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a b s t r a c t
Globally, and under uncertain climate conditions, the agricultural sector will need to feed more people
without degrading the ecosystem services on which production depends. Eastern Australia, coming out
of a decade of drought, is at the leading edge of this challenge. Measures to adapt agriculture to increasing
climate variability are urgently sought. One particularly promising measure is an adaptive grazing decision-making practice called holistic management (HM), typically involving high-intensity, short-duration
rotational grazing and the encouragement of pastures with low chemical input needs. Here, we use
photo-elicitation to compare the landscape perceptions of HM graziers with those of more conventional
graziers, based on their choice of photo targets and the stories those photographs elicited. During that
process, HM graziers described their use of adaptive farm management techniques to gain outcomes
for production and ecosystems alike, demonstrating a system-based understanding of their farms conducive to farming under increased climate variability. We conclude that HM grazing should be encouraged
so as to adapt the industry to climate change. More widespread uptake of HM practices – for public beneﬁt as well as personal – depends on incentives to reduce start-up costs and expand the instruction of HM
principles, ﬁrst targeting those with high adaptive capacity, and removing policies that delay adaptation.
Ó 2011 Elsevier Ltd. All rights reserved.

1. Introduction
Globally, livestock grazing covers the largest area of any land
use (Asner et al., 2004; Erb et al., 2007), with considerable ecological impacts (Foley et al., 2005; MacLeod and Moller, 2006;
Tscharntke et al., 2005). Grazing is anticipated to expand and
intensify as global population grows and demands more protein
(Foresight, 2011; McAlpine et al., 2009; Tilman et al., 2001,
2002). Grazing expansion and intensiﬁcation would involve significant environmental costs even under ‘normal’ climate conditions
(Dorrough and Scroggie, 2008; McAlpine et al., 2009). In a context
of rising and irreversible global temperatures (Intergovernmental
Panel on Climate Change, 2007), increased grazing pressure presents novel challenges to the ecosystem services that sustain agricultural production (Beaumont et al., 2011; Pretty et al., 2010;
Zhao and Running, 2010).
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Adaptation is commonly suggested as a way to reduce vulnerability to changing climatic conditions (Jones et al., 2007). Most
agricultural adaptations include some degree of changed farming
practices and modiﬁed government policy settings (Howden
et al., 2007; Smit and Skinner, 2002). There is increasing research
on adaptive capacity in agricultural systems in relation to external
conditions, such as resource availability and institutions (Grothmann and Patt, 2005; Hogan et al., 2011; Nelson et al., 2010). However, relationships to the internal conditions of the those involved,
such as personal adaptive capacities, values, and perception are
poorly understood (Fazey et al., 2007; Marshall, 2010; O’Brien,
2009).
Any given agricultural policy context seeks to inﬂuence farmers
in a number of ways, but farmers still have enormous freedom to
choose their day-to-day management practices. For instance, regulations specify export quality standards but the speciﬁc practices
by which those expectations are met (or not) are up to the farmer.
Farmers’ choices will depend, in part, on their landscapes: how
they see, understand, and value those landscapes, and how they
feel their landscapes reﬂect upon them (Barr and Cary, 2000; Marshall, 2010; Rogge et al., 2007). We use landscape perceptions as a
generic term for this multiplicity of meanings and messages that
people derive from their landscapes, and which then drive behaviour (Gobster et al., 2007; Stern, 2000). When making management
decisions, farmers will draw upon those landscape perceptions,

K. Sherren et al. / Agricultural Systems 106 (2012) 72–83

among other things, to balance monetary reward with other valued
outcomes like aesthetics, stewardship, identity and lifestyle.
This paper examines how farmers using different management
practices perceive their working landscapes, and how those perceptions relate to their responses to – and outcomes under – climate pressures, using a mid-drought case study from the
Australian sheep-wheat belt in New South Wales. Climate change
and responses to climate change can both have negative impacts
on the environment (e.g. biodiversity; Paterson et al., 2008) and
humans who depend up on it, such as by causing irreversible damage to valued places and identities such as farm landscapes (Adger
et al., 2009). Farming could cease to be viable in certain areas under climate change, resulting in spontaneous farmland abandonment and reforestation through natural succession, formerly
suppressed. Similar long-term landscape outcomes, however,
could result from intentional adaptation or mitigation activities
such as large-scale tree planting (Hunziker and Kienast, 1999; Jackson et al., 2007; Soliva and Hunziker, 2009). Alternatively, pro-active adaptation could maintain consistent landscapes while
employing very different practices. Human values will limit these
choices (O’Brien, 2009). Farmers manage for meaning, as well as
a living, and since much of that meaning is embodied in their farm
landscapes, landscape is a useful lens through which to explore the
process of agricultural adaptation.
Australian farmers and agricultural policy makers rarely dispute
the reality or seriousness of a changing climate. Public dialogue
regularly acknowledges the urgent need to adapt to ‘increasing climate variability’ (Standing Committee on Primary Industries and
Resources, 2010). The most dramatic prediction for Australia is that
precipitation will become more unpredictable in amount and distribution (Hughes, 2003). The ‘Big Dry’ drought prevailed over
the southeastern sheep-wheat belt for most of the last decade
(Cai et al., 2009; Leblanc et al., 2009), breaking only in 2010, and
water is projected to become even more scarce in Australia by
2030 (Intergovernmental Panel on Climate Change, 2007). While
this most recent drought may not be exclusively the result of climate change (Chiew et al., 2011), the extended episode provides
an opportunity to examine how farming will fare under the
increasing water scarcity predicted to occur as a result.
Evidence is growing that management practices and climate
change are harming the ecosystem services upon which Australian
farmers depend, and threatening the long-term viability of their
way of life (Hogan et al., 2011; Preston and Jones, 2006). A range of
biophysical problems have either persisted or intensiﬁed in Australia during the drought, including erosion, weed invasion, tree decline
and biodiversity loss (Fischer et al., 2010; Prober and Smith, 2009;
State of the Environment Advisory Council, 2006). Scattered tree decline, for instance, is removing the stock shelter that will be increasingly needed to ensure the health of livestock as well as wildlife
(Close and Davidson, 2004; Fischer et al., 2010; Gibbons et al.,
2008; Manning et al., 2009). More heat-tolerant livestock breeds
are typically also less productive (Howden et al., 2007). Such challenges, paired with declining terms of trade, have caused hardship
in many rural communities (Edwards et al., 2009; Nelson et al.,
2010). Given these challenges, it is important to ﬁnd ways of
responding to changing climate conditions that do not prolong negative social and ecological impacts (Fazey et al., 2010).
A recent study of scattered tree decline in the Australian sheepwheat belt found that many of its participating graziers had made
relatively recent transitions (<10 years) to a grazing system called
holistic management (HM) (Fischer et al., 2009; Sherren et al.,
2010a). HM typically involves practices like rotational grazing
and reducing chemical fertilisers (Savory and Parsons, 1980) that
have been suggested as important for adapting grazing to climate
change (Howden et al., 2007). A key element of that larger study
was to investigate how graziers valued their landscape using

73

photography and follow-up interviews (photo-elicitation) (Sherren
et al., 2010b, 2011b). Consistent with Richards and Lawrence
(2009), HM graziers revealed a different way of seeing and talking
about their production landscapes than those grazing more conventionally. Speciﬁcally, HM graziers described different landscape
preferences, decision-making practices and experiences of the extended drought, then still in progress. Photo-elicitation data (the
photographs graziers took and how they discussed them) permitted us to quantify how the landscape perceptions of holistic managers differed from those grazing more conventionally. We could
then explore more qualitatively what those differences might reveal about the kind of thinking required to adapt grazing to climate
change and how to foster it.
This paper aims to address three key research questions: (1)
What do agricultural managers using different practices perceive
to be their most signiﬁcant farm landscape features? (2) How do
agricultural managers using different practices relate to those
landscape features? (3) What are the implications of these different landscape perceptions for sustainable agricultural management and adaptation to climate change? The ﬁrst two questions
are addressed through the photo-elicitation results, while the third
is addressed in the discussion.

2. Methods
2.1. Case study
We studied an area of one million hectares in the upper Lachlan
River catchment of New South Wales (NSW), Australia, in the
grassy-box woodland ecosystem type in which grazing is the most
viable agricultural activity (Fig. 1). The farming industry in the
study area was dominated by sheep, beef cattle and grain, and thus
was broadly reﬂective of the wider temperate grazing zone or
‘sheep-wheat belt’. We worked in a relatively wet part of the
sheep-wheat belt, according to the Australian Bureau of Meterology, with annual precipitation in our study area between 600 and
866 mm, by comparison with 304 mm at the western (lowest) extent of our catchment. A key aim of the ecological research that
preceded this work was to identify the best grazing management
practices for supporting tree regeneration. We established sites
on 33 farms (31 farmers) to count trees and seedlings and correlate
these with farm management practices as well as observed biodiversity (Fischer et al., 2009, 2010). Farms were thus chosen to represent a range of stocking levels (long-term typical stocking rates
ranging from 2 to 12 dry sheep equivalent per hectare) and rotation regimes (keeping stock in any given paddock from about 10
to 365 total days per year). Some of our case farmers grew some
crops, but they did no irrigated cropping.
Within that range of grazing regimes, many farmers were using
a decision-making framework called holistic management (HM). In
a livestock grazing context, HM usually involves intense bursts of
grazing pressure followed by extended recovery time (Savory and
Butterﬁeld, 1999; Savory and Parsons, 1980; Stinner et al., 1997).
Terminology is generally a challenge (Briske et al., 2011): HM
and ‘cell’ grazing are similar, and we use HM here, but both are different from rotational grazing. Fundamentally, HM grazing is based
on an explicit decision framework combining goal-setting, monitoring practices and adaptive management of the land base (Savory
and Butterﬁeld, 1999; Stinner et al., 1997). In practice, the implementation of HM grazing in Australia varies between individual
farmers, but often involves: high-intensity short-duration grazing
rather than continuous grazing; cessation or reduction in chemical
fertiliser use; an emphasis on native pastures; and, monitoring
those pastures through the keeping of ‘grazing charts’ that provide
a means of anticipating feed availability and periods of drought
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Fig. 1. Map of the study area.

(Earl and Jones, 1996; McCosker, 2000). This last tool is used to
match stocking level to carrying capacity. By contrast, more conventional graziers often keep stock in paddocks for extended periods, or year round; use exotic or annual pastures; and rely upon
regular applications of chemical fertiliser to foster them. These
are two extremes within a diversity of grazing management practices seen in Australia.

2.2. Photo-elicitation
Photo-elicitation is a method of social science research where
the inquiry proceeds through the researcher and the research subject(s) mutually interrogating photographs on a given theme that
were captured by one of them (Harper, 2002). Photo-elicitation
developed in anthropology at a time when cameras were expensive, and thus the photographs were usually captured by the researcher (Collier, 1957). Today it is more common for the
research subjects to take the pictures with single-use or cheap digital cameras supplied by the researcher. In capturing photos, subjects respond to research instructions such as Beilin’s (2005,
2001) request – which we echoed – that her participants capture
‘‘signiﬁcant’’ landscape features. Follow-up interviews or discussions are more or less structured, depending on the study, but
use those photographs as prompts, sometimes along with additional materials like maps (Harper, 2002). Photo-elicitation is
now commonly used in studies of place, tourism and ﬁelds like
agriculture and planning where local landscape is an important
driver of attitudes and behaviour (Beilin, 2005; Castleden et al.,
2008; Collier, 2001; Garrod, 2007; Stedman et al., 2004; Van Auken
et al., 2010).
Landscape values differ dramatically when subjects are resident
stewards (Vouligny et al., 2009): as Aldo Leopold wrote, ‘‘the landscape of any farm is the farmer’s portrait of himself’’ (Meine,
1987). Our interest in landscape perceptions and visualisation was
a good ﬁt for image-based methods (Sherren et al., 2011a). We used
photo-elicitation speciﬁcally because it placed the farmer rather
than the researcher in the position of expert and in control of the
story that emerged, something other scholars have also noted (Beilin, 2005; Castleden et al., 2008; Harper, 2002). Photographs also
provide a manageable and sensitive way of exploring complex issues
around farm landscapes, which can be personal for farmers; having
captured the photographs we used as prompts, the farmers were
prepared for the discussions that transpired. Finally, personal construct theory suggests that the values that emerge through the completion of such constrained tasks as photo-elicitation can sometimes
be more true to deeply held personal beliefs than direct questioning
in surveys or interviews (Dalton and Dunnett, 1992; Harrison and
Sarre, 1975). A more detailed description of this photo-elicitation

study, and a fuller discussion of the photo-elicitation method, can
be found elsewhere (Harper, 2002; Sherren et al., 2010b).
We asked all 31 of the graziers who participated in the ecological work (see Section 2.1) if they were interested in taking
part in a follow-up photo-elicitation study about landscape values, and all but one consented. On September 12, 2008, we sent
disposable cameras and reply-paid envelopes to 30 graziers, with
instructions to photograph ‘signiﬁcant’ features of their farm
landscape. The potential for bias in this sample as a result of
their participation in ecological ﬁeld work has been largely debunked (Sherren et al., 2010b), but it is worth mentioning here
that the photography is only one part of photo-elicitation. If
farmers were motivated to capture certain features because of
what they thought we were interested in (i.e. trees), the interviews provided another chance for the true priorities of participants to emerge. Between September 24 and November 21,
twenty-ﬁve cameras were returned. We developed the photos,
and visited each grazier for an interview. The recorded interviews consisted purely of discussing each photograph in turn:
what it contained; why it was taken; and any other thoughts
it evoked. Transcripts of the interviews, with scanned photos inserted, were then circulated back to each grazier for editing. We
organised and coded data using Microsoft Access and NVivo software (QSR International Pty Ltd., 1999–2009). First, we identiﬁed
and classiﬁed each individual feature that graziers talked about
in each photo, such as a tree or a view. Second, we linked each
target feature to every distinct narrative or story in the
transcript that it had elicited. Third, we classiﬁed all the
narratives to develop key themes. Primarily, our analysis here
is based on tables comparing counts of targets and narratives
by two cohorts of grazier: HM and non-HM. Selected interview
quotes, mostly from HM graziers, are also used to explore in
more depth a few complex issues that are less easily summarised quantitatively.
3. Results
Approximately half of the farmers who participated in photoelicitation practiced HM, and these tended to be at an earlier family
or career stage than those practicing more conventional grazing
Table 1
Summary of case graziers, by stage of life and management style, as volunteered
during interviews.
Stage of life
Young family and/or early career (approx. 30–44)
Older children and/or mid-career (approx. 45–54)
Adult children and/or late-career (approx. 55+)
Total

HM

Not HM

7
3
2

1
7
5

12

13

K. Sherren et al. / Agricultural Systems 106 (2012) 72–83

(Table 1). No personal questions were asked in interviews, so we
characterised graziers based on stories they volunteered about
their stage of life; speciﬁcally, if they had young or adult children,
and if they were starting their farm business or were about to retire. Similarly, we classiﬁed graziers as HM if they volunteered that
they had undertaken formal training in the principles and that they
had initiated the process of converting to the system, however recently. They were in various stages of that transition, but typically
the stock of these HM graziers spent a maximum of 3 months in
any one paddock, usually spread over multiple shorter grazing
events (in line with Fischer et al., 2009). Consistent with Richards
and Lawrence (2009), who found women played a more prominent
role in cell grazing, our interviews with HM graziers were also
more likely to involve both husband and wife; the wives of nonHM graziers usually worked off-farm and were not present.
While the types of targets photographed by the two cohorts of
graziers were largely similar, the stories told by HM graziers about
those targets were very different in aggregate from those told by
non-HM graziers.
3.1. What do agricultural managers using different practices perceive
to be their most signiﬁcant farm landscape features?
Broadly speaking, the two grazier cohorts chose to photograph
similar landscape features. In descending order of popularity, these
were: trees, the human domain (i.e. houses, equipment, family
members), pastures, the land base (i.e. geology, hydrology), and
landscape views (Table 2). For instance, nine graziers in each cohort captured landscape views, and those landscape photographs
made up a similar proportion (6%) of each cohort’s set of targets.

Table 2
Photograph target popularity, in ﬁve broad classes, by cohort. The number of overall
captures is listed, the percentage that target comprised of each cohort’s share of
photos, and the number of graziers that captured each.
Target type

#
Targets

% Targets

# Graziers

HM

All

HM

NotHM

NotHM

Trees
Sparse woody vegetation
Regeneration
Woody vegetation patches
Dead or coarse woody
debris

320
108
105
70
37

21.7
12.0
12.4
5.0
4.7

28.4
12.4
11.3
10.8
3.6

25
22
23
22
14

12
12
11
10
7

13
10
12
12
7

Pastures
Paddocks (as a unit)
Ground cover
(continuous)
Weeds

192
91
83

24.8
10.8
12.0

19.6
9.7
7.2

25
20
22

12
10
12

13
10
10

18

2.0

2.7

9

4

5

54

5.6

6.5

18

9

9

Human domain
Farm infrastructure
Livestock
Homesteads and gardens
Dams
Family and community
Artefacts of previous
residents
Contour banks

208
57
45
39
35
12
11

21.7
5.9
4.5
4.7
3.8
0.7
1.1

25.3
7.0
5.6
4.1
4.1
2.0
1.4

25
17
17
17
16
5
7

12
9
8
8
8
3
3

13
8
9
9
8
2
4

9

0.9

1.1

7

3

4

Land base
Erosion, salinity
Natural hydrology
Geology, topography, soil
Animals and insects
Weather

129
42
42
25
17
3

13.8
5.4
3.8
1.1
3.2
0.2

15.3
4.1
5.6
4.5
0.7
0.5

23
16
14
10
8
3

10
7
8
3
5
2

12
9
6
7
3
1

Total

915

25

12

13

Landscape views

100

100

75

Land base and human domain targets showed only slight differences between cohorts (Table 2). HM graziers were more likely
than non-HM to photograph animals and insects, while non-HM
graziers were more likely to target geology, topography and soil.
HM graziers were also less likely to capture images of the human
domain than non-HM; only homesteads and gardens were slightly
more prominent for HM graziers (Table 2). One difference between
the two cohorts, invisible using our classiﬁcation, was the speciﬁc
features captured under the category of farm infrastructure (Table 2). HM graziers photographed moveable water points, temporary fences, and portable solar panels – consistent with the needs
of their management approach – whereas non-HM graziers captured more large equipment and silos. Livestock animals were of
less interest to HM graziers than non-HM graziers.
The most notable differences were found in the tree and pasture
target classes, which together made up over half (56%) of all targets. Trees made up a much larger proportion of non-HM farmer
photos than HM farmer photos, but the difference was largely in
the number of photos non-HM farmers took of large patches of
trees; sparse trees, tree regeneration, and dead or fallen timber attracted similar amounts (Table 2).
The pattern reversed for the pasture target class, where HM
farmers took more pictures than non-HM. Two subtle subclasses
of pastures were identiﬁed during coding. Paddocks, when discussed as an ‘indivisible’ unit of management, were more often
the focus of non-HM graziers; ground cover, when discussed as
something that varied continuously and independent of paddock
boundaries, was of more of interest to HM graziers. Although
weeds accounted for a similar proportion of photographs in the
two cohorts, the two cohorts of farmers discussed weeds very differently (see following section).
3.2. How do agricultural managers using different practices relate to
those landscape features?
In the last section, we found that two target classes demonstrated the biggest quantitative differences between our grazier
cohorts: trees and paddocks. Next, we analysed how the two cohorts discussed these two kinds of features.
3.2.1. Tree features
We identiﬁed four subclasses of trees, including: dense tree
patches; sparse trees (including paddock trees and scattered
trees); dead trees and downed timber; and, regeneration (Table 3).
The stories non-HM graziers told about patches and woodlands were mostly about excluding stock from them, and the
resulting natural regeneration happening as a result of that protection, often by contrast with the clearing that had historically
taken place in the area (Table 3a). In comparison, while half of
the HM graziers also talked about having fenced off their patches
and woodlands, the second most common narrative elicited was
that those woodlands were occasionally grazed for feed or to
reduce ﬁre risk.
Both cohorts spoke about the beauty of scattered trees in their
landscape, but HM graziers were much more likely to identify
other beneﬁts of scattered trees, including for biodiversity, emotional well-being and stock protection (Table 3b). Several HM
farmers described their concern about the possibility of a gap in
habitat supply due to the ageing of their existing farm trees and
a lack of tree regeneration:
That paddock tree there it’ll probably be dead in 30 years time
and if we don’t start planting them now then there’ll be no
big old trees . . . there’ll be no more hollows. . . . the paddock
trees are actually a very good resource for stock shelter and also
for birds and animals. So for both purposes we need to start
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Table 3
Key themes coded for four different woody vegetation targets by grazier cohort. All themes coded to at least three graziers of any one cohort are included. To emphasise patterns
visually, the numbers in bold indicate themes that were coded to at least half (6) of each cohort; comparative values are not bold (if the theme was coded to close to half, e.g. 4 or
5) or grey (if only 1–3). Hyphens indicate zeros.

1

3.0

1

3.0

1

1.3

2
1

2.4
1.2

3

4.9

2

2.5

2
2

2.5
3.7

2
2

8.7
8.7

2
3
3

2.7
8.0
5.3

3
3
3

9.3
4.0
5.3

2

2.7

2

5.3

1

1.3

Where an odd number of graziers exist in the cohort, the ‘half’ criterion is rounded down.

planting them now because if we wait until they’re all gone
then it’ll just be worse. (Husband, HM Farm 5)
Tall old established trees are quite precious to us . . . they’re precious for biodiversity and the bird life . . . it’s going to be a hundred years before these [seedlings] look like these trees
and . . . there’s not a lot in between the two stages in tree
growth and what happens to the animals and birds when these
ones go before these ones are established enough to support
them? (Husband, HM Farm 22)
HM graziers were also more likely to identify tree species as native and to note the lack of tree regeneration in situ. Non-HM graziers
were more likely to discuss the ageing and decline in health of the
existing tree stock, as well as to discuss protecting them (Table 3b).
Dead trees and downed timber elicited very different stories in
the two grazier cohorts. Among the HM graziers, photographs of
coarse woody debris almost exclusively elicited the biodiversity
beneﬁts of retaining such debris in the landscape (Table 3c). This
is in contrast to a scatter of narratives about ﬁre risk, pest risk
and ﬁrewood supplies that several non-HM graziers associated
with downed timber (although none of these themes were common enough to feature in Table 3c).
Finally, photographs of regeneration revealed more subtle differences between cohorts. Most photographs of regeneration by
either cohort elicited stories of planting linear strips along fences

or around water bodies, although a few non-HM graziers also mentioned planting small areas (Table 3d). HM graziers were more
interested than non-HM in the mix of over- and understorey species in farm plantings. The aesthetic value of such planting was
not of primary importance to either cohort: both planted mostly
to protect soil from wind and water erosion and to improve animal
habitat (Table 3d). Agency sponsorship for planting was much
more important to non-HM graziers, with HM graziers seeming
more content to bear the cost. Finally, many graziers discussed
regeneration failure, often due to drought. Regeneration success
was accredited to stock exclusion in many cases. For HM graziers,
however, exclusion was often seen as temporary, and several of
them also reported tree regeneration and improved tree health
occurring under rotational grazing (rather than only grazing exclusion; Table 3d):
Here [yellow box trees] are regenerating over the whole place. . . . They’re [the stock are] not there long enough. Even if they
were there for a week or two weeks, they get bored and play
with them and break them off, and it kills them. They’re quite
fragile when young. So the cattle are in, they’re grazing the
grass down and they’re getting out. They’re allowing them to
regenerate. (Husband, HM Farm 18)
[That remnant vegetation,] it’s changed a lot since we’ve changed our grazing. It used to be a major stock camp under there
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because that whole section was one paddock so they could
graze and camp under there, so there was a huge nutrient dump
under there all the time. So now we’ve stopped that, those trees
are starting to actually look a lot better. (Husband, HM Farm 22)
3.2.2. Pasture features
Two key categories of narrative emerged from photographs of
paddocks and ground cover: the farm management activities and
external pressures that served as drivers of ground cover; and
the responses in terms of pasture composition (Table 4). The narratives within each category differed between the two grazier
cohorts.
The key driver of ground cover discussed was livestock grazing.
Some graziers of each kind discussed ‘total grazing pressure’,
including kangaroos. Although all farmers involved in the study
were graziers, only rotational grazing was explicitly mentioned.
Continuous or near-continuous grazing – when animals are kept
in paddocks the majority of the year – was never mentioned by
name, perhaps because this is seen by those practicing it as the
obvious default management. HM graziers were often effusive
about the multiple beneﬁts they experienced from rotational grazing, or holistic management more generally (Table 4a), such as a
fast recovery after drought:
So we match the stocking rate to carrying capacity. That’s all the
drought is in Australia, is stocking rate exceeding carrying
capacity. . . . So we adjust our stocking rate . . . to preserve the
environment and to preserve [our] perennial grasses because
this is [our] main asset. So when the drought breaks you don’t
continue on it because you’ve ruined all your grasses. (Husband,
HM Farm 18)
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One HM grazing couple happily photographed dry dams because of improvements to water inﬁltration across the farm; less
rain run-off in turn meant that farm dams rarely ﬁlled. Similarly,
a photo of empty hay sheds elicited a narrative about there no
longer being a need for feed storage because of reliable ground cover (and hence supply of feed) all year. This experience was not
unique:
Certainly our water cycle has improved [with HM]. . . . the water
holding ability of our soil is a lot greater. We get heavy rain and
it stays there. That’s what we’re trying to do, is keep it where it
falls rather than have it run off. (Husband, HM Farm 13)
We’re allowing much more ground cover [with HM]. With the
set stocking you end up with a little short tight sward which
sheds a lot more water. A bit like a bowling green. (Male solo
operator, HM Farm 14)
Several non-HM graziers also spoke about subdividing paddocks, or the difﬁculty of rotational grazing, suggesting some
transmission of – and occasionally resistance to – HM concepts.
Cropping was the second key driver elicited by pasture photographs. Most HM graziers discussed ceasing cropping because of
perceived negative effects of ploughing and fertilising, such as erosion and run-off, while most non-HM graziers were cropping for silage or sale off-farm (Table 4a). Some HM farmers were ﬁnding
that land took a long time to recover from a cropping history:
This is one of those paddocks . . . that had been cropped and
cropped and cropped, and because the water cycle has been
completely destroyed on that country [and] because the perennial grass has gone, it’s got water holding abilities zilch. So we
tend to get a lot of runoff. . . . (Husband, HM Farm 13)

Table 4
Key themes coded for paddock and ground cover targets by grazier cohort. All themes coded to at least three graziers of any one cohort are included. To emphasise patterns
visually, the numbers in bold indicate themes that were coded to at least half (6) of each cohort; comparative values are not bold (if the theme was coded to close to half, e.g. 4 or
5) or grey (if only 1–3). Hyphens indicate zeros.

Where an odd number of graziers exist in the cohort, the ‘half’ criterion is rounded down.
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Weather was the third key driver elicited by photographs of
pastures. HM graziers appeared most concerned about long-term
climate change (Table 4a). Most saw the drought as a sign of those
changing climate conditions, and several described how the
drought had inspired them to reassess their then-conventional
management practices:
When I left school, I went to Ag college and everything there
was high input systems and fertiliser and chemicals. I came
home and I did a lot of that but I didn’t make any money. . . . I
was scratching my head and then this [course] came along. I
thought to myself, well this is probably the answer that I’ve
been looking for, for the last two years when . . . I’m spending
$20,000 a year, $100 an acre sowing all this pasture. I was working but I wasn’t getting any money back. I thought, this is ridiculous, and thank God I did because you know things only got
worse [drier] since. (Husband, HM Farm 17)
The last few droughts have really brought it home to me. . . . We
went through the 2002/2003 droughts where we were beginning to realise, well, something’s got to change. We did the
Grazing for Proﬁt course. That certainly inﬂuenced my thinking
a lot. . . . It hasn’t always been the way it is at the moment.
(Female solo operator, HM Farm 12)
By contrast, non-HM graziers were focused on pasture stressors
like frost and drought which they considered short-term issues.
They did not associate drought with long term climate change,
and their response was typically to increase their grain or silage
storage capacity to endure it. One couple described how, ‘‘[they]
had to buy a silo. . . . and found it really hard in the drought, having
to buy feed for the sheep because [they got] behind so much then’’
(Wife, non-HM Farm 28). Another claimed:
Well, we never had droughts before until the last ﬁve years.
We’ve had dry spells but we’ve had nothing like this. So I had
to put something in place for that. So I’ve built myself a hay
shed a couple of years ago, and got – I can probably store about
100 tonne of grain down there now, so I can feed 1200 ewes for
six months. I can get a little paddock, a little feed lot paddock,
and I can just feed them in the little paddock. That allows the
rest of the pasture to grass up without walking on it and eroding
it. (Husband, non-HM Farm 26)
Pasture condition also was discussed differently by the two cohorts, despite a common interest in productivity. HM graziers were
much more likely than non-HM to identify ground cover that was
sparse or overgrazed, or recovering (Table 4b). Weeds were of
interest to both, but in different ways: most non-HM graziers
talked about poisoning weeds or other pests, or temporarily cropping to remove weeds, while a few HM graziers preferred weeds to
bare ground (Table 4b). A sizable component of the HM graziers’
narratives about pastures explored the idea of species diversity
improving overall system resilience. For instance:
Husband: I’ve got black oats, I’ve got Patterson’s Curse and I’ve
got perennial grasses and some annual dead grasses. . . . The
aim is just to have something green so if we get rain tomorrow
or next year or whatever . . . then it can grow. If we’ve got lots of
different things at different ages then something will grow.
Complexity builds stability. Wife: Sort of letting nature taking
its course really in that natural succession of plants and varieties coming through . . . . even if a weed comes up ﬁrst it doesn’t
matter, eventually a native will overtake that and so that’s sort
of what we’re encouraging. (HM Farm 5)
You need a variety through the year and the natives have
responded to the dry years much better than this stuff
[improved pasture] has. This stuff is ﬁne when everything’s lining up and there’s plenty of water. If it gets a bit challenged it’s

not near as good. It also doesn’t allow as much diversity. . . . it
tends to be all . . . going ﬁne or nothing going ﬁne. (Husband,
HM Farm 14)
This diversity was seen by many HM farmers as contributing to
more reliable proﬁts in uncertain conditions:
Last year [conventional graziers] lost a lot more money than I
did but this year they’ll make more money than I will. You grow
a monoculture – in the good years you’ll make a million dollars
and in the bad years you might lose $500,000, $600,000. . . . We
couldn’t handle one of those bad years. . . . I think we’re setting
ourselves up here for a much better farm in 50 years time. (Husband, HM Farm 5)
[Unlike Property 1] which has got quite a lot of improved pasture, [Property 2] saved us during that drought because of the
native pasture . . . we haven’t fed stock since ‘02 really. And
[with native pasture] that’s no inputs, less carbon emissions;
it’s a huge thing really when you start to apply it. (Husband,
HM Farm 22)
It seemed that HM graziers more directly linked their productivity to the condition of their land base.
4. Discussion
What are the implications of these different landscape perceptions for sustainable agricultural management and adaptation to
climate change? The interviews we conducted with HM farmers
possessed a remarkable similarity in message that differed dramatically from our conversations with those grazing more conventionally. This is not surprising considering that all of them had received
formal instruction in the approach from one of the three courses in
HM available in Australia. Concepts such as heterogeneity, biodiversity, resilience and adaptation were espoused alongside production goals. Here, we identify the priorities of HM graziers as
revealed by their landscape perceptions and discuss their relevance for adaptation, analyse claims made for and against HM
practices, and discuss the policy implications – for sustainable
agriculture and climate change adaptation – of encouraging more
HM grazing.
4.1. How are holistic managers different?
HM graziers embraced vegetative heterogeneity more than
those grazing more conventionally, both across their farm landscapes and vertically within habitat structures. Farm heterogeneity
has been shown to foster ecosystem services like habitat and aesthetics that are valuable for livestock, wildlife, graziers and the
wider public (Benton et al., 2003; Brosi et al., 2008; Dramstad
et al., 2006; Hobbs et al., 2008). HM graziers were much more
likely than non-HM to leave coarse woody debris lie for biodiversity beneﬁts. HM graziers also recognised more than non-HM the
beneﬁts in scattered tree cover, a tree arrangement that contributes to a more varied farm matrix (Fischer et al., 2006; McIntyre
and Barrett, 1992), and their photography and discussions were
less focused on dense woodlands than with a diversity of tree cover
arrangements. They identiﬁed their farm trees by species, and
when they planted trees, more HM graziers were interested in
building understorey structure for a range of beneﬁts. For instance,
shrubs such as acacia are attractive to the birds that provide pest
control services, but their seed pods also provide nutritious stock
browse in lean times (Fiﬁeld, 2006). HM graziers appreciated a
diversity of species and life stages in their pasture grass cover.
Sometimes, even weeds were welcome: some HM graziers described how the deep tap-roots of some weeds improved water
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inﬁltration on previously bare ground, eventually fostering more
desirable pasture species through natural succession processes.
In short, HM graziers demonstrated a preference for heterogeneous
and complex farm landscapes over the more homogenous and simpliﬁed ones produced by more conventional farming approaches
(Ive and Ive, 2008).
HM farmers in our sample also saw the value of protecting biodiversity (and thus ecosystem services) within spaces used for production, rather than just in protected edges or unproductive
uplands. In fact, biodiversity is typically seen by HM graziers as
an important driver of their farm sustainability (Stinner et al.,
1997); they see themselves as stewards of the ecosystem services
that biodiversity arguably provides (Balvanera et al., 2006; Bengtsson et al., 2003; Swift et al., 2004). Broadly speaking, there are two
alternative methods of protecting farmland biodiversity: setting
aside land speciﬁcally for biodiversity (sometimes called landsparing; Phalan et al., 2011); or farming in a way that conservation
can co-exist with agricultural production (sometimes called wildlife-friendly farming) (Fischer et al., 2008; Mattison and Norris,
2005). Our HM graziers appeared to prefer the latter approach, to
integrate rather than separate biodiversity conservation and commodity production. While all graziers were doing the linear planting and woodland protection encouraged by land management
agencies, HM graziers did not see this as their primary contribution
to land stewardship. Rather, they noted how their grazing practices
could improve tree health and natural regeneration across their entire farms, whereas non-HM graziers were focussed more strongly
on particular parcels of land set aside for conservation activities.
This latter approach can be attributed to the institutional arrangements in place in the 1990s. Programs such as Landcare, for instance, deﬁned all farm areas as either for production or
conservation, and would not fund projects on the former, seeing
it as the responsibility of industry rather than conservation programs (Curtis and De Lacy, 1998).
Consistent with their training, HM farmers in our sample demonstrated more adaptive behaviour in day-to-day farm management and long-range planning. Successful adaptation calls for
social change as well as technological change (Walker and Salt,
2006). Adaptive capacity describes the ability of individuals to
change their behaviour in response to changing circumstances.
Adaptive individuals must be both adventurous and rigorous as
they seek to make sense of what is happening to them and decide
how to shift their practices to suit (Fazey et al., 2005). They also require adequate ﬁnancial, social and intellectual resources. The desire to be resilient, rather than simply survive, is an important
piece of the puzzle: without this desire individuals may simply
buffer themselves from the change through short-term, reactive,
symptom-focused responses (Fazey et al., 2007). For instance,
many in our sample of HM graziers reported that they were motivated to adapt their farming practices by growing evidence during
the ‘Big Dry’ that conventional grazing was unviable. By contrast,
many non-HM farmers perceived the almost decade-long drought
that broke in late 2010 as a temporary state, to be endured by
increasing cropping for silage, on-farm storage, ‘sacriﬁce paddocks’, and often drought-related ‘exceptional circumstances’
funding. Their cropping meant they were also more concerned
with short-term weather events like frosts. To adapt, HM graziers
regularly monitored their ground cover and adjusted stocking rates
to suit, reporting more consistent cover and a lack of need to directly feed stock. Adoption of HM grazing thus seems to signal a
change in farming mentality from trying to gain control over the
land, for example through engineering solutions that aim to reduce
temporal variability (Holling and Meffe, 1996), to working within
the bounds of natural variability. HM practices call for an acceptance of risk, however, both in the debt incurred to fund their farm
investment, and of the experimentation needed to inform their
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highly adaptive practices (Bohnet et al., 2011; Richards and Lawrence, 2009; Stinner et al., 1997).
Our HM graziers largely made the transition to HM without
public support, but they did not do so selﬂessly, despite the many
public beneﬁts they reported. Their primary motivation tended to
be to maintain their function and role as agricultural producers,
while averting collapse or irreversible environmental degradation,
maintaining both a viable business and a desirable lifestyle. Interview-based studies of HM or cell grazing in the US and Queensland
have produced interesting narratives of the way that HM or cell
graziers change their identities as they shifted to new farming
practices (Bohnet et al., 2011; Richards and Lawrence, 2009; Stinner et al., 1997). Consistent with other studies, our HM graziers often saw themselves as ‘grass farmers’ – fundamentally retaining
ground cover to support ecosystem health as well as production
– as much as stock producers (Bohnet et al., 2011; Richards and
Lawrence, 2009). Many HM graziers saw their stock as unpaid
labourers on their ‘grass farm’, helping to cycle nutrients and
mulch soil in order to maintain ground cover. HM farmers appeared to be less sentimental about their ‘animal staff’ than nonHM graziers who photographed their stock more often. Because
the principles of HM require de-stocking to retain ground cover,
HM graziers invest less in breeding and genetic lineage. Finally,
HM farmers often reported more consistent incomes and less need
for costly inputs. Consistent with Bohnet et al. (2011), our HM graziers tended to diversify (e.g. farm stays, educational tours, stock
agistment, direct selling) rather than rely on off-farm employment
like most of our non-HM graziers.
It is difﬁcult to identify the causality, if any, between a grazier’s
landscape perceptions – in this paper what features were considered signiﬁcant and why – and their management practices. In
other words, we cannot know for sure if the displayed values are
drivers of management style or emerge as a result of that management. Training in holistic management principles appears to foster
a different way of seeing and valuing landscapes, but the graziers
who undergo the training are also likely more receptive to the systems mindset described above. What is clear from this work is that
the way that graziers perceive their landscape is strongly indicative of how they will cope with challenges like drought. HM graziers demonstrated the capacity to adapt their management to
align with new conditions, rather than simply to endure until conditions return to ‘normal’. This will be important in the context of
the increasing climate variability and severe weather risks predicted for Australia under climate change (Howden et al., 2007).
4.2. Why isn’t everyone grazing holistically?
Opinions remain divided on the beneﬁts of HM practices for
production, producers or ecosystems. Most studies compare rotational with continuous grazing and many ﬁnd no evidence of improved environmental or production outcomes in the ﬁrst
(Biondini and Manske, 1996; Bock and Bock, 1999; Briske et al.,
2008; Dorrough et al., 2008; Taylor et al., 1997). One of our nonHM case farmers, for instance, concluded that HM ‘‘does not work’’
(Male, non-HM Farm 7) after an overseas study tour on the issue.
Other scientiﬁc studies, however, ﬁnd that rotational grazing has
many positive implications for the ecology of grazing lands, leading
to improved soil stability and chemistry, improved tree regeneration, more biodiversity, reduced soil compaction, increased water
inﬁltration, and a more desirable coverage and mix of pasture species (Alfaro-Arguello et al., 2010; Earl and Jones, 1996; Fischer
et al., 2009, 2010; Sanjari et al., 2008; Savory and Butterﬁeld,
1999; Teague et al., 2011). The HM graziers in our study believed
they were receiving all of these beneﬁts, which were not often discussed by non-HM graziers in relation to their grazing practices. A
US study found that HM graziers reported higher quality of life as
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well as healthier ecosystems (Stinner et al., 1997), but we cannot
conﬁrm or refute this on the basis of our data. The wives of the
HM couples in our study were less likely to work off-farm, which
may give the family more time together but may also involve
ﬁnancial sacriﬁces.
The lack of conclusive scientiﬁc evidence on measurable beneﬁts of HM grazing may result from the relatively short history of
such alternative practices and the lag time necessary for the possible beneﬁts of such practices to manifest. The uncertainty may also
be caused by research designs: poor replication, relying on grazier
anecdotes (such as our study), or too rigid to permit the adaptive
management characteristic of holistic practitioners (Briske et al.,
2011; Teague et al., 2011). What is interesting, however, is that
the practice inspires strong opinions for and against (McCosker,
2000; Richards and Lawrence, 2009). Indeed, some HM practitioners are almost evangelical in their belief in the system (Joyce,
2000; Sparke, 2000).
It may be that the beneﬁts of HM arise from the holistic decision
framework, rather than the speciﬁc tool of rotational grazing on
which scientists have focussed (Briske et al., 2011). Systems thinking has been identiﬁed by some as characteristic of the higher-order thinking needed to adapt to change (Fazey, 2010). Our
interviews have clearly shown that HM graziers think more systemically about their grazing systems. It may be this different kind
of thinking rather than any speciﬁc element of HM practices that
has positive effects on livelihoods and the environment.
Holistic management is currently a marginal activity. While it is
gaining in popularity (McCosker, 2000; Richards and Lawrence,
2009; Sanjari et al., 2008), the scale of the transition is difﬁcult
to assess. In a large-scale adoption survey implemented in early
2010 throughout the grassy-box ecosystems of the Australian
sheep-wheat belt, over a third of respondents reported rotating
stock to some degree, but only four per cent reported having done
one of the courses available in Australia to impart holistic management skills such as Grazing for Proﬁt or ProGraze (Sherren et al., in
press). Others also estimate uptake at ten per cent or lower (Oliver
et al., 2009; Richards and Lawrence, 2009). At its current scale of
uptake, the destocking undertaken by individual HM graziers to
maintain ground cover does not disrupt the supply of either pasture or commodity, but further work is warranted on the macro-level impacts of scaling the practice up.
4.3. What messages does this work hold for policy-makers?
Evidence is building of the potential role HM could play in the
task of adapting grazing to climate change in Australia and other
‘brittle’ ecosystems which are on the leading edge of climate
change impacts. According to Savory and Butterﬁeld (1999), brittle
ecosystems are dry and low in soil biota, and need herbivores to assist with plant succession and nutrient cycling (see, for instance,
Badini et al., 2007). The perennial pastures that are encouraged
through HM practices have been shown to hold more soil carbon
(Sanjari et al., 2008; Teague et al., 2011), contributing to the carbon
sequestration that is becoming increasingly important for averting
severe climate change. One of our HM farming couples was
awarded a ‘2009 Carbon Cocky of the Year’ award for the way that
fostering perennial ground cover through holistic management had
contributed to carbon sequestration on their property. Australian
of the Year 2008 and Chair of the Copenhagen Climate Council,
Tim Flannery, also advocates the holistic management of the
world’s rangelands because of its capacity through use of perennials and low tillage to return and maintain more carbon in the soil
(Flannery, 2010). Such practices also require less chemical fertiliser
and less tillage, resulting directly in lower carbon emissions. Finally, any positive adaptation for climate change should increase
capacity to adapt to unanticipated changes as well (Fazey et al.,

2007, 2010), and a Canadian study found HM graziers were also
more able to adapt to other rural crises like bovine spongiform
encephalitis (McLachlan and Yestrau, 2009).
Based on the anecdotal evidence reported in this paper, and our
earlier ﬁndings (Fischer et al., 2009), we believe HM holds signiﬁcant promise for the challenge of adapting agriculture to climate
change. While no single strategy is likely to be appropriate on its
own, we believe signiﬁcant public beneﬁts may be achieved by
encouraging broader adoption of HM grazing practices. Some of
the signiﬁcant barriers to changing to HM practices could be eased
by government intervention. Most importantly, the cost of transitioning to HM has been estimated at AUD$75 per hectare for fencing and water supply (H. Clayton pers. comm.). Stakeholder
workshops and surveys suggest that free materials, information
and training, and short-term ﬁnancial assistance would be the
most welcome policy instruments (Schirmer et al., submitted for
publication). All the HM graziers we spoke to had done one of
the available courses, and making these courses more accessible
therefore also could be valuable. Ongoing support through social
networks and extension mechanisms are necessary to help farmers
sustain the change to HM, once they are inspired to make it
(McLachlan and Yestrau, 2009).
Personal adaptive capacity may be a bigger challenge than
incentives because HM requires the conﬁdence to experiment,
which is an intellectual and a social challenge. Indeed, HM graziers
described their transition as having called for a complete ‘paradigm shift’. Hogan et al. (2011) recently identiﬁed three farmer
archetypes with respect to capacity to adapt to climate change:
comfortable climate change-deniers uninterested in change
(26%); struggling transitioners with low adaptive capacity because
of poor health, high debt and a lack of support (19%); and cashpoor long-term adaptors (55%). Graziers in this last group (also
identiﬁed by Bohnet et al., 2011) are the most fruitful targets for
policy programs encouraging HM, being young, healthy, socially
supported, and actively seeking out information to help them manage climate risk and ensure long-term sustainability.
Finally, perverse policy mechanisms (such as extended drought
relief (Thompson and Powell, 1998) and insurance (Müller et al.,
2011; Smit and Skinner, 2002)) and trust in technological ﬁxes
(such as increased storage and climate forecasts (Marshall,
2010)) can delay farmer adaptations by removing the ﬁnancial
incitements to change and can degrade the land base at public expense. It is important to review and remove these in order to make
progress on the larger goal. Notably, a recent report from the Australian government on adapting farmers to climate change encourages the development of a strategy to ‘‘evaluate and disseminate
farmer driven innovations such as the use of perennial grasses,
[and] holistic management grazing . . . that have a signiﬁcant
capacity to increase the resilience and productivity of farm enterprises’’ (from the press announcement upon the report’s release:
Standing Committee on Primary Industries and Resources, 2010).

5. Conclusions
We used photo-elicitation to explore how graziers using different management practices in the upper Lachlan River catchment of
New South Wales perceived their production landscapes and what
this may indicate about their adaptability to climate challenges.
Half of the participants were using or making transitions to holistic
grazing management practices, and their interviews revealed how
those practices were based on very different ways of thinking
about grazing systems. HM grazier landscape perceptions demonstrated how they considered the stewardship of biodiversity, farm
heterogeneity and system resilience to be fundamental to their
long-term agricultural production, and almost a duty in light of
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increasing climate variability. These landscape perceptions appear
to be conducive to adaptive management behaviour.
On balance, it would appear that HM grazing is well aligned
with the biophysical essence of Australia, which is less fertile, more
variable and drier than the European systems where currently
dominant Australian farming practices originated. Further research
is warranted on the sectoral impacts of more widespread HM grazing. HM practices do seem to provide numerous public and private
beneﬁts appropriate for adapting Australia to its climate future,
however, such as biodiversity, water inﬁltration and carbon
sequestration through perennial grasses and sustained scattered
tree cover. The literature is dominated by adaptations to climate
change that are dependent on technology or speciﬁc policies (such
as climate forecasting and increased storage). By contrast, HM
grazing is a proactive, low-tech approach that is largely independent of the policy context and what neighbours may choose to
do. HM calls for adaptive management, which places HM farmers
in a strong position to adapt to climate change. New policies could
be introduced to explicitly encourage HM approaches, but it may
be enough simply to remove those policy settings that delay
adaptation.
Acknowledgements
This research was supported through the Australian Department of Environment, Water, Heritage and the Arts Commonwealth Environment Research Facilities funding (2008–2010),
and the Australian Research Council (2007–2009). The authors
would like to thank: the 25 graziers of the upper Lachlan River
catchment who were involved in our study; valued colleagues on
the Sustainable Farms team, H. Clayton, J. Newport, J. Pink, R. Price
and S. Dovers; and, ﬁnally, the members of the Australian House of
Representatives Standing Committee on Primary Industries and
Resources inquiry on The role of government in assisting Australian
farmers to adapt to the impacts of climate change (2009–2010),
who invited us to give evidence following a submission based on
this research and took a ﬁeld trip on our recommendation to see
HM practices in action.
References
Adger, W., Dessai, S., Goulden, M., Hulme, M., Lorenzoni, I., Nelson, D., Naess, L.,
Wolf, J., Wreford, A., 2009. Are there social limits to adaptation to climate
change? Climatic Change 93, 335–354.
Alfaro-Arguello, R., Diemont, S.A.W., Ferguson, B.G., Martin, J.F., Nahed-Toral, J.,
David Álvarez-Solís, J., Ruíz, R.P., 2010. Steps toward sustainable ranching: An
emergy evaluation of conventional and holistic management in Chiapas,
Mexico. Agricultural Systems 103, 639–646.
Asner, G., Elmore, A., Olander, L., Martin, R., Harris, A., 2004. Grazing systems,
ecosystem responses, and global change. Annual Review of Environment and
Resources 29, 261–299.
Badini, O., Stöckle, C.O., Jones, J.W., Nelson, R., Kodio, A., Keita, M., 2007. A
simulation-based analysis of productivity and soil carbon in response to timecontrolled rotational grazing in the West African Sahel region. Agricultural
Systems 94, 87–96.
Balvanera, P., Pﬁsterer, A.B., Buchmann, N., He, J.-S., Nakashizuka, T., Raffaelli, D.,
Schmid, B., 2006. Quantifying the evidence for biodiversity effects on ecosystem
functioning and services. Ecology Letters 9, 1146–1156.
Barr, N., Cary, J., 2000. Inﬂuencing Improved Natural Resource Management on
Farms. Australian Government Bureau of Rural Sciences, Kingston, ACT, p. 44.
Beaumont, L.J., Pitman, A., Perkins, S., Zimmermann, N.E., Yoccoz, N.G., Thuiller, W.,
2011. Impacts of climate change on the world’s most exceptional ecoregions.
Proceedings of the National Academy of Sciences 108, 2306–2311.
Beilin, R., 2005. Photo-elicitation and the agricultural landscape: ‘seeing’ and
‘telling’ about farming, community and place. Visual Studies 20, 56–68.
Beilin, R.I., 2001. The farmer’s view: how seeing the local landscape deﬁnes on-farm
conservation, In: Stott, D.E., Mohtar, R.H., Steinhardt, G.C. (Eds.), Sustaining the
Global Farm – The 10th International Soil Conservation Organization Meeting.
International Soil Conservation Organization, Purdue University and the USDAARS National Soil Erosion Research Laboratory, 24–29 May, 1999, pp. 147–151.
Bengtsson, J., Angelstam, P., Elmqvist, T., Emanuelsson, U., Folke, C., Ihse, M.,
Moberg, F., Nyström, M., 2003. Reserves, resilience and dynamic landscapes.
Ambio 32, 389–396.

81

Benton, T.G., Vickery, J.A., Wilson, J.D., 2003. Farmland biodiversity: is habitat
heterogeneity the key? Trends in Ecology and Evolution 18, 182–188.
Biondini, M.E., Manske, L., 1996. Grazing frequency and ecosystem processes in a
northern mixed prairie, USA. Ecological Applications 6, 239–256.
Bock, C.E., Bock, J.H., 1999. Response of winter birds to drought and short-duration
grazing in Southeastern Arizona. Conservation Biology 13, 1117–1123.
Bohnet, I.C., Roberts, B., Harding, E., Haug, K.J., 2011. A typology of graziers to inform
a more targeted approach for developing natural resource management policies
and agricultural extension programs. Land Use Policy 28, 629–637.
Briske, D.D., Derner, J.D., Brown, J.R., Fuhlendorf, S.D., Teague, W.R., Havstad, K.M.,
Gillen, R.L., Ash, A.J., Willms, W.D., 2008. Rotational grazing on rangelands:
reconciliation of perception and experimental evidence. Rangeland Ecology and
Management 61, 3–17.
Briske, D.D., Sayre, N., Huntsinger, L., Fernandez-Gimenez, M., Budd, B., Derner, J.D.,
2011. Origin, persistence, and resolution of the rotational grazing debate:
integrating human dimensions into rangeland research. Rangeland Ecology and
Management 64, 325–334.
Brosi, B.J., Armsworth, P.R., Daily, G.C., 2008. Optimal design of agricultural
landscapes for pollination services. Conservation Letters 1, 27–36.
Cai, W., Cowan, T., Briggs, P., Raupach, M., 2009. Rising temperature depletes soil
moisture and exacerbates severe drought conditions across southeast Australia.
Geophysical Research Letters 36, L21709.
Castleden, H., Garvin, T., First Nation, H.-a.-a., 2008. Modifying photovoice for
community-based participatory indigenous research. Social Science and
Medicine 66, 1393–1405.
Chiew, F., Young, W., Cai, W., Teng, J., 2011. Current drought and future
hydroclimate projections in southeast Australia and implications for water
resources management. Stochastic Environmental Research and Risk
Assessment 25, 601–612.
Close, D.C., Davidson, N.J., 2004. Review of rural tree decline in a changing
Australian climate. Tasforests 15, 1–18.
Collier, J.J., 1957. Photography in anthropology: a report on two experiments.
American Anthropologist 59, 843–859.
Collier, M., 2001. Approaches to analysis in visual anthropology. In: Van Leeuwen,
T., Jewitt, C. (Eds.), Handbook of Visual Analysis. SAGE Publicatoins Ltd., London,
UK, pp. 35–60.
Curtis, A., De Lacy, T., 1998. Landcare, stewardship and sustainable agriculture in
Australia. Environmental Values 7, 59–78.
Dalton, P., Dunnett, G., 1992. A Psychology for Living: Personal Construct Theory for
Professionals and Clients. J. Wiley and Sons, Chichester, UK.
Dorrough, J., McIntyre, S., Stol, J., Brown, G., Barrett, G., 2008. Understanding the
Interactions between Biodiversity and the Management of Native Pastures in
the Murray Darling Basin. Meat and Livestock Australia, Sydney.
Dorrough, J., Scroggie, M.P., 2008. Plant responses to agricultural intensiﬁcation.
Journal of Applied Ecology 45, 1274–1283.
Dramstad, W.E., Tveit, M.S., Fjellstad, W.J., Fry, G.L.A., 2006. Relationships between
visual landscape preferences and map-based indicators of landscape structure.
Landscape and Urban Planning 78, 465–474.
Earl, J.M., Jones, C.E., 1996. The need for a new approach to grazing management – is
cell grazing the answer? Rangeland Journal 18, 327–350.
Edwards, B., Gray, M., Hunter, B., 2009. A sunburnt country: the economic and
ﬁnancial impact of drought on rural and regional families in Australia in an era
of climate change. Australian Journal of Labour Economics 12, 108–131.
Erb, K.-H., Gaube, V., Krausmann, F., Plutzar, C., Bondeau, A., Haberl, H., 2007. A
comprehensive global 5 min resolution land-use dataset for the year 2000
consistent with national census data. Journal of Land Use Science 2, 191–224.
Fazey, I., 2010. Resilience and higher order thinking. Ecology and Society 15 (art
9).
Fazey, I., Fazey, J., Fischer, J., Sherren, K., Warren, M.J., Noss, R., Dovers, S., 2007.
Adaptive capacity and learning to learn as leverage for social-ecological
resilience. Frontiers in Ecology and the Environment 5, 375–380.
Fazey, I., Fazey, J.A., Fazey, D.M.A., 2005. Learning more effectively from experience.
Ecology and Society 10 (art 4).
Fazey, I., Gamarra, J.G., Fischer, J., Reed, M.S., Stringer, L.C., Christie, M., 2010.
Adaptation strategies for reducing vulnerability to future environmental
change. Frontiers in Ecology and the Environment 8, 414–422.
Fiﬁeld, G., 2006. Acacia Browse as Seasonal Forage for Fine Wool Merino Sheep on
the Southern Tablelands and Southwest Slopes of NSW, School for Resources,
Environment and Society. Australian National University, Canberra, Australia.
Fischer, J., Brosi, B., Daily, G.C., Ehrlich, P.R., Goldman, R., Goldstein, J., Lindenmayer,
D., Manning, A.D., Mooney, H.A., Pejchar, L., Ranganathan, J., Tallis, H., 2008.
Should agricultural policies encourage land sparing or wildlife-friendly
farming? Frontiers in Ecology and the Environment 6, 380–385.
Fischer, J., Lindenmayer, D.B., Manning, A.D., 2006. Biodiversity, ecosystem function,
and resilience: ten guiding principles for commodity production landscapes.
Frontiers in Ecology and the Environment 4, 80–86.
Fischer, J., Stott, J., Zerger, A., Warren, G., Sherren, K., Forrester, R.I., 2009. Reversing
a tree regeneration crisis in an endangered ecoregion. Proceedings of the
National Academy of Sciences 106, 10386–10391.
Fischer, J., Zerger, A., Gibbons, P., Stott, J., Law, B.S., 2010. Tree decline and the future
of farmland biodiversity. Proceedings of the National Academy of Science 107,
19597–19602.
Flannery, T., 2010. Red Meat can be Green. Sydney Morning Herald, Sydney, NSW,
Australia.
Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,

82

K. Sherren et al. / Agricultural Systems 106 (2012) 72–83

Kucharik, Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N., Snyder, P.K.,
2005. Global consequences of land use. Science 309, 570–574.
Foresight, 2011. The Future of Food and Farming – Executive Summary, Global Food
and Farming Futures. The UK Government Ofﬁce for Science, London, UK, p. 40.
Garrod, B., 2007. Exploring place perception: a photo-based analysis. Annals of
Tourism Research 35, 381–401.
Gibbons, P., Lindenmayer, D.B., Fischer, J., Manning, A.D., Weinberg, A., Seddon, J.,
Ryan, P., Barrett, G., 2008. The future of scattered trees in agricultural
landscapes. Conservation Biology 22, 1309–1319.
Gobster, P.H., Nassauer, J.I., Daniel, T.C., Fry, G., 2007. The shared landscape: what
does aesthetics have to do with ecology? Landscape Ecology 22, 959–972.
Grothmann, T., Patt, A., 2005. Adaptive capacity and human cognition: the process
of individual adaptation to climate change. Global Environmental Change Part A
15, 199–213.
Harper, D., 2002. Talking about pictures: a case for photo elicitation. Visual Studies
17, 13–26.
Harrison, J., Sarre, P., 1975. Personal construct theory in the measurement of
environmental images. Environment and Behavior 7, 3–58.
Hobbs, N.T., Galvin, K.A., Stokes, C.J., Lackett, J.M., Ash, A.J., Boone, R.B., Reid, R.S.,
Thornton, P.K., 2008. Fragmentation of rangelands: implications for humans,
animals, and landscapes. Global Environmental Change 18, 776–785.
Hogan, A., Berry, H.L., Ng, S.P., Bode, A., 2011. Decisions Made by Farmers that Relate
to Climate Change. Rural Industries Research and Development Corporation,
Canberra, Australia.
Holling, C.S., Meffe, G.K., 1996. Command and control and the pathology of natural
resource management. Conservation Biology 10, 328–337.
Howden, S.M., Soussana, J.-F., Tubiello, F.N., Chhetri, N., Dunlop, M., Meinke, H.,
2007. Adapting agriculture to climate change. Proceedings of the National
Academy of Science 104, 19691–19696.
Hughes, L., 2003. Climate change and Australia: trends, projections and impacts.
Austral Ecology 28, 423–443.
Hunziker, M., Kienast, F., 1999. Potential impacts of changing agricultural activities
on scenic beauty – a prototypical technique for automated rapid assessment.
Landscape Ecology 14, 161–176.
Intergovernmental Panel on Climate Change, 2007. Fourth Assessment Report.
Cambridge University Press, Cambridge, UK.
Ive, J., Ive, R., 2008. Environmental restoration as a precursor to production gains.
In: Lefroy, T., Bailey, K., Unwin, G., Norton, T. (Eds.), Biodiversity: Integrating
Conservation and Production – Case studies from Australian Farms, Forests and
Fisheries. CSIRO Publishing, pp. 63–74.
Jackson, L.E., Pascual, U., Hodgkin, T., 2007. Utilizing and conserving
agrobiodiversity in agricultural landscapes. Agriculture, Ecosystems and
Environment 121, 196–210.
Jones, R., Dettmann, P., Park, G., Rogers, M., White, T., 2007. The relationship
between adaptation and mitigation in managing climate change risks: a
regional response from North Central Victoria, Australia. Mitigation and
Adaptation Strategies for Global Change 12, 685–712.
Joyce, S., 2000. Change the management and what happens – a producer’s
perspective. Tropical Grasslands 34, 223–229.
Leblanc, M.J., Tregoning, P., Ramillien, G., Tweed, S.O., Fakes, A., 2009. Basin-scale,
integrated observations of the early 21st century multiyear drought in
southeast Australia. Water Resources Research 45, W04408.
MacLeod, C.J., Moller, H., 2006. Intensiﬁcation and diversiﬁcation of New Zealand
agriculture since 1960: an evaluation of current indicators of land use change.
Agriculture, Ecosystems and Environment 115, 201–218.
Manning, A.D., Gibbons, P., Lindenmayer, D.B., 2009. Scattered trees: a
complementary strategy for facilitating adaptive responses to climate change
in modiﬁed landscapes? Journal of Applied Ecology 46, 915–919.
Marshall, N.A., 2010. Understanding social resilience to climate variability in
primary enterprises and industries. Global Environmental Change 20, 36–43.
Mattison, E.H.A., Norris, K., 2005. Bridging the gaps between agricultural policy,
land-use and biodiversity. Trends in Ecology and Evolution 20, 610–616.
McAlpine, C.A., Etter, A., Fearnside, P.M., Seabrook, L., Laurance, W.F., 2009.
Increasing world consumption of beef as a driver of regional and global
change: a call for policy action based on evidence from Queensland (Australia),
Colombia and Brazil. Global Environmental Change 19, 21–33.
McCosker, T., 2000. Cell grazing – the ﬁrst ten years in Australia. Tropical Grasslands
34, 207–218.
McIntyre, S., Barrett, G.W., 1992. Habitat variegation, an alternative to
fragmentation. Conservation Biology 6, 146–147.
McLachlan, S., Yestrau, M., 2009. From the ground up: holistic management and
grassroots rural adaptation to bovine spongiform encephalopathy across
western Canada. Mitigation and Adaptation Strategies for Global Change 14,
299–316.
Meine, C., 1987. The farmer as a conservationist: Aldo Leopold on agriculture.
Journal of Soil and Water Conservation 42, 144–149.
Müller, B., Quaas, M.F., Frank, K., Baumgärtner, S., 2011. Pitfalls and potential of
institutional change: rain-index insurance and the sustainability of rangeland
management. Ecological Economics 70, 2137–2144.
Nelson, R., Kokic, P., Crimp, S., Martin, P., Meinke, H., Howden, S.M., de Voil, P.,
Nidumolu, U., 2010. The vulnerability of Australian rural communities to
climate variability and change: part II – integrating impacts with adaptive
capacity. Environmental Science and Policy 13, 18–27.
O’Brien, K.L., 2009. Do values subjectively deﬁne the limits to climate change
adaptation? In: Adger, W.N., Lorenzoni, I., O’Brien, K.L. (Eds.), Adapting to

Climate Change: Thresholds, Values, Governance. Cambridge University Press,
Cambridge, UK, pp. 164–180.
Oliver, M., Ashton, D., Hodges, A., Mackinnon, D., 2009. In: ABARE (Ed.), Farmers’ Use
of Sustainable Management Practices. National Land and Water Resources
Audit, Canberra, ACT.
Paterson, J.S., AraÚjo, M.B., Berry, P.M., Piper, J.M., Rounsevell, M.D.A., 2008.
Mitigation, adaptation, and the threat to biodiversity. Conservation Biology 22,
1352–1355.
Phalan, B., Onial, M., Balmford, A., Green, R.E., 2011. Reconciling food production
and biodiversity conservation: land sharing and land sparing compared. Science
333, 1289–1291.
Preston, B.L., Jones, R.N., 2006. Climate Change Impacts on Australia and the
Beneﬁts of Early Action to Reduce Global Greenhouse Gas Emissions. CSIRO,
Australia.
Pretty, J., Sutherland, W.J., Ashby, J., Auburn, J., Baulcombe, D., Bell, M., Bentley, J.,
Bickersteth, S., Brown, K., Burke, J., Campbell, H., Chen, K., Crowley, E., Crute, I.,
Dobbelaere, D., Edwards-Jones, G., Funes-Monzote, F., Godfray, H.C.J., Griffon,
M., Gypmantisiri, P., Haddad, L., Halavatau, S., Herren, H., Holderness, M., Izac,
A.-M., Jones, M., Koohafkan, P., Lal, R., Lang, T., McNeely, J., Mueller, A., Nisbett,
N., Noble, A., Pingali, P., Pinto, Y., Rabbinge, R., Ravindranath, N.H., Rola, A.,
Roling, N., Sage, C., Settle, W., Sha, J.M., Shiming, L., Simons, T., Smith, P.,
Strzepeck, K., Swaine, H., Terry, E., Tomich, T.P., Toulmin, C., Trigo, E., Twomlow,
S., Vis, J.K., Wilson, J., Pilgrim, S., 2010. The top 100 questions of importance to
the future of global agriculture. International Journal of Agricultural
Sustainability 8, 219–236.
Prober, S.M., Smith, F.P., 2009. Enhancing biodiversity persistence in intensively
used agricultural landscapes: a synthesis of 30 years of research in the
Western Australian wheatbelt. Agriculture, Ecosystems and Environment 132,
173–191.
QSR International Pty Ltd., 1999–2009. QSR NVivo 8.0.332.0 SP4 ed.
Richards, C., Lawrence, G., 2009. Adaptation and change in Queensland’s
rangelands: cell grazing as an emerging ideology of pastoral-ecology. Land
Use Policy 26, 630–639.
Rogge, E., Nevens, F., Gulinck, H., 2007. Perception of rural landscapes in Flanders:
looking beyond aesthetics. Landscape and Urban Planning 82, 159–174.
Sanjari, G., Ghadiri, H., Ciesiolka, C.A.A., Yu, B., 2008. Comparing the effects of
continuous and time-controlled grazing systems on soil characteristics in
Southeast Queensland. Australian Journal of Soil Research 46, 348–358.
Savory, A., Butterﬁeld, J., 1999. Holistic Management. Island Press, Washington, DC.
Savory, A., Parsons, S.D., 1980. The Savory grazing method. Rangelands 2, 234–237.
Schirmer, J., Dovers, S., Clayton, H., submitted for publication. Informing policy
instrument design through an examination of landholder preferences: a case
study of scattered tree conservation in Australia. Conservation Biology.
Sherren, K., Fischer, J., Clayton, H., Hauldren, A., Dovers, S., 2011a. Lessons from
visualising the landscape and habitat implications of tree decline—and its
remediation through tree planting—in Australia’s grazing landscapes.
Landscape and Urban Planning 103, 248–258.
Sherren, K., Fischer, J., Clayton, H., Schirmer, J., Dovers, S., 2010a. Integration by case,
place and process: transdisciplinary research for sustainable grazing in the
Lachlan River catchment, Australia. Landscape Ecology 25, 1219–1230.
Sherren, K., Fischer, J., Pink, J., Stott, J., Stein, J., 2011b. Australian graziers value
sparse trees in their pastures: a viewshed analysis of photo elicitation. Society
and Natural Resources 24, 412–422.
Sherren, K., Fischer, J., Price, R., 2010b. Using photography to elicit grazier values
and management practices relating to tree survival and recruitment. Land Use
Policy 27, 1056–1067.
Sherren, K., Yoon, H.-J., Clayton, H., Schirmer, J., in press. Do Australian graziers have
an offset mindset about their farm trees? Biodiversity and Conservation.
doi:10.1007/s10531-011-0187-9.
Smit, B., Skinner, M.W., 2002. Adaptation options in agriculture to climate change: a
typology. Mitigation and Adaptation Strategies for Global Change 7, 85–114.
Soliva, R., Hunziker, M., 2009. Beyond the visual dimension: using ideal type
narratives to analyse people’s assessments of landscape scenarios. Land Use
Policy 26, 284–294.
Sparke, R., 2000. Cell grazing – a producer’s perspective. Tropical Grasslands 34,
219–222.
Standing Committee on Primary Industries and Resources, 2010. Farming the
Future: The role of Government in Assisting Australian Farmers to Adapt to the
Impacts of Climate Change. Australian House of Representatives, Canberra, ACT.
<http://www.aph.gov.au/house/committee/pir/australianfarmers/report.htm>.
State of the Environment Advisory Council, 2006. Australia: State of the
Environment Report 2006. Department of the Environment and Heritage,
Canberra, ACT.
Stedman, R.C., Beckley, T.M., Wallace, S.M., Ambard, M., 2004. A picture and 1000
words: using resident-employed photography to understand attachment to
high amenity places. Journal of Leisure Research 36, 580–606.
Stern, P.C., 2000. Toward a coherent theory of environmentally signiﬁcant
behaviour. Journal of Social Issues 56, 407–424.
Stinner, D.H., Stinner, B.R., Martsolf, E., 1997. Biodiversity as an organizing principle
in agroecosystem management: case studies of holistic resource management
practitioners in the USA. Agriculture, Ecosystems and Environment 62, 199–
213.
Swift, M.J., Izac, A.-M.N., Noordwijk, M.v., 2004. Biodiversity and ecosystem services
in agricultural landscapes– are we asking the right questions? Agriculture,
Ecosystems and Environment 104, 113–134.

K. Sherren et al. / Agricultural Systems 106 (2012) 72–83
Taylor Jr., C.A., Ralphs, M.H., Kothmann, M.M., 1997. Vegetation response to
increasing stocking rate under rotational stocking. Journal of Range
Management 50, 439–443.
Teague, W.R., Dowhower, S.L., Baker, S.A., Haile, N., DeLaune, P.B., Conover, D.M.,
2011. Grazing management impacts on vegetation, soil biota and soil chemical,
physical and hydrological properties in tall grass prairie. Agriculture,
Ecosystems and Environment 141, 310–322.
Thompson, D., Powell, R., 1998. Exceptional circumstances provisions in Australia –
is there too much emphasis on drought? Agricultural Systems 57, 469–488.
Tilman, D., Cassman, K.G., Matson, P., Naylor, R., Polasky, S., 2002. Agricultural
sustainability and intensive production practices. Nature 418, 671–677.
Tilman, D., Fargione, J., Wolff, B., D’Antonio, C., Dobson, A., Howarth, R., Schindler, D.,
Schlesinger, W.H., Simberloff, D., Swackhamer, D., 2001. Forecasting
agriculturally driven global environmental change. Science 292, 281–284.

83

Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, I., Thies, C., 2005.
Landscape perspectives on agricultural intensiﬁcation and biodiversity –
ecosystem service management. Ecology Letters 8, 857–874.
Van Auken, P.M., Frisvoll, S.J., Stewart, S.I., 2010. Visualising community: using
participant-driven photo-elicitation for research and application. Local
Environment: The International Journal of Justice and Sustainability 15, 373–
388.
Vouligny, É., Domon, G., Ruiz, J., 2009. An assessment of ordinary landscapes by an
expert and by its residents: landscape values in areas of intensive agricultural
use. Land Use Policy 26, 890–900.
Walker, B., Salt, D., 2006. Resilience Thinking: Sustaining Ecosystem and People in a
Changing World. Island Press, Washington, DC.
Zhao, M., Running, S.W., 2010. Drought-induced reduction in global terrestrial net
primary production from 2000 through 2009. Science 329, 940–943.

