next, so perch
degradation was unlikely to have been a substantial factor in the overall decline in seed

deposition.

4.4.4 Implications for restoration

The abundant deposition of L. ferocissimum seed at the artificial perches was clearly to the
detriment of restoration. The establishment of this introduced species at the perches would
have only caused further degradation to the paddocks of Cantara, as it is able to displace
native vegetation but it is also extremely difficult and expensive to control (Noble and Adair
2014; Ireland et al. 2019). The dispersal of seeds from introduced species to artificial
perches has limited the potential for restoration to occur elsewhere, including in subtropical

North America (Prather et al. 2017) and Mediterranean South Africa (Heelemann et al.
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2012). The results of these studies, as well as this study, indicate that it may not be
appropriate to erect perches in sites where introduced fleshy-fruited species are present
unless some form of control is carried out. This control would increase the costs of a
supposedly cost-effective restoration method, although such control is typically required
before the initiation of most restoration efforts (Berger 1993). At Cantara, the control of the
introduced shrub L. ferocissimum was largely effective at reducing the dispersal of its seed
to the artificial perches. This species recorded 28.08 seeds/m? beneath the perches in the
spring—autumn period that followed its control, which was a substantial decline from the
1010.7 seeds/m? recorded in the previous spring—autumn period. If left intact in the
paddocks, the poisoned L. ferocissimum shrubs could be used to assist with restoration. The
dead shrubs would provide suitable perches for birds and so would help to facilitate seed
dispersal into the paddocks. Such use of dead shrubs has been explored in former pastures in
tropical north-eastern Australia, where poisoned strands of Solanum mauritianum (in
combination with grass suppression) were able to facilitate seed dispersal and enhance plant

recruitment (Elgar et al. 2014).

To the benefit of restoration, the artificial perches were able to receive abundant amounts of
seed from native species (from up to 13 species, 1128.6 seeds/m?/year). Assuming that
recruitment barriers were not severe in the paddocks, then these quantities of seed should
have been more than enough to allow for some germination and establishment to occur in
due course. Evidently, much of the native seed originated from shrub species, which
importantly included shrubs such as A. sophorae, M. insulare and R. candolleana
(accounting for 529.9 seeds/m?/year). Their deposition beneath the perches was important
for regeneration processes as they are hardy species which can establish in degraded or
disturbed coastal habitats (Chladil and Kirkpatrick 1989; Heyligers 2009; Liney 2011;
Kelsall 2015). If these shrubs establish and mature at the perches, then they should be able
to in turn promote the establishment of other species, including shade-tolerant shrubs (e.g.
L. parviflorus), as well as understorey shrubs (e.g. Enchylaena tomentosa, Dianella
revoluta) and climbers (e.g. Tetragonia implexicoma, M. gunnii) which establish in the
shelter of their crowns (Hazard and Parsons 1977; Forde 1986; Croft et al. 2006; Heyligers
2009). Of course, there is no certainty as to whether this restoration trajectory, or
recruitment in general will occur, without long-term monitoring. The following chapter,

Chapter 5, aims to remove some of this uncertainty by investigating the potential for several
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of the common fleshy-fruited plant species to germinate, recruit and survive in the degraded

site.

The results of this chapter have provided some practical considerations towards the
deployment of artificial perches for the regeneration of the cleared and degraded parts of the
Younghusband Peninsula. In this study, 12 artificial perches were planted over 25 ha, which
evidently is very few perches for such a large area. With this setup, only a small proportion
of the degraded site would have potentially been assisted with regeneration over the short-
term. If artificial perches are to be used as a restoration tool, then they will need to be
deployed in far greater numbers to ensure that seed will be deposited over many areas
within the degraded site. Furthermore, as observed at Cantara, deploying a small number of
perches also meant that there were high densities of seed being deposited beneath each
perch as birds had few perches to choose from. High seed densities may not be particularly
ideal if they result in competition between germinants (Miinzbergova 2012). Deploying
many perches would reduce the density of seed rain at each perch (as a result of fewer bird
visits) and would reduce potential competition between germinants. Although, as to whether
such competition (and recruitment in general) occurs when there is a high density of seed
rain can only be confirmed through testing and monitoring. Alternatively, the number of
areas where seeds are dispersed could be increased if the artificial perches were shifted
throughout the degraded site over time.

This study has also indicated that the perches would need to be in place at least over
summer and autumn when most of the fleshy-fruited plant species in the region are
producing fruit. In terms of longevity, the results of this study indicated that artificial
perches constructed from dead A. sophorae branches may only be useful over a short period
of time, as the branches were prone to breaking. The longevity of artificial perches could be
improved if they were constructed from species with sturdier wood or constructed with
freshly cut branches. Castillo-Escriva et al. (2019) for example constructed branch piles
using branches from native pine (Pinus halepensis), which were sourced from thinning
works conducted in local afforested areas. These branch piles were still intact and functional

two years after their construction.

As observed at Cantara, natural perches such as shrubs also act as important facilitators of
seed dispersal. Where seedlings of large shrubs such as A. sophorae, M. insulare and
L. parviflorus can be obtained, then these too could be planted to increase the likelihood of
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seed-dispersing birds venturing into heavily cleared paddocks in the Younghusband
Peninsula. This restoration method would be expensive. Although, costs could be reduced if
the shrubs were planted in clumps rather than planting over the entire degraded area. Fewer
seedlings are planted using this method, thereby reducing planting and maintenance costs
(e.g. smaller area of weed control, fewer replantings required) (Rey Benayas et al. 2008;
Cole et al. 2010; Holl et al. 2011; Holl et al. 2020). Over time, these islands would be
expected to spread and coalesce, as they facilitate the recruitment of seed deposited beneath
their canopies (Zahawi and Augspurger 2006). Planting several species in the degraded site
would also help to attract a greater diversity of seed dispersers, which in turn would increase
the richness of deposited seed (Janzen 1988; Slocum and Horvitz 2000). Experiments may
be required to investigate the potential for recruitment beneath each species of shrub, as it
could vary depending on the resources and space monopolised by the shrub (Janzen 1988).

4.5 Conclusion

In conclusion, the artificial perches facilitated the dispersal of seed into a cleared and
degraded temperate coastal site. Most of the perches predominantly received seed from the
introduced species L. ferocissimum, which suggests that perches should not be implemented
in degraded sites where this species is present. The artificial perches did, however, receive
large amounts of seed from up to 13 native species. In the absence of recruitment barriers,
then this should have been more than enough seed to allow for eventual germination and
establishment. Importantly, the species that were deposited at the perches included hardy
shrubs such as M. insulare, R. candolleana and A. sophorae. The establishment and
recruitment of such species would benefit regeneration, as their presence would help to
facilitate the establishment of other species. This chapter also highlighted the potential
importance of shrubs in enhancing seed deposition in degraded areas. Planting shrubs in
degraded areas may be an effective strategy to overcome dispersal limitations in conjunction
with erecting bare branches to act as perches. The following chapter, Chapter 5, now

considers the potential for the deposited seed to germinate, survive and establish.
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Chapter 5. Seed germination and seedling survival on the

Younghusband Peninsula

5.1 Introduction

Artificial perches are erected in cleared and disturbed environments with the aim of
enhancing seed dispersal and increasing the chances of plant recruitment. Perches can
overcome seed dispersal limitations by encouraging frugivorous birds to move into open
areas of disturbed sites, where they may rest and defaecate the seeds from the fruits they
have consumed. For regeneration to occur, these seeds then need to germinate and recruit.
Researchers have most commonly evaluated the effectiveness of the restoration tool by
determining the extent to which seed arrival is enhanced in the disturbed or degraded site
(Guidetti et al. 2016). Many researchers, however, have neglected to monitor and report on
the stages that occur after seed dispersal, including seed germination and seedling survival
(Reid and Holl 2013; de Almeida et al. 2016). Monitoring plant recruitment is crucial in the
evaluation of restoration success, especially since there is no guarantee that seed deposition
will result in plant recruitment (e.g. Holl 1998; Graham and Page 2012; Heelemann et al.
2012). There are many post seed-dispersal barriers that can prevent seedling recruitment in
degraded areas, including poor germination rates, seed predation, competition with
introduced grasses and herbivory (Aide and Cavelier 1994; Holl et al. 2000; Dey et al.
2019). Thus, to avoid the same short-comings as previous studies, this chapter now
considers the fate of seed dispersed to artificial perches erected in a degraded temperate

coastal environment, located on the Younghusband Peninsula, South Australia.

The recruitment barriers investigated in this chapter were poor seed germination,
competition from introduced grasses and seedling herbivory. These barriers were selected as
they are known to influence plant recruitment in the region, however, there are still aspects
of each barrier that need to be understood. For example, germination probabilities have been
reported in ex situ germination trials for some but not all fleshy-fruited species of the region
(South Australian Seed Conservation Centre 2016). There is also potential that the seeds
defaecated at the perches experience different germination probabilities than those reported
in the germination trials, particularly as the seeds have passed through the gut of a bird. This
process can enhance germination as it is able to scarify the seed coat, making it more
permeable to water and gases (Traveset 1998). Furthermore, germination probabilities may

also differ in the field as they are influenced by the conditions of the local environment (e.g.
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soil moisture, light, disturbance) (Traveset et al. 2007). Poor seed germination has limited
recruitment in two other studies of artificial perches. In Mediterranean South Africa, seed
germination was limited following seed predation and poor soil conditions (Heelemann et
al. 2012), whereas in semi-arid Spain seed germination was limited by a stressful

microclimate (Martinez-Lopez et al. 2019).

There is also limited knowledge on the ability of native plant species to recruit when in
competition with introduced grasses in degraded areas of the Younghusband Peninsula.
Vegetation surveys conducted in the Younghusband Peninsula and the nearby Coorong and
Murray Mouth regions have found that introduced species, such as Avena barbata and
Ehrharta calycina, dominate the ground cover of degraded sites and appear to prevent the
regeneration of native vegetation (Alcock and Symon 1977; Brandle 2002; Milne 2015).
Experiments are required to determine whether introduced grasses limit the establishment of
fleshy-fruited plants through competition in the Younghusband Peninsula. Competition
from introduced grasses has limited seedling recruitment in studies of artificial perches
conducted elsewhere, including in tropical Costa Rica (Holl et al. 2000) and in tropical

north-eastern Australia (Elgar et al. 2014).

Plant herbivory is currently the most extensively explored recruitment barrier in the
Younghusband Peninsula. Field experiments conducted in the region found that native
seedling survival was improved when mammalian herbivores, such as European rabbits
(Oryctolagus cuniculus), were controlled or fencing excluded them from accessing
seedlings (e.g. Cooke 1987; Bird et al. 2012). These studies, however, did not assess the
ability of any seedlings of fleshy-fruited species to tolerate and survive grazing in cleared
landscapes. The field experiments also neglected to consider how seedling survival was
influenced by size, which is important because plants may display increased survival as they
grow larger, particularly as the impacts of herbivory are reduced (Allcock and Hik 2004;
Boege et al. 2011).

The aim of this chapter was to determine the potential for seed deposited at artificial perches
located on the Younghusband Peninsula to overcome recruitment barriers and to establish.

The following questions were asked:

1) What were the germination probabilities of the seeds of the species that were
commonly deposited under perches and were these germination probabilities

influenced by passage through the bird gut?
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2) Do introduced grass species limit the emergence and establishment of seedlings from
fleshy-fruited plant species?

3) Do herbivorous grazers limit the survival of seedlings of fleshy-fruited plant species
in the Younghusband Peninsula and is height important for seedling survival?

4) What is the overall likelihood of establishment in the degraded site?

5.2 Methods

5.2.1 Study location

Field research was conducted in the southern paddocks of Cantara, which cover an area of
approximately 25 ha. These paddocks were located about 800 m inland from the Southern
Ocean, on the Younghusband Peninsula, South Australia (36°20'S, 139°44'E). The climate
is Mediterranean, with cool-moist winters (June—August) and hot-dry summers (December—
February) (Australian Bureau of Meteorology 2021). Average annual rainfall is 521.8 mm
(measured at Salt Creek’s Pitlochry Outstation, 36.28° S, 139.84° E). Total rainfall during
2016, the year that field experiments were conducted, was 545.8 mm. The soil on the
Younghusband Peninsula is comprised mostly of sandy calcareous soils (Gilbertson and
Foale 1977).

Pastoral activities were once conducted in the paddocks of Cantara, approximately between
the mid-nineteenth century to the late twentieth century (Rudduck 1982). Grazing and
trampling resulted in a loss of native vegetation and further damage followed with the
introduction of rabbits in the late nineteenth century. Oats (Avena spp) were also sown in
the southern paddocks of Cantara and this introduction is thought to be partly responsible
for the dominance of introduced grasses on the previously cleared land (Rudduck 1982).
Other introduced grasses that are currently abundant in the study site include Vulpia spp,
Bromus diandrus and Lagurus ovatus. Apart from rabbits, grazing mammals currently
present in the study site include the western grey kangaroo (Macropus fuliginosus), common
wombat (Vombatus ursinus) and feral fallow deer (Dama dama). Bird et al. (2012), Mutze
et al. (2014) and Moulton et al. (2018) have provided long-term density estimates for some
of these animals (particularly rabbits) in the study region, where fluctuations in density

appeared to occur in response to rainfall and/or biocontrol measures.
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5.2.2 Experimental design

Twelve artificial perches were deployed throughout the open areas of the southern paddocks
of Cantara in July 2015. Several studies have tested the importance of certain recruitment
barriers by manipulating the conditions beneath or near the artificial perches and observing
the effect that this would have for the seeds deposited there (e.g. Elgar et al. 2014;
Martinez-Lopez et al. 2019). This was not possible to replicate in this study, as the seeds
that were deposited beneath the perches were collected in traps, so they could be counted
and identified (Chapter 4). Therefore, this chapter tested the influence of recruitment
barriers through glasshouse experiments, as well as through field experiments which were
conducted in areas proximate to the artificial perches (Fig. 5.1). The native fleshy-fruited
species involved in these experiments were those whose seed were commonly deposited
beneath the perches. The species consisted of the shrubs Acacia sophorae, Myoporum

insulare, Rhagodia candolleana, Exocarpos syrticola and Leucopogon parviflorus.

5.2.3 Seed germination in the glasshouse

Seed germination probabilities were determined for the species A. sophorae, E. syrticola,

L. parviflorus, M. insulare and R. candolleana. In this experiment, the term 'seed’ was
inclusive of the woody stones of L. parviflorus and M. insulare, which potentially contain
multiple seeds. For each species, germination ability was tested for gut-passed seeds, as well
as for seeds that were extracted from fruit collected from plants (“fruit-extracted seeds”
hereafter). Gut-passed seeds were collected from the regionally abundant silvereye
(Zosterops lateralis), which was trapped at five sites along the Coorong in January 2015 as
part of a long-term monitoring program (Paton, unpubl. data). While waiting to be banded,
the birds were individually held in a calico bag for approximately 5-15 minutes, which was
generally adequate time for the bird to pass seed. The seeds were collected, sorted according
to species and then stored dry at ambient room temperature for 3 months until
experimentation commenced. The fruit-extracted seeds were also sourced in January 2015
from plants in the study region. Seeds were collected from several plants to minimise
possible maternal effects on germination. Seeds were removed of flesh and then stored dry

in paper bags at ambient temperature for 3 months until experimentation commenced.

Seed germination was tested in 9 cm Petri dishes that were filled with sterilised sand. For
each species, there were two Petri dishes containing 25 fruit-extracted seeds (50 seeds total)

and four Petri dishes containing 25 gut-passed seeds (100 seeds total). The Petri dishes were
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placed in a glasshouse, which was set to evaporatively cool when the room temperature
exceeded 20 °C. Petri dishes were moistened with distilled water when required and the
seeds were checked every 1-2 days for germination (i.e. radicle emergence from the seed
coat). Germinated seeds were removed from the Petri dishes to prevent interference with the
remaining seeds. The experiments commenced in April 2015 (mid-autumn) and were
terminated in June 2016 (early winter), running for a total of 450 days. The experiments
were conducted over a long period as the seeds of E. syrticola and L. parviflorus were

expected to experience delayed germination.

0 25 50 100 150

Figure 5.1. Aerial view of the southern paddocks associated with Cantara Homestead (top centre),
including the locations of six 25 x 25 m fenced plots (solid perimeter) and six 25 x 25 m open plots

(dashed perimeter) where field experiments were conducted.

5.2.4 Effect of introduced grasses on seedling emergence and establishment

The effects of the introduced grasses on the emergence and survival of seedlings were
investigated for the shrubs R. candolleana and A. sophorae. For both species, the effects of
the introduced grasses on these species were tested by comparing seedling emergence and
recruitment in subplots exposed to grasses (control treatment, n = 4) to emergence and

recruitment in subplots cleared of introduced grasses (“'grass-cleared subplots", n = 4). Each
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subplot was 2.5 x 2 m in size. Throughout each of these subplots, a total of 500 seeds were
sown. Both species had a single subplot of each treatment placed inside of a 25 x 25 m plot
that had been enclosed in a 1.6 m fence to exclude mammalian grazers (fenced plots 1, 2, 4
and 6 were used; Fig. 5.1). The top section of the fence consisted of prefabricated wire mesh
netting (1.1 m high), which deterred kangaroos from entering. The bottom section of the
fence consisted of galvanised wire mesh (40 mm hexagonal holes) that was 0.60 m high,
with a 0.3 m apron that projected outward to deter rabbits and wombats from burrowing
underneath. The large and small mesh overlapped by 10 cm.

Seed for these experiments were collected from plants in the study region in January 2016.
Seeds were removed of flesh and then stored dry in paper bags at ambient temperature for 7
months until required. The grass-cleared subplots were initially prepared through an
application of 540 g/L glyphosate (at a mix ratio of 6.5 mL per litre of water) in May 2016.
They were then lightly raked to remove dead grasses in June 2016 and were raked again in
early October 2016. The control subplots containing grasses were not disturbed except
during sowing, when small holes were created for seeds to be sown in. The seeds were sown
into the grass-cleared and control subplots in early October 2016 (i.e. mid-spring). The
numbers of seedlings that emerged (i.e. protruded above the soil surface) in each of the
subplots were then recorded at 2, 6, 10, 14 and 20 weeks after the seeds were sown. Ideally,
the seeds in this experiment should have been sown at a similar time to their deposition at
artificial perches between December and April (i.e. between summer and mid-autumn,
Chapter 4). However, the need to control introduced grasses in this experiment delayed the
deployment of seeds until spring, as the introduced grasses were best controlled following

their emergence in autumn and winter.

5.2.5 Effect of herbivory on seedling survival

The effect of mammalian herbivory on seedling survival was investigated for the shrubs

A. sophorae, M. insulare and R. candolleana. This effect was investigated by comparing the
survival of seedlings that were excluded from mammalian herbivory to those that were left
open to herbivory. The seedlings that were excluded from herbivory were placed inside the
fenced 25 x 25 m plots, which excluded mammalian herbivores. The seedlings exposed to
mammalian herbivory were placed in open plots that were also 25 x 25 m in size. Seedlings
were scattered throughout each plot and were placed at least 1.5-2 m apart from one

another. Each species had seedlings placed in two fenced plots and two open plots. Each
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plot received 50 seedlings, thereby resulting in a total of 100 seedlings per treatment. Acacia
sophorae seedlings were placed in fenced and open plots 1-2, M. insulare seedlings were
placed in fenced and open plots 2-3, and R. candolleana seedlings were placed in fenced
and open plots 5-6 (location of plots in Fig. 5.1).

Seedlings were grown from seeds that were sourced from the study region and were
propagated in the glasshouse between spring 2015 and winter 2016. The seedlings were
grown to a range of heights to test the influence of height on survival. Prior to deployment,
seedling height ranged from 1.5-58.5cm (mean 19.1 cm) in A. sophorae, 1.4-33.0 cm
(mean 12.1 cm) in M. insulare and 1.3-58.9 cm (mean 22.0 cm) in R. candolleana. To avoid
biasing the survival estimates of each species, each plot received seedlings across the range

of heights available.

Seedlings were deployed in the field in late August 2016 (i.e. late winter) and were kept in
the pots in which they were grown in to avoid disturbing their root systems and to prevent
competition with introduced grasses. Each pot was numbered, which allowed individual
seedling survival to be tracked over time. Each pot was placed in a small augured hole,
which was deep enough to allow the top of the pot to be flush with the ground. Seedlings
were checked at 3, 5 and 7 weeks after deployment. At each census, the data recorded
consisted of seedling survival, seedling height, signs of damage (e.g. grazed, trampled,
uprooted, desiccated) and the grazers responsible for damage (insect/snail, mammal) were
noted. Mammals were considered responsible for the damage when the stem or the leaves of
the seedling had been ripped or sharply grazed. Snails or insects were considered
responsible for the damage when the leaves of the seedling had irregular holes or grazed
edges and when grazing scars were apparent on tender stems. Seedling death was attributed
to grazing when the seedling was completely grazed or grazed with only a desiccated stem
remaining. Seedling death was attributed to moisture stress when the seedling was
desiccated but showed little or no sign of having been grazed. The seedlings were not
watered during site visits, as 90.2 mm of rain fell over the 7 weeks that the seedlings were

deployed (rainfall recorded at Salt Creek's Pitlochry Outstation).

5.2.6 Statistical analysis

For each species tested in the glasshouse experiment, the Kaplan-Meier method was used to
estimate the germination probabilities of 100 gut-passed seeds and 50 fruit-extracted seeds.

The replicates for each treatment were combined in this circumstance, as replication is not
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required for time-to-event analysis (McNair et al. 2012). The Kaplan-Meier method is a
non-parametric method that is typically used to estimate survival, however, it is also useful
for estimating germination probabilities as it takes the temporal patterns of germination into
account (Onofri et al. 2010; McNair et al. 2012). Furthermore, the method is useful as it
accommodates right-censored data, which in this circumstance are seeds that did not
germinate before the end of the experiment. For right-censored data, the exact time until the
event (i.e. germination) occurs is unknown, although what is known is the duration in which
the event did not occur. Accommodating right-censored data is important as complete
germination (100%) is rare and the length of time required for germination to occur in

viable seeds can exceed that of the experimental period (Pérez and Kettner 2013).

The Kaplan-Meier estimator of the survival function, denoted S, estimated germination
probability (Kaplan and Meier 1958). Assuming there are k distinct ordered event
timest; < t, ...ty, then S‘(t) fort; <t < t,isgiven by:

\ d;
s0- [ (1-4

ir ]
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where d; is the number of individuals that experienced the event (i.e. seeds that germinated)
in a given time interval ¢;; and n; is the number of individuals at risk of experiencing the
event (i.e. seeds "at risk" of germination) up to time ¢;. For each species, the germination
curves of the two treatments were compared using a log-rank test, except for when the
curves crossed. When curves are crossed, the hazard ratio is not constant and the log-rank
test loses its power to detect differences. In these circumstances, the Tarone-Ware test can
be more powerful than the log-rank test and thus was used instead (Etikan et al. 2018). For
each species, Fisher's exact test (FET) was used to compare the final germination

percentages of gut-passed and fruit-extracted seeds.

For species of seedlings grown in the introduced grass experiment, a repeated measures
two-way analysis of variance (ANOVA) was conducted to compare the number of seedlings
observed in the four subplots with grasses to those observed in the four subplots cleared of
grasses (between-subjects factor) at the censuses that coincided with and followed first
seedling emergence (within-subjects factor). A repeated measures two-way ANOVA was
performed instead of survival analysis, as survival was not tracked for individual

seeds/seedlings. This was due to the large number of seeds used in the experiment (500
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seeds were sown per subplot) and because some of the young seedlings may have been lost

to insect or snail predation before they could have been detected at a census.

For three fleshy-fruited plant species, the influence of herbivory on seedling survival was
investigated through Cox proportional hazards (Cox PH) semi-parametric models. The Cox
PH model estimates the change in the hazard function h(t), or in this case the risk of dying

at time t. The hazard function is defined as:
h(t|X, B) = ho(t)eX" F

where h(t|X, B) is the hazard rate conditional on covariates X and regression parameters 3,
with hy(t) as the baseline hazard function. The hazard rate was estimated by using the
survival times of the seedlings (i.e. the dependent variable). These data were interval
censored (i.e. survival time is only known to occur between two observation times), so
Turnbull's estimator was used to estimate the baseline hazard function. Turnbull's estimator,
also known as the non-parametric maximum likelihood estimator, was used as it allows for
interval censored data but it also kept the model semi-parametric (Anderson-Bergman
2017). For each species, a Cox PH model compared the survival of 100 seedlings excluded
from mammal herbivory (reference group) to the survival of 100 seedlings open to mammal
herbivory using the data collected from the three censuses. The replicates for each treatment
were combined in this circumstance, as replication is not required for time-to-event analysis
(McNair et al. 2012). Seedlings that did not die during the experiment were treated as right-
censored observations, meaning that they could die at an unknown time after the
experiment. Initial seedling height was included as a covariate in the model to determine if
height had an influence on the survival of grazed seedlings. The significance of the
covariates on seedling survival was estimated by using 200 bootstrapped samples of
Turnbull's estimator. For the seedlings open to herbivory that were grazed by mammals,
simple linear regressions were used to examine the relationship between initial seedling

height and change in seedling height.

Survival analyses were performed with R 3.5.2 (R Core Team 2018). Kaplan-Meier curves
were produced with the survminer package (Kassambara et al. 2018). Log-rank tests and
Tarone-Ware tests that compared the Kaplan-Meier curves were conducted with the
survMisc package (Dardis 2018). Cox PH models were produced with the icenReg package

(Anderson-Bergman 2018). Two-way ANOVAs and linear regressions were performed in
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Graphpad Prism 8.0.0 (GraphPad software, Inc). The level of significance in all tests was set

at alpha <0.05 and means were presented with standard error except where otherwise noted.
5.3 Results

5.3.1 Seed germination in the glasshouse

Gut-passage was found to have a significant influence on the germination of A. sophorae, as
the gut-passed seeds germinated significantly faster than fruit-extracted seeds (Fig. 5.2a,
log-rank Z = 2.14, P = 0.033). Time taken to reach median germination (Tso, as obtained
from the germination curve) for the gut-passed seeds was 109.5 days (95% CI = 104-118
days) while for the fruit-extracted seeds the time taken was 336 days (95% CI = 117-409

days).
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Figure 5.2. Cumulative germination proportion (1-Kaplan-Meier estimates) for seeds of a) Acacia
sophorae, b) Rhagodia candolleana, ¢) Leucopogon parviflorus and d) Myoporum insulare that were
passed through the gut (n = 100 seeds) or were extracted from fruit (n = 50 seeds). Exocarpos
syrticola was excluded as this species did not germinate in either treatment. Seeds were germinated

in an evaporatively cooled glasshouse over 450 days.

92



For A. sophorae, the final germination percentage was high for both gut-passed and fruit-
extracted seeds (78% and 70% respectively) and did not differ significantly between the
treatments (FET, P = 0.42). Gut-passage was also found to have a significant influence on
the germination of R. candolleana, although in contrast to A. sophorae, germination was
significantly slower in the gut-passed seeds when compared to the fruit-extracted seeds (Fig.
5.2b, Z =-2.29, P = 0.022). Tso for the fruit-extracted seeds was 28.5 days (95% CI = 28-30
days), while for the gut-passed seeds the time taken was 31 days (95% CI = 30-35 days).
For R. candolleana, the final germination percentage was high for both fruit-extracted and
gut-passed seeds (75% and 66% respectively) and did not differ significantly between the
treatments (FET, P = 0.22).

In this experiment, the term 'seed’ also referred to the woody stones of L. parviflorus and
M. insulare, which potentially contain multiple seeds. For L. parviflorus, germination did
not occur in fruit-extracted seeds and only 3% of the gut-passed seeds germinated. For this
species, germination probabilities of gut-passed and fruit-extracted seeds did not differ
significantly (Fig. 5.2c, log-rank Z = 1.23, P = 0.22) nor did the final germination
percentage (FET, P = 0.55). Gut-passage appeared to initially accelerate the germination of
M. insulare. Overall, however, the germination probabilities of gut-passed and fruit-
extracted seeds did not differ significantly (Fig. 5.2d, Tarone-Ware Z = 1.31, P = 0.19). Tso
for the fruit-extracted seeds was 123 days (95% CI = 114-149 days), whereas the Tso for the
gut-passed seeds was 118 days (95% CI = 103-204 days). For M. insulare, the final
germination percentage was high for both fruit-extracted and gut-passed seeds (85% and
66% respectively) and did not differ significantly between the treatments (FET, P = 0.055).
In contrast to the other species, both gut-passed and fruit-extracted seeds of E. syrticola

failed to germinate.
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5.3.2 Effect of introduced grasses on seedling emergence and establishment

Emerged A. sophorae seedlings were first observed in the subplots with introduced grasses
(control treatment) and the subplots without introduced grasses during the second census,
which occurred 6 weeks after sowing (Fig. 5.3a). More seedlings were observed in the
subplots without grasses, although overall, seedling emergence was low for both treatments
(Fig. 5.3a). With 500 seeds sown per subplot, a mean of 11.50 + 6.10 seedlings were
observed in the subplots with grasses, whereas a mean of 3.75 + 2.10 seedlings were
observed in the subplots without grasses. Seedling recruitment was poor in both treatments,
as very few seedlings were present at the end of the 20-week experiment (i.e. 14 weeks after
the seedlings were initially observed). By this point, a mean of 1.00 + 0.70 seedlings were
observed in subplots without grasses, whereas a mean of 0.25 + 0.25 seedlings were
observed in subplots with grasses. Overall, the removal of introduced grasses had no
significant effect on seedling emergence and recruitment (repeated measures two-way
ANOVA, F(3, 18) = 1.342, P = 0.29).

a) Acacia sophorae b) Rhagodia candolleana
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Figure 5.3. The number of seedlings (mean * SE) recorded in subplots with introduced grasses and
subplots cleared of introduced grasses (n = 4 subplots per treatment) at Cantara for a) Acacia
sophorae and b) Rhagodia candolleana. A total of 500 seeds were sown per subplot in early October

2016. Seedling abundance was recorded at 2, 6, 10, 14 and 20 weeks after the seeds were sown.

Emerged R. candolleana seedlings were first observed in both treatments during the first
census, which occurred 2 weeks after sowing. After 500 seeds were sown per subplot,
moderate amounts of seedlings (mean of 134.5 + 32.48) were observed in the subplots
without grasses and low to moderate amounts of seedlings (mean of 76.75 + 27.69) were
observed in the subplots with grasses (Fig. 5.3b). Both treatments observed declines in
seedling abundance over time. Seedling recruitment was particularly poor in the plots with

grasses, where no seedlings were found to survive at the end of the 20-week experiment (i.e.
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18 weeks after the seedlings were initially observed). In comparison, a mean of 28.25 +
21.29 seedlings were observed in subplots without grasses at the end of the 20-week
experiment. Overall, the removal of introduced grasses had no significant effect on seedling
emergence and recruitment (Fig. 5.3b, repeated measures two-way ANOVA, F(4, 24) =
0.7070, P = 0.60).

5.3.3 Effect of herbivory on seedling survival

Acacia sophorae seedlings open to mammalian herbivory were at a significantly greater risk
of dying when compared to the seedlings that were excluded from mammalian herbivory
(Cox PH, P <0.001, Table 5.1a). Within 7 weeks, 84% of A. sophorae seedlings exposed to
mammals had died, whereas 31% of seedlings excluded from mammals had died. Mammals
had grazed 95% of the A. sophorae seedlings that were exposed to mammalian herbivory,
which resulted in the death of 83% of the seedlings (Table 5.2a). For the A. sophorae
seedlings excluded from herbivory, 11% had died from desiccation and 20% had died from

insect/snail herbivory (Table 5.2a).

Table 5.1. Cox proportional hazards semi-parametric models for a) Acacia sophorae, b) Myoporum
insulare and c) Rhagodia candolleana seedling survival. The model shows the effect of herbivory
treatment and initial seedling height on seedling survival time (i.e. the dependent variable).
Seedlings excluded from mammalian herbivory were the reference group. Parameters given are:
regression coefficient (5, negative values indicate a reduced hazard rate and an increased survival
time), standard error of 5, hazard ratio (Exp(f)), Z-score, and the significance of the regression
coefficient (significant values are bold). Seedlings were deployed in the paddocks of Cantara in late
August 2016 and mortality was monitored after 3, 5 and 7 weeks (n = 100 seedlings per treatment).

Species/variable Estimate 4 Standard Hazard ratio z P
error of 8 Exp(B)

a) A. sophorae

Open to herbivory (ref: excluded) 2.847 0.465 17.24 6.125 <0.001
Initial height 0.014 0.011 1.014 1.266 0.206
Initial height x Open to herbivory ~ -0.047 0.019 0.954 -2.527 0.012
b) M. insulare

Open to herbivory (ref: excluded) 2171 0.483 8.771 4.500 <0.001
Initial height -0.055 0.037 0.946 -1.499 0.129
Initial height x Open to herbivory ~ -0.915 0.049 0.900 -2.114 0.034
¢) R. candolleana

Open to herbivory (ref: excluded) 1.111 0.568 3.037 1.956 0.051
Initial height 0.002 0.015 1.002 0.163 0.871
Initial height x Open to herbivory -0.043 0.025 0.958 -1.687 0.092
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Myoporum insulare seedlings open to mammalian herbivory were also at a significantly
greater risk of dying when compared to the seedlings that were excluded from mammalian
herbivory (Cox PH, P <0.001, Table 5.1b). Within 7 weeks, 46% of M. insulare seedlings
exposed to mammals had died, whereas 20% of seedlings excluded from mammals had
died. During this period, mammals had grazed 83% of the M. insulare seedlings that were
exposed to mammalian herbivory, which resulted in the death of 44% of the seedlings
(Table 5.2b). Myoporum insulare seedlings that were grazed by mammals demonstrated
some regrowth. Within 5 weeks, resprouting occurred in 18% of grazed seedlings and
within 7 weeks, resprouting occurred in 40% of grazed seedlings. This resprouting appeared
to help the seedlings withstand and recover from grazing damage. For the M. insulare
seedlings excluded from herbivory, 15% had died from desiccation and 5% died from
insect/snail herbivory (Table 5.2Db).

Table 5.2. The percentage of a) Acacia sophorae and b) Myoporum insulare and ¢) Rhagodia
candolleana seedlings at each census that were damaged or dead under two grazing treatments:
excluded from mammal herbivory and open to mammal herbivory. Seedlings were deployed in the
paddocks of Cantara in late August 2016 and mortality was monitored after 3, 5 and 7 weeks (n =
100 seedlings per treatment). Seedlings were classified according to their damage type: D =
desiccated, I/S = grazed by insect/snail, M = grazed by mammal, O = other mammal damage
(trampled, uprooted). Some individuals experienced several types of damage and thus fell under

multiple classifications. Seedling death was attributed to the main cause of damage.

Damaged (%) Dead (%)
Excluded Open Excluded Open
Damageclass: D I/S D IS M O D I/S D I/Ss M O
a) A. sophorae
Week 3 0 7 0 o 78 2 0 2 0 0 37 O
Week 5 3 32 1 1 92 2 3 6 0 0 78 0
Week 7 13 39 2 1 95 2 11 20 1 0 8 0
b) M. insulare
Week 3 0 2 0 4 31 1 0 0 0 0 10 O
Week 5 9 6 0 4 77 6 6 3 0 0 33 ©
Week 7 20 11 0 5 83 6 15 5 0 0 44 2
c) R. candolleana
Week 3 3 0 1 0 3 2 1 0 0 0 1 0
Week 5 18 3 15 0 16 5 14 0 14 0 3 0
Week 7 31 5 31 0 17 5 24 2 26 0 7 0

96



Rhagodia candolleana seedlings exposed to mammalian herbivory were not at a
significantly greater risk of dying when compared to the seedlings that were excluded from
mammalian herbivory (Cox PH, P = 0.051, Table 5.1c). Within 7 weeks, 33% of

R. candolleana seedlings exposed to mammals had died, whereas 26% of seedlings
excluded from mammals had died. Mammals had grazed 17% of R. candolleana seedlings
that were exposed to mammalian herbivory, which resulted in the death of 7% of seedlings
(Table 5.2c). Overall, R. candolleana seedling mortality was mostly the result of
desiccation, causing death in 26% of seedlings open to mammalian herbivory and 24% of

the seedlings that were excluded from mammalian herbivory (Table 5.2c).
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Figure 5.4. For seedlings of Acacia sophorae that were open to mammal herbivory (n = 100), a—)
the condition of seedlings from different height classes after 3, 5 and 7 weeks for ungrazed seedlings
and seedlings grazed by mammals, and d—f) initial seedling height versus change in seedling height
after 3, 5 and 7 weeks for ungrazed seedlings and seedlings grazed by mammals. In d—f), simple
linear regressions examined the relationship between initial height and change in height for

seedlings that were grazed. Seedlings were deployed in the paddocks of Cantara in late August 2016.

Cox PH models determined that the interaction between initial seedling height and
herbivory treatment was significant for the survival of A. sophorae seedlings (P = 0.012,

Table 5.1a), which meant that the risk of mortality significantly decreased as initial seedling
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height increased. Within the first 3 weeks, smaller seedlings (<20 cm tall) had poor survival
as they tended to lose a large amount of their height to grazing (Fig. 5.4a, d). In the
following 4 weeks, however, survival did not appear any greater in larger seedlings, as they
also had lost much of their height to grazing (Fig. 5.4b—c, e—f). After 7 weeks, there was a
strong negative relationship between initial height and change in height for grazed seedlings
(Fig. 5.4f, R? = 0.78, P <0.0001).

Myoporum insulare
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Figure 5.5. For seedlings of Myoporum insulare that were open to mammal herbivory (n = 100),
a—c) the condition of seedlings from different height classes after 3, 5 and 7 weeks for ungrazed
seedlings and seedlings grazed by mammals, and d—f) initial seedling height versus change in
seedling height after 3, 5 and 7 weeks for ungrazed seedlings and seedlings grazed by mammals. In
d-f), simple linear regressions examined the relationship between initial height and change in height
for seedlings that were grazed. Seedlings were deployed in the paddocks of Cantara in late August
2016.

Cox PH models determined that the interaction between initial seedling height and
herbivory treatment was significant for the seedling survival of M. insulare (P = 0.034,
Table 5.1b), which meant that the risk of mortality significantly decreased as initial seedling
height increased. Over the course of 7 weeks, small seedlings (particularly those <10 cm

tall) had poor survival, as many lost a considerable amount of their height to grazing (Fig.
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5.5). Most larger seedlings (>10 cm tall) had also been grazed, although appeared to have
better survival, as they did not lose as much of their height to grazing. For seedlings of
R. candolleana, there was no significant interaction between initial seedling height and
grazing treatment (Cox PH, P = 0.092, Table 5.1c). After 7 weeks, many of the smaller
seedlings (<10 cm tall) had died, although this was mainly the result of desiccation (Fig.
5.6).

Rhagodia candolleana
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Figure 5.6. For seedlings of Rhagodia candolleana that were open to mammal herbivory (n = 100),
a—c) the condition of seedlings from different height classes after 3, 5 and 7 weeks for ungrazed
seedlings and seedlings grazed by mammals, and d—f) initial seedling height versus change in
seedling height after 3, 5 and 7 weeks for ungrazed seedlings and seedlings grazed by mammals. In
d-f), simple linear regressions examined the relationship between initial height and change in height
for seedlings that were grazed. Seedlings were deployed in the paddocks of Cantara in late August
2016.

For A. sophorae seedlings excluded from mammalian herbivory, the larger seedlings (>20
cm tall) did not appear to survive any better than the smaller seedlings (<20 cm tall) after 7
weeks, particularly as some of the larger seedlings died as a result of desiccation (i.e. dead
and ungrazed, Fig. 5.7a). For M. insulare seedlings excluded from mammalian herbivory,

seedling death was mostly observed in small seedlings (<10 cm tall) after 7 weeks following
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desiccation, although some desiccation also occurred in larger seedlings (>20 cm tall, Fig.
5.7b). For R. candolleana seedlings excluded from mammalian herbivory, seedling death
was observed throughout the range of height classes after 7 weeks, where desiccation was
the main cause of death (Fig. 5.7c). The changes in height were relatively small after 7
weeks for many of the A. sophorae, M. insulare and R. candolleana seedlings that were
excluded from mammalian herbivory, with most seedlings recording a slight increase in
height (Fig. 5.7d-f). Each of the three species had seedlings which were grazed by insects or
snails (particularly those of A. sophorae), although this grazing did not often appear to result
in a reduction of seedling height. On average, the surviving A. sophorae seedlings that were
excluded from herbivory had the greatest net growth in height (1.32 £ 0.19 cm), followed by
M. insulare (0.58 £ 0.09 cm) and R. candolleana (0.25 £ 0.07 cm).
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Figure 5.7. For seedlings of three species that were excluded from mammal herbivory, a—c) the
condition of seedlings from different height classes after 7 weeks for ungrazed seedlings and
seedlings grazed by insects or snails, and d—f) initial seedling height versus change in seedling
height after 7 weeks for ungrazed seedlings and seedlings grazed by insects or snails. Seedlings (n =

100 seedlings per species) were deployed in the paddocks of Cantara in late August 2016.
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5.4 Discussion

5.4.1 Seed germination in the glasshouse

From the seeds that were extracted from fruit, those of E. syrticola and L. parviflorus
experienced the greatest germination difficulty. These species have complex germination
requirements (e.g. depend on temperature stratification and fire cues) and display
morphophysiological dormancies (Dixon et al. 1995; Bell 1999; South Australian Seed
Conservation Centre 2016), which likely accounted for their very low rates of germination.
In addition, seeds of L. parviflorus can also suffer from poor development and seed fill
(South Australian Seed Conservation Centre 2016). In comparison, A. sophorae and

M. insulare fruit-extracted seeds germinated more readily, and their final germination
percentages were high (70% and 66% respectively after 14 months). Their seeds germinated
after 2 months, which indicated that some dormancy had occurred (Baskin and Baskin
2004). Myoporum insulare seeds are thought to have physiological dormancy (Guja et al.
2010), whereas Acacia seeds typically experience physical dormancy (Baskin and Baskin
1998). From the species tested, R. candolleana fruit-extracted seeds appeared to have the
least difficulty germinating, as 75% of their seeds germinated and most of this germination
occurred within 30 days. This germination time would suggest the species lacks dormancy,
although physiological dormancy is known to occur in other species of Rhagodia, including
Rhagodia preissii and the closely related Rhagodia baccata (Guja et al. 2010; Nichols et al.
2014). There is potential that the R. candolleana seeds were physiologically dormant at
collection but this dormancy was relieved during the 3-month storage prior to the
germination tests (Bewley et al. 2012). In general, there is potential that a few of the seeds
from each of these species may have died during storage, which may have effected
germination probabilities. The storage behaviour of seeds from most Australian species is
unknown, although the viability of seeds collected for this experiment was unlikely to be
greatly reduced during the short storage time and under the dry storage conditions
(Sweedman and Merritt 2006; Commander 2008). Furthermore, Seeds from Australian
shrubs also tend to be longer-lived than seeds from other life forms (Ooi et al. 2007; Merritt
2014).

The passage of the seed through the bird gut only significantly accelerated the germination
of A. sophorae. Gut passage was able to enhance the germination of A. sophorae by
breaking its physical dormancy (i.e. scarifying the seed coat, making it permeable to water

and gases) but did not break the physiological dormancies experienced by the other species,
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which were likely caused by conditions within the embryo itself (Traveset 1998). In contrast
to A. sophorae, gut-passage significantly reduced the germination probability of

R. candolleana seeds. This may have been due to their small size (<3 mm), as small seeds
are generally retained in the gut longer than large seeds and thus are more likely to be
excessively abraded (Verdd and Traveset 2004). Whether the small R. candolleana seeds
were retained in the gut for longer, however, can only be confirmed through gut-retention

experiments.

While gut passage influenced the timing of germination for two species during the observed
time course, it had no effect on the final germination percentages of all species tested. Of
course, birds may influence seed germination through means beside gut-passage, including
through the removal of pulp (Samuels and Levey 2005; Logan and Xu 2006), which the
glasshouse experiments did not consider. Furthermore, the glasshouse experiments also only
tested the influence that one bird species (the silvereye) had on germination response. The
influence of gut passage on seed germination, however, can vary between bird species
following differences in seed retention time (Traveset 1998; Traveset et al. 2001). While not
considered in the glasshouse experiments, there was also potential that the germination
responses varied between individual plants or plant populations, which occurs when there
are differences in seed traits, such as seed coat thickness or seed size (Traveset 1998;
Rodriguez-Pérez et al. 2005). Additionally, the application of germination rates observed in
the glasshouse experiments to the context of the field is limited, as the experiments did not
replicate the likely field conditions experienced, such as temperature and water availability,
which have an influence on germination. Future experiments will need to consider assessing
germination rates under the conditions experienced in the field, where germination rates
may be much lower. Lastly, future studies will likely need to conduct germination
experiments with larger sample sizes to confirm the results observed, particularly as
germination was difficult to observe for species with complex germination requirements

such as E. syrticola and L. parviflorus.

5.4.2 Effect of introduced grasses on seedling emergence and establishment

The removal of introduced grasses has improved native seedling establishment in several
Australian studies of old fields (e.g. Hobbs and Atkins 1991; Yates et al. 2000; Standish et
al. 2008), although no significant benefits were observed for seedlings of A. sophorae and
R. candolleana at Cantara. This was perhaps due to the condition of the soil at Cantara, as

well as the harsh conditions that occur in the Younghusband Peninsula during summer,
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when the seedlings were attempting to establish. The sandy carbonate soils present in
Cantara have poor water-holding capacity, limiting the moisture available for seedlings. The
soil moisture is further reduced in summer, when temperatures are high and dry sand-laden
winds tend to be frequent (Bennett and Hails 1981; Barron and Dalton 1996). These
conditions are particularly challenging for seedlings that are attempting to establish in the
presence of introduced grasses (e.g. as they compete with the grasses for soil moisture;
Barron and Dalton 1996; Standish et al. 2008), but even those that are trying to establish in
these soils in the absence of competition from introduced grasses may struggle from the

harsh conditions of summer.

5.4.3 Effect of herbivory on seedling survival

During spring, herbivorous mammals were found to significantly increase the risk of
mortality for two species: A. sophorae and M. insulare. From the seedlings that were
exposed to mammalian herbivory, those belonging to A. sophorae were the most quickly
grazed by mammals (95% grazed within 7 weeks), which resulted in the death of 83% of

A. sophorae seedlings. Comparably, M. insulare seedlings were not as quickly grazed (83%
grazed by mammals within 7 weeks). Fewer M. insulare seedlings died as a result, with
44% dead from mammalian grazing within 7 weeks. Greater survival in M. insulare
seedlings may have also been due to its ability to resprout, which allowed some seedlings to
recover from the grazing. The ability for resprouting to improve seedling survival has been
observed in other species in Australia, including Eucalyptus albens and Diploglottis
diphyllostegia (Osunkjoya et al. 1992; Allcock and Hik 2004). For A. sophorae and

M. insulare seedlings open to mammalian herbivory, the risk of mortality significantly
decreased as the initial height of a seedling increased. Smaller seedlings had poorer survival
as they were wholly grazed more quickly than the larger seedlings. Mammals did not
frequently graze the exposed seedlings of R. candolleana (17% grazed within 7 weeks),
which suggests that they were not as favoured as the other species. As a result, the survival
of R. candolleana was not significantly limited by mammalian grazers. In Australia, there
are several other species of Rhagodia that appear to escape heavy grazing by mammalian
herbivores (sheep, rabbits, goats, kangaroos), including Rhagodia parabolica, Rhagodia

eremaea and Rhagodia spinescens (Tiver et al. 2008).

The mammalian grazers of the three plant species were not determined in this study,
although they may have included rabbits, western grey kangaroos, common wombats, and

deer, as they were all observed at Cantara. For seedlings of A. sophorae, western grey
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kangaroos were perhaps the primary suppressors of seedling recruitment. In south-eastern
Australia, A. sophorae was commonly detected in the diets of eastern grey kangaroos
(Macropus giganteus) and swamp wallabies (Wallabia bicolor) but was not commonly
observed in the diet of rabbits or common wombats (Davis et al. 2008). In contrast,
seedlings of M. insulare are thought to be highly palatable to rabbits (Gillham 1963; Cooke
and McPhee 2007). Additional experiments are likely required to identify the specific
grazers of the fleshy-fruited species in the Younghusband Peninsula, particularly as there
tends to be a high degree of overlap in food use between rabbits, kangaroos and wombats
(Davis et al. 2008; Mutze et al. 2016). Additional experiments will also be required to
determine seedling survival in other seasons, particularly in summer and autumn, when
grazing intensity would be expected to be higher (and seedling survival lower) due to the
lack of other green feed (Cooke 1987; Martin et al. 2007).

For the most part, the seedlings that were excluded from mammalian herbivory grew in
height. After 7 weeks, the surviving seedlings of A. sophorae on average had the greatest
net growth in height when protected from mammalian herbivores (1.32 cm), followed by the
seedlings of M. insulare (0.58 cm) and R. candolleana (0.25 cm). While the seedlings of
each of these species were protected from grazing mammals, they were unable to escape
grazing damage caused by insects or snails. One of the main grazers of these seedlings may
have been the introduced snail Theba pisana, as it was often observed on the seedlings. The
impact that these snails have on Australian native flora is largely unknown (Clarke et al.
2000), although they are problematic for some coastal native species in South Africa,
another country in which they have been introduced (Odendaal et al. 2008; van Elden et al.
2015). The damage caused by the snails may have contributed to seedling death, although

clearly, they do not have the same level of impact as the mammalian grazers.

5.4.4 Likelihood of germination and recruitment beneath artificial perches

Following seed deposition beneath the artificial perches, germination could be most
anticipated for species such as M. insulare, A. sophorae, and R. candolleana, as they have
simpler germination requirements and higher short-term germination potentials. Enhanced
germination would be expected for A. sophorae following passage through the bird gut,
although whether this translates to an increase in plant fitness (e.g. survival, growth) can
only be determined by comparing the fate of seedlings establishing from ingested and un-
ingested seeds (Traveset 1998). Germination beneath the perches appears less likely for
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species with complex dormancies and poorer initial germination rates, such as L. parviflorus

and E. syrticola.

The germination potentials of the fleshy-fruited species considered in this chapter were
determined through experiments that were conducted in the glasshouse. Although in the
field, there are many more factors that would influence germination and emergence. For
example, seeds that are deposited intact under the perches must survive post-dispersal
predation in order to germinate. At Cantara, such predation may occur from several types of
insect, including moth larvae (Paton 2010) and ants (Berg 1975; Andersen and Ashton
1985). Assuming that seeds are able to enter the soil, they would then need to overcome
stressful microclimatic conditions to germinate (Holl et al. 2000). This would include the
stressful conditions induced by introduced grasses, which are able to deplete soil moisture
(Standish et al. 2008). Even if the seeds deposited beneath the perches were able to
overcome numerous limitations to germinate, the emerged seedlings would be unlikely to
recruit given the high levels of herbivory, coupled with likely competition from introduced
grasses and moisture stress in summer. These factors combined are likely to prevent plant
recruitment for most fleshy-fruited species at Cantara. While not explored in this chapter,
significant competition for resources would have also existed between the seeds that were
deposited under the artificial perches at Cantara, particularly since the density of seed
falling beneath each perch was high (Chapter 4; Schupp 1993).

Recruitment beneath artificial perches could be improved through the use of additional
treatments, which would aim to reduce the effects of these different recruitment barriers. For
example, herbicide can be applied to reduce the effects of competition with introduced
species (Elgar et al. 2014) and fencing has been used to prevent herbivory by mammalian
herbivores (Cooke 1987; Martinez-Lopez et al. 2019). Similar treatments could be used at
Cantara to enhance plant recruitment beneath perches, although these would have to be
applied with consideration for the local conditions. At Cantara, the most logical approach in
deploying artificial perches and supporting treatments for vegetative restoration may be to:
1) fence out herbivores in areas targeted for restoration, 2) spray and reduce introduced
grasses and other non-native ground-dwelling plants within the fenced areas, 3) slash the
adjacent grassy areas to reduce seed release and reinvasion into fenced areas, 4) use a dense
array of artificial perches to allow seed to be deposited in many areas, and 5) water areas
beneath the artificial perches to promote germination and establishment. The suppression of

introduced grasses appeared necessary in the management regime, as there is considerable
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evidence from studies conducted within temperate systems in Australia to suggest that such
control can significantly improve the establishment of native woody seedlings (Hobbs and
Atkins 1991; Barron and Dalton 1996; Knight et al. 1997; Yates et al. 2000; Standish et al.
2008). As a result, continued management of introduced grasses in the areas around the
artificial perches may also be required to minimise competition for any seedlings that start
to emerge. A perch could then be shifted once a seedling or two has established underneath
it. A similar approach would be required if seedlings were grown and planted out instead of
the deployment of artificial perches. Some assessment may be required to determine the

cost-effectiveness and potential restoration outcomes associated with each approach.
5.5 Conclusion

In conclusion, the results of this chapter suggest that artificial perches in the Younghusband
Peninsula, despite having the capacity to increase seed dispersal, are unlikely to facilitate
the recruitment of fleshy-fruited plant species on their own. This was due to the presence of
multiple recruitment barriers, including poor germination, harsh establishment conditions
during summer and high levels of grazing. This study then adds to the list of other studies of
artificial perch use that have experienced limited recruitment because of post-dispersal
barriers (e.g. Holl et al. 2000; Shiels and Walker 2003; Graham and Page 2012; Heelemann
et al. 2012; de Almeida et al. 2016). If artificial perches are to be deployed to facilitate seed
dispersal in cleared and degraded areas along the Younghusband Peninsula, then additional
treatments will be required to secure the recruitment of fleshy-fruited plants beneath the
perches. This at the very least includes a treatment which prevents herbivory and likely also

a treatment that reduces the competitive effects of introduced grasses.
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Chapter 6. General discussion

6.1 Summary of findings

This thesis aimed to determine the effectiveness of artificial perches in aiding the
regeneration of cleared and degraded coastal environments, which were located on the
Younghusband Peninsula, South Australia. Their potential effectiveness was assessed by
documenting the frequency in which seed-dispersing birds used the perches, by measuring
the quantities of seed rain that fell beneath the perches and by considering the potential for

subsequent plant recruitment beneath the perches.

The artificial perches attracted nine seed-dispersing bird species, none of which were
obligate frugivores but rather consumed fruit as part of their diet (Chapter 3). Over the
period of peak fruit availability (summer and autumn), the seed-dispersing species that most
frequently visited the perches were the spiny-cheeked honeyeater (Acanthagenys
rufogularis) and the singing honeyeater (Lichenostomus virescens). The honeyeaters were
important visitors to the perches, as they were capable of dispersing seed regularly but also

capable of dispersing seed from at least 13 of the local native fleshy-fruited plant species.

The seed-dispersing birds that rested on the artificial perches evidently used them as a place
to void seed, as seeds from fleshy-fruited species were found in seed traps set beneath the
perches (Chapter 4). Following 12 months of measurements, the artificial perches were
found to effectively enhance the dispersal of seed in the degraded site, as the quantities of
seed arriving beneath the perches were significantly greater than the quantities arriving in
open areas in the paddocks. Importantly, large quantities of seeds from native plants were
deposited under the perches, great enough to suggest that some germination could occur in
due course. In all, seeds from up to 13 native species were recorded in seed traps beneath
the perches. Importantly this included seeds from shrubs which are capable of establishing
in degraded environments, such as Myoporum insulare and Acacia sophorae. The
establishment and maturation of such shrubs beneath the perches would have been ideal for
revegetation processes, as they in turn can facilitate the establishment of other species
beneath their crowns, thereby further promoting regeneration (Chapter 4; Croft et al. 2006;
Heyligers 2009). Although to the detriment of restoration, the seed traps beneath the perches
also accumulated large numbers of seeds from the introduced shrub Lycium ferocissimum,
which was likely due to its presence in the degraded site. This result suggested that artificial
perches have the potential to facilitate the spread of introduced species in degraded areas.
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Thus, it may not be appropriate to deploy artificial perches in sites with introduced fleshy-

fruited species unless some form of control is carried out beforehand.

While many seeds were deposited beneath the artificial perches, very few of these were
likely to establish either because of low germination rates, harsh establishment conditions or
grazing by herbivores (Chapter 5). This was particularly true for species with complex
germination requirements and low initial germination rates, such as Leucopogon parviflorus
and Exocarpos syrticola. Germination difficulties were not experienced by Rhagodia
candolleana, M. insulare and A. sophorae but recruitment for the latter two species was
hindered by grazing. Although not clearly demonstrated in this study, there was potential
that introduced grasses also limited the establishment of native seedlings at Cantara
(Chapter 5). This is because there is considerable evidence to suggest that this limitation
occurs in temperate Australia, particularly in disturbed habitats or abandoned agricultural
lands (Hobbs and Atkins 1991; Barron and Dalton 1996; Knight et al. 1997; Yates et al.
2000; Standish et al. 2008). The control of recruitment barriers will be necessary if artificial
perches are to be used as a restoration tool in the cleared and degraded areas of the

Younghusband Peninsula.

In general, some of the findings arising from this study were limited by the low numbers of
replicates and sample sizes used in some experiments. This would have decreased the
statistical power of the experiment, thereby increasing the risk of rejecting a significant
effect. Future studies will need to avoid a similar shortcoming by ensuring that the study
design has adequate statistical power. This would then increase the confidence that can be

placed into the conclusions drawn from the study.
6.2 Limitations with artificial perches and recommendations for future research

6.2.1 Overcoming post-dispersal barriers

In order to improve the effectiveness of artificial perches as a restoration method, future
research should address some of the limitations that occurred in this study and other studies
of artificial perch use (e.g. Holl et al. 2000; Shiels and Walker 2003; Bustamante-Sanchez
and Armesto 2012; Graham and Page 2012). The primary limitation found in the
Younghusband Peninsula, and in many other studies, is that the seedling recruitment
beneath artificial perches is unlikely to occur as a result of difficult establishment conditions
(e.g. seedling competition with introduced grasses, grazing pressure from herbivorous

mammals). Thus, in many cases, additional interventions (e.g. herbicide application,
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exclusion fencing) will likely be necessary to greatly increase the likelihood of successful
establishment of fleshy-fruited plants across degraded areas. This would firstly require the
identification of the recruitment barriers present in the sites targeted for restoration. Small-
scale experiments may then be necessary to determine the most effective combination and
application of treatments before restoration works are implemented over a larger scale (Holl
et al. 2000).

6.2.2 Evaluation of bird and plant species before perch deployment

Apart from the presence of recruitment barriers, artificial perches have shown limited
potential as a restoration tool when the fleshy-fruited species desired for regeneration (i.e.
native species from areas of remnant vegetation) are not dispersed to the perches. This can
occur when seed-dispersing birds fail to move out of areas of remnant vegetation to visit the
perches but may also occur when the birds that use the perches predominantly reside within
the degraded site and thus fail to disperse seed from areas of remnant vegetation (Holl 1998;
Graham and Page 2012). Restoration may also be limited when species that are not desired
for regeneration, such as introduced fleshy-fruited species, are abundantly dispersed to the
perches. This occurs when these species form a common part of the vegetation present in

the degraded site or occur in close proximity to the perches (Chapter 4; Prather et al. 2017).

Anrtificial perches could be used more successfully for restoration if greater efforts were
made prior to perch deployment to 1) determine the bird and plant species likely involved in
the seed dispersal process and 2) consider their ability to facilitate restoration. In regards to
birds, their ability to facilitate restoration will primarily depend upon their ability to disperse
seed from areas of remnant vegetation to the artificial perches. This of course is influenced
by their willingness to enter and rest in the degraded site. Several studies have indicated that
habitat specialists or specialist frugivorous birds are unlikely to enter degraded habitats (Da
Silva et al. 1996; Wunderle 1997; Moran 2007). Thus, it may be unwise to expect such
species to deposit seed at the artificial perches, at least in tropical rainforest ecosystems,
where there are often many strong habitat specialists (Wunderle 1997). Habitat generalists
and generalist fruit consumers on the other hand appear to be far more frequent facilitators
of seed dispersal at artificial perches (e.g. Chapter 2, Zanini and Ganade 2005; Vicente et al.
2010; Athié and Dias 2016; Vogel et al. 2018; Freeman et al. 2021), as these birds
opportunistically move into open and degraded areas to forage (Wunderle 1997; Moran
2007; Carlo and Morales 2016). In the temperate ecosystem of the Younghusband

Peninsula, generalist frugivorous birds were required to carry out seed dispersal to artificial
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perches, as only one obligate frugivorous bird occurs in the region. These birds, however,
were useful dispersers as they were able to disperse seed to all of the artificial perches,
including those that resided far from the remnant vegetation (furthest perch resided ~250 m
away; Chapter 4). They also appeared to disperse some seed over moderate distances from
the remnant vegetation (at least 150-200 m, Chapter 4), which was important as birds tend
to disperse most seeds over short distances of less than 100 m from the parent plant
(Debussche and Isenmann 1994; Wunderle 1997).

Besides their willingness to enter degraded areas, some generalist bird species have been
shown to be important dispersers by dispersing seed regularly and by dispersing seed from a
variety of plant species. In the Younghusband Peninsula, such dispersers include the singing
honeyeater and the spiny-cheeked honeyeater, as they frequently disperse seed and are both
capable of dispersing seeds from at least 13 native species each (Chapter 2, Chapter 3).
Generalist frugivorous birds, however, are often responsible for the invasion of introduced
fleshy-fruited plant species (Stansbury and Vivian-Smith 2003; Ramaswami et al. 2016;
Bitani et al. 2020). Introduced plant species that have fruits adapted for generalised

dispersal can be consumed by many bird species, who then disperse seeds to a large variety
of habitats, including into disturbed or degraded areas (Izhaki et al. 1991; Renne et al. 2002;
Noble and Adair 2014; Bitani et al. 2020). This was evident in the Younghusband
Peninsula, where generalist frugivorous birds were responsible for the abundant dispersal of
L. ferocissimum to artificial perches (Chapter 4). Some generalist frugivorous birds may
also be less useful dispersers in tropical climates, where they can be restricted in the types of
seed that they disperse (e.g. some cannot disperse large seeds, Pillatt et al. 2010; Graham
and Page 2012). Although, this may not necessarily be a problem for restoration if the birds
are at least able to disperse seeds from a few species that have the potential to initiate
regeneration. If some vegetation is able to establish at the perches, then a greater diversity of

seed-dispersers may be enticed to eventually enter the degraded site.

The willingness of birds to visit and disperse seed to artificial perches will likely also be
influenced by the availability of food resources and the structural complexity of the
vegetation within the disturbed or degraded area (McDonnell and Stiles 1983; Wunderle
1997; de Almeida et al. 2016). In the Younghusband Peninsula, scattered fleshy-fruited
shrubs appeared to facilitate the movement of seed-dispersing birds into and throughout the
degraded site (pers. obs.), likely because the shrubs acted as a source of food (e.g. fruit,

insects) but also provided some cover from predators (Bustamante-Sanchez and Armesto
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2012; Elgar et al. 2014; Athié and Dias 2016). In contrast, birds appear less inclined to visit
and disperse seed to perches in disturbed areas that are largely devoid of woody plants,
particularly if the site contains few food resources (McDonnell and Stiles 1983; Da Silva et
al. 1996). In sites such as these, fewer seeds may arrive at perches that are placed far (>150—
200 m) from remnant vegetation, as they reside further from the source of seed (McDonnell
and Stiles 1983; McClanahan and Wolfe 1993; Athié and Dias 2016). Furthermore,
frugivorous birds may be unwilling to venture too far in sites devoid of vegetative cover, as
such movements would increase their exposure to predators (McDonnell and Stiles 1983;
Elliott et al. 2013). For degraded sites devoid of woody vegetation, artificial perches may
initially need to be placed in areas that are adjacent to existing native vegetation. Following
the establishment of some vegetation, the perches could then be deployed further into the
degraded site. Alternatively, a series of structurally complex perches need to be deployed
out into the cleared areas where the complexity of the perches affords effective cover to the

birds that use them.

In regards to fleshy-fruited plant species, their ability to facilitate regeneration at the
artificial perches will depend upon their life history traits, such as their life form. During the
initial stages of regeneration, the dispersal of life forms such as shrubs and trees will be
more beneficial than the dispersal of other life forms such as herbs or climbers. This is
because if trees and shrubs are to establish and mature at the artificial perches, then they
themselves can act as perches, further enhancing bird movement and seed dispersal in the
degraded site. Furthermore, mature shrubs and trees may help to facilitate the emergence
and survival of other species by ameliorating the local conditions (e.g. improving soil
fertility, shading out competitive grasses; Toh et al. 1999; Gémez-Aparicio et al. 2005;
Gobmez-Aparicio 2009). Shrubs in particular are important facilitators of seedling
recruitment, as observed in temperate coastlines in Australia (Croft et al. 2006; Heyligers
2006), semiarid shrublands in South Africa (Blignaut and Milton 2005) and montane forests
in Spain (Gémez-Aparicio et al. 2005). In some systems, shrubs are not as strong
competitors as other life forms for resources (e.g. ground water, light), allowing the benefits
of facilitation to be received by plant neighbours at a small cost in regards to competitive
effects (Gomez-Aparicio 2009).

Some consideration should also be given to the ability of the fleshy-fruited species to arrive
and establish in the degraded site, as those with the most potential will be relied upon to

initiate regeneration processes. For example, in the Younghusband Peninsula the dispersal
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of seeds from the shrubs M. insulare, A. sophorae, and R. candolleana to perches was
important, as these hardy species would have been most capable of germinating in the
degraded site (Chapter 5). Importantly, if some seedlings of these species were able to
establish, then they in turn would have promoted the eventual establishment of other
species, including climbers and shade-tolerant shrubs (Forde 1986; Croft et al. 2006;
Heyligers 2009). There was considerable potential for seeds from M. insulare, A. sophorae,
and R. candolleana to arrive at the artificial perches, as these species occurred in small
amounts in the degraded site (consistent with being early colonisers) and occurred more
abundantly in the nearby remnant vegetation. Furthermore, the seeds of these shrubs are
dispersed by a range of bird species, including common seed-dispersing birds such as the
singing honeyeater and spiny-cheeked honeyeater (Chapter 2, Chapter 3). These factors
when combined ultimately allowed large amounts of seed from the three shrub species to

accumulate beneath the perches (Chapter 4).

Lastly, the potential for fleshy-fruited species to facilitate regeneration beneath artificial
perches will depend upon their origin. As observed in the Younghusband Peninsula,
subtropical North America and in tropical Brazil, introduced species can dominate the seed
rain being deposited beneath the perches and thus undermine restoration efforts (Chapter 4;
Athié and Dias 2016; Prather et al. 2017). For the Younghusband Peninsula, the dispersal of
the introduced species L. ferocissimum to artificial perches was concerning given its ability
to exclude native vegetation and degrade fauna habitat (Noble et al. 2013; Weber 2017).
Similarly, the abundant dispersal of Tridacia sebifera to artificial perches in tallgrass
prairies on the Gulf Coast of the United States was problematic, as this species aggressively
invades grassland ecosystems (Prather et al. 2017). These results have demonstrated that
introduced fleshy-fruited species may need to be controlled in the sites targeted for

restoration before artificial perches can be deployed.

6.2.3 Considerations for practical implementation

Another short-coming arising from studies of artificial perches is the lack of consideration
towards the practical implementation of the restoration method, especially in cases where
the method has been recommended for potential use (e.g. Athié and Dias 2016; Ferreira and
de Melo 2016). There are several scientific and practical considerations that need to be
addressed if artificial perches are to be deployed on a large-scale for restoration. Firstly, as
discussed in Chapter 4, there needs to be consideration towards the number of perches

required for restoration. Practitioners could expect to deploy large numbers of perches to
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ensure that seed deposition, and in turn regeneration, could potentially occur over many
areas in the degraded site. Many perches may also need to be erected or continually shifted
to reduce the density of seed being deposited beneath each perch. Having large numbers of
seeds deposited at the one place may not be ideal for restoration if it results in competition
between the potentially many germinants. Consideration should also be given to the design
of the perch. As shown at Cantara, perches of simple design can effectively attract seed-
dispersing birds and facilitate seed dispersal, although they are unable to assist with seedling
recruitment as they do not ameliorate the local conditions (Chapter 3, Chapter 4, Chapter 5).
As observed in studies elsewhere, perches of complex design (e.g. branch piles) can
potentially assist seedling recruitment by creating favourable soil conditions (through the
provision of shade and the accumulation of litter) and by providing seedlings with some
protection from herbivores (McLaughlin 2013; Castillo-Escriva et al. 2019). Once the
number of perches required has been estimated and the optimal perch design has been
determined, researchers and practitioners could then focus on addressing other limiting
factors, such as whether treatments are also required to help overcome recruitment barriers,
and if so, how these treatments should be applied. The restoration works would be carried
out best with an adaptive management approach, where monitoring would inform the
following steps in the restoration process, including any additional or modified actions. This
approach allows resources to be used more efficiently and ensures that restoration goals can
be more successfully met (Hobbs et al. 2007).

Secondly, a cost-benefit analysis could also be conducted to determine the feasibility of
artificial perch deployment. In the Younghusband Peninsula, 2.5-2.8 m tall perches were
erected (similar height as mature coastal shrublands, typically 2—4 m tall), which consisted
of a dead branch wired to a metal stake. The cost per perch for materials was low
(approximately $10 AUD each in 2014) as the branches were sourced from dead vegetation
next to the degraded area. Although, these perches were not particularly robust as they
began to degrade after 1-2 years (Chapter 4). While the cost per perch was relatively low,
additional costs would be expected in terms of labour and possible ongoing management.
Another important aspect that could be considered is the number and size of the areas that
require restoration, which determines the potential economies of scale (Armsworth et al.
2011). Some assessment could also be given to the feasibility of artificial perches when
compared to other assisted natural regeneration methods, as they could prove to be more

suitable in terms of ongoing costs and associated outcomes. Although, as pointed out by

113



Shoo and Catterall (2013), this comparison may be difficult given the lack of cost and long-

term outcome reporting that occurs in studies of assisted natural regeneration.

Lastly, when scaling up restoration efforts from small-scale studies such as this one, it is
important to consider whether the practical recommendations arising from the study can be
generalised and applied throughout the region targeted for restoration. Some studies have
indicated that such generalisations may not be practical if the degraded sites within the
region differ in their environmental conditions (e.g. soil type, elevation, land-use history
etc.), as these conditions are able to influence restoration trajectories and rates of restoration
(Holl et al. 2000; Bustamante-Sanchez and Armesto 2012; Zahawi et al. 2013; Elgar et al.
2014). In this study, the use of artificial perches was limited to a single site in the coastal
shrublands Younghusband Peninsula and so the potential effectiveness of this restoration
tool in other degraded shrubland areas of the region was not determined. Although, many of
these degraded areas could be anticipated to be in similar condition as they have undergone
an identical land use history (i.e. short-term agricultural attempts) and have experienced the
same pressures from introduced animal and plant species (Butcher and Rogers 2013).

6.2.4 Alternatives to artificial perches

As noted in several studies, future research and practice may be best focused towards the
use of natural perches as dispersal and recruitment foci in degraded areas (Zanini and
Ganade 2005; Graham and Page 2012; Zwiener et al. 2014; Freeman et al. 2021). Scattered
plantings of trees and shrubs in such areas, planted either singly or in clumps, can eventually
provide natural perches for frugivorous birds (often known as applied nucleation
techniques). Such plantings would take several years to establish. However, this investment
may be worthwhile as natural perches have been shown to effectively facilitate seed
dispersal (e.g. Elgar et al. 2014; Zwiener et al. 2014). This was observed in the abandoned
paddocks of Cantara on the Younghusband Peninsula, where the density of seed rain
recorded beneath paddock shrubs was considerably greater than the density of seed rain
recorded in the open (Chapter 4).

Importantly, natural perches allow for the outwards expansion of vegetation, as the seeds
that are dispersed near the crown germinate and establish and/or as the vegetation spreads
out clonally (Cole et al. 2010). Natural perches are able to facilitate plant recruitment by
ameliorating the local conditions and by creating an environment more conducive for

seedling recruitment. They do this by suppressing competitive grasses, increasing nutrient

114



availability and by maintaining lower soil temperatures, which in turn helps to prevent the
evaporative loss of soil water (Holl et al. 2000; Shumway 2000; Elgar et al. 2014; Zwiener
et al. 2014). Natural perches may also enhance water availability through hydraulic lift,
where water from deep soil layers are taken up by root systems and then transported and
released into shallow soil layers (Prieto et al. 2011). In comparison, artificial perches are
unable to provide such facilitative conditions until some vegetation has established beneath
them (Graham and Page 2012). Although, Toh et al. (1999) point out that the conditions that
occur beneath natural perches may only benefit some seedlings. In their study, conducted in
abandoned farmlands in southern Queensland, large numbers of seedlings were found to
establish beneath a tree, although only a small proportion of the seedlings survived to

maturity following competition within or near the plant crown.

As discussed in Chapter 4, natural perches could potentially be used to promote
regeneration in the temperate coastal environments of Australia. For example, in the
Younghusband Peninsula, large fleshy-fruited shrubs such as A. sophorae, M. insulare and
L. parviflorus are effective facilitators of seed dispersal (Chapter 4; Paton 2010). They also
promote the recruitment of many other fleshy-fruited species (e.g. climbers, shade-tolerant
herbs and subshrubs), which take advantage of the protection and shade offered beneath the
shrub canopy (Forde 1986; Croft et al. 2006). In contrast, the seedlings of larger shrubs may
struggle to establish if they are supressed beneath a dense canopy (Hazard and Parsons
1977). Establishing beneath a mature shrub, however, may be more beneficial than
establishing within the surrounding grassland, where soil temperatures, moisture stress and
competitive effects may be greater (Shumway 2000; Gémez-Aparicio 2009). A vegetation
survey conducted in mature shrublands on the Younghusband Peninsula appeared to support
this notion. Here, the seedlings of fleshy-fruited species (while typically rare) were much
more likely to occur beneath the canopy of a mature shrub than in the open areas adjacent to
the shrub (Patkin, unpubl. data). As discussed by Toh et al. (1999), the most ideal approach
when using shrubs to facilitate seedling recruitment could be to foster the seedlings that
occur near the outer margins of the canopy, where competition with the shrub would be
reduced. Importantly, this would then help to enhance the outward spread of plant cover
from the shrub. Seedlings occurring on the periphery of the shrub would endure greater
competition with introduced grasses, although this could be reduced with some form of

control during months of active grass growth.
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Some studies have also indicated that widespread non-native woody weeds could be used to
enhance seed dispersal and recruitment of native plants in disturbed or degraded areas. For
example, camphor laurel (Cinnamomum camphora, an exotic fleshy-fruited tree) was found
to facilitate the dispersal and recruitment of a wide variety of native rainforest species in
abandoned pastures located in eastern Australia (Neilan et al. 2006; Kanowski et al. 2008).
In another study conducted by Elgar et al. (2014), stands of the wild tobacco Solanum
mauritianum (both poisoned and alive) were able to enhance seed dispersal and plant
recruitment in abandoned pastures located in north-eastern Australia. As discussed by both
Kanowski et al. (2008) and Elgar et al. (2014), using living woody weeds for regeneration
carries some uncertainties, particularly in regards to the timeframes required for native
species to overtake their exotic counterparts. Both studies indicated that the transition may
need to be accelerated through the removal of the woody weeds, which could occur either
extensively (which would help to reduce competition for existing recruits) or more

gradually (which would help to maintain a complex and shaded habitat).

Similar to Elgar et al. (2014), poisoned shrubs of L. ferocissimum could also be used to
facilitate regeneration in the Younghusband Peninsula. In recent years, large-scale efforts
have taken place to poison and eradicate this widespread woody shrub (South East Natural
Resources Management Board 2018). The dead L. ferocissimum shrubs could be left in
place to act as perching sites for birds and in the process aid the dispersal of seeds and plant
recruitment. Unlike the previously mentioned studies, using living L. ferocissimum shrubs to
facilitate regeneration would not be an option, given its ability to exclude native plant
species (Noble et al. 2013; Weber 2017). Evidently, very few studies in Australia have
explored value of non-native woody weeds in restoration, despite their ability to potentially
assist with seed dispersal and plant recruitment. Future studies should further consider their
value in restoration efforts but will also need to continue to explore the timeframes or

methods required for native vegetation to take over the landscape.
6.3 Conclusion

In conclusion, this thesis demonstrated that artificial perches can be used to facilitate the
dispersal of seed into open and degraded areas of the Younghusband Peninsula, South
Australia. Despite the deposition of large amounts of native seed, recruitment beneath the
perches appeared unlikely due to the presence of post-dispersal barriers, including poor seed
germination, seedling herbivory and likely competition from introduced grasses. Additional
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interventions, such as herbicide application and exclusion fencing, appear necessary to
allow seedling recruitment to occur beneath artificial perches. As a result, future research
may be best focused on the use of natural perches (including woody weeds) for restoration,
as they have demonstrated a greater potential to facilitate plant recruitment in several studies
conducted elsewhere. Ideally, the knowledge gained from this thesis will inform the future
use of artificial perches as a restoration tool, as well as future efforts to restore the degraded

areas of the Younghusband Peninsula.
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Appendices

Appendix 1

Total days that each artificial perch was monitored by a remote camera in the paddocks of Cantara in
the months between December 2016 and May 2017. Two complex and six simple perches were
monitored. The placement of each of these perches at Cantara can be found in Fig. 3.1.

Complex perch Simple perch number

number
1 2 1 2 3 6 11 12
Summer
December 7 9 12 12 8 12 6 8
January 17 1 31 31 17 31 11 27
February 28 3 28 28 28 28 3 28
Total 52 13 71 71 54 71 20 63
Autumn
March 31 1 31 31 31 31 15 31
April 1 0 30 30 30 30 0 7
May 0 0 14 14 14 14 0 0
Total 32 1 75 75 75 75 15 37
Overall total 84 14 146 146 129 146 35 100
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Appendix 2

Total number of individuals captured and total number of faecal samples containing seed collected

from three bird species caught in mistnets across five sites in the Coorong National Park in January

2015 and January 2016 (i.e. mid-summer). The sites were Salt Creek (36°07'S, 139°38'E), Tommy’s
Track (36°08'S, 139°38'E), Tea Tree Crossing (36°11'S, 139°39'E), 4 km south of Tea Tree Crossing
and 42 Mile Crossing (36°17'S, 139°42'E).

Spiny-cheeked

Silvereye Singing honeyeater honeyeater
Captures Faecal Captures Faecal Captures Faecal
samples samples samples

2015

Salt Creek 368 289 10 6 6 3
Tommy's Track 193 142 35 15 43 31
Tea Tree Crossing 153 134 7 8 0 0

4 km _South of Tea Tree 107 74 3 9 4 3
Crossing

42 Mile Crossing 153 115 6 5 1 1
2016

Salt Creek 249 91 44 22 13 4
Tommy's Track 25 14 13 5 30 14
Tea Tree Crossing 132 89 3 3 3 1

4 km _South of Tea Tree 175 89 3 1 3 1
Crossing

42 Mile Crossing 153 13 7 2 4 0
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Appendix 3

The abundances of species (mean seed/m?/year + SE) deposited beneath the artificial perches (n = 12), into the open paddock (n = 25), beneath paddock

shrubs (n = 4 shrub species, 10 shrubs per species) and beneath dune shrubs (n = 4 shrub species, 10 shrubs per species) at Cantara during a 12-month period,

between September 2015 and August 2016. Shrub species comprised of Acacia sophorae (AS), Leucopogon parviflorus (LP), Lycium ferocissimum (LF) and

Myoporum insulare (MI). * = introduced species.

) Artificial Open Paddock shrubs Dune shrubs
Species perches  paddock AS LP LF Ml AS LP LF Ml
Acacia sophorae 82.3+28.6 0 19.7+5.3 01+0.1 82.6 +46.4 121 +3.0 19376 0 174+17.0 2411
Alyxia buxifolia 11.7+£5.9 0 19+11 0.6 05 1.6+0.6 15+10 05+0.3 05+04 25+10 25+13
Amyema melaleucae 51.0+30.8 0 47+31 0 0 174 +11.3 0.2+0.2 0 27+21
Asparagus asparagoides* 16+05 0 1.1+05 0.8+0.6 04+0.2 0.8+0.3 0 20+11 0 05+0.3
Billardiera cymosa 0 0 15+15 0 01+01 0 0 0.3+0.3 0 0
Dianella revoluta 76139 0 50+4.4 1.6+0.7 1.7+0.6 09+05 0.4+0.3 1.2+0.6 23106 53114
Enchylaena tomentosa 93.8 +36.4 0.04+£0.04 229%9.2 0.3+0.2 29.2+15.0 379179 16+08 31+12 0.8+0.3 19+11
Exocarpos syrticola 26.2+104 0 15+£09 2209 2007 3228 0 6.3+5.3 12+09 12+£07
Leucopogon parviflorus 181.8 +88.8 0 383+122 1753%56.5 284+938 343+10.3 191+6.5 102.0+246 39.2+223 65.7+19.1
Lycium ferocissimum* 1031.0£298.8 0.08+£0.08 8.6 +3.7 73.3+£528 411.8+1586 54.3%33.1 2716 6.2+3.0 76.5+44.8 18.0+14.6
Muehlenbeckia gunnii 80.1+21.6 0 55.2 +20.0 53.7+16.4 269+95 35.1+13.2 252+7.6 485+ 28.6 121+29 31.2+11.0
Myoporum insulare 198.7 £59.6 0.04+£0.04 36.3+8.2 64.2 £17.1 71.2 +33.6 97.2+23.1 155+35 31.9+£20.0 23.1+£155 44.7+£9.7
Rhagodia candolleana 248.9 £84.2 02+02 1255+46.7 20279 546+17.0 1204412 182+114 44+22 43+14 16.8 +11.2
Scaevola calendulacea 09+0.8 0 0 0 0 0 0 0 0 0
Tetragonia implexicoma 48.7+28.8 0 74.9 + 34.6 124+8.1 7331 15+06 52+24 20+0.1 16+07 22+10
Threlkeldia diffusa 96.9+£45 0 4.7+32 7.7+3.0 209+11.1 3412 04+03 23.0+x11 21+08 42+23
Average seeds/m?/year 2161.2+5785 0.32+0.18 401.9+86.4 4124+84.2 738.7+236.1 420.0+113.8 108.3+£16.2 2242+74.6 183.1+65.7 199.3+68.2
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